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B. Wilms’ Tumor and Sarcomas

Wilms’ Tumor: Assessment and Treatment of Residual Disease

J. Lemerle, M. F. Tournade, and C. Patte

Wilms’ tumor is a very good model for the study of residual disease in pediatric oncology. It is
one of the commonest solid tumors of childhood, it has been extensively studied during the
past 10 years, and its treatment has become significantly more successful during this period.
Surgery alone can cure a small proportion of these patients, probably 20%—25%. Surgery is
still a keystone of the treatment in all the cases and is still the only treatment that is necessary
in a small number of well-defined cases where the risk of recurrences can be considered to be
very small. The addition of preoperative or postoperative radiotherapy to the tumor or the
tumor bed has been followed by a rise in the cure rates, which came close to 50% in the early
1950s. Then chemotherapy was introduced into the treatment schedules, first with actinomy-
cin D alone, then with various combinations of actinomycin D and vincristine. This resulted in
another very significant increase in the cure rate, which is close to 80% in all recently
published series of cases. These clear-cut data obviously indicate the following:
1. Surgery alone is not a radical treatment in the majority of cases: there is usually some
residual disease when the surgeon has completed the operation;
2. Radiotherapy to the area of the primary tumor has improved the results only slightly; the
residual disease is not only there.
3. The main problem is the metastatic spread, which is present, although undetected, at the
time of surgery.

In considering the treatment of Wilms’ tumor, we must keep in mind that we are dealing with
young children, the majority being 2—5 years old, so that we must make as little use as
possible of the aggressive means of treatment at our disposal, and only when necessary.
Therefore, the first question is how residual disease can be assessed in Wilms’ tumor, or how
recurrences can be predicted and the patients at risk identified.

Biologic markers, at this time, are not helpful. There is no available equivalent to catechol-
amines of a-fetoprotein that could help in detecting residual or recurrent disease at a
subclinical level in Wilms’ tumor. In 1970, however, ALLERTON and co-workers [ 1] published
several papers mentioning the presence in the serum of patients with Wilms’ tumor of an
abnormal mucopolysaccharide, suggesting that it could be helpful in the diagnosis and follow-
up of these patients. We repeated their studies in a large number of children bearing various
tumors. We found that the test described was very inconsistently positive in Wilms’ patients,
and occasionally positive in controls. Therefore, it is of no practical value and is not used.
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The tumor-associated antigens found by different authors [4], which seemed to be more
specific, are more interesting. But none of these antigens can be considered as a biologic
marker for very small amounts of residual tumor. Finally, the best way of predicting
recurrences came out of statistical retrospective and prospective studies of large series of
cases in which clinical, surgical, and pathologic data were carefully collected and systemati-
cally correlated with survival. We have published the results of such a retrospective study,
made on 248 cases treated in our institution from 1952 to 1967 [9]. These results are
consistent with those of other similar studies [3, 6] and also with the large amount of
information being collected from the study conducted by the International Society of
Pediatric Oncology (SIOP).

Two important prognostic indicators are available at the time of diagnosis, before surgery is
performed, i.e., age and size of tumor. Patients under 2 years of age have higher 2-year
relapse-free survival and S-year survival rates (P < 0.05) [9]. All the most important studies
confirm this finding but do not explain it. It is worth noting that this is true for patients treated
in very different manners, with or without maintenance chemotherapy. The size of the tumor
is also an important prognostic factor, which is easier to understand. This has been estab-
lished in different studies. Breslow, analyzing the results of the National Wilms’ Tumor Study
(NWTS)No 1, conducted in the United States from 1969 to 1973 [3], found that the weight of
the tumor-bearing kidney was significantly correlated with outcome. The smallest tumors,
with specimen weight < 250 g, led to fewer abdominal relapses and deaths. Tumors over
250 g, i.e., the vast majority, had an equivalent outcome whatever their actual weight, which
varied from 250 gto 100+ g. The SIOP study has obtained a similar result, the only difference
being that the size of the tumor is estimated by measuring its horizontal and vertical diameters
on diagnostic IVP, giving the “area” of the total mass. This simple method has proved to give
results comparable to those derived from the weight of the tumor. This is important from a
practical point of view for the SIOP studies, in which the majority of patients now receive
preoperative treatments; this makes it impossible to take into account the weight of the
pathologic specimen, which has usually shrunk considerably.

The size of the tumor, as estimated from pretreatment IVP, has been proposed for definition of
the clinical T in the official TNM classification of Wilms’ tumor. The surgical and pathologic
stage takes into account all available information on the tumor extent as collected after
surgery. The staging system designed for the NWTS is convenient although necessarily
imperfect and is widely used. Stage I tumors are limited to the kidney, well encapsulated and
totally resected. In stage II the tumors extend locally beyond the kidney, but can be totally
resected. Stage III defines cases where residual nonhematogenous tumor confined to the
abdomen is identified. Stage IV embraces patients with distant metastases identified at
diagnosis, and stage V those with bilateral renal involvement.

In our retrospective study [9], stage was very well correlated with relapse-free survival and
survival, except for bilateral tumors, which are associated with a survival rate between those
of stages II and III. This study was made in patients who had received no or little chemother-
apy and no “maintenance” treatments. In our more recent series, in which subjects were
treated with efficient long-term maintenance chemotherapy, it appears that the difference
between stages I and II has disappeared, and that only stages III and IV have significantly
worse results. If we consider the lymph node involvement at histologic examination sepa-
rately, we can make two observations. The first is that in a large proportion of the cases there
is no available information, because radical lymph node dissection is not routinely performed
in Wilms’ tumor and probably should not be recommended. The second observation is that
the lymph node involvement, when ascertained, is of high prognostic value but is closely
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linked to other pathologic findings defining the stage. This is another reason not to make
aggressive lymph node dissections, since pathologic examination of the renal capsule, for
instance, may give similar information regarding prognosis.

Histologic grading of Wilms’ tumor has been extensively studied. Analyzing our institution’s
material [9], we have found that a favorable clinical course is related to the number of different
varieties of epithelial differentiation found in the tumor, whatever the abundance of each of
them. Several authors have made comparable findings [7]. BECKWITH and PALMER, review-
ing the pathologic material collected in the NWTS No. 1 [2] have described a small group
(11.5% of all cases) with especially bad prognosis. This group, defined by anaplasia and/or
sarcomatous pattern, had a 57% death rate, while only 6.9% of the other patients have died. In
many cases where a preoperative treatment is given, especially radiotherapy, it appears that
pathologic grading of the tumor is difficult.

Prognostic indicators should be used in a practical way to adjust treatment to each individual
patient so as to give him the exact amount of therapy he needs to be cured, without useless
damage to normal tissues, which is difficult in a given case if these factors are considered
separately. Therefore, attempts are made to combine these factors so as to define a reasonably
small number of groups significantly different in terms of risk of recurrence. In our above-
mentioned retrospective study [9], survival in such groups ranged from 100% to 17%. In the
SIOP material, “good” cases are patients under 2 years of age with small tumors in stage I or
IT and patients over 2 years with large tumors in later stages are “bad” cases. But with this
classification, the majority of patients fall into a “middle” group, which should be further
analyzed.

The results of the treatment of residual disease in Wilms’ tumor have improved very
significantly during the past 10 years. Cure rates in our patients have risen from 50% to 80%
(all cases combined). This change in survival has been obtained in two steps, which can be
clearly separated. First the treatment of metastases has become more aggressive, better
standardized, and more efficient. All metastatic cases received large amounts of chemother-
apy, and up to 70% of the lung metastases in our series were cured. This first step brought the
cure rates from 50% to approximately 65%. But these aggressive treatments were associated
with significant morbidity and resulted in severe sequelae in those patients who could be
cured. Pulmonary, skeletal, and intestinal late effects of treatment were predominant, not to
mention second malignancies possibly associated with previous treatment.

During this period, the SIOP has undertaken a first clinical trial [8], which showed the merits
of preoperative radiotherapy to shrink the tumor and make surgery safer, thus avoiding
surgical rupture of the tumor. Another trial in the same patients failed to show any improve-
ment in survival and relapse-free survival in patients treated with multiple courses of actino-
mycin D over those treated with a single course. Meanwhile, NWTS No. 1 was complete [5]
and showed that maintenance treatment with two drugs, vincristine and actinomycin D, sig-
nificantly increased freedom from relapse in Wilms’ patients, with results with either
vincristine or actinomycin D given as a single agent. The second step in bringing the survival
rate of our patients to 80% was the result of the application of the conclusions drawn from
SIOP No. 1 and NWTS No. 1 trials to our patients. The important point is that, in our latest
series of cases, recurrence-free survival has reached 75%. This means that, today, the 80%
cure rate we obtain is due to so-called prevention of metastases, which is in fact treatment of
occult residual disease rather than treatment of overt metastases. In terms of treatment-
associated morbidity and sequelae, the advantage is obvious and can be measured.
Coming back to prognostic indicators, we can see that not all patients have benefited from the
changes in treatment. Stage III patients, for instance, still have a comparatively high
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metastatic rate, while stages I and II patients seem to be almost completely free of recurrences.
This is an indication that we may have reached the point where treatment can be more
accurately individualized. Cautiously decreasing the amount of therapy given to good cases
can now be considered, as well as increasing the burden of treatment given to the now better
known bad cases. This kind of adjustment is likely to be the aim of future trials of SIOP and
NWTS, which are now being actively prepared.
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Adjuvant Therapy in the Management of Osteosarcoma:
Need for Critical Reassessment

K. Breur and E. van der Schueren

“I suppose it was only one more indication of a human
being’s capacity for self-deception, our baseless opti-
mism that is so much more appalling than our despair.”

Graham Greene, 1938

Introduction

Until about 8 years ago, the prognosis for patients with osteosarcomas used to be extremely
bad [3, 9, 14] in spite of the fact that the control of the primary tumor is usually achieved. As
about 90% of these tumors arise in the long bones of the limbs, ablative surgery can usually be
performed as a radical procedure and local recurrences are fairly rare. In some centers,
mainly in France, radiotherapy is used as an alternative. As osteosarcomas are rather
radioresistant tumors, very high radiation doses are necessary. Even though such treatment
regimens sometimes lead to complications in the normal tissues, some local recurrences still
do occur. However, both the sequelae and the tumor regrowth can usually be managed
without great difficulty with ablative surgery. Although this policy is much more complicated
and requires intensive follow-up of the patient, the possibility to preserve the limbin a fraction
of the patients merits serious consideration.

After treatment of the primary tumor, 75%—80% of the patients developed distant metas-
tases, usually to the lungs [6, 13, 14]. As the interval between primary treatment and
appearance of the metastases is very short (0—24 months) with a limited median survival (6
months) after appearance of metastases, the need for a mutilating radical approach as the
primary treatment has sometimes been questioned. In an attempt to select a group of patients
with a better long-term prognosis before amputation, Cade proposed to irradiate the primary
tumor and, after a delay of 6 months, to operate only those patients without distant
metastases. In this way, a useless mutilation could be prevented for the group of patients that
already had a disseminated tumor process at the start. It has been found that the different
approaches for the treatment of the primary tumor did not influence the final survival rate. As
the fate of these patients depends on the appearance of distant metastases, it is clear that
prognosis can only be improved by suppressing the development of metastases, especially
those in the lungs.

It must be assumed that all metastases appearing after radical treatment of the primary tumor
were present in a subclinical phase at the time of the initial treatment. The concept of the
relation between number of tumor cells and possibility of tumor control has stimulated the
development of the elective or adjuvant treatment. Already within 6 months, 40% of the
patients in follow-up have demonstrable lung metastases and 60% within 1 year. Of all
patients developing lung metastases, only 20% do so after 1 year. Appearance of secondaries
after 2 years is relatively rare [3, 13].
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It is clear that the metastases that do appear within the first 6 months of follow-up, although
smaller than the volume of + 1 cc needed to become visible on the chest X-ray, already
contained a great number of tumor cells at the time of diagnosis, while those appearing after
an interval of 1 year or longer must have been very small at the time the primary tumor was
treated. Extrapolation of the exponential growth curves of lung metastases toward the date of
the first treatment of the primary also indicated that most of the patients already had lung
deposits containing 10’—10° cells, which means that these were just subvisual on the X-rays.
In about a quarter of the cases, the number of cells estimated to be present at the time of
diagnosis was 10° or lower.

Experience has taught that metastases that are clinically detectable can hardly be controlled
with radiotherapy as the necessary radiation dose cannot be tolerated by the normal long
tissue. Assuming a D,, (dose necessary to reduce the number of proliferating tumor cells with
afactor of 10) of 400 rad, the generally accepted tolerance dose of 2000 rad in 2 weeks would
cope with tumor deposits up to about 10° cells.

Based on this principle, the cooperative group on radiotherapy of the EORTC started a
prospective randomized clinical trial in 1970 to evaluate the possibility of lung irradiation in
patients with osteosarcoma of the limbs without clinically detectable lung metastases. At
about the same time, the efficacy of some cytostatic drugs was demonstrated in metastatic
disease. Efforts were immediately started to use these drugs as an adjuvant therapy after
treatment of the primary. In the following, we will discuss the results of the EORTC trial, the
published data on adjuvant chemotherapy, and the protocol for a recently started clinical trial
of the EORTC and the SIOP (International Society of Pediatric Oncology).

EORTC Trial (O,) on the Value of Elective Lung Irradiation
in Patients with Osteosarcoma of the Limbs

The results of this trial have been published recently { 1] and will only be briefly reviewed here.
The general concept was to randomize the patients after radical treatment of an osteosarcoma
in a limb into one group with no additional treatment and one with lung irradiation. The
radiotherapy on the lungs consisted of a dose of 1750 rad in ten sessions over 12 days, without
correction for the lesser absorption in the lungs, resulting in a actual dose of about 2000 rad.
The treatment was given through one anterior and one posterior field encompassing the total
thoracic cavity. The choice of the treatment modalities for the primary tumor was left to the
treating center. Three different policies were followed: direct ablative surgery (13 patients),
radiotherapy to a dose of about 6000 rad followed by ablative surgery in those patients who
did not develop metastases after a delay of 6 months (16 patients, 9 of whom underwent
surgery), and “high dose” radiotherapy to 8000—9000 rad (57 patients, secondary surgery in
23). This last method was used mainly in France, while the Cade method was usually
practiced in the Netherlands.

Between 1970 and January 1975, 86 patients were included from six French and two Dutch
centers: Institut Gustave Roussy, Villejuif (37), Centre Léon Bérard, Lyon (12), Centre
Claudius Regaud, Toulouse (9), Centre Frangois Baclesse, Caen (2), Hospices Civils, Stras-
bourg (3), Rotterdams Radiotherapeutisch Instituut (10), and Antoni van Leeuwenhoek
Ziekenhuis, Amsterdam (13). Based on a follow-up of at least 2 years, and in the vast majority
of patients 3 years, a final evaluation of the results can now be done. The radiotherapy group
of the EORTC hasrefrained from earlier publication of seemingly interesting results so as not
to provoke undue optimism.
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Fig. 1. Actuarial curves for metastases-free periods (%) for group O,A without adjuvant lung
irradiation and group O,B with adjuvant lung treatment. (Europ. J. Cancer)

InFig. 1 the percentage of metastases-free patients is shown as a function of the time of follow-
up. In the first 6 months after treatment, there is only very little difference in the appearance
rate of metastases between the irradiated group and the control group. Between the 6th and
30th months, the lines clearly diverge, suggesting that the lung metastases that still do appear
are delayed by the irradiation. No new metastases developed in either treatment group after
the 30th month of follow-up, with a tendency toward earlier appearance of metastases in the
nonirradiated patients. The level at which patients finally remain metastases-free, which is the
main criterion for adjuvant treatment, is 43% for the irradiated patients and 28% for the
nonirradiated patients. The value of this difference was calculated according to the method of
MANTEL and was P, = 0.059, indicating that it is significant at the 6% level.

The results of adjuvant lung irradiation are even better in the younger age group. There were
65 patients under 17 years of age. While the number of the disease-free patients in the control
group was the same as in the total nonirradiated group, the irradiated patients did better (48%
remained metastases-free). This difference is statistically significant (P, = 0.02). Taking 72%
as the percentage of patients who do develop metastases when non lung irradiation is given,
one can calculate in how many cases of metastases the development is suppressed by lung
irradiation. In the total group, this would be 15/72 (about 20%) and in the children 20/72
(28%). This means that between 20% and 30% of the patients with disseminated disease carry
metastases containing a number of cells small enough to be eradicaced by a radiation dose of
2000 rad.

These results correlate very well with the numbers that had been calculated beforehand on the
basis of the available radiobiologic data of radiosensitivity and cellnumber. It thus seems that
only the cell-killing ability of ionizing radiation has to be taken into account to explain the
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Osteosarcoma -0, trial, EORTC, March 1977
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Fig. 2. Patients under 17 years of age (16 years or younger). Metastases-free survival curves (%) for
patients treated in the Institut Gustave-Roussy (Paris) and the combined group of patients treated in
other centers (except Paris); comparison of groups with or without lung irradiation (L.1.). (Europ. J.
Cancer)

effectiveness of the lung irradiation and that no role has to be assumed for helpful immune
reactions. The hypothesis put forward again by STIERNSWARD during this symposium that
elective radiation would adversely affect treatment results by immune depression is also not
supported by this study. The lack of any rise in the percentage of extrapulmonary metastases
in the lung irradiated group makes STIERNSWARD’S supposition highly improbable in this
model.

The effectiveness of the radiation can also be measured by the delay it produces in the
appearance time of the metastases. It was already suggested that only very little delay is
produced in the metastases that do appear soon after treatment but that the metastases that
would have appeared later are delayed to a larger extent. This might indicate that the smaller
tumor deposits are much more radiosensitive than the larger metastases, which are just
subvisual and contain 108—10° cells. Using the delay in appearance and an estimate of the
growth rate, the range of D,, can be estimated to be as wide as 200—1200 rad.
While the difference between the treated and untreated groups was fairly large, remarkable
differences were found when the results of some of the centers were evaluated separately. This
was most easily done for the Institut Gustave Roussy (Villejuif), which entered 38 patients.
Here, nearly no beneficial effect could be demonstrated by lung irradiation as 73% of the
control group and 67% of the treated group developed metastases. This, however, also means
that in the group of patients from all centers except Paris a very high number of irradiated
patients did remain disease-free (50%). For the patient group under 17 years of age (Fig. 2),
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Fig. 3. Appearance rate of lung metastases in patients registered in the trial as having no metastases.
Follow-up begins at the time of randomization so that the numbers of 24% (Paris) and 4% (other
centers) at time zero are the fraction of patients developing metastases in between the time of referral
and the moment of randomization

this difference is even more striking as lung irradiation raises the percentage of disease-free
patients from 23% to 33% in Paris and from 29% to 61% in the other centers. This last
difference is significant at the 1% level. No apparent differences could be found between the
patient groups in Paris or in the other centers with regard to tumor and host characteristics.
Also, no evidence was obtained indicating an influence of the type of primary treatment on the
results of adjuvant therapy.
It thus seems likely that the center from Villejuif had received a selection of patients with more
advanced disease for which the elective irradiation proved to be less effective. This impression
is supported by the study of the appearance rate of metastases in the total group of patients
referred to this center (Fig. 3). In Villejuif, 12 of 49 initially registered patients did develop
metastases before they reached the time of randomization. In the other centers, only 3 of 52
patients had to be dropped from the trial before randomization due to the appearance of
metastases. The cumulative curve of appearance of metastases also seems to be slightly
shifted to an earlier period for the group of patients treated in Paris. While it is very difficult to
draw any significant conclusions from these data, they stress again the great influence of the
selection by which patients are referred to a particular center. The same trial done in Paris
only or in the other centers would have led to either disappointing or overoptimistic conclu-
sions.
It is still too early to estimate the influence of the adjuvant treatment on survival as some
patients with metastases are still alive due to aggressive treatment with cytostatics and
thoracotomy with metastatectomy. This last procedure was carried out in eight patients (five
untreated and three irradiated patients) and seems to have been successful in four cases (two
in each group) although longer follow-up is still necessary in some of these cases. The main
conclusions from this trial seem to be that:

1. Adose of 2000 rad on both lungs applied in 2 weeks significantly decreases the percentage
of patients in whom metastases later become apparent. This holds true especially for
patients under the age of 17 years;

2. Results of adjuvant therapy can be influenced by the selection of patients offered to a
particular center. This should warn us that exceptionally good results obtained in a
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particular center, e.g., with adjuvant chemotherapy, may not be within reach for another
center;

3. Therelatively high metastases-free survival and actual survival rate in the control group of
our trial (30%—40%) indicate that the use of data from historical series as controls can be
highly misleading;

4. The evaluation of the final results with regard to permanent control should be postponed
until at least 2 years after the end of the adjuvant therapy.

Role of Chemotherapy in Adjuvant Treatment of Osteosarcoma

The observation in the late 1960s that metastases of osteosarcoma did respond to some
cytostatic drugs led immediately to the use of these agents in an adjuvant setting after radical
treatment of the primary tumor. Three different schedules were used: high dose methotrexate
with citrovorum rescue [ 10, 17], adriamycin as single agent [5, 9, 18] and a combination of
several agents [24]. As early as 1974, euphoric reports were published claiming marked
improvements in the fraction of patients remaining disease-free in comparison to historical
series [11, 21, 25, 28]. The development of the high dose methotrexate regimens was
stimulated mainly for the treatment of this disease.

The supposedly excellent results were so widely published that it was even considered
unethical not to give the adjuvant chemotherapy with the result that within a very short time
this form of treatment became established without a single prospective randomized study as
support. The pressure was so high that the trial on lung irradiation that was being carried out
by the EORTC had to be terminated. However, already at that time, serious objections were
made against the validity of the results [2] Relatively small groups of selected patients were
evaluated for very short follow-up times. Usually, the larger part of the patients were still
receiving treatment when the first therapy results were already published. One has to question
whether such premature reports are ethically justifiable.

The first in the scope of chemotherapy should require a different approach from the medical
oncologist in evaluating his results. While in palliative treatment or in phase II studies tumor
regressions or tumor growth delays may be interesting parameters, tumor cure should be the
main criterion for adjuvant therapy. It seems that the burden of such a treatment on a group of
patients without clinical evidence of tumor, some of whom do not even have any residual
tumor, is only justified if the percentage of patients ultimately remaining disease-free is
significantly increased. A reliable evaluation of such an effect can only be performed with a
sufficiently long-follow-up period after the end of the adjuvant cytostatic therapy. The
occurrence of so-called late metastases as have been reported should thus not have been
surprising at all. In untreated patients, most metastases are detected within 24 months.
However, if an efficient chemotherapy given during 12— 18 months would result only in arrest
of tumor growth, this would result in an extra delay in the appearance of metastases, at least
equal to the length of time of the adjuvant therapy. If tumor regressions occur under
chemotherapy, even longer delays would be found. It thus seems that follow-up periods of 3
years after the end of chemotherapy will be necessary to allow an exact estimate of the final
number of patients remaining disease-free. This has indeed been proved to be the case as the
percentage of metastases-free patients has been found to be more dependent on the length of
the follow-up than on the treatment schedule uses. In only one large series with reasonable
follow-up has the percentage of disease-free patients remained above 50%, i.e., the Conpadri I
trial (55%) [23, 26], but the same group of investigators has been much less successful with
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subsequent analogous treatment schemes. In both the Conpadri II and III trials, after initial
glowing reports [22, 24], the percentage of disease-free patients has already decreased to
about 40% [23]. Comparable and even worse results after longer follow-up have been recently
published by the groups in New York [20], Boston [12], Stanford [7], Memphis [16], and
Milano [8] and the CALGB group [4].

Parallel to these less optimistic results, some doubts began to arise about the validity of the
historical control groups. The publication by the Mayo clinic of a disease-free survival of 40%
in their most recent group of patients without adjuvant treatment [27] showed that the use of
small patient groups with historical controls is a dangerous exercise. Analogous results were
obtained in the EORTC trial in which about 30% of the untreated patients remained disease-
free. All these numbers are a far cry from the 15%—20% that has usually been employed as a
reference series in many studies. It should be pointed out, however, that Sutow did not find
such an improvement in the natural prognosis of osteosarcoma in his material from the M.D.
Anderson Hospital [22]. This again could be due to selection of patients referred to different
centers.

In conclusion, it can be said that most published chemotherapy studies still show higher
numbers of disease-free patients than were previously reported without adjuvant therapy.
However, when compared to more recent control series, the difference is probably only small.
Moreover, most chemotherapy series involve fairly small numbers of patients and these are
probably selected on a more stringent basis than before due to increased interest of the
treating doctors in this disease. Ultimately, the real value of this therapy can only be
determined by new prospective randomized clinical trials.

Concept of the New EORTC/SIOP Trial (O,)

The best that can be said is that the amount of hard data that is now available concerning the
adjuvant therapy of osteosarcoma is in no way related to the tremendous effort that has been
put into it. As MUGGIA [15] said at the 1977 osteosarcoma meeting in the NCI, the present
studies have generated more questions than answers. These answers will only be provided by
prospective randomized studies. In conceiving a new trial, a critical reassessment of the
results obtained to date is necessary.

Theeffect of radiotherapy has received some support from our previous trial. However, while
the difference in the younger age groups between irradiated and control groups was statisti-
cally significant, this was only marginally so when the older patients were also considered.
This was, among other things, due to the fact that the trial was discountinued prematurely
resulting in an insufficient number of patients included. It is also important to point out that
two other studies on the value of lung irradiation were carried out by other groups with mixed
results. In the Mayo clinic, no improvement in the disease-free percentage was found with lung
irradiation [19]. A slightly lower dose was used and there were less patients in this study than
in the EORTC trial.

In a nonrandomized study, Newton obtained results after lung irradiation comparable to our
trial (personal communication). It can be said that fairly good evidence is available to show
the efficacy of irradiation in suppressing lung metastases. In view of the relatively small
numbers and the negative trial in the Mayo clinic, it would be good to repeat this treatment to
broaden the experience with this type of therapy.

The data on chemotherapy were extensively discussed before and seem to lead to similar
conclusions. With some of the regimens, interesting results were obtained but more patients
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Fig. 4. Cumulative percentage of the number of cells present in the largest subvisual metastasis at the
moment of treatment of the primary tumor. To calculate this curve, data are used from patients without
metastases at diagnosis and those who develop metastases afterward. The moment of appearance of
the metastases, the distribution of the growth rates, the relation between time of appearance and growth
rate, and the size of the metastasis at diagnosis are used (calculated by HART, Amsterdam)

would be necessary, this time in a randomized setting to affirm the value of this type of
treatment. The best way to confirm the value of these two modalities would have been to
compare them to a group of patients receiving no adjuvant therapy. However, it still proved
impossible in 1977 to get the approval of a majority of participating centers to start such a
trial. It is hoped that the Mayo clinic, which is presently carrying out a study comparing
chemotherapy with no adjuvant treatment, will provide some information. The direct com-
parison between chemotherapy and radiotherapy, however, should also provide interesting
results. The final effect of the two treatment modalities seems to be similar in different studies,
with disease-free fractions around 40%. Chemotherapy, being much more toxic and expen-
sive, should in such a prospective study be significantly better to make it a valid alternative to
radiotherapy.

A second important point of comparison between radiotherapy and chemotherapy will be the
distribution of metastases. It had been expected that the suppression of lung metastases by
irradiation would lead to a relative increase in skeletal metastases. Although the numbers
from the O, trial were fairly small, no significant difference could be demonstrated. More data
will be necessary to answer this question. As the effectiveness of both radiotherapy and
chemotherapy was suggested by available data, an estimation was made of the possible gain
that could be expected from a combination of these two treatment modalities. Using the
appearance rate of lung metastases and the distribution of volume doubling times, it was
possible to estimate the number of cells that are present in the largest subvisual metastases at
the time of treatment of the primary tumor, which was also the start of possible adjuvant
therapy (Fig. 4).

About 20% of the patients have less than 5 x 10* cells in the largest metastases, and in 30% of
the patients this would be 5 x 10° cells of less. As these values approximately represent the
percentage of patients who can be rendered disease-free by lung irradiation, this proves that
such numbers of cells can be killed by a dose of 2000 rad. Taking into account that the
metastases are usually multiple, this would bring the number of cells amenable to radiother-
apy to about 10° cells, which would mean a D,, of about 300 rad.
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Table 1. Osteosarcoma study (O-3) EORTC and SIOP: schedule of chemotherapy

M/Ve  Ab M/V A M/V Ce A C M/V
CFA i) i)
ADR { { i)
VCR { i} i} i)
MTX l { | {
CF
Week 1 3 5 7 9 11 13 15 17
Week 19 21 23 25
Week 27 29 31 33
Week 35 37 39 41

MTX = Methotrexate 6000 mg/m?/6-h infusion; CF = Citrovorum factor 15 mg/6 h/x12; VCR =
Vincristine 1.5 mg/m?/IV (max. 2 mg); ADR = Adriamycin 70 mg/m?/1V; C = Cyclophosphamide
1200 mg/m?/1V.

8 M/V = Methotrexate/Vincristine.

b A = Adriamycin.

¢ C = Cyclophosphamide.

If the number of cells killed could be increased by a factor of 10 or 20, for instance, by giving a

course of chemotherapy before the radiotherapy, this would mean the sterilization of 5 x 108

to 107 cells, which would cure 50% of all patients with potentially developing metastases. This

would reduce the number of recurring patients from 70% to 35% or 65% of the total group
remaining free of lung metastases.

This theoretical reasoning would only be valid if radiotherapy would be equally effective on all

tumor deposits. We have, however, already suggested on the basis of the diverging slopes of

the metastases-free periods that larger metastases are probably less radiosensitive. This
would mean that progress would be harder to come by than expected as the additional
metastases that we are now trying to suppress could be definitely less sensitive to treatment.

The theoretically enticing possibility of the combination treatment was retained as the third

regimen for our trial, which will consist of:

a) Chemotherapy (Table 1) 42 weeks with a combination of methotrexate (MTX) (60 g/m?
+ citrovorum rescue), vincristine (1.5 mg/m?), adriamycin (70 mg/m?), and cytoxan
(1200 mg/m?). The chemotherapy will consist of a heavy induction therapy with only
MTX and adriamycin, followed after 9 weeks by a lighter maintenance therapy with
cytoxan alternating with the MTX and adriamycin;

b) Lung irradiation, 2000 rad after correction for the air in the lungs, to be given in ten
fractions in 12 days, with anterior and posterior fields covering the whole thoracic
cavity;

c) Combined treatment: a short chemotherapy course of 9 weeks consisting of the induction
therapy of trial group a), followed by the radiotherapy of group b).
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In an ancillary study, the possibilities of metastatectomies will be evaluated as a function of
the previously given adjuvant therapy. This trial is a common venture of the EORTC and the
SIOP. Already more than 20 European centers have expressed their wish to participate,
which should ensure a reasonable accrual rate that will be necessary for a three-arm trialin a
disease where most groups have even been reluctant to start a two-arm study.
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Adjuvant Therapy of Operable Primary Osteosarcoma-Cancer
and Leukemia Group B Experience

E. P. Cortes, J. F. Holland, and O. Glidewell

Introduction

The major therapeutic approach to primary osteogenic sarcoma has, for many years, been
radical surgery. Despite differences in pretherapeutic work-up, surgical techniques, and
demography, the overall survival rates in the review of FRIEDMAN and CARTER was 19.7%
(253 of 1286 patients) [8]. The range was fairly small, 16%—23% in the series published.
Radiologic evidence of pulmonary metastases occurs at a median of 8.5 months after
potentially curative amputation [ 10]. The patient usually dies within 6 months from the onset
of detectable pulmonary metastases [13].

In the 1960s, the role of chemotherapy in metastatic osteogenic sarcoma was minimal.
Although gratifying objective responses were occasionally seen with mitomycin-C, L-phenyl-
alanine mustard, cyclophosphamide, or actinomycin-D, these results were exceptional and
usually brief [8]. In the 1970s, two active regimens were uncovered for metastatic osteosarco-
ma.

The first approach involved an old drug, methotrexate given in massive doses in combination
with citrovorum factor rescue. The rationale for this approach is that citrovorum factor is a
reduced folate that bypasses the biochemical block caused by methotrexate. Thus, citrovo-
rum factor rescue allows the use of very large doses of methotrexate that produces high drug
concentrations in tumor cells while the systemic toxicity is prevented. JAFFE reported a 40%
response rate (four of ten patients) with this combination [9].

The second approach involves a relatively new antitumor antibiotic, adriamycin, originally
developed in Italy by the Farmitalia Company. In 1972 we initially reported objective
responses of adriamycin in 7 of 17 patients (41%) with pulmonary metastases from osteogen-
ic sarcoma [1, 2]. Encouraged by this therapeutic result in metastatic disease, the Cancer and
Leukemia Group B (CALGB) reported the preliminary results of a study initiated in 1971
using intermittent adriamycin treatment shortly after radical surgical amputation of primary
osteosarcoma [3, 4, 6]. The present paper reports the 6-year follow-up of amputation and
adriamycin in primary osteogenic sarcoma undertaken by the CALGB.

Methods and Materials

The criteria for entry in the study included:

a) Histologically proven osteosarcoma, characterized by osteoid or bone opposed to tumor
cells. Patients were excluded if they had parosteal osteosarcoma, chondrosarcoma,
fibrosarcoma, radiation-induced osteosarcoma, soft-tissue osteosarcoma, and osteosar-
coma after Paget’s disease, all of which have different clinical courses [7];

b) Surgically resectable primary tumor without roentgenologic evidence of metastases;

¢) A minimum leukocyte count of 4000/mm? and platelet count of 100,000/mm?;

d) BUN and creatinine levels 25 and 1.5 mg/100 ml, respectively.
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Hematologic, biochemical, and electrocardiographic examinations, chest roentgenogram
and tomography, and bone survey were conducted before, during, and after therapy to
monitor for possible tumor recurrence and drug toxicity.

Drug Dosage and Schedule

Four to 14 days after amputation of the primary lesion, or as soon as wound healing was
complete, adriamycin was given at a dose schedule of 30 mg/m?/day for 3 successive days
repeated every 4—6 weeks for six courses. The total cumulative dose of adriamycin was
540 mg/m? over a period of 5—7 months. Thereafter, patients remained untreated. The
response to therapy was measured by the disease-free interval after the first course of
adriamycin. Treatment failure was defined as unequivocal roentgenologic evidence of disease
recurrence.

Having demonstrated earlier in our report the steep dose response of adriamycin in advanced
osteogenic sarcoma [1, 2], no dose adjustment was to be made if the leukocyte count nadir
was > 1000/mm? unless an accompanying severe complication such as septicemia occurred.
Any reduction of adriamycin dose if this leukocyte nadir was not reached was considered a
protocol dose deviation. A leukocyte count nadir of < 1000/mm? however, called for the
reduction of succeeding doses of adriamycin to 25 mg/m?/day for 3 days.

The participating medical oncologists had no control as to the type of surgical procedure
performed for the primary lesion although the protocol recommended radical amputation,
i.e., complete removal of the involved bone. Cross-bone amputation of the involved long bone
was considered an inadequate procedure and is therefore a protocol surgery deviation.
From November 1971 to December 1975, 102 patients from 21 institutions were entered in
the study. Fourteen patients were disqualified; six had overt metastases, four never received
adriamycin, and one each had parosteal osteosarcoma, osteosarcoma arising from Paget’s
disease, inadequate records, and sequential adriamycin and high dose methotrexate treat-
ment. The remaining 88 patients form the basis of this report.

Results

The clinical characteristics of 88 patients are shown in Table 1. There were 52 males and 36
females with their ages ranging 4—66 (mean, 17; medium 16 years) and 7—60 years (mean,
15; medium 14 years), respectively.

The primary sites of osteosarcoma in 65 patients (73%) was localized around the knee joint.
While the femoral and tibial lesions predominated in both sexes of either age group, the
incidence of tibial lesion in males under 16 years of age was lesser than in patients over 16
years. This observation was not noted in females of either age group.

Forty-six of 88 patients (52.2%) treated with adjuvant adriamycin therapy had relapsed (40
pulmonary metastases, three local recurrences, and three bone metastases). Relapses were
seenin 26 of 52 (50%) males and 20 of 36 (55.5%) females. The median disease-free intervalin
both sexes was 20 months. Forty-nine percent of the male and 38% of the female patients were
expected to be free of disease at 5 years as determined by the life table method.
Pulmonary metastases occurred in 14 of 88 patients before the completion of six courses of
adriamycin therapy. Of 37 patients who have been observed for more than 2 years, only one
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Table 1. Clinical characteristics of 88 primary osteosarcoma treated
by adriamycin according to sex and age group

Category Male Female

Age in years

Range 4—66 7—60
Mean 17 15
Median 16 14
Tumor site Age group
Total No. No. No. No.
No. <16 > 16 <16 > 16
Femur 47 17 13 11 6
Tibia 26 4 10 7 5
Humerus 6 2 1 1 2
Fibula 4 1 0 2 1
Rib 3 0 3 0 0
Mandible 0 0 0 1 0
Iliac spine 1 1 0 0 0
Total 88 25 27 22 14

PERCENT DISEASE FREE

2 T T T T 1
1] 12 24 36 48 60

MONTHS FROM START OF ADRIA
SURG & DOSE 6/ 8 MED* 9 MOS.
SURG

11/17 MED*10 MOS.
------------- DOSE 11717 MED=11 MOS.

Fig. 1. Percent of patients with osteosarcoma remaining disease-free after subradical surgery, low dose
adriamycin or subradical surgery and low adriamycin dose (vertical lines-individual patients free of
disease from the last relapsing patient)
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(2.7%) has developed pulmonary metastases, and this occurred at 42 months after the start of
adriamycin.

For reasons unrelated to a nadir of leukocytes < 1000/mm?3, 17 of the 88 patients had their
adriamycin dose reduced. Eleven of these 17 (64.7%) have relapsed. Of 17 patients whose
involved bones were not completely removed and eight who had both inappropriate dose
reduction of adriamycin and a subradical surgical procedure, 11 (64.7%) and 6 (75%) have
relapsed, respectively. Figure 1 shows the disease-free status of these patients as projected by
the life-table method at 5 years: (a) adriamycin dose deviation, 34% (median disease-free =11
months); (b) surgery deviation, 31% (median disease-free = 10 months); (c) adriamycin dose
and surgery deviations, 25% (median disease-free = 9 months). In contrast, only 18 of the 46
patients (39%) who adhered to the protocol in terms of adriamycin dose or extent of
amputation, have relapsed. Figure 2 shows the disease-free interval at 5 years of these 46
patients, which is projected to be 53% (median disease-free = not yet reached) as compared to
31% (median disease-free = 11 months) in 42 patients with various protocol deviations. The
probability that the total groups with protocol adherence and protocol deviations would have
this disparate relapse rate by chance alone is remote (P < 0.003).

Table 2 shows the site of recurrences according to protocol adherence. Pulmonary metastasis
is the predominant site of recurrence regardless of surgical procedure performed. There are
only three local recurrences (one of 21 femur, one of one iliac spine, and one of one
mandibular lesion) out of 25 patients who had subradical surgery. In this same group of
patients, 14 of 25 (56%) have pulmonary metastases. This is in contrast to 26 of 63 (41%)
patients with radical surgery, regardless of adriamycin dose.

The shorter disease-free interval of patients deviating from the protocol compared to those
who were properly treated held true irrespective of primary site, sex, and age group. Such
factors as femur versus tibia-fibula, male versus female, and patient’s age group of < 16 versus
> 16 years old did not show significant difference in disease-free interval. Primary lesions

754

25

PERCENT DISEASE FREE
&

0 12 28 3% 48 60

MONTHS FROM START OF ADRIA
————— N0 DEVIATION 18/46 MED NOT REACHED
————————— SURG &/0R DOSE DEV 26/42 MED=11 NOS.

Fig. 2. Percent of patients with osteosarcoma remaining disease-free after radical surgery and full

adriamycin dose versus subradical surgery and/or dose of adriamycin deviation
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Table 2. Breakdown of recurrence site according to protocol adherence by primary site

No deviation

Protocol deviation by

Surgery

Drug dose

Dose and surgery

No. Relapsesite No. Relapsesite No. Relapsesite No. Relapse site

cases Lung cases cases cases
Lung Local Lung Bone Lung Local

Femur 18 9 14 9 8 3 1 7 4 1
Tibia 17 5 2 1 7
Humerus 4 2 2 1
Fibula 4 1
Rib 3 1
Iliac spine 1 1
Mandible 1 1
Total 46 18 17 10 1 17 8 3 8 4 2

ranging 5—10 cm in maximum diameter had a higher projected disease-free status than
patients with primary lesions measuring < 5 or > 10 cm in diameter as shown in Fig. 3.
Explanations for this apparent discrepancy are complex. The disease-free status as projected
by the life table method at 5 years in all patients with measured primary lesion regardless of
protocol adherence are: (a) less than 5 cm diameter 40%, (b) 5—10 cm diameter 62%, and (c)
over 10 cm diameter 38%.

The characteristics of the primary tumors arising from the femur in 47 patients with or
without protocol deviation are shown in Table 3. A greater number of cases and a higher

~
w
1

PERCENT DISERSE FREE
g

254

......
-----
..

12 2 3 18 50
MONTHS FROM START OF ADRIA
<5 CN 19/17 MED=15 MOS.

5-10 CN  8/27 MED NOT REACHED
>10 CN 10718 NED*18 MOS.

Fig. 3. Percent of patients with osteosarcoma remaining disease-free after surgery and adriamycin (all
patients) according to primary tumor size
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Table 3. Characteristics of 47 osteo-

sarcomas arising from the femur Category Number of patients (%)
according to protocol adherence
Protocol Protocol
adherence deviation
Total 18 29
Sex
Males 12 (66) 18 (62)
Females 6 (33) 11 (38)
Age (years)
16 9 (50) 19 (65.5)
16 9 (50) 10 (34.4)
Mean 20 14
Median 15 14
Tumor size (cm)
5 2 (14) 5 (26)
5—-10 7 (50) 9 (47
10 5 (30) 5 (26)
Size not recorded 4 10

percentage of patients < 16 years old with tumor size < 5 cm in diameter were found in the
protocol deviation group compared to the protocol adherence group. The remaining listed
characteristics seemed to be comparable between the two groups including mean days from
diagnosis to surgery, mean days from surgery to start of adriamycin therapy, ratio of males to
females, and percentage of tumor lesions ranging 5—10 cm in diameter. At 5 years the

PERCENT DISEASE FREE

254

T T T T ]
'] 12 24 36 48 60

MONTHS FROM START OF ADRIA
—————— NO DEVIATION 9/18 NED=19 MOS.
————————— SURG 4/0R DOSE DEV 18/23 MED=12 MQS.
Fig. 4. Percent of patients remaining disease-free with osteosarcoma arising from femur with or without
surgery and/or adriamycin dose deviation
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Table 4. Alkaline phosphatase changes and relapse rate of primary osteo-
sarcoma during adriamycin therapy

Alkaline phosphatase changes No. No. Rate
cases relapse

Before After

Normal Normal 17 3 17.6

Elevated Normal 11 7 63.6

Elevated Elevated 21 16 76

Normal Elevated 3 3 100

Total 52 29

disease-free interval in the protocol deviation group was predicted to be 36%, whereas in the
protocol adherence group it was 49%, as shown in Fig. 4.

Fifty-two patients had their serial serum alkaline phosphatase determinations before, during,
and after adriamycin therapy. Table 4 shows the relapse incidence of osteosarcomain relation
to the changes of subsequent alkaline phosphatase levels. Only 3 of 17 patients have relapsed
whose enzymes were not elevated initially and remained in the normal range during the course
of continued observations. In contrast, those patients whose alkaline phosphatase levels were
elevated before the start of adriamycin, and subsequently either became normal or persisted at
high levels, as well as those patients with normal levels initially who had a rising titer following
therapy relapsed in 26 of 35 (74%) cases. In three patients, elevation of the alkaline
phosphatase alone preceded the onset or discovery of pulmonary metastases by 2—4 months.
In another patient, roentgenologic evidence of pulmonary metastases occurred simultaneous-
ly with the rise of alkaline phosphatase.

Toxicity

The toxicity from adriamycin was tolerable. Transient capital alopecia occurred in 100% of
the patients, leukopenia (< 3000/mm?) occurred in 60%, nausea and vomiting in 50%, and
stomatitis occurred in 45%. Pneumonia occurred in one patient. In another patient, delayed
wound healing complicated by a wound infection was noted during adriamycin administra-
tion. Transient electrocardiographic changes in the form of premature atrial and ventricular
beats occurred in 10%. Twenty of the 88 patients did not finish the six courses of adriamycin
because of relapse (18 patients) or refusal (two patients). Of the 68 patients who finished the
six courses of adriamycin, two developed congestive heart failure. One patient had a simulta-
neous onset of fatal pulmonary metastases and congestive heart failure 2 months after the
completion of 540 mg/m? of adriamycin. At autopsy, a mural thrombus in the ventricle and
interstitial fibrosis of the myocardium were noted. The other patient developed irreversible
congestive heart failure 3 months after 540 mg/m? of adriamycin was completed. She died 1
month after the onset of myocardial dysfunction. At autopsy, metastatic lesions to the heart
and lungs were demonstrated that had not been previously noted by roentgenologic studies. A
girl who completed the six courses of adriamycin at 16 years of age delivered a normal child at
age 21 years.
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Discussion

Our data clearly indicate that adriamycin administration following radical amputation of
primary osteogenic sarcoma delays of lessens the onset of metastases as compared to the
historical control of multiple published series treated by amputation alone [8]. The favorable
results are most striking in patients who were treated with full dose adriamycin following
complete surgical removal of the involved bone.

Having demonstrated earlier the steep dose response of adriamycin in advanced osteosarco-
ma [1, 2], it is not surprising to note that inappropriate reduction of adriamycin even in an
adjuvant setting had a projected disease-free status in substantially fewer patients than in
patients appropriately treated with full doses of adriamycin.

The same relapse rateis true for patients with incomplete removal of the involved bone despite
full adriamycin doses. The higher relapse rate in this group of patients is not clear to us. It has
been reported, however, that simultaneous, secondary, smaller foci of osteosarcoma, anatom-
ically separate from the primary lesion, known as “skip” metastases, do occur [7]. Although
grosslocal recurrence was only seen in 3 of 25 patients with subradical surgery in our series, it
is possible that the remaining unresected involved bone contained skip lesions or micrometas-
tases not completely eradicated by adriamycin, which were responsible for the pulmonary
metastases upon termination of therapy in 14 of 25 patients.

Other prognostic factors such as sex seem not to influence the disease-free interval of patients
treated with adriamycin. This is in contrast to one series of amputation alone, which was
reported to show a better prognosis in females than in males with primary osteogenic sarcoma
[12]. Of special interest is the influence of tumor size in the disease-free interval. In the series
reported by MCKENNA et al. [11], osteosarcoma patients with lesions < 5 cm in diameter had
a40% 5-year survival rate as compared to 17%, 4%, and 0% survivals in patients with lesions
5—10, 10—15, and > 15 cm, respectively. In our present report, it is uncertain why patients
with a tumor of < 5 cm in diameter had a shorter disease-free interval than those with lesions
ranging 5—10 cm. As might be expected, adriamycin-treated patients with lesions > 10 cmin
diameter had the worst prognosis. The projected disease-free status for a tumor greater than
10 cm at 5 years is 38%, which is much higher than those patients treated by amputation
alone.

The conclusion that full doses of adriamycin and complete removal of the involved bone in
osteosarcoma are the most effective ways to assure successful adjuvant therapy is supported
by a longer disease-free interval in patients with protocol adherence compared to those with
protocol deviation in every prognostic category. This conclusion is reinforced by the effect of
therapy in lesions of a single site, the femur, wherein the disease-free interval in the protocol
adherence group is still significantly longer than in patients who deviated from the proto-
col.

The significance of serial serum alkaline phosphatase determinations in osteogenic sarcoma
undergoing adjuvant therapy has never been emphasized before. In this series we have not
analyzed preamputation values of alkaline phosphatase and cannot therefore use this for
prognostication. Pre- and postadriamycin determinations of the enzymes, however, were
done in 52 cases. In general, the initial and subsequent levels of alkaline phosphatase are of
value in predicting the recurrence of osteosarcoma. Four patterns of alkaline phosphatase
changes were observed during the course of the disease: (a) normal level initially remaining
normal during therapy, (b) elevated initially with a drop to normal following therapy, (c)
elevated initially with succeeding values intermittently low and high, and (d) normal initially
with subsequent elevation. Normal levels of alkaline phosphatase throughout implies a better
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prognosis compared to the other patterns of enzyme changes. Most significantly, in some
cases alkaline phosphatase elevation alone precedes the onset of overt metastases suggesting
strongly that a thorough search for an active potentially resectable lesion is manda-
tory.

The toxicity from adriamycin has been well-tolerated. The high risk of serious cardiomy-
opathy in patients receiving a total cumulative dose of adriamycin over 550 mg/m? made us
limit the cumulative dose to 540 mg/m? in this study [5]. Two of 68 patients receiving
540 mg/m? developed congestive heart failure. Both these patients were found to have
pulmonary metastases, and cardiac involvement was noted in one, which may have contrib-
uted to the heart failure.

Whether the delayed recurrence observed for up to 6 years in this report will result in cure
remains to be proved by time. The fact that only a single patient has relapsed after 2 years of
observation lends credence to this proposition. The failure to adhere to the protocol by some
doctors, and the appearance of metastases in approximately half the patients despite meticu-
lous application of the treatment, clearly indicate that this is only one step along the way.
Other programs building on this experience are under intensive investigation at pres-
ent.
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Adriamycin in the Adjuvant Treatment of Operable Osteosarcoma

F. Fossati-Bellani, M. Gasparini, and G. Bonadonna

Since adriamycin (ADM) has been reported to be one of the most effective drugs in the
treatment of clinically metastatic osteogenic sarcoma, this drug was selected in our institute
for the combined treatment of childhood and adult osteosarcoma. The preliminary results
were reported in 1978 [2]. The scope of this paper is to update the initial findings.

Patients, Methods, and Results

From March 1974 to May 1978, a total of 17 consecutive patients with the histologic features
of classic osteogenic sarcoma were treated with ADM following amputation. Two other
patients with the histologic diagnosis of parosteal osteosarcoma were also treated with this
approach.

In the first series of 15 patients, including those with parosteal osteosarcoma, ADM was
injected in a single IV dose of 75 mg/m? In the absence of relapse, treatments were repeated
every 4 weeks for a total of eight cycles, without exceeding the total dose of 600 mg/m? The
median follow-up period of this group is 23 months (range: 8—48* months). Because
numerous treatment failures were documented, since March 1977 ADM has been adminis-
tered according to the dose schedule utilized by CORTES et al. [1], i.e., 30 mg/m? for 3
consecutive days and treatments repeated every 4 weeks for a total of six cycles. So far, four
patients have been treated in accordance with this dose schedule, and their median follow-up
period is 11 months (range: 1t—14+ months).

As of 1 June 1978, a total of 10 of 19 (53%) patients have shown treatment failure. In most
instances the first sign of metastatic disease was documented in the lungs. So far, relapse has
been observed only in the first series of patients (10 of 15, or 67%), including one patient with
parosteal osteosarcoma. The median time to relapse was 10 months (range: 1—32 months). In
particular, two of ten patients relapsed while receiving chemotherapy. Five others of this
group remain disease-free after 21+ to 48+ months. In the second series all four patients
remain disease-free after 17— 141 months. Figure 1 shows the actuarial analysis of disease-
free survival for the total series of 19 patients. The present findings indicate that amputation
followed by intermittent treatment with the maximum tolerated doses of ADM has not
significantly improved the 2-year relapse rate over that obtained with surgery alone. Only a
moderate increase in the disease-free status was achieved, and our results appear definitely
inferior to those reported by other authors utilizing ADM as adjuvant therapy [3].
Treatment at first relapse could not be uniform in all patients for a number of clinical reasons.
Resection of pulmonary metastases was performed in two children. Three patients were given
methotrexate (50 mg/kg q 2 weeks) with citrovorum factor. In this group, disease progression
was observed after 1, 2, and 7 months from the beginning of secondary treatment. No
objective tumor response was observed in three patients treated with CCNU. All patients who
relapsed were dead within 8 months from the diagnosis of primary treatment failure.
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In general, treatment with ADM was well tolerated, and dose reductions for persisting
myelosuppression were seldom required [2]. All patients developed complete alopecia, but no
episodes of infection were observed. In the group treated with 75 mg/m?, three patients
developed electrocardiographic abnormalities and in one the ECG changes persisted for some
time. One of four children treated with the dose of 90 mg/m? developed a severe cardiomy-
opathy after acumulative dose of 450 mg/m?. The patient is still alive and under treatment with
digitalis, 6 months after the episode of congestive heart failure.

Conclusion

Our limited experience does not confirm that ADM alone is a particularly effective adjuvant
treatment following amputation for clinically localized osteogenic sarcoma, since only a
moderate increase in the disease-free status was observed. Treatment failure was apparently
not related to age, sex, site, or extent of primary disease [2]. No relapse has yet been observed
in the for patients treated with the dose regimen found successful by CORTES et al. [1].
However, both the limited number of patients and the short follow-up period prevent an
adequate comparison either with our own first series treated with ADM or with that of
CoRTES. It is important to note that 90 mg/m? of ADM can increase the incidence of clinical
manifestations of drug-induced cardiomyopathy. Adriamycin remains a potentially useful
agent for the adjuvant treatment of osteogenic sarcoma. However, as in other neoplastic
diseases, it should be properly combined with other agents to achieve a better improvement of
disease-free survival.
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Randomized Trial of Adjuvant Chemotherapy

in Osteogenic Osteosarcoma.

Comparison of Altering Sequential Administrations of High Doses
of Adriamycin, Methotrexate, and Cyclophosphamide

with a 6-Month Administration of High-Dose Adriamycin
Followed by a Low-Dose Semicontinuous Chemotherapy

EORTC Osteosarcoma Working Party Group presented by C. Jasmin'

Introduction

In the past few years, a great impetus has been given to adjuvant chemotherapy of osteogenic
osteosarcomas, particularly after the publication by JAFFE et al. [3] of promising preliminary
results concerning the use of high-dose methotrexate with folinic acid rescue. CORTES et al. [2]
reported the efficacy of adriamycin in adjuvant therapy and have shown that large doses of
adriamycin (around 90 mg/m?) are more efficient than small doses. Other groups have
obtained significant results with various drug combinations [5, 6], most often including
Alkeran or cyclophosphamide, adriamycin, high-dose methotrexate, and vincristine. Ac-
tually, most if not all of these trials have not been repeated; they often concern small groups of
patients, and it is difficult to decide which protocol should be recommended. Our group has
decided to make a randomized trial to compare (1) a relatively heavy and prolonged
chemotherapeutic schedule, similar to the one proposed by ROSEN et al., including high-dose
methotrexate, adriamycin, and cyclophosphamide with (2) high-dose adriamycin for 6
months, followed by a light ambulatory semicontinuous chemotherapy combined with the use
of low-dose methotrexate.

Patients and Methods

The criteria of entry into this study included histologically proven osteogenic osteosarcomas.
All anatomopathologic preparations were reviewed by A. MAZABRAUD, Fondation Curie,
Paris. Parosteal osteosarcoma, nonosteogenic osteosarcomas, radiation-induced osteosarco-
ma, and osteosarcoma after Paget’s disecase were excluded. This study concerned only
patients with bone tumors located in the limbs. Before entering the study, each patient had
chest roentgenograms and tomography, a blood count, measurement of serum creatinine,

1 Participating Centers: A. MAzZABRAUD (Fondation Curie, Paris); D. BERTEAUX, R. ROY-CAMILLE
(La Pitié, Paris); C. CHENAL (Salpétriére, Paris); R. BROSSEL (Tenon, Paris); GARETTA (Val-de-Grice,
Paris); G. MATHE (Institut de Cancérologie et d’Immunogénétique and Institut Gustave Roussy,
Villejuif, France); G. MEYNARD (Bordeaux); D. DuranD, B. Hoerni (Fondation Bergonié,
Bordeaux); M. WALLAERT (Centre Hospitalier, Lens); P. CAPPELAERE (Oscar-Lambret, Lille);
VERHAEGHE (Faculté de Médecine, Lille); D. LIEGEY-BAGARRY, G. MEYER, G. Roux (CRACM,
Marseille); A. TRIFAUD (La Conception, Marseilie); B. SERROU (Paul-Lamarque, Montpellier); P.
FuMOLEAU, B. LE MEVEL (René-Gauducheau, Nantes); D. GUERIN (C. H. U., Rennes); D. HOFFSTET-
TER, R. METZ, J. STINES (Alexis-Vautrin, Vandoeuvre-les-Nancy).
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urea, alkaline phosphatases, calcium, an electrocardiogram, and bone and liver scans.
Patients were excluded if they had lung metastases detected at the time of randomiza-
tion.

Treatment Protocols

This study was initiated in May 1976. Patients were randomized into two groups, just before
treatment of the primary tumor. This treatment consisted of either (1) radical surgery for large
tumors when the function of the limb was definitely compromised by large soft tissue invasion
or by articular dysfunction or (2) radiotherapy treatment of small tumors and tumors on the
superior limb, 8000 rad in 8 weeks on the tumoral zone and 6000 rad over a 10-cm zone above
and below the limits of the tumour.

If hematologic effects had cleared, patients from group A received, successively, at intervals

of 3 weeks:

1. 1.4 mg/m? vincristine (maximum 2 mg) IV followed, 6 h later, by 4.5 g/m? methotrexate
given during a 6-h perfusion, followed, after 3 h, by the administration of 12.5 mg
citrovorum factor every 3 h for 24 h IV, then 25 mg every 6 h for 48 h. For the first cycle,
the dose of methotrexate was reduced to 3 g/m?2

2. Adriamycin 75 mg/m? IV.

3. Cyclophosphamide 1.2 g/m? Methotrexate and cyclophosphamide were administered
during 18 months. Adriamycin administration was discontinued after seven cycles.

In Group B. patients received adriamycin (45 mg/m?/day) every 4 weeks for 2 consecutive
days over a period of 24 weeks followed by a semicontinuous chemotherapy with methotrex-
ate 30 mg/m? by IM injection every week associated with cyclophosphamide 150 mg/m? per
osevery day from day 1to day 7 and Alkeran 2 mg/m? every day from day 15 today 21. This
cycle was repeated every 4 weeks for 12 months. In both groups, the treatment was delayed if
there were less than 3000 leukocytes/mm?® and less than 100,000 platelets/mm?® in the
peripheral blood. Twenty-seven patients entered this study, 15 in protocol A and 12 in
protocol B. However, because of allergy to high-dose methotrexate, one patient initially
randomized in group A was transferred to group B, after the first cycle of treatment.

Results

Table 1 summarizes the main characteristics of these patients. There were seven females and
seven males in group A and six females and seven males in group B. Their ages ranged from 9
to 48 years with a mean and median age of 24 and 18 years, respectively. The primary tumor
was located in the majority of patients either on the distal femur or in the proximal tibia. No
significant difference was found between groups A and B. In group A, four patients were
treated by radical surgery and ten patients by radiotherapy. In group B, only two patients
were treated by surgery. The time interval between the first symptoms and diagnosis ranged
from less than 1 to 7 months with a mean of 2.4 and 2.1 months for groups A and B,
respectively. The time between diagnosis and the beginning of treatment ranged from a few
days to 3 months, but the mean and the median was less than 1 month. The disease-free
interval of both groups is shown in Fig. 1. Although the period of observation is relatively
short, it appears that in group A less than 50% were disease-free at 1 year in contrast to 60% in
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Table 1. Characteristics of patients

Group A Group B

Male/female 11 6/7
Mean age (years) 18 17
Age range 9-27 11-28
Mean delay between first symptoms 2.4 2.1
and diagnosis (months)

Range 0-7 1-7

Localization of the primary tumor
Distal femur

Proximal femur

Proximal tibia

Proximal fibula

Proximal humerus

— O W = \O
— W O W

group B. It is too early and the number of patients is too small to determine if a plateau in the
curve has been reached. It should be noted that in group A lung metastasis occurred in three
patients less than 3 months after randomization in contrast to one case of early metastasis in
group B. The difference between the two curves is not statistically significant.

25% 4

Fig. 1. Disease-free interval of
patients with osteosarcoma
treated by adjuvant chemo-
therapy (direct curve)
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Toxicity

Protocol A was generally not as well tolerated by patients as protocol B because of a 2-day
hospitalization for the high-dose methotrexate administration. One toxic death with severe
aplasia and septicemia and severe mucosal toxicity was provoked by administration of high-
dose methotrexate. Because of a severe cutaneous allergy to methotrexate, one patient from
group A was changed to group B after the first injection of high-dose methotrexate. In group
B, one patient refused to continue the injections of adriamycin and stopped treatment after the
third cycle. Otherwise, protocol B was easier to administer than protocol A and better
accepted by patients. No cardiotoxicity due to adriamycin was detected. The hematologic
tolerance was good in both grous.

Discussion and Conclusions

Our results indicate that, although the number of patients is relatively small, chemotherapy
with a succession of high-dose methotrexate, high-dose cyclophosphamide, and relatively
high doses of adriamycin gives rather disappointing results. Our patients are mostly young
adults and only a few children, but we cannot be sure that our protocol A of adjuvant therapy
has done better than no treatment at all. Osteogenic osteosarcomas are so rare and have such
a bad prognosis that a control group is not possible, but the difference between the results of
group A and historical controls is not significant.

The results of protocol B are better and seem comparable to the results published by CORTES
et al. We have not enough patients to determine whether the semicontinuous chemotherapy
hashad any additional beneficial effects. However, even for protocol B, the overall results are
not fully satisfactory, considering that we have a maximum of 2 years follow-up and that the
risk of late metastases persists. The tolerance and toxic cost of protocol A is also not negligible
and was ascribed mainly to the use of high-dose methotrexate. The tolerance was better in
protocol B.

In conclusion, our results underline the necessity of determining the validity of the results
obtained with new protocols by different groups and also that adjuvants of osteogenic
osteosarcoma remain a great problem. We hope that the combination of prophylactic lung
irradiation, which has also given conflicting results [ 1, 4], with adjuvant chemotherapy during
the first months of treatment (probably the most determinant period of the disease) may
provide better results.

Summary

Twenty-seven patients with osteogenic osteosarcoma were treated with adjuvant chemother-
apy. The first group was treated by intermittent high-dose methotrexate (4.5 g/m?) for 18
months with citrovorum factor rescue, followed after 3 weeks by adriamycin 75 mg/m? and 3
weeks later by cyclophosphamide 1.2 g/m? etc. The second group of patients received
adriamycin (90 mg/m?) for 6 months every 4 weeks for 24 weeks, followed by semicontinuous
chemotherapy with low-dose methotrexate, low-dose cyclophosphamide and Alkeran.

Actual results show that in the first group only 44% of patients were disease-free after 1 year
in contrast to 60% in the second group. The difference is not statistically significant. Although
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the number of patients is limited, the overall results, especially in the first group using high-
dose methotrexate, are not very satisfactory. We are, therefore, now using the combination of
chemotherapy and lung irradiation in the early phase of adjuvant therapy.
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Biochemistry of the Citrovorum Factor Rescue Effect
in Normal Bone Marrow Cells

After High-Dose Methotrexate Treatment:
Implications for Therapy'

W. Wilmans, H. Sauer, and A. Schalhorn

High dose methotrexate therapy followed by citrovorum factor rescue (HDMTX/CF)
therapy is based on the assumption that primary resistant tumors have an impaired active
membrane transport system for folate compounds that is normally shared by methotrexate
(MTX). At very high MTX serum concentrations, however, the drug can enter these cells by
passive diffusion independent of the active transport system, resulting in cytocidal intracellu-
lar MTX concentrations [2, 3, 7]. Normal, rapidly proliferating tissues with an intact active
transport system for folates can be protected from death by MTX by the application of
relatively small doses of the antidote citrovorum factor (CF = leucovorin). This is the so-
called rescue effect of CF. Since essentially no CF can enter the cells by passive diffusion at
low serum concentrations, tumor cells lacking the active transport system do not benefit from
the rescue effect.

For a better insight into this therapy, the MTX effect and CF rescue must be explained in more
detail. The most important biochemical steps involved are shown in Fig. 1. Dihydrofolate
reductase reduces dihydrofolic acid (FH,) to tetrahydrofolic acid (FH,). FH, is converted by
serine hydroxymethyl transferase to 5-10-methylene-tetrahydrofolic acid, which is the main
source for the pool of the activated one-carbon units. Thus, MTX, a potent inhibitor of the
dihydrofolate reductase, reduces the pool of the activated one-carbon units and causes a

FH,,

Purine

DNA Synthesis

CylSerine)

dTMP
Pool of
@ activated
Cq1-units Citrovorumfactor
dTR dump (FH,-derivatives) =5-Formyl-FHy

=LeucovorinR
dUR
@ Inhibition of dihydrofolate reductase
@ Reduced Cq-pool - substrate deficiency in thymidylate synthesis
—= decreased dUR incorporation into DNA
@ Increased thymidine kinase activity

Fig. 1. Biochemical effects of —= salvage pathway
methotrexate (MTX) —= increased d TR incorporation into DNA

1 With the aid of the Deutsche Forschungsgemeinschaft.
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substrate deficiency in the thymidylate synthetase reaction. The result is a decreased produc-
tion of deoxythymidine monophosphate (d{TMP). During the transfer from 5-10-methylene-
FH, to deoxyuridine monophosphate ({lUMP), the methylene groupis reduced to methyl and
the folate moleculeis oxidized to FH,. Activated folate is thus lost in this reaction and must be
regenerated by dihydrofolate reductase [11]. On the other hand, during the enzymatic one-
carbon transfer reactions in de novo purine synthesis, the FH, is not oxidized and can
immetiately be reused for the activation of new one-carbon units. For this reason MTX
affects the production of dTMP much more than the de novo purine synthesis.
If one offers exogenous tritium-labeled deoxyuridine (dRU) V) to MTX-treated cells and
measures its incorporation into the DNA, it is possible to monitor the effect of MTX in a
biochemical way. The incorporation of dUR must be decreased, because after intracellular
phosphorylation to deoxyuridine monophosphate ({UMP) the production of thymidine
monophosphate (dTTP) is blocked. This lack of intracellular dTTP releases the normal
feedback inhibition of the thymidine kinase reaction, which catalyzes the phosphorylation of
thymidine (dTR) to dTMP. This activation of the thymidine kinase, the so-called salvage
pathway, results in an increased production of dTMP and dTTP. By offering exogenous
tritium-labeled dTR ) to MTX-treated cells and measuring its increased incorporation into
the DNA, one has another possibility for biochemically monitoring the MTX effect [21, 22].
Thus, both the decrease of the dUR incorporation and the increase of the dTR incorporation
into the DNA serve as biochemical parameters of the MTX effect [18]. Normally, the
incorporation rates of dUR and dTR are almost equal. The quotient dUR/dTR lies near 1.0
(normal range 0.7—1.3 [18]). Under MTX this value falls below the normal range and
becomes less than 0.1 at high MTX concentrations. The quotient dUR/dTR has proved to be
a direct indicator for the effectiveness of MTX.
The described biochemical effects of MTX can be corrected by the administration of its
antidote citrovorum factor (CF) since this activated folate derivative directly enters the pool
of the activated one-carbon units [ 17]. Thus, dTMP synthesis and de novo purine synthesis
canresume although the dihydrofolate reductase is still inhibited by MTX. Biochemically, the
rescue effect of CF is indicated by the normalization of the dUR/dTR quotient. It is
established on an empiric basis that HDMTX/CF treatment of malignant tumors is success-
ful[1,2,4,6,8, 12, 13—16, 20]. The rescue effect, however, has never been a subject of further
biochemical investigation and questions as to the interval between MTX and CF administra-
tion, and the optimal CF dose necessary to protect the normal tissues from undesirable MTX
side-effects still remain unanswered. In this presentation, the biochemical aspect of the CF
rescue in normal bone marrow cells after HDMTX treatment is described for the first time in
an attempt to answer the two most interesting questions:
1. At which time after the MTX infusion does the DNA synthesis in bone marrow cells
regain normal activity?
2. At which MTX serum concentrations is CF really effective when given in the convention-
ally recommended doses?

The principles of the metabolic changes that are characteristic for the effects of MTX and CF
were worked out with the model system of the permanent growing lymphoblast culture LS,.
The results are shown in Fig. 2.

In comparison to the control, 5-formyl-tetrahydrofolate (= citrovorum factor = CF) alone
has no significant effect either on the cell growth or on the incorporation rates of *H-dTR and
3H-dUR. Under normal conditions, the incorporation rates for these two nucleosides are
nearly equal. The quotient dUR/dTR lies within the normal range of 0.7—1.3. As expected
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Fig. 2. DNA metabolism in cultured human lymphoblasts (LS,). Effects of methotrexate (MTX) and
citrovorum factor (leucovorin = CHO-FH,)

from the biochemical mechanism, the dUR incorporation falls almost to zero after MTX
whereas the dTR incorporation increases considerably. As a sign of a marked MTX effect,
the dUR/dTR quotient falls below 0.1.

The DNA-metabolism of the cells is disturbed sufficiently that reproduction can no longer
occur. After 4 h preincubation with 10-7 M MTX, the addition of CF normalizes the
incorporation rates. The quotient dUR/dTR rises again to the normal value of 1.3. Culture
growth is now normal again.

The same parameters as in the model culture were estimated in bone marrow cells of patients
receiving MTX therapy. Figure 3 presents schematically the regimen of HDMTX/CF
treatment. Two milligrams of vincristine are injected IV. Half an hour later the MTX infusion
is started and the total dose is administered over a period of 6 h. Two hours later CF is given
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Hemogram
Serum-Creat r 4
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Fig. 3. High dose methotrexate/citrovorum factor (leucovorin) regimen (HDMTX/CF)
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IVin adose of 15 mg every 3 h (eight times) and then every 6 h (eight times). This treatment is
repeated every 2 weeks. During the first three courses, the MTX dose is increased from 3 g/m?
to 6 g/m? and to 7.5 g/m?. Then it is maintained at the latter dose for the following courses.
The MTX serum concentration is determined enzymatically at the end of the MTX infusion
and later on three times every 24 h. At these times bone marrow is aspirated for the
examination of the DNA metabolism. Normal renal function is a most important precondi-
tion for HDMTX/CF therapy. Moreover, the urine must be alkalinized and a high fluid intake
must be guaranteed. Figure 4 shows the results of the dUR/dTR quotient and the correspond-
ing MTX serum levels in a patient with metastatic osteosarcoma who received 3.8 and 14.0 g
of MTX as an adjuvant therapy for minimal residual disease after operation. Even 24 h after
the end of the MTX infusion in both cases the DNA metabolism in the bone marrow cells
shows a clear MTX effect although up to that time already seven doses of CF (15 mg each)
have been injected. At 24 h the values of the dUR/dTR quotients are 0.14 and 0.25 and so
considerably below the normal range.

Only after 48 h, when the MTX serum concentration decreased to the region of 10~7 M, did
the JUR/dTR quotients (0.81 and 0.90, respectively) and DNA metabolism return to normal.
A different course of another patient is demonstrated in Fig. 5.
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Fig. 5. Impaired MTX elimination and toxic reaction under HDMTX/CF therapy. No biochemical
rescue for the bone marrow

As expected, again the dUR/dTR quotient after MTX administration falls to 0.06. Although
CF is given regularly until the 48th h, there is no significant increase in the dUR/dTR quotient.
For unknown reasons the MTX elimination from the patient’s plasma is considerably
retarted. On the 3rd day after the MTX infusion, the drug concentration in the serum is still
105, M and even on the 11th day a pharmacologically effective level of 2 x 107 M is noted.
At that time measurement of DNA metabolism was impossible because of a totally empty
bone marrow. On the 17th day the bone marrow, had regenerated. Now under continued CF
administration at a serum MTX concentration of 3 x 10~8 M, the dUR/dTR quotient was
again within the normal range. In spite of reinitiation of CF treatment at the first signs of toxic
side-effects (exanthema, leukopenia, thrombocytopenia), the patient developed very severe
bone marrow depression, and despite intensive supportive care (antibiotics, platelet and
granulocyte transfusions) he died due to sepsis and renal insufficiency. Other patients were
treated with 35 courses of HDMTX/CF without any complications.

By the results demonstrated, it is shown that the usually administered doses of about 100 mg
of CF per day are not sufficient for an effective rescue for the bone marrow cells as long as the
MTX serum concentration is equal or higher than 105 M. At MTX serum concentrations of
10-7 M, CF is effective in these doses and leads to the normalization of the dUR/dTR
quotient. According to these results, early CF application before the 24th or 36th h after the
MTX infusion is not effective and seems to be of no benefit although this is required in most of
the published schedules for HDMTX/CF therapy.

Should MTX elimination be retarded and MTX serum levels remain above 10~% M for more
than 48 h, the usually recommended CF doses are not sufficient to produce a significant
rescue effect. In these patients, CF rescue with “normal” doses is ineffective since both MTX
and CF enter the cell by the same active transport mechanism and inhibit one another
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competitively [10]. Thus, high MTX concentrations nearly totally prevent the transport of
low CF doses into the cell.

To save these patients from perhaps lethal damage of the bone marrow and/or the intestinal
mucosa, the CF dose must be increased so much that the serum concentration of CF equals
that of the MTX. For this purpose several grams of CF per day are necessary, as has been
recently recommended by Dierassy [5]. In critical cases the monitoring of the DNA
metabolism in the bone marrow cells by means of the JUR/dTR quotient can determine if the
CF dose used is high enough to prompt the desired rescue effect.

Summary

The decrease of the quotient of *H-deoxiuridine (dUR) and *H-thymidine (dTR) incorpora-
tion into the DNA of the cells is a good biochemical parameter for estimating the methotrex-
ate (MTX) effect on rapidly proliferating cell systems like lymphoblast cultures and bone
marrow. Using this indicator it could be shown that the usually administered doses of
citrovorum factor (CF) are not sufficient for an effective rescue for the bone marrow cells as
long as the MTX serum concentration is equal or higher than 10—¢ M. In critical cases with
retarded MTX elimination, the monitoring of DNA metabolism in the bone marrow cells
by means of the dUR/dTR quotient can determine if the CF dose used is high enough to
prompt the desired rescue effect.
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Adjuvant Interferon Treatment of Human Osteosarcoma

H. Strander, U. Adamson, T. Aparisi, L. A. Brostrom, K. Cantell,
S. Einhorn, K. Hall, S. Ingimarsson, U. Nilsonne, and G. Soderberg

Introduction

The 5-year survival rate for osteosarcoma patients is around 20% after primary surgery [7].
The short-term survival rate for patients given high dose adjuvant chemotherapy has been
reported to be higher [5]. This communication deals with a clinical trial at the Karolinska
Hospital where we are giving exogenous leukocyte interferon therapy to a consecutive series
of osteosarcoma patients [1, 9, 11].

Case Series

The interferon group comprises all patients given interferon therapy to date; at present it
numbers 33. Only patients without signs of metastases on admission are included in both
groups.

The contemporary control group comprises the rest of all the osteosarcoma patients aged up
to 30 years registered at the Cancer Registry at the National Board of Health and Welfare of
Sweden during the period 1972—1975. They received no adjuvant therapy with the exception
of six patients who received adjuvant high dose chemotherapy and were excluded from this
study. All the patients in this group were treated elsewhere than at the Karolinska Hospital;
the group numbers 30. :

Pathologic Features

The pathology of most of the patients has been checked by anindependent American group of
investigators. The patients collected since May 1976 have not yet been checked by indepen-
dent specialists but all had classic osteosarcomas according to the criteria established by the
American group. Histologic typing was always performed by the method of DAHLIN [4],
according to which grade I and II tumors are well-differentiated and grades III and IV tend to
be more anaplastic. The tumors were designated as either osteoblastic, chondroblastic, or
fibroblastic osteosarcomas.

Endocrinologic Study

It has been suggested that hormonal mechanisms may be involved in the pathogenesis of
osteosarcoma and also that such mechanisms have a bearing on the cause of the disease. The
time incidence of the disease coincides with the puberty growth spurt, and the tumor is usually
localized in the methaphyseal region of the long bones in the vicinity of the growth zones. The
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patients included in the present trial were analyzed for growth and dental development.
Nineteen of the patients could be followed during childhood from birth to onset of the disease.
No preponderance of tall individuals could be noted nor any significant difference from
expected growth curves at the time of diagnosis. The latter finding could be confirmed from
teeth eruption curves, which show a high correlation with somatic development. Some
patients simultaneously displayed insulin resistance and an elevated level of somatomedins A
and B in the plasma. This endocrinologic study is continuing.

Prognostic Factors

A study was undertaken to ascertain whether the two groups of patients were comparable
with reference to prognostic factors. An analysis was made of age, sex, type of and frequency
of symptoms, time period from first symptom to biopsy, time period from first symptom to
treatment, localization of the tumors, largest diameter of tumor on radiogram, pathologic
type, elapse period between the last negative and the first pulmonary X-ray, the type of
operation performed, and the frequency and dose of irradiation. Except for the fact that local
resections were made to a large extent on the interferon-treated group, there were no
significant differences in the prognostic factors listed.

Interferon Preparations

Human leukocyte interferon was prepared as described previously [2, 3]. This type of
interferon is produced by human leukocytes exposed to Sendai virus in tissue culture. The
interferon released into the medium surrounding the cells is concentrated and purified. Two
types of preparations have been used, one being more pure (P-IF) than the other (C-FI). The
properties of these preparations have been described in detail previously [8].

In Vitro Studies

Nine established osteosarcoma cell lines were tested for their sensitivity to the cell multiplica-
tion inhibitory activity of the interferon employed for the clinical trial. The more specific
details of this study have been presented earlier [ 12]. An inhibition of growth was recorded for
all the cell lines, and the degree of inhibition was dose dependent. It is of interest that the serum
levels of interferon achieved in the patients were shown to cause an inhibition of growth of all
cell lines tested in tissue culture.

Administration of Interferon

The interferon was administered according to a standardized schedule [1]. Over a period of 1
month in hospital a daily dose of 3 x 106 standard interferon units was given by intramuscular
injection. The preparation was then given on an ambulatory basis — 3 x 10 interferon
standard units three times weekly for a further 17 months. All patients were started on the less
purified interferon, C-IF, and if any side-effects were reported some of the patients were given
the more purified interferon, P-IF.



42 H. Strander et al.

Side-effects of Interferon

The six most commonly encountered side-effects recorded during the C-IF therapy were
fever, local pain at the injection site, shivers, transient hair loss, itching erythema, and coryza.
No major discomfort was reported. Due to the reported side-effects, however, most patients
were given P-IF. Further details will be reported later. All the patients could be given
interferon on an ambulatory basis, and it was not necessary in any case to abandon the
treatment because of the side-effects.

Immunologic Findings

Prolonged treatment with exogenous interferon did not change the peripheral lymphocyte
count in vivo or the mitogenic response of the patients’ lymphocytes in vitro, nor did the
interferon sensitivity of the lymphocytes alter during the therapy. The spontaneous cytotox-
icity of the peripheral lymphocytes was shown to be enhanced after exposing them to human
leukocyte interferon in vitro. Five patients were also studied for their spontaneous cytotox-
icity in vivo. Four of these patients’ lymphocytes exhibited spontaneous cytotoxicity before
the injection of interferon. After the first injection there was an initial decrease of cytotoxicity
followed by a larger increase to 1.5—5 times above the preinjection level and reaching a peak
at 12 h. In three of these four patients the spontaneous cytotoxicity was still elevated after
24 h. The lymphocytes of the fifth patient had a very low spontaneous cytotoxicity before the
injection and this did not markedly change thereafter. This study is continuing.

Infections

An impression of the incidence, duration, and severity of acute infections in osteosarcoma
patients during interferon therapy was obtained from monthly questionnaires. For compari-
son, the incidence of infections among members of the patient’s household was also noted. A
preliminary account of the findings reported had been given elsewhere [10]. The incidence of
infections was lower in the interferon-treated group. An analysis is now being made of
recorded symptoms to see whether they are due to acute viral infections. The results of all
these tests will be reported in due course.

Irradiation Therapy

Prior to operation, high dose irradiation of the primary site (> 4500 rad) was performed in
18% and low dose irradiation (1000—4500 rad) in 12% of the patients comprising the
interferon group. None of the interferon group has been given preoperative irradiation
therapy during the last 3 years and it is intended to discontinue this form of treatment. Of the
control group 40% were given high dose and 3% low dose irradiation. Irradiation does not
appear to be a significant prognostic factor in osteosarcoma [6].
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Surgical Treatment

Surgical treatment for osteosarcoma has almost invariably consisted of amputation. We have
preferred a local tumor resection when this is anatomically practicable, and in the interferon
series this procedure was used on 44% of the patients. Owing to extensive involvement of the
soft tissues by the tumor, amputation could not always be avoided and it was resorted to in
53%. Where the diaphyseal or adjoining metaphyseal region was involved, a block resection
was performed, the defect being replaced by an autogenous bone graft. When the tumor was
localized to the metaphyseal region or encroached on the epiphysis, the block resection also
took in the joint surface compartment. For reconstruction, autogenous grafts and/or artificial
implants were used.

Metastases and Survival Rate

A comparison of the interferon and the contemporary groups of patients was done with
respect to the development of metastases and the survival rate. The interferon group consisted
of 33 patients and the control group of 30. None of the patients in either groups were given
chemotherapy until after development of metastases. According to life table analysis, 58% of
the patients given interferon should still be free from metastases after 3 years, compared to
37% of the contemporary group. A similar analysis of survival, to some extent affected by
chemotherapy given to some patients, showed that 68% of the interferon group should still be
living after 3 years in contrast to 35% of the concurrent control group. These results are
promising but the follow-up period is at present too short to warrant any definitive inferences.
The study is being continued and the groups are constantly being added to.

Summary

This paper outlines results obtained to date in a clinical trial whose purpose is to examine the
efficacy of exogenous leukocyte interferon therapy for osteosarcoma patients. This type of
therapy has a low toxicity, and preliminary results indicate that most of the reported side-
effects of the treatment disappear on further purification of interferon. The incidence of
metastases is lower and the survival rate is better for the interferon group than for the
contemporary control group. The study is being continued.
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Current Results With a Combined Treatment Approach
to Localized Ewing’s Sarcoma

M. Gasparini, F. Fossati-Bellani, and G. Bonadonna

Introduction

Like many malignant tumors of childhood and adolescence, Ewing’s sarcoma should be
considered a systemic disease, at least in the majority of patients. Multiple foci of neoplastic
cells scattered throughout the body, mainly in the bones and lungs, are present at the time of
initial diagnosis. In approximately 25% of patients metastases are clinically detectable, while
in 75% they cannot be detected with the diagnostic tools currently available. In this latter
group we generally detect one single bone lesion, which is considered to be the primary tumor.
The concept of distant micrometastases has led clinical investigators to abandon mutilating
surgical procedures and to adopt high-energy radiotherapy as the treatment of choice for the
primary site [1]. Long-term results after radiation were similar to those obtained with radical
surgery (cure rate: 10%—20%), while a high percentage of relapsing patients were spared a
useless mutilation. However, the percentage of patients developing distant spread remained

100 100
15 Patients 30 Patients
@ [
o 3]
n n
§ 50p----- | @ 50F---——=—" |
Y i g |
i | al i
(@] ! o l
I |
| 1
I x j | | | 1
0 6 12 18 24 0 6 12 18 24
Months Months
Radiotherapy (6,000 -7,000 rads) Radiotherapy (5000 -6000 rads)
1964 -1963  MD Anderson hospital 1965-1972  Eortc trial
100 100
° 18 Patients 18 Patients
£ ¢
! o
& 50F-——- @
o] 1 o
[ ' [
v | n
(=] : (@]
|
il | \ ] 1
0 6 12 18 24 0 6 12 18 24
Months Months
Radiotherapy (3600 8000rads) or Radiotherapy (4,000 - 6,000 rads) or
amputation without sustained amputation
adjuvant chemotherapy 1965-1970 INT, Milan

1965 -1970 MSKCC

Fig. 1. Localized Ewing’s sarcoma: disease-free survival with local treatment modality



46 M. Gasparini et al.

very high, and radiotherapy also failed to eradicate the primary tumor in 20%—40%. In
several reported series the median disease-free survival ranged between 6 and 10 months (Fig.
1) {3, 4, 14, 16]. Once metastases were clinically evident, patients showed only a moderate
and transient benefit from optimal chemotherapy, which was able to induce remission and to
prolong survival but not to save a consistent number of patients.

In the last 5—7 years, the radiotherapy technique has been improved and chemotherapy
utilized early in the course of the disease, i.e., when only a single bone lesion was clinically
evident to achieve better local control of the tumor and a high percentage of disease-free
survivors. The aim of this paper is to review current concepts and recent results in the field of
the combined treatment modality for localized Ewing’s sarcoma and to focus on current
problems raised by this therapeutic approach.

Radiation Therapy

Ewing’s sarcoma is a radiosensitive neoplasm, and both pain relief and shrinkage of the tumor
mass is almost invariably achieved at the level of the primary lesion. Doses ranging
3500—5000 rad may be able to destroy all malignant cells locaily. However, local relapse may
occur, sometimes after very high doses (> 6000 rad), and there is evidence that the incidence
of local failure after radiotherapy is inversely proportional to the dose delivered [2]. Better
results are being obtained with the administration of at least 6000 rad to the bulky site of the
tumor area, using high-energy radiotherapy (Table 1). Due to the intramedullary extension of
the tumor, radiation fields are shaped to include all involved bone, delivering dose of 4000 rad.
The remaining dose is given with smaller fields only to the tumor area. The fraction is that of
800—1000rad per week. Special care must be observed to spare as much normal surrounding
soft tissue as possible to avoid the development of severe soft tissue fibrosis and the blockage
of lymphatic drainage. This means that radiation treatment should be individualized as far as
the shape of the radiation fields is concerned.

Itis difficult to evaluate the role of recent radiation technique in the achievement of the current
results with combined treatment approach (radiotherapy plus chemotherapy) for Ewing’s
sarcoma. However, the incidence of local failure seems to be decreased [2, 8, 11], and thisis an
important factor in the achievement of a prolonged disease-free status. Historical controls
who showed a high local recurrence rate were treated with less adequate radiation modalities.
Therefore, a comparative evaluation is difficult.

It is also important to point out that local control at the level of the primary site is often
associated with severe morbidity, especially if the patient is young and the tumor is located in
the lower limbs. The long-term functional results may be quite unsatisfactory, and it is not rare
for amputation to be required subsequently to correct severe diasabling sequelae {13, 15]. The

Table 1. Localized Ewing’s sarcoma: technique of radiotherapy

Energy Megavoltage (CO 60 or higher)

Dose 4000—5000 rad to entire bearing bone
1000—2000 additional rad to tumor site

Fraction 200 rad daily, 5 fractions per week

Shield As much normal peripheral soft tissue as possible
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irradiation program outlined cannot be utilized for all primary bone sites. For instance, in the
presence of pelvic or vertebral lesions, high doses of irradiation are usually not well tolerated
by the normal adjacent viscera. Therefore, radiotherapy has to be administered in lower
doses.

Chemotherapy

Treatment plans currently under evaluation combine radiotherapy with chemotherapy.
While different regimens and schedules of chemotherapy are being employed, two basic rules
can be identified in all ongoing treatment protocols: (1) use of drugs proven to be effective in
metastatic Ewing’s sarcoma, i.e., vincristine (VCR), cyclophosphamide (CTX), adriamycin
(ADM), and actinomycin D (Act. D) (Table 2) and (2) pulse-cyclic administration of two or
more agents.

Tables 3 and 4 summarize the salient points and results of the most recent published studies
(5, 6, 10, 13]. In our institute, treatment starts with radiation therapy to the primary tumor,
and chemotherapy is administered when a total dose of 2500—3000 rad has been delivered.

Table 2. Single agents with established activity

in metastatic Ewing’s sarcoma rugs Response rate
(%)
Cyclophosphamide (CTX) 50—60
Actinomycin (Act. D) 60
Adriamycin (ADM) 35-70
Vincristine (VCR) 20

Table 3. Examples of recently combined treatment programs

Institution Local Systemic Treatment
treatment treatment duration

Milan [5] RT 4500—7000 CTX-VCR-ADM 18 mo

Memorial Surgery or CTX-VCR-ADM-Act. D 18—20 mo

Hospital [13] RT 5000—7000

Sidney Farber [6] RT 5500—6000 CTX-VCR-Act. D 24 mo

Intergroup [10] RT 5500—6500 CTX-VCR-ADM-Act. D 20 mo

Vs
CTX-VCR-Act. D
Vs
CTX-VCR-Act. D
+ RT to lungs
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Table 4. Results of combined treatment programs

Institutions Patients Follow-up Disease-free Local
df/total survival control

(%)

Milan [5] 18/24 8—48 mo 68% at 2 yr 92

Memorial Hospital [13] 15/20 31-82 mo 75% at 3 yr 90

Sidney Farber [6] 7/9 28—78 mo 77% at 3 yr 100

Intergroup [10] 110/187 24 mo 61% vs 31% vs 87

(median) 57% at 2 yr
df disease-free.

This sequence was decided upon to avoid skin and/or soft tissue reaction to ADM, which
could prevent optimal completion of the radiation therapy. ADM (60 mg/m?) + VCR
(1.4 mg/m? given on the same day as ADM and 8 days later) were alternated monthly with
CTX (1000 mg/m?) + VCR for atotal of 18 months. The total dose of ADM was planned not
to exceed 600 mg/m2. All 24 consecutive patients who entered the protocol underwent
complete clinical remission, with disappearance both of pain and of clinical and radioisotopic
evidence of tumor. The actuarial survival curve shows that 68% of patients are disease-free at
24 months from starting treatment. In our approach, surgery was seldom employed as
primary treatment of the tumor. Only one patient had the tumor located in the mandible
completely resected. In four patients partial resection was followed by radiotherapy, in
accordance with the technique previously described. At present, two of six relapsed patients
showed evidence of tumor reactivation at the primary site only after distant metastases had
occurred. None of the five patients who underwent partial or complete resection of the
primary tumor developed local or distant recurrence. In nine patients the planned radiother-
apy program could not be followed for a number of reasons, and treatment was not
considered to be optimum, either because the total cumulative dose administered was less
than 6000 rad or because the duration was longer than 6 weeks. Table 5 shows that local
and/or distant spread may be correlated with the adequacy of initial radiotherapy.

Similar observations were made by the Intergroup Ewing’s Sarcoma Study in the United
States, who recorded a high number of failures in patients initially treated with suboptimal
doses of radiotherapy (Table 6) [11]. This study followed a three-group randomized protocol
designed to evaluate whether ADM or prophylactic lung irradiation could improve the results
obtained with VCR + Act. D + CTX after local radiotherapy. The recently published results
seem to indicate that radiotherapy followed by ADM + VCR + CTX + Act. D produced the

Table 5. Localized Ewing’s sarcoma
treated with combined modality:
adequacy of RT ralated to relapse [5]

RT Reasons No. relapsed

Optimal 1/14  (7%)

Decreased dose

Nonoptimal Increased time

5/9 (55%)




Current Results With a Combined Treatment Approach to Localized Ewing’s Sarcoma 49

Table 6. Correlation of dose of RT with number of

patients with distant metastases Dose of RT Relapse

3000—< 4000  2/3  (67%)
4000—< 5000  9/24 (38%)
5000—< 6000  30/62 (48%)

>6000  6/21 (29%)

Adapted from Intergroup, 1977 [11].

best results, with 61% of the patients remaining disease-free after 2 years. With this treatment
regimen, local failure occurred in 6%, as against about 16% [10]. The Memorial Hospital
group in New York utilized the T2 protocol (ADM + Act.D + VCR + CTX) as adjuvant
treatment after surgery of radiotherapy and have recently updated their preliminary results
[14]. The initially encouraging results were confirmed only in the subgroup with localized
Ewing’s sarcoma. In fact, 75% of 20 patients survived disease-free for more than 3 years from
the beginning of treatment. Two patients showed local recurrence [13].

These above-mentioned results indicate that the combined treatment approach with radio-
therapy plus chemotherapy is able to achieve a prolonged disease-free status and to decrease
the incidence of tumor recurrence at the primary site.

Other Treatment Approaches

Immunotherapy has not yet been consistently evaluated in Ewing’s sarcoma. Some authors
have employed total body irradiation (TBI) [9], but the number of treated patients was too
small to draw significant conclusions. There is evidence that TBI can induce clinical remission
in some patients with metastatic Ewing’s sarcoma. However, this technique does not seem
advisable as an adjuvant treatment, especially because it is often associated with early and
delayed toxicity. In our opinion, TBI has first to be adequately tested in disseminated disease
to assess its effectiveness and morbidity. The CNS prophylaxis advised by some authors [7],
either with brain irradiation or with intrathecal methotrexate, does not seem to be necessary in
the adjuvant treatment of this malignant tumor. In our experience and in that of other clinical
investigators [13], CNS involvement is rare at the first manifestation of relapse, and the risks
of CNSS prophylaxis do not justifiy its routine use in the adjuvant setting. The observation that
the lung is the first site of metastasis in 50%—60% of patients in whom treatment fails led
prophylactic lung radiotherapy to be considered in the early management of localized
Ewing’s sarcoma. The recent results of the Intergroup Ewing’s Sarcoma Study showed that
the combination of this treatment with chemotherapy did not improve the percentage of
disease-free survivors [10]. Furthermore, the irradiation of the cardiac area may enhance the
cardiotoxic potential of some drugs (ADM, CTX).

Conclusions

The chemotherapy-radiotherapy program in the management of clinically localized Ewing’s
sarcoma has resulted in a decreased incidence of local relapse as well as in prolonged disease-
free status. However, despite intensive systemic treatment and optimal local irradiation, a
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percentage of patients develop local tumor recurrence, which is generally followed by
subsequent distant spread. Furthermore, severe long-term disabling sequelae requiring cor-
rective surgical procedures are being reported with high frequency. For these reasons, surgery
has to be reconsidered in the initial approach to localized Ewing’s sarcoma. In fact, surgery
provides definitive control of the tumor at the primary site, and the consequent mutilation can
be balanced against the risks of local relapse and the long-term morbidity following radiother-
apy. Surgery may be the treatment of choice, especially in children, when tumor is located in
the lower limbs and when the risks of growth impairment due to radiotherapy are high. In
adolescent or adult patients, or when the tumor is located in sites that prevent the administra-
tion of high doses of radiotherapy, surgery may be associated with radiotherapy. Treatment
can be individualized, with partial resection of the involved bone or excision of the primary
tumor after chemotherapy and/or low dose radiotherapy.

It must be kept in mind that there is some evidence that distant spread may be correlated with
suboptimal radiotherapy at the level of the primary tumor. Persistence of microscopic
residual malignant cells at this site could be the source for distant metastases even in the
absence of both clinical and radiologic signs of local recurrence.

All these facts show that a changing attitude toward the management of localized Ewing’s
sarcoma is emerging. Concern about the delayed effects of radiotherapy and of chemother-
apy is based on the assumption that the probability of cure is being increased for this disease.
In fact, the prognosis in Ewing’s sarcoma has changed dramatically in recent years, and the
outlook seems more favorable. However, a longer follow-up is required before it can be stated
whether the cure rate has definitely been improved. In the historical control series, the survival
curve shows a plateau only after 5 years from treatment onset [ 12]. The increased disease-free
survival does not necessarily mean that an increase in the cure rate was obtained. Systemic
chemotherapy could just delay the development of metastases. It seems important, however,
that these patients be treated in the knowledge that cure is now possible in a more consistent
number of patients. For this reason, there is much concern about the potential chronic toxicity
of chemotherapy, and long-term morbidity from the chemotherapeutic agents is therefore
under continuous evaluation. About 70% of patients with Ewing’s sarcoma are only in their
2nd decade at the time of initial diagnosis, and “cured patients” will have most of their lives to

live. Treatment must not only assure the best chance for cure but also optimal quality of
life.
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Introduction

Ewing’s sarcoma is classically linked with a very poor prognosis after a local surgical
treatment and/or radiotherapy: 5-year survival is less than 15% [1]. The recent progress
made in chemotherapy had led to effective treatment of metastatic patients [10, 16—19]. The
rapid appearance of these metastases after local control alone (more than 75% within 2 years)
[1,3, 5, 9] and the possibility of an effective systemic approach to these lesions had led to the
concept of adjuvant chemotherapy after local treatment of Ewing’s sarcoma. In 1973, after
the encouraging results obtained by JouNsoN [6], Hustu [5], and RoseN [13, 14], the
EORTC osteosarcoma working party started a therapeutic trial of adjuvant chemotherapy
for primary Ewing’s sarcoma.

Material and Methods

The local treatment consisted of radiation therapy of 4500 rad to the entire involved bone,
plus 1500 rad to the tumor, in 6 weeks. An adjuvant chemotherapy was then given for several

VINCRISTINE (VCR)
1,5 mg/m? I.v. day 1, 10 and 20

- CYCLOPHOSPHAMIDE (CPM)
1 g/m2 I.V. day 2, 11, and 21
or I.M,

- ADRIAMYCIN (ADM)

60 mg/m2 I.vV. day 35 and 50
- PROCARBAZINE (PCB)
200 mg/m2 per os, day 70 at 80
Free interval : 20 days

For 18 months

VCR VCR VCR VCR
‘ ‘ l ADM ADM l
CPM CPM CPM PCR iPM
[ —
1 1 1 1 Il A 1 . 1 A A ;
1 10 20 30 40 50 60 70 80 90 100 days

Fig. 1. E, protocol of adjuvant chemotherapy for primary Ewing’s sarcoma
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months. At the beginning of the trial, this adjuvant treatment was the E, protocol of the
International Society of Pediatric Oncology (SIOP), given for 18 months. Figure 1 shows this
protocol: after radiotherapy, a combination of vincristine and cyclophosphamide (three times
at 10-day intervals), then adriamycin (twice at 15-day intervals), then procarbazine for 10
days is given in 80 days. This 3-month cycle is continued for 18 months.

In 1976, we decided to randomize our patients between this E; protocol and a new protocol
E16.5.170 Shown in Figs. 2 and 3. Chemotherapy is started early along with radiotherapy but
without adriamycin (to avoid the complications of this combination). The protocol consists of
two phases: an attack phase of heavy treatment for 9—12 months combining adriamycin,
vincristine, cyclophosphamide, and actinomycin D (Fig. 2). This is followed by a mainte-
nance phase of lighter treatment combining cyclophosphamide alternatively with procarba-
zine and methotrexate for 12—18 months (Fig. 3).

Since 1973, 28 previously untreated patients with primary Ewing’s sarcoma entered our trial.
Five were excluded for varying reasons (metastatic patients, incorrect diagnosis, no available
follow-up); 12 were treated under E, protocol and 11 under protocol E,. The distribution of
the 23 eligible patients with regard to their age, sex, or sites of primary tumor is very similar in
both groups, as seen in Tables 1 and 2. The median age is 16 years with a range of 7 to 37

Starting with radiotherapy :

- VINCRISTINE

1,5 mg/m2 I.V. day 1
- CYCLOPHOSPHAMIDE
300 mg/m? I.V. day 2, 3, & and 5
or I.M.
Free interval : 3 weeks

After radiotherapy :

- ADRIAMYCIN

300 mg/m2 I.v. day 1 and 2
- VINCRISTINE
1,5 mg/m2 I.V. day 3
- CYCLOPHOSPHAMIDE
300 mg/m2 I.V.
- ACTINOMYCIN D (Act D) day 4 and S
0,3 mg/m2 I.V.
Free interval : 3 weeks
9 cycles

tmm———— R3d 131 10N ——

i il il

Fig. 2. E,4 15, protocol of adjuvant chemotherapy for primary Ewing’s sarcoma
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Maintenance chemotherapy

- METHOTREXATE (MTX)
20 mg/m2 I.M. q/2 weeks
- CYCLOPHOSPHAMIDE
150 mg/mz/day, per os, 7 days - q/4 weeks
and after one week of free interval
- PROCARBAZINE

200 mg/mg/day, per os, 7 days - q/4 weeks
For 18 months

MTX MTX MTX
b ocou | bocon
— 8  E—
[ 1 1 . I} A ;
1 5 VAV VA WAV WA R 5 woeks
PCB

Fig. 3. E,4.5.140 protocol of adjuvant chemotherapy for primary Ewing’s sarcoma: maintenance
therapy

Table 1. Age and sex distribution of patients under E, and E,¢ adjuvant
protocols

Protocol E, Protocol E,¢ Total
(12 patients) (11 patients) (23 patients)

Age (years)

Range 7-37 8-37 7-37
Mean 17.6 17.09 17.13
Median 16.5 16 16
Sex

Male 8 9 17
Female 4 2 6

years. There are more male than female patients (17 against 6). as to the site, it is noticeable
that the number of tumors with relatively bad prognosis (nine pelvis, seven femurs) is high in
both groups. This has to be taken into account in the evaluation of the survival and for
comparison with other trials.

Results

The results of the trial are seen in Table 3. The 12 patients who entered the E, protocol were
followed for a period ranging 10—64 months; seven remained free of disease for a median of
39 months; five relapsed after 7, 8, 16, 20, and 22 months; three died at 8, 26, and 31 months.
The length of the follow-up period of the 11 patients who entered the other protocol is very
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Table 2. Site of primary tumor of patients under E, and E, adjuvant protocols

Protocol E,
(12 patients)

Protocol E,¢ Total
(11 patients) (23 patients)

Trunk

Pelvis 5
Rib

Vertebrae 1

Proximal long bones

Femur 4

Humerus -
Distal long bones

Tibia 1

Calcaneum —

4 9
- 1
- 1
3 7
2 2
1 2

Table 3. Follow-up of patients under E, and E.,¢ adjuvant protocols

55

Protocol E,: 12 patients

Length of follow-up

Range: 10+ to 64+ months
Mean: 36+ months

Free of disease: 7

Range: 17+ to 64+ months
Mean: 39+ months

Number of relapses: 5

At 7, 8, 16, 20, and 22 months

Number of deaths: 3
At 8, 26, and 31 months

Protocol E,4: 11 patients

Length of follow-up

Range: 2+ to 24+ months
Mean: 8+ months

Free of disease: 11

Range: 2+ to 24+ months
Mean: 8+ months

Number of relapses: 0

Number of deaths: 0

short with a mean of 8 months; there was no relapse and no death occurred during this period
ranging 2—24 months. Although the number of patients is small and the follow-up period is
still short, curves representing first remission and overall survival have been drawn following
the method of KAPLAN and MEIER [8], mainly for the patients who entered the E, protocol as
seenin Figs. 4 and 5. A 56% disease-free survival is observed at 3 years and remains the same
at 5 years (Fig. 4). The overall survival at 5 years is 63% (Fig. 5). Obviously, no comparison
is yet available with patients of protocol E,¢ s s,
The five relapses observed are analyzed in Table 4: two pulmonary and three osseous
metastases; there was no local relapse and no CNS involvement. It may be noteworthy to
remark that all these five patients were male, with primary tumor of the pelvis or the femur.
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°/o )

100 T S U SR N WS E branch of randomized trial
[}
c | | m
= 50 E, branch of non randomized (1973-1976)
o and randomized trial (from 1976)
o - —— E3 protocol

| —-— Protocol E 76-5-170
| | | | ] | | J 1

|
0 6 12 18 24 30 36 42 48

Length of first complete remission

54 60 66

Months

Fig. 4. Disease-free survival of primary Ewing’s sarcoma patients under E, and E,¢ ,,, adjuvant

protocols (following the method of KApLAN and MEIER [8])

°/

)

100 ML L1 ] L Es branch of randomized trial

| I |

I

il

Alive

—— E3 protocol
—-— Protocol E 76-5-170

| | | | I | l

B E; branch of non randomized (1973 1976)
50 and randomized trial (from 1976)

| | 1

|
0 6 12 18 24 30 36 42 L8
Survival

54 60 66

Months

Fig. 5. Overall survival of primary Ewing’s sarcoma patients under E, and E 5 ,, adjuvant protocols

(following the method of KAPLAN and MEIER [8])

The time between first clinical sign and diagnosis was often long and consequently the size of
the tumor large; three of these relapses occurred very shortly after completing of the

treatment.

Discussion

The results of our therapeutic trial are very encouraging: a 5-year survival may be anticipated
for 63% of our patients with the E, protocol (by comparison to less than 15% classically).
Those results are very similar to those recently obtained by other groups: FERNANDEZ [2],
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PoMEROY [11], ZUuckeR [20], ROSEN [15], GAsSPARINI [4], and RAzEK [12], ranging
55%—70%. This confirms clearly that the treatment of primary Ewing’s sarcoma must be a
multidisciplinary approach.

The five relapses observed occurred mainly shortly after completion of the E; adjuvant
program. Furthermore, patients who remained free of disease for more than 2 years did not
relapse afterward, as also observed by ROSEN [15]. It is our feeling that avoidance of these
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relapses might be possible by the use of an earlier and more aggressive combination therapy
(as in protocol E.q s .0, for example).

No local relapses nor severe functional failures were observed after the combination of 6000
rad and four-drug chemotherapy. This is very different from some other reports of more than
25% serious functional failures, and we do not intend to follow the plan for primary
amputation in young patients with lesions in the knee area, as recently proposed [15]. We
prefer to reserve it for eventual failures after conservative treatment.

We did not observe any CNS relapses. It seems that sanctuary meningeal disease does not
occur very frequently in Ewing’s sarcoma, and we do not intend to incorporate prophylactic
CNS treatment as proposed by other investigators [7] because of its uncertain future
risks.

Conclusion

In conclusion, our first results of the combination of adjuvant chemotherapy with local
treatment of primary Ewing’s sarcoma seem to clearly confirm that great progress has been
made with this approach. However, this disease is a rare and we would like to stress that these
patients should be entered in trials which will allow us to draw definite conclusions in the
future. It seems possible to say at present that the treatment of Ewing’s sarcoma must be a
multidisciplinary treatment, for which we have still to define the best therapy.
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Adjuvant Treatment of Soft Tissue Sarcoma
in Children and Adults

V. H. C. Bramwell, P. A. Voite, S. A. Rosenberg, and H. M. Pinedo

Introduction

Soft tissue sarcomas are a rare group of tumours comprising approximately 1% of all
malignant tumours. Conventional management has relied heavily on surgery, but the inade-
quacy of this approach is reflected by local recurrence rates of 40% — 80% in adult sarcomas
and as high as 90% in childhood sarcomas. CANTIN [3] in a review of 784 patients found that
382 had died of sarcoma and 65% had developed metastases concomitantly with local
recurrence. The highlocal relapse rate is due to absence of encapsulation of the tumour, which
spreads along fascial planes and nerve trunks and possibly also to a multifocal origin. Thus,
more adequate methods of local control and prevention of dissemination are required and
these include radiotherapy, chemotherapy and immunotherapy.
Although there is animal data to suggest that the proliferative kinetics of malignant cells in
large tumour masses differ considerably from those in small tumours [27], this data has yetto
be confirmed for human tumours and it seems sensible, therefore, to use chemotherapy
known to be effective in advanced disease.
Whilst some histological types of sarcoma seem to carry a worse prognosis (e. g. rhabdomyo-
sarcomas, leiomyosarcoma), other factors may be more important. Surt et al. [30] treating
100 patients with localised soft tissue sarcoma using limited surgery and high dose radiation
therapy made the following observations:
1. Histological grade affected prognosis (disease-free survivals of 86% for grade I tumours
compared to 17% for grade III);
2. size of the primary tumour determined the subsequent local recurrence rate (18% for
tumours > 5 cm compared to 8% for those < 5 cm);
3. site of primary tumour was important (local recurrence rate 33% for a proximal site
compared with 5% for a distal site).

Therefore, accurate staging is important in sarcomas, both in deciding the most appropriate
treatment strategy and in assessing results. A staging system for adult sarcomas has been
proposed by RUSSEL et al (26) using the TMN system with the addition of histological grade
G, giving four stages (Table 1) that correlate well with survival in 1,215 cases of 13 types of
sarcoma (Fig. I). The staging of childhood rhabdomyosarcomas takes into account the
resectability of the tumour and the presence or absence of bone marrow involvement
(Table 2).

Although bone marrow involvement is said to be rare in adult sarcomas, this may be because
itis not looked for. Over the last 18 months, bone marrow aspirates and trephines have been
carried out on all patients with locally advanced or metastatic soft tissue sarcoma seen at the
Christie Hospital, Manchester, and so far 2 of 23 have been positive — in one pleomorphic
rhabdomyosarcoma and in one angiosarcoma of the breast.
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Table 1. Staging of adult soft tissue sarcomas

T Primary tumor T, 5cm
T, 5cm
T, Any size invading bone, major vessel or nerve
N Regional nodes N, Not involved
N, Histologically verified involved
M Distant metastases M, No distant metastases
M, Distant metastases
G Histological grading G, Low
G, Moderate
G, High
Stage I Grade I tumour with no nodal or distant metastases
Ia <5cm
Ib >5cm
Stage II Grade 2 tumour with no nodal or distant metastases
IIa <5cm
IIb >5cm
Stage III  Grade 3 tumour with no nodal or distant metastases
IITIa < 5cm
ITIb > 5cm
IIIc Tumour of any grade or size with regional lymph nodes involved but without
distant metastases
Stage IV IVa Tumour of any grade grossly invading bone, major vessel or major nerve

with or without nodal metastases but without distant metastases.

IVb Tumour with distant metastases

Adapted from Russel et al., Cancer 40, 1562—1570 (1977).

Stage 1 (177 cases

Stage 11 {86 cases)
*eee,,,. Stage 111 (329 cases)

40
- 20-
Fig. 1. Survival curves by steps for f‘é
702 cases with complete information g 10
for staging: 423 cases with slide = 83
review and 279 without. The curve § 6]
for stage II was not plotted beyond 3 47
5 years since at that point the X
standard error was 5% or higher. 2
RuUSSEL et al., Cancer 40,
1562—1570 (1970) 1
0

T T T T L T T

2 3 4 5 6 1 8 9 10

Years after diagnosis
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Table 2. Staging of childhood rhabdomyosarcoma

Stage | Localised disease

Stage II Regional disease

Stage IIA Completely resectable

Stage I1B Non-resectable or only partially resectable

Stage 111 Generalised disease

Stage IIIA Distant metastases with normal bone marrow

Stage IIIB Distant metastases with bone marrow containing rhabdomyoblasts

Source: Malpas et al. B. M. J. 1, 247—249 (1976).

Childhood Soft Tissue Sarcoma

Rhabdomyosarcomas are the commonest group of soft tissue sarcomas occurring in child-
hood. These are usually of the embryonal or botryoid type, which tend to occur before the age
of 6 years, but occasionally may be alveolar or pleomorphic in type, occurring in an older age
group (12—16 years) and having a poorer prognosis. Other sarcomas are rare, including
fibrosarcoma, liposarcoma, synovial sarcoma and undifferentiated sarcoma, but seem to
have a better prognosis. For example, CHUNG and ENZINGER [4] reviewed 48 cases of
infantile fibrosarcoma treated mainly by surgery alone and found 31 (65%) were disease-free
and only four (8.3%) had died of disease 5 months — 21 years after treatment.
Poor overall survival rates (in the order of 10%—30%) have been reported for rhabdomyosar-
coma treated by surgery or radiotherapy alone [7, 14, 29, 31]. However, the addition of
adjuvant chemotherapy to primary surgery or radiotherapy has led to considerable improve-
ment in both complete remission rate and disease-free survival. Vincristine, cyclophospha-
mide and actinomycin D have all been shown to be active as single agents [22, 32, 33]
although reponses are often transient with rapid emergence of drug resistance. Combination
chemotherapy with these three agents in advanced disease has produced superior results in
terms of both remission rate and duration [23].
In 1972, PRATT et al. [24] reported 20 children with rhabdomyosarcoma treated with a
coordinated programme combining surgery, radiotherapy and combination chemotherapy
(Table 3). Eleven of 14 patients with localised tumours achieved a complete remission, seven
continuing for 2—39 months from the start of chemotherapy. There were four temporary
complete remissions and one partial remission in the six patients with metastatic dis-
ease.
DONALDSON, et al. [5] reported a 74% (14 patients) survival for a minimum of 2 years and
899% (17 patients) local control in 19 evaluable patients with rhabdomyosarcoma of the head
and neck treated by local excision or biopsy, high dose radiotherapy — 6000 rad in 6 weeks —
and combination chemotherapy with VAC (Table 3). Complications, however, were severe
and included:
1. One death due to unexplained renal failure during chemotherapy.
2. Five patients with ocular problems. Three required exenteration of the orbit, one as the
primary procedure, one for residual disease and the other for radiation keratitis, iritis and
conjunctivitis. There was one asymptomatic radiation-induced cataract occurring 27
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Table 3. Chemotherapy regimes for paediatric sarcomas

Pratt
Vinc 1.5 mg/m? IV weekly x 6 Vinc } Every 2 weeks for 6 months
Act D 0.4 mg/m? concurrent Cyclo | (for localised disease)
Cyclo 300 mg/m? with XRT or 12 months (regional or
metastatic disease)

Donaldson
Vinc 2 mg/m? IV weekly x 12 Starting concurrently
ActD 0.075 mg/kg IV for 5—8 days with XRT

Courses repeated every 3 months to a total of 5
Cyclo 2.5 mg/kg/day orally continuously for 2 years
Heyn

Chemotherapy commencing immediately after completion of XRT

ActD 0.015 mg/kg/day IV x 5 days
0.075 mg/kg/week IV x 6 doses Repeated every 9 weeks for 1 year
starting on day 21

Malpas

Vinc 1.5 mg/m? IV weekly x 6

ActD 0.06 mg/m? { concurrent with } ;I‘herll all three drugs every 2—3 weeks
Cyclo 300 mg/m? XRT or 1 years

Voute

Vinc 2 mg/m? IV every 2 weeks

ActD 15 ug/kg IV days 1—5 every 12 weeks

Cyclo 200 mg/m? days 1—5 every 6 weeks

months after therapy and another patient suffered mild superficial keratitis with early
corneal stippling year post therapy.

3. Most patients suffered severe mucositis, often requiring nasogastric feeding or intrave-
nous fluids;

4. There was one case with probable osteonecrosis of the mandible and another with atrophy
of the zygoma.

5. Severe dental decay occurred in two patients;

6. Seven episodes of ear infection occurred and one patient required a simple mastoidec-
tomy;

7. Moderate bone marrows suppression was frequent.

Most of these complications could be attributed to the high dosages of radiation used,
sometimes aggravated by actinomycin D.

In 1974, HEYN et al. [13] described a randomised study in 32 patients with rhabdomyosarco-
ma of all sites. Patients were eligible if the tumour had been completely removed surgically
and there was no evidence of metastatic disease. All patients had post-operative radiotherapy
to the tumour bed and were then randomised to receive either chemotherapy (Table 3) or no
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further treatment. An additional group of 11 patients with residual microscopic disease
received post-operative radiotherapy and the same chemotherapy. Fifty-three percent (8/15)
of the control group subsequently developed metastatic disease 3—30 months from diagnosis
of whom six died. In the comparable treated group, only 17.6% (3/17) developed metastases
with one death. The use of adjuvant combination chemotherapy in those patients rendered
free of macroscopic tumour by surgery and radiotherapy produced a 2-year disease-free
survival of 85.7% (24/28).

Some tumour sites, however, preclude radical surgery. MALPAS et al. [15] treated 11 patients
with regional disease primarily with radiotherapy supplemented by adjuvant chemotherapy.
After biopsy, radiotherapy (4000—6000 rad over 4—6 weeks) was administered using
generous fields to include any local extension and the lymphatic drainage of the tumour.
Concurrent weekly chemotherapy (Table 3) was followed by further courses of VAC at 2—3
weekly intervals for 1 year. Occasionally radiotherapy was preceded by several courses of
chemotherapy if the tumour was very extensive. All 11 patients achieved a complete remis-
sion and in four who were submitted to ‘second look surgery’ for suspected recurrence or
residual disease, there was no evidence of viable tumour. Three patients subsequently relapsed
anddied at 15, 16 and 26 months but the rest were disease-free 4—29 months from the start of
treatment, and the median survival for the group has not been reached. A historical control
group of 17 patients of similar stage treated by radiotherapy and surgery alone had only one
survivor at 18 months and the median survival was 10 months. Analysis in January 1978
showed that no further relapses had occurred, an additional 11 patients had been treated, the
total group having disease-free survivals ranging 3—67 months (personal communica-
tion).

An alternative approach to management of these tumours is primary chemotherapy, supple-
mented by adjuvant surgery or radiotherapy. This has the potential advantage that extensive
and mutilating surgical procedures may be avoided. Similarly, as marginal recurrence is
common, wide radiation fields may be needed to encompass local tissue infiltration, thus
limiting the total radiation dose and producing late complications due to local growth
retardation. Shrinkage of the tumour by chemotherapy may avoid the necessity for extensive
fields and allow local high dose radiotherapy or limited surgery to be used.

The Amsterdam Study Group on Childhood Tumours conducted a study of this type between
1971 and 1975 [21], admitting 18 evaluable patients with tumours occurring in the urogenital
tract (8 patients) and ENT region (10 patients). All patients were treated with initial chemo-

Table 4. Rhabdomyosarcoma of the ENT and urogenital tracted treated
in Amsterdam with chemotherapy and limited adjuvant treatment
(October 1972 — November 1975)

Patients entered 26
Previous treatment with surgery or radiotherapy 8
Patients evaluable 18
NED after chemotherapy alone 7
NED after chemotherapy and limited surgery 5
DWD (local recurrence) 3
DWC (local control but cerebral metastases) 3

NED No evidence of disease.
DWD Died with disease.
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therapy (Table 3), which was administered over an 18-month period with frequent reassess-
ment of the need for additional surgery or radiotherapy. Results of treatment are shown in
Table 4. Seven patients had no evidence of disease after chemotherapy alone 24—26 months
from the commencement of treatment (Table 5). Five patients required local treatment for
residual disease during chemotherapy and are disease-free 24—60 months later (Table 6). Six
patients died with disease. One patient with a bladder tumour completed 18 months chemo-
therapy but developed a vaginal recurrence 2 months later and succumbed despite further
surgery and radiotherapy. There were two local recurrences during chemotherapy in a
nasopharyngeal and a maxillary tumour, both of which proved to be resistant to radiother-
apy. Three patients with tumours of the maxillary sinus, tonsil and pterygoid fossa all died of
cerebral metastases but autopsy in each case showed local tumour control and in one case,
resolution off lung metastases.

Although overall survival was not particularly good in this study, quality of life was
considered to be important and 12 of the 18 children were spared mutilating treatment. Three
children died of cerebral metastasis — a site notoriously resistant to these chemotherapeutic
agents. These results have encouraged the International Society of Paediatric Oncology to
initiate a European trial starting in October 1975, comparing chemotherapy and chemoradio-
therapy in the treatment of rhabdomyosarcomas, additional limited surgery being possible in
both groups. Chemotherapy is the VAC regime with the addition of adriamycin during the
10th week, actinomycin D and cyclophosphamide being given every 8 weeks.

Table 5. Rhabdomyosarcoma of ENT and urogenital tract treated in Amsterdam. Patients treated
with chemotherapy alone who remain disease free

Primary tumour site Survival (months from diagnosis)
Palate invading left pteryoid process 60
Tonsillar fossa 39
Bladder with local extension and lung metastases 31
Vagina 27
Paratesticular with local extension 60
Bladder 24
Parotid 36

Table 6. Rhabdomyosarcoma in urogenital tract and ENT region treated in Amsterdam. Patients
treated with chemotherapy and surgery, disease-free

Primary tumour site Type of surgery

Vagina: labia Labiectomy

Oral tumour — local recurrence in cheek Excision of cheek recurrence
Bladder: prostate Hemi-prostatectomy

Bladder with lung metastases Two pulmonary resections, partial

bladder resection
Parotid Parotidectomy
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Adult Soft Tissue Sarcoma
Radiotherapy

The place of radiotherapy as an adjunct to surgery in soft tissue sarcomas is disputed. The
degree of radioresponsiveness of soft tissue sarcomas has first to be established. Initial reports
often described the use of orthovoltage irradiation in widely varying doses and schedules,
usually on large inoperable tumours. Not surprisingly, responses were few and unpredictable
and local tissue damage could be severe. Nevertheless, MCNEER, et al. [16], in areview of 653
patients with soft tissue sarcomas of all types treated 1935—1959, reported 58 evaluable
patients who had been treated by radiotherapy, alone or pre-operatively. Response (defined at
greater than 25% regression) occurred in 42 (72%) and 33% showed histological or biological
(i.e.norecurrence on follow-up of more than 5 years) sterilisation of the tumour. These patients
were treated with a wide range of doses utilising a variety of techniques and types of
equipment. However, WINDEYER [36] treated 22 fibrosarcomas by radiotherapy alone with
the object of cure. Most patients received 6000—8500 rad on megavoltage equipment over
6—8 weeks. Fourteen showed complete regression and five partial regression. Six of those
with complete responses had a subsequent recurrence but 6/8 given radiotherapy to the
primary tumour and 6/10 treated for tumours recurrent after previous surgery were disease-
free at 5 years. Asthere are limitations to the volume of tissue that can be treated with a radical
dose of radiation, size of the primary tumour is an important factor when making compari-
sons between studies. Thus, it seems that soft tissue sarcomas are responsive to radiation but
high doses (= 6000 rad in 6 weeks) are needed and some histological types (e.g. liposarcomas)
are more responsive than others (e.g. pleomorphic rhabdomyosarcomas) [16, 18].
ATKINSON et al. [1] advocated pre-operative radiotherapy — 4500 rad over 4—5 weeks
preceding surgery by 4—6 weeks — quoting 15 patients treated in this way with only one local
recurrence and no metastases with an average follow-up of 40 months. Forty patients having
no pre-operative irradiation experienced 40 episodes of recurrence following 54 local surgical
procedures and seven patients developed metastases. However, this latter group was not
strictly comparable as surgery was usually carried out at referring institutions and only
selected high risk cases may have been referred for further management.

Adjuvant radiotherapy is most frequently administered post-operatively. Surr et al. [30]
using high radiation doses (> 6000 rad in 6 weeks) in combination with surgery in 71 primary
and 29 recurrent soft tissue sarcomas, achieved local control in 87% with follow-up of 2—12
years. Seventy-five percent of the 89 patients with extremity lesions retained a useful limb that
was free from pain and oedema. Despite this, the 2-year survival rate was only 50% with the
majority of patients dying of metastatic disease. Thus, although good local control may be
achieved with radiation therapy, patients still succumb to metastatic disease.
HELLMAN, et al. [12] added razoxane (ICRF 159), an antimitotic drug that seems to
potentiate the effects of radiation, to radiotherapy given with curative intent in a group of
inoperable or incompletely excised sarcomas and showed a significant difference in the
recurrence rate (26% cf. 64%) in favour of the razoxane-treated group. However, this trial has
serious defects in that it was non-random, the numbers evaluable were small [33], the initial
size of the tumour was not stated and there were major discrepancies in the histological type
and primary site between the two groups.
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Chemotherapy

There have been few studies of the use of adjuvant chemotherapy in adult soft tissue sarcoma.
TOWNSEND et al. [35] reported 35 patients with localised sarcomas, 16 of whom received
adjuvant chemotherapy post-operatively with high dose methotrexate and adriamycin. Elev-
en (68%) were disease-free at the time of analysis (with mean follow-up of 9.3 months)
whereas 14 of 19 patients (77%) treated by surgery alone had developed metastases (mean
time to recurrence 7.3 months). However, this study is difficult to interpret as it was non-
random, included bone and soft tissue sarcomas and gave no indication of tumour type, size
or grade. The same group in Los Angeles [17] used adjuvant therapy in 19 patients with
extremity soft tissue sarcoma with the aim of avoiding amputation and retaining a functional
pain-free limb. Five patients were submitted to wide excision followed by post-operative
irradiation (6000 rad in 6—7 weeks) and there were no recurrences. Six patients had pre-
operative perfusion of the limb with intra-arterial adriamycin followed 3 weeks later by
radical surgery. In five of the six there was insufficient tumour regression to allow local
excision, and amputation was necessary. Eight patients were treated with pre-operative
radiotherapy and chemotherapy + immunotherapy (Table 7). Local surgery was possible in

Table 7. Adjuvant therapy for sarcomas of an extremity

Day 1 Adriamycin 30 mg/m?/day IA x 3
Day 4 XRT 3500 rad over 10 days
Day 21 Surgery

Day 29 Commencement post-operative chemotherapy

Vincristine 1.5 mg/m? IV
followed 1 h later by

Methotrexate 100 mg/kg as 4-h infusion
4 h after completion of infusion — ‘rescue’ with IV

Leucovorin 12 mg every 6 h for 3 days supplemented if methotrexate serum
level at 4, 6, 12, 24 or 48 h exceeded 1 x 10~ M
Day 43 Adriamycin 45 mg/m?/day IV bolus x 2

These cycles are repeated every 2 weeks to maximum cumulative dose of adriamy-
cin, 500 mg/m? when discontinued.
Methotrexate given every 4 weeks for a further year.

Immunotherapy given as below:

Adjuvant immunotherapy of localised soft tissue sarcoma®

5 x 108® viable organisms Tice BCG ID. Tine method, both axillae, both groins every week for 3
months, then every 2 weeks for 2 years. Tissue culture vaccine 1 x 10® sarcoma cells, total dose, ID
both axillae, both groins and region of primary tumour site on same schedule.

Source: Morton et al., Ann. Surgery 184, 268 (1976).
2 Morton, JAM.A. 236, 2187 (1976).
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Table 8. Alomad

Day 1 Vincristine 1 mg/m?IV

Methotrexate 250 mg/m? IV infusion over 24 h
Day 2 Leucovorin 50 mg/m?

Adriamycin 40 mg/m* } IV

DTIC 500 mg/m?

Leucovorin 5 mg/m? orally every 8 h x 12
Days 15—29 and 57—71 Chlorambucil 6 mg/m?/day orally x 14
Days 22 and 64 Actinomycin D 1.2 mg/m? IV
Day 43 Adriamycin 50 mg/m? IV

seven and all were free of disease 4—34 months later. Of the 17 patients (including four
chondrosarcomas) treated by wide excision alone, 11 had recurred within 2 years.
SORDILLO et al. [28] used a complex adjuvant regime ALOMAD (Table 8) in 73 patients
following surgery for soft tissue sarcoma. Sixty-one patients were evaluable and were divided
into five groups. Group I consisted of 19 patients given adjuvant therapy following removal of
a primary tumour and there had been one local recurrence, 18 patients having no evidence of
disease 3—34 months (median 15) from surgery. Group II comprised eight patients treated for
locally recurrent tumour and there had been one local recurrence and one patient had
developed distant metastases, the rest having no evidence of disease 4—33 months (median
16) from surgery. The remaining three groups included patients given post-operative radio-
therapy because of inadequate surgical margins (III), pre-operative radiotherapy and adria-
mycin for large tumours (IV) and chemotherapy administered after resection of pulmonary
metastases (V). Taking these three groups together there had been 13 recurrences in 34
patients.

These studies also suffer from the defects that they were non-randomised, numbers in each
treatment group were small and in Townsend’s study, the control group were treated
inadequately and consequently had a high rate of recurrence. The value of adjuvant radiother-
apy and chemotherapy in allowing preservation of a limb can only be assessed by comparison
of the disease-free intervals, and survivals of a group given adjuvant treatment with those of a
concurrent randomised group treated by radical surgery alone, which in most cases would
involve an amputation.

A randomised study comparing amputation with limb-sparing surgery and post-operative
radiotherapy, both groups having adjuvant chemotherapy + immunotherapy (Table 9) has
been conducted by ROSENBERG et al. [25] at the NCI May 1975 — June 1977. The value of
adjuvant chemotherapy was assessed by comparison to a historical control group of 66
patients treated at the NCI by radical surgery alone. Forty-nine evaluable patients were
entered — 23 with lesions of the head, neck and trunk, 26 with extremity tumours — and results
of treatment are shown in Table 10. Follow-up ranges from 5—30 months with a median of 16
months. Actuarial analysis of all protocol patients compared with historical controls reveals
improvement in disease-free interval (P < 0.001) as well as survival (P < 0.001) (Figs. 2 and
3). Toxic effects were few. Thirty-four of 49 patients received the maximum permitted
escalation of chemotherapy. Three patients refused chemotherapy after 50 mg/m?2, 160
mg/m? and 210 mg/m? of adriamycin. Two were lost to follow-up 121 days and 114 days after
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Table 9. Adjuvant chemotherapy used by ROSENBERG et al.

Chemotherapy started when surgical wound healed, the first dose being given 3 days prior to
ensuing radiation.

Adriamycin 50 mg/m? IV escalating to 70 mg/m? depending on toxicity
Cyclophosphamide 500 mg/m? IV escalating 700 mg/m?

Courses repeated at 4-weekly intervals until maximum cumulative dose of adriamycin reached,
550 mg/m?2. Patient then switched to high dose methotrexate.

Methotrexate 50 mg/kg by 6 h infusion followed 2 h after completion by ‘rescue’

Leucovorin 15 mg/m? IV every 6 h x 8 doses

Hydration and alkalinisation carried out. Additional leucovorin given if 48 h serum level metho-
trexate 4 x 1077 M.

Courses repeated every 28 days x 6 with escalation by 50 mg/kg to maximum 250 mg/kg if no
toxicity with previous course.

Table 10. Results of protocol treatment®

Extremity No. of No. Site of initial No. dead
patients recurred recurrence

Radical surgery 10 1® Lungs 1

Limited surgery + 9 1 Lung 0

radiotherapy

Limited surgery + 7 1 Local 1

radiotherapy +

immunotherapy

Historical control 46 26 — 23

Head, neck and trunk

Surgery + radiotherapy 11 1 Lungs 0

Surgery + radiotherapy + 12 1¢ Local 0

immunotherapy

Historical control 20 10 — 6

@ All patients received chemotherapy with adriamycin, cyclophosphamide and methotrexate.

b Left protocol after third adriamycin dose. Recurred 1 year later.

¢ Recurred at local site during radiotherapy and underwent local resection. Patient is disease-free at
day 372.

randomisation and were disease-free. The third patient relapsed with pulmonary metastases 1
year later.

Although the use of historical controls is a criticism of this study, the 5-year survival of the
control group parallels the survival curves of 1215 cases from ten institutions reviewed by the
Task Force on Soft Tissue Sarcoma of the American Joint Committee for Cancer Staging and
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End Results [26] and should therefore be representative of surgical results. Nevertheless,
there may be important differences between protocol patients and historical control groups.
For example, the difficulty of establishing accurately the size of lesions in historical control
patients as well as time from onset of symptoms to surgery and the changing pattern of
referral of patients to the NCI may all influence the comparison of current protocol patients
with historical patients. However, the differences between the two groups in terms of time to
first recurrence and survival are both highly significant and the tentative conclusion that
adjuvant chemotherapy delays or prevents dissemination of soft tissue sarcomas is possible.
Clearly, longer follow-up is needed and randomised prospective trials comparing adjuvant
chemotherapy with a control group treated by surgery alone are essential and both the NCI
and the EORTC are initiating such trials.

Immunotherapy has been used in many types of tumour and the demonstration of tumour-
associated antigens [6] prompted TOWNSEND et al. [34] to study the role of adjuvant
immunotherapy with BCG and tumour cell vaccine in sarcomas. Eighteen patients with
localised primary or locally recurrent soft tissue sarcomas were submitted to wide resection
removing macroscopic tumour. Three to six weeks following operation, they were com-
menced on immunotherapy (Table 7). This group was compared with 15 patients treated
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simultaneously by surgery alone because they had refused immunotherapy. Eleven of 18
(61%) receiving immunotherapy remained free of disease compared with 5/15 (33%) having
surgery alone. However, ten recurrences (66%) in the control group within 2 years seems
rather high for localised disease, for although CANTIN et al. [3] report a 59% recurrence rate in
784 patients seen at the Memorial Hospital, there was only a 29% recurrence rate when the
primary treatment was carried out at Memorial. As this was a non-randomised study
involving few patients, the value of immunotherapy remains to be proven.

It would seem logical in an adjuvant trial to use chemotherapy that has been proven to be
effective in metastatic disease. Recent studies have shown that several drugs have activity
against soft tissue sarcoma. Adriamycin is the most potent drug and GOTTLIEB [9] reviewing
the world literature found 96 of 357 responses (27%) although there was a wide variation
between individual studies. Response to DTIC seems to be in the order of 16% [11] but there
is very little data on other single agent chemotherapy in adult sarcomas. Synergism has been
noted in experimental animal models between adriamycin and DTIC [8] and the clinical
combination of these two agents appears to be superior to adriamycin alone, both in terms of
remission rate and survival [ 10]. Cyclophosphamide and vincristine have been added to this
combination because of their efficacy in childhood sarcomas, although few patients with adult
sarcomas have received these drugs as single agents. The combination of these four agents
(CYVADIC)has been used in a large number of patients by the South West Oncology Group
with an overall response rate of 59% in one trial, and of 52% in a subsequent trial in which a
slightly modified version was used [9]. Replacing either DTIC [2] or vincristine [19] by
actinomycin D produced increased toxicity and an inferior response. The EORTC is current-
ly conducting a trial in metastatic disease [20] comparing two schedules of CYVADIC. The
S, regime (Table 11) using all four drugs concurrently but modified to give the same total dose
of DTIC over 3 days instead of 5 (Table 11) forms the basis of an adjuvant trial recently
initiated by the EORTC (May 1978). This trial will include all patients aged 20—70 with a
proven histological diagnosis of soft tissue sarcoma (Table 12) who have had complete
macroscopic removal of their tumour less than 13 weeks before entry and have no evidence of
metastases. Post-operative radiotherapy, minimum dose 5000 rad in 4 weeks will be given to
those cases where there is microscopic residual disease, there are inadequate surgical margins
or the tumour has recurred locally. Patients will then be randomised into two groups, one
receiving eight cycles of chemotherapy at monthly intervals and a control group receiving no
further treatment. The disease-free interval and survival of the two groups will be com-
pared.

Table 11. CYVADIC S, regime used in EORTC trial of therapy of metastatic soft tissue sarcoma.

Adriamycin 50 mg/m?

Cyclophosphamide 500 mg/m? IV day 1

Vincristine 1.5 mg/m?

DTIC 250 mg/m? IV days 1-5 repeated every 4 weeks

Modified CYVADIC 8§, regime used in EORTC adjuvant trial

Adriamycin 50 mg/m?
Cyclophosphamide 500 mg/m? } IV day 1
Vincristine 1.5 mg/m?

DTIC 400 mg/m? IV days 1—3 repeated every 4 weeks for 8 cycles
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Table 12. Histologic types of soft tissue sarcomas eligible for EORTC adjuvant trial

Fibrosarcoma

Liposarcoma

Leiomyosarcoma

Rhabdomyosarcoma

Malignant haemangioendothelioma (angiosarcoma)
Malignant lymphangiopericytoma

Malignant lymphangioendothelioma (lymphangiosarcoma)
Malignant synovioma

Malignant schwannoma (neurofibrosarcoma)
Malignant mesenchymoma

Alveolar soft parts sarcoma

Malignant granular cell tumour

Chondrosarcoma of soft parts

Osteosarcoma of soft parts

Malignant giant cell tumour of soft parts
Malignant fibroxanthoma

Clear cell sarcoma of tendons and aponeuroses

N.B. Cases of fibromatosis and well-differentiated liposarcomas are excluded.

Summary and Conclusions

As sarcomas of soft tissues are unusual tumours with widely ranging natural histories, there
has been considerable controversy surrounding their management. The desire to avoid
mutilating surgery must be balanced against the known frequency of local recurrence that
may be accompanied by dissemination, and past experience has shown that the sole use of
even extensive surgery may be inadequate. Several problems still remain to be answered:
1. Will radiotherapy eradicate microscopic residual disease and can wide local excision with
pre- or post-operative radiotherapy + chemoimmunotherapy replace amputation in extrem-
ity sarcomas? Although there is suggestive evidence from several studies that this may be so,
the numbers of patients treated in this way have been small, duration of follow-up short and no
prospective randomised controlled trials have been carried out comparing a group given
adjuvant treatment with a group managed by radical surgery alone, and this should be
rectified.

2. What dosage of radiation should be employed and are the results of radiotherapy or
chemotherapy affected by the histological type? High radiation doses (= 6000 radin 6 weeks)
have been recommended by most authors, lower doses producing less consistent effects.
There does not seem to be any statistically significant difference in the response of various
histological types of soft tissue sarcoma to combination chemotherapy or radiotherapy,
although some authors have commented on the relative radioresponsiveness of myxoliposar-
coma.

3. Which characteristics of the primary tumour most influence prognosis? The chances of
local recurrence and metastasis seem to depend less on histological type than on initial size,
site and grade of the tumour and these factors must be carefully controlled when comparing
results of treatment.

4. What is the most appropriate combination of drugs and the optimum scheduling and
duration of adjuvant chemotherapy? Although adriamycin is undoubtedly effective in adult
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sarcomas, adequate phase II studies have not been performed for cyclophosphamide and high
dose methotrexate. Many of the studies of adjuvant chemotherapy discussed in this article
used drugs and regimes of unproven value in adult soft tissue sarcoma and the use in adjuvant
trials of the CYVADIC regime that has been extensively studied in metastatic disease seems
more logical. Meanwhile, more thorough investigation of cyclophosphamide, high dose
methotrexate and actinomycin D as single agents would be valuable, and phase II trials of
newer agents such as cis-platinum are required.

The rarity of soft tissue sarcomas means that despite their inherent problems, large multi-
centre collaborative trials will be necessary to accrue sufficient patients to produce reliable
information on the efficacy of adjuvant therapy. However, despite the many difficulties,
sarcomas seem to be a group of tumours that are responsive to chemotherapy and there is
every reason to hope that adjuvant therapy will be of considerable value.
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C. Breast Carcinoma

Place and Role of Radiotherapy After Surgery for Breast Cancer

K. E. Halnan

Introduction

Adjuvant X-ray therapy after surgery for breast cancer is at present unfashionable, partly
because of the glamour of adjuvant chemotherapy, but more because of the stated lack of any
beneficial effect of radiotherapy on survival and of even an alleged harmful effect, said to be
caused by immunosuppression. This opinion was first put forward by BoND [5] after study of
retrospective Birmingham cancer registration data, but groups compared were not randomly
selected and some of those selected for radiotherapy may well have been allocated radiother-
apy because of adverse prognostic features. The first Manchester trials [11] are frequently
quoted but have been widely misinterpreted — they compared immediate with delayed
radiotherapy rather than with no X-ray therapy at all. After numbers of other trials,

STIERNSWARD [17] advocated these views even more strongly, analysing the main large trials

then published (in none of which were there significant differences in survival), including those

from Copenhagen, Edinburgh, and the United States, and added them up, suggesting that
significant differences in survival could be obtained by combining insignificant differences
from quite different trials.

I suggest that abandonment of postoperative radiotherapy because of alleged harmful effect

on survival is an emotional ‘blanket’ decision, which ignores three important points:

1. Analysis of the effect of radiation dose, techniques and anatomical fields (as compared
with the analysis of different surgical techniques such as local excision, simple mastec-
tomy, radical mastectomy and extended radical mastectomy);

2. Significant benefit may be demonstrated from radiotherapy in selected subsets of breast
cancer, analysed for factors such as site, stage, grade, menopausal status and oestrogen
receptor status;

3. Quality of life, related especially to local activity of breast cancer.

Analysis of Current Evidence

Effect on Survival and Quality of Life

Many large and important treatment trials are now being reported. One of the major ones in
Britain has been the Cancer Research Campaign multicentre trial [19]. The latest (January
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Fig. 1. Life table survival curves for
2224 patients with stages I and II
breast cancer treated by simple
mastectomy, followed by radiotherapy
(DXT) or watched in the Cancer
Research Campaign Breast Study

Fig. 2. Life table analysis of freedom
from local recurrence in the Cancer
Research Campaign Breast Study

Fig. 3. Life table survival for 141
node-positive patients in the Cancer
Research Campaign Breast Study
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1978) unpublished results analyse 2224 stage I and II cases; there is no significant difference
in survival up to 7 years (Fig. 1) but a highly significant difference in local recurrence (about
84% compared with 67% recurrence-free at 7 years) (Fig. 2). The survival curve for the 141
node-positive patients shows no difference for either treatment policy and the suggestion [9]
made earlier that radiotherapy was harmful in this group has not been substantiated (Fig. 3).
A large new Manchester trial has also now been published [8]; this has included 1020 patients
with stages I and II cancer, treated by simple mastectomy, alone or followed by X-ray
therapy. Again there has been no significant difference in the overall survival, but the value of
radiotherapy was greater and more significant when neoplasms were more than 2 cm
diameter, when patients were premenopausal and for medial tumours. KAAE and JOHANSEN
[7] have also reported up-to-date results from Copenhagen, showing that there is no signifi-
cant difference in either crude or recurrence-free survival at any period up to 15 years between
simple mastectomy and irradiation compared with extended radical mastectomy, but that the
morbidity after treatment (oedema and weakness of the arm) was greater after extended
radical mastectomy. Controlled study of both preoperative and postoperative irradiation in
Stockholm [18] shows slightly better survival after preoperative radiotherapy, not of statisti-
cal significance. Combination of overall results of all these trials, if this were scientifically
valid, would not show any harm from radiotherapy.

Immunology

A circular argument has crept into the literature. When it was first alleged that radiotherapy
was harmful it was suggested that this was because of immunosuppression. This is now put
the other way round — it is alleged that radiotherapy is bound to be harmful (whether or not
this can be proved) because of immunosuppression, caused by irradiation of lymph nodes
especially.

Ifimmunological defenses were really of great value spontaneous remission would be familiar
in breast cancer, in fact it is rare; although some tumours are relatively slow to grow,
untreated patients all die [4]. It has been shown in my own institute that there is peripheral
lymphocyte depletion immediately after radiotherapy, and that there is significant lymphope-
nia even 2 years later [2]. This lymphopenia is, however, mainly of T cells. Patients with
breast cancer in advanced stages, ill with distant metastases especially, do have highly
deficient immune responses but this is irrespective of their primary treatment and seems
related more to B cellsthanto T cells [14, 16]. There is no good evidence that any treatment —
surgery, radiotherapy or chemotherapy — is harmful.

Benefits from Local Irradiation

Survival and recurrence have been discussed already. Radiotherapy can be shown to have a
local effect on visible deposits of breast cancer — this effect is dose related and, like
chemotherapy, also related inversely to the number of tumour cells. ‘Conservative’ treatment
has long been practised in France [3] and is highly effective, high dose protracted treatment
afterlocal excision, or even no more than biopsy for small tumours, with the major part of the
breast remaining. This kind of treatment has never received assessment in controlled trials
because of prejudice towards mastectomy, but uncontrolled selected series are beginning to
be reported now from Britain [15] and North America [12, 13].

The importance of technique and dosage seems to be shown most clearly by Hest and
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BRENNHOVD [6] who report successive controlled trials of two different techniques. The first,
used in 1964—1967, was relatively conventional using 250 kV X-rays, treating the internal
mammary, axillary and supraclavicular regions to 3600 rad and the chest wall to 2500—3100
rad over 4 weeks. After 1967 cobalt 60 p-rays were used, the chest wall was not irradiated at
all but the lymph node regions were treated to 5700 rad skin dose in 4 weeks. There was no
difference in survival of the two control groups, treated by radical mastectomy and ovarian
irradiation, but there was a dramatic difference in the cobalt 60-treated group in which there
was highly significant improvement in survival in stage II, especially in patients with medial
tumours or with four or more involved axillary nodes.

Itis foolish either to advocate or to condemn ‘postoperative radiotherapy’ in a general blanket
kind of way without considering dose, technique or anatomical areas treated; it is as unwise as
discussing all kinds of surgery together, combining all techniques from local resection to
supra- or extended radical mastectomy. We must pay careful attention to the details of
treatment. Similarly, as has already been indicated, we must analyse subsets of patients, not
only for size and site of the primary tumour, but also for other factors — menopausal status,
grade, hormone receptors, bone scan findings and so on.

Future Trials

If radiotherapy has a place then, as it should, in future trials it will need combining with
chemotherapy and with hormone treatment. Two good examples can be quoted of what might
be assessed in early and in more advanced breast cancer. MONTAGUE [10] from the M.D.
Anderson Hospital gives chemotherapy first to stage III tumours (three to four courses of
vincristine, adriamycin, cyclophosphamide). If there is complete remission X-ray therapy
(5000 radin 5 weeks) is then given, followed by ‘CMF’ adjuvant chemotherapy; but if there is
only partial remission an extended simple mastectomy is performed before the X-ray therapy.
This seems to be a very promising approach to deal with locally advanced tumours. At the
Mayo Clinic more conventional random controlled trials are going on for stage I and II
tumours, comparing adjuvant chemotherapy with or without radiation, after radical mastec-
tomy [1]. It is too early for good assessment but so far the group with radiation is achieving
good results and it will be possible later to assess whether radiation enhances the effectiveness
of combination chemotherapy.

Conclusions

Thus, use of radiotherapy in breast cancer is no simple matter, we cannot say that ‘radiother-
apy’ (unqualified) is a good or bad addition to surgery, let alone to other treatments. At least
the following conclusions are worth serious consideration:

1. Adjuvant radiotherapy needs careful planning and dosage, using megavoltage X-rays, or
cobalt 60 p-rays, considering separately the primary tumour, the chest wall, clavicular,
axillary and internal mammary lymphatic regions;

2. There is no good evidence that radiotherapy impairs survival;

Local and regional recurrence can be very significantly reduced by radiotherapy;

4. Survival may be improved by appropriate radiotherapy in subgroups such as stage 1I
tumours arising medially, or with four or more involved lymph nodes.

5. Adjuvant ovarian irradiation may be beneficial in premenopausal and menopausal pa-
tients;

ad
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6.

Adjuvant radiotherapy may allow surgery to be limited to excision biopsy in suitable
patients;

The place of adjuvant radiotherapy needs continued evaluation in large random con-
trolled trials, in combination with chemotherapy and endocrine therapy and after limited
as well as after classical surgery. These trials must allow analysis according to factors such
as primary size and site, node status, menopause, hormone receptors, bone scanning,
tumour markers (if good ones be found) and tumour grade.
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Combined Modality Management of Operable Breast Cancer!

A. Rossi, P. Valagussa, and G. Bonadonna

Once combined modality therapy of solid tumors had been revitalized on the basis of new
biologic and clinical concepts [ 13], breast cancer was deemed to be one of the signal tumors to
test the new strategic approach, in view of its frequency, the high recurrence rate after local-
regional treatment, and its responsiveness to various anticancer drugs. The experimental and
clinical principles for adjuvant chemotherapy of resectable cancer have been thoroughly
reviewed and discussed in recent years [7, 14, 15, 43, 56]. According to the new proposed
strategy, the local-regional modality (surgery and/or radiotherapy) removes the bulk of the
tumor, whereas systemic treatment (chemotherapy, hormone therapy, and/or immunother-
apy) is applied with the specific intention of destroying disseminated micrometastases, which
are thought to be responsible for primary treatment failure.

The preliminary results of new adjuvant trials with cyclic chemotherapy were reported after
18 [23] and 27 months [4] of follow-up, respectively, with the intention of informing the
medical profession that a new perspective was opening up for improving the cure rate of
breast cancer. However, evaluation of the new preliminary findings also generated consider-
able emotion, at both professional and public levels [18, 33, 35, 51, 54]. Discussion and even
polemics simply testify to the relevance of the problem. However, clinical decisions and
further research should be based on sound evaluation of results derived from continuous
updating of ongoing clinical trials.

The scope of this paper is to review the available results on current combined modalities for
early breast cancer and to delineate some future perspectives in this controversial field.

Local Modalities

The clinical basis for the use of adjuvant systemic therapy derives from the observation that
surgery and/or radiotherapy alone are curative in only a limited fraction of patients with
localized disease. When derived from prospective trials with accurate initial staging and
adequate follow-up observation, long-term results of local-regional modalities appear strik-
ingly comparable in various case series {27, 63]. Table 1 reports the 5- and 10-year disease-
free survival related to the status of axillary nodes and menopause in women with operable
breast cancer treated with radical mastectomy at institutions affiliated to the National
Surgical Adjuvant Breast Project (NSABP) in the United States and at the Istituto Nazionale
Tumori, Milan, Italy. It appears evident that to a great extent prognosis is related to the
precence of axillary metastases, whereas menopausal status does not exert any influence on
disease-free survival.

In operable patients, radiotherapy has been employed as an adjunct to surgery for many
years. An exhaustive review of published studies on postoperative irradiation is beyond the
scope of this paper and was recently carried out by STIERNSWARD [6 1]. In short, radiotherapy

1 Supported in part by contract No. 1-CM-33714 with DCT, NCI, NIH.
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Table 1. 5- and 10-year disease-free survival in patients with
operable breast cancer (percentages)

NSABP series Milan series
409 patients 716 patients

S years 10 years 5 years 10 years

All patients 60.3 50.5 56.1 47.1
N— 82.3 75.9 79.0 72.1
N+ 34.9 23.9 36.4 24.5
Premenopausal

N—- 78.8 74.5 76.2 69.2
N+ 30.0 23.7 36.3 24.5
Postmenopausal

N— 83.6 76.4 80.6 73.6
N+ 375 24.0 36.4 24.4

failed to improve the overall survival, though it did reduce the incidence of local-regional
recurrence. In some studies [26] the disease-free survival was also not significantly affected by
postoperative radiation (Table 2). The practical conclusion to be drawn is that, at present,
there seems to be no place for the routine use of radiotherapy alone to improve long-term
results in breast cancer.

In the combined modality approach, the role of surgery is, besides accurate staging, removal
of the bulk of detectable tumor. In this perspective, a modification of the standard radical
treatment, i.e., radical mastectomy, could be conceivable at least for selected subsets of
women. A less mutilating local procedure is desirable only if comparable effective control of
local-regional disease can be assured. Interesting results are being obtained in this field [24,
31, 40, 64]. However, the crucial problem in the cure of breast cancer is still the control of
distant micrometastases. From the strategic point of view, only the adjunct of an effective
systemic and prolonged treatment seems to be able to achieve this scope.

Table 2. Comparative disease-free survival at 5 years with and
without postoperative radiotherapy on operable breast cancer

Radical mastectomy Radical mastectomy

alone plus radiotherapy

No. % No. %
Total 117 49.6 180 50.6
N— 52 71.2 56 78.6
N+ 65 32.3 124 379
1-3 33 424 57 49.1
>3 : 32 21.9 67 28.4

Adapted from FISHER et al. [26].
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Adjuvant Chemotherapy

In the past, short-term single-agent chemotherapy was used as an adjuvant on the basis of
time-honored concepts about the mode of spread of solid tumors and cell kill by drugs. The
results of these studies have been critically reviewed [ 7, 62]. Briefly, the incorrect study design
and the short-term chemotherapy program were considered to be the major reason for the
negative or inconclusive results.

The new generation of adjuvant trials applied chemotherapy in accordance with the following

principles [7, 56]:

1. drug(s) known to be effective in clinically advanced disease were thought to be even more
active in the presence of micrometastases. Therefore, they were selected and employed at
the optimal dose level and through intermittent schedules to minimize host toxic-
ity;

2. treatment was started as soon as possible after radical mastectomy, usually within 4
weeks, i.e., while residual tumor burden was minimal;

3. treatment must be prolonged to assure maximum cell kill by cytotoxic drugs. In fact, the
duration of adjuvant therapy must encompass the tumor cell doubling time.

Table 3. Outline of some adjuvant regimens

Acronym Drug(s) Dose schedule Route  Duration of therapy
23) L-PAM 0.15 mg/kg, days 1-5 PO q. 6 weeks for 2 years
CMF (4) CTX 100 mg/m?, days 1—14 PO q. 4 weeks for 1 year
MTX 40 mg/m?, days 1, 8 v
FU 600 mg/m?, days 1, 8 v
FAC (10) FU 400 mg/m?, days 1, 8 | AY q. 4 weeks for 2 years
ADM? 40 mg/m?, days 1 v
CTX 400 mg/m?, days 1 v
LMF (P) (58) CLB 4 mg/m?, days 1—-14 PO q. 4 weeks for 6 months
MTX 5—7.5 mg, days 1-3 PO
and 8—10
FU 500—700 mg days 1, 8 PO
PRED® 50—75 mg days 1—14 PO

tapered to 10—15
after st cycle

CVFM (48) CTX 300 mg, days 1, 8 v q. 4 weeks for 6 months
VCR 0.65 mg, days 1, 8 v
FU 500 mg, days 1 v
MTX 37.5 mg, days 8 v

AC (30) ADM 30 mg/m?, day 1 1A q. 3 weeks for 8 cycles
CTX 150 mg/m?, days 3—6 PO

CFP (1) CTX 150 mg/m?, days 1-5 v q. 6 weeks for 10 cycles
FU 300 mg/m?, days 1-5 v
PRED 30 mg, days 1-7 PO

® Replaced by MTX after total dose of 300 mg/m?2.
® Only in the first 120 patients.
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Table 3 shows the outline of some adjuvant regimens being evaluated in the adjuvant setting.
Only melphalan (L-PAM) was employed singly, whereas cyclophosphamide (CTX), metho-
trexate (MTX), fluorouracil (FU), adriamycin (ADM), chlorambucil or Leukeran (CLB),
vincristine (VCR), and prednisone (PRED), were included in different combination regimens.
In most studies treatment was started 2—4 weeks postoperatively, while in some trials a delay
up to 10 weeks was allowed. The duration of chemotherapy ranged from a minimum of 6
months to a maximum of 2 years.

Selection of Patients and Study Design

Common characteristics of recent adjuvant studies have been the use of prospective con-
trolled clinical trials, fairly uniform patient selection at least as far as the axillary node status
was concerned (N+), follow-up studies, and statistical analysis of the results. Table 4
summarizes some essential data concerning adjuvant trials, including an untreated control
group. Patients were assigned randomly to the different groups in all studies except in the trials
of the M.D. Anderson Hospital [10, 11] and the University of Arizona [30] where patients
were consecutively treated with adjuvant chemo- or chemoimmunotherapy, and the results
compared with those of a historical control group.

The presence of histologically positive axillary nodes was considered the main condition for
inclusion into all current trials. Patients had localized breast cancer that was potentially
curable with local modalities (T1, T2, or T3 according to the international UICC classifica-
tion). However, nearly 40% of the patients in the M.D. Anderson series had resectable stage
III breast cancer [10, 11]. Furthermore, the extent of the primary tumor was not clearly
specified in the study conducted by the Multicenter Breast Cancer Chemotherapy Group
(MBCCG) [48].

Table 4. Prospective surgical adjuvant trials with an untreated control group

Study No. of  Status Local Drug Control Time of
group patients of N modality  regimen group analysis
NSABP [25] 348 N+ RM L-PAM R 1972—1975* 24 months
Milan (8] 386 N+ RM CMF R 1973—1975 48 months
MDAH 131 N+ RM + RT FAC-BCG H 1974—1976 24 months
[9, 11]

University 32 N— RM + RT AC H 1974% 17-21

of Arizona 77 N+ months
[30, 34]

Osako 125 N— RM LMF-BCG R 1974—1977* 24 months
[57, 58] 115 N+

MBCCG 253 N+, N— “Conven- CVFM R 1974—1977* 24 months
[21, 48] tional”

R Randomized; H Historical.
2 Cooperative series.
b Ongoing.
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Radical mastectomy (RM) was employed as the surgical procedure in four studies. In the
MBCCG trial the type of local therapy, including different extents of surgery and radiother-
apy according to the “conventional treatment” applied in that country, was left to the decision
of participating investigators. Local radiotherapy (RT) was given in 16% of patients at the
M.D. Anderson Hospital, whereas in the prospective study designed at the University of
Arizona, RT was given in half the patients with medial tumors, larger tumors (> 4 cm in
diameter) and/or one to three positive axillary nodes, and in all patients with more than four
positive nodes.

Axillary node involvement was demonstrated by lymph node dissection, except in the
MBCCG study, in which only a lymph node biopsy was performed in most patients.
Furthermore, in this study a small (as yet unknow) fraction of patients had negative nodes or
had no axillary biopsy. In the Ostschweizerische Arbeitsgemeinschaft fiir Klinische Onkolo-
gie (OSAKO) [58] and in the University of Arizona study, N-patients were also included into
the study, but the results were analyzed separately. It is worth emphasizing that the rationale
for starting an adjuvant trial in N- women in the OSAKO group was based on the observation
of MUTZNER [49] that in Switzerland a high incidence of recurrence was documented in
patients staged as having negative axillary nodes. In two studies [10, 11, 58] immunotherapy
was added to chemotherapy. The M.D. Anderson group administered BCG by scarification
between two cycles of chemotherapy for 2 consecutive years, whereas in the OSAKO trial
BCG was given monthly by scarification after completion of chemotherapy and continued for
2 years.

Table 5 shows the outline of other ongoing adjuvant chemotherapy trials in which there is no
untreated control group. These studies were started even more recently, and median follow-up
ranges from 10 to 24 months. The trial in progress at the University of California at Los
Angeles [32, 60] compares a modified schedule of the original CMF (12 cycles given in 64
weeks) to the same treatment plus active immunotherapy with BCG (given by multiple-

Table 5. Other ongoing surgical adjuvant trials with no untreated control group

Study group Evaluable Status Local Adjuvant Median
patients of N modality  therapy follow-up

UCLA [59, 60] 121 N+ RM + RT CMF + BCG 21—24 months
+ TCVv®

Mayo Clinic [1] 166 N+ RM L-PAM vs. 24 months
CFP + RT®

Bowman Gray 87 N+ RM L-PAM + RT vs. 16 months

School of Medicine CMF + RT

[17]

Central Pennsylvania 91 N+ RM + RT L-PAM vs. 10 months

Oncology Group [42] LMFP?

Milan (8] 275% N+ RM CMF 6 vs. 15 months
12 cycles

TCV Tumor cell vaccine.
2 Random allocation to treatments.
b Premenopausal patients only.
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puncture technique) alone or associated with tumor cell vaccine (TCV). The trials in progress
at the Mayo Clinic [1], the Bowman Gray School of Medicine [17] and the Central
Pennsylvania Oncology Group [42] compare single-agent (L-PAM) chemotherapy with
various types of combination chemotherapy. CMF and LMFP (CLB 8 mg PO, MTX 5 mg
PO and PRED 60 mg PO on days 1—5, FU 15 mg/kg PO each week; repeat every 4 weeks)
are given for 2 years. Furthermore, in two studies [ 1, 17] the contribution of radiation therapy
is also being evaluated. Finally, the second CMF program started at the Istituto Nazionale
Tumori, Milan, after patient accrual in the first CMF trial was completed in September 1975,
compares a shorter treatment (CMF for six cycles) with the conventional 12 cycles of CMF.
From September 1975 to December 1976 both pre- and postmenopausal women were
included into this comparative study. Since January 1, 1977 the trial has continued only in
premenopausal women, in view of the updated results of the first CMF program [5], which
showed different efficacy of CMF in pre- and postmenopausal women. A preliminary
evaluation was conducted on 275 premenopausal women, with a median follow-up of 15
months [8].

Results

The results of the first CMF program were recently updated after a 4-year follow-up [8].
Table 6 shows the incidence and first site of treatment failure related to menopausal status and
to overall survival. The 4-year analysis essentially confirmed the 3-year results [6]. Twelve
cycles of adjuvant CMF markedly reduced the cumulative relapse rate only in premenopausal
women (25% vs. 59.2%). Postmenopausal patients derived no appreciable benefit from
adjuvant treatment (CMF 43.8%, control 47.6%). In both pre- and postmenopausal women,
treatment failure was more frequently due to recurrence in distant sites. Cancer in the

Table 6. CMF program: 4-year relapse rate (actuarial analysis)

Controls CMF P value
(179 patients) (207 patients)
% %
Total failure 52.7 344 <0.0001
Local-regional 11.9 7.3
Distant® 40.8 27.1
Total survival 73.6 83.0 0.05
Premenopause 59.2 25.0 0.00001
Local-regional 10.8 4.9
Distant® 484 20.1
Total survival 70.6 89.6 0.02
Postmenopause  47.6 43.8 0.25
Local-regional 9.5 8.4
Distant® 38.1 354
Total survival 75.4 76.5 0.60

2 + Local-regional.
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Table 7. CMF program: 4-year
relapse rate related to drug-induced
amenorrhea

Age group With Without P value
amenorrhea  amenorrhea

Total 17.9 37.8 0.10

<40 years®  18.0 37.9

> 40 years®  14.3 11.7

Reversible: 2 63%; ® 4%.

contralateral breast with no concomitant metastasis at other sites was observed in a total of
seven women who were classified as primary treatment failures (control four, CMF three).
Radical mastectomy was performed in four patients (control three, CMF one). Three women
(control one, CMF two) had subsequent recurrences at distant sites within 7—15 months. The
overall survival was significantly improved only in premenopausal patients given CMF,
89.6% being alive at 4 years as against 70.6% of control patients (P = 0.02). The incidence of
relapse was also compared in premenopausal patients who did or did not become amenorrhe-
ic during CMF (Table 7). The presence of amenorrhea was correlated with a lower incidence
of relapse only in women younger than 40 years, but the difference was not statistically
significant. It should be noted, however, that in this group of patients amenorrhea was
transient in more than 60% of women.
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Figures 1 and 2 show the disease-free survival in control and CMF patients, related to
menopausal status and extent of axillary nodal involvement. Premenopausal patients treated
with CMF had a significantly higher probability of being disease-free in both nodal subgroups
throughout the observation period.

A comparison of the results of the Milan CMF program and those of other studies can be
attempted, but at present the comparison is limited to the 24-month relapse rate. The
comparisonis also somewhat limited by the fact that only in the CMF program are all patients
at risk for the entire examination period. The comparative findings are reported in Table 8. In
all studies, women given adjuvant chemotherapy had a lower recurrence rate than controls,
although the advantage was not always statistically significant. If the data are broken down
between pre- and postmenopausal patients, it appears evident that only premenopausal
women with limited nodal involvement (N+ 1—3) benefited from L-PAM treatment [25],
whereas some benefit was derived in all premenopausal nodal subgroups given CMF. The low
incidence of relapse regardless of the menopausal status reported by the M.D. Anderson
group [9, 10, 11] after chemoimmunotherapy appears promising, but findings need to be
confirmed by subsequent analysis. On the other hand, the OSAKO trial [57, 58] reported a
difference, though not significant, in favor of postmenopausal patients treated with LMF-
BCG compared with controls. It should be recalled that the Swiss investigators found a
significant improvement in the disease-free survival after LMF plus BCG in both pre- and
postmenopausal women with negative nodes, statistical significance being reached only in
postmenopausal patients (P = 0.02). Again, these results need a further observation time to
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be fully interpreted. The data of the MBCCG study [21, 48] are not entirely comparable with
those of other trials because there are too many variables concerning primary treatment and
because of the very short median follow-up (nearly 15 months). Although all studies reported
animprovement in total survival, figures were stated to be statistically significantin the FAC-
BCG trial, which used a historical control group. At 2 years, 94% of women given chemoim-
munotherapy were alive, as against 85% of control patients (P = 0.01). These data are
comparable to the 2-year overall survival in the CMF programm (CMF 94.7%, control
90.5%).

The results of more recent trials must be considered as very preliminary, due to the small
number of patients in the study and the short follow-up. However, available data will be briefly
reviewed, as they provide further evidence of the usefulness of adjuvant systemic therapy. At
the University of Arizona [30, 34], 7% of 77 evaluable patients followed up for a median of
17—21 months have relapsed so far. In the UCLA series [32, 59, 60], no patient given CMF
alone showed treatment failure. In contrast, patients treated with CMF plus immunotherapy
had a total relapse rate of 23% after a mean follow-up of 21—24 months. The investigators of
the Mayo Clinic [1] have recently reported the following treatment failure rates in the three,
treatment groups, after a median follow-up of about 24 months: L-PAM: 31%, CFP: 21%,
CFP plus RT: 16%. These data and the findings of the Central Pennsylvania Oncology
Group [42] seem to be in favor of multiple-agent therapy as against single-agent chemother-
apy. The cooperative group, in fact, reported a relapse rate of 13% after therapy with LMFP,
compared with 22% after PAM. If the results of the Mayo Clinic study were analyzed
according to menopausal status, only in premenopausal women was adjuvant treatment the
only factor significantly associated with an improved disease-free interval, regardless of nodal

Table 8. Comparative 2-year recurrence rate in some adjuvant trials for operable breast cancer with
positive nodes

Therapy No. of  Total Premenopausal Postmenopausal
patients  failure

Total N+1-3 =>4 Total N+1-3 >4

Control vs. 169 314 36.7 25.82 48.3 28.4 16.1 41.5
L-PAM [25] 179 23.5 22.0 6.5% 40.7 242 13.8 36.4
Control vs. 179 36.52 4222 32.1% 65.4% 313 25.8 44.4
CMP® [8] 207 21.3 17.4* 10.2% 29.42 219 208 344
Control® vs. 151 35.00 — 30.0 60.00 — 22.00 38.0°
FAC + BCG 131 12.08 — 15.0 23.0* — 0 12.02
[9, 11]

Control vs. 57 333 355 — - 308 -— —
LMF + BCG 58 224 310 - — 138 — —
[75, 58]

Control vs. 128 39.9 432 — — 38.1 -— —
CVFM |21, 48] 125 22.5 402 -— — 9.1 -— —

® Indicates significant difference.
b Median follow-up: 40 months.
¢ Historical.
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involvement and primary tumor size (P = 0.03). A similar trend was reported by the Bowman
Gray School of Medicine study, in which more favorable results were obtained in pre- thanin
postmenopausal women treated with chemotherapy alone [17]. In contrast, premenopausal
patients had a higher incidence of early relapse than postmenopausal women in the University
of Arizona trial (pre-: 17.4%; post-: 3.7%) and the UCLA trial (pre-: 30%, post-: 16%). The
results of the second CMF program were recently analyzed for premenopausal women at the
Istituto Nazionale Tumori, Milan. Due to the limited number of patients evaluable in the
different subsets, no statistical difference was detectable between short-term and long-term
therapy. The actuarial analysis at 2 years from surgery showed a 12.4% relapse rate for
premenopausal patients given 12 cycles, compared with 19.2% for those treated with six
cycles.

Toxicity

Toxic manifestations secondary to different adjuvant regimens are reported in Table 9.
Combination chemotherapy induced numerous acute side-effects, but they were moderate
and, with the exception of amenorrhea, always reversible. Myelosuppression was a very
common finding, but it was never associated with serious complications. Therapy was
followed by various degrees of nausea and vomiting in most patients. Gastrointestinal
symptoms together with hair loss represented the most disturbing side-effect from the
patient’s point of view. However, only a minority of patients refused to complete the planned
treatment program.

The occurrence of amenorrhea during chemotherapy is of great importance, not only from the
toxicologic point of view but because of the endocrine implications of this finding. Cessation
of menses was interpreted as evidence of ovarian suppression, probably induced by alkylating

Table 9. Comparative percentage of toxic manifestations after some adjuvant regimens

L-PAM CMF FAC LMF CVFM AC CFP
Nausea, vomiting 30 90 93 20 26 67 59
Leukopenia 60 78 —=a 50 — 50 90
Thrombocytopenia — 79 — 50 - 0 22
Hair loss — 69 97 0 8 98 71
Amenorrhea — 78 71 - — 64 25
Stomatitis — 19 1 — 1.5 — —
Diarrhea — — — — - — 51
Cystitis — 30 — — — - —
Conjunctivitis — 32 — — — - —
Skin reactions - - 1 - — 3 -
Cardiomyopathy - - 0 — — 0 —
Infections 0 0 3 0.004 — 0 —
Bleeding - — — — — - —
Refused therapy - 11 - 1 15 — —

& Myelosuppression was expressed as median count at nadir. Granulocytes: 2400 per mm®; plate-
lets 260,000 per mm?,
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agents. Furthermore, some authors [51] attributed the efficacy of chemotherapy in premeno-
pausal women to “chemical castration”. The study of ROSE and DAvis [55] demonstrated
that the plasma levels of estradiol plus estrone and androstenedione were markedly reduced in
premenopausal women after 6 months of adjuvant chemotherapy (L-PAM or CMFV).
Furthermore, follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels were
increased. KovyaMA et al. [37] measured urinary estrogen and serum progesterone levels
weekly for approximately 6 months postoperatively in six patients receiving adjuvant treat-
ment with cyclophosphamide. At the onset of amenorrhea, the levels of both hormones ceased
to show their normal cyclic changes and remained persistently low. Meanwhile, serum FSH
and LH were markedly elevated. Furthermore, no ovarian follicles were histologically found
in three amenorrheic women who underwent therapeutic oophorectomy after cyclophos-
phamide therapy. The above-mentioned biochemical findings were confirmed in a prelimi-
nary hormonal evaluation performed at the Istituto Nazionale Tumori of Milan on 15 women
aged 37—48 years (median 42), who had been given CMF for 6—12 cycles and had drug-
induced amenorrhea (reversible in 3/15 patients). The median time from onset of amenorrhea
to the endocrine evaluation was 14 months. LH, thyroid-stimulating hormone (TSH), prolac-
tin, and 17- estradiol levels were comparable to those observed in a group of postmenopausal
women with early breast cancer not treated with adjuvant chemotherapy [52]. That amenor-
rhea does not necessarily mean permanent castration was demonstrated by the histologic
results of a retrospective study carried out at the Istituto Nazionale Tumori of Milan [8]. In 20
premenopausal breast cancer patients aged 28—45 years (median 40.5 years), a therapeutic
oophorectomy was performed after treatment with combination chemotherapy including
CMF. Of these patients, 40% had become amenorrheic during treatment. In these patients,
oophorectomy was performed not later than 1 year from the last menstruation. Histologic
examination of the ovaries revealed that follicles were present in 55% of all patients. Absence
of ovarian follicles was demonstrated in only 62.5% of amenorrheic women, but alsoin 37.5%
of women who continued to menstruate regularly during chemotherapy. Furthermore, no
difference in the thickness of ovarian cortex was evident in patients given cytotoxic drugs and

Table 10. Second primary tumors other than breast adenocarcinoma in patients given adjuvant
CMF compared to controls

Controls (197 patients)® CMF (207 patients)®
No.  Tumor months post RM  No.  Tumor months post RM
1 Cervix ca 3 1 Gastric ca® 37

(in situ)
1 Melanoma 20 1 Cystosarcoma 40

phyllodes

1 Leiomyoblastoma® 40

of uterus
3/179 (1.7%) 2/207 (1%)

& Median follow-up: 40 months (range: 29—57 months).
b Only three cycles of adjuvant CMF were given.
¢ Twelve months after 12 cycles of CMF for recurrence.
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an age-matched control group of patients not treated with chemotherapy before oophorec-
tomy (1.0 mm vs. 0.9 mm).

Another aspect of long-term toxicity, namely possible carcinogenesis, is a cause of concern to
many clinicians. Current adjuvant chemotherapy trials have so far not reported an incidence
of second neoplasms that is higher in treated than in control patients. Table 10 reports in detail
both incidence and type of second tumors other than breast adenocarcinoma as detected in
control and CMF patients in the Milan study. So far, the incidence of second tumors is
comparablein the two groups. In particular, no patient developed acute leukemia in the group
treated with chemotherapy. The NSABP study has not revealed any difference in the
incidence of second primary non-breast cancer so far. In fact, the incidence of new neoplasms
was 3.3% in patients treated with L-PAM, as against 1.2% for the control group [22]. Acute
myelogenous leukemia was an incidental autopsy finding in a 77-year-old woman treated with
L-PAM who died of metastatic disease.

Adjuvant Hormone Therapy

As breast cancer is an endocrine-responsive tumor, it appears logical to consider hormone
therapy also as systemic adjuvant treatment. However, the use of this modality has been
limited in the past by the fact that only about 30% of patients have hormone-responsive
tumors, as indicated by the response rate to hormonal manipulations in unselected women
with advanced disease. Prophylactic castration was the endocrine procedure most commonly
used in premenopausal patients. The results of adjuvant castration versus adjuvant CMF
haverecently been reviewed [3]. In short, patient selection and study design in most trials were
far from being impeccable and any benefit of treatment was limited to a prolongation of the
disease-free interval. The results reported by MEAKIN et al. [46] deserve a separate comment.
Following mastectomy and local-regional radiation therapy, 705 patients were randomized
to no further therapy, ovarian irradiation with a dose of up to 2000 rad in 5 days, or ovarian
irradiation in the same dosage plus prednisone for 5 years. At 10 years, in premenopausal
women aged 45 years or more and with positive nodes, ovarian irradiation plus prednisone
resulted in a significant delay in recurrence (P =0.03) and a prolongation of survival
(P = 0.06). However, even though surgical or radiologic castration is still supported by some
centers, adjuvant castration has been abandoned in most institutions as an unproven thera-
peutic method. As far as other endocrine manipulations are concerned, the value of adjuvant
bilateral adrenalectomy was reported by DAo [19] who recently confirmed [20] the beneficial
effect of this procedure in 17 postmenopausal women with more than three positive lymph
nodes. In fact, at 10 years from mastectomy plus ablative endocrine surgery, 72% of patients
were alive and disease-free. The relevance of this interesting finding was limited, however, by
the small number of patients in the study.

Recent developments in tumor cell biochemistry, such as estrogen receptor (ER) determina-
tion, by allowing a more rational use of hormonal manipulation, made all data from previous
trials practically obsolete and prompted a reappraisal of endocrine therapy on a new basis.
ER assay in breast cancer tissue was in fact demonstrated to be an indicator for more selective
use of hormone therapy, a higher ER content being correlated to a higher probability of
response to endocrine therapy in advanced disease [44, 45]. These data, as well as recent
findings on adjuvant chemotherapy favoring premenopausal women, suggested the opportu-
nity for a reassessment of the role of hormone therapy in the management of primary breast
cancer.
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Perspectives

The results derived from the updating of current adjuvant chemotherapy trials demonstrate
that the strategy of a combined modality approach for high-risk patients with primary breast
cancer is correct and should continue to be further evaluated. In fact, all patients treated
postoperatively with cytotoxic drugs showed at least some improvement in the early disease-
free survival. Data concerning patients with a longer follow-up period are available at present
only for the CMF program, where at 4 years from mastectomy both disease-free and overall
survival were significantly prolonged as a consequence of adjuvant chemotherapy. However,
in most studies favorable results were limited to premenopausal women. The opposite result
reported by the M.D. Anderson Hospital, the University of California, and the University of
Arizona requires a longer follow-up analysis to confirm the usefulness of adjuvant therapy
alsoin postmenopausal women. The toxicity from drug treatment was acceptable in the hands
of experienced oncologists and, so far, no increased incidence of second cancers has been
demonstrated in patients receiving prolonged multidrug programs. As far as endocrine
therapy is concerned, only new prospective trials taking ER into consideration will allow a
better definition of the usefulness of adjuvant hormone therapy.

Despite early and intermediate favorable results, the problem of optimal curative treatment
for operable breast cancer is far from being solved. The main problems are presently related
to: (1) further definition of new factors influencing prognosis, (2) correlation between
menopausal status and responsiveness to adjuvant therapy, (3) long-term survival versus
chronic toxicity. At present, this latter point is particularly relevant for premenopausal
women, since for postmenopausal patients an effective adjuvant treatment remains to be
clearly defined.

Prognostic Factors

The status of the axillary nodes at mastectomy has so far been the best indicator of which
patients are candidates for additional treatment. However, patients with negative nodes show
recurrence within 10 years. NIME et al. [50] found in a small series that patients having
negative axillary nodes and intramammary lymphatic tumor emboli have a higher relapse
rate, especially in distant sites, compared to those without this finding (43% vs. 4%). These
data, if confirmed in larger series, could signify an improvement of the cure rate even in this
group of patients with apparently limited disease.

ER content has been recently reported to have a relevant significance in predicting the
prognosis in operable breast cancer. WALT [65] found a high incidence of visceral metastasis
and a short survival in patients categorized as ER—. Subsequently, KNIGHT et al. [36]
confirmed that ER— patients have a higher recurrence rate at 20 months and a shorter
survival, regardless of primary size and location of the tumor, age, and status of involved
axillary nodes. LIPPMANN et al. [41] retrospectively evaluated the influence of ER on response
to cytotoxic chemotherapy in 70 patients with metastatic or surgically unresectable primary
breast cancer. Of 45 patients with low or absent ER values, 34 (76%) responded to chemo-
therapy as against 3 of 25 (12%) patients with higher values. The response was independent of
other known variables. The authors concluded that ER values were an important predictor of
response to cytotoxic chemotherapy in metastatic breast cancer. In contrast, FRENNING et al.
[28] observed that ER + patients showed a higher response rate to chemotherapy than ER—
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patients (80% vs. 37%) and also a longer duration of response (18 vs. 8 months). However, in
this series, ER + women were older, had a longer disease-free interval, and had chemotherapy
initiated at a longer interval after the first recurrence than ER— patients. Furthermore,
MEYER et al. [47], who studied both ER content and thymidine labeling index (TLI), found a
significant association between high TLI and absence of ER. The authors concluded that this
finding was an expression of redifferentiation and that breast tumors with these biologic
characteristics included the highest proportion of tumors unresponsive to hormonal therapy.
A more definitive interpretation of all reported data can be provided only by prospective
controlled trials.

Hormonal Effect of Chemotherapy

On the basis of the above considerations, the current data suggesting that premenopausal
women benefit more from adjuvant chemotherapy may find a more convincing interpretation
than the hypothesis of chemical castration by cytotoxic drugs [51, 55]. In fact, the different
benefit from chemotherapy related to menopausal status may only reflect a different propor-
tion of ER— tumors in pre- versus postmenopausal women. Younger women bearing tumors
with low or negative ER content would be more responsive to chemotherapeutic agents [41].
The finding that ER— premenopausal patients treated with CMF have the same incidence of
recurrence as ER+ patients at 2 years (ER—: 27%; ER +: 11.7%) may support this hypothe-
sis [8]. Future adjuvant trials will yield more convincing data only if stratification parameters
also include ER assay on the primary tumor.

Carcinogenesis Secondary to Chemotherapy

Prolonged chemotherapy may produce long-term toxicity, including an increased incidence
of second tumors. Drug-induced carcinogenesis, especially acute nonlymphocytic leukemia,
has been reported after intensive or prolonged therapy for Hodgkin’s disease, multiple
myeloma, and ovarian cancer [2, 12, 29, 53, 66]. In Hodgkin’s disease and ovarian cancer,
second tumors occurred when combined radiation and cytotoxic therapy with alkylating
agents were employed. As far as breast cancer is concerned, only one report showed a marked
increase of second neoplasms. LERNER [38] observed 3 of 13 (23%) cases of acute myeloblas-
tic leukemia after chemotherapy with chlorambucil. This finding can be conceivably attrib-
uted to the excessively long duration of therapy (5—7 years) with an alkylating agent. The
same author [39] reported new solid tumors in 2 of 37 (5%) women treated with adjuvant
L-PAM. On the other hand, CHAN [16] found no difference in the incidence of new cancers
in alarge series of patients treated postoperatively with thiotepa with or without radiotherapy.
An interesting finding is that the frequency of second malignancies was found to be in
direct proportion to the cumulative dose of thiotepa. At present, no adjuvant treatment is
administered for longer than 2 years. However, the above considerations suggest once again
that the use of cytotoxic adjuvant therapy should be limited to groups who are at high risk
of early recurrence to prevent overtreatment and potential risk to women who are cured by
a local modality alone.
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Treatment of Early Breast Cancer With Adriamycin-Cyclophosphamide
With or Without Radiation Therapy: Initial Results of a Brief
and Effective Adjuvant Program

S. E. Salmon, A. Wendt, S. E. Jones, R. Jackson, G. Giordano, R. Miller,
R. Heusinkveld, and T. E. Moon

Introduction

We initiated study of the combination of adriamycin and cyclophosphamide (A—C) for
advanced breast cancer at the University of Arizona in 1973 [12]. That study was based on
evidence that both agents were quite active individually, had different mechanisms of action,
and were useful in relatively low growth fraction solid tumors. Results of our initial study plus
those obtained simultaneously by workers at the Southern Research Institute [4] suggested
that the A—C combination was synergistic or potentiating. We observed an overall objective
response rate of 78% in 51 patients with advanced breast cancer who had not recceived prior
chemotherapy [12]. A number of subsequent trails in advanced breast cancer using A—C plus
other drugs (e.g., 5-fluorouracil) have yielded almost identical results [2, 8], suggesting that
A—C is the active component of these regimens. The high response rate, acceptable toxicity,
and ease of administration to advanced breast cancer patients encouraged us to initiate a
surgical adjuvant breast cancer program with this regimen. We reasoned that a relatively brief
adjuvant program could be formulated with both drugs administered intensively to eradicate
aminimum number of occult micrometastases. Furthermore, we believed that the duration of
therapy could be related to the tumor stage as defined by pathologic staging (e.g., more
treatment for more advanced stages). The kinetic considerations applied in design of this trial
are summarized elsewhere [15]. Thus, in mid-1974 we initiated the Arizona Breast Cancer
Adjuvant Program [9, 11, 14]. This report summarizes the updated preliminary results as of
May 1978.

Methods

Since July 1974, patients undergoing recent surgery for breast cancer who were potentially
eligible for adjuvant treatment have been referred for possible inclusion in the program. After
referral, patients are evaluated for evidence of metastatic disease by means of a careful
physical examination, routine laboratory work, chest radiograph, and bone scan. If the bone
scan is abnormal, appropriate X-rays are obtained. Unless the X-rays confirm overt meta-
static disease, patients are eligible for adjuvant treatment. Additional laboratory, radiograph-
ic, or nuclear medicine studies are performed when clinically indicated. Patients also have
baseline cardiac examination plus serial examination with several noninvasive tests of
ventricular function (e.g., systolic time intervals, echocardiography) [5].

The eligibility criteria for this study include initiation of chemotherapy within 2 months after
surgery for infiltrating ductal adenocarcinoma of pathologic stage I, II, or III extent, no
evidence of overt metastases, no prior breast cancer or heart disease, and informed written
consent in accord with University of Arizona guidelines for protection of human subjects. The
assignment of treatment depends on assessment of the potential risk of relapse, which, in turn,
is predicated on knowledge of the stage of disease and nodal status (Table 1).
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Table 1. Arizona breast cancer adjuvant program: treatment plan based on pathologic stage of
disease

Stage of disease Treatment plan
StageI (negative nodes, tumor < 2 cm) 3 courses of A—C
Stage II (positive nodes, tumor < 5 cm) 8 courses of A—C
+ radiation therapy
Stage III (tumor > 5 cm, fixed nodes, 8 courses of A—C
supraclavicular nodes) + radiation therapy

Table 2. Arizona breast cancer adjuvant program: drug doses and schedule of chemotherapy®

Drug Dose

Day 1 2 3 4 5 6

Adriamycin (mg/M? 1V) 30 — - - _ _
Cyclophosphamide (mg/M? p.o.) - - 150 150 150 150

2 Administered every 3 weeks (3 cycles for stage I; 8 cycles for stages II, III).

The schedule of chemotherapy used for all patients is summarized in Table 2. The individual
doses employed in the adjuvant trial are 75% of the “full” doses originally employed in
advanced breast cancer. This change was made to minimize acute gastrointestinal side-
effects. However, the interval between treatments was reduced from every 4 weeks (in
advanced disease) to every 3 weeks in the adjuvant program. Thus, the effective dose rate was
the same in our adjuvant and advanced breast cancer protocols. Patients with stage I breast
cancer were eligible for our program, but received only three cycles of treatment over 9 weeks
based on a presumed minimum number of micrometastases. Patients with stage II breast
cancer received eight cycles of A—C over 24 weeks, after which all treatment is discontinued.
A subset of stage II patients (particularly those with four or more positive nodes) received
regional radiotherapy after the first two cycles of A—C.

Radiotherapy was administered at least 1 week after the second dose of adriamycin, and was
delivered to a dose of 4400 rad by linear accelerator to the chest wall, supraclavicular,
axillary, and internal mammary nodes [9]. Within 1—2 weeks after completion of radiother-
apy, chemotherapy was reinitiated and continued without interruption for the remaining six
cycles. Patients with pathologic stage III breast cancer all received eight courses of A—C
11/20 (55%) also received as described above.

Following completion of the adjuvant treatment as described, patients were followed off all
therapy. Careful clinical and laboratory reexamination was carried out every 3 months.
Repeat bone scans were obtained at 6-month intervals for the Ist year and annually thereafter
unless the scan was initially abnormal or had changed with time, in which circumstance more
frequent scans were obtained. Relapse was confirmed radiographically in all cases and
histologically when possible. Survival and relapse-free survival were calculated by the method
of KAPLAN and MEIER [13] and differences evaluated by the method of GEHAN [7].
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Results

Between June 1974 and May 1978, 131 eligible patients were entered on this ongoing
adjuvant trial. Surgical therapy for stage I and II patients consisted of either a modified
radical mastectomy (67%) or radical mastectomy (33%). A few of the stage III patients had a
simple mastectomy. The distribution of major prognostic factors for the 79 patients with stage
11 breast cancer is summarized in Table 3 and is quite comparable to that of patients in other
ongoing trials [1, 8]. All patients began chemotherapy within 2 months of surgery. Radiation
therapy was administered after two cycles of chemotherapy to 36% of the stage 1I patients
and 55% of the stage I1I patients. Adjuvant chemotherapy with A—C was quite well tolerated
(Table 4). Alopecia was the most common side-effect. Myelosuppression was mild and was
essentially limited to leukopenia. Dose reductions were required in only 23% of patients.
There were no episodes of sepsis or bacterial infection and severe thrombocytopenia was not
observed. Nausea or anorexia with oral cyclophosphamide was reported by about 50% of
patients. Cessation of menses and/or hot flashes occurred in 67% of premenopausal patients.
Serial studies of cardiac function have not shown evidence of decline in ventricular func-
tion.

Therapeutic results for all patients are summarized in Tables 5 and 6. Of 32 stage I patients,
none have relapsed, with a median follow-up of 18 months. Of 79 stage II patients, seven have
relapsed, with a median follow-up of 22 months. Of 79 stage II patients, seven have relapsed,
with a median follow-up of 22 months. Only 2 of the 45 stage ITA patients have relapsed (one
premenopausal, one postmenopausal), whereas 5 of 34 stage IIB patients have relapsed (three
premenopausal, two postmenopausal). Statistical comparison between the actuarial curves of
time to relapse shows advantage for stage IIA patients (P = 0.04). Of the 45 stage IIA
patients, ten received radiotherapy and have not relapsed. Of the 35 patients who did not
receive radiotherapy, two have relapsed. In the stage IIB category only 3 of 25 patients who
received radiotherapy have relapsed while 2 of 9 patients who did not receive radiotherapy
have relapsed. There is currently no statistical difference between the curves of time to relapse
between stage I1 patients (or stage IIA and IIB subclasses) in relation to whether they received

Table 3. Prognostic factors of 79 stage II breast cancer patients entered on the Arizona adjuvant
program

Feature Percent of patients

Menopausal status

Premenopausal 29
Postmenopausal 71

Size of primary tumor

<2cm 16
2—5 cm 84
Number of pathologically involved axillary lymph nodes

1-3 (stage I1A) 57
4 or more (stage IIB) 43

Regional radiotherapy 44
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Table 4. Side-effects of A—C adjuvant chemotherapy for stage
II breast cancer

Side-effect Percent
Bacterial infections 0
Overt cardiac toxicity 0
Myelosuppression

Anemia (requiring transfusion) 0
Thrombocytopenia (platelets < 100,000) 0
Leukopenia

WBC 2500—4000/mm? 40
WBC < 2500/mm? 10
Nausea 67
Alopecia 98
Cessation of menses/hot flashes 64

(in premenopausal patients)

Table 5. Arizona breast cancer adjuvant program: preliminary
results (July 1974—May 1978)

Tumor stage Number of Number of Median
patients relapses follow-up
(%) (months)
I 32 0 (0 18
II 79 7 ) 22
III 20 11 (55) 29
Total 131

Table 6. Arizona breast cancer adjuvant program: relation of risk factors to relapse in stage II and
III patients (No. of relapses/No. treated [%])

Stage Total Premeno- Postmeno- A-C AC + XRT
(median pausal pausal
follow-up)

0y

ITA® (18 mos) 2/45 (4%) /11 (9%) 1/34 (3%) 2/35 (6%) 0/10 (0%)
IIB® (22 mos) 5/34 (14%) 3/12 (25%) 2/22 (6%) 2/9 (22%)  3/25 (12%)
III (29 mos) 11/20 (55%) 4/9 (44%)  7/11 (64%) 4/9 (44%)  7/11 (64%)

2 Stage IIA = 1-3 positive nodes; IIB = 4 or more positive axillary lymph nodes.
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radiotherapy in addition to chemotherapy (P = > 0.9). In the stage III category, 11 of 20
patients have relapsed (55%) with a median follow-up of 29 months. Seven of the 11 stage III
relapses were in postmenopausal patients. Relapses occurred in 7 of the 11 stage III patients
who received radiotherapy and in 4 of 9 who did not. In view of the relatively high relapse rate
in the stage III category, this trial was closed to new entry in July 1977, and a new protocol
incorporating tamoxifen along with A—C and radiotherapy was opened.

Discussion

This report provides initial evidence of efficacy of a brief and intensive program of adriamy-
cin-cyclophosphamide therapy for surgical adjuvant therapy of stage II breast cancer. The
results indicate lack of early toxicity plus efficacy, which is at least equal and possibly superior
to adjuvant trials with melphalan [6] and CMF [1]. The results with our 6-month treatment
program are quite similar to those recently presented by BuzDAR et al. [3] who used 2 years of
treatment with 5-fluorouracil-adriamycin-cyclophosphamide (FAC) plus BCG. Both studies
indicate egivalent benefit in pre- and postmenopausal patients, suggesting that direct cytoci-
dal effects against breast cancer rather than ovarian suppression account for the results. It is
our belief that early use of adriamycin is the major difference between these programs and
those of FISHER [6] and BONADONNA [1], which did not include this agent.

We are very much encouraged by the findings that only 7 of 79 of our stage II patients have
relapsed thus far with a median follow-up of almost 2 years, with about 75% of the patients off
treatment. The finding that four of the seven relapses occurred within 1 year after discontinua-
tion of chemotherapy suggests that with an apparent break in the early relapse curve of our
study, this may be the time of greatest risk of recurrence. While we have not yet seen clear
evidence of additive efficacy of regional radiotherapy to A—C chemotherapy, additional
pathents with substages IIA and IIB will have to be accrued on both the chemotherapy alone
and chemotherapy plus radiotherapy arms to reach a definite conclusion on this question. Itis
too early to make any definite comment on the therapeutic effects of A—C in the stage I
patients that we have treated. However, it is encouraging that no relapses have been observed
as patients within this group who harbor occult micrometastases after surgery would be
predicted to have a very small tumor burden that potentially could be eliminated with a very
brief course of treatment. On the other hand, the program of 6 months of A—C plus
radiotherapy has proven inadequate in intensity to have major effect on the residual tumor
burden and early relapse rate in stage III patients. In fact, 4 of the 11 stage III relapses
occurred during adjuvant treatment. For that reason we have sought to intensify treatment
with the addition of the cytotoxic antiestrogen tamoxifen [17] for this group of very high risk
patients.

To minimize the potential of late cardiax toxicity due to adriamycin, we have limited the total
dose to 90 mgm/M? in stage I patients and 240 mgm/M? in stages II and III breast cancer.
However, it is clear that many years of careful surveillance will be required to evaluate
potential delayed effects such as subclinical cardiac toxicity and induction of second malig-
nancies by the therapeutic agents utilized. These points are particularly germane to our
program for stage I breast cancer patients.

We plan to continue case accrual in our stage I and II patients without modification of the
protocol, as large numbers of patients will be the key to the ultimate analysis that will be made
in comparison to our own local historical controls as well as the control and treated groups in
the other major clinical trials.
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One of the additional factors that we have been evaluating in the Arizona adjuvant program
has been the diagnostic value of baseline and serial bone scanning for detecting otherwise
occult disease at the time of surgery or evidence of early recurrence on serial scans. However,
bone scan data alone has not been used to identify patients who relapsed in our study. In our
initial analysis recently reported by HAMMOND et al. [ 10], serial bone scans proved useful in
identifying adjuvant patients who subsequently had overt relapse. Our major experience with
this phenomenon has been in the 35 stage II and III patients who underwent serial scans. In
general, changes in serial scans were predictive of relapse whether the change was one of
normalization of an initially equivocal or abnormal scan or development of abnormalitiesin a
previously normal or equivocal scan. In the case of normalization, the change appears likely
to reflect tumor mass reduction with A—C of relatively large burdens of otherwise occult
disease, whereas the serial development of definite abnormalities was direct evidence of
recurrence as could be demonstrated radiologically or by biopsy. Stable bone scans on serial
observation were associated with a reduced risk of recurrence (no recurrence among 20
patients followed for a mean time of 20 months after mastectomy). In comparison, 6 patients
among 16 patients followed for a mean of 23 months who had serial changes in the
appearance of their bone scans have developed overt relapse (P = 0.01). Serial use of bone
scans should enable us to select a subgroup of patients at high risk of overt recurrence who
might benefit from a more intensive or prolonged duration of chemotherapy.
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Results of a Randomized Trial of Prophylactic Chemotherapy
in T;-T, Breast Cancer Patients Previously Treated
by Radiotherapy
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Introduction

The goal of this study was to evaluate results obtained with complementary chemotherapy
administered to women with locally evolved breast cancer compared with those obtained in
patients receiving simple immunotherapy or no complementary treatment. This study was
undertaken in April 1975, before the first results of FISHER [4, 5] and BONADONNA [1] were
published. The focus of this study is based on the choice of local treatment i.e., radiotherapy.
In addition, the study includes a group undergoing no complementary treatment (for at least
part of this study) and 75 patients in menopause. The results, although early, favor the use of
complementary chemotherapy.

Patients, Material, and Methods

Participating Centers

Five anti-cancer centers participated in this trial: Clermont-Ferrand (12 patients), Lille (30
patients), Montpellier (19 patients), Nancy (10 patients), and Nice (9 patients).

Choice of Patients

The patients chosen were T3 and T4 (TNM classification) breast tumor-bearing women
without regard to lymph node involvement. They were less than 70 years old and had not
received any previous treatment; 59 patients were classified as having adenocarcinoma, as
having 6 undifferentiated tumors, 1 atypical case, 7 with positive cytology and 1 with
epithelioma of unspecified origin. No significant difference could be shown among the three
randomized groups. Tumors in 47 patients were grade T3 and in 32 were grade T4: no
significant difference was observed among the three randomized groups.

Primary Lesion Treatment

All patients in this trial were submitted to radiotherapy following a protocol prepared by each
center. Surgery, when necessary, was a function of the residual mass and was untertaken as
follows: in the first group without complementary treatment (22 patients), two axillary lymph
node excisions, two mastectomies, and six mastectomies associated with lymph node dissec-
tion; in the group receiving chemotherapy (29 patients), one axillary lymph node dissection
and ten mastectomies associated with lymph node dissection; and in the immunotherapy
group (29 patients), eight mastectomies associated with lymph node dissection. No statisti-
cally significant difference could be established among these groups.
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Randomization

Following locoregional treatment, the patients were randomized into three groups. The first
group received no complementary treatment. The second group was submitted to adjuvant
chemotherapy, i.e., vincristine (1 mg/m?IV) on days 1 and 2, cyclophosphamide (300 mg/m?
IV), and 5-fluorouracil (400 mg/m2IV) on days 3, 4, 5, and 6. This cyclic chemotherapy was
repeated once a month over a 12-month period. The third group was submitted to immuno-
therapy (150 mg fresh BCG from the Institut Pasteur) administered once a week either by
scarification or by the heaf-gun technique. In addition, 150 mg BCG was given PO.
Immunotherapy was maintained for 1 year. In all cases, the complementary treatment was
initiated 4 weeks after the end of radiotherapy.

Evaluation Criteria

The following criteria were employed: the number of relapses, the number of metastases,
length of disease-free interval, toxicity, and survival time.

Patient Distribution by Menopausal Status

Of 80 patients, 20 were premenopausal, with no significant difference among the three
groups; 60 patients were in a natural or artificial postmenopausal state. No significant
difference was noted among the three groups.

Follow-up

All patients were followed for at least 1 year.

Results (Fig.1)

Eighty-two patients were randomized into three groups: 22 patients in the abstention group
and 29 patients in each of the chemotherapy and immunotherapy groups. The smallest
number of patients was in the abstention group because this group was halted in 1976 after
review of the results presented by BONADONNA [1]. Two patients were excluded from the
study: one patient because she was treated by chemotherapy after 3 months of immunother-
apy; and one patient from the abstention group who was mistakely treated by chemotherapy
at 3 months.

Among the patients actually undergoing treatment, in the immunotherapy group (29 pa-
tients), two refused treatment. For these two patients no evolution was noted at 14 and 18
months, respectively. In the chemotherapy group (29 patients), two refused treatment after
two cycles: oneis in an evolutionary period after 15 months and one is nonevolutionary at 19
months; two patients died without relapse, one in acute respiratory failure and one of a
cerebrovascular accident. These patients were not excluded from the analysis.

In the abstention group, 9 of 22 patients are in evolution after 1 year (i.e., 41%). In the
immunotherapy group, 12 of 29 patients are in evolution (i.e., 41%). In the chemotherapy
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Fig. 1. Results of breast cancer clinical trial

group, 5 of 26 patients are in evolution after 1 year (i.e., 19%); two patients died within 6
months due to intercurrent causes. The difference between the chemotherapy group and the
abstention and immunotherapy groups is significant (P < 0.05 and P > 0.03). Nevertheless, if
the entire curve is considered, the values are not significantly different at 36 months, but it is
noted that only 36% of the abstention group are free of relapse compared to 68% in the
chemotherapy group. No major toxicity was noted for any patient in the study.

Discussion

This study demonstrates the value of adjuvant chemotherapy for patients with evolutionary
breast tumors in stages T3 and T4 after previous treatment by locoregional irradiation.
However, the results do not yet affirm whether this is a temporary retardation or a long-lasting
effect on survival time. These results are very similar to those recently presented in the
literature concerning therapy following locoregional surgical treatment [1—5, Chapts. 31 and
37 this book]. This is the first published trial showing any value of chemotherapy following
radiotherapy in the treatment of breast cancer patients with no metastases. In addition, 75%
of the patients treated were menopausal (natural or artificial). Our results support those of
FISHER [4, 5] and BONADONNA [1] at 1 year for postmenopausal women. One important
question remains to be dealt with i.e., whether our results will decrease over time. The results
at 36 months, although not yet significant, still leave room for future confirmation.
BCG immunotherapy was completely ineffective in this group of patients. Even so, BCG did
not make the prognosis worse than that of the abstention group. The inefficacy of BCG can
possibly be explained by the fact that the disease remaining after radiotherapy is too extensive
to judge the effectiveness of this therapy [6]. In addition, due to the size of tumor mass these
patients are immunodepressed and should probably be restored to immunologic competence
before being stimulated. The recent results of RoJAs et al. [7], using levamisole after
radiotherapy for the same tumor stage, supports this argument. All these hypotheses could
explain the effectiveness of a complementary chemoimmunotherapy 3 and Chapt. 37 this
book.
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In summary, adjuvant chemotherapy of evolved breast tumors (T3 and T4) previously
treated by radiotherapy appears to yield encouraging results significant after 1 year, which is
our minimum observation time for all the patients. Only a longer follow-up will allow us to
confirm or reject these promising preliminary results.
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Four Drug Combination Cytotoxic Chemotherapy Following Surgery
for Breast Cancer

G. A. Edelstyn, I. S. Bates, D. Brinkley, K. D. MacRae, H. Spittle,
and T. Wheeler

Introduction

There have been many studies designed to lead to an improvement in the prognosis for
patients with breast cancer. Every branch of therapeutics has been investigated including
surgical techniques, post- and pre-operative radiotherapy, oophorectomy, other endocrine
procedures both ablative and additive, non-specific immunostimulation and the addition of
systemic cytoxic drugs. The Multicentre Cancer Chemotherapy Group present the following
datain a series of 247 patients treated with vincristine, cyclophosphamide, methotrexate and
S-fluorouracil.

Method

A prospective randomized clinical trial was started in 1975 in which 247 patients from 18
hospitals were entered. All patients had stage II adenocarcinoma of the breast with histologi-
cally proven metastases in the axillary nodes. Clinically the patients were T1 or T2, N1A or
N1B,Mo. None of the patients were older than 70 years. All patients admitted to the trial had
primary treatment that was intended to be curative in conventional terms. The surgery was
either a simple mastectomy with axillary node sampling or modified radical mastectomy.
Most patients had post-operative radiotherapy. The data on the value of post-operative
irradiation will be available later. The work at the Mayo Clinic suggests that radiation still has
a place of importance in reducing local recurrence of disease even when chemotherapy is
given [2].

Each referring hospital was issued with a set of random allocation envelopes, the subsequent
data was collected, stored and analysed centrally by the Secretariat in Belfast and statistical
examination was performed by one member of the group (Mac Rae). Random allocation to
receive chemotherapy or to be a control was made at the completion of primary treat-
ment.

The chemotherapy that was given had been designed in a series of earlier studies in advanced
disease [4, 5] and is listed in Table 1. Treatment was given by rapid intravenous injection. If

Table 1. Chemotherapy regimen

Cyclophosphamide 300 mg
Vincristine 0.65 mg
5-Fluorouracil 500 mg
4—6 clear days later

Cyclophosphamide 300 mg
Vincristine 0.65 mg

Methotrexate 37.5 mg
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the patient weighed less than 54 kg the dose of cyclophosphamide was reduced to 200 mg and
methotrexate to 25 mg. The first injection of cytotoxic drugs was given within 10 weeks of
operation. The paired injections were given each month for 6 months.

Results

The early results are given in Tables 2 and 3, 2 years after multi-modal therapy for stage II
breast cancer. Of those given chemotherapy, 77.5% were alive and free from recurrence
compared to 60% of the controls. Six of the 247 patients have died from breast cancer, four
had had chemotherapy and two were controls.

These results are early and the unique demonstration of apparent success in the post-
menopausal patients may disappear in line with the findings of BONADONNA et al. [3] and
FISHER et al. [6] and AHMANN et al. [2].

Table 2. Survival free from recurrence
Months Chemotherapy SE Control SE (%) (as of 31. 1. 78), age up to 49 years

(D 42)

6 96 28 875 5.2
12 89.3 45  66.7 7.6
18 79.6 6.7  66.7 7.6
24 59.8 114 56.8 9.1

Table 3. Survival free from recurrence
Months - Chemotherapy = SE Control SE (%) (as of 31. 1. 78), age 50—70 years

(73) (81)

6 97.2 2.0 96.3 2.1
12 90.9 3.6 74.0 52
18 90.9 3.6 65.6 6.1
24 90.9 3.6 61.9 6.8
Toxicity

In general the treatment was well-tolerated by the patients, 11 of whom did not complete six
courses. In no patient did the haemaglobin fall below 10 G, the WBC fell below 2.4 x 10%/liter
in one, and the platelets below 100 x 10%/liter in one other. The recorded toxic symptoms in
the 124 patients given chemotherapy are shown in Table 4.

In 4 of the 11 patients who did not have 6 months treatment it was because of complications,
severe neuropathy, stomatitis and severe nausea. Two patients refused treatment after one
and two courses, respectively. In one patient treatment was stopped because of intercurrent
disease. In four the information is not available. The toxic effects of treatment are in accord
with the findings of AHMANN [2], BONADONNA [3] and FisHER [6].
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Table 4. Toxic symptoms in

124 patients given VCF/VCM No. of patients
symptom
Severe nausea 11
Nausea 32

Mild stomatitis

Severe diarrhoea

Severe neurological symptoms
Some neuropathy

Slight hair loss

Complete hair loss

Wadh = -Ww

Discussion

The best adjuvant therapy is not necessarily the most effective but the one that most patients
can accept and is effective. Treatment is still directed towards patients with a large residual
tumour burden after surgery and is therefore only relatively effective. Four in this series of 124
patients given chemotherapy have died within 2 years of diagnosis from uncontrolled disease.
BoNADONNA [3] has suggested increasing the treatment to be given to postmenopausal
patients.

The Multicentre group has plans to increase the number of courses of treatment to be given
and to re-design the form of treatment in line with the suggestions of NorToN and Simon [7].
The aim will be to maintain the level of toxicity to the present standard but to test the
theoretical improvement in tumour cell killing by re-scheduling the prescription of the
standard drugs with a boost in dose at the end of the cycle. There is no question about this;
adjuvant cytotoxic chemotherapy is toxic, but almost any effective medical treatment carries
arisk of side-effects. Vomiting, anorexia and epilation are seriously resented for themselves
and because the symptoms recur and are aggravated by each course of treatment.
Endocrine treatment will be added to post-operative chemotherapy in certain subsets of
patients. Currently the Multicentre Group has a sequential study with tamoxifen after
cytotoxics. The question of the cytotoxic effects on the ovary accounting for the preferential
effect in premenopausal patients must be resolved. In Cambridge we are measuring the effect
of this form of cytotoxic treatment on the levels of serum luteinising hormone (LH) and
follicular stimulating hormone (FSH) and the urine oestrogens excretion, to re-examine more
critically the studies by Rose and Davis [8]. This data will be available shortly.
Finally, regarding the question of controlled trials, with the relative ineffectiveness of current
cytotoxic therapy, it is important to assess the treatment of relapse in the context of those
patients who have already been exposed to these drugs as an adjuvant programme. The Mayo
Clinic has already recorded its findings that early introduction of cytotoxic drugs in the
management of advanced disease in premenopausal patients after oophorectomy was
advantageous. Delaying the use of chemotherapy led to a worse prognosis [1].

If the early introduction of cytotoxics denies stage II patients the benefits of intensive
treatment in relapse, this very important factor will have to be assessed by further detailed
trials to devise worthwhile primary treatment. The first steps in the treatment of residual
disease after surgery for breast cancer have been made but there are many more studies to be
investigated.
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Summary

A prospective randomized clinical trial of treatment with vincristine, cyclophosphamide,
methotrexate and 5-fluorouracil after conventional curative treatment for stage II breast
cancer is described. The results at 2 years are recorded together with details of toxicity.
Future plans are discussed briefly.
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Pilot Study on Adjuvant Chemotherapy and Hormonal Therapy
Jfor Irradiated Inoperable Breast Cancer

C. Schaake, E. Engelsman, and E. Hamersma

Introduction

Adjuvant therapy for breast cancer has produced encouraging preliminary results in recent
years [1, 2, 5]. Inoperable patients having a very poor prognosis were selected for a pilot study
employing intensive chemotherapy. Inoperability has been well-defined in our institute since
1956 [3, 6]. Patients with inoperable breast cancer treated by locoregional irradiation show a
10-year survival of less than 5%. Distant metastasis is generally the cause of death. This group
of patients seemed highly eligible for adjuvant systemic treatment since virtually all patients
have occult metastatic disease. It might be expected that improvement both of the relapse-free
interval and the overall survival should be apparent rather quickly. The pilot study was started
in 1975.

Patients and Methods

All patients in this study had inoperable breast cancer without evidence of generalized disease.
Screening procedures included physical examination, blood tests, X-ray mammography,
chest X-ray, and bone scan. The conclusion of inoperability rested on either of two rea-
sons:

1. Inoperability because of local criteria [6];

2. Inoperability because of a positive apical axillary lymph node biopsy [3].

In both groups local tumor control was achieved for the majority of patients by megavoltage
radiotherapy. The breast and regional lymph nodes were irradiated. The applied dose was
4000 rad in 3 weeks, followed by a booster of 1500 rad in five fractions. With this treatment
schedule the 2Y,-year survival is 50%; 20% will survive 5 years. The 10-year survival is less
than 5% due to generalized disease. Because of this poor prognosis, it seemed justified to
apply intensive chemotherapy as an adjuvant treatment for 1 year. Cycling intermittent
chemotherapy as an adjuvant treatment for 1 year. Cycling intermittent chemotherapy
consisting of CMF and ADM-VCR combinations given alternatingly plus tamoxifen was
effective in about 70% of patients with disseminated breast cancer (EORTC protocol 10741)
[4]. Table 1 shows the applied doses in the pilot study. If necessary individual adjustments
were made. Patients had to be in a good general condition and had to be less than 68 years of
age. Adriamycin applied shortly after radiotherapy raised toxicity problems in almost all
patients. There was a relapse of the radiation reaction of the skin. More severe fibrosis of the
subcutaneous tissues and the pectoral muscles was seen. Rib fractures were frequent. We did
not see cardiotoxicity nor severe radiation pneumonia. Because of the complications, adria-
mycin and vincristine were dropped after 1 year. We continued to give CMF monthly plus
tamoxifen.
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Table 1. Dose schedule for the pilot study. (28-day cycle)

Regimen Dose

Adriamycin 60 mg/m? on day 1
Vincristine 1.4 mg/m? on days 1 and 8
Cyclophosphamide 100 mg/m? on days 1—14
Methotrexate 15 mg/m? on days 1 and 8
5-Fluorouracil 400 mg/m? on days 1 and 8
Tamoxifen 30 mg daily

Table 2. Classification of the treated and control groups according
to age and menopausal status

Treated group Control group

Number 59 53
Age (mean) 52 66
Premenopausal 27 5
Postmenopausal 32 48

Meanwhile the radiotherapy was changed 4000 rad in 4 weeks instead of 3; the booster was
reduced to 5—7 x 200 rad. Special attention was paid to the overlapping areas of the fields.
After 2 years the pilot study was closed. Fifty-nine patients had been admitted for treatment.
A “control” group was formed by 53 patients irradiated in about the same period. They did not
receive adjuvant therapy either because of their age or general condition, because they lived
too far away, or because of social or psychologic reasons, or refusal. This group was treated
with relevant therapy when metastases appeared.

A summary of findings concerning age and menopausal status is presented in Table 2.
The pilot study has the following drawbacks limiting definite conclusions:

1. Different treatment schedules in the treated group (code name ACTAL)

2. A questionable control group (nonrandomized)

Patients were seen for follow-up every 3 months after treatment. Physical examination and
blood tests were done every 3 months, bone scan and chest X-ray every 6 months. Once a year
mammography was performed. CEA levels were monitored.

Results and Discussion

Actuarially expressed, the results as of May 1978 are illustrated in Figs. 1—4. The number of
premenopausal patients without evidence of disease is significantly higher in the treated group
(P = 0.0016) (Fig. 1). The number of recurrence-free postmenopausal patients is not signifi-
cantly higher than in the control group (P = 0.10) (Fig. 2). After correction for the small
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number of premenopausal patients in the control group, the proportion of recurrence-free
patients is significantly higher for the treated group as a whole than in the untreated group
(P =0.0040). So far there is no significant difference in survival between the treated and the
untreated groups (P = 0.30 after correction for the small number of premenopausal patients in
the control group). There seems to be a suggestion of a plateau phase for the treated groups
(Figs. 3 and 4).
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Treating inoperable breast cancer patients with adjuvant therapy has no risk of overtreat-
ment. On the other hand, a number of these patients will have so great a tumor load that they
will reveal metastases during treatment or soon afterward. The absence of improvement in
survival might be due to the fact that we found it very difficult if not impossible to select
adequate therapy for the pilot study patients after relapse. It is possible that improvement in
the survival will become evident when the relapse-free survival continues to be longer.
Monitoring CEA levels proved useful in predicting generalized disease: a steady increase in
CEA levels was sometimes seen 6 months before metastasis could be detected.
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Table 3. Randomized controlled clinical trial of adjuvant therapy for inoperable breast cancer

Group 1: Radiotherapy
Group 2: Radiotherapy + CMF + tamoxifen for 1 year

Group 3:  ADR | VCR || CMF — 2 cycles — radiotherapy —
ADR | VCR || CMF — 4 cycles + tamoxifen from the beginning of treatment

In July 1977, we started a randomized controlled clinical trial with three groups (Table 3).
The dose of adriamycin is reduced in the first and second cycle after radiotherapy. The
radiation dose is limited to 4000 rad in 4 weeks without booster; no bolus is used. No severe
complications have been seen until now in the 30 patients entered in the trial.

Summary

A pilot study of adjuvant chemotherapy and hormonal therapy for inoperable breast cancer
was performed. The patients were known to have a bad prognosis because of occult
generalized disease. At the time of first treatment, the patients selected showed no signs of
systemic disease. Local control of the breast and regional lymph nodes was achieved by
radiotherapy. Adjuvant therapy consisted of alternating chemotherapy and tamoxifen.
Adriamycin was dropped from the treatment schedule after 1 year because of enhanced
radiation side-effects. Meanwhile the radiotherapy schedule was changed. A questionable
control group was formed by patients radiated in the same period who failed to meet the entry
criteria for various reasons.

At presents, patients in the treated group show a better relapse-free survival than patients in
the control group. The difference is statistically significant for premenopausal women. There
is no significant difference in the overall survival between the treated group and the control
group after an average follow-up of 2 years. After 2 years, the pilot study was closed. A
randomized controlled clinical trial was started. In one group of this trial intensive chemother-
apy is the first treatment employed.
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Ovarian Irradiation and Prednisone Following Surgery
and Radiotherapy for Carcinoma of the Breast

J. W. Meakin, W. E. C. Allt, F. A. Beale, R. S. Bush, R. M. Clark, P. J. Fitzpatrick,
N. V. Hawkins, R. D. T. Jenkin, J. F. Pringle, J. G. Reid, and W. D. Rider

Introduction

Because some recurrent breast cancers regress following therapeutic castration, several
clinical trials have been carried out to test the value of prophylactic ovarian ablation as part of
primary treatment. In the Manchester Trial, [2] ovarian irradiation (450 rad in one fraction),
in premenopausal patients with histologically negative and positive axillary nodes, delayed
the appearance of distant metastases (P = 0.04) but did not significantly prolong survival (P =
0.07 at 10 years. In the Oslo Trial, [5] ovarian irradiation (1000 rad in six daily fractions), in
premenopausal (histologically positive axillary nodes) and postmenopausal (histologically
negative and positive axillary nodes) patients, delayed recurrence and also prolonged survival
at 7 years but the differences were small. In the Trial of the National Surgical Adjuvant Breast
Group, [6] oophorectomy did not result in a significant delay in recurrence nor prolongation
in survival during 3—5 years of follow-up in premenopausal patients who had either histologi-
cally negative or positive axillary nodes. Because of the ambiguity resulting from these trials,
the following study was begun in 1965 to test the hypothesis that prophylactic ovarian
irradiation, with or without prednisone, could not only delay recurrence but also prolong
survival.

Materials and Methods

From 1965 to 1972, following mastectomy, premenopausal and postmenopausal patients,
aged 35—70 years, with or without histologically positive axillary nodes, received irradiation
to the chest wall and regional nodal areas. They were then randomized to receive no further
treatment (NT), or ovarian irradiation to a dose of 2000 rad in 5 days (R), or (if 45 years or
more) ovarian irradiation in the same dosage plus prednisone, 7.5 mg daily (R + P) for up to
S years. Patients, entered on study, have been followed for up to 10 years. Patients were
considered premenopausal if their last menses had occurred within 6 months of the date of
surgery. Patients who had had a hysterectomy, but not an oophorectomy, were considered
premenopausal up to the age of 50 years. The generalized Wilcoxan test [4] has been used to
determine the significance of differences in the results.

Results

Of 779 randomized patients 23 were ineligible by protocol and are omitted from all analyses.
An additional 51 patients were eligible by protocol but did not receive the randomly assigned
treatment; analyses of the data with or without these patients included has not affected the
results. Therefore, the following data relate to 705 randomized patients who were eligible by
protocol and did receive the assigned treatment as of May 1977.
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For reporting the data, the patients are divided into three groups: (a) premenopausal less than
45 years of age, (b) premenopausal 45 years or more in age, and (c) postmenopausal.

Premenopausal Patients Less Than 45 Years of Age

In this group (35—44 years), clinical stages (TNM) I, II, and III were entered and were
randomized only between NT and R. The two groups were comparable for age and stage.
Histologically positive axillary lymph nodes were identified in 83% of the NT group and in
91% of the R group.

InFigures 1 and 2 the recurrence-free and survival curves (actuarial) are presented. Numbers
of patients followed to specific times are recorded on the graphs. While there is a persistent
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delay in recurrence and prolongation of survival, the differences are not statistically signifi-
cant(P=0.13 for Fig. 1and P =0.19 for Fig. 2). Separate analyses of the histologically node-
positive patients only from Figs. 1 and 2 reveals a similar degree of delay in recurrence and
improvement in survival between the NT and R groups as follows: (a) Fig. 1, P = 0.12; (b)
Fig.2, P = 0.17.

Premenopausal Patients 45 Years or More

In this group clinical stages (TNM) I, II, and III were randomized between NT, R, or R + P.
The three groups were comparable for age and stage. Histologically positive axillary nodes
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were identified as follows: NT, 69%;R, 66%;R + P, 71%. The actuarial recurrence-free and
survival curves are shown in Figs. 3 and 4. Numbers of patients, followed to specific times, are
recorded on the graphs. In Fig. 3 while R and R + P delay recurrence, only R + P does soto a
statistically significant degree (NT versus R + P, P = 0.02). In Fig. 4 R and R + P prolong
survival, but only R + P does so significantly over the NT group (P = 0.02). If only the
patients with histologically positive axillary nodes from Figs. 3 and 4 are analyzed, the
significance of the differences between the NT and R + P groups decreases to: (a) Fig. 3,P =
0.04; (b) Fig. 4, P = 0.06.

Postmenopausal Patients

No differences in time to recurrence nor in survival could be demonstrated between the NT, R,
and R + P groups.

Discussion

These data are in agreement with the Manchester [2] and Oslo [5] Trials in demonstrating an
apparent delay in recurrence and prolongation of survival after adjuvant ovarian irradiation
alone, but were not statistically significant in this study. The lack of agreement with the results
of the NSABP [6] Trial of prophylactic oophorectomy is possibly the effect of chance or that
an irradiated ovary may result in a different physiologic state from that after a surgical
oophorectomy. Alternatively, further follow-up data from the NSABP [6] Trial may demon-
strate some value for surgical oophorectomy, for it may be noted that the effect of ovarian
ablation in our study did not become firm until after 3—5 years of follow-up.
However, the data of this study indicate that the addition of small doses of prednisone to
ovarian irradiation produces significant delay in recurrence and prolongation in survival in
premenopausal patients. Whether the prednisone produced its effect by suppressing estrogen
of adrenal origin or by some other mechanism is not known. Other possible mechanisms
include a reduction in prolactin secretion (perhaps mediated by reduced estrogen production),
immunologic factors, or direct antitumor effects. Again it is emphasized that the effect of
ovarian irradiation plus prednisone did not become definite until after 3 years of follow-
up.

One of the important features of these data is that ovarian ablation and prednisone were
effective in premenopausal patients with histologically positive axillary nodes to a degree
comparable to the published data for adjuvant melphalan [3] and CMF [1] (cyclophospham-
ide, methotrexate, 5-fluorouracil) in premenopausal patients. Thus, it would seem rational in
future studies to examine the role of adjuvant hormonal therapy, both as a complement to and
as an alternative to adjuvant chemotherapy.

Summary

Following surgery and regional radiotherapy for operable carcinoma of the breast in preme-
nopausal women, ovarian irradiation (2000 rad in five daily fractions) plus prednisone
(7.5 mg per day) results in delayed recurrence and prolonged survival.
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Adjuvant Therapy of Stage 11, III Breast Cancer

A. V. Buzdar, J. U. Gutterman, G. R. Blumenschein, Ch. K. Tashima,
G. N. Hortobagyi, H. Y. Yap, E. M. Hersh, and E. A. Gehan

Introduction

Combination chemotherapy has significantly improved the response rate in the treatment of
advanced breast cancer, and the adriamycin-containing regimens have been shown to be
superior to non-adriamycin-containing combinations in the treatment of advanced disease [ 1,
4,9, 11]. A combination of adriamycin, 5-fluorouracil, and cyclophosphamide (FAC) was
reported by us to produce 75% remission in stage IV breast cancer [1]. Addition of
nonspecific immunotherapy with BCG (FAC-BCG) to that regimen prolonged the duration
of remission and survival {8]. From January 1974, all patients with stage II or III breast
cancer following regional therapy were treated with a similar FAC-BCG regimen. The
preliminary result of this study has been previously reported {5, 6]. The updated results
reported in this paper show that this combination is effective in prolonging the disease-free
interval and survival of stage II, III breast cancer.

Materials and Methods
From January 1974 to October 1976, 131 patients with stage IT or III breast cancer following

regional therapy were entered into the FAC-BCG study. Chemoimmunotherapy regimen as
shown in Table 1 was started within 8—10 weeks of radiation and mastectomy. Except for 21

Table 1.

Adjuvant FAC-BCG regimen

5-fluorouracil

400 mg/m? IV day 1 and 8

Adriamycin 40 mg/m? IV day 1
Cyclophosphamide 400 mg/m? IV day 1 q 28 days
BCG (6 x 10® organisms Days 9, 16, and 23 cycle
by scarification)
Maximum dose of adriamycin 300 mg/m?
Maintenance regimen
5-fluorouracil 500 mg/m? day 1 and 8
(PO in 4 divided doses)
Methotrexate 30 mg/m? IM day 1 and 8 q 28 days
Cyclophosphamide 500 mg/m? day 2 cycle

BCG (6 x 10% organisms
by scarification)

(PO in 4 divided doses)
Days 9, 16, and 23
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patients in the FAC-BCG group, all of the patients received routine postoperative radiation
therapy in the FAC-BCG group. Adriamycin was discontinued at a total dose of 300 mg/m?,
and the patients were switched to maintenance therapy as shown in Table 1. Chemoimmuno-
therapy was discontinued at the end of 2 years. The details of the experimental design,
treatment, statistical methods and comparability of the two groups have been previously
reported [8]. The disease-free interval and the survival of the FAC-BCG group was compared
to a group of historical control patients. The historical control group consisted of all the
patients with a diagnosis of breast cancer who were admitted to M. D. Anderson Hospital
between January 1972 and December 1973. These patients have stage II or stage III disease
(according to UICC classifications). This group comprised 151 patients. Patients receiving
FAB-BCG were followed with weekly blood counts, but SMA-100, E, and urinalysis were
performed before each cyle of therapy. Chest X-ray, bone scan, liver scan, and skeletal survey
were done every 4 months or earlier if indicated by clinical course. Mammograms on the
remaining breast were done every year. The patients in the control group were examined for
evidence of recurrent disease at least every 4 months and had SMA-100, chest X-ray, skeletal
survey, and yearly mammograms. Bone scan and liver scans were only done if indicated by
clinical course. Evidence of tumor was confirmed by biopsy when possible or by clinical,
pathologic, radiologic, or radioisotopic studies.

Results

Figure 1 shows the overall disease-free interval of two groups. In the FAC-BCG group, the
longest follow-up was 48 months (median follow-up 28 months). Only 30 patients at the time
of this analysis had less than a 2-year follow-up. Eighty-eight percent of the FAC-BCG
patients were free of disease compared to 65% of control patients (P < 0.01). Table 2 shows
the percentage disease-free by various patient characteristics. In the FAC-BCG group
irrespective of menopausal status, number of involved nodes, or stage of disease, there was a
significantly higher proportion of patients free of disease, except for premenopausal patients
with one to three nodes. It is possible that with longer follow-up this group could demonstrate

Adjuvant FAC-BCG
Disease-free Interval
100

80t

Percentage

Total Dead

131 10 oFAC-BCG

151 55 & Control
1 Alive

40 + p<0l

0 . . . : . . . R Fig. 1. Overall disease interval
0 16 32 48 64
Months
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Table 2. Percentage disease-free at median follow-up of 28 months

Characteristics Controls FAC-BCG P value
one tail
No. of Percent No. of Percent
patients disease- patients disease-
free free

All patients 151 65 131 88 <0.01
Stage®
I 91 70 98 92 <0.01
111 60 56 33 76 0.01
Premenopausal®
1—3 nodes 14 70 20 85 0.16
> 4 nodes 24 40 35 77 <0.01
Postmenopausal
1-3 nodes 46 78 25 100 0.01
> 4 nodes 67 62 50 88 <0.01

2 According to UICC classification.

® One male patient was included in FAC-BCG group and was disease-free at this analysis.

better disease-free survival. Figure 2 illustrates the disease-free interval of postmenopausal
women. In patients with one to three positive nodes in the FAC-BCG group, all the patients
were free of disease compared to 78% in the control group, and these differences were
significant (P = 0.01). In the group with more than four positive nodes, 88% of the FAC-BCG
patients were free of disease compared to 62% in the control group, and these differences were
highly significant (P < 0.01). Figure 3 shows the overall survival of patients. Ninty-four
percent of the FAC-BCG patients were alive compared to 85% of the control patients at 28

Fig. 2. Disease-free interval of postmenopausal

patients

Percentage

100
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Adjuvant FAC-BCG
Survival from Surgery
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months. These differences were highly significant (P < 0.01). The detailed toxicity of this
treatment has been previously reported [8]; since that report, two patients have developed
congestive cardiac failure, possibly related to adriamycin. One patient has improved after
digitalization, but other patients continued to require supportive therapy.

Discussion

This treatment has been effective in prolonging the disease-free interval and survival of stage
II and stage I1I breast cancer patients irrespective of menopausal status or number of involved
nodes, and as shown in the Table 3 these results compare favorably to the previous reports
with L-PAM [7] or CMF [3]. The L-PAM study had no significantimpact on the disease-free
survival of postmenopausal women. However, the CMF study had success in prolonging the

Table 3. Comparison of disease-free interval of L-PAM, CMF, and FAC-BCG studies (estimated
percent disease-free at 24 months)

Characteristics L-PAM CMF FAC-BCG

Control Treatment Control Treatment Control Treatment

< 50 years
1—3 nodes 70.9 96.9 70 96 71 85
> 4 nodes 48.9 55.5 20 64 42 77
> 50 years
1—3 nodes 86 88.2 80 78 77 100
> 4 nodes 61.5 59.7 60 67 64 88

Total 68.4 76.2 64 80 64 88
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disease-free interval of postmenopausal women in an earlier report [2], but on a follow-up
report at the median follow-up of 17 months of study there were no significant differences in
the relapse rate between the treated and the control group [3]. Our chemoimmunotherapy
regimen has been effective in prolonging the disease-free interval of pre-as well as postmeno-
pausal women. In postmenopausal patients with one to three positive nodes, there has been no
recurrence up to the present time, and in four or more positive nodes, 88% of FAC-BCG
patients were free of disease beyond 2 years. As shown in Table 3, the relapse rate in the
control group between the three studies is comparable in each subgroup, except in premeno-
pausal patients with more than four positive nodes in the CMF study. L-PAM and CMF
studies utilize the concurrent controls, and in the FAC-BCG the historical controls were used.
From this data it is obvious that in comparable risk groups the relapse rate has remained
uniform and little has changed in the natural history of breast cancer. The possible reason this
regimen was more effective than L-PAM or CMF may be due to the fact that an adriamycin-
containing combination regimen was used, as adriamycin-containing combinations have
been shown to be superior to non-adriamycin-containing treatments [4, 11]. The results of
this study are consistent with animal experimental data that show that effective treatments for
advanced disease are likely to be effective as an adjuvant for micrometastases [4]. It is difficult
to determine the role of the postoperative irradiation and immunotherapy from this study.
Currently, we are studying the role of radiotherapy and nonspecificimmunotherapy (BCG)in
a prospective randomized trial.
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Randomized Trial With Poly A-Poly U as Adjuvant Therapy
Complementing Surgery in Patients With Breast Cancer:
In Vitro Study of Cellular Immunity

F. Lacour, G. Delage, A. Spira, E. Nahon-Merlin, J. Lacour,
A. M. Michelson, and S. Bayet

Introduction

Poly A-poly U is known to be potent in stimulating cellular and humoral immunity [4, 8]. The
observation that its use, following surgery, had a definite inhibitory effect on tumor growth of
spontaneous mammary adenocarcinoma in mice without any toxicity [19, 21] prompted the
initiation of a therapeutic trial with the polyribonucleotide complex.

Although numerous attempts to stimulate the host immune responses by nonspecific agents
have been made during the last years, these studies have been difficult to evaluate, since most
of them lacked adequate comparability of the groups. It is only with randomized controlled
studies that the role of adjuvant therapy can be evaluated. Therefore, the first randomized trial
using poly A-poly U as an adjuvant therapy complementing surgery in patients with breast
cancer was started in November 1972 at the Institut Gustave-Roussy, France [22, 23].
Thus far, the results on 229 patients are available. Of these, one group of 113 patients was
given conventional therapy and the second group of 116 patients was given treatment with
poly A-poly U in addition to the conventional therapy. The leukocyte migration inhibition test
(LMIT) was used to estimate the cellular immune response. Tumor tissue obtained at surgery,
and serum and leukocytes collected periodically, were assayed. Each assay was performed in
the presence of: (1) autologous tumor extract (T), (2) autologous serum (S), and (3) a
combination of both autologous tumor extract and serum (T+S). The present report describes
the results obtained for those patients who have been followed for more than year.

Material and Methods

Selection of Patients

Patients were selected according to the UICC classification, using the TNM system. Patients
with tumors of small size, namely T1 NO or N1 MO, were excluded since their prognosis is
generally favorable and it would be difficult to identify clearly the effects of poly A-poly U
treatment. Patients with tumors larger than 7 cm at their greatest diameter were also excluded,
since they are routinely treated in our institute with preoperative radiotherapy followed by
modified radical mastectomy. Patients corresponding to category T2 and part of T3 NO N1
MO were selected for trial if the tumor was an infiltrating carcinoma of 2—7 cm at its greatest
diameter, without skin involvement or complete fixation to the pectoralis major, without
palpable nodes (or with palpable but moveable nodes), and without any detectable metastasis.
These patients were randomized into two groups as follows.

Conventional Treatment Group (CT)

Patients were submitted to either radical mastectomy or modified radical mastectomy
without any additional treatment if the nodes were free of cancer. If the nodes were metastatic,



130 F. Lacour et al.

postoperative radiotherapy was employed and a radiotherapeutic castration was performed if
the women were still menstruating or were within 2 years of the menopause.

Conventional Treatment + Poly A-Poly U Group (CT+Poly A-Poly U)

These patients were treated exactly as those in the CT group, but they also received 30 mg of
poly A-poly U injected intravenously once a week for 6 weeks, beginning 7 days after surgery.
Inthe CT group, patients received the same amount of saline. The preparation of poly A-poly
U and of the complex [12] and tumor extracts, serum, and leukocytes [29] were described
previously.

Leukocyte Migration Inhibition Test (LMIT)

The LMIT was modified from the technique originally described by SOBORG and BENDIXEN
[30] and performed as previously described [29]. Four series of tests were performed at the
same time, each of them in quadriplicate in an autologous system.

1. T = 10% colt serum + tumor extract 200 ug/ml proteins;

2. S = 10% patient serum;

3. T + S = 10% patient serum + tumor extract;

4. Control = 10% colt serum.

The migration index of autologous lymphocytes is given by the formula:

MI = Mean of migration of 4 replicates in the presence of Tor Sor T + S

" Mean of migration of 4 replicates in the absence of Tor Sor T + S

A migration index of 0.80 or below can be considered, in first approximation, as an inhibition
of migration [ 14, 26]. We verified that is was the lower limit of the 5% confidence interval of
mean migration index of the controls.

To eliminate the possibility that prolonged storage might have resulted in toxicity of extracts,
control tests with leukocytes from healthy donors were performed with those extracts that
had been positive when tested initially with autologous leukocytes. No toxicity was noted
since only 3 out of 30 showed an inhibitory effect. Comparison of the groups was performed
using the chi square test.

Results
Leukocyte Migration Inhibition

Horizontal studies of migration of leukocytes in the presence of (1) autologous tumor extract,
(2) autologous serum, and (3) autologous tumor extract in conjunction with autologous serum
were performed in a group of 159 of the breast cancer patients in the trial. Seventy-five of these
patients belong to the CT group and 84 to the CT + poly A-poly U group. Tests were
performed 7 days, 2 months, 4 months, and 1 year after the operation.

Table 1 summarizes results of tests with this material that were perfomed at the same time at
each period.
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Table 1. Effect of autologous tumor extract (T), autologous serum (S), and autologous tumor
extract plus serum (T + S) on the migration of leukocytes of breast cancer patients

Leukocyte Test Conventional treatment (CT) CT + poly A-poly U

(postop) material
added Pos/total % pos Pos/total % pos

(LMIT) (LMIT)

7 days T 30/75 40 (12 31/84 37 (2)?
S 22/75 29 (3) 30/85 35 (4)
T+S 30/67 45 (5) 40/81 49 (6)

2 months T 25/55 45 (1) 24/80 30 2)
S 21/56 38 (3) 43/83 52 (4)
T+S 34/51 67 (5) 49/78 63 (6)

4 months T 33/58 57 () 36/68 53 (2
S 26/60 43 (3) 19/69 28 (4)
T+S 36/56 64 (5) 36/63 57 (6)

1 year T 31/48 65 (1) 29/45 64 (2)
S 30/50 60 (3) 217/50 54 (4)
T+S 33/45 73 (5) 31/43 72 (6)

® No significant difference was found between CT and CT + poly A-poly U groups of patients.
(1) P<0.05; (2) P<0.001; (3) P 0.01; (4) P 0.01; (5) P<0.05; (6) P<0.10 NS.

Inhibition in the Presence of Autologous Tumor Extracts

With autologous tumor extract from patients, an inhibition activity in the CT group generally
increased regularly and significantly (P < 0.05) with time and rose from 40% when tested 7
days after the operation to 65% when tested 1 year after surgery. Similar patterns were
observed in the CT + poly A-poly U group; 37% of the LMITs were positive on the 7th day
after the operation and 64% 1 year after surgery (P < 0.001). However, the difference between
the two groups is not significant (P > 0.10). In a previous study, control tests were performed

with 17 autologous normal tissue extracts (muscle or breast). No inhibition was found
[29].

Inhibition by Autologous Sera

The migration of leukocytes in medium supplemented with 10% autologous serum was
compared with migration in medium supplemented by 10% colt serum. The first test on
each patient was performed with autologous serum separated from blood taken 7 days
previously, shortly before, or during the operation. Autologous serum caused inhibition of
leukocyte migration in the CT group (29%) and in the CT + poly A-poly U group (35%); the
difference between the two groups is not significant. The number of patients with a positive
LMIT increased significantly with time after surgery in both groups (P < 0.01 in each group)
exceptin the third testin the CT + poly A-poly U group. Decomplemented and fresh sera were
found to have the same effect indicating that the serum-mediated inhibition is not complement
dependent [20].
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Inhibition by Autologous Tumor Extract and Autologous Serum

The percentagee of positive-LMIT patients was always higher in both groups when extract
was used in conjunction with autologous serum than the percentage obtained by tumor
extract alone or by serum alone. This percentage also increased with time in both groups. The
results of the present study confirm and extend our earlier finding in which we noted a
synergistic effect of the serum [20]. From the date in Table 2, concerning patients who had
complete sets of tests, it can be seen that in the CT group, the LMIT was positive in the
presence of the combination of tumor extract and serum in 7 out of 77 patients, while neither
tumor extract nor the serum used separately showed inhibitory effects. In two patients,
increased inhibition of migration, i.e., a reduction of more than 20% below that produced by
serum alone or tumor extract alone, occurred. In 9 out of the 77 patients (12%), a synergistic
effect was noted. Similar results were found in the CT + poly A-poly U group. In 9 out of the
78 patients (12%), no effect was found with serum or tumor extract alone and inhibition was
only observed when they were used in combination.

Table 2. Effects of tumor extract (T) and of serum (S), compared to the
effects of tumor extract in conjunction with serum (T + S), on the migration
of autologous leukocytes of 18 patients, showing the presence of a serum
synergistic factor (SSF)

CT group Migration index of leukocytes
(patient)

T S T+S
1 0.83 0.83 0.28
2 0.99 1.08 0.69 29/77 12%
3 1.21 0.99 0.69
4 0.86 0.81 0.59
5 0.93 0.85 0.55
6 1.00 1.10 0.78
7 0.69 0.68 0.44
8 0.86 0.58 0.31
9 1.06 1.59 0.62
CT + poly A-polyU T S T+ S
group (patient)
1 0.98 1.21 0.70
2 0.78 1.05 0.51 29/78 12%
3 1.01 1.17 0.77
4 0.89 0.76 0.43
5 1.11 1.06 0.75
6 1.02 1.08 0.75
7 1.08 1.20 0.60
8 0.95 0.90 0.64
9 1.14 1.02 0.52

a Number of patients who had a complete set of tests (T, S, and T + S).
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The results of the LMIT were analyzed to determine whether there might be a possible
relationship between such findings and the prognosis, since the status of axillary lymph nodes
constitutes an important prognostic factor. Table 3 shows data on N+ and N-patients. The
percentages of those with a positive LMIT in the presence of T, S,and T + Sinthe CT and CT
+ poly A-poly U groups were similar.

Most of the N+ patients received complementary radiotherapy but as shown in Table 4, this
additional treatment did not appear to influence the results of the LMIT. The only factor that
seemed to be correlated with this prognosis was the SS factor. Clinical and histologic findings

Table 3. Percentage of patients with positive LMIT as related to the
status of axillary lymph nodes

N % N + %

7 days T 20/46 43 41/113 36
S 18/46 39 34/114 30

T+S 24/43 56 46/105 44

2 months T 18/42 43 31/93 33
S 20/42 48 44/97 45

T+S 24/39 62 59/90 66

4 months T 22/40 55 47/86 55
S 12/40 30 33/89 37

T+S 22/36 61 50/83 60

1 year T 20/25 80 40/68 59
S 14/27 52 43/73 59

T+S 18/24 75 46/64 72

No significant difference was found between N — and N +.

Table 4. Percentage of patients with positive LMIT as related to post operative
irradiation

Not irradiated % Irradiated %
postop postop
2 months T 18/45 40 31/89 35
S 23/45 51 40/93 43
T+S 27/42 64 55/86 64
4 months T 22/43 51 46/82 56
S 15/44 34 30/84 36
T+S 24/40 60 47/78 60
1 year T 22/28 79 38/65 58
S 15/30 50 42/70 60
T+S 20/27 74 44/61 72

No significant difference was found between nonirradiated and irradiated
groups.
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Table 5. Clinical and histologic findings in 18 patients with synergistic

factor

Conventional CT + poly A-poly U  Total No.
treatment (CT)

No. of patients 9 9 18

Axil. N + 8 7 15 (83%)
Axil. N — 1 2 3

Bloom III 3 3 6
Metastasis 6 2 8 (44%)

for 18 patients possessing the synergistic serum factor are shown in Table 5. These patients
were equally distributed in both categories of treatment: nine patients in each. The two
subgroups are comparable with regard to age (mean age 54 years), tumor extension (ex-
pressed by the TNM of the UICC classification), histologic grading following BLoom and
RICHARDSON [2], and percentage of N+ patients. They differ, however, with regard to the
number of patients with metastases (Table 5). In this same group of patients selected because
their serum contained SS factor, both the incidence of nodal involvement (83% compared to
68% among those patients who had no SS factor) and the percentage of patients with
metastases (44% compared to 21%) were higher. Thus, in contrast to a previous report
concerning a rather small number of patients [20], these results suggest that the presence of SS
factor may have a bad prognostic significance.

The second observation concerns the number of metastases in the two subgroups of patients:
six out of nine in the CT group (66%) versus two out of nine in the CT + poly A-poly U group
(22%). The same trend between the two therapeutic categories was observed in the whole
population of the trial. When we looked for more details of the N+ patients of both subgroups
with SS factor, it was observed that in the CT subgroup with SS factor there were two patients
with one single involved node who did well, three patients with two involved nodes who
developed metastasis, and three patients with three or more involved nodes who all had
metastases. In the CT + poly A-poly U subgroup, four patients had two involved nodes and
none of them had any treatment failure; of the three patients with three or more involved
nodes, only two developed metastases.

Discussion

Poly A-poly U decreases the incidence of metastases and increases the survival from
mammary tumors in C3H/He mice when used as an adjunct to surgical removal of the
primary cancer. The effect on metastases was even more striking in a transplantable melano-
ma in hamsters [21]. It has also been demonstrated that it retards tumor growth in mice
bearing transplantable leukemia [27]. A prophylactic effect on leukemia on mammary
tumors in mice was also described [10, 18]. There is little information on poly A-poly U in
cancer in man. WANEBO et al. [31] described only paradoxic immunologic effects of this
complex in a limited series of cancer patients.

The present sequential study of cell-mediated immunity in breast cancer patients did not show
any statistically significant difference in the immune reactions tested by the LMIT between
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the two groups of patients: CT and CT + poly A-poly U. However, there is something to be
learned from the cumulative data of both groups. The results of the LMIT in 159 patients with
breast cancer confirm previous findings that cell-mediated immunity can be detected in such
patients [29]. The use of autologous material eliminates the problems of allogenic recognition.
The reactivity of leukocytes against autologous tumor antigens regularly increased with time.
Our results differ from those obtained by JONES et al. [ 15] who tested the leukocytic reactivity
of 107 patients with breast cancer stage I and II at 7 days, 2 months, 6 months, and 1 year
after surgery. In their randomized trial, patients were treated differently from those of our own
series: they were submitted to a simple mastectomy with nodal biopsies, with or without
postsurgical radiotherapy and only tumor tissue was tested. They observed a decrease in the
proportion of positive LMIT patients from the first to the second test and an increase from the
third to the fourth. It is possible that the difference between the observations of JONES et al.
and ours may be due, partially at least, to the difference in therapeutic methods.

In our series we also observed an increase with time of the activity of autologous serum that
was previously shown to have an inhibitory effect on leukocyte migration [5, 6, 20]. The effect
of serum in addition to tumor extracts was also tested to investigate whether sera from breast
cancer patients could abolish the inhibitory action of autologous tumor extracts on leukocyte
migration. Autologous serum did not reverse the leukocyte migration inhibition, and a
blocking effect [11, 13] was noted in two cases. To the contrary, serum enhanced the tumor
inhibition effect on leukocyte migration, confirming our earlier observation [20] which has
also subsequently been confirmed by COCHRAN et al. [6]. It was not possible to detect any
significant difference between the activity of tumor extracts on leukocytes from patients with
or without positive axillary lymph nodes (the involvement of which are known to indicate a
bad prognosis (Table 3)).

The LMIT with tumor extract has been frequently used for the study of cellular immunity
in breast cancer patients [1, 3, 7,9, 16, 17, 20, 24, 25, 28, 29, 32]. Most of these studies were
performed with homologous extracts and did not provide convincing data in favor of the
prognostic value of the test. Using both autologous tumor extract and autologous serum to
test the reactivity of leukocytes, we have shown the presence of a synergistic serum factor.
The presence of this synergistic factor seems to be correlated with a poor prognosis. The
nature of this factor still remains to be determined. It should be emphasized that the incidence
of metastases was much higher in the CT subgroup than in the CT + poly A-poly U subgroup.
The same trend was also observed in the whole series of patients.

However, these figures are still not large enough to permit any definitive statistical conclusion.
More firm data will emerge as the number of patients in the trial increases. A longer period of
observation is mandatory before a new appraisal is done. All patients will then have been
followed for 3 years at least, at which time it may be possible to determine both whether poly
A-poly U is beneficial and whether the presence of the synergistic serum factor can be of
prognostic value. We also do not know whether or not patients with a progressive increase of
LMIT postivity have a better host defense. Perhaps with a longer clinical follow-up, this
question will be answered.

Summary

The immunologic reactivity of patients with initially operable breast cancer was measured by
the leukocyte migration inhibition test using autologous tumor extract (T), autologous serum
(S), and a combination of both (T+8S). These patients formed part of a randomized clinical
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trial comparing, on the one hand, conventional treatment and, on the other, conventional
treatment complemented by injections of poly A-poly U.

A sequential study was carried out on 159 patients, testing them 7 days, 2 months, 4 months,
and 1 year after the operation. Statistical comparisons revealed no significant difference in the
reaction of the two groups. In addition, no significant differences were found between those
with lymph node involvement and those without. Radiotherapy given to those with lymph
node involvement did not significantly change their reactions.

We were able to show that the percentage of patients with a positive leukocyte migration
inhibition test (LMIT) increases regularly and significantly with time. This study confirmed
the presence in some autologous serum of a synergistic factor (SS factor) which increased the
inhibition of migration of leukocytes by autologous tumor extract. This factor wasfoundin 18
patients, equally divided between both therapeutic groups. In the group with SS factor, the
percentage with lymph node involvement appeared greater (83% compared with 68% among
those patients who had no SS factor), and the incidence of metastases was also increased
(44% compared with 21%). This factor seemed to indicate a bad prognosis. However, there
was a difference in the results between the two therapeutic groups in patients with the
synergistic factor. Of nine patients undergoing conventional treatment, six had developed
metastases, whereas only two out of the nine patients who also poly A-poly U developed
metastases. The same trend was observed in the whole trial population.
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Levamisole: As Adjuvant to Cyclic Chemotherapy in Breast Cancer

E.J. W. Stephens, H. F. Wood, and B. Mason

Selection of Patients

Sixty women under the age of 65 attending the Clinical Oncology Unit at Auckland Hospital,
Auckland, New Zealand and who had symptomatic end-stage mammary carcinoma were
invited to participate in this study after its nature and aims had been explained to them. Fifty-
five patients were postmenopausal by natural or artificial means. Fifty-four of these women
had failed to achieve a remission or had achieved and then lost a remission by a variety of
hormonal manipulations both additive and ablative. A further six women were incorporated
into this study as primary therapy because of the known absence of cellular oestrogen
receptors or because of rapidly progressive visceral disease without knowledge of oestrogen
receptor status. The 60 patients were treated between September 1975 and December 1976,
the minimum follow-up being 15 months and the maximum 27 months at the time of
reporting.

Method

All patients received a regimen of combination cytotoxic therapy involving cyclophospham-
ide, adriamycin and 5-flourouracil, as indicated in Table 1. All injections were given by rapid
intravenous injection, as day stay patients, into a paediatric vein seeker unit attached to a fast
running intravenous infusion.

A philosophy of remission induction (6 x 28-day courses) and remission maintenance
(12 x 56-day courses) was embarked upon. In addition, patients were randomised in double-
blind fashion to receive either 150 mg/day levamisole in divided doses on days 15, 16 and 17
and 22, 23 and 24 of each cycle or identical placebo tablets. Treatment was terminated upon
reaching an adriamycin ceiling of 550 mg/m? (if no prior mediastinum or left chest irradia-
tion) or 450 mg/m? (with prior irradiation) regardless of the disease status. However, patients
continued on levamisole or placebo beyond this time until analysis.

At the time of relapse patients were treated on symptomatic grounds utilising radiation
therapy or other ancillary means. If chemotherapy remained the treatment of choice a back-

Table 1. FAC regime

Drug Dose Route Days
5-Flourouracil 500 mg/m? v 1 and 8
Adriamycin 50 mg/m? v 1

Cyclophosphamide 500 mg/m? v 1
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Table 2. MMF regime

Drug Dose Route Days
Melphalan 30—40 mg/m> 1V 1
Methotrexate 40 mg/m? v 4 and 7
5-Flourouracil 600 mg/m? IV 4 and 7

up regime of methotrexate, melphalan and 5-flourouracil was used until further relapse
(Table 2). In addition, at relapse some patients were entered in a separate trial of medical
adrenalectomy by means of 6-aminoglutethimide (reported separately) [6]. However, the
constant variablein all patients remained the presence or absence of levamisole as adjuvant to
cyclic chemotherapy as the initial intensive therapeutic manoeuvre.

No patients are lost to follow-up. The principal end point for analysis has been survival.
However, response to chemotherapy and duration of remission are also reported.

Results

Two patients have been omitted from analysis. One died before receiving the trial preparation,
the other had the trial medication accidentally omitted during the first cycle. Thirty-one
patients were randomized to receive levamisole and 29 to receive placebo; both dropouts had
been allotted to the levamisole group. Therefore, after these exclusions, 29 patients are
evaluable in each group.

Remission Rate

No patient achieved a sustained complete remission according to the criteria of remission
employed (ECOG). However, the partial remission rate (50% or greater reduction in measur-
able metastases for a minimum of 3 months) of 43% is in accordance with similar studies;
64% of the total group showed static disease or remissions. However, the partial remission

Table 3. Remission rates with FAC chemotherapy

Result of FAC treatment?

Partial Static Progressive Levamisole
remission disease vs. placebo
Levamisole group 17 6 6 P° = 0.0042
(n = 29)
Placebo group 8 6 15
(n = 29)

2 There were no complete remissions.
b Mann-Whitney U test.
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rate was higher in the levamisole-treated patients than the control group. Equal numbers
showed no real alteration in their assessable parameters, while a larger proportion of placebo-
treated patients showed progression of their disease. The difference between these groups is
significant (Table 3).

Duration of Remission

This information is not readily extractable as, in effect, there were two end points. A negative
one — progression of disease — and a positive one — when a patient attained their adriamycin
ceiling. Nevertheless, it was possible to identify patients who had a sustained partial remission
or where there was no evidence of disease progression over a 6-month period. There were 32
such patients, 21 of whom had received levamisole and the remaining 11 belonged to the
placebo group. This difference fails to reach statistical significance.

Survival

Levamisole-treated patients survived longer than placebo controls, the median survival time
being prolonged by 7 months. As of now, the optimum dosage and frequency of administra-
tion of levamisole is unclear. However, the effect is dose dependent, and the maximum effect is
probably present at a dosage of 2—4 mg/kg for 2 or 3 days each 2nd week (Fig. 1). In this
study a fixed dosage was used and patients whose weight greatly exceeded 70 kg were
probably underdosed.

Survival after Presentation with Disseminated Breast Cancer
Age € 65 yrs Wgt < 70 kg
100

Clinical Oncology
Auckland Hospital

80 4 October 1977

60

survival %

40 1

20 | O——0 COA 018 levamisole n=21
&———e (COA 018 placebo  n-=24

Fig. 1. Survival of patients
70 kg body weight or less

3 6 9 2 15 18 21 2
months after first chemotherapy course
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Table 4. Mean survival with and without levamisole

Mean survival

Levamisole Placebo
Patients CR + static 22 months? 12 months
disease at 6 months
Patients with progressive 7 months® 5 months

disease

2 Significant, students f-test, P < 0.05.
b Not significant.

Table 5. Patient distribution of the two groups

Levamisole group  Placebo group Total population

(n = 29) (n =29 n = 58)
Age (years) 50 52 51
Median (+ range) (32-63) (30—65) (30—65)
Weight (kg) 60 61 60
Median (+ range) (43-102) (45—116) (43—116)
Menopausal status
Natural menopause 13 19 32
Menopause induced by surgery 13 8 21

or radiation

Premenopausal 3 2 5

This prolongation of survival occurs in fact only in those patients who achieved remission or
disease stabilisation with FAC chemotherapy. When the total group is broken down into
responders and nonresponders and reevaluated, it is clear that a significant levamisole-
associated increase in survival is found in responders but not in nonresponders
(Table 4).

The unexpected improvement in survival has prompted us to perform a further analysis of the
individual patient profiles and also to look in depth at the toxicity suffered by these patients, as
on first impressions it did seem that the levamisole-treated patients received more chemother-
apy and tolerated it better that controls.

The two patient groups were remarkably well matched in age, weight and menopausal status
(Table 5). In addition the disease profile as shown by site of dominant metastatic disease, and
the disease tempo, as illustrated by the “disease-free interval” differed little between the
groups (Tables 6 and 7). It has been reported [7] that levamisole favours more rapid bone
marrow recovery if given between chemotherapy cycles. In addition it could be assumed that
an agent enhancing a depressed immune response may offer some protection against therapy-
associated infective episodes and general well-being. Several additional aspects were therefore
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Table 6. Disease profile according to dominant metastatic disease

143

Dominant disease site Levamisole group  Placebo group  Total population
Skeletal metastases 12 11 33

Soft tissue/chest wall 7 15

Visceral

Lung nodular and effusions

Lung, lymphatic infiltration 2

Liver
Other: CNS, intra-abdominal

— W W
W W

Table 7. Disease profile according to disease tempo

Duration of disease-free interval

Levamisole group 31 months
Placebo group 29 months
Total population 30 months

analysed to identify if and then why treatment was better tolerated in the levamisole

group.

1. Calculation of the time taken to complete the initial six courses of FAC chemotherapy.

This is an indirect measure of the time necessary for marrow recovery between treatment
cycles. The minimum theoretical time would be 5 x 28, i.e., 140 days from the first
injection of the first cycle to the first injection of the sixth cycle. The mean time was
152 days in the levamisole and 1 week longer (159 days) in the control group;

. Calculation of the total dose of cytotoxics given during the first six cycles as a percentage
of the total calculated dose based on an “ideal” dose of cytotoxics according to surface
area per cycle. The actual figures were 92% for levamisole and 88.2% for the control
group. Therefore, in summary, the levamisole patients received on average more chemo-
therapy (i.e., higher doses) in a shorter time period than those not receiving this drug and,
as indicated previously, a better response rate, and as detailed next, less specific and
nonspecific morbidity;

. Calculation of weight loss during the first six cycles of therapy. Weight changes were
expressed as the percentage change at 6 months as compared to the pretreatment weight.
The weight of the levamisole-treated patients increased by a mean of 1.7% of body weight,
while the placebo group lost an average of 3.4% of body weight.

Additionally, the transfusion rate was lower in the levamisole-treated group versus
controls (six control patients and one levamisole patient required blood transfusion in the
first 6 months), while two control patients and two levamisole patients suffered major
infective episodes during this period. No drug-induced deaths were seen in either patient
group during this period.
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Discussion

Numerous studies have failed to show a direct antitumor effect of levamisole in either animal
or human subjects. However, previous investigations have indicated that the addition of
levamisole in an adjunctive manner to surgery [1] or radiation therapy [9] in various
malignancies does increase the disease-free interval and possibly ultimate survival. Similar
studies using levamisole as adjunct to cyclic chemotherapy {2, 5] have also shown increased
survival in treated groups, although in the former report [5] an improved response rate was
not seen. However, in that study the response rate in the control arm was substantially higher
than in our trial, leaving little room for improvement.

The published data both in animals [9] and humans [2, 5, 9] do suggest that in some way
levamisole does enhance or maintain the antitumor effects of conventional therapy in
responding patients. But, there is little effect in those patients where substantial cell kill, and
therefore prolonged remission, is not obtained. How this can occur is not clear, and the
continual uncertainty about the mechanism of action of levamisole at a cellular level does little
but allow for speculation. It could be that the results of this study allow one to speculate on two
hypotheses to explain the positive effect.

Firstly, there seems little doubt that in vivo and in vitro levamisole exerts and enhances an
effect on some end results of the immune response when this is impaired. Current thought
presumes that this effect is consequent upon interaction between levamisole and the macro-
phage input to T cell and probably B cell replication. Experimentally it has been found [8] that
preexistent suppression of hostimmune responses does decrease the therapeutic effect of both
cyclophosphamide and melphalan in mouse mammary carcinoma. It is conceivable that the
reversal of depressed cellular immunity that has been identified as being present [3], and
related to prognosis [4], and reversible [10], in human subjects with neoplastic disease, can
result in an enhanced response to cytostatic chemotherapy. This enhanced cell kill should
bear some direct relationship to survival.

Conversely, levamisole may be exerting some as yet unknown influence on the host’s ability to
restore cell numbers in normal replicating tissues, such as the bone marrow and gastrointesti-
nal tract, allowing more rapid recovery after each therapeutic cycle, the end result being an
ameliorated tolerance to this therapy in levamisole-treated patients. Our data, when patients
gained weight and suffered less morbid events than controls, while receiving higher drug doses
ina shorter time than controls, would tend to support this suggestion. Conversely, which came
first — a more robust patient, living longer because enhancement of cellular immunity allowed
a greater cell kill, or a similar patient whose positive response was merely the reflection of
more treatment?

Whatever the answer, the levamisole story remains inconclusive and all the more fascinating.
But, with the advantage of levamisole being a chemically reproducible small molecule and a
pharmaceutical preparation of low toxicity in comparison to most weapons in the medical
oncologists armamentarium, one can anticipate that even modest improvements in survival
will be sufficient to have practitioners in this field look past nematodes and towards macro-
phages.

Summary

The addition of levamisole, administered in adjunctive manner between the cycles of conven-
tional high dose chemotherapy in patients with hormone resistant end stage breast cancer
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substantially improved the survival of treated patients. Analysis of this double-blind study in
60 such patients suggests that improvement in remission status and survivalis related to better
tolerability of such cytotoxic therapy as regards both specific and nonspecific cytotoxicity.
This improved tolerability enabled patients to receive higher doses of cytotoxic drugs over a
shorter time period resulting in an improved remission rate and ultimate survival.
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D. Ovary, Uterus and Testis Cancer

Laparoscopy and Peritoneal Cytology as Markers in the Follow-Up
of Ovarian Epithelial Tumors

C. Mangioni, G. Bolis, M. D. Incalci, P. Molteni, and L. Morasca

Introduction

In alarge percentage of ovarian cancer patients, primary surgical treatment leaves a situation
of clinically non-followable tumor. The spread of ovarian cancer is, however, usually confined
initially to the peritoneal cavity, but in view of the size and number of the sites, early diagnosis
of relapse becomes even more difficult than primary diagnosis. Biochemical markers such as
«a fetoprotein, CEA, or SHCG, found to be specific for monitoring infrequent special tumors
of the ovary [11, 14, 15], have not yet been shown to be of value in detecting the early phases
of relapse in the epithelial types [3—10].

Laparoscopy, first introduced in 1973 for restaging of ovarian cancer patients, proved to be a
means of finding diaphragmatic implantations not detected at laparotomy [1]. This minor
surgery rapidly became the “new deal” for accurate post-therapy evaluation of response [9],
and in several situations it replaced major surgery in the second-look procedure [13]. We used
it as a systematic monitoring approach in ovarian cancer [5].

Peritoneal cytology, already developed in the past as a fine cytochemical method of staging
[6], also proved to be correlated with prognosis [2] and appeared to us as an obvious
complement of laparoscopic examination. This presentation discusses data on the systematic
monitoring of patients with ovarian epithelial tumors, during the clinically non-followable
phase leading to cure or to relapse.

Selection of Patients

The data reported were collected in 93 consecutive patients with “no evidence of disease”
(NED) admitted to this department from October 1975 to April 1978. Thirty-four were
assumed to have “no residual tumor” (NRT) and 38 “minimal residual tumor” (MRT), not
followable by physical roentgenography or laboratory evaluation. Among these, 17 were
included because of positive cytology only (ten stage IC, three stage IIC, and four stage III).
The last 21 patients included were late stage III, becoming NED after chemotherapy.
Intensive [ 7] staging during primary surgery, or laparoscopic restaging, gave a distribution of
36 stage I, 14 stage II, and 43 stage III patients in the population studied. All the patients
entered a chemotherapeutic protocol for at least 12 months.
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Method

Laparoscopy was performed under local or general anesthesia in ward patients with a Palmer
Jacobs Operative 10-mm peritoneoscope equipped with standard 170° and angular 130°
lenses (R. Wolff, W. Germany). The standard two-puncture method was applied. During
laparoscopy all free fluid found in the Douglas or paracolic spaces was collected.
Independently of any free fluid collected, the peritoneal cavity was also washed with 500 ml of
saline solution and the washings were retrieved. Each sample was then submitted for cytologic
examination.

Criteria for Utilization

Laparoscopic restaging was performed in 33 patients referred from other hospitals within 30
days of primary surgery, while in the 60 patients who had undergone surgery in our service,
staging was performed during laparatomy always supported by peritoneal cytology and
attentive diaphragm examination. Follow-up was started after 4—6 months of therapy in
patients with positive cytology at stage I and in patients with stage IIB, IIC, and IIL. It was
repeated every 6 months in NED patients with laparoscopic residual tumor. This policy
enabled us to check the response to treatment and to switch to alternative therapies in due
time. Second-look laparoscopy was systematically performed after 1 year in patients under
precautional therapy but was left to the end of treatment in other patients. Third-look
laparoscopy was limited to stage III to check on cure in NRT patients. It was performed
about 1 year after withdrawal of therapy.

Results

In stage I patients, 41 laparoscopies were performed and no positive histologic samples were
obtained; cytology was positive in 4 of 18 restagings and in 2 of 5 follow-up samples. All the
patients with NED are alive at this time (Table 1). Of 14 stage II patients, only one gave
positive cytology with histologically positive tumor during laparoscopic monitoring at the
second look. This patient died about 2 years after initial therapy, while the other 13 with NED
are still alive (Table 2).

Table 1. Results of 41 laparoscopies in 36® consecutive ovarian epithelial cancer patients — at stage
I' after primary surgery, between Oct. 1975 and April 1978

Indication for No. of With positive With positive
laparoscopy laparoscopies cytology histology
Restaging 18 4 0

Follow-up during chemotherapy 5 2 0
Second-look after 1 year 18 0 0

2 36/36 NED at April 1978.
b Stage IA = 22 patients; IB = 4 patients; IC = 10 patients.
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Table 2. Results of 17 laparoscopies in 142 consecutive ovarian epithelial cancer patients at stage II°
after primary surgery, between Oct. 1975 and April 1978

Indication for No. of With positive With positive
laparoscopy laparoscopies cytology histology
Restaging 2 0 0

Follow-up during chemotherapy 4 0 0

Second look after 1 year

chemotherapy

Third look 1 year after 3 0 0

withdrawal of chemotherapy

2 13/14 NED at April 1978.
b Stage IIA = 6 patients; IIB = 2 patients; IIC = 6 patients.

Table 3. Results of 57 laparoscopies in 43® consecutive ovarian epithelial cancer patients at stage
III® after primary surgery, between Oct. 1975 and April 1978

Indication for No. of With positive cytology With positive histology
laparoscopy laparoscopies

NRD and Late NRD and Late
early early early
Restaging 10 4 1 0 3
Follow-up during 25 0 4 0 14
chemotherapy
Second look after 15 0 1 0 4
1 year chemotherapy
Third look 1 year 7 0 2 0 1
after withdrawal of
chemotherapy

2 No residual disease = 6 patients; early = 16 patients; late = 21 patients.
b Surviving at April 1978: 36/43; no clinical or laparoscopic evidence of disease: 27/36.

Table 4. Relapses after primary treatment and course of peritoneal cytology in 52
ovarian epithelial cancer patients followed up for more than 1 year

Cytologic course Follow-up Second look Third look

40 positive patients
No cytologic change 6/7 (86%) 5/9 (56%) 2/3 (67%)
Cytologic remission 1/92 (11%) 3/14 (21%) 1/6 (17%)
12 negative patients
Persistent negative 2/6 (33%) 0/8 0/1

2 P <001
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Stage III patients (NED at the time of laparoscopy) have an higher incidence of positive
cytologic and histologic findings (Table 3); of these, the 21 late stage III patients who gave a
complete response during chemotherapy, represented our high risk population. Seven of these
patients died of neoplasia, three are still alive with progression, and four are controlled by
other therapies after relapse; of the other 22 patients (early stage III and NR) listed in this
group, only four contributed positive cytology and histology findings. Two of four relapsed
cases, all still alive, are controlled; the other two are progressing.

The relationship between cytologic findings and relapses is assessed in Table 4; positive
patients with cytologic remission had the lowest percentage of relapses. In contrast, persistent
positives had the highest percentage of relapses. Among negative patients, the percentage of
relapses was between these two, limited to follow-up. Operative implications connected with
the laparoscopic procedure were very few: in one patient perforation of the large bowel, due to
extensive adhesion from previous surgery, required a laparotomy. Two other patients had
fever for 1 day. These were the only pathologic indices in over 250 laparoscopies performed in
the period indicated.

Discussion

Information obtained by laparoscopy in stage I seems to add little to clinical evaluation when
our results are considered. However, the population defined as stage I by laparoscopic
examination is truly stage I since unrecognized stages II and III have already been excluded
from the group. In fact, 5 of 23 patients (22%) in stage I became stage III after intensive
combined restaging (anatomic, radiologic, and surgical procedures) and were not included in
the stage I population. When stage II patients are considered in function of laparoscopic
findings, the same considerations can be made on the usefulness of this procedure in upstaging
three of five referred cases. On the other hand, laparoscopy was specifically indicated in
stage I and II patients to detect early diaphragmatic leaves [1]. In view of this indication, we
carefully explored the diaphragmatic surface in all the 238 laparoscopies performed in the
period indicated and found 20 patients with positive nodules in the diaphragmatic area. In
four cases the positive patients were diagnosed during restaging and had additional sites, and
inthe other 16 cases diaphragmatic leaves were associated with abdominal relapses. In stage I
and II patients with localized ovarian cancer, no diaphragmatic metastases were found. This
observation is in full agreement with the data of PIVER et al. [8].

While the stage I and II population were carefully kept free from contaminating upstaged
patients, in stage III, two populations with different risks were considered together. “No
residual” and “early” stage III patients have in fact a more favorable prognosis than “late”
stage III patients who became “NED” because of response to chemotherapy. On the other
hand, the no residual and early categories include patients who entered this stage after
surgery. It was thus difficult to decide which patients should be excluded and it was also
evident that laparoscopy was indicated because of clinically non-followable disease regard-
less of the therapeutic means used to reach this stage.

It seems to us that clinically non-followable stage III patients obtain greatest advantage from
laparoscopic follow-up repeated approximately every 6 months, this being a means of
monitoring the response, the stabilization, and slow progression to continue, withdraw, or
adapt therapy.

Second-look laparoscopy avoids major surgery in about 30% of patients, but negative
findings still call for laparotomic look. In fact,in 5 of 11 major surgery cases performed after
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negative second-look laparoscopy, positive localizations were found, three in retroperitoneal

lymph nodes and three in the omentum. Third-look laparoscopy is limited to cases with

persistent complete clinical remission for 1 year after withdrawal of chemotherapy. This is to
permit early diagnosis of late relapses. Among second-look negative patients, 16 (23%) have

in fact been reported by other authors as dying from tumor (4, 12].

Laparoscopy may acquire prognostic value when combined with cytologic examination.

Large series of cytologic findings showed a significant difference of survival between positive

and negative cytology patients. These data were consistent both at first-look and at second-

look laparotomy [2]. Our data also suggest that patients undergoing cytologic remission at
follow-up have a significantly lower risk of relapse than no change patients and also seem in
some way at a still lower risk than persistently negative patients. Data on this last point,
however, is too limited to be statistically significant. At second and third look, however, the
difference fades out, suggesting that early cytologic remission is more valuable for prognostic
purposes than later remission. At this stage, laparoscopy seems to offer several practical

advantages over laparotomic procedures, mainly the low risk and frequent repeatibility of a

low cost procedure that does not preclude major surgery. This suggests the technique might

usefully be included in the general strategy for long-term treatment of ovarian cancer.

The approaches we follow today are:

1. Laparoscopy and cytology are two of the basic procedures for intensive restaging in all
referred patients within 30 days of surgery performed in another hospital.

2. Follow-up during chemotherapy is systematic within 6 months of primary surgery in
stage IA cured by single ovariectomy and in all other stages up to late III of NED patients.
In late III NED patients, the laparoscopic procedure is repeated more frequently, to a
custom-tailored schedule, depending on the chemotherapy already given and the drugs
still available to control the disease.

3. Atsecond-look monitoring, laparoscopy is widely accepted as a means of avoiding major
surgery in a worthwhile proportion of patients and is routinely by us. It is also indicated
after 1 year precautional chemotherapy in stage IA, IB, IC, and IIA patients without
imploying in this case major surgery for negative subjects. In IIB and IIC patients, the
indication for major surgery in laparoscopically negative cases is maintained. In stage III
cases, persistent clinical remission after chemotherapy is monitored laparascopically and
second look is updated at 24 months.

4. Third look, up to stage IIB, 1 year after withdrawal of therapy in patients with no clinical
evidence of diseases, is regularly performed to detect early relapses in these high risk
patients.

Acknowledgement
This work was partially supported by a generous donation from Mrs. MASELLA RUSSO,
Milan, Italy.

References

1. Bagley, C.M.(Jr.), Young,R. C., Schein, P. S., Chabner, B. A., De Vita, V. T.: Ovarian carcinoma
metastatic to the diaphragm: Frequently undiagnosed at laparotomy. A preliminary report. Am. J.
Obstet. Gynecol. 116, 397 (1973)



Laparoscopy and Peritoneal Cytology 151

2.

3.

10.

11.

12.

13.

14.

15.

Creasman, W. T., Rutledge, F.: The prognostic value of peritoneal cytology in gynecologic
malignant disease. Am. J. Obstet. Gynecol. 110, 773 (1971)

DiSaia, P. J., Morrow, C. P., Haverback, B.J., Dyce, B. J.: Carcinoembryonic antigen in cancer of
the female reproductive system. Serial plasma value correlated with disease state. Cancer 39,2365
(1977)

. Mangioni, C., Bolis, G., Natale, N.: Terapia sequenziale dei tumori epiteliali dell’ovaio. L’utilita del

second-look. Ann. Ostet. Ginecol. 97, 205 (1976)

. Mangioni, C., Bolis, G., Molteni, P.: Advantages and limits of laparoscopy in ovarian cancer.

Gynecol. Oncol. (in press) (1978)

. McGowan, L.: Peritoneal fluid profiles. Symposium on Ovarian Carcinoma. NCI Monograph 42,

75 (1975)

. Musumeci, R., Banfi, A., Bolis, G., Candiani, G. B., De Palo, G., Di Re, F., Luciani, L., Lattuada,

A., Mangioni, C., Mattioli, G., Natale, N.: Lymphangiography in patients with ovarian epithelial
cancer. Cancer 40, 1444 (1977)

. Piver, M. S., Lopez, R. G., Xynos, F., Barlow, J. J.: Value of pre-therapy peritoneoscopy in

localized ovarian cancer. Am. J. Obstet. Gynecol. 127, 288 (1977)

. Rosenoff, S. H., DeVita, V. T. (Jr.), Hubbard, S., Young, R. C.: Peritoneoscopy in the staging and

follow-up of ovarian cancer. Semin. Oncol. 2, 223 (1975)

Samaan, N. A., Smith, J. P., Rutledge, F. N., Schultz, P. N.: The significance of measurement of
human placental lactogen, human chorionic gonadotrophin and carcinoembryonic antigen in
patients with ovarian carcinoma. Am. J. Obstet. Gynecol. 126, 186 (1976)

Sell, A., Sggaard, H., Norgaard-Pedersen, B.: Serum alphafoetoprotein as a marker for the effect
of post-operative radiation therapy and/or chemotherapy in eight cases of ovarian endodermal
sinus tumour. Int. J. Cancer 18, 574 (1976)

Smith, J. P., Delgado, G., Rutledge, F.: Second-look operation in ovarian carcinoma. Postchemo-
therapy. Cancer 38, 1438 (1976)

Spinelli, P., Luini, A., Pizzetti, P., De Palo, G. M.: Laparoscopy in staging and restaging of 95
patients with ovarian carcinoma. Tumori 62, 493 (1976)

Stone, M., Bagshawe, K. D., Kardana, A., Searle, F., Dent, J.: f-human chorionic gonadotrophin
and carcino-embryonic antigen in the management of ovarian carcinoma. Br. J. Obstet. Gynecol.
84, 375 (1977)

Talerman, A., Haije, W. G., Baggerman, L.: Allpha-1 antitrypsin (AAT) and alphafoetoprotein
(AFP) in sera of patients with germ-cell neoplasm: value as tumour markers in patients with
endodermal sinus tumour. (Yolk sac tumour). Int. J. Cancer 19, 741 (1977)



Radiotherapy in Ovarian Cancer
Jfor Post-Surgical Minimal Residual Disease

D. Chassagne and J. P. Wolff

Introduction

In ovarian carcinomas more than in any other solid tumor, post-surgical minimal residual
disease is difficult to define precisely and this definition may differ according to stage. In
stage I (A, B, and C) there is a possibility of malignant cells being left behind in the peritoneal
cavity. Centrifugation of the peritoneal washings during and at the end of surgery can show
the presence of cancer cells in numerous cases [2—4], but this “positive” finding does not
prove that a subsequent seeding of “cancer colonies” is inevitable. However, these facts
explain at least partially a 20% incidence of failure in stage I and therefore may justify an
additive therapy in stage I. In stage IIA or IIB, the above may apply, but there is also the
possibility of microscopic residual disease, especially around the peritoneal suture line. In
addition, for stage IIB the residual disease may range from animplant a few millimeters in size
to a bulky unresectable tumor. The definition of minimal residual disease is, therefore,
impossible to give precisely, unless a size of residual macrosopic disease is stated and widely
accepted.

For stage III, the same remarks as in stage IIB can be developed, but one should mention the
possibility of a “minimal stage III”, defined by FIGO classification as proved microscopic
implant either in the gut or in the omentum. Our experience has shown the reality of this
concept: among 18 omentectomies we found six cases with microscopic metastases [19].
Recent papers emphasize the existence of tumor implants in the subdiaphragmatic areain all
stages. These metastases can only be found by systematic peritoneoscopy either at the time of
surgery or after. The reported incidence of these hidden metastases ranges from a few percent
up to 50% [11, 14, 21, 22].

Systematic lymphangiography can also show a 10%—30% [11, 12] incidence of involvement
in the para-aortic region, but interpretation of lymphangiograms is extremely difficult and
should be done with reference to the pathologic findings. In addition, microscopic involve-
ment of para-aortic nodes, which is not detectable by lymphangiography, is always possible.
All these occult para-aortic lymph node and/or diaphragmatic metastases fall within the
spectrum of post-surgical residual disease.

Significance of Residual Lesions

According to the literature, prognosis is closely related to the importance of residual disease:
[3—5, 9, 16, 25]. For Fuks [12] the effectiveness of radiotherapy depend upon the size of
residual tumor, whereas UNDERWOOD states that radiotherapy is only useful after complete
removal of the lesions [26]. In stages IIB and II1, the survival rate of DARGENT’s series was
37.6% after complete surgery and 18% after incomplete surgery [8]. The team working at the
M.D. Anderson Hospital [9, 25] clearly states a relationship between prognosis and size of
remaining lesions, concluding that radiotherapy is useful for tumors less than 2 cm in
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diameter but is of little or no value for tumors greater than 2 cm. The prognostic significance
of residual disease after surgery makes clear the necessity of postsurgical adjuvant treatment.

Theplace of radiotherapy in minimal post-surgical residual disease is still not clearly establish-
ed (3, 4, 6].

Results of Radiotherapy

Historical series allow a comparison between surgery alone and surgery followed by various
types of radiotherapy; Fuks [12] has provided an excellent review of these data (Table 1).
Although the range of 5-year cure rates varies considerably (from 55% to 88% in stage I and
from 0% to 11% in stage III with surgery alone), there is no clear evidence of any benefit from
radiotherapy in either stage I or stage III (survival at 5 years varies, from 40% to 82% in
stage I and from 0% to 17% in stage III. The failure of radiotherapy to improve the 5-year
cure rates in stage I may be explained by the following:
1. Some stage I cases were understaged due to lack of systematic exploration, for instance of
para-aortic nodes or subdiaphragmatic regions.
2. Radiotherapy was mainly directed toward the pelvic region in these historical series and
was therefore unable to cure tumor implants located outside the pelvis.
In stage I1I the reasons for radiation failure are clear. In many cases in these published series
bulky tumor was left behind, and we have already considered the poor results of radiotherapy
when the size of remaining tumor is greater than 2 cm [9]. In addition, whole abdomen
irradiation (whatever technique is used) can only deliver a maximum dose of 3500—4000 rad
to the upper abdomen. This dose is not sufficient by itself to destroy a macroscopic tumor
implant. Furthermore, the liver and both kidneys must be shielded from radiation at the 2000-
rad level, and consequently all remaining cancer cells located in front of the kidneys and liver
receive only 2000 rad or less.
In contrastto stages I and 111, the results considered by Fuks (Table 1) show animprovement
for stage IT when radiotherapy is added to surgery (without radiotherapy: 0% to 33%, with
radiotherapy: 13% to 53%). There are two possible explanations for this benefit from
radiotherapy:
1. Stage Il is defined as disease located only in the pelvis.
2. Radiotherapy is able to deliver a tumoricidal dose of 5000—6000 rad to the whole
pelvis.
No definitive conclusions can be drawn from these published series. However, none of them
was randomized and too many discrepancies can alter the results of all data ever published
[3]. Unfortunately, the same remarks apply to the systematic use of radioactive colloids in the
postoperative recovery period. Very impressive results have been published with gold or
phosphorusin stage I[1, 7, 20]. Despite the use of such techniques for more than 30 years, no
definite proof of the effectiveness of this superficial betatherapy has been ever shown. A well-
planned randomized trial is certainly needed in this field.
Few randomized series involving radiotherapy have been published; a brief review seems
relevant:

1. Fazekas and MAIER compared the use of the openfield and moving strip techniques for
whole abdomen irradiation: there are no difference at 5 years [ 10]. Despite this paper, there is
still much controversy among radiotherapists about this technical problem. In our opinion the
problem lies elsewhere.
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2.JouNsoN et al. [ 18] compared the results of surgery plus cyclophosphamide to surgery plus
whole abdomen irradiation in 50 advanced ovarian cancers. There are no differences at
5 years, the results being equally poor with less than 10% survival in both groups.

3. SmrtH et al. [25] reported the M.D. Anderson Hospital trial for all stages (with no ascites
and no implants overlying liver or kidneys, and with residual masses smaller than 2 cm). This
randomized trial compared whole abdomen radiotherapy plus pelvic boost with 12 cycles of
melphalan, with 70 patients in the radiotherapy group and 79 in the chemotherapy group.
Although there were no significant differences in histology, there was unfortunately a
discrepancy in the stage distribution (32 stage IIB in the radiotherapy group versus 22
stage [IB in the chemotherapy group). The published results are preliminary, as few patients
are at risk at 5 years. No difference can be seen in the survival of patients for all stages
combined. The complications with irradiation seem to be more serious than the myelosup-
pression observed in the chemotherapy group.

4. The American Gynecology Oncology Group has initiated a trial with four groups [3, 17].
Preliminary results do not show any difference between radiotherapy alone, radiotherapy
followed by melphalan, melphalan alone, and melphalan followed by radiotherapy. In
stages IA and IB, the same group’s results in a three-group trial do not show any differences
between surgery alone, surgery and radiotherapy, and surgery plus melphalan.

No definite conclusions can be drawn from these randomized studies, except that the
treatment of ovarian cancer is still a challenge to all therapists. Recently, the Stanford
University group [ 12—14] has described a new technique of irradiation, by which a tumorici-
dal dose can be delivered to a specially shaped target volume including the diaphragmatic,
para-aortic, and pelvic regions. At the same time, new proposals have been made by the
radiochemotherapy and the ovarian EORTC groups to answer simple questions by simplified
trials. For instance, is pelvic radiotherapy useful or not in the early stages after apparent
complete removal of the cancer? Unless new weapons can be found, more progress will come
only from careful, well-planned trials in which all possible parameters are taken into account
[2—6, 23, 24].

Inconclusion, we again stress that the challenge of ovarian cancer can only be solved by large
series of patients and continuous cooperation of all specialists involved: surgeon, gynecolo-
gist, pathologist, medical oncologist, and radiotherapist. Radiotherapy certainly has a place
in the treatment of post-surgical residual disease in ovarian cancer, but this place is not yet
clearly established, especially as chemotherapy is growing in importance.
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Chemotherapeutic Sensitivity of Minimal Residual Disease
Following Surgical Excision of Ovarian Carcinoma

J. H. Edmonson, T. R. Fleming, D. G. Decker, E. O. Jorgensen,
G. D. Malkasian, J. A. Jefferies, L. K. Kvols, and M. J. Webb

Between. mid-1974 and mid-1977, we simultaneously studied 82 patients with advanced
evaluable ovarian carcinoma and 29 patients with minimal residual disease. These were
randomized to receive either 1000 mg/m? of cyclophosphamide or 500 mg/m? of cyclophos-
phamide plus 40 mg/m? of adriamycin intravenously every 3—4 weeks. Our intent was to
administer chemotherapy at 3-week intervals in the advanced cases and at 4-week intervals in
the minimal residual cases. All patients in each of these studies had histologically proved
epithelial-type ovarian carcinoma and all had adequate renal, hepatic, and bone marrow
function as indicated by serum creatinine less than 1.5 mg/dl, the absence of direct reacting
serum bilirubin, leukocyte counts greater than 4100/ul, and platelet counts greater than
130,000/ul. No bedridden cases or patients with active cardiac disease cases were accepted in
either randomization, and the minimal residual disease cases were required to be fully
ambulatory and could not have received any previous antitumor chemotherapy or radiother-
apy.

Patients included in the minimal residual disease randomization had experienced surgical
excision of all tumor masses greater than 2 cm in diameter at the time of total abdominal
hysterectomy, bilateral salpingo-oophorectomy, and omentectomy within 1 month preceding
accession to this study. Following surgery, they were categorized according to the distribu-
tion of residual disease in stages II and IIIA. We have arbitrarily defined ITIA disease as
FIGO stage III with no postsurgical tumor masses greater than 2 ¢cm in diameter. Those
patients with stage I1IB, i.e., with larger residual postsurgical tumor masses, and with stage IV
disease were included in the advanced category. The minimal residual disease patients were
stratified by stage, extent of residual disease (i.e., grossly complete versus incomplete exci-
sion), and Broder’s grade and histology, while those with advanced evaluable disease were
stratified by type of previous treatment and performance status. Among the advanced
evaluable disease cases, seven had previously received other chemotherapy and 11 had
received some type of radiation treatment. Previously treated patients were equally balanced
between the two regimens. Most of these advanced disease cases had at some time received
significant debulking surgery prior to treatment except for 11 in whom only biopsy was
performed at the time of the staging laparotomy.

In the advanced evaluable cases, the initially assigned treatment was continued until progres-
sion of disease was noted; however, crossover to the cyclophosphamide regimen occurred
when, after approximately 10 months of treatment, a patient had received 520 mg/m? of
adriamycin. At the time of progression, advanced evaluable patients then received the
alternate of the two chemotherapeutic regimens.

For minimal residual disease cases, treatment was continued for 1 year on the initial
chemotherapy regimen unless progression occurred earlier and, following 1 year of treatment,
“second-look* surgery was recommended. Six patients receiving cyclophosphamide alone
were eligible for second-look surgery following 1 year of treatment as were nine patients
receiving the combination of cyclophosphamide plus adriamycin. In each treatment group,
two patients among those eligible declined to accept this operation. Following secondary
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laparotomy, three of the four cyclophosphamide-treated patients began a 2nd year of
chemotherapy while only two of the seven second-look patients initially receiving the combi-
nation did. All except one of these patients receiving further treatment after reexploration did
so because of evidence of progression found at laparotomy. Patients with minimal residual
disease who have later progressed have also been offered secondary treatment with either
chemotherapy (with the alternate regimen if not already utilized) or occasionally intraperito-
neal radioisotopes. We have attempted to repeatedly achieve disease-free status in as many of
these minimal disease patients as possible in hope of achieving cure. After completing either of
these two protocols, phase II new drug trials have been utilized without much apparent
clinical benefit.

Among the 82 cases originally placed on the advanced evaluable disease protocol, two were
ineligible respectively because of prior treatment with cyclophosphamide and because of
abnormal renal function. Nine others apparently had been mistakenly staged according to the
presurgical status instead of the postoperative condition and actually belonged in the minimal
residual disease category. All 29 patients originally included in the minimal residual disease
protocol were eligible, but one actually had advanced disease and had been erroneously
placed in the minimal disease category. Thus, our primary analysis included 71 advanced
evaluable patients and 28 patients with minimal residual disease. A secondary analysis then
realigned these initially misstaged and misplaced cases so that the entire 109 eligible cases
were able to be evaluated.

Twelve of the 35 patients with advanced evaluable disease initially treated with cyclophos-
phamide alone experienced partial regression of disease as did 13 of the 36 who initially
received the combination regimen. Two of these 13 cases then went on to achieve complete
tumor regression on the combination regimen. Time-to-progression curves were nearly
identical for the two treatments in the advanced disease category. Similarly, survival curves
for the two treatments also were nearly identical. Median survival for these advanced
evaluable cases was approximately 12 months regardless of initial treatment. Among patients
initially placed on the minimal residual disease protocol, median survival was approximately
21 months. These two populations were thus distinctly different. Among minimal disease
patients, an apparent difference in time-to-progression favored the combination drug regimen
(P=0.06; Cox covariate analysis). An analysis of survival curves revealed asimilar trend again
favoring the cyclophosphamide plus adriamycin regimen (P = 0.12). When the nine patients
previously misstaged were realigned with the minimal residual disease population, a treatment
related time-to-progression difference was present as with the initial analysis (P = 0.03).
Similarly, the secondary analysis for survival duration yielded a trend favoring the combina-
tion regimen (P < 0.10). Prognoses for survival and time-to-progression were better (P =
0.03) for patients with complete pretreatment excision of tumor than those with incomplete
excision when all of the minimal residual disease patients were considered. Also noted among
minimal disease patients was better prognosis for survival P < 0.001 and for time-to-
progresssion (P = 0.02) among younger patients and longer time-to-progression intervals
among those patients with lower grade tumors (P = 0.03).

Among advanced disease patients, we were not surprised to find that patients who had better
ECOG (Eastern Cooperative Oncology Group) performance status prior to treatment
survived longer than those with poor performance status (P < 0.001). Those whose previous
treatment had been surgery alone also survived longer than did those who had received
previous other treatments (P = 0.04). Most unexpected was the finding among these 72
advanced disease cases of an unequivocal survival (P < 0.001) and time-to-progression
(P < 0.01) superiority favoring the older patients. This effect was apparent despite the less
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favorable performance status scores of the older patients. We have been unable to explain this
powerful reversal of the expected age effect on survival by factors such as extent of pretreat-
ment tumor burden or tumor grade. The presence of menstrual activity within 1 year
preceding treatment was strongly correlated with this poorer prognosis in young women, and
this could be true of course by natural coincidence. Among the 16 women in our study
between 45—55 years of age, however, those eight who had ceased menstruating at least 1
year before beginning treatment had a median survival of approximately 12 months, which
was twice that of the eight who still had ovarian endocrine activity at some time during the
year prior to beginning treatment. Perhaps the presence of advanced disease allows the
recognition of subtle growth-promoting effects that host resistance can overcome in cases
with lesser tumor burdens. Myelosuppressive effects of the two drug regimens were moderate
and equal. The combination regimen produced slightly more alopecia and mucositis.

Conclusions

1. Although no therapeutic differences were found between regimens containing cyclophos-
phamide alone and cyclophosphamide plus adriamycin in advanced ovarian carcinoma,
the therapeutic index of the combination regimen was superior in patients with minimal
residual disease.

2. Prognosis was clearly better regardless of treatment for patients with minimal residual
disease, and within this category those who had grossly complete tumor excision prior to
treatment survived longer than those with incomplete tumor excision.

3. Among patients with advanced disease, prognosis was better for older patients despite
their generally less favorable performance status scores.



Chemoimmunotherapy for Advanced Ovarian Carcinoma
With Adriamycin-Cyclophosphamide + BCG: Early Report
of a Southwest Oncology Group Study!

D. S. Alberts, S. E. Salmon, and T. E. Moon

Introduction

While ovarian carcinomas of the epithelial type are sensitive to a number of chemotherapeutic
agents, treatment has not markedly increased the percentage of 5-year survivors having
advanced disease at the time of diagnosis. Several groups, including our own, have previously
shown that the combination of adriamycin and cyclophosphamide (A-C) induces a high
percentage of partial remissions in patients with stages III and IV disease [5, 7]. Unfortunate-
ly, remission duration is still relatively short, and it is still too early to determine whether this
combination therapy will have an important impact on the prolongation of survival.
One possible direction for the therapy of ovarian carcinoma is the use of nonspecific
immunostimulants such as BCG or C. Parvum added to various chemotherapy regimens. In
our own studies of tumor colony formation by ovarian carcinoma stem cells, we found that
functioning peritoneal macrophages present within the tumor cell population are required for
ovarian tumor colony growth [3]. The evidence for tumor-associated antigens in ovarian
cancer [2], the recognized relationship of immunocompetence to survival in this disease (1,4,
9], and the positive experimental evidence for curative immunotherapy in mouse ovarian
tumor models [6] suggests that ovarian cancer may be amenable to the use of immunothera-
peutic approaches.

Approximately 30 months ago, the Southwest Oncology Group initiated protocol 7524, a
randomized study for the evaluation of BCG as an immune adjuvant to adriamycin-
cyclophosphamide chemotherapy for patients with advanced ovarian cancers of the epithelial
type. The preliminary results of this study will be the focus of this paper.

Methods

Starting in January 1976, patients with recurrent or stages III and IV ovarian cancer of the
epithelial type who had measurable disease and had received no prior chemotherapy were
entered into the Southwest Oncology Group study 7524. The study schema is summarized in
Table 1.

Histopathologic review is conducted for all study cases. Patients with adequate bone marrow
reserve receive 40 mg/m? of adriamycin intravenously and 200 mg/m? of cyclophosphamide
daily for 4 days or a total dose of 800 mg/m? orally, beginning 2 days after adriamycin
administration. Patients with impaired bone marrow receive adriamycin and cyclophos-
phamide at one-half the usual dosage with gradual escalation of dosages on subsequent
therapy courses as tolerated. At the time of registration, half the patients are assigned to
receive Pasteur Institute BCG, 6 x 108 viable organisms by scarification to rotating upper and

1 Supported by grants from the US Public Health Service (CA 16943, CA 12014, and CA
13612).
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Table 1
Remission induction NR off study Maintenance
(q 3—4 weeks (q 4 weeks)
x 12)
Randomize Restage
Adriamycin 40 mg/m? IV D1 Documented Cytoxan 200 mg/m? po q day x 5
Cytoxan 200 mg/m?/day po D3—6 CR for 12 months
or
PR
Adriamycin 40 mg/m? IV D1 Documented Cytoxan 200 mg/m? po q day X 5§
Cytoxan 200 mg/m?/day CR + BCG (scarification) D 15 only
po D 3-6 or for 12 months
BCG (scarification) D 8 + 15 PR

lower extremity sites on days 8 and 15 of each course of adriamycin-cyclophosphamide
therapy. Courses of therapy are repeated at 3—4 week intervals depending upon tolerance to
the myelosuppression caused by chemotherapy. The adriamycin dosage is not to exceed a
total of 500 mg/m? body surface area, but the cyclophosphamide or cyclophosphamide +
BCG therapy continues for a total 2 years for those patients showing complete or partial
response, improvement, or stabilization of disease.

The prestudy evaluation includes routine hematologic tests and serum chemistries, as well as
chest X-ray, sigmoidoscopy, barium enema, intravenous pyelography, and paracentesis
and/or thoracentesis with cytologic evaluation when indicated. Where available, laparo-
scopy, abdominal and pelvic sonography, computed axial tomography, and whole body
radionuclide scanning are recommended for initial tumor localization and follow-up evalua-
tion. No patient is determined to be in complete remission unless a “second-look” exploratory
laparotomy shows no evidence of residual disease. Patients classified as having a partial
remission must have at least a 50% or greater decrease in tumor mass and/or complete
disappearance of proven malignant effusions for greater than 1 month.

Results

At this time, available results are only preliminary. Eighty-seven patients from more than 20
Southwest Oncology Group institutions have been entered in the first 2 years of the study of
which 66 are currently evaluable for response, having had at least two courses of therapy.
Staging and prior therapy characteristics for the registered patients are included in Table 2.
There were 43 A-C+BCG patients and 44 A-C patients. Over 90% of the A-C+BCG patients
had not had prior radiation therapy as opposed to 84% of the A-C patients. Although there
were more patients in the A-C+BCG group with stage III disease, there was an almost equal
balance between the two therapy groups with respect to stage IV patients. Furthermore, there
were more patients in the chemoimmunotherapy group of the study with liver involvement.
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Table 2. Staging and prior therapy characteristics

A-C + BCG A-C

Number registered 43 44
Prior radiation Rx 4 7
No prior radiation Rx 39 (90.7%) 37 (84.1%)
Stage I11 25 (58.1%) 20 (45.4%)
Stage IV 14 (32.6%) 16 (36.4%)
Lung involvement 6 (14.0%) 7 (15.9%)
Liver involvement 12 (27.9%) 10 (22.7%)
Recurrent disease 5 7
Performance status 60 2 4
Performance status 60 41 40

Table 3. Staging and prior thera;
A-C + BCG A-C sme P i

characteristics
Cell type
Serous 11 7
Mucinous 3 3
Endometrioid 3 2
Poorly differentiated 16 16
Unspecified 10 16

There was an almost identical number of patients in the two groups of the study who had a
good performance status.

Table 3 summarizes the histologic types of epithelial ovarian carcinoma in the patient
population as determined by each institution’s pathologists. On the basis of this on-study data
for this patient population, there appears to be an even balance of histologic types of ovarian
cancer in each group of the study. There also appears to be a relatively large group of patients
in each group with poorly differentiated tumors. Robert O’Toole of Ohio State University is
conducting a pathologic review on biopsy material from all the ovarian cancer patients in this
study, but this data is not currently available.

Approximately 65% of patients entered in each group of the study had only biopsy or
relatively minor surgical procedures prior to the start of treatment, and the large percentage of
patients in this study had far advanced cancer. A very small percentage of patients (< 2%)
underwent minimal or major “debulking” surgical procedures.

Of the 34 fully evaluable patients in the A-C group of this study, only 11 (32%) had
documented partial remissions (PRs), whereas seven additional patients have shown im-
provement (Table 4). To be categorized as having a partial response, a patient must have had a
50% or greater reduction in tumor mass for greater than 1 month or complete disappearance
of malignant effusions for greater than 1 month. The partial plus improved patients comprise
53% of all those entered in the A-C group. There have been 16 partial remissions of the 32
patients entered in the A-C+BCG group of the study and one patient with improvement. Only
two patients in the entire study were categorized as having had complete responses (CRs).
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Table 4. R dat
able esponse data A-C + BCG A-C

Evaluable 32 34
PR 6 6o 7] a2
Improved 1 (3%) 7 (21%)
No response 8 10
Increasing disease 2 5
Unknown 3 1
Died 7 (22%) 16 (47%)

2 This category includes all patients in partial remis-
sion as well as those in clinical complete remissions
who await exploratory laparotomy or laparoscopy to
establish actual response status

Both patients had no evidence of disease at the time of second-look exploratory laparotomy
and both had received A-C+BCG. No patient was considered to have had a complete
response unless she had surgical documentation of complete disappearance of disease. The
CR+PR rate for A-C+BCG patients of 56% at this time approaches statistical difference at
the P = 0.07 level from the 32% CR+PR rate observed in the A-C group.

As of December 1977, 16 of 34 patients (47%) on A-C therapy have died versus seven (only
22%) of the A-C+BCG group (Table 4). This difference is significant at the P < 0.05 level.
Figure 1 shows the actuarial survival curves for patients on A-C+BCG and A-C alone. Using
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Fig. 1. Actuarial survival from onset of chemotherapy for 66 women with stage III to IV ovarian
carcinoma randomized to SWOG trial 7524. The upper curve is for patients receiving A-C+BCG and
the lower curve for patients receiving A-C chemotherapy alone. At the time of this analysis, survival
with chemoimmunotherapy is superior to that with chemotherapy alone (P = 0.01)
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Fig. 2. Remission duration for 66 women with stage III to IV ovarian carcinoma randomized to SWOG
trial 7524. The upper curve is for patients receiving A-C+BCG and the lower curve for patients
receiving A-C chemotherapy alone. At the time of this analysis, remission duration for patients
receiving chemoimmunotherapy appears to be better than that for patients with chemotherapy alone
(P = 0.06); however, the effect of BCG on remission duration appears to be less marked than on overall
survival as shown in Fig. 1

a one-tailed Wilcoxan test, survival duration for the A-C+BCG patients was statistically
better than that of patients receiving only A-C (P = 0.01). The median survival from onset of
chemotherapy was 93 weeks for the A-C +BCG patients and 59 weeks for the A-C group. The
median duration of response (Fig. 2) was 45 weeks for the A-C+BCG group and 26 weeks for
A-C patients (P = 0.06).

There were no therapy-associated deaths in either group of the study. Myelosuppression from
both treatment programs was well-tolerated. The mean white blood count nadirs were 3000
and 3400/mm?, respectively, for the A-C+BCG and A-C patients. Life-threatening leukope-
nia occurred in only two patients on A-C and one patient on A-C+BCG. Only three patients
had either severe of life-threatening depressions of their platelet counts, and mean platelet
count nadirs were 201,000 and 181,000/mm?3, respectively, for A-C+BCG versus A-C
groups of the study.

BCG skin reactivity to scarification was considered to be optimal in the majority of treated
patients. Twenty-three patients had skin reactivity reported between 2+ and 4+ at various
times in their therapy. Only four patients were noted to have had no reaction to BCG. Of 29
patients with detailed protocol entries in this category, 22 experienced no BCG toxicity and
none have 3+ or 4+ ratings. There were no drug-related deaths and no instances of liver
disfunction related to BCG immunotherapy.

Discussion

The preliminary results of this Southwest Oncology Group study of chemotherapy versus
chemotherapy + adjuvant BCG immunotherapy in advanced ovarian cancer patients sug-
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gests advantage for the A-C+BCG treatment with respect to the partial response rate,
remission duration, and survival. The mechanism by which BCG apparently augments the
effect of A-C remains obscure but conceivably could be a local or regional effect. Based on
our in vitro studies [3, 8], we speculate that regional BCG scarification might alter the
function of intraperitoneal macrophages and thereby reduce the proliferation of clonogenic
tumor cells. Final validation of the efficacy of BCG immunotherapy in the setting of
adriamycin-cyclophosphamide therapy will depend upon 1—2 more years of patient accrual
and observation as well as complete histologic review of all pathologic specimens for patients
entered on this trial. If this study remains positive, it will provide an important new approach
to the treatment of patients with recurrent or stages III and IV disease. The addition of
adjuvant nonspecific immunostimulant therapy to an effective combination chemotherapy
regimen will hopefully offer the possibility of improved 5-year survival rates. This relatively
well-tolerated chemoimmunotherapy regimen could be used to treat earlier stage disease
where there is a high risk of relapse despite aggressive surgery and adjuvant radiation therapy
and/or single agent chemotherapy.
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Active Specific Immunotherapy in Ovarian Cancer

M. E. Crowther, L. Levin, T. A. Poulton, M. J. Saffrey, O. M. Curling,
and C. N. Hudson

Introduction

The rationale of any programme of active specific immunotherapy depends on the demon-
stration of appropriate tumour-directed, cell-mediated immune responses, and agents de-
signed to manipulate these immunological responses must be shown to have some therapeutic
effect. In a pilot study on patients with ovarian carcinoma, POWLES (personal communica-
tion, 1972) showed that the lymphocytes of patients with ovarian cancer would respond in
vitro in a one-way mixed cell reaction to their autologous tumour cells. Subsequently, LEVIN
[8] in this laboratory used a blastogenic assay system to show that patients with ovarian
cancer could respond to a cell membrane extract of both autologous and certain allogeneic
tumours. Lymphocytes from two-thirds of the patients in remission would in general respond,
but much less so with relapsing disease, a well-recognised “blocking” phenomenon. Recent
work has now shown a good correlation between circulating levels of immune complexes and
the clinical state of patients with ovarian carcinoma [ 18}, and there is evidence to suggest that
“blocking factors” may be immune complexes of tumour-associated antigen and anti-
body.

The interpretation of in vitro tests of immune response is the subject of considerable debate,
but additional evidence for a tumour-associated response comes from the demonstration in
patients with ovarian cancer of a delayed hypersensitivity skin reaction to the injection of
autologous tumour cell extract — in four of six patients in remission, such response was
verified histologically by biopsy [9]. Controversial as these results may be, there was thought
to be sufficient justification for an experimental immunotherapy programme, the protocol of
which was based on the one in use in acute myeloid leukaemia [19], namely the monthly
administration of allogeneic irradiated tumour cells and BCG.

Patients and Methods
Preparation of Cells for Immunotherapy

Ovarian tumours, fresh from theatre and in sterile containers, are manually disaggregated and
gently homogenised, washed and filtered until a suspension of single cells or small clumps is
obtained. Viability is assessed by trypan blue exclusion, and a viability of 30%—50% is
regarded as good in these tumours. Because of their intra-abdominal site, these tumours are
not bacterially contaminated. Only surface epithelial ovarian carcinomas are used, and
serous papillary tumours have proved to be the easiest to prepare — mucinous tumours are not
used because of cell trapping in mucin.

In a Planar freezer, 2 x 107 viable cells in 2 ml are cryopreserved in medium and 10%
dimethylsulphoxide (DMSO), and the ampoules are stored in liquid nitrogen. Before cells are
used, the donor patient is tested for Australia antigen and each batch of cells is subject to



Active Specific Immunotherapy in Ovarian Cancer 167

bacterial culture. Prior to immunotherapy, one ampoule per patient is rapidly thawed at
37°C, washed twice and made up to 0.4 ml in medium without antibiotic for immediate
irradiation with 10,000 rad. Glaxo strain BCG is reconstituted to 1 ml, and 0.1 mlof a 1in 40
dilution containing approximately 2 x 10° live organisms is added to the cells for final
intradermal injection in four sites, either in the deltoid region or the thigh. Cells have been
shown to be viable prior to irradiation as they can be grown in tissue culture and this ability is
lost following irradiation.

Chemotherapy continues to be given, usually in a bolus midway between immunotherapy.
Most patients are given 1 g of cyclophosphamide orally over 3 days, but patients inrelapse are
changed to intravenous chemotherapy with 40 mg/m? of adriamycin, 500 mg/m? of cyclo-
phosphamide and 20 mg/m? of cis-platinum. Currently as part of the Medical Research
Council Chemotherapy Study, intermittent and continuous oral therapy is being used.

Criteria for Entry and Protocol

This pilot study had one primary objective, i.e., to test the safety of the procedure, and for this
reason it was set up in patients with disseminated disease beyond cure by surgery. Criteria for
entry are that patients have primary surface epithelial ovarian carcinoma, excluding low-
grade malignancy, in stage III or IV (FIGO classification) with incomplete initial surgery or,
in a small number of patients, recurrent disease. Patients must show disease control by
chemotherapy at 4 months following surgery. Unlike leukaemia there is no fine criterion of
relapse and the term “disease stasis” covers the situation where there is no crude evidence of
progressive disease as assessed by palpation or ultrasonic scan and no recrudescence of
malignant effusions.

Side-Effects

Side-effects have been minimal, sometimes “flu-like” symptoms occur following the first
course, lasting 24 h. We have seen no BCG granulomata, systemic infection [22] nor tumour
deposits at the site of immunisation. Three patients have suffered from hyperimmunisation to
BCG and the lesions took some months to heal. In such cases cells only are given for a few
cycles and then BCG is reintroduced at lower concentration.

Early immunotherapy sites in patients resemble ordinary BCG inoculation sites. In patients in
remission, further courses lead to flaring of previous sites, and cells alone have the capacity to
cause this phenomenon. As patients pass into relapse, this ability to flare is lost and the BCG
lesions become weaker and weaker — similar to the anergy seen in response to the Mantoux
test in patients with fulminating tuberculosis.

Results

Figure 1 illustrates the actuarial survival of 17 patients, 15 of whom have been followed until
dealth or for more than 2 years. A control group has been obtained by retrospective matching
[7]. There was little difference between the two groups in terms of tumour histology and
degree of differentiation. The actuarial survival curve calculated to 48 months shows that the
median survival shifts from 12 months in the control group to 24 months in the immunother-
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Fig. 1. Actuarial survival in patients with ovarian cancer treated with immunotherapy compared with
patients treated with chemotherapy alone (N. E. Thames Series). ¥ represents patients who are still
alive

apy group, but the downward trend is inevitable, a feature noted in the acute myeloid
leukaemia trial {20]. At 48 months, survival for the immunotherapy groupis calculated to be
19% compared with 4% for the control group (P < 0.01). The other noticeable feature is that
immunotherapy appears to facilitate response to change in chemotherapy when patients
relapse and that disease control may occur a number of times before final relapse. Similar
findings have been noted by those concerned with acute myeloid leukaemia trials [4].
This pilot study is subject to all the valid criticisms of retrospective control analysis and to the
other criticism that the reason for better survival in the immunotherapy patients was that they
were seen more regularly and therefore relapse could be picked up earlier and treated more
aggressively. Currently therefore, we have established a randomised prospective study using
also the uniform induction chemotherapy protocol of the present Medical Research Council
Chemotherapy Study.

Evidence for Immunostimulation

Twice weekly blastogenic responses of patients’ lymphocytes to PPD and ovarian tumour cell
membrane extract over each month of immunotherapy has been possible in some cases.
Patient N.S. is a woman with stage III disease whose primary surgery was biopsy alone.
Following dramatic regression of tumour on cyclophosphamide, she underwent “second-
look” laparotomy for removal of uterus and ovaries; at that time numerous biopsies through-
out the peritoneal cavity, liver and diaphragm could show no evidence of viable tumour. Her
first course of immunotherapy was with BCG and allogeneic tumour cells. Lymphocyte
responses over that month (Fig 2) show that baseline counts (unstimulated cells) alter in a
manner consistent with in vivo activation of cells by BCG, i.e. they reflect the increased
number of circulating “immunoblasts.” In vitro this is displayed by an increase in the uptake
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Fig. 2. Serial blastogenic responses
during Ist. course of immunotherapy
with BCG and cells (patient N.S.)

Fig. 3. Serial blastogenic responses during
2nd course of immunotherapy with BCG
and cells (patient N.S.)
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of 'TUDR into cells immediately following immunotherapy, a decrease that begins prior to
chemotherapy and continues throughout, and then a restoration as part of the rebound
phenomenon that normally follows the immunosuppression of pulsed chemotherapy [1]. If,
however, counts per minute difference between stimulated cells (i.e. with PPD or cell
membrane extract) and control cells are considered, there is little difference and certainly no
discernible pattern.

The next month (Fig 3.), however, shows a marked change in this pattern. There is an initial
boost following immunotherapy, a spontaneous fall that may reflect lymph node sequestra-
tion of sensitised immunoblasts [5] and a paradoxical and rapidly rebounding rise that begins
while the patient is still taking her chemotherapy, and finally a fall. There is only a small
change in response to cell membrane extract.

This responsiveness has also been seen following administration of cells alone, suggesting that
there may be some cross reactivity between BCG and the tumour-associated antigen [13].
Likewise, in a patient who had clinically static but detectable stage III disease, there was a
similar biphasic pattern and again a rebound phenomenon during and following cyclophos-
phamide (Fig 4). Analysis of T cell rosetting cells [25] in a small study of ovarian cancer
patients with large tumour masses confirms reports by others that both the “active” (TE,) and
“total” (TE,) populations of T cells are reduced. In ten immunotherapy patients, six of whom
had large tumour loads at the time of assessment, we found that TE, had risen to normal
values, but that TE,, although greater than values for patients in relapse, had not risen to
normal values.

Discussion

Numerous studies have shown that chemoimmunotherapy prolongs survival when compared
with chemotherapy alone [10, 19]. In contrast with this, MCILLMURRAY [14] and his
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colleagues stopped an immunotherapy trial in patients with malignant melanoma in view of
the alarming number of relapses in the “vaccinated” group compared with the control group.
The problem with immunotherapy, as indeed with chemotherapy, is that work tends to be
empirical since it is not always possible to use the results from animal experimentation in the
human situation.

The two most obvious areas of dispute are the nature of the vaccine components and the use of
chemotherapy. Animal experiments have suggested that the use of BCG with irradiated
tumour cells is superior to either used alone as immunotherapeutic agents [15]. This would
suggest that the specific effect of the tumour cells in activating sensitised lymphocytes is non-
specifically amplified by the BCG. In humans, however, the results are conflicting. CURRIE
[3] has shown that BCG alone has no effect on the level of serum inhibitory effects in patients
with malignant melanoma, whereas the inclusion of irradiated allogeneic tumour cells in the
mixture leads to a prompt fall. Clinically, POWLES [21] has shown that tumour cells mixed
with BCG result in longer remission in acute myeloid leukaemia patients compared with those
receiving tumour cells and BCG given at different sites.

The interspersal of chemotherapy with immunotherapy would also seem to be important and
timing of this, to avoid the immunosuppressive effects of chemotherapy, is vital. CURRIE [2]
showed that chemotherapy given prior to immunotherapy in a murine fibosarcoma model led
to an increased anti-tumour effect and that the time interval between the two was important.
On the other hand, MATHE [11] showed that BCG given before cyclophosphamide could
reduce the effect of the drug and suggested that the BCG might be potentiating the immuno-
suppressive effects of the cyclophosphamide [12].

Clearly for immunotherapy to be effective, chemotherapy must be used to maintain a small
tumour load, but its timing must not be such that the stimulatory effects of immunotherapy
are abrogated. Indeed, in our patients it appears as if immunotherapy offers some measure of
protection from the immunosuppressive effects of chemotherapy. Certainly the white cell
count does not drop as greatly in these patients compared with those on chemotherapy alone.
It may be that BCG by its effect on bone marrow and haemopoietic stem cells has a protective
effect [17] against the toxicity of chemotherapeutic agents.

The paradoxical rise in lymphocyte activity during and following chemotherapy is interesting
and requires explanation. In animals, cyclophosphamide can be shown to destroy a popula-
tion of suppressor T cells [23] and so reverse a state of immunological tolerance to dinitrophe-
nols and lead to delayed hypersensitivity reactions to picryl chloride. Furthermore, the
cyclophosphamide as well as reversing this state of tolerance was associated with the ability of
T cells to proliferate in draining lymph nodes following sensitisation with picryl chloride [16].
It has since been shown that it suppresses B cells in preference to T cells and is selectively
cytotoxic to short-lived cells that have a rapid turnover in peripheral blood [24].

Conclusion

It may very well be that BCG by its effects on bone marrow protects the host against the
severely immunosuppressive effect of cyclophosphamide and also encourages the reestablish-
ment of normal levels of active T-cells. Cyclophosphamide, on the other hand, may break the
state of “immunological tolerance” that exists in relapse patients by actively destroying
suppressor cells and allowing the release of sensitised cells from the lymph nodes draining the
immunotherapy sites into the circulation. Further study on the subpopulations of cells to try
to define more clearly the mechanism of immunotherapy needs to be done. This pilot study
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suggests that immunotherapy is a safe and possibly useful procedure in selected patients. The
progress of the randomised prospective study will be followed with interest, because in so
many other situations such studies are now failing to endorse earlier enthusiasm [6].
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Clinical Studies on PSK: Combination Therapy of PSK With Radiation
in Cancer of the Uterine Cervix

T. Taguchi

Introduction

PSK is a polysaccharide preparation obtained from the mycelia of the CM-101 strain of

Coriolus versicolor (Fr.) Quél in Basidiomycetes by hot-water extraction followed by sedi-

mentation with ammonium sulfate saturation, dialysis, and drying. This preparation is a

protein-bount polysaccharide containing about 38% protein, which consists of 18 kinds of

amino acids such as aspartic acid, glutamic acid, etc. PSK possesses quite unique immuno-
logic characteristics:

1. Helper T cell in vivo a) Restoration of depressed antibody-forming capacities to heterolo-
gous erythrocytes in tumor-bearing mice; b) Potentiation of antibody production when
1 x 107 sheep erythrocytes as an immunizing dose was used, but no difference when 4 x
10® sheep erythrocytes was used [15].

2. Delayed type hypersensitivity T cell in vivo a) Prevention of depressed delayed skin
reaction against picryl chloride in tumor-bearing mice [13]; b) Potentiation of foot pad
reaction against the tumor in tumor-bearing mice [4—6].

3. Effector T cell in vivo a) Potentiation of the cytotoxicity against the tumor in tumor-
bearing mice; b) Restoration of depressed allograft rejection in tumor-bearing mice
(8];

4. Suppressor T cell in vivo a) Restoration of enhanced suppressor T cell activity of antibody
production to TNP-BSA in tumor-bearing mice [14].

5. Macrophage in vivo a) Restoration of the resistance against Listeria monocytogenes
infection in tumor-bearing mice [9]; b) Potentiation of the phagocytic activity against
Candida tropicalis in mice [3]; ¢) Potentiation of the phagocytic activity against sheep
erythrocytes in mice [Ishida, N., 1977 unpublished]; d) Potentiation of in vivo chemotaxis
to PHA in mice [10].

Clinical Studies

The combination effect of PSK with radiation therapy was first observed in the treatment of
patients with uterine cervical cancer by KAsAMATSU et al. (Fig. 1) [2]. He found a marked
histologic improvement of the primary focus in the biopsy specimens obtained from patients
with stage III uterine cervical cancer.

Stage I1I Uterine Cervical Cancer

Every day (5 days a week) 200 rad were irradiated with two sources at the front and back with
a 6 Me V X-ray (using linear accelerator) on the whole pelvis of a stage III cervical cancer
patient, for a total of 5000 rad. Before irradiation was started, 3 g/day or 6 g/day of PSK was



Clinical Studies on PSK 175

(°/o)

100 -
PSK  treated (34 case )
————— Control (27 case)
50+
Fig. 1. Rate of grade III or IV in biopsy
specimens under external irradiation - I ! ] l
0 1 2 3 4 5 (rads)

External irradiation

continuously administered orally. The test sample was obtained from the primary foci every
1000 rad (Fig. 1), and the irradiation effect was evaluated according to the Oboshi and
Shimozato classification method.

Table 1 indicates the histologic gradings of cancerous tissue proposed by Oboshi and
Shimosato in Japan. Using these gradings, the rate of appearance of grade III (IV) in
Kasamatsu’s study was 71% in PSK-treated and 44% in non-PSK-treated patients with 4000
radirradiation and 94% in PSK-treated and 67% non-PSK-patients with 5000 rad showing a
significant increase in effective cases.

After 2 or 3 years observation, a higher survival rate was found in the patients given PSK
(Table 2).

Table 1. Histologic gradings

Grade I: No morphologic change observed on tumor cells or only slight change so that clas-
matosis of tumor cells was not apparent

Grade II: Some fusion and necrosis observed; however, tumor cells considered viable remained

Grade III: ~ Tumor cells still remained; however, growth and recurrence not expected due to
remarkable morphologic change

Grade IV:  No tumor cells remained at all

Table 2. Uterine cervical cancer (epidermoid cancer) stage III, survival rate

Case 2-year survival rate 3-year survival rate

PSK + radiation 34 32/34 (94%) 29/34 (85%)
Radiation 27 20/27 (74%) 16/27 (59%)
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Stage II Uterine Cervical Cancer

SoNODA et al. [12] obtained results very similar to KASAMATSU’s. After outer pelvic irradia-
tion of patients with stage II uterine cervical cancer at 200 rad five times a week, biopsy of the
primary focus was made at the time of total 1000, 2000, and 3000 rad irradiation, and the
radiation effect was examined histopathologically. In his study, enhancement of histologic
effect of PSK was observed in cases of 1000 or 2000 rad total irradiation (Fig. 2).

Uterine Cervical Cancer

Kwariet al. [1] also reported on telecobalt irradiation (Fig. 3) on the primary focus of patients
with uterine cervical cancer; biopsy specimens were obtained 7 days after irradiation. After
examining the radiosensitivity effect histopathologically, he found a significant increase in
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Fig. 2. Illustration of PSK effect in combined therapy with irradiation. 1: Arrow range indicates
enhancement by PSK administration. 2: Gr. indicates “grade” (irradiation effect classified by Oboshi);
(A): Stage II irradiation + PSK; (B): stage II irradiation only; (C): stage III irradiation only

test irradiation of
1,000 rad (external

irradiation of - -
telecobalt) against evaluation of radical
primary lesion sensitivity hysterectomy

(500 rad)
l (500 rad)

l

PS-K dosing (3 gor9g/day)

Fig. 3. Radiation system
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Table 3. Comparison of radiosensitivity in each individual case

Treatment methods No. of Radiosensitivity
cases
Good Moderate Poor
PSK + 100 rad 32 14 11 7
radical hysterectomy (43.8%) (34.3%) (21.9%)
Radical hysterectomy 64 14 24 26
(1000 rad) (21.9%) (37.5%) (40.6%)
PSK + 1000 rad 20 6 9 5
radiation therapy (30.0%) (45.0%) (25.0%)
Radiation therapy 152 35 54 63
(1000 rad) (23.0%) (35.6%) (41.4%)

effective cases by a combination of PSK with radiation in which better prognosis was reported
(Table 3). In conclusion, PSK will be one of the preparations valuable in combination with
radiation.
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Irradiation as Adjuvant Therapy in the Management
of Testicular Tumors

H. F. Hope-Stone

It has been accepted for the last 3 decades that many testicular tumors respond well to
irradiation, that such adjuvant therapy will lead to almost a 100% cure rate in seminoma (in
contrast to the 40% rate achieved prior to 1940 when irradiation was not given) and in some
teratomata will achieve a very similar response.

Fig. 1. CAT scan; teratoma, MTU. a Liver secondaries. b Para-aortic glands producing right
obstructive uropathy
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Fig. 2. CAT scan; teratoma,
MTU; lung metastases

To decide the way these tumors should be irradiated, it is necessary to stage them. This can
be done in a simple manner by clinical examination combined with chest X-ray, and more
accurately by lymphangiography and whole lung tomography. With the former, the obvious
metastases will be seen, but interpretation may be difficult, as the nodes can appear to be
involved, but tomography of these nodes may show this to be untrue. An intravenous
pyelogram (IVP) or even an inferior veno-cavogram may help. Computerised axial tomog-
raphy (CAT) is a further advance, as can be seen in Fig. 1a and b. A chest X-ray will pick up
gross metastases, but whole lung tomograms are better for showing up multiple small lesions.
Similarly, CAT scanning of the lungs might indicate the presence of more than one lesion
(Fig. 2).

At the London Hospital, staging has been as follows [1]:

Stage I: no definite tumor in the abdomen, but occult metastases are assumed to be present in
the pelvic or para-aortic nodes

Stage I1: definite abdominal lymph node metastases, but presumed occult metastases above
the diaphragm

Stage IITA: with supra-clavicular nodes or mediastinal lymph nodes and occult metastases
below the diaphragm

Stage IIIB: with intrapulmonary metastases

Stage IIIC: with supra-clavicular and intrapulmonary metastases and abdominal
glands.

The treatment policy is therefore based on the presence of these occult metastases. If we look
at this policy stage by stage, we see that in stage I we are interested in the occult metastases in
the pelvic and para-aortic lymph nodes, and it is these that we irradiate, using the classical T-
shaped field and using an IVP to outline the position of the kidneys. The kidneys are not
included in the direct radiation field, as irradiation nephritis may occur above a dose of
2250 rad [3].

It goes without saying that the orchidectomy must be carried out through the inguinal
approach. Once the scrotum is incised, the groin lymph nodes and the scrotum itself may be
contaminated, and the incidence of local recurrence is very high (Table 1), thus making the
prognosis much worse. It would also be necessary to irradiate both these nodes and the
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Table 1. Incidence of local recurrence with and without scrotal incision

Scrotal orchidectomy, biopsy, etc. 11 of 46 cases (24%)
No scrotal incision 3 of 329 cases (1%)

. Table 2. Protocol for trial chemotherapy
Platinum Days 1-5, 21-25

regime, the London Hospital and Institute of

20 mg/m? Urology, teratoma MTU, stage II and III
Vinblastine Days 1, 2, 21, 22

0.2 mg/kg

Bleomycin Days 2, 9, 16, 23, 30, 37

30U (IV)

scrotum, and the patient will then become infertile. Normally the good testis is shielded, and
measurements suggest that the latter will receive a dose of 50—150 rad, which will not cause
sterility.

In seminoma, a tumor dose of 3000 rad in 20 daily fractions is given, with a pair of parallel
and opposed megavoltage fields. For the teratomata, the dose is increased to 4000 rad in the
same time. At these dose levels there is no danger of irradiation myelitis, small bowel fistula or
stomach ulceration. The marrow is rarely severely affected.

In stage II seminoma, with known pelvic and para-aortic node involvement, these areas are
irradiated first, although if the tumor is very extensive the whole abdomen is irradiated to
2250 rad and treatment then continued to the higher dose after shielding the kidneys. After a
month’s gap, prophylactic irradiation is given to the mediastinum and supra-clavicular nodes
using a standard T-shaped field and shielding the lungs to prevent pneumonitis.

In teratomata, in the MTI group, irradiation is given as described for seminoma, but with a
dose of 4000 rad. In the MTU group (embryonal carcinoma), it might be better to give
chemotherapy first, using perhaps cis-platinum, vinblastine and bleomycin, and follow this
later with irradiation to the site of the original bulk disease (Table 2).

Stage IIIA in seminoma and MTI teratoma with supra-clavicular and mediastinal gland
involvement, these areas are irradiated in the first instance, and then subsequently prophylac-
ticirradiation is given to the pelvic and para-aortic lymph nodes. Stage IIIB, in seminoma with
lung involvement, irradiation is still the treatment of choice, taking the whole lungs to a dose of
2200 rad over 4 weeks; irradiation pneumonitis should not occur at this dose level.

In MTI teratoma, this may also be worth trying, as shown in the case of a patient who
developed lung metastases 6 months after irradiation of the pelvic and para-aortic nodes. He
was given 2200 rad and has survived for 8 years. In stage IIIA and ITIB MTU teratoma, there
is certainly good reason to start with chemotherapy and only to give irradiation at a later date
to the site of the original bulk disease.

In seminoma the results continue to be excellent (Table 3), although the poor survival in stage
III is disquietening; however, in recent years (Fig. 3 and Table 4) even these groups have
improved. In teratoma MTI it is now quite accepted — in the United Kingdom at least — that
irradiation is the treatment of choice at least in the early stages, and there is now no place for
retroperitoneal lymphadenectomy. In 1976 I reported the latest results for teratoma [2], and
this favourable trend continues to the present time.
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Table 3. Results of radiotherapy in seminoma of the testis treated by orchidec-
tomy and irradiation (1960—1976)

Clinical stage Years 1 2 3 4 5
I No. 64 61 54 51 47
Surv. 64 61 532 50 46
CSR % 100 100 98 98 98
II No. 26 24 19 18 14
Surv. 25 22 14 12 8
CSR % 96 92 74 67 57
III No. 7 7 7 5 5
Surv. 4 2 2 1 0
CSR % 57 29 29 20 0
2 Coronary.

CSR% = Crude Survival Rate percentage.

Table 4. Results of radiotherapy in seminoma of the testis treated by orchidec-

tomy and irradiation at the London Hospital (1970—1978)

Stage Years <1 1 2 3 4 5

I No. 31 28 25 23 17 14
Surv. 31 28 25 23 17 14
CSR % 100 100 100 100 100 100

I No. 16 15 13 12 10 8
Surv. 16 15 13 118 9 7
CSR % 100 100 100 92 90 88

III No. 4 4 4 3 3 1
Surv. 4 4 4 2b 2 1
CSR % 100 100 100 67 67 100

2 Leukaemia; PM no seminoma.
° Anaplastic and atypical metastases in vertebrate.

Fig. 3. Seminoma. Improvement of 3-

year survival figures (1940—1976)
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Table 5. Results of radiotherapy in teratoma (MTI) treated by orchidectomy

and irradiation (1960—1976)

Clinical stage Years 1 2 3 4 5
I No. 28 28 27 24 24
Surv. 28 27 26 23 23
CSR % 100 96 96 96 96
11 No. 10 8 8 8 6
Surv. 7 5 5 4 3
CSR % 70 62 62 50 50
111 No. 8 6 6 6 3
Surv. 2 1 1 1 0
CSR % 25 17 17 17 0

Table 6. Results of radiotherapy in teratoma (MTTI) treated by orchidectomy and
irradiation in the London Hospital (1970—1978)

Stage Years <1 1 2 3 4 5
I No. 12 12 11 10 9 6
Surv. 12 12 11 10 9 6
CSR % 100 100 100 100 100 100
I No. 8 8 7 5 5 3
Surv. 8 7 6 4 3 1
CSR % 100 87 86 80 60 33
111 No. 5 5 4 3 3 3
Surv. 5 3 2 1 1 0
CSR % 100 60 50 33 33 0
Table 7. MTU embryonal carcinoma (1960—1976)
Clinical stage Years 1 2 3 4 5
I No. 18 16 16 13 12
Surv. 18 12 9 6 4
CSR % 100 75 56 46 33
I No. 17 16 11 10 4
Surv. 12 8 4 3 1
CSR % 71 50 36 30 25
111 No. 24 20 18 18 18
Surv. 4 0 0 0 0
CSR % 17 0 0 0 0

H. F. Hope-Stone
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Table 5 shows the London Hospital results from 1960 through 1976. The stage II and I11
results are not so good (although there are very few cases in these categories). Certainly in
stage L it is inconceivable that radical lymph node dissection could improve the results. The
most recent results confirm this trend (Table 6).

In the MTU teratomata (embryonal carcinoma), the results from 1960 to 1976 are poor
(Table 7), but looking at the more recent figures there has been quite marked improvement
(Table 8), reflecting better irradiation techniques. A similar overall improvement is seen for all
the teratomata at 2 years (Fig. 4 and Table 9).

Thus in stage I teratoma, MTI and MTU, Blandy and I would contend that there is no place
for radical lymph node dissection that does nothing to improve survival, but certainly in the
majority of cases, if carried out properly, will render the patient impotent.

Itis interesting to see that at the Walter Reed General Hospital a randomized trial comparing
irradiation alone with irradiation plus surgery has just been reported [4]. Ninety-one cases of
stageland Il MTI and MTU teratoma were divided into two groups; one received 4000 rad to
the pelvic and para-aortic nodes followed subsequently by irradiation to the mediastinum and
supraclavicular nodes. The other group was given 3000 rad to the pelvic and para-aortic
nodes, followed by retroperitoneal lymphadenectomy and post-operative irradiation (1500
rad) to the same region, and subsequently 4000 rad prophylactically to the mediastinum and
supra-clavicular nodes. The results (Table 10) were not statistically different and were similar
to a similar group of cases treated by irradiation alone at the London Hospital (Table 11).
Despite this, at the 14th International Congress of Radiology in Rio de Janeiro, Maier still

100 - no mets Stage!

with mets

2 year Crude survival rate °/o

50+ Stages 2+3
a L L J
1960-69 1970-78 1874-78
Period of treatment
no mets with  mets
surv. no. c¢sr° surv. no. csr %

1960 69 24 29 83 5 25 20

1970 78 18 19 94 21 33 64
b 197 78 8 9 89 14 16 88

Fig. 4. The London-Hospital improved two-year survival rates for non-Seminomas (1960—1978).
a Figures, b Graphs
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Table 8. The London Hospital (1970—1978) malignant teratoma undifferen-
tiated MTU

Stage Years <1 1 2 3 4 5
I No. 10 9 8 7 6 6
Surv. 10 9 72 6 5 5
CSR % 100 100 88 86 83 83
I No. 10 10 10 8 6
Surv. 10 9 7 4 3 1
CSR % 100 90 70 45 37 17
111 No. 13 13 12 6 6
Surv. 13 8 6 1 0 0
CSR % 100 62 50 14 0 0

2 Ca bladder, aged 75.

Table 9. The London Hospital, 2-year crude survival rate for all terato-

mas
Period Stage MTI MTU
S No. CSR S No. CSR

1960—1969 1 17 18 94% 7 11 64%
2 2 4 50% 3 6 50%
3 0 3 0% 0 12 0%

1970—1978 1 11 11 100% 7 8 88%
2 6 7 86% 7 10 70%
3 2 4 50% 6 12 50%

1974—1978 1 4 4  100% 4 5 80%
2 5 5 100% 3 3 100%
3 0 1 0% 6 7 86%

2 S, survival.

Table 10. Randomized trial, Walter Reed General Hospital (1968—1973), embryonal carcinoma,
teratoma, terato-carcinoma (MTU and MTI, stage 1 and II) (MAIER, 1972)

No. of No. surviving 3-year survivors
cases 3 years
DXT only 40 34 85%

DXT + radical lymphadenectomy + DXT 51 46 91%
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Table 11. Results of radiotherapy

at the London Hospital for No. of cases ;\Io. surviving 3-year survivors
teratoma of the testis, stages I years
and II (MTU and MTI) 62 45 759%

advocated the combined surgical and radiotherapeutic approach. As there is little doubt that
their patients are most likely to die from distant metastases, it would seem more sensible to try
a different approach altogether. I would therefore advocate that in the MTU teratoma stage I1
and IIT and MT1 stage ITI, chemotherapy should be given first, followed by irradiation of bulk
disease. A trial of this method is now being undertaken at the London Hospital in conjunction
with the Institute of Urology.
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Adjuvant Chemotherapy in Embryonal Carcinoma of the Testis

E. Pommatau, C. Ardiet, M. Brunat-Mentigny, J. L. Chassard, and M. Mayer

Introduction

There are only a few randomized studies on adjuvant chemotherapy in nonseminomatous
germ cell testicular tumors. This is so because these tumors are rare (3.1 in every 100,000 in
the United States) and because it is difficult to form a cooperative group among institutes that
have differing ideas on the technique of lymphadenectomy, the value of irradiation, and the
type of chemotherapy that must be used in testicular tumors. However, embryonal carcinoma
of the testicles, which are very sensitive to chemotherapy, are a choice tumor for studying
adjuvant chemotherapy.

In 1962 and 1963, we had the good fortune to see metastases regress in three patients receiving
a combination (LI) of Actinomycin D, Cytoxan and Methotrexate. These three patients are
still alive no evidence of disease. It was then that we thought of using adjuvant chemotherapy
in operable testicular tumors. This treatment has been carried out systematically in our
institute since 1965.

Material and Methods

Patients

Our series deals with 57 patients, all treated in Centre Léon Bérard between 1963 and June
1975 and bearing nonseminomatous germ cell testicular tumors (embryonal carcinoma,
teratocarcinoma, choriocarcinoma). Pure seminoma or mature teratomas were excluded.
The patients had stage I or II testicular tumors: 1. Stage I: disease only in the testicle 2.
Stage II: retroperitoneal disease 3. Stage III: (disease above the diaphragm or visceral).
Stage III patients have been excluded. Since we have only a small number of patients, we did
not carry out arandomized trial. All patients treated during that period have been included in
the study even if they did not receive the treatment as planned.

Treatment
Lymphadenectomy

Because of eventual sexual sequelae, we do not perform systematic bilateral lymphadenec-
tomy. We remove the nodes high up, as high as the renal pedicle, and sometimes higher. We
examine the contralateral nodes and remove only those considered likely to contain metas-
tases.

Irradiation

If after surgery the nodes were not involved (N°), irradiation was not given. If nodes were
involved (N), irradiation was given, often limited to the remaining nodes or to the bed of the
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involved nodes. A few patients received extended irradiation including iliac, epigastric, and
supraclavicular nodes.

Chemotherapy

All patients received a combination of drugs (LI): Actinomycin D: from day 1—5 and 1115,
Cytoxan from day 1—20, Methotrexate from day 1—20. If possible, the first course was given
between orchidectomy and lymphadenectomy. Treatment was given over 1—2 years unless
the patient refused it. The second course was given 1 month after lymphadenectomy and
every 3 months thereafter. In the case of recurrence or metastasis, mithramycin and since
1973 bleomycin or V.A.B. was given. No patient received cis-platinum.

Biologic for Follow up Markers

a-Fetoprotein (a-FP)

Since 1970, a-fetoprotein has been measured, first using an immunoelectrophoretic method,
and then since 1974 by radioimmunologic assay (Abbot then C.1.S.). Less than 20 ng/ml is
considered quite a normal level.

HCG and LH

In the past, HCG and LH were detected by biologic and immunologic methods (in sera and
urines). Today, we determine the quantity present of HCG K, HCG K1, and f-HCG (CIS) by
radioimmunologic assays in sera.

The study of a new marker, 5-S-P1 is already being carried out by SizARET. We have also
carried out plasmatic progesterone assays in some patients (by radioimmunologic
assay).

Precise and quantitative studies were not carried out for our patients before 1970. We shall
therefore have to separate the results: clinical results of patients receiving an adjuvant
chemotherapy treated more than 3 years ago and results of patients with markers. Marker
results are reported for patients treated less than 3 years.

Clinical Results of Adjuvant Chemotherapy

From the total of 57 patients (stage I and II) with or without surgery and irradiation have 8
died while 49 are alive and well (86%).

In the first series, 22 patients received only chemotherapy, after lymphadenectomy (N-), of
whom three received only one course and 19 received several courses over 1 or 2 years.
Twenty-one of these patients are alive and free of disease without recurrence or metastasis.
One patient had lung metastases erradicated with mithramycin more than 6 years ago. Thus,
at present, all 22 are alive and well.

The second series (22 patients) deals with patients who had involved nodes (four patients had
incomplete lymphadenectomy). Eight patients received only chemotherapy after lymphaden-
ectomy;

three are dead (these were treatedin 1963, 1965, and 1971), of whom two had node recurrences
and one lung metastases. These patients were treated with nitromin, cobalt, and mithramycin.
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The remaining 5 patients in this group are free of disease. Fourteen patients have been
irradiated with cobalt; three are dead two with node recurrences and one with lung metas-
tases). These were patients treated years ago, with smaller doses of cobalt and chemotherapy.
Ten patients manifest no evidence of disease; one had a lung metastasis that regressed with
mithramycin + bleomycin and has now completely disappeared. Of 22 patients with involved
nodes, 16 (73%) are alive and free of disease more than 3 years after surgery.

The third series consists of 13 patients who did not undergo lymphadenectomy. Nine patients
received chemotherapy only, of whom eight are alive and well and one died of recurrence
which appeared 1 year after the adjuvant treatment was discontinued. He had lung metastases
and node recurrences. Of four patients who received cobalt as well as chemotherapy because
their lymphangiogram showed involved nodes, three are alive and free of disease and one died
of lung and liver metastases.

Toxicity

Chemotherapy, as given, was well tolerated by almost every patient (but three refused
treatment because of vomiting). We have no treatment-related deaths, but this regimen is
somewhat toxic for the bone marrow in patients previously treated with extensive
irradiation. With regard to carcinogenesis, we can point out only one case of seminoma of the
remaining testis 4 years after surgery and adjuvant chemotherapy for embryonal carcinoma
without lymph node involvement (the patient received six courses of chemotherapy over 1
year). We have not carried out systematic studies of fertility in our patients, but we can say
that after their treatment four patients begot children.

Results with Biologic Markers

a-Fetoprotein

All measurements were carried out between the 3rd and the 30th day after castration. Since
1974, quantity measurements have been carried out on 30 patients in the course of adjuvant
chemotherapy. Thirteen (43%) had high levels over 20 ng/ml. In our series, ten patients had
lymphadenectomy (seven and three N+) and three children had only castration. With the
adjuvant treatment, all quantities measured became normal. Thereafter, all remained normal
for 1 year or more.

HCG and LH

Measurements of HCG were carried out in 42 patients receiving adjuvant chemother-
apy:

a) 28 had no trophoblastic elements in their testis; measurement was normal and remained
so

b) 14 had trophoblastic elements, of whom three had predominant choriocarcinoma and high
biologic levels of HCG before or just after castration — the measurement was normal in less
than 1 month — and 11 had embryonal carcinoma with trophoblastic elements; five never had
high levels of HCG but one had a high level of LH (all measurements were effected after
castration); six had high levels of HCG during the course of their treatment.
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Patient 1: 10 months after surgery, without any clinical signs, his HCG level was high; he
therefore received mithramycin and had a normal level in 2 months. He has been well for
4 years.

Patient 2: had two abnormal measurements during adjuvant chemotherapy; as he had no
clinical signs, we did not alter the treatment. He is alive and well 4 years later.
Patient 3: had one high level and received bleomycin; the next measurement was normal
1 month later. Then 4 months later he had gynecomastia. He then received vincristine and
bleomycin; gynecomastia regressed in 2 months. He is alive and well 4 years later.
Patient 4: had gynecomastia and a high level of HCG just after lymphadenectomy. He
received adjuvant chemotherapy, gynecomastia regressed, and HCG became normal; he is
still normal 3 years later.

Patient 5: had high levels of HCG and LH during some months when chemotherapy was
stopped because of surgery. We resumed the treatment and levels returned to normal and are
still normal 2 years later.

Patient 6: had high levels of HCG less than 1 month after lymphadenectomy (he also had
an elevated «-FP). He received adjuvant chemotherapy, and HCG became slowly normal
1 year later and is still normal 2 years later.

In the past, we have also carried out plasma-progesterone assays in some patients. Only
four patients had a high level (more than 150 ng). These four patients had also a high level of
HCG. But six other patients with a high level of HCG had a normal level of progesterone. We
think that the level of HCG has a better diagnostic value than that of progesterone. The study
of the level of a-FP and HCG is very important for follow-up. Variation in level may lead us to
alter the type of chemotherapy used. In two cases, HCG became normal after a new drug
(mithramycin in one case, vincristine + bleomycin in another case) was used. But our study
does not allow us to draw significant conclusions as to the adjuvant chemotherapy to be
preferred. Quantitative measurements prior to castration would be preferable.

Discussion

Itis always difficult to draw significant conclusions from a nonrandomized trial. However, we

can take into consideration that our cases are without exception consecutive. It is therefore

possible to compare our series with those of others. At the congress in Florence in 1974,

LALANNE [12] reported a retrospective study of ten French “Centre anticancéreux.” The 3-

year actuarial survival rate was 43% for embryonal carcinoma and 45% for teratocarcinoma.

For QuIvEY [16] the 5-year actuarial survival rate was 56% for 75 patients with carcinoma.

The rate varies according to the stage of the disease.

1. Forstage I:86% according to STAUBITZ and 73% according to MAIER [13]. The overall 2-
year disease-free survival in the series collected by WiLLiaMs [24] was 87%. In our
previous series without chemotherapy, there were four recurrences and three deaths of 11
patients with N-.

2. For stage II: a 5-year survival rate of 40%—70% has been reported for patients with
positive nodes. In the series collected by WiLL1aMS [24] on patients treated with radiation
and lymphadenectomy, the survival rate was 57%. The results of our series show:
100% in stage I N-

73% in stage II N+
86% for the whole series.



190 E. Pommatau et al.

This seems to show the advantage of adjuvant chemotherapy, but further controlled trials are
needed.

We must try to improve our treatment protocol. The improvement must take into account the
clinical objectives and currently available chemotherapy. The first objective is “cure with a
minimum of sequelae.” Some patients have perhaps been overtreated. The biologic follow-up
with markers is now more accurate and more selective. With bleomycin, vinblastine, and cis-
platinum, we have a more efficacious chemotherapy. However, toxicity is perhaps more
considerable, i.e., treatment-related deaths, sequelae such as pulmonary fibrosis, renal failure,
and deafness. For the discussion to be useful, treatment must be discussed stage by
stage.

Stage I: N° and N

If a-FP and HCG are normal before and after surgery, adjuvant therapy may not be
necessary, since the prognosis is very good. However, recurrence can occur with normal a-
FP and in that case, biologic follow-up is impossible. A short adjuvant treatment over
6 months might be considered. If levels of a-FP or HCG are high, there is a risk of recurrence
and adjuvant treatment with actinomycin D for 1year would advisable.

Stage II: Inoperable Patients N*

The discussion at present lies in the choice of the drugs that must be used for adjuvant
chemotherapy. It seems possible to pursue the previously used treatment, i.e., association of
actinomycin D, cytoxan, and methotrexate, if the first course is given very early, before
lymphadenectomy, and the latter courses are given every month or 2 months over 1—2 years.
Biologic follow-up must be frequent and accurate so as to allow a new combination of drugs if
necessary, even before clinical recurrence. We can then use bleomycin, vinblastine, and cis-
platinum and even mithramycin, as we did, because there is no crossresistance with actino-
mycin D. In patients with incomplete lymphadenectomy, one can use the most effective
combination, i.e., vinblastine, bleomycin, actinomycin D, and cis-platinum, and possibly
additional surgery and radiotherapy, followed by chemotherapy for 1-2 years.
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Adjuvant Chemotherapy of Testicular Carcinoma: Need for Evaluation
of Curative Strategies

F. M. Muggia and E. M. Jacobs

Newer regimens including cis-diamminedichloroplatinum (DDP) have shown a striking
therapeutic efficacy against advanced testicular cancer [22]. The impact of such chemother-
apy on our overall approach to this disease will be described. Preceding the description of
current trials, a review of staging concepts and the prognostic implications of histology and
stage is essential to understanding the concepts underlying current strategies.

Staging of Testicular Cancer

Although widely accepted, the WALTER REED [17] and the BopEN [3] systems of staging
employ both clinical and pathologic criteria and, therefore, require modifications according
to current concepts. In arriving at a more satisfactory staging system, an intergroup study
sponsored by the National Cancer Institute has adopted the TNM systems of the UICC [29]
or the American Joint Committee [1], which are identical, to classify the T and M compart-
ments (Table 1). However, the definitions of the N compartment have been drastically altered
according to suggestions by WHITMORE and GOLBEY at the Memorial Sloan-Kettering
Center. The TNM system offers unique advantages for surgicopathologic staging that is
feasible after orchiectomy and retroperitoneal node dissection. However, clinical staging
based on physical, radiographic, or laboratory findings is also desirable. A clinical staging
system, which can be rendered equivalent to the surgicopathologic stage groupings from
TNM findings, is presented in Table 2. Similar modifications have been recently proposed by
other authors [15]. Subdivisions of clinical or pathologic stage II are primarily based on the
very different prognoses of minimal versus more substantial involvement of retroperitoneal
nodes [14, 28], also recognized by the Walter Reed system that distinguished between a
microscopic retroperitoneal involvement (stage IB) and clinical or radiographic retroperito-
neal involvement (stage II). It should also be noted that a persistently positive marker in a
patient who has undergone resection of all disease areas in testis and retroperitoneum must be
classified as clinical stage III, even though the surgicopathologic stage has been determined to
be lower. As in malignant lymphomas, the designation of both clinical and surgicopathologic
stages may be helpful in clinical trials since they reflect the extent of workup and histologic
verification. Current staging proposals must be evaluated further in clinical trials to establish
their prognostic validity.

Prognostic Implications of Histology and Stage

Trials apply to nonseminomatous germ cell tumors, since an entirely different strategy applies
to the more radiosensitive pure seminomas. Because of the frequent compound nature of these
tumors, various histologic classifications have been applied, the most prevalent being com-
monly referred to as the British system [7] or the American system (AFIP) introduced by
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DixoN and Moore [10]. The World Health Organization (WHO) has proposed a modifica-
tion of this classification to include additional types and subtypes, such as spermatocytic
seminoma and yolk sac tumor, with the term teratoma reserved for mature or immature
tumors that may contain areas of malignant degeneration of other than germ cell origin. The
previously used term, teratocarcinoma, would now refer to embryonal and teratomatous
mixtures and require definition of each element; as many as 40% of tumors may be in this
latter category [21]. The prognostic implication of this new, more descriptive classification
has not been fully established. At present, when developing therapeutic strategies, all the
nonseminomatous germ cell tumors are considered together. The presence or absence of a
biochemical marker and the surgicopathologic stage of disease are more important determi-
nants of the strategy adopted. One exception is the presence of pure choriocarcinoma at
orchiectomy; these patients are almost never in stage I and, therefore, retroperitoneal node
dissection may even be unneeded.

An excellent outlook, always exceeding 80% cure rates, has been reported in patients with
surgicopathologic stage I or in those with minimal retroperitoneal involvement found either at
surgery [27] or converting to negative after preoperative radiotherapy (sandwich technique)
[14, 16, 18]. However, when the retroperitoneal involvement was somewhat greater [> 2 cm
masses according to 28], the prognosis, in spite of radiotherapy, was considerably worse
(Table 3). Prior to use of the current chemotherapy regimens, patients with distant metastases
or with unresectable retroperitoneal disease had a 5-year survival below 20% [4]. Several
recent studies in patients with disseminated disease, in fact, have further indicated the
importance of pretherapy tumor burden as a prognostic determinant of long-term response
[11, 26]. Employing cytoreductive surgery to attain disease-free status after partial response
from chemotherapy has been associated with some long-term survivors [6, 11, 20]. Thus,
even in stage III, subclassification by bulk of disease may prove valuable.

Table 3. Results of stage II (retroperitoneal involvement) nonseminomatous testicular cancer?

Series (references) All stage II Comments
Favorable Unspecified Unfavorable

Staubitz et al. {27] 15/20 (3 yr Surgery alone
survival)®

Staubitz’ review — 45/71 -5 yr RT, surgery

4 series (Walter Reed, survival) embryonal

Memorial, Skinner, only

Walsh) {27]

Tyrrell and Peckham {28] 12/14 (3 yr NED) 5/15 (3 yr NED) RT

Hussey et al. [14] 21/45 (3 yr NED) 3/17 (3 yr NED) RT + surgery

Maier and Mittemeyer 26/32 3 yr RT + surgery

[18] survival) + RT

Lynch et al. [16] 10/14 3 yr RT + surgery
survival) RT

2 NED, no evidence of disease; RT, radiotherapy.
b Excludes seven patients not fully resectable.
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Chemotherapeutic Regimens

DDP has shown unprecedented effectiveness as a single agent in this disease (Table 4). Two
combinations, VAB III [9] shown in Fig. 1 and PVB [11] in Table 5 stand out in therapeutic
efficacy and number of patients treated. The addition of such treatment in patients at high risk
of recurrence must therefore now be considered at the time of initial diagnosis.

Table 4. Single agent activity of DDP in testicular cancer

Reference No. of No. of remissions Overall response
patients rate (%)
Complete Partial
[19] 10 6 3 90
(24] 22 1 14 68
[25] 22 1 8 40
[5, 8, 12, 23])2 17 1 8 33
Total 86 16 36 60

2 Series less than ten patients.

Table 5. PVB combination

(p) DDP 20 mg/m? as 15 min IV infusion on days 1—5, q 3 weeks for 3 courses

(V) Vinblastine 0.2 mg/kg IV days 1 and 2, q 3 weeks for 5 courses; then, 0.3 mg/kg IV q 4
weeks for 2 years (decreased 25% in cases of prior radiotherapy)

(B) Bleomycin 30 units IV weekly on days 2, 9, and 16 of each DDP course, and with DDP
6 h after vinblastine; then, weekly for 12 weeks (stopped at total dose of 360

units)
Induction
<+——MAINTENANCE—>
120 mg/m?
with mannitol 50 mg/m?
cis-PLATINUM i.v. induced ‘
diuresis

CHLORAMBUCIL p.o. 4.0 mg/m?/day
CYTOXAN i.v. ﬁ 600 mg/m? A g

MAINTENANCE
VELBAN i.v. ‘§’ 4.0 mg/m? ﬁ ﬁ ﬁ REPEATED
TWICE

FOLLOWED
BY NEW
ACTINOMYCIN D i.v. t 1.0 mg/m? t INDUCTION
COURSE
20 mg/m?/day ADRIAMYCIN i.v.
BLEOMYCIN iv. EZZZ 30 mg/m? l
continuous inf. [ T I /;l; I I ]
0 2 3 6 9 12
WEEKS

Fig. 1. VAB III. Germ cell tumors dosage schedule
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Adjuvant Trials

Actinomycin D and chlorambucil have been used for years as “adjuvants” in an uncontrolled
fashion. In 1974, under the sponsorship of the NCI, a protocol was launched to randomize
patients with surgicopathologic stage II to receive postoperative radiotherapy or chemother-
apy with actinomycin D and chlorambucil or both. The protocol never accrued more than a
few patients because of knowledge of the successful sandwich technique [18] and the advent
of more effective chemotherapy.

A modification of the VAB I treatment [31] was employed by Memorial Sloan-Kettering in 60
patients with surgicopathologic stage I1[30]. Patients with five or fewer nodes positive and no
larger than 2 cm in size, plus negative markers following dissection, were considered
favorable; none of these patients has relapsed after a median follow-up of 17 months. In 35
patients with at least one unfavorable feature, relapse occurred in 11, with all but one of these
occurring within 8 months. Subsequently, the VAB III protocol was employed in these
unfavorable patients and only 1 of 11 has relapsed although the median follow-up is only 6
months.

Similarly, other studies have used varying regimens according to the risk of relapse. At the
Sidney Farber Cancer Institute, patients with unfavorable surgicopathologic stage II receive
PVB, whereas more favorable patients receive vinblastine and bleomycin, and still more
favorable patients receive only actinomycin D. The Southwest Oncology Group has 44 stage
II patients in a study comparing vinblastine and bleomycin preceding and following radio-
therapy versus radiotherapy given as first treatment.

EINHORN has recently argued for delaying adjuvant chemotherapy in stage II patients until
early relapse is observed [personal communication, May 1978]. This is based on the salvage
of virtually all patients who relapse on no adjuvant treatment, who are then treated with PVB.
Accordingly, an intergroup study has been established to begin testing immediate versus
delayed chemotherapy with PVB or VAB III in patients with surgicopathologic stage II who
have no residual disease clinically and no marker positivity following retroperitoneal dissec-
tion (Fig. 2). Finally, at the NCI, the value of cytoreductive surgery is being tested in more

Inclusion: All M0 patients with retroperitoneal node dissection positive

Stratify Extent of nodal invasion
Cell type

Exclusions Persistent marker positive
Pure choriocarcinoma
Inoperable or residual retroperitoneal nodes

VAB I1Il x 2 courses (VABCP)

Randomize <
VAB IIl upon recurrence; 2 courses

beyond CR

OR

PVB x 2 courses

Randomize <
PVB upon recurrence

4 courses beyond CR
Fig. 2. NCI testicular adjuvant intergroup study (1978)
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R

" No response or

b Chemotherapy alone cystic teratoma
Stage I11 o
Bulky tumor M -

| Reductive Surgery ross-over

Z and

E Chemotherapy

Fig. 3. NCI randomized clinical trial for bulky stage III non-seminomatous testicular tumor

advanced stages II and III (Fig. 3). This trial, which has already accrued more than 20
patients, will provide additional guidance on the value of gross disease removal in the
durability of response resulting from currently available systemic therapies [2].

Conclusions

At present, radical orchiectomy, followed by clinical and laboratory staging, and then by
surgicopathologic staging including bilateral retroperitoneal node dissection, represents the
usual initial approach in patients with nonseminomatous germ cell tumors. In a sizeable
percentage of patients beyond surgicopathologic stage I, relapse may be expected and these
patients are obvious candidates for adjuvant chemotherapy. However, because of the great
efficacy of new platinum-containing regimens and the expected rapidity of relapse in this
disease, therapeutic strategies can reasonably test whether immediate chemotherapy versus
chemotherapy on early relapse is preferred. Such studies are now underway, complemented
by others evaluating the role of cytoreductive surgery in improving the results of chemother-
apy. Results from such trials might point toward modifications in our initial approaches,
including eventually foregoing retroperitoneal dissection. At this time, there appears to be
little justification for using less than vigorous chemotherapeutic regimens; in addition, the role
of radiotherapy and of surgery need to be reassessed particularly for the most favorable stages
[16]. Close clinical and laboratory monitoring and early institution of aggressive treatments
including chemotherapy upon relapse when it first becomes manifest may be an important
alternate strategy to the use of adjuvant treatments in all patients. Evaluation of such
strategies may only be obtained through carefully designed trials that include detailed staging
procedures and classification. We urge thata classification, such as the one described here, be
applied to trials in this disease.
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Results of Cytostatic Therapy of Metastasizing Testicular Tumors

M. Hartmann and F. Korner

From 1 January 1974 to 1 April 1977 we treated 140 patients with malignant testicular
tumors at the Urologic Department of the Federal Armed Forces Station Hospital Hamburg
[6]. In 1977 alone we received 44 tumor patients, who, however, are not going to be
considered in detail due to the short period of time they have undergone observation.
Special attention is to be focused on the 60 patients who already had metastases when they
came to our hospital or who developed metastases during the 1st year of treatment. All 60
patients were subjected to so-called controlled cytostatic therapy, which is theoretically based
on cell kinetics.

Due to the efficacy of vincristine, bleomycin, and adriamycin on the different phases of the
cycle of cell division (Fig. 1)[1, 4, 7, 16, 19, 21], these agents can be given in such a way that
after a measurable time a partial synchronization of the tumor cells is achieved. The tumor
cells, which pass through the cycle of cell division completely asynchronously, cumulate in
the division phase, which is specifically blocked by the cytostatic agent [2, 5, 10, 11, 15, 18].

Fig. 1. Efficacy of different cytostatic agents on the cycle of cell division
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When the DN A synthesis phase has been reached, a high dose of a cytostatic agent effective in
this phase is applied. We use ifosfamid, an analog of cyclophosphamide [6, 9, 12—14 .
The assessment of the cell-kinetic measuring data resulted in a time dosage scheme (Fig. 2)
that has already been presented [13, 22, 23].

Since vincristine sulfate has proved to be the most effective agent and the one that is effective
most frequently [22], it is used first until neurotoxic symptoms appear. The patients receive
vincristine and ifosfamid twice a week. Then we change to bleomycin up to a maximum dose
of 350 mg. This dose is given in 3-week cycles at intervals of 3 months over 1 year. If the
metastases have not disappeared, either adriamycin is tried or a new vincristine series is
started.

Figure 3 shows the therapeutic scheme we generally use if there is a seminoma or a malignant
differentiated or an intermediate teratoma of type A [3, 20], in stage 1. All other teratomas in
stage I and all seminomas and teratomas in stage II with operable lymph node metastases are
subjected to extended cytostatic therapy as described above (Fig. 4).

Vincnstng —— — — — — — — — — — — — Ifosfamid : 2 x/week
15mg IV 8h 3gin 500 ml levulose
Bleomycin ——-—— — — —Bleomycn — — — — — — — — Ifosfamid : 1x/week
15 mg IV 24 h 15 mg IV 15h 3g

Adriblastin — — — — — — — — Adrblastin — — — — — — — — — [fosfamid : 1x/week
50 mg/m? 24h 50 mg/m? 24 h 3g

Fig. 2. Therapy of metastasizing testicular tumors. Synchronization

|. Seminoma, MTD, MTIA in stage |:

Concurrent inguinal semitestectomy and lymphadenectomy;
during operation and on the postoperative day 3 g each of Isfosamid

Irradiation therapy (4000 rad), parailiacal and paraaortal

Permanent cytostasis treated orally with 250 mg Trophosfamid per day
over 1year

In case of absence of metastases termination of therapy after 15 months
Observation period of 5 years

Fig. 3. Therapy of malignant testicular tumors in stage I, scheme A

Il. MTIB, MTA, MTT in stage | and all tumors in stage |l
(lymphograph negative, retroperitoneal metastases not palpable)

Concurrent inguinal semitestectomy and lymphadenectomy;

during operation and on the postoperative day 3 g each Ifosamid
Partial cytostatic synchronization

Irradiation therapy: parailliacal, paraaortal, mediastinal, supraclavicular

Intermittent permanent cytostasis treated orally with 250 mg Trophosfamid
per day

3 x cytostatic reinduction every 3 months over one year
In case of absence of metastases termination of therapy after 15 months
Observation period of 5 years

Fig. 4. Therapy of malignant testicular tumors in stagesI and II, scheme B
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Ill. Seminoma and all teratomas, with lymphographically positive
inoperable retroperitoneal metastases, as well being in stages
H/IV:

Inguinal semitestectomy;
duing operation and on the postoperative day 3 g each Holoxan

Partial cytostatic synchronization until operability
Retroperitoneal lymphadenectomy (neck dissection, thoracotomy, if necessary)
Partial cytostatic synchronization

Irradiation therapy: parailiacal, paraaortal, mediastinal, supraclavicular intermittent
permanent cytostasis treated orally with 250 mg Trophosfamid per day

3 x cytostatic reinduction every 3 months over 1year
In case of absence of metastases termination of therapy after 15 months
Observation period of 5 years

Fig. 5. Therapy of malignant testicular tumors in stages I, III, IV, scheme C

Incasesin stages 11T and IV with inoperable metastases to lymph nodes in stage II the patients
will first only be subjected to semitestectomy and then cytostatic treatment [20]. If
regression of the metastases is achieved, retroperitoneal lymphadenectomy, irradiation
therapy, and additional chemotherapy is then administered (Fig. 5).

The division of phases is based on the recommendations of HOFFKEN and SCHMIDT [8],
ie.,

Stage I: tumor limited to testicle;

Stage II: metastases limited to retroperitoneum;

Stage ITI: metastases to the lymph nodes supraclavicular and/or inguinal and/or mediasti-
nal;

Stage IV: Metastases to organs.

The breakdown of the 96 tumors treated (Table 1) indicates that only about one-third of the
patients had no metastases. The relatively high proportion with teratoma is due to the young
age of the patient group of conscripts [22].

Of the metastasizing tumors, 54 were teratomas, anaplastic teratomas occurring most
frequently (Table 2). Nearly 50%, in fact 25 patients, were admitted to our department in
stage IV, i.e., with metastases of organs (Table 3). Right from the beginning their prognosis
was very unfavorable. There were some tumor patientsin stage I at the start of therapy, five of
whom entered stage IV within the observation period with a maximum period of latency of
15 months.

Table 1. Number of malignant testicular tumors ]
from 1 January 1974 to 1 April 1977, as of 1 April  ithout metastases

1978 Seminoma 14
Teratoma 22
Total 36

With metastases

Seminoma 5
Teratoma 54
Myoleiosarcoma 1

Total 60
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Table 2. Histologic classification of metastasizing teratomas (n = 54),
according to CoLLINS and PuGH [3]

Malignant teratoma, differentiated MTD) 7
Malignant teratoma, intermediate, Type A (MTIA) 10
Malignant teratoma, intermediate, Type B (MTIB) 3
Malignant teratoma, intermediate, without Type (MTI) 3
Malignant teratoma, anaplastic (MTA) 20
Malignant teratoma, trophoblastic MTT) 7
Malignant primary teratoma, retroperitoneal (prT) 4
Total 54

Table 3. Division of phases of metastasizing tumors at start of
therapy (similar to HOFFKEN and ScHMIDT [8])

I II 111 v
Seminoma 4 1
MTD 2 2 1 2
MTIA 1 3 6
MTIB 1 2
MTI 1 1 1
MTA 1 11 8
MTT 1 3 3
prT 2 2
MYOLS 1
Total 6 27 2 25

Table 4. Patients decreased up to 1 April 1978 (one patient with myo-
leiosarcoma not listed)

Tumor n % Stage at start of therapy
MTD 6 86 I1xI,2xII, 1 xIII, 2 x IV
MTIA 8 80 I1xI 1xII, 6 xIV

MTIB 2 67 2x1IV

MTI 2 67 II, III

MTA 13 65 IxL 5xII,7xIV

MTT 5 71 IxI,2xII,2xIV

prT 2 50 v, IV

Seminoma 1 20 1 x1II

Total 39
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At the end of a 51-months observation period (as of 1 April 1978), 40 of our patients with
metastatic testicular tumors had died, i.e., 66.6% (Table 4). Of the deceased patients, 21
(54%) were already in stage IV at the start of therapy. Their survival time after our therapeutic
program was initiated varied between 4 and 26 months (average 10 months). No substantial
differences were revealed in the average survival time, which was 13 months in MTIA
patients, 11 months in MTA patients, and 13 months in MTT patients.

We could not establish which of the teratomas was most aggressive according to the
histologic classification. While the percentage fatality in the different classifications are
essentially the same, additional data will be needed.

We have found out that the prognosis of survivors improves after therapy has been given for
15 months; the survival curves level off accordingly (Fig. 6). After this time we therefore stop
our cytostatic therapy when patients are free of metastases. They are, however, subjected to
monthly follow-up.

Of our 25 patients who were already in stage IV at the start of therapy, up to now 4 (16%)
have survived and are in continuous complete remission according to the common definition.
Of the stage II patients, 15 (55.5%) are alive and free of metastases. By way of comparison,
93% of the patients who came to us in stage I remained without metastases.

The 20 patients with metastasizing testicular tumors who survived continue in complete
remission. We have had no case of partial remission. In three cases we were able to achieve a
steady state of tumor growth over months. Therapy resistance to the applied cytostatic agents
was noted in two cases.

In accordance with a recommendation of SCHEEF of a high-dosage single-drug [17], in 1977
we tried therapy with ifosfamid in our stage IV patients. According to our therapeutic scheme,
these patients had not the slightest chance of achieving any tumor remission and some of them
were also inoperable. For 5 consecutive days we administered 70—90 mg/kg body weight of
this drug daily in infusions distributed over a short period of time. In the beginning we had to
compensate for the toxic effects on the urinary tracts by daily infusions of 5—7 liters of liquid.
For some time now, a highly effective antidote in the form of a drug called MESNA (in
German: 2-mercaptoaethansulfonsaures natrium) has been available; at present this is being
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clinically tested. We give it IV immediately at the end of the infusion and again after 4 and
8 h.

With antibiotic and antimycotic protection, in spite of leukocytic depression to 100—300, no
serious complications arose although we conducted up to four cycles for each patient. Up to
now we have treated ten patients in this way. We were able to achieve six partial remissions
and two complete remissions, which are still fully effective. In two cases further tumor growth
could not be prevented. This indicates that it may be possible to further prolong survival of
young patients.

Summary

In many cases, metastases of malignant testicular tumors can be brought to remission by
controlled cytostatic therapy. Metastases occurring after surgery do no force us to give up the
patient, and even primarily inoperable patients should be subjected to an intensive cytostatic
treatment, because at least a definite prolongation of live combined with an acceptable quality
of life may be achieved.

Up to now, 33.3% of our patients with metastasizing testicular tumors have survived in
complete remission (Table 5). The prognosis of the stage IV patients is still not favorable,
although so far 16% have survived. They account for over half all cases of death.

Table 5. Summary of treatment results regarding 60 patients with metastasizing tumors (1 January
1974 to 1 April 1977; date of assessment: 1 April 1978)

Deaths Complete Partial Steady state
remissions remissions

40 = 66.6% 20 = 33.3% — —
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E. Digestive Tract Tumors

Treatment of Patients With Gastric Cancer
by Surgery, Radiotherapy, and Chemotherapy: Preliminary Results
of an EORTC Randomized Study

J. C. Goffin and D. Machin

Introduction

The 5-year survival rate of gastric cancer is between 8% and 9% and has not improved over
the past 3 decades. In the American literature [1-3, 5, 6, 8, 9, 11], it is reported that the
application of adjuvant chemotherapy after gastric resection has led to an improvement in the
survival rate. Some studies in locally unresectable gastric cancer record an improved survival
when 5-fluorouracil (5-FU) is combined with local radiotherapy [1, 10]. REITEMEIER et al.
[10] and HEIDELBERGER et al. [4] pointed out that certain transplanted tumors showed a
regression as well as prolonged survival when treated by irradiation therapy in addition to 5-
FU. Working on this basis, MOERTEL et al. studied the effect of combined 5-FU and
supervoltage radiotherapy and found that they gave significant objective asymptomatic
palliation in some patients having gastrointestinal cancer [7]. Itis thought that 5-FU acts as a
radiosensitizor or at least as a synergistic adjuvant when given simultaneously with radiother-
apy to the primary tumor. Moreover, 5-FU is given systematically and thus exerts its
desirable effects on the floating cells in the circulation as well as on metastatic foci in distant
organs.

Since 1972, the European Organization for Research on Treatment of Cancer (EORTC)
Gastrointestinal Tract Cooperative Group has been conducting randomized study for pa-
tients with at least partially resectable gastric adenocarcinoma and no evidence of distant
metastases after surgery. However, patients with a primary T1 tumor (UICC classification)
falling in this category are excluded. The following centers have participated: Institut Médico-
Chirurgical, Anderlecht, Belgium (M. COLARD), Institut Jules Bordet and Hopital Universi-
taire Saint Pierre, Bruxelles, Belgium (H. BLEIBERG, A. GERARD, J. SACRE, and G. STORME),
Centre Hospitalier Universitaire, Caen, France (M. GigNoux and P. SEmama), Centre
Frangois Baclesse, Caen, France (A. RousseL), and Centre René Goffin, La Louviere,
Belgium (J. C. GorFIN and J. MICHEL).

Materials and Methods

The aim of this study is to compare four postoperative treatments: radiotherapy alone
(treatment 1), radiotherapy associated with short-term chemotherapy (treatment 2), radio-
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therapy associated with long-term chemotherapy (treatment 3), and radiotherapy associated
with short-term and long-term chemotherapy (treatment 4). Radiotherapy (XRT)is given on
megavoltage machines via two parallel opposing fields, anterior and posterior. The fields
cover the whole gastric region, including the small epiploon. The right and lower limits of the
field are shown by metal clips placed at the level of the Winslow hiatus and at the level of the
genu inferior of the duodenum.

Short-term chemotherapy (STC) is given in the form of 5-FU intravenously (IV). The daily
dose is 375 mg/m? body surface area, given 4—6 h before the irradiation on the first 4 days
only. Long-term chemotherapy (LTC) is given IV in the form of 5-FU. The biweekly dose is
750 mg/m? body surface, continued for 18 months or until obvious progression of disease is
observed. This treatment starts 1 month after the end of radiotherapy.

Results

From July 1972 to May 1978, 104 patients from five institutions had been entered, 29
receiving treatment 1, 28 treatment 2, 22 treatment 3, and 25 treatment 4. Among these 104
patients, 59 are fully evaluable, 13 partially evaluable, 17 nonevaluable, and 15 not yet
evaluable. Reasons for partial evaluability are: in two cases XRT was discontinued due to
intolerance; in two others XRT was discontinued due to intolerance and no LTC received; in
two cases there was local recurrence during XRT: two patients received no LTC; three were
withdrawn early from LTC due to intolerance; and in four, LTC was stopped early. Reasons
for nonevaluability are: no XRT given (1 case), XRT refusal by patient (1 case), death prior to
start of XRT (4 cases), second-look surgery (1 case), surgical complications (2 cases), and
data missing (8 cases).

The preliminary results are presented only for the 59 fully evaluable patients. The principal
locations of primary tumors were 13 in the upper third of the stomach, 18 in the middle third,
25 in the lower third, and 3 linitis plastica. Regarding the UICC classification, 27 were tumors
of deep invasion occupying not more than one-half of one region (T2), 24 were tumors with
deep invasion occupying more than one-half but no more than one region (T3) and 8 tumors
occupied more than one region or extended to the neighboring structures (T4).

The surgical procedures were: 29 distal subtotal gastrectomies according to Polya’s tech-
nique, 8 subtotal gastrectomies according to Pean’s technique, 3 proximal subtotal gastrec-
tomies, 17 total gastrectomies, and 2 other nonspecified techniques. The primary tumor was
totally resectable in 45 cases and partially resectable in 14 cases. No involvement of lymph
nodes was observed in 14 cases; in 45 cases regional lymph nodes were involved including
perigastric nodes only (Nx + a) and other nodes that are removable (Nx + b) or not remov-
able (Nx + c).

Histologic evidence of residual tumor within the epigastric area was proven in 16 cases.
Regarding the histologic grading, 34 were well-differentiated adenocarcinomas, 20 were
poorly differentiated adenocarcinomas, and 5 were anaplastic carcinomas.

In the cases of penetration of the stomach wall, 3 were confined to mucosa including
muscularis mucosae (P1), 9 involved submucosa and extended to or into but not through
serosa (P2), 22 penetrated through serosa with or without invasion of contiguous structures
(P3), and 25 diffusely involved the entire thickness of the stomach wall including linitis
plastica.

Asto toxicity, 2 of 66 patients (3%) died due tointolerance to XRT (infection and respiratory
failure, stenosis of anastomosis) and 4 of 66 patients (4%) discontinued participation in the
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study due to intolerance to XRT. Toxicity to STC was almost absent. Of 23 patients, one (4%)
died due to intolerance to LTC (nausea, vomiting, diarrhea) and 2 of 23 patients (9%) had
LTC stopped due to intolerance (nausea, vomiting and diarrhea, leukopenia).

Table 1 shows the distribution of local recurrences. We noted 7 recurrences in treatment 1
(33%), 7intreatment 2 (44%), 1 intreatment 3 (11%), and 2 in treatment 4 (17%). The overall
significance was P = 0.07 (equal to overall probability associated with chi-squared test with
three degress of freedom). There is some evidence that patients receiving treatment 2 have
earlier local recurrences than those receiving the other treatments.

No significant difference was observed in the distribution of distant metastasis: 7 of 21
patients in treatment 1 (33%), 5 of 17 patients in treatment 2 (29%), 4 of 9 patients in
treatment 3 (44%), and 4 of 12 patients in treatment 4 (33%). Table 2 suggests that treat-
ment 4 is more successful in delaying the onset of distant metastases. A pairwise comparison
of treatment 4 with treatments 1, 2, and 3 in turn gives successive probabilities of 0.11, 0.08,
and 0.08.

Table 1. Number of local recurrences from start of radiotherapy by treatment group

Treatment group following surgery No. of local recurrences  No. of patients
Radiotherapy alone 7 (33%) 21
Radiotherapy + short-term chemotherapy 7 (41%) 17
Radiotherapy + long-term chemotherapy 1 (11%) 9
Radiotherapy + short + long-term chemotherapy 2 (17%) 12
Total 17 (29%) 59

Table 2. Number of distant metastases from start of radiotherapy by treatment group

Treatment group following surgery No. of distant metastases No. of patients

Radiotherapy alone 7 (33%) 21
Radiotherapy + short-term chemotherapy 5 (29%) 17
Radiotherapy + long-term chemotherapy 4 (44%) 9
Radiotherapy + short + long-term chemotherapy 4 (33%) 12

Total 20 (34%) 59

Table 3. Number of deaths from start of radiotherapy by treatment group

Treatment group following surgery No. of deaths No. of patients
Radiotherapy alone 14 (67%) 21
Radiotherapy + short-term chemotherapy 10 (59%) 17
Radiotherapy + long-term chemotherapy 3 (33%) 9
Radiotherapy + short + long-term chemotherapy 4 (33%) 12

Total 31 (53%) 59
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Table 3 show the distribution of deaths. We noted 4 deathsin treatment 1 (67%), 10 deathsin
treatment 2 (59%), 3 deaths in treatment 3 (33%), and 4 deaths in treatment 4) (33%).
Table 3 suggests that patients receiving treatments 3 and 4 have a better survival rate than
those receiving either treatments 1 or 2.

Conclusions

The preliminary results of this controlled clinical study on resected gastric carcinomas
comparing adjuvant therapy using radiation therapy and chemotherapy in the form of 5-FU
in four different combinations show that:

Interms of local recurrence, distant metastasis, or survival, there seems to be no advantage to
those patients receiving the STC; indeed, there is some evidence to suggest that patients
receiving treatment 2 are receiving the worst treatment. The survival from start of treatment
analysis suggests that treatments 3 and 4 are superior to treatments 1 and 2. However, for
both time to local recurrence and to distant metastases, treatment 3 is more similar to
treatments 1 and 2.

The average follow-up for the survival analysis is 55 weeks (76 for those patients still alive); a
longer follow-up period will clarify the treatment comparisons.
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Chemotherapy for Known Residual Disease
After Resection of Gastric and Colorectal Cancer*

G. R. Giles and J. O. Lawton

Introduction

Palliative resections of colorectal and gastric carcinomata are normally justified on a clinical
basis, in that removal of the primary tumour leads to symptomatic improvement or may
preventlocal complications. Clearly many of these patients still have alarge tumour load after
operation and under these circumstances, major surgery may not give other than a brief
temporary extension in survival time.

Typical examples are local extensions of rectal cancers into the lateral pelvic wall or spread of
a gastric cancer into the anterior surface of the pancreas. Equally common is an extensive
lymph gland involvement found beyond the confines of normal surgical technique, for
example, in the para-aortic regions. Another frustrating area of failure is the presence of small
hepatic metastases in association with an otherwise operable primary tumour.

There is a need for additional therapy for these patients with residual malignant disease after
surgery, which is in most instances too widespread to be encompassed by a radiotherapeutic
approach. This report is concerned with a study of intermittent combination chemotherapy
with a nitrosourea and an antimetabolite, given where possible for a period of 2 years after
palliative resection of gastric or colorectal carcinoma.

Methods and Patients

Forty-eight patients underwent palliative resection of a colorectal adenocarcinoma and 25
patients had a palliative excision of a gastric carcinoma. At the time of resection of the
primary malignancy, it was noted that the excision was not complete. The residual malignant
disease was stratified as being due to: (a) local extension into neighbouring supportive
structures, (b) lymph nodes not included in the en bloc specimen, or (c) distant disease, i.e.
small liver metastases that appear to occupy less than 1% of the liver mass. After recovery
from surgery, patients were randomised into two groups: the observation group were seen in
the outpatient clinic where regular checks were made on full blood counts and liver function
tests. Patients were examined every 8 weeks to determine the point of clinical recurrence.
Chest X-rays were performed every 3 months. Liver scans were carried out if there was
suspicion of liver metastases. Similar studies were carried out in the “treatment” group who
received chemotherapy. Cytotoxic drugs were given to patients with gastric carcinoma in the
form of 5-fluorouracil 325 mgm/m? IV daily x 5 every 6 weeks and BCNU (1-3-bis-(2-
chloroethyl)-1-nitrosourea) 40 mgm/m? daily x 5 every 12 weeks. Patients with colorectal
carcinoma received 5-fluorouracil 375 mgm/m? IV daily x 5 every 6 weeks plus MeCCNU

1 Work supported by Contract No. 1-CM-43727 from Division of Cancer Treatment, National
Cancer Institute, National Institute of Health, Department of Health, Education and Wel-
fare.
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(1-(2-chlorethyl)-3-(4-methyl-cyclohexyl)- 1-nitrosourea) 130 mgm/m? orally every 12
weeks. Patients receiving chemotherapy were followed in a similar manner to the observation
group and underwent regular full blood counts to check for myelotoxicity. In most patients
with colorectal cancer, plasma carcino-embryonic antigens were measured at intervals of 8
weeks. In the event of persistent reduction of the leucocyte and platelet counts, dosage
reductions in drug therapy were made. Chemotherapy was given until the point of clinical
recurrence or for a maximum of 2 years.

Results
Gastric Carcinoma

Thirteen patients were randomized to receive chemotherapy and 12 patients were maintained
under observation. The two groups are well matched in terms of histological grading but differ
in terms of gross morphology insomuch that three patients had carcinoma in the region of the
cardia in the treatment group (none in the observation group) and three patients had lineitis
plastica in the observation group (none in the treatment group). The extent and type of
residual disease is detailed in Table 1 and shows the two groups to be comparable.
Unfortunately, there was one drug-related death in the treatment group. Of the remaining 12
patientsin this group, only ten have been treated for 12 months or more, though all 12 patients
in the observation group have been at risk for this period. During the 1st year of the treatment
group four patients developed clinical recurrence (40%) and six have not. In the observation
group, eight patients have developed recurrence (67%) and four have not. Similarly, the
mortality in the treatment group was three patients (30%) and in the observation group six
patients (50%).

Gastrointestinal drug toxicity was largely in the form of nausea and vomiting, which was seen
in 92% of patients and in 49% of courses of treatment. Similarly, myelosuppression was found
in 62% of patients mainly following nitrosourea treatment and in one patient this led to a fatal
haematemesis 22 days following the first course of treatment, when the platelet count was

32 x 10%liter. As a result of toxicity, drug modifications were introduced in five patients
(38%).

Colorectal Cancer
Inall, 27 patients have received chemotherapy treatment and 21 patients have been random-
ized to observation. Whilst all patients receiving chemotherapy have been studied for 12

months or longer, only 16 of the observation group have been at risk for this period. Of the
patients concerned in this report, the primary sites of tumour were: right colon 10, left colon

Table 1. Predominant residual disease (patients)

Local Nodal Liver

Treatment group 5 7 1
Observation group 5 5 2
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Table 2. Predominant residual disease

Local Nodal Liver

Treatment group 14 8 5
Observation group 12 5 4

10, rectum 7 in the treatment group compared with right colon 3, left colon 7, rectum 6 in the
observation group. Histological findings were similar in both groups. Table 2 details the site of
the predominant residual disease in the two groups. As will be seen, the two groups are
roughly comparable.

Of'the 27 patients in the treatment group, 14 patients showed signs of clinical progression by
12 months (54%), which compares with 11 of the 16 patients in the observation group (69%).
However, the mortality at 12 months was seven patients in the treatment group (27%) and 10
of 16 patients in the observation group (63%).

As in patients with gastric cancer, gastrointestinal drug toxicity was mainly nausea and
vomiting and was found at some time in 25 patients though in only two patients was the
symptom graded as severe. Only six patients had serious myelotoxicity in the form of severe
depletion of platelets. However, in view of evidence of cumulative myelosuppression, adjust-
ments in drug dosage were required in 12 patients. There was no evidence of hepatic
toxicity.

Plasma CEA in Patients with Colorectal Cancer

The normal upper limit of CEA is taken to be 30 ug/mlin our survey and to accommodate the
range of levels is best expressed by the log values. Table 3 summarises the results and
demonstrates that as expected mean CEA levels are higher in patients with recurrent disease.
There is, however, some evidence that chemotherapy results in a suppression of plasma CEA
levelin patients with and without recurrent malignancy during the 1st year. At this stage these
differences are not statistically different. The observations may be of some assistance in
judging the effect of adjuvant chemotherapy and in making a decision to continue ther-

apy.

Table 3. Colorectal cancer: log CEA (normal limit 1.48)

Patients Mean log CEA 12 months

at 6 months
Observation group
No recurrence 7 1.13 1.75
Recurrent disease 6 2.60 —

Treatment group

No recurrence 13 1.25 1.23
Recurrent disease 14 1.72 -
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Discussion

At this time, the main hope for chemotherapy in gastrointestinal cancer would seem to be
within the field of adjuvant therapy following radical surgery. The results of chemotherapy for
patients with metastatic advanced disease do not suggest that gastric and colorectal carcino-
ma are particularly sensitive to cytotoxic agents either singly or in combination. However,
such clinical trials are conducted in patients with large metastases, which may not be as
sensitive as smaller tumour deposits. In this study we are reporting the effect of chemotherapy
in patients whose clinical staging lies in an intermediate position between advanced disease
and presumed microscopic metastases. The final results of this study will therefore be of some
interest, not only to assess the effect of chemotherapy on the biological behaviour of the
gastric and colorectal cancer but to determine whether it is worthwhile embarking on
prolonged courses of combination chemotherapy in patients after palliative excision of gastric
or colorectal cancer.

The reports of adjuvant chemotherapy trials in gastrointestinal cancer have been mainly
concerned with the action of single agents, usually 5-fluorouracil (5-FU). Although it appears
possible to improve the objective response rates in advanced disease by combining 5-FU with
nitrosoureas and possibly vincristine, there is no indication as yet that these combinations will
prove more effective in the adjuvant setting. Nevertheless, the combination of methyl CCNU
and 5-FU would appear optimal for colorectal cancer. The choice of BCNU and 5-FU was
based on the report of KovAcH et al. [1] in which this particular nitrosourea seemed to have
strong activity against gastric cancer.

The preliminary results of this study do not give much cause for hope that combination
chemotherapy will have a marked effect on the point of clinical recurrence of either gastric or
colorectal cancer. However, it may be that survival times will be prolonged in some patients,
particularly in the case of colorectal cancer where the 1-year survival time in the treatment
group was 73% compared to 41% in the observation group. Less impressive was a 12-month
survival rate of 70% after chemotherapy for gastric cancer compared to 50% in the observa-
tion group. However, the groups are not yet completely studied and the time period is short.
Statistical evaluation must await completion of the study.

A further controversial aspect of cytotoxic chemotherapy, given in an adjuvant setting,
relates to the potential gains in delay of clinical recurrence and reduced mortality, which have
to be balanced against the toxicity induced in the recipients. In this study the incidence of
gastrointestinal disturbance following the use of nitrosoureas has been high but relatively
shortlived and easily controlled by antiemetics. However, cumulative myelotoxicity has been
a serious problem and necessitated reductions in drug doses in 17 of a total of 40 patients
receiving treatment. Furthermore, it is necessary to record that one patient died of gastroin-
testinal haemorrhage at a time when the platelet count was suppressed and at its nadir
following nitrosourea administration. This must be seen as a drug-related death. Despite this
reservation, the study does seem to show that combinations of nitrosoureas and 5-FU can be
given over prolonged periods of time without insurmountable problems. It seems justifiable to
examine whether such treatments are effective in patients with tumour burdens that are less
than those described in this study.
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Adjuvant Treatment With Razoxane (ICRF 159)
Following Resection of Cancer of the Stomach

J. M. Gilbert, P. Cassell, H. Ellis, Ch. Wastell, J. Hermon-Taylor,
and K. Hellman

Introduction

Razoxane (ICRF 159) is an antimitotic drug that was developed at the laboratories of the
Imperial Cancer Research Fund, London, England. The drug is related to the chelating agent
EDTA and was found to be active in a wide range of experimental tumours (Fig. 1). It blocks
cell cycle progression in the pre-mitotic or early mitotic phases of the cell cycle.
Razoxane has a profound antimetastatic effect in experimental tumours. “ICRF 159 com-
pletely inhibited metastasis formation in mice implanted with Lewis lung carcinoma and the
dose had little influence on the rate of growth of the primary implant” [8]. Further studies
showed that there was normalisation of the blood vessels at the periphery of the tumour, and it
is thought that this may be related to the antimetastatic effect [6].

Razoxane is effective against a variety of human tumours [1] but this is the first report of its
use in carcinoma of the stomach. The drug is active when taken orally and exceptionally well
tolerated.

0 0
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Fig. 1. ICRF 159 0 0

Patients and Methods

Sixteen patients with carcinoma of the stomach have received razoxane. The tumour was
resected in all of these patients except one in whom it was by-passed. The first ten patients
were treated with razoxane because the surgeon felt the resection was technically inadequate;
three of these patients received other chemotherapeutic agents. The other six patients were
allocated to razoxane treatment as part of the multicentre randomized controlled trial that has
now been set up.

The patients who are part of the trial received razoxane in an oral dose of 125 mg twice daily
Monday to Friday inclusive. The other patients received razoxane in a similar dosage but with
aslightly different intermittent regime. The dose was reduced if the leucocyte count fell below
3000 cells/mm’.

Results

The sixteen patients had a mean survival of 20.6 months and a median survival of 12.5
months. Those patients in whom the operative specimen showed evidence of extra-gastric
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spread histologically had a mean survival of 9.8 months with a median of 9.5 months
(Table 1). If there was no evidence of extra-gastric spread in the operative specimen, the
survival was a mean of 41.1 months with a median of 44 months (Table 2). The single patient
who had a simple by-pass procedure survived for 27 months. Survival was not related to the
degree of histological differentiation of the tumour cells. The survival curve is shown in
Fig. 2.

Table 1. Carcinoma stomach (resected) + razoxane
(ICRF 159): extra-gastric spread histologically in surgical

specimen

Patient Survival Differentiation
(months)

D.T? 12 Well

H.B. 8 Poor

E.D. 5 Poor

T. F. 13 Poor

R.S. 8 Undifferentiated

J.D. 11 Well

D. McC. 18 + Moderate

A.C. 17 + Well

E. O. 3 Undifferentiated

E. B. 3 Poor

Mean 9.8

Median 9.5

2 Plus other chemotherapy.

Table 2. Carcinoma stomach (resected) + razoxane
(ICRF 159): no histological evidence of extra-gastric
spread in surgical specimen

Patient Survival Differentiation
(months)

K.J=2 62 + Anaplastic

S.S. 54 Poor

G.C. 44 Well

G.R. 39 + Anaplastic

W.C. 8 + Well

Mean 41.1

Median 44

2 Plus other chemotherapy.
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Discussion

The survival of patients in this series appears to be encouraging when compared to the figures
published for carcinoma of the stomach from other centres in England. However, there is a
marked difference between results published by specialist referral centres and general hospi-
tals (Table 3). Twelve of the 16 patients in this series had their operation at Wexham Park
Hospital, which is a district general hospital.

Costello et al. [4] reported a median survival of approximately 6 months if lymph nodes were
involved and approximately 1 year if no nodes were involved (Fig. 3). The survival in this
series is longer, especially in those patients without extra-gastric spread who had a median
survival of 44 months.

The early experience with razoxane gave very good anecdotal evidence that the drug is active
in carcinoma of the stomach. Five of the first ten patients survived more than 2 years
following purely palliative gastric resections in which the surgeon felt that tumour had been

Table 3. Carcinoma of stomach crude 5-year survival (English series)

Overall Lymphatic No lymphatic

spread spread
Cassell 1976 [3] (St. Bartholomew’s, London) 19.0%
Brookes 1965 [2] (Birmingham) 5.0%
Hawley 1970 [5] (St. Mark’s, London) 19.4% 11% 40%

Costello 1977 [4] (Manchester) 8.5% 3% 21%
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left behind. One patient (G.C.) survived 44 months and developed signs of extensive metas-
tases within 3 weeks of razoxane being inadvertently stopped. Another patient (J.U.) survived
27 months after a simple by-pass of his gastric carcinoma. Opacities on his chest X-ray
disappeared soon after starting razoxane and at post mortem the tumour was still present in
the stomach without any evidence of metastases. Ninety-six per cent of patients are dead
within a year following a palliative by-pass operation for carcinoma of the stomach
[7].

An autopsy has been performed on four patients, and there is some evidence that razoxane
may have exerted an antimetastatic effect (Table 4). One patient (S.S.) is of special interest
having survived 54 months despite disseminated disease as revealed at post mortem. WILLIS

Table 4. Carcinoma of stomach + razoxane (ICRF 159): pattern of

metastases
Patient  Lungs Liver Lymph nodes Survival
(months)
CXR PM Operations PM Operative PM
specimen
S.S. — + - + — + 54
T.F. - - - - + + 13
J.U:2 + — - - 7+ - 27
E.B. - - - - - 3

2 By-pass only.
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(9] states that in a series of 85 post mortems performed on patients dying with carcinoma of
the stomach, 22% had metastases in the lungs, 46% in the liver and 89% in lymph nodes.
However, it is not stated in what proportion of these cases the primary tumour had been
removed.

This series is part of a wider investigation of razoxane. A multicentre randomized controlled
trial is now in progress to assess the effect of adjuvant razoxane compared to controls (no
treatment or 5-fluorouracil). More than 100 patients with carcinoma of the stomach, pan-
creas, colon and rectum have so far entered this trial which beganinJanuary 1977, but it is too
early tc assess the results at this stage.
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Adjuvant Chemotherapy in Large-Bowel Cancer:
Demonstration of Effectiveness of Single Agent Chemotherapy
in a Prospectively Controlled, Randomized Trial*

T. B. Grage, G. J. Hill, G. N. Cornell, R. W. Frelick, and S. E. Moss

Introduction

Combining surgical resection and chemotherapy in the treatment of neoplasms has a sound
biologic basis, and application of this principle has resulted in striking improvement in
survival rates for a variety of malignancies, particularly in pediatric solid neoplasms.
Large-scale cooperative, prospectively controlled trials combining surgical treatment with
adjuvant chemotherapy in the management of bowel cancer date back to 1967 and have been
reviewed elsewhere [5, 8]. Most of these trials have not shown that the addition of chemother-
apy has increased the disease-free interval and survival with the exception of the most recent
Veterans Administration Surgical Adjuvant Group trial employing prolonged, intermittent
treatment with 5-fluorouracil (5-FU) in which there is definite suggestion of treatment benefit
inthose patients receiving chemotherapy [2, 7—10, 15]. Evaluation of the treatment results in
the Central Oncology Group trial (COG 7041) have been reported in the past and have
consistently shown definite improvement in the duration of the disease-free interval and
recurrence rate, particularly in certain unfavorable subgroups of patients with colorectal
carcinoma [4—6]. This report is an update of the Central Oncology Group (COG) trial as of
May 1978.

Description of Study

In 1971 the Central Oncology Group began a controlled clinical trial to determine the effect of
long-term adjuvant chemotherapy with 5-FU upon survival and recurrence rates in patients
with colorectal carcinoma who either underwent a curative or a palliative resection. The
details of the trial have been presented elsewhere [5].

In summary, in the curative resection group only those patients were submitted to study who
had an unfavorable prognosis as indicated by penetration of the tumor through the serosa or
full thickness of the bowel wall, Dukes B, or invasion of the lymph nodes, Dukes C, or cancer
in other organs removed as part of the primary resection. To the palliative group only those
patients were entered in whom the primary tumor had been removed and there was histologic
evidence of residual tumor. Criteria for exclusion of patients included “patients over 80 years,
patients who were considered poor risk for chemotherapy because of inadequate nutrition, or
patients with serious cardiopulmonary, hepatic, renal, or hematologic diseases believed to be
unsuitable for adjuvant chemotherapy.”

Allocation of patients to treatment group or control group was achieved by a centralized
randomization procedure at the COG headquarters. To insure even distribution of unfavor-
able characteristics to treatment and control groups, patients were further stratified as to

1 This work was supported by Central Oncology Group Grants CA-12282 and CA-12271 and the
Cancer Education Program Grant CA-19527 from the USPHS, National Cancer Institute.
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primary site, whether in the colon or the rectum, absence or presence of lymph nodal
involvement, and absence or presence of obstruction at the time of operation.

Those patients assigned to the chemotherapy group received 5-FU within 30 days after
surgical resection, consisting of an initial intravenous loading course of 5-FU at a dose level of
12 mg/kg daily for 4 consecutive days, up to a maximum of 1.0 g of 5-FU, followed by
6 mg/kg/day on alternate days to the point of toxicity, or to a maximum of five doses. Weekly
maintenance therapy was instituted as soon as toxicity from the loading course had subsided,
at a dose level of 12 mg/kg, to a maximum of 1.0 g of 5-FU for a period of 1 year.
In the palliative group the primary purpose of the trial was to determine whether immediate
administration of 5-FU increased the time-to-progression of disease and increased the
survival. Those patients selected to receive 5-FU were started on chemotherapy within 30
days of resection and continued until there was clear-cut evidence of progression. Those
patients randomized to surgical resection alone were followed at periodic intervals until there
was evidence of progression and then started on 5-FU at the same dose and schedule.
Progression of disease was defined as the appearance of new disease or an increase of 50% or
more in the product of the diameters of measurable lesions. In other words, in the palliative
group both groups of patients received 5-FU at one time during the course of their dis-
ease.

Patients whose disease recurred while on 5-FU or whose disease progressed weretreated by a
variety of chemotherapeutic agents, usually left to the discretion of the investigator. To insure
a comparable end point, all patients were followed at periodic intervals and thoroughly
reassessed every 3 months for evidence of recurrence or progression of their disease. The
survival curves and duration of disease-free interval curves were calculated beginning with the
day of definitive surgery, using the Kaplan-Meier life-table method, and the differences in the
survival and disease-free interval curves were evaluated statistically using Gehans modifica-
tion of the Wilcoxon test [3, 11].

Results

From August 1971 through November 1976 a total of 394 patients have been entered into the
study. As of May 1978, 299 were acceptable for evaluation. Of the remaining 95 patients, 16
wereineligible because they did not meet study requirements, 38 were invalid due to improper
drug administration, 31 were inadequate due to insufficient follow-up, and 10 were incom-
plete due to lack of reporting forms. Actually, the majority of the protocol violations were
considered minor and these patients have been studied as a separate group. However, they will
not be included in this report.

Of the 299 evaluated cases, 217 underwent a curative resection and 82 patients underwent a
palliative resection. Follow-up in the curative group ranged 2—70 months, with a median of
28 months. In the palliative group minimum and maximum follow-up period was 2 and 56
months, respectively, with a median of 15 months.

Toxicity
Severe, life-threatening toxicity, primarily related to the intestinal tract, was of sufficient

magnitude in seven patients to discontinue therapy entirely. The remaining patients tolerated
the chemotherapy well with toxicity usually of mild to moderate degree. Some degree of
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leukopenia was seen in 60% of the patients, nausea and vomiting was seen in 46% of the
patients, diarrhea in 53%, stomatitis in 20%, and thrombocytopenia in 36%. Less commonly
seen were cerebellar toxicity, hyperpigmentation, and alopecia. There have been no drug-
related deaths.

Curative Resection

Of 217 patients in the curative resection group, 98 received chemotherapy and 113 patients
were treated by surgical resection alone (Table 1). In the chemotherapy group 58% of the
patients are alive and free of disease, 12% have recurred, and 30% have died. Although the
control group fared slightly worse, the differences are statistically not significant. Figures 1
and 2 show the overall disease-free interval and survival curves for the treated and the control
groups. In neither case is the difference statistically significant, although it is nearly so in the
case of disease-free interval (P = 0.06).

Table 1. Summary status of 211 patients undergoing curative resection for colo-
rectal carcinoma

Treatment Alive Dead Total
NED Recurrence
# % # % # % i3 %
Control 58 51 20 18 35 31 113 100
5 FU 57 58 12 12 29 30 98 100
Total 115 55 32 15 64 30 211 100

Curative Resections,

. ative Resections,
Disease-Free Interval by Treatment Curativ

Survival by Treatment

100 total recurred 100 COG 7041
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Figs. 1 and 2. The disease-free interval curves and survival curves for all patients undergoing curative
resection do favor the chemotherapy group, although only in the disease-free interval curve does it
approach significance
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Disregarding whether the patient received 5-FU or not and just comparing the stage of the
disease, it is obvious that the prognosis for patients with Dukes C disease is significantly
poorer than those with Dukes B both in terms of disease-free interval and survival (Figs. 3 and
4). In terms of the difference between the chemotherapy group and the surgical resection alone
group, the Dukes C patients had a significantly longer disease-free interval, as reported in the
past (P = 0.003), and are also favored in terms of survival (P = 0.15) (Figs. 5 and 6). As
reported before, there is no difference between the treated and control group within Dukes B
stage.

Regardless of whether the patient received 5-FU or not, patients whose primary tumor was
located in the colon had a better prognosis than patients whose primary tumor was located in
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Curative Resections, Disease-Free interval by Dukes Stage

Survival by Dukes Stage
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Fig. 3 Fig. 4

Figs. 3 and 4. Involvement of lymph nodes by tumor confers a poorer prognosis than in patients with
disease confined to the bowel wall
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Figs. 5 and 6. In patients with Dukes C lesions, the chemotherapy group has a significantly longer
disease-free interval; survival is also better but not significantly
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Figs. 7 and 8. The curves by site clearly indicate the poorer prognosis in patients with rectal cancer as
compared to patients with colonic cancer
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Figs. 9 and 10. Both in terms of disease-free interval and survival, rectal cancer patients treated with 5-
FU do significantly better than those treated by resection alone

the rectum, with respect to disease-free interval (P = 0.002) and survival (P = 0.007) (Figs. 7
and 8).

There was no difference in diesease-free interval and survival between the two treatment
groups in patients with primary neoplasm located in the colon. In patients with the primary
tumor located in the rectum, the chemotherapy group did significantly better than the control
group in both disease-free interval (P = 0.041) and survival (P = 0.006) (Figs.9 and
10).

When examining the treatment group only, in terms of disease-free interval and survival by
toxicity, it is of interest that leukopenic patients (white count below 4000) have a significantly
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Figs. 11 and 12. In the chemotherapy group, those patients treated to toxicity, in terms of leukopenia,
have a significantly longer disease-free interval and appear to survive longer

longer disease-free interval than nonleukopenic patients (P = 0.016). However, this did not
translate itself into prolongation of survival, although the leukopenic group is favored (P =
0.19) (Figs. 11 and 12). When examining disease-free intervals and survival by other toxicities
such as nausea, vomiting, stomatitis, and thrombocytopenia and diarrhea, no significant
differences were found.

Palliative Resection

Of 81 patients undergoing palliative resection, 83% have died in the control group versus 74%
in the chemotherapy group; the difference is not significant (Table 2). When examining the
asymptomatic interval curves and survival curves for the treatment and control groups, the
treatment group is favored in both cases, but not significantly (Figs. 13 and 14).

Table 2. Summary results in 81 patients after palliative resection for colorectal

carcinoma
Treatment Alive Dead Total
Asymptomatic Symptomatic
# % #* % #* % #* %
Control 2 5 5 12 35 83 42 100
5 FU 6 15 4 10 29 74 39 99

Total 8 9 9 11 64 79 81 99
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Figs. 13 and 14. In the palliative group, chemotherapy with 5-FU shortly after resection appears to
prolong the asymptomatic interval, but not significantly so, and there is no influence on survi-
val

Discussion

Considering the large number of cases entered into the trial and the long period of follow-up,
together with the prospectively randomized nature of the trial with stratification by prognos-
tic indicators, it is becoming increasingly apparent that the addition of 5-FU to the treatment
of patients with colorectal carcinoma confers a small, but significant benefit in terms of
disease-free interval and survival in certain unfavorable subgroups of patients with this
disease. Although the overall improvement is small, yet considering the relative ineffective-
ness of a single agent such as 5-FU, this resuit is not surprising and in line with the resuits
reported from the most recent study from the Veterans Administration Study Group
[9].

One can only speculate why other trials, in which the same agent was used, did not show any
improvement in their recurrence rates and disease-freeinterval. A clue may be provided by the
observation that patients treated to toxicity have a better result than those in whom the drug
did not result in leukopenia. In a previous phase III trial by the Central Oncology Group, a
comparison of four dosage regimens of 5-FU, (1) an oral regime, (2) an intravenous regime
without a loading course, (3) a nontoxic regime, and (4) an intravenous toxic regime with a
loading course of 5-FU followed by weekly administration of 5-FU, reveals a clear superiority
of the fourth dosage schedule over the other three schedules in the treatment of advanced
colorectal cancer [1]. It appears that the dose and schedule of the chemotherapeutic agent do
indeed matter and can significantly influence the outcome.

The demonstration that the addition of a single agent such as 5-FU confers some improve-
ment to the surgical treatment of colorectal carcinoma provides grounds for increasing
optimism. Since the addition of methyl-CCNU to 5-FU has been reported to result in a higher
response rate in patients with advanced colorectal carcinoma, this may well translated itself
into a more effective adjuvant chemotherapy program [14]. The Eastern Cooperative
Oncology Group is conducting a colon cancer adjuvant trial comparing 5-FU alone in the
form of 450 mg/m? intravenously, daily, for 5 days, every 5 weeks for 1 year to a combination
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regime consisting of 5-FU, 325 mg/m? intravenously, daily for 5 days, every 5 weeks, and
methyl-CCNU 130 mg/m? orally, on day 1, every 10 weeks [13]. A total of 684 patients have
been entered into this trial. Severe toxicity was seen in 33% with the combination chemother-
apy versus 17% using 5-FU alone. The period of follow-up is simply too brief to be
meaningful, and the codes as to the single agent group versus combination group have not
been broken; however, the recurrence rates are 10% versus 13% and the death rate is 8%
versus 7% in the two groups, a difference that is statistically not significant.

Summary and Conclusion

In a prospectively randomized study, the effect of adjuvant chemotherapy wity 5-FU on
survival and recurrence rates was analyzed in 299 evaluable patients with colorectal carcino-
ma who either underwent a curative or a palliative resection. In the treatment group,
chemotherapy consisted of the intravenous administration of 12 mg/kg daily of 5-FU for 4
consecutive days, then 6 mg/kg on alternate days, to the point of toxicity, or to a maximum of
five doses, followed by 12 mg/kg weekly for 1 year. Some degree of drug toxicity was seen in
the majority of patients, was rarely severe, and there have been no drug-related deaths.
Analysis of the survival curves and disease-free interval curves reveal definite evidence of
drug benefit in two unfavorable subgroups, namely patients with Dukes C tumors and in
patients whose tumor was located in the rectum. In the chemotherapy groups, patients who
were treated to toxicity (WBC less than 4000 mm?), the disease-free interval was significantly
longer than the nonleukopenic patients. We conclude that the addition of 5-FU to the surgical
treatment of colorectal carcinoma provides a small, but significant benefit in patients with
colorectal cancer in certain unfavorable subgroups, namely patients with Dukes C lesions
and patients with rectal carcinoma.
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Ongoing Trials in the Surgical Adjuvant Management
of Colorectal Cancer

P. V. Woolley, G. A. Higgins, Ph. S. Schein

Even after complete surgical resection of apparent disease, adenocarcinoma of the colon has a
significant mortality. When penetration into or through the muscularis (B1 and B2) has
occurred, 5-year survival is no better than 50%—60%, while lymph node involvement (C)
lowers the 5-year figure to about 25%. Current attempts to improve these survival figures
involve the utilization of drugs that have activity in advanced disease, principally 5-fluoroura-
cil (5-FU) and nitrosoureas, as well as immunotherapy and, in rectal cancer, radiation
therapy. To date the margins of benefit that have been observed are small and clear
interpretation of results requires carefully controlled trials that provide follow-up periods of
several years. As a consequence, conclusions are derived slowly and many of the most
important trials are still in progress. The present discussion reviews the status of ongoing
trials, principally in the Veterans Administration Surgical Adjuvant Group (VASAG), and
the Gastrointestinal Tumor Study Group (GITSG).

Although early trials by VASAG with thiotepa [1] and floxuridine (FUdR) [2] produced no
improvement in survival at 5 years, the studies of current interest are those that used 5-FU in
the postoperative period [3] and also the newest trial that uses 5-FU plus methyl-CCNU. In
the first study of postoperative 5-FU, the patients were males with completely resected
adenocarcinoma that had not been diagnosed preoperatively by sigmoidoscopic biopsy.
These patients were stratified into three groups: (A) “curative resection” with no evidence of
residual metastasis or tumor at a resection margin, (B) histologic proof that residual tumor
was left behind either by biopsy or the finding of tumor at the resection margins, and (C)
clinical evidence of tumor not proven histologically. These groups were randomized separa-
tely. Those patients randomized to 5-FU received 12 mg/kg body weight IV push on $
successive days. Group A and group C patients received a second course about 7 weeks later,
while group B continued to receive the drug courses at 6—8 week intervals until disease
progression or patient death. A total of 496 patients were entered into this trial of whom 482
are included in the analysis (235 treated, 247 control). The survival rates of these patients are
shown in Fig. 1. In 338 patients having “curative” resection, there is 58.2% S5-year survivalin
the 5-FU group as opposed to 48.0% in the control. In 84 group B patients, there is 35.7%
survival at 18 months for those receiving the drug compared to 16.7% in controls. In 60 group
C patients, there is 53.6% survival at 18 months in those receiving the drug and 31.3% in the
control group.

In a second study, patients with large-bowel cancer at all sites, including rectum, were eligible
for inclusion. Those actually included were patients who, upon resection, were found to have
one or more unfavorable prognostic indicators: (1) presence of positive lymph nodes, (2)
serosal involvement or invasion of perirectal fat, (3) blood vessel or lymphatic invasion, (4)
involvement of an organ other than the colon. Patients were then divided into two groups,
group A or curative resection and group B with proven residual disease or positive resection
margin. The groups were randomized separately to receive or not receive 5-FU. The drug
itself was given at a dose of 12 mg/kg/day for 5 successive days, and these courses were
repeated at 6—8 week intervals. Patients in group A received the drug for 18 months and those
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Fig. 1. Survival in the five components of the two trials, showing consistently better survival in patients
receiving adjuvant 5-FU than in those treated by surgery alone

in group B until evidence of disease progression or death. There are 677 patients in this study
who are eligible for analysis. In the 518 curative patients, survival at 5 years is 49.1% for
patients receiving 5-FU and 44.7% for controls. For 159 patients in group B, survival is
37.7% at 18 months in the 5-FU group and 26.8% in controls (Fig. 1).

Further analysis of these groups of patients by the Mantel-Haenszel or log rank test of the
difference between two survival curves has been done by comparing observed to expected
deaths in each group, using uniform 30-day follow-up intervals (Fig. 2). The results show that
survival in treated patients is consistently better than for controls for each operation group. In
group A, B, and C the ratio of observed to expected deaths is 0.95, 0.85, and 0.77,
respectively. None of the pairs of curves differ at the 5% level of significance; the P values for
groups B and C are 0.13 and 0.09. When the three strata are pooled, to pose the question of
whether two or more courses of 5-FU improve survival of the resection, mortality in treated
patients averaged 81% of mortality in controls (P = 0.05). For the two operation groups of
the PIT trial, observed/expected deaths were 0.92 in each case (Fig. 3). In the pooled group,
mortality in treated patients averaged 85% of mortality in controls (P = 0.08).
Experience in the Central Oncology Group has also suggested a slight benefit for the use of
adjuvant 5-FU after resection of carcinoma of the colon [3]. A study begun in 1971 has
examined the effect of long-term adjuvant therapy with 5-FU upon survival and recurrence
rates in patients who have undergone either palliative or curative resection. The trial is
randomized and further stratified by site of disease. The drug schedule consists of an initial
loading course of 5-FU at 12 mg/kg daily for 4 days, followed by 6 mg/kg/day on alternate
days to the point of toxicity or to a maximum of five doses. Weekly maintenance is then
carried out at 12 mg/kg/week for 1 year. Follow-up of this group has shown a general trent
toward treatment benefit in the group undergoing curative resection, although survival
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Fig. 2. Survival curves in the three components of the 5-FU trial showing improved survival in patients
receiving adjuvant chemotherapy in (A) those having curative resection with no residual disease or
tumor at a resection margin, (B) patients with microscopically proven residual disease, and (C) patients
considered clinically palliative but without proven residual disease. Given for each curve are: N, the
number of patients at the start of follow-up; O, the number of deaths observed during follow-up; E, the
expected number of deaths with adjustment for numbers of men at risk during successive 30-day
follow-up intervals. The probabilities that the difference between the paired curves are attributable to
chance (MANTEL-HAENSZEL test) are (A) P = 0.52, (B) P = 0.13, (C) P = 0.09, pooled
test P = 0.05

difference is not statistically significant (P = 0.15). In the patients with Dukes C disease, there
is a prolongation of the disease-free interval in the treatment group (P = 0.06). There s also a
survival benefit (P = 0.18). MAVLIGIT et al. [5] have presented evidence to suggest that
adjuvant immunotherapy and chemotherapy are of benefit in resected Dukes C lesions. In
121 patients with such lesions treated either with BCG or BCG plus oral 5-FU, there was
improved disease-free interval and survival as compared to a group of historical controls
operated at M. D. Anderson between 1963 and 1973. There appeared to be no benefit of 5-
FU/BCG as compared to BCG alone. While these data are provocative, the study is subject to
objection on the basis of the use of oral 5-FU and of the use of historical controls.
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The Gastrointestinal Tumor Study Group has at the present time an ongoing trial for
adjuvant therapy of adenocarcinoma of the colon following clinically curative resection. This
consists of a four-armed study for which patient eligibility includes the complete surgical
excision of a Dukes B2 (serosal penetration) or C (lymph node involvement) adenocarcinoma
of the colon that was at least 12 cm from the anal verge. The study consists of a no treatment
control group and treatment groups of 5-FU/methyl-CCNU, MER-BCG, and 5-FU/methyl
CCNU + MER — BCG. At present, the study is still coded and accrual showed 75—80
patients in each group. Median follow-up is about 11 months. Additional studies within this
group are directed at the adjuvant therapy of rectal cancer. A four-armed study is underway
that compares no treatment to either radiation, chemotherapy with 5-FU and methyl-CCNU,
or radiation plus chemotherapy. At present, accession into this protocol consists of about 30
patients in each group and the study is still coded. In summary, two of the most important
studies of 5-FU to date, that of VASAG and that of COG, have shown suggestive evidence
that adjuvant therapy of resected colon cancer produces at least a marginal benefit in terms of
prolongation of disease-free remission and overall survival. Considering the fact that 5-FU
produces objective responses in only 20% of cases of advanced colon cancer, these marginal
effects may be as much as can be expected. The trials that are currently ongoing attempt to
increase the yield by adding the active drug methyl-CCNU to the regimen, as well as
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immunotherapy in the form of MER. Since at least 2—3 years of follow-up are required before
conclusions can be drawn from these trials, much of the available evidence is preliminary, and
the next several years will teach us a great deal about this disease.
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Clinical Studies on PSK: Combination Therapy of PSK
With Surgery and Chemotherapy

T. Taguchi

Introduction

PSK is a polysaccharide preparation obtained from the mycelia of the CM-101 strain of
Coriolus versicolor (Fr.) Quél in Basidiomycetes by hot-water extraction followed by sedi-
mentation with ammonium sulfate saturation, dialysis, and drying. This preparation is a
protein-bound polysaccharide containing about 38% protein, which consists of 18 kinds of
amino acids such as aspartic acid, glutamic acid, etc.

PSK is a brown or brownish powder with a slightly characteristic odor without taste. When
1 g PSK is dissolved in water, the solution becomes brownish and slightly turbid, having a pH
value of 6.6—7.2. When heated, this preparation gradually changes in color, to dark brown at
about 120 °C, and finally decomposes. The average molecular weight of PSK measured by
the ultracentrifugation technique is about 100,000, and it is stable against heat, light, and
long storage.

As indicated in Table 1, the acute toxicity (LD,,) of PSK is low and there have been no
abnormal findings due to oral administration of PSK in subacute and chronic toxicity tests
(Table 2).

Clinical Studies

There are many reports on the effects of PSK combined with surgery and chemotherapy.
Table 3 indicates the treatment schedule of stage IV stomach cancer, referred to as PLCC
(postoperative long-term cancer chemotherapy) by INOGUCHI et al. [2], in which the 3 year
survival rate was 14.7% in the control group and 29.4% in the group treated with the PLCC
schedule and PSK (Figs. 1 and 2).

Figure 3 indicates the results reported by HATTORI et al. [1] on the treatment of stomach
cancer. In this clinical study, based on the National Cancer Center system for the treatment of
stomach cancer in Japan, 20 mg of mitomycin C on the day of operation and 10 mg on the
following day were given, and PSK was administered orally from about 1 week after
operation. Figure 4 indicates the results in 21 institutions [13] on the treatment of operable
stage III stomach cancer with mitomycin C alone or mitomycin C plus PSK. After 2 years
observation, a higher survival rate was found in the patients given mitomycin C and PSK. In
this study, it was reported that the rate of appearance of leukopenia was low and the rate of
completion of mitomycin C administration was higher in the patients given mitomycin C and
PSK than those given mitomycin C alone. This result may suggest that PSK prevents side-
effects of mitomycin C.

When PSK was combined with MF (mitomycin C plus 5-fluorouracil) for the treatment of
recurrent stomach cancer, a 50% survival rate was reported at 6.4 months in the group
treated with MF and at 12.0 months in the group given PSK plus MF (Fig. 5).
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Table 1. Acute toxicity of PSK on mice, rats, dogs, and monkeys

Animal Administration route LD, (mg/kg)
Female Male
Mice Intravenous > 1,300 > 1,300
Subcutaneous > 5,000 > 5,000
Intraperitoneal > 5,000 > 5,000
Oral >20,000 >20,000
Rats Intravenous > 600 > 600
Subcutaneous > 5,000 > 5,000
Intraperitoneal > 5,000 > 5,000
Oral >20,000 >20,000
Dogs Intravenous > 320 > 320
Oral > 1,000 > 1,000
Monkeys Intravenous > 160 > 160
Oral > 5,000 > 5,000

Table 2. Subacute and chronic toxicity tests

Animals Subacute toxicity Chronic toxicity Examination
(days) (days)
Mice 30 180 Body weight

Diet intake
Hematological examination

Rats 30 180 Biochemical examination
of serum

Dogs 30 180

Monkeys — 180 Urine test

Findings upon autopsy
Histopathological findings

Table 3. Regimens in postoperative long-term cancer chemotherapy

20 mg MMC during operation, upper half of body, 1.V., one shot

20 mg MMC 4th week after operation, hospitalized, 1.V., one shot

10 mg MMC 3 months after operation, as outpatient, I.V., one shot

10 mg MMC every 3 months for 2 years after operation as outpatient, I.V., one shot

800 mg/day of Futraful and 3 g/day of PSK from 7 days after operation, continued as long as
possible
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KoBavasHIetal. [6], at the Laboratory of Pathology, Cancer Institute, Hokkaido University
School of Medicine, similarly reported that various skin reactions such as PHA, PPD, CD,
and SK-SD reactions were significantly positive in the cases of gastric cancer treated with
surgery and PSK and/or chemotherapy compared with those not given PSK (Table 4). These
results indicated that PSK possessed immunorestorative activity.

Conclusion

PSK possesses quite unique characteristics; it has (1) a different mode of action from
conventional anticancer drugs, having a wide antitumor spectrum; (2) additive therapeutic
effect by combination with other anticancer drugs; (3) apparent enhancement of antitumor
effect and prolongation of survival time by combination of radiation and chemotherapy or



240 T. Taguchi
Table 4. Change of skin reactions after treatment with PSK in gastric cancer patients
Treatment Antigen Skin reaction®
Increase No change Decrease

Operation and PSK and/or PHA 2/6 3/6 1/6
chemotherapy PPD 1/6 3/6 2/6

CD 2/6 3/6 1/6

SK-SD 1/6 5/6 0/6

Total 6/24 (25%) 14/24 (58%) 4/24 (17%)
Operation and/or chemotherapy PHA 0/7 5/1 2/1

PPD 0/7 7/1 0/7

CD 0/7 4/1 3/7

SK-SD 0/7 3/7 4/7

Total 0/28 (0%) 19/28 (68%) 9/28 (32%)

2 Evaluation of skin reaction changing was as follows: increase = more than 100% increase;
decrease = more 50% decrease in diameter of reactions.

surgery and chemotherapy with PSK; (4) no special enhancement of hematopoietic toxicity
of anticancer drugs, but rather restores it and improves total host conditions. From these
observations, we can say that PSK will be one of the preparations valuable in combination

modalities.
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F. Bronchus Carcinoma

Role of Radiotherapy as an Adjuvant Therapy
in Operable Bronchus Carcinoma

J. Stjernsward

Based on a review of existing data on pre- and postoperative irradiation in operable non-small-
cell lung cancer it is concluded that:

1. Routine postoperative irradiation in operable non-small-cell lung cancer is not prolonging
survival.

2. Postoperative irradiation in operable lung cancers, even node positive should not be used
routinely but only in controlled clinical trials, exploring its possible role alone or in combina-
tion with systemic therapies.

The biology of the disease, mostly with disseminated micrometastases outside the irradiated
target volume, especially in a lymph node-positive patient, may be one of the explanations for
why radiotherapy has thus far failed to change survival positively in operable non-small-cell
lung cancer.

The role of radiotherapy in modern multi-modality adjuvant therapeutic approaches to non-
small-cell lung cancer remains to be evaluated. It is suggested that local disease may be
controlled, but due to the biology of the disease this will definitely not affect the survival.
Consolidation radiation therapy ought to be valid if effect of systemic therapies will be
achieved. Furthermore it can not be excluded that local radiotherapy may negatively effect
the therapeutic outcome of other treatment modalities used for attacking systemic dissemi-
nated disease. The possible role of total- and half-body irradiation remains to be explored in
well controlled clinical studies as well as the role of irradiation to special sites, e.g. privileged
sites for chemo- and/or immunotherapy.



Influence of Postoperative Radiotherapy on Local Recurrence
and Survival of Bronchial Epidermoid Carcinoma

With Regard to Nodal Status:

Preliminary Results of the EORTC Protocol 08741

L. Israel, A. Depierre, and R. Sylvester

Introduction

Protocol 08741 of the EORTC Lung Study group includes a first randomization following
surgery between a control arm and radiotherapy (4500 rad in 4.5 weeks on the mediastinum)
and a second randomization, in each of these two arms, intended to compare four groups,
namely chemotherapy, immunotherapy, chemoimmunotherapy, and controls. The first part
of this protocol, though not yet completed, can be analyzed since 372 patients have been
entered from January 1974 to June 1977. A stratification by nodal status was made prior to
randomization. This study was launched because of absence of data regarding the influence of
nodal status on the radiotherapeutic results. Qur preliminary data are represented in this
report.

Statistical Considerations

A log rank test has been applied to the results to take into account both the numbers of failures
and the time at which they are detected.

Local Recurrences

a) On the whole, there is no statistical significance between the local recurrence rate of N* and
N~ cases (21.3% versus 21.5%) irrespective of their treatment.

b) Irrespective of the nodal status, radiation therapy is superior to controls in achieving local
control (15% failures versus 26%; P < 0.05).

c) Among N, cases, which amount to 223, radiotherapy does not induce any significant
reduction in local recurrence rates as compared to controls (19.4% versus 23.4%).

d) Among N* cases, which amount to 149, radiation therapy both decreases the recurrence
rate (18.9% versus 31.5%) and delays the recurrence, the P value being at present at
0.07.

Distant Metastases

a) The distant metastases, irrespective of treatment, do not yet show a tendency to differ
between N, and N+ cases, either in numbers or in delay.

b) Irrespective of the nodal status, and taking into account the treatment only, there is no
difference, in terms of disease-free interval, between radiation therapy and abstention.
c) This is also true among N, cases, where radiation therapy induces no difference.
d) Again this is true among N+ cases, where no difference is seen between radiation therapy
and abstention.
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Comparing N+ and N~ cases, less distant metastases appear in the N~ group in the absence of
radiotherapy (P = 0.08). When radiotherapy is given, these differences disappear entirely,
showing a slight tendency for radiotherapy to induce detrimental effects in N~ cases as far as
disease-free interval from distant metastases is concerned.

Survival

Although it is still difficult to conclude due to the fact that patients with recurrences are still
surviving, preliminary results not reaching the significant levels tend to show that survival is
the same among N+ patients, with or without radiation therapy, while in the N, group there is
a tendency for patients not being irradiated to survive longer.

Conclusion

As one could have predicted, radiation therapy can only improve the local recurrence rate.

This does not interfere with survival, because most of the patients are dying from distant

metastases. There is even an unconfirmed indication that radiation therapy could be detri-

mental to N, patients. Thus, the field that remains for radiation therapy in the management of

resected squamous cell carcinoma of the lung seems to be of very limited importance. To

decide whether or not to keep including radiotherapy in our therapeutic strategies for N*

patients one would have to know:

a) Whether chemotherapy can take care of local control as well as radiation therapy does —
which does not seem to be the case in the present study.

b) Whether radiation therapy does not decrease the local and systemic effectiveness of
chemotherapy. An answer will hopefully be provided when this study is completed.



Preliminary Trends of the EORTC Study

Comparing Postoperative Chemotherapy, Immunotherapy,
Chemoimmunotherapy or Abstention

in Squamous Cell Bronchial Carcinoma

L. Israel, A. Depierre, and R. Sylvester

This s a very short interim report since, due to the stratification according to nodal status and
the first random allocation to groups with and without radiotherapy, there are 16 subgroups
among 310 patients available for analysis. For this reason, the EORTC expects no conclusive
results before 2 additional years of follow-up. Nevertheless, some trends are beginning to
appear that will be summarized below and should be considered as very preliminary.

Impact of Postoperative Medical Treatment Irrespective
of Nodal Status and Radiotherapy

Chemotherapy given alone is worse than any other treatment method (abstention, immuno-
therapy, immunochemotherapy). This result may not be conceptually significant since no
subgroups are considered, but it at least outlines the fact that, unlike immunochemotherapy,
chemotherapy by itself may be detrimental in postoperative situations.

Impact of Postoperative Medical Treatment in N~ Cases

No significance has yet been reached. The only subgroup that seems to derive benefit from a
medical treatment is the nonirradiated N~ subgroup receiving immunotherapy alone.

Impact of Postoperative Medical Treatment in N+ Cases

No significance has yet been reached. The only subgroup that seems to derive benefit from a
medical treatment, in terms of survival, is the nonirradiated N+ subgroup receiving chemoim-
munotherapy. It is too soon to evaluate a difference between this subgroup and the N+
radiotherapy without medical treatment group.

Discussion

Although we would insist on the impossibility of drawing any firm conclusion as yet, it seems
timely to consider the following points.

a) N cases should be considered good cases in terms of immune status [4, 5]. It thus seems
that immunodepressing modalities such as radiation therapy or chemotherapy should be
avoided, whereas nonspecific immune stimulation might be beneficial. It may well be that
local stimulation such as the procedure advocated by Mc KNEALLY [6] will prove even better
than distant stimulation for N~ cases.
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b) N+ cases have a far greater risk of devoping metastases. It has been shown in a previous
paper that radiotherapy is useless in such cases in terms of survival. A systemic treatment
must be tried instead. That it should consist of immunochemotherapy rather than of chemo-
therapy alone is not a surprise [1-3].
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Adjuvant Chemotherapy of Post-Surgical
Minimal Residual Bronchial Carcinomas

K. Karrer

Primary cancer of the lung was rare and always fatal before the early 1930s. It is now
common and selectively curable [35]. Bronchogenic carcinomas today represent a great and
growing problem. In 1914 the total number of deaths in the United States attributed to lung
cancer was 317. In 1930 the figure was 2357,in 1940 it was 7121,in 1950 it was 18,313, and
in 1960 deaths attributed to this cause numbered 36,420. In 1965 the total number of deaths
from lung cancer was 53,000. It is estimated that more than 80,000 deaths per annum will
occur by 1980 in the United States. Although female incidence of lung and bronchial canceris
considerably lower than male incidence, it has been increasing almost as rapidly as male
incidence during the past 20 years [3]. Similarly, increasing figures are also reported from
many other countries [7, 42, 43].

Although cancer of the lung has been a highly lethal disease, and even today many reports
present the discouraging aspects, it is worthwhile to report that increasing experience
warrants future optimism [34]. The first successful pneumonectomy for cancer of the lung
was performed by Graham and Singer in 1933. Surgery has been established as the form of
therapy in which cure might best be anticipated under circumstances where a preoperative
assessment has accurately established the presence of limited primary disease. The therapeu-
tic limitations of surgery are also now well recognized, and future progress in preventing or
controlling this disease is contingent upon finding methods that will either supplant or
enhance the therapeutic effectiveness of surgery [46]. The results of surgical resection of lung
cancer are remarkably uniform throughout the world. The current mortality rate from
surgical resection is 5%—10%.

Very importantly, there is general acceptance of the concept that lung cancer is a systemic
disease at diagnosis in a majority of cases. It is agreed that therapies adjunctive to surgery
must be actively investigated. Any material or truly meaningful improvement in survival will
only be realized if effective adjuncts are employed. This excludes the unlikely possibility that
some new therapy will be discovered that is, in itself, curative. That is to say that the
contributions of surgery, with respect to their influence on survival, cannot be expected to
change. The concept of biologic operability as opposed to technical resectability is preferable.
Surgery has essentially reached its anatomic limit and it is felt that the future lies in
chemotherapy, immunotherapy, and radiation therapy [33].

In spite of the efforts in early detection and aggressive therapy, the median survival of all
patients from diagnosis to death remains less than 6 months and the 5-year survival rate
remains less than 10%. Of the various modalities of treatment currently available, surgery has
the best potential for long-term survivors. However, 50% of the patients have clearly
inoperable tumors at the time of diagnosis, and 20% are found to be unresectable at the time of
thoracotomy, leaving approximately 30% in whom resection is possible.

Theresults of surgical resection have been fairly accurately defined and correlated to stage by
the TNM classification. An overall 5-year survival rate of approximately 25% has been
reported in most series [28]. Among patients with the least tumor burden according to the
TNM classification, i.e., T, Ny M, (a tumor less than 3 cm in diameter without nodal or other
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metastases), representing approximately 7% of all lung cancer patients, the survival at 18
months is only 65%. In a series of 202 patients dying from whatever cause within 1 month
after curative resection for bronchogenic carcinomas, local or distant metastatic disease was
found at autopsy in 35% of patients, implying a much higher frequency of micrometastatic
disease [37].

Observations that many grams of tumor cells could be destroyed by various methods using
modern anticancer drugs led to the logical step of combining excision of all gross tumors with
simultaneous chemotherapy. The idea was not new, being no different than the use of
postoperative X-ray therapy, but there were several theoretical advantages. One was the use
of adjuvant systemic therapy rather than two kinds of local therapy. However, if anticancer
compounds can affect large tumor masses, it can be expected that small amounts of
unrecognized tumor would be more susceptible to these agents when used in the immediate
postoperative period.

Adjuvant chemotherapy has been successfully used in a number of experimental animal
tumors. It was shown that surgery combined with chemotherapy was more effective than
either of the modalities used alone. In addition, it has been observed that a combination of
drugs was more effective than the single drugs, especially when there was obvious residual
tumor after surgery.

The reproducibility of these experiments has been quite encouraging in advancing the
principles of adjuvant chemotherapy. The beneficial effects of chemotherapy in the situation
are presumably due to control of residual cancer cells, often in the form of micrometastases
that exist at the time of resection of the primary tumor. Micrometastases, by virtue of a higher
growth fraction, are more responsive to chemotherapy than the advanced tumor. Early
treatment by-passes the problem of the more resistant nonproliferative or resting cells that
predominate in advanced metastatic disease [8, 11, 12, 14—20, 22, 31, 41].

Based on the animal data, the concept of adjuvant chemotherapy has been extended to the
treatment of many human cancers. Adjuvant chemotherapy, which is increasingly employed
in the clinic, is defined as the improvement of the cure rate of cancer by the addition of
chemotherapy to ostensibly curative surgery. Because of the large number of complex factors
involved in the adjuvant chemotherapy of solid tumors, extensive clinical trials are necessary
before any rational modification of the drug or dose schedule is justified. Systemic cytostatic
therapy is considered best for such general therapy, but at present there is no drug available
that has a completely specific action against tumor cells, and chemotherapeutic effectiveness
still depends on the adjustment of the relative toxic effects of known drugs on both tumor and
host cells. Today, no other available methods are as effective as chemotherapy in producing
tumor inhibition [23]. ,

For this reason, adjuvant chemotherapy studies have been carried out in Vienna since 1954 in
patients with bronchial carcinomas [8]. Alsoin the United States the Veterans Administration
Surgical Adjuvant Cooperative Study Group was organized in 1957. Survival curves of
almost 3000 patients who had surgical resection of lung cancer and 4-day treatment with
30 mg nitrogen mustard showed no beneficial effect from this drug therapy. An almost
identical study of university hospitals in the United States confirmed these results [13,
45].

These trials of chemotherapy in the surgical adjuvant setting have largely been focussed on
two hypotheses that are now discredited: (1) that short-term exposure to drugs at the time of
surgery might delay or prevent recurrence by killing tumor cells that were “seeded” by the
operation and (2) that alkylating agents are likely to be effective in killing micrometastatic
lesions [29].
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As administration of the drug in a short immediate postoperative period produced no general
change of survival [6, 48], long-term chemotherapy was therefore introduced [49]. Several
reports indicated partially positive results [1, 21, 24, 26, 36, 38, 39].

But also from similar studies a failure of effectiveness has been seen [5, 32, 40] and
additionally negative results have been reported by the Swiss Group [4]. But the different dose
schedules and different drugs used make comparisons difficult.

The efficacy of the chemotherapy seems to be dependent on the dose schedule and the stage
and nature of the disease. Of particular importance seems also the consideration of different
subgroups: as for instance, as also reported by the Veterans Administration Group in the
United States, a cooperative trial using 740 mg cytoxan in two courses within 5 postoperative
weeks, demonstrating in the whole group of 845 curative and 163 palliative resected patients
no beneficial effect of cytoxan; but in the subgroup of oat cell carcinoma, the survival was
substantially better than in the controls [13].

From the consideration of these results as well as of experimental studies on appropriate
animal model systems, the Viennese Working Group has introduced the concept of a high-
dosed intermittent long-term combined polychemotherapy, including intervals without treat-
ment for recovery, as the optimal balance possible at present between the desired tumor
inhibitory effect and undesirable and unfavorable immunosuppression [21].

Besides this trial with a four-drug polychemotherapy of the Viennese Working Group, the
Veterans Administration Surgical Adjuvant Group carried out a trial using cyclophospha-
mide and methotrexate in an alternating sequence at 5-week intervals for a period of 18
months and compared it with an untreated control group. The results of this study were
disappointing, showing no difference in the 5-year survival between the two groups. The
toxicity was minimal, with 50% of the treated patients showing no leukopenia. However, only
50% of the prescribed dose of chemotherapy was actually administered [44].

In Japan, a trial employing a two-drug combination of chromomycin-A and mitomycin-C,
given intermittently in courses over a 3-year period was initiated. The authors report a 5-year
survival rate of 50% in the treated group as compared to 22% in a retrospective control group
[26].

There are currently also five other ongoing trials with adjuvant chemotherapy: the Veterans
Administration Surgical Adjuvant Group is investigating a combination of hydroxyurea and
CCNU with a no-treatment control group (protocol 26). Lung cancer patients of all cell types
with no microscopic evidence of residual disease are entered in this trial. The chemotherapy is
to continue for 1year in the treatment group. The results of this trial should soon be
available.

The Working Party for Therapy of Lung Cancer is evaluating the role of CCNU in stages I
and II nonsmall cell carcinoma with a control group of no chemotherapy (WPL-protocol
7351). Chemotherapy is continued for a period of 2 years. Protocol 7551 has been designed
recently toinclude resectable stage 111 large cell carcinoma and adenocarcinoma as well in the
CCNU trial. A similar study is being done in the U.S.S.R. as part of the U.S.-U.S.S.R.
Agreement for Health Cooperation.

The lung group of the European Organization for Research on Treatment of Cancer
(EORTC) is investigating the role of combined chemotherapy and immunotherapy in non-
small cell carcinoma. The chemotherapy consists of a combination of cyclophosphamide,
methotrexate, and CCNU, and BCG is the immunotherapeutic agent [28]. As mentioned
above, a randomized clinical trial was initiated in 1969 to determine whether a high-dosed
intermittent long-term polychemotherapy can increase the survival rate and/or survival time
of patients who have undergone radical surgery for bronchial carcinomas at the L. Surgical
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Department of the Hospital of Vienna-Lainz (Prof. Dr. H. DENCK) in cooperation with the
Ludwig Boltzmann Institute for Clinical Oncology (Prof. Dr. H. DENCK, Doz. Dr. G. ALTH,
OMR Dr. R. TitrscHER and Doz. Dr. H. SIGHART). For constructive collaboration we are
thankful to the colleagues of these institutions, in particular to OA Dr. N. PRiDuN and OA Dr.
E. ZwiNTZ.

In order to attain a maximal destruction of small tumor foci in the whole body, the highest
possible dose, limited according to the resulting side-effects, should be administered. All
patients were randomized after surgery. The stratification of the patients was performed
thereafter according to the TNM classification based on the histologic examination of the
operation specimens, Feinstein’s classification, and the histologic main types [2,9, 27]. Thus,
four groups of patients are categorized: squamous cell, adenocarcinoma, small cell, and all
other types of carcinoma, termed “diverse;” no unknown histologic type is included in this
study.

Radical surgery is defined as the removal of the whole primary tumor together with the
surrounding involved tissue. This is performed by lobectomy, bilobectomy, or pneumonec-
tomy, according to the localization and size of the primary tumor. The regional lymph nodes
are also removed by this procedure. Additional lymph nodes are also removed if macroscopi-
cally involved. The operation specimen is examined by the same pathologist. The cutting
board and the extent of the primary tumor as well as the labeled, removed lymph nodes are
evaluated in anatomic relationship. This provides the evidence for the subsequent postopera-
tive TNM staging. No X-ray treatment was used at this stage. Both groups of patients
received the same general medical care at equal intervals.

Chemotherapy was carried out as follows: 1—2 weeks after surgery, the first intravenous
infusion of 500 ml of 5% levulose containing 12 mg/kg cyclophosphamide, 12 mg/kg 5-FU,
0.5 mg/kg methotrexate, and 0.1 mg/kg vinblastine was administered. This infusion was
repeated a second and a third time at intervals of 7 days. The protocol requires the administra-
tion of 13 such series of three infusions within 3 years after surgery. The first series of three
infusions is given within the usual time required for hospitalization for this type of operation.
Subsequent infusions are given in the outpatient clinic. The hematogram is determined before
chemotherapy is started. The minimum hematologic level must be 4 million erythrocytes,
4000 leukocytes, and 100,000 platelets per mm?. During therapy a leukocyte count is
required twice weekly; if the leukocyte and platelet counts fall below 4000 or 100,000 per
mm?, respectively, the intervals without treatment are prolonged. The chemotherapy protocol
was followed as closely as possible; no reduction of schedule of chemotherapy was used.
However, the interval of treatment was prolonged as made necessary by low white blood
counts. The chemotherapy is given in the outpatient clinic of the hospital where the blood
counts are also performed. Patients from outside of Vienna are also treated (i.e., chemother-
apy administration) and examined in the outpatient clinic mentioned above. Close coopera-
tion with the referring family physician is important. Therefore, the general practitioner is
informed by an explanatory letter and asked to provide psychologic support, advice, and care
of the patient. The private physician is only requested to treat the general physical condition of
the patient, but no cytostacic chemotherapy is administered by him.

As indicated in Fig. 1, many of these patients (predominantly from outside Vienna) are not
willing to undergo regular chemotherapy. This is often because the patient does not under-
stand his diagnosis and prognosis, which one is usually not told in Austria. Therefore,
treatment is unfortunately not administered to all patients as would be required according to
the protocol. Because they are convinced neither of the necessity for the long-term therapy
nor of the rationale of the adjuvant chemotherapy, not only the patients themselves but also
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Fig. 1. Observation or survival time with number of infusions administered and length of intervals
without treatment for each patient operated on for bronchial squamous cell carcinoma in stage
T,N,M,. 11, infusions; —@ deaths; — —— — observation period after chemotherapy; @ leukopenia
below 2000 leukocytes/mm?

some of the private physicians involved do not cooperate in supporting the maintenance of the
protocol schedule.

The preliminary evaluation of this study on 1 January 1978 is based on 588 patients. The
parameter used for the evaluation of the chemotherapy administered is the survival time from
the point of surgical tumor removal up to the patient’s demise. Of the 588 patients, 339
received only surgical treatment (randomized controls). To define different prognostic groups
of bronchogenic carcinomas and their reactions to the uniform therapy, detailed stratifica-
tions were used. This was accomplished by a definite description and classification of the
tumor at the time of resection, using the TNM system [2], the Feinstein categories [9] and
histologic major types [27]. Calculation of the life table survival curves is based on all
randomized patients, including the postoperative mortality without exception even in the case
of protocol violation or deviation [10, 47]. The establishment of criteria for defining whether
or not treatment is adequate appears premature at the present stage of the investigation. The
following TNM staging is used:
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Stage I Stage 11 Stage III Stage IV

TINaMO TINbMO TINcMO T3NcMO

T2NaMO T2NbMO T2NcMO T4Na,b,cMO
T3Na,bM0O TxNxM1

A B C

TINaMO TINbMO TI1,2,3NcMO
T2NaMO0 T2NbMO T4Na,b,cMO
T3NaMO T3NbMO TxNxMI

Table 1. Number of bronchial carcinoma patients treated with radical surgery and adjuvant chemo-
therapy

TNM stages
Histo I II III Iv Total
S A OD S A OD S AOD S A OD

Feinstein 1 13 71 5 3 6 ——-— 4113 —-— 3 -1 48
2 6 3 2 1 5 1 =3 5 -2 - 2 - 11 32
3 26 52 6 13 8 31 9411 13 5 6 2 105
4 1 — — - 1 - —— 31 -1 3 1 - - 11
5 10 21 2 7 2 11 6 21 — 8 21— 46
U 1 1 —— 1 — — — 1 —1 - 1 — —1 7

Total 57 18 6 14 30 17 4 5 28 8 6 5 27 11 8 5

Grand total 95 56 47 51 249

S squamous; 4 adenocarcinoma; O oat cell; D diverse carcinoma; U Feinstein category un-
known.

Table 1 shows the number of patients treated both surgically and with chemotherapy,
grouped according to TNM stages, Feinstein categories, and the three major cell types
(squamous cell, adenocarcinoma, oat cell, and all others, i.e., “diverse” tumor types). Diverse
histology means all histologic types other than the three main cell types already mentioned,
and no “unknown” histologic type is included in this group. In accordance with the Viennese
School of Surgery, the oat cell carcinoma is also included for surgery.

The age distribution shows a significant peak between the ages of 60 and 65 in both sex
groups. Only a few patients older than 70 years of age were operated on. The male : female
ratio was 5: 1.

The percentage of asymptomatic patients (Feinstein category 1 shown in Table 1) is quite
similar to that of the original distribution recorded by Feinstein, indicating that no particular
measures of early diagnosis were effective. Table 2 summarizes the infusions given to only
239 patients of the 249 randomized patients, as ten randomized patients died postoperatively
before chemotherapy.
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Detailed information is provided in Fig. 1, where the occurrence of leukopenias is also
documented for one group of patients (T,N,M,) for example. Alopecia, cystitis, and infec-
tions have been rare so that they have been omitted from this preliminary evaluation. No
second primary neoplasm has yet been observed.

The treatment was well tolerated, causing only minor side-effects, such as vomiting and
nausea for 1—2 days. Loss of hair and diarrhea were also rare. No patient required hospital-
ization due to side-effects. Most of the patients stayed away from work only for the day of
infusion. It seems particularly important that the rate of leukopenia appears lower than a
comparably high-dosed single-drug therapy would cause. Table 2 also demonstrates the
important finding that only 25 of 239 patients developed leukopenia below the leukocyte level
of 2000/mm?3. Spontaneous recovery from leukopenia was seen in most cases and only in
some cases was the administration of cortisone and/or blood transfusion necessary. Only a
few patients received antibiotics and y-globulin prophylactically. It seems important that the
occurrence of leukopenia during one treatment period is often followed by normal acceptance
of the same treatment given later (Fig. 1). Chemotherapy was always begun and administered
according to the protocol in hospital after operation. Continuation of this intermittent
chemotherapy was followed much more rigorously by those patients living in the city of
Vienna than those living outside Vienna, as already mentioned above. The crude survival rate
of the patients is calculated according to the life table method. The number of patients at the
time of operation, 36 and 60 months thereafter, represents the number of the patients at risk at
this given time. The survival rates of patients with combined treatment and those of the
control patients are subdivided into TNM stages A, B, and C (Fig. 2). The steepness of the
curves in Fig. 2 demonstrates that the prognosis worsens with advancing TNM stage. These
findings permit no significant statistical difference but do support a passing tendency of
improvement in some of these patients.

Figure 3 shows the survival curves of the groups of the same patients, subdivided into
Feinstein categories. On the left side the patients with Feinstein 2 or 4 (i.e., that of patients
with slow growing tumors) are depicted; the therapy administered seems to decrease the
survival rate of the treated group. On the right side the group of patients with Feinstein 3 or 5

100 75 B 71 c

T1,2,3Nb T1,2,3Nc¢

_ 80 | T4Na,b,c

c
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! | | J | ! | | ! 439\1~~~724
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O 12 24 3648 600 12 24 36 48 60 O 12 24 36 48 60
Months after operation

Fig. 2. Comparison of life tables from patients receiving/not receiving adjuvant chemotherapy after
radical surgery for bronchial carcinomas; — chemotherapy group; ————— randomized con-
trols
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Fig. 3. Comparison of life tables from patients receiving/not receiving adjuvant chemotherapy after
radical surgery for bronchial carcinomas. Feinstein classification 2 + 4 and 3 + 5: — chemotherapy
group; ———— randomized controls
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Fig. 4. Comparison of life tables from patients receiving/not receiving adjuvant chemotherapy after
radical surgery for bronchial carcinomas. Histologic types: — chemotherapy group; —— ——random-
ized controls

are seen (i.e., patients with fast growing tumors) who behave differently to this polychemo-
therapy, as no important difference between the survival curves of these groups of patients
can be observed. This demonstrates that there is a correlation between the Feinstein catego-
ries and differences in prognosis and in sensitivity to the chemotherapy given. The slower
growing tumors have a better prognosis than the faster growing tumors. However, the
sensitivity to the chemotherapy used shows the opposite.

Figure 4 demonstrates the different effectiveness of this adjuvant chemotherapy on the
patients of histologically different groups without regard to TNM staging or Feinstein
categories. Figure 5 depicts the life table curves of the selected patients in Feinstein catego-
ries 3 and 5, subdivided into TNM stages I, II, and III + IV. Within the subgroups demon-
strated in Fig. 5, a tendency for the treatment to be beneficial can be seen in stages I and II.



Adjuvant Chemotherapy of Post-Surgical Minimal Residual Bronchial Carcinomas 255

Survivors in percent

N
(@)
T

0

i 1 i

O 1 1 1 1 J 1 1 1
O 12 24 36 4860 O 12 24 36 48 60 12 24 36 48 60
Months after operation

Fig. 5. Comparison of life tables from patients receiving/not receiving adjuvant chemotherapy after
radical surgery for bronchial carcinomas. Feinstein categories 3 + 5, subdivided into TNM stages: —

chemotherapy group; ————— randomized controls
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Fig. 6. Comparison of life tables from patients receiving/not receiving adjuvant chemotherapy after
radical surgery for bronchial carcinomas. Feinstein categories 3 + 5, subdivided into histologic types:
—— chemotherapy group; ————— randomized controls

Figure 6 shows the same patients as in Fig. 5, but subdivided into the three histologic main
groups.

It is of interest that there seems to be a positive tendency, even in the groups with squamous
cell carcinoma. The subdivision of the squamous cell carcinoma by degree of histologic
differentiation expressed by the presence or absence of keratinization results in an apparent
difference between these two groups. The group with keratinization shows a more favorable
prognosis, whereas it shows a lower sensitivity to the chemotherapy used. The recent
evaluation of this adjuvant chemotherapy as of 1 January, 1978 confirms the results of the
preliminary evaluation as of 1 January, 1977 [25], which led us (DENCK, PRIDUN) to the
decision to change the protocol used since autumn 1969 and to divide the patients after radical
operation before the adjuvant therapy according to the histologic classification.
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Table 3. Bronchogenic carcinomas “radically” operated for cure

- Histologic
/ \

Squam, adeno, or large cell Small or div. cell
TNM

I 1I III, IV -1V

Randomized

At Lausanne At Vienna At Vienna

for for for

Ludwig Trial pilot studies polychemoth.

using with diff. +

coryneb. parv immunother. local X-ray treat.

i. pleur.

The patients with bronchogenic squamous, adenocarcinoma, or large cell tumors with TNM
stages I or II are going to be treated within the framework of the international Ludwig Lung
Cancer Study Group [30] intrapleurally with a preparation of corynebacterium parvum for
nonspecific immunostimulation. Since the start in July 1977, about 300 of these selected
patients have already been randomized in this study. Four hundred can be expected by fall of
1978, so that with 1 more year of observation time, at the end of 1979, the first results about
changes in the duration of the disease-free interval would be available. Patients with tumors of
equal histologic types but with TNM stages III or IV are going to be treated within pilot
studies of different types of immunotherapies.

For patients with small-cell-type tumors — who are also receiving surgery according to the
Viennese School of Surgery — and with all other different histologic types of bronchogenic
carcinomas, we are using polychemotherapies and local X-ray treatment.

This decision was based on the observed differences of the treatment efficacy in patients with
various biologically different tumor types, as seen in the evaluations of the high-dosed
intermittent four-drug- polychemotherapy. This preliminary evaluation of combined modal-
ity treatment certainly encourages the continuation of these kinds of studies. Considering the
variety of prognostic factors and types of tumors involved, including differences in the
sensitivity to a given drug combination and/or dose, it might become necessary and/or
advantageous to select various other therapeutic agents that act as specifically as possible on
the different kinds of tumors. The results shown seem to support the hypothesis that the dose
schedule used was not adequate for slow growing tumors and for squamous cell and
adenocarcinoma.

Therefore, it seems advantageous to change the dose schedule or the combination of drugs
used for the adjuvant treatment for this group of tumors. This does not necessarily mean that
the dose used is optimal for faster growing tumors.

With the improvements in early diagnosis, the resectability rate is likely to be increased and
the proportion of patients requiring effective adjuvant treatment will be greater. Seventy-five
percent of patients with surgically resectable tumors still die of recurrent disease. It is precisely
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in this potentially curable group that adjunctive chemotherapy would be expected to be most
effective. The reviewed previous studies should be used as a guide for further activity that
would be expected to be beneficial, when available chemotherapeutic agents are used opti-
mally in the adjuvant situation.

Notwithstanding reservations on the degree of effectiveness of chemotherapeutic agents in
advanced lung cancers, further study of single agents alone or combined with immunotherapy
appears urgent. At present the evidence of benefit from combination chemotherapy in
advanced lung cancers is not impressive in terms of survival gain. In evolving strategy for
adjuvant studies, it would appear most reasonable for now to evaluate the effectiveness of
additional single agents. In addition, every effort should be made to evaluate new combina-
tions of chemotherapeutic agents to find better activity in advanced disease and then move
these combinations into adjuvant treatment. However, all therapeutic modalities, including
single agent or combination chemotherapy and immunotherapy must be introduced in well-
designed, controlled clinical studies. To overcome difficulties already observed, adequately
large international cooperative studies are preferable. Such studies could provide the informa-
tion needed to substantially improve the treatment of lung cancers.
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Attempt at Immunotherapy With Living BCG in Patients
With Bronchus Carcinoma

P. Pouillart, T. Palangie, P. Huguenin, P. Morin, H. Gautier, A. Baron,
and G. Matheé

Introduction

Squamous cell carcinoma of the bronchus still appears to be one of the most lethal of all
malignancies. Under actual therapeutic conditions cure can be anticipated only when com-
plete surgical resection is possible. Bronchogenic carcinoma responds poorly to chemother-
apy [2, 5, 10] and in some trials no beneficial effect of systematic application of a “preventive”
chemotherapy protocol after surgery was found [ 1]. Radiotherapy appears generally ineffec-
tive [3, 9], but recent results have demonstrated that it can increase the median survival when
applied after surgery in patients with lymph node involvement.

In 1973, we drew attention to the prognostic significance of responses of skin tests to recall
antigens in patients with resected non-oat-cell bronchus carcinomas [4]. In patients with more
advanced disease, similar prognostic significance of immunologic status was found [7].
Another trial demonstrated that applications of BCG three times a week for 3 weeks could
induce a conversion of skin test reactivity to recall antigens. A significant correlation was
observed between conversion of skin reactivity and prognosis [8]. The aim of the present trial
was to study the therapeutic effect of immunotherapy with living BCG applied after surgical
resection of squamous cell carcinoma of the lung.

Patients and Methods

The trial began in June 1973; 55 patients entered this trial after surgical resection of a
squamous cell carcinoma of the bronchus. Patients were selected at random for the group to
be submitted to BCG applications (28 patients) and no further treatment after surgery (27
patients). The distribution according to age and sex is shown in Fig. 1. We classed 12 patients
inthe BCG group and 13 in the control group as stage I and 16 patients in the BCG group and
14 in the control group as stage II (Table 1). The 28 patients submitted to immunotherapy
received weekly applications of Pasteur Institute living BCG (75 mg) on a scarified area of 20
cm? on the proximal portion of one of the limbs. This immunotherapy was given for 18
months.

Survey of the Patients

The condition of the patients was monitored in three ways: clinically, radiologically, and
immunologically. Clinical examination of the patients was systematically repeated monthly
and routine radiologic survey of the lungs was also obtained. A fibroscopic examination was
repeated every 4 months. Radioisotopic scanning of the bones, of the brain, and of the liver



Attempt at Immunotherapy With Living BCG in Patients 261
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Fig. 1. Distribution of patients according to age. Only one woman entered this trial and was randomly
allocated to BCG group

Table 1. Distribution of patients according to anatomic

staging BCG  Control
Stage I 12 13
Stage II 16 14
Total 28 27

were repeated every 6 months or whenever any suspicious symptoms developed. During
evolution, the delayed skin hypersensitivity to recall antigens was checked every 2 months for
6 months and then every 4 months for 2 years. Finally, the average survival time of both
groups of patients was studied and presented actuarially.

Results

The application of BCG was well tolerated. Some patients manifested fever for 12 h after
applications of BCG. No other complications were observed in this group of patients. In the
group of patients treated with BCG 11 patients of 28 (39.2%) died of their tumor and 15 of 28
(53.5%) relapsed. In the control group, 15 of 27 died (55.5%) and 19 of 27 relapsed (70.3%)
(Table 2).

Comparison of the actuarial survival curves (Fig. 2) shows a significant difference between
the two groups at 24 and 30 months, but this difference disappears at 42 months. If we
consider only the shapes of the actuarial curves of remission, there is no difference at any time
between the groups of treatment (Fig. 3).
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Table 2. Situation of the total population of patients entered
in the immunotherapy trial

Patients Controls
receiving BCG

Number of patients 28 27
Median time since 40 months 44 months
entering trial

Number of patients 15/28 19/27

in relapse (53.5%) (70.3%)
Number of patients 11/28 15/27
who died of tumor (39.2%) (55.5%)
Number of patients 1 2

who died of other disease
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Fig. 2. Actuarial survival curves of two groups of patients. @——@: BCG group; X- - - -X: control
group

The chance of surviving for 30 months is 68% in the immunotherapy group, and only 45% in
the non-treated group. However, in the BCG group, 49% of the patients are alive and free of
disease against 38% at the same time in the control group. The actuarial remission curves and
actuarial survival curves appear more nearly parallel in the control group than in the BCG
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Fig. 3. Actuarial remission curves of two groups of patients. @——@: BCG group (n = 28); x- - - -Xx:
control group (n =27)

Table 3. Mean interval between relapse and death

BCG group Control group
Number of patients 28 27
Number of patients in relapse 15 192
Mean interval between first 6.6 months 4.5 months
manifestation of relapse and
death®

2 One patient appears free of disease more than 36 months after ralapse.
b After relapse, the patients were started on a chemoimmunotherapy protocol of
treatment.

group (Figs. 4 and 5). A possible explanation is provided by the different intervals of time
observed between relapse and death in the different treatment groups (Table 3).

The distribution of patients according to stage I or II shows that the survival rate is
significantly higher for stage I patients under immunotherapy than for control patients. But
we have observed no difference in survival between the two groups in stage II patients (Figs. 6
and 7).
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Discussion

Radical surgery remains the only effective means of treatment for patients with squamous cell
carcinoma of the bronchus. However, the small percentage of patients apparently cured 5
years after satisfactory surgery encourages one to investigate complementary therapeutic
means liable to improve results already obtained. In this trial we have studied in two
randomized groups of patients the role of BCG applied systematically and regularly after
surgery. The chance of survival is significantly higher at 30 months for the treated group than
for the control group, but this difference disappears at 42 months.

Comparison of stage I and stage II patients shows a significant difference in survival at 42
months for patients treated with BCG, but no difference is observed at any time for stage 11
patients. These results confirm once again the efficacy of BCG in cases where the tumor mass
has been reduced as much as possible [6].

The immunotherapy study is continuing along different lines and the aim now is to compare
BCG with other systematic adjuvant immunotherapy. With improved results, immunother-
apy would rapidly be made part of the prescribed routine for the treatment of patients
suffering from epidermal bronchial cancers.

Conclusion

After surgery, 55 patients with resectable squamous cell carcinoma of the bronchus were
randomized to two treatment groups: 28 patients received weekly applications of BCG, 27
patients were considered as the control group and received no further treatment. The
comparison of the survival curves obtained showed that BCG appears effective only for stage
I patients and the difference from the control group is significant at 42 months. We observed
no difference between the two groups for stage II patients.
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Adjuvant Therapy With Levamisole in Resectable Lung Cancer

W. K. Amery, J. Cosemans, H. C. Gooszen, E. Lopes Cardozo, A. Louwagie,
J. Stam, J. Swierenga, R. G. Vanderschueren, and R. W. Veldhuizen

Introduction

Several controlled studies in lung cancer have evaluated the adjuvant use of cytostatic
chemotherapy. The results of these investigations, and particularly of the carefully random-
ized ones, have been disappointing as they range from a significant difference, to the
disadvantage of chemotherapy [4], to some suggestion of benefit only [5]. In view of these
data, two different attitudes can be taken in making further efforts to develop an effective
adjuvant treatment modality for resectable lung cancer patients who are known to be
seriously at risk of relapsing within the first few years after their operation. One research path
is to continue using cytostatic chemotherapy but to more carefully select the drug(s) to be
used, e.g., by relying on the known effects of these drugs in advanced cancer, and to scrutinize
the intensity of the chemotherapeutic regimen to be given [7]. It seems obvious that this is a
very delicate task as judged from the limited effectiveness of the wide range of available
chemotherapeutic agents in advanced lung cancer, and, also, from the lack of well-established
guidelines to choose a therapeutic scheme to be followed in the adjuvant setting. Moreover, if
some amount of unexpected, divine intervention fails to occur, we will continuously have to
deal with the sometimes very unpleasant side-effects of these drugs, even if such adverse
effects may at first glance appear acceptable from the treating oncologist’s point of view: he is
accustomed indeed to see more severe side-effects from more intensive treatment with the
same drugs in patients with advanced malignancies.

Another approach to find effective types of adjuvant treatment in lung cancer is to look for
other treatment modalities that are not cytotoxic. Theoretically, immunotherapy is probably
the most appealing one. Thousands of articles have been published on the possibilities of
clinical immunotherapy in cancer. Sometimes one has the awkward feeling of dealing with
two opposing camps in this respect, i.e., the one that considers it too early or meaningless to
initiate clinical evaluations of immunotherapy and the other that feels that the time has come
to thoroughly evaluate this new therapeutic modality. If such two camps really exist, the
authors of this article will in all probability be considered as belonging to the “pro” group,
since they have actually become involved in a clinical study of this matter. However, there
appears to be very little reason for having two camps if one gives serious consideration to the
counterarguments that are presented. One such argument is that we do not yet know exactly
how immunotherapy works and that we first ought to know before we give such a treatment to
the patients. This looks very much like a perfectionist’s attitude. It might well be sound if we
were sure that we knew everything about the intricate machinery of the host defense
mechanisms; obviously, we are still far from having achieved that goal. Also, such an attitude
fails to appreciate the lessons from the history of medicine that show that a lot is still to be
learnt empirically, as the mechanism of action of most well-established medicines was found
only after they were used in the clinic for along time. Only one more counterargument will be
dealt with here: it is sometimes argued that only very slight effects can be expected from
immunotherapy. This point can only be clearly proved or invalidated by carefully conducted
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clinical trials. Moreover, even if the results of such studies confirmed that prediction, a slight
effect obtained in a devastating disease like lung cancer, where adjuvant therapy efforts have
failed so far, would be progress (certainly if this effect is not obtained at the cost of substantial
toxicity).

For the study reported here, levamisole (Fig. 1) was selected as the immunotherapeutic agent
to be used as an adjunct to surgery. This drug is known to behave as an antianergic
chemotherapeutic agent that both restores the functions of the cellular compartments of the
immune system if these are deficient and has thymomimetic properties [ 11]. The rationale for
using levamisole in this setting has been discussed at more length elsewhere [1, 10] and will,
therefore, not be repeated here.

Material and Methods

This study was started during the first half of 1972 and all 211 patients were in the study for at
least 2 years, as required by the protocol, by the end of 1977. Ninety-six patients received
levamisole and the other 115 a placebo. As reported elsewhere 3], the two medication groups
were well comparable as regards sex (96% of the patients were males), age (median = 63
years), weight (median = 72 kg), erythrocyte sedimentation rate (median = 22 mm), skin test
reactivity to PPD and to DNCB at the start, daily use of cigarettes, tumor location, type of
surgery, largest tumor diameter, regional extent of the cancer, and duration of anesthesia.
There was no difference regarding the number of patients with the different histologic types of
cancer (63.5% had squamous cell carcinoma), except for adenocarcinoma that was some-
what more frequently found in the control group (15% of the levamisole patients against 26%
of the controls: P = 0.06, two-tailed chisquare test). When the protocol of this study was
prepared, no established TNM classification system of lung cancer was available yet. The
preoperative tumor load was assessed by two measures. Firstly, the largest diameter of the
tumor (range: 1—15 cm; median 4 cm) was measured after its removal and its fixation by the
pathologist. Secondly, a category grouping system, slightly adapted from Slack [9], was used
to describe the regional extent of the tumor; within this system, category la is the only
category where there is no evidence that the tumor could have left or had already left the
primary site. Further details about these two assessments are to be found in earlier reports on
this study [ 1, 10]. Randomization, stratified by the three cooperating centers, has been used to
assign the patients to double-blind treatment with either levamisole or the placebo. The
medication consisted of tablets, containing 50 mg or a placebo, and was separately coded for
each participating patient. The treatment was started 3 days before the operation and such 3-
days courses were repeated every 2 weeks for 2 years or until relapse was established. A fixed
dose, i.e., one tablet t.i.d., was given on the treatment days. Any use of cytostatics, corticoste-
roids, or irradiation treatment was prohibited as long as no evidence of relapse was found, but
appropriate anticancer treatment was obviously permitted in the case of proven recurrence.
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Recurrence and carcinomatous or other death rates were calculated by means of the actuarial
method using a commonly available computer program [6].

Results

Outcome

If all types of mortality are considered, a significant reduction is found 18 and 21 months after
surgery in the patients of the levamisole group. A separate analysis of the cancer death and of
the non-tumor deaths shows that this reduction is due to a diminished cancer mortality with
levamisole since the other causes of death occurred to a similar extent in the two medication
groups (Fig. 2). Similarly, a reduction in the number of tumor recurrences is found in the
levamisole patients (not shown).

Since in all previous interim analyses of this study, a substantial group of patients had been
found to have been underdosed; recurrence and death rates were reanalyzed with respect to
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the relative dose (expressed as mg/kg per day) each patient has taken. The details of this
analysis are given elsewhere [3]. In each of the treating centers and in the first as well as the
second half of the study, those patients whose daily dose was 2.1 mg/kg or less (i.e., those
weighing more than 70 kg) did not benefit from the levamisole treatment, whereas a very
significant superiority of levamisole to the placebo was evident in the patients who had
received the higher daily doses (median: 2.3 mg/kg). This is illustrated in Fig. 3. The
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remainder of the analysis was, therefore, restricted to the latter group, i.e., the group of
adequately dosed patients.

It was of interest to see whether the results obtained with levamisole could be predicted from
the skin tests obtained at the start of the study. Only the tests with 10 IU of PPD and with
50 ug of DNCB will be discussed here as tests with higher doses of DNCB had only been
obtained in a much smaller number of patients. The two tests considered here appear to have
some predictive value (DNCB more for early recurrences and PPD more for later recur-
rences) regarding the risk of recurrence in the control group, but they are not helpful in
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predicting an effect of levamisole as fewer recurrences are seen with levamisole both in the well
and the poorly responding patients (Fig. 4).

The tumor load seemed to be a somewhat more reliable variable. As expected, more
recurrences in the control group were found among those patients who had more advanced
disease at the time of surgery. However, levamisole was only slightly superior to the placebo in
preventing recurrences in those patients who had small tumors (i.e., 3 cm largest diameter)
and almost no difference was found between the two treatments in patients who belonged to
the regional grouping category la, the prognostically most favorable group. On the other
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hand, the beneficial effect observed with levamisole appeared to be primarily due to an
ameliorated prognosis in the patients who had more advanced and/or more extended tumors
before the operation (Fig. 5).

The recurrence rate observed within the first 2 years in the control group varied from 36%
(adenocarcinoma) over 52% (squamous cell carcinoma) to 56% (other + mixed types) of the
patients. Levamisole appeared to be significantly superior to the placebo in each of the three
histologic subgroups. This is illustrated in Fig. 6; it may be worth noting that the absence of
recurrences in the adenocarcinoma patients treated with levamisole should not be taken at
face value as the number of such patients was very limited (only five). The more important
conclusion from this analysis seems to be that levamisole appears to be helpful whatever the
histologic type of the bronchial cancer is and that the relative excess of adenocarcinoma cases
in the control group cannot account for the results that have been observed.

SQUAMOUS CELL CARCINOMA

6mo 12mo 18 mo
A
LEV. i : | 2 years
1 i |
T T T
PLAC I : ! 2 years
1 1
6 mo 12 mo 18 mo
ADENOCARCINOMA
LEV. 2 years
T I
PLAC. ! 1 2 years
H
6 mo. 12 mo. 18 mo.
OTHER + MIXED TYPES
6 mo. 12+ 18 mo
LEV. 2 years
1
PLAC. : 2 years
I
6 mo. 12+ 18 mo.
— T T T T T %
0 10 20 30 40 50

proportion of patients relapsing
* adequately dosed patients only

Fig. 6. Recurrence rates (adequately dosed patients only) as related to tumor histology



Adjuvant Therapy With Levamisole in Resectable Lung Cancer 275

Table 1. Site of first recurrence?®

Site of st recurrence No. of patients
Levamisole Placebo
Intrathoracic
Same lung 2 2
Other lung 2 5/40 3 9/52
Mediastinum 0 (12.5%) 4 (17.3%)
Mediastinal nodes 1 0
Distant
Bone 2 6
e e e
0, 0,
Esophagus 1 (12.5%) 0 (32.7%)
Kidney 0 1

2 Adequately treated patients only (levamisole: No. = 40;
placebo: No. = 52).
b May also be stem bronchus close to carina after pneumonectomy.

The site of the first recurrence was a final point of interest in this analysis, since there is some
indication that levamisole could preferentially inhibit metastasis formation [2]. Again, this
aspect was evaluated in the subgroup of adequately dosed patients. The results are given in
Table 1. Levamisole may be marginally superior to the placebo in preventing intrathoracic
recurrences (which account for only one-third of the relapses in the control group), but
significantly less remote recurrences are found in the levamisole group than in the con-
trols.

Safety

As mentioned above, the incidence of non-tumor deaths was not changed by levamisole
treatment. Therefore, there seems to be no indication that levamisole could be dangerousiifitis
used as an adjuvant treatment modality in cancer surgery.

Also regarding side-effects, the incidence in the two groups was not markedly different.
Somewhat more patients had gastrointestinal complaints with levamisole (24%) than with the
placebo (22%), and these complaints were usually mild in the two groups. Nervousness
and/or sleep disorders were somewhat more frequent with levamisole (5% against 2% with the
placebo) and the same accounts for allergic side-effects, particularly drug fever and symp-
toms suggestive of the beginning of influenza; these were reported in 7% of the levamisole
patients and only 5% of the placebo controls (the drug was stopped for this reason in 2% of the
levamisole patients and 1% of the controls), but no cases of allergic agranulocytosis (8]
occurred in this study.
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Discussion and Conclusions

Lung cancer is a very difficult disease to treat and, despite carefully planned therapy, most
patients die from this malignancy. Only a minority of lung cancer patients are still operable
when first diagnosed, and surgery alone is known to fail in a large proportion of them. The
slightly ameliorated prognosis after surgery observed during the last decade in such patients is
not sufficient reason for much hope either, as it merely reflects the use of more stringent criteria
to label a patient as operable. A more efficient treatment for lung cancer is badly needed. As
long as no entirely new treatment approaches are detected, our main hope is based on a more
efficient use of the available treatment modalities, including immunotherapy. Cure is the
ultimate goal of treatment, but if this cannot be obtained, ensuring the prolongation of the
patient’s life and keeping that life comfortable are worth pursuing. As discussed in the
introduction, we have decided to evaluate the potential usefulness of levamisole as an adjunct
to surgery in resectable lung cancer patients. It is our conviction that our findings prove that
the prognosis of such patients can be ameliorated and that levamisole is an agent that is very
well suited for that purpose since it combines efficacy, at least if it is adequately dosed, with a
minimum of inconvenience for the patient.

Summary

In view of the discouraging results that have been obtained so far with the use of cytotoxic
chemotherapy as an adjunct to surgery, a double-blind placebo-controlled evaluation of the
adjuvant use of levamisole was conducted in 211 resectable lung cancer patients, following
these patients for 2 years after their operation. Levamisole (or the placebo) was given for 3
days every 2 weeks and the dose level ranged 1.1—3.8 mg/kg per day (a fixed dose of 3 x
50 mg was given to all patients). It appeared that recurrences and carcinomatous deaths had
occurred significantly less often in patients who had received a high dose (i.e., 2.1—3.8 mg/kg:
patients weighing 70 kg or less) but not in the patients who received a lower dose. Patients who
had more advanced cancers at the time of surgery seemed to have profited more from the
treatment, but the results did not seem to depend upon the histologic type of the tumor or on
the immune status of the patients as estimated from the skin test reactivity at the start. There
was also suggestive evidence that levamisole may be more effective in preventing hematoge-
nous dissemination than in inhibiting recurrences in the lung or the mediastinal tissues.
Levamisole, if dosed adequately, appears to be a very suitable adjuvant treatment in resect-
able lung cancer patients as judged from its efficacy and its lack of troublesome side-
effects.
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Specific Active Immunochemotherapy in Lung Cancer:
A Survival Study

T. H. M. Stewart, A. C. Hollinshead, J. E. Harris, S. Raman, R. Belanger,
A. Crepeau, A. F. Crook, W. E. Hirte, D. Hooper, D. J. Klaasen, E. F. Rapp,
and H. J. Sachs

In this report we give the survival data on 52 patients with stage I cancer of the lung who have
been treated in Ottawa. A year has passed since the last figures for survival were published
[15, 16]. We also indicate survival data for the small numbers of patients who were included in
this study and who had either stage II or stage III disease. The rationale and design of this
study has been reported in detail [14] as has the preparation and characterization of antigens
used for immunisation [6]. The usefulness of such antigens in monitoring patients progress
following curative surgery has also been reported [16].

Method and Materials

Patients were drawn from those having surgical removal of their tumour at the Ottawa Civic
Hospital, the National Defence Medical Centre, Ottawa and the Ottawa General Hospital.
Careful staging for TNM [10] was assured by preoperative radiography, scans, mediastinos-
copy and postoperative consideration of the notes of the surgeon and pathologist. From
August 1972 to May 1978 we evaluated 52 patients with stage I disease. Of these, 16 patients
acted as a control group; they were operated upon by the same surgeons and would have been
included in the treatment groups but for a delay of more than 30 days following surgery when
they were unavailable for randomization. The remaining 36 patients were randomized into
one of three treatment groups. Group I consisted of eight patients who received methotrexate
(MTX) followed by citrovorum rescue once a month, for 3 months. Group II comprised 15
patients who received soluble allogeneic antigen (matched for histology) homogenized with
Freund’s complete adjuvant (FCA) once a month for 3 months. Group III comprised 13
patients who were immunized 7—9 days after administration of MTX with citrovorum rescue
once a month for 3 months. In Table 1 we have summarized all the relevant characteristics of
the patients with stage I disease.

The preparation of soluble allogeneic lung cancer antigens has already been described in
detail [4, 14] as have their characterization with recognition of oncofoetal antigens, tumor-
associated antigens and a herpes simples virus tumor-associated antigen [6]. The mean total
quantity of antigen given to patients in the inmunotherapy group was 1495 ug, with a range
of 1125—2200 ug. The mean total quantity of antigen given to the immunochemotherapy
group was 1610 ug (range 900—3000 ug). An average of 500 ug of antigen in 0.5 ml was
homogenized with an equal volume of FCA (Difco Laboratories, Detroit, Michigan), which
contains 10 mg of killed mycobacterium hominis per 10 ml, made up of 8.5 ml Bagol-F
(mineral oil) and 1.5 ml Arlacil (mannide manolliate). The homogenate was given intrader-
mally into the deltoid region of the arm, the thigh and again the arm at monthly intervals. The
details of the care of the ensuing ulcer have been described already [14]. Methotrexate
(Lederle Laboratories) was given by rapid intravenous infusion, 300 mg and then 700 mg was
infused over a period of 6 hours. A normal creatinine clearance is mandatory and the urine is
alkalinized by giving sodium bicarbonate 1.2 gm every 6 h per os starting 24 h before the
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Table 1. Data on the three groups of patients: stage I chemotherapy and concomitant controls,
immunotherapy and immunochemotherapy

MTX & controls Immunotherapy Immuno-

chemotherapy
Total patients 24 15 13
Male 19 11 9
Median age 57 55 57
Age range 39—74 years 46—171 years 45—66 years
Performance status [ 0 3 5 3
at surgery [ 1 21 10 10
Total pneumonectomy 6 2 5
Right sided 14 7 5
Hilar node involvement 3 1 2
Mean follow-up period 35 months 36 months 40 months
Cell type
Epidermoid well-differentiated 9 7 5
Epidermoid poorly-differentiated 3 1 4
Adenocarcinoma 10 4 4
Anaplastic large cell 1 2 0
Anaplastic small cell 1 0 1

0 asymptomatic; I symptomatic ambulant.

infusion and continuing during the folinic acid rescue period of 60 h. The urine pH is
monitored every 6 h to ensure that the pH remains above 6. Delayed hypersensitivity
reactions (DHR) to allogeneic and occasionally autologous soluble cancer antigen were
tested on subsequent visits of the patients following the initial 3-months course of treatment.
The skin test dose has been 100 ug of antigen, unless dilution, dose responses were measured
[14]. Induration at 48 h, measured by the technique of SOKAL [ 12], was recorded over the two
greatest diameters. Results are expressed as the surface area of an elipse. Readings less than
5 mm in diameter were scored as negative. Biopsies of the test sites have been done for
histologic confirmation of a delayed hypersensitivity reaction.

Results

We divided our patients into two groups, those who were not immunized, some of whom
received methotrexate, and those who were immunized, some of whom received methotre-
xate. For a comparison of survival statistics, we compared only those patients who had stage I
cancer. We do not have enough patients in stage II and stage III to allow a meaningful
comparison. Our nonimmunized group consisted of 24 patients, stage I; of these, 16 were
control patients followed for a mean of 37 months and eight patients who received methotre-
xate followed for a mean of 34 months. Six control patients have died and one developed a
metastasis proven at craniotomy at 24 months. Of the eight patients who received methotre-
xate, four have died. Our immunized group was made up of 28 patients, all stage I. Fifteen of
these received the allogeneic antigen in FCA, followed for a mean of 36 months, and 13 had a
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Fig. 1. Status of patients with stage I cancer. a The status of patients who were notimmunized and who
had a stage I cancer of the lung removed surgically. Eight of these patients received methotrexate and
citrovorum rescue postoperatively. Of the 24 patients, ten have died and one had an intrecerebral
metastasis removed at 24 monts. b The status of patients who have been immunized. In the 15 patients
immunized, one died at 40 months, two had local recurrence and one has cerebral metastases. Of the 13
patients who received immunochemotherapy, two have died of their disease

combination of methotrexate and immunization with antigen plus FCA, followed for a mean
of 40 months. Of those who were immunized only, one had a stump recurrence at 21 months,
received radiotherapy and is at present alive and free of disease 58 months after surgery. A
second patient in this group developed a stump recurrence at 26 months, received irradiation
and chemotherapy and died at 40 months after surgery. A third patient with two primaries in
the right lung had a recurrence around the sleeve resection of his right upper lobe lesion at 12
months and is well and free of disease at 36 months after the first surgery. Two other patients
have failure, one with cerebral metastases at 15 months, alive at 24 months, the other local
mediastinal recurrence at 41 months, alive at 48 months. Of those that received immunoche-
motherapy, one died at 14 months of a cerebral metastasis. He had a 9-cm poorly differen-
tiated epidermoid carcinoma that was contiguous with the visceral pleura. One patient
developed a stump recurrence at 36 months and eventually died at 72 months. He was our first
and only patient in whom crude membranes were used, plus methotrexate [14]. One woman
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Fig. 2. Life table analysis of the survival difference between the two stage I groups of patients in control,
with or without MTX (24, lower line) and immunized, with or without MTX (28, top line). The 95%
confidence band becomes significant after 18 monts

died at 51 months of staphylococcal pneumonia without evidence of recurrence. No other
patients in this group has had a recurrence or metastases.

In Fig. 1 we have compared the survival data of our two groups in stage I. The classic life table
analysis (Fig. 2) of survival for stage I patients using the method of CUTLER and EDERER [1]
shows a significant separation between the groups after 18 months, extending to 42 months.
The 2-year survival of our 24 nonimmunised patients is 68% and in a further 4 months this will
be real survival, not based on life table methods. It compares with the 65% survival of 155
controls in the Canadian Study of oral BCG in the adjuvant therapy of lung cancer [8). Thus,
our controls are no worse or better than the concurrent Canadian experience. The number of
patients with stage II are seven in all; three randomized to receive immunotherapy, two to
immunochemotherapy and two to MTX. Both patients in the immunochemotherapy group
are free of disease at 22 and 30 months. Two patients have died in the immunised group, at 6
and 18 months, and one is free of disease at 32 months. One patient given MTX died at 8
months, the other has had metastases since 25 months, alive at 36 months. All ten patients
with stage III disease have died, and no difference in longevity is seen with immunisation or
immunochemotherapy.

Skin Testing

We have previously reported stronger delayed hypersensitivy reactions (DHR) to skin testing
with cancer antigens in these patients who received immunochemotherapy. In Table 2 we
show two such patients that illustrate the induction of a very strong DHR to cancer antigen
when immunised following MTX. The first patient had an oat cell carcinoma removed. She
was immunised with epidermoid antigen as we had no supply of allogeneic oat antigen at the
time and we had previously shown that a patient with epidermoid lung cancer gave a strong
reaction to oat cell antigen [13], suggesting shared antigens between oat cell carcinoma and
epidermoid carcinoma. Within 4 months this woman had a 6-cm DHR to epidermoid antigen
and a 5.7-cm reaction to anaplastic large cell antigen. A month later she gave a 4-cm DHR at
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Table 2. Serial skin testing in two patients with cancer and recall antigens. Both patients received
immunochemotherapy. A strong reaction is seen within 3 months to cancer antigen

Patient J. F., oat cell carcinoma TIN1MO (surgery 23 May 1974)

Antigen MTX 1975 1975 1978
Sept Nov April

June July August

Randomised to immunochemotherapy

Epidermoid 100 pg 3 4 40 60 47
Autologous ND ND ND ND 40 30
Anaplastic large ND ND ND 57

D _ _ —_ _ -
P - 15 20 26 26
A 20 30 20 46 75
M — — — 6 ND

Patient F. P., Squamous cell carcinoma TINOMO (surgery 8 May 1975)

Antigen MTX 1975 1978
Oct April

May July August September

Randomised to immunochemotherapy

Epidermoid 100 pg — 15 25 77 10 45
D 5 10 11 26 21 -
P 15 20 17 33 35 42
A" — 12 18 24 55 102
M 8 — — 21 ND ND
ND not done.

48 h with a response to as little as 500 ng [ 14]. This autologous reactivity was retained 4 years
later, with 3 cm of induration toward her own soluble oat cell antigen.

The second patient showed 7.7 cm of reaction by the 4th month following immunochemo-
therapy. A month later this was reduced to 1 cm. Three years later, free of disease, he showed
a 4.5-cm reaction. In Table 3 we show skin reactions of six patients from this phase II trial
tested with 100 pg of pooled soluble cancer antigen derived from allogeneic epidermoid and
adenocarcinoma of the lung. The asterisk indicates the pooled antigen. It can be seen that
strong reactions are seen to both lots. These pooled antigens will be used in a large multicenter
trial in Canada that will test the findings of this trial.

Discussion
We believe that this phase II study is the first attempt at specific immunotherapy of cancer in

man using soluble antigens. Thus, it has been a source of great satisfaction that in recent years
others have identified tumour-associated antigens in lung cancer in man. SEGA et al. [11] in
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Table 3. In order to test for
biologic activity of pooled
allogeneic antigen (*) to be used
in a multicenter trial, six

Antigen, patient J. F., 47 months after surgery
for oat cell carcinoma
48 h induration

. -
patients were skin tested. Note ipldermmd 100 ug 3(5) X g(’;
reactivity to stored autologous utologous oat 100 ug 30 x 3
antigen in J. F. (4 years PD;gnatophytm IZ‘IGCgXatzlge
torage) and A. L. (3

storage) an (3 years Varidase 75 x 50

storage)

Antigen, patient E. C., 56 months after surgery
for epidermoid adenocarcinoma
48 h induration

Adenocarcinoma* 27 x 22
Epidermoid* 37 x 32
Dermatophytin Negative
PPD 40 x 41
Varidase 25 x 32

Antigen, patient F. P., 36 months after surgery
for epidermoid carcinoma
48 h induration

Epidermoid* 45 x 31
Dermatophytin Negative
PPD 42 x 35
Varidase 102 x 67

Antigen, patient A. L., 36 months after surgery
for epidermoid carcinoma
48 h induration

Epidermoid* 47 x 54
Autologous oat 20 ug 43 x 36
Dermatophytin 10 x 10
PPD 20 x 14
Varidase 40 x 32

Antigen, patient A. T., 20 months after surgery
for epidermoid adenocarcinoma
48 h induration

Epidermoid* 20 x 19
Adenocarcinoma* 21 x 22
Dermatophytin 10 x 10
PPD 25 x 25
Varidase 27 x 27

Antigen, patient A. L., 26 months after surgery
for adenocarcinoma
48 h induration

Adenocarcinoma* 15 x 12
Dermatophytin 23 x 26
PPD 32 x 33

Varidase 27 x 32
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1974 reported on tumour antigens in squamous cell carcinoma of lung, comparable to those
used in our study [5]. MoHR et al. [9] described an alveolar cell carcinoma-like antigen,
FROsST et al. [2] described a bronchogenic carcinoma antigen unlikely to be related to
histocompatibility between individuals. Viza et al. [17] described at least one tumour-
associated antigen was present in some lung tumours. WATSON et al. [18] identified tumour-
associated antigens in squamous cell carcinoma of the lung and in some other histological
types of lung cancer, adenocarcinoma alveolar and anaplastic carcinoma. More recently
attempts are being made to develop a radioimmunoassay for a tumour-associated antigen in
lung cancer by GAFFAR et al. [3]. This programme of immunochemotherapy extends the
disease-free interval in patients with stage I cancer of the lung. Skin rections are sometime
very strong following immunochemotherapy, but as soon as the effect of MTX is removed,
the reaction reverts to a weak one, to slowly strengthen over the subsequent months in patient
F.P.

Ifthe effect of MTX is to delete suppressor cells [7], it is a transient effect, but late testing at 18
months after surgery shows maintenance of the early strong response. Thus, chemotherapy
may favourably influence the strength of a DHR to cancer antigen, and this can be seen early
andin late testing. We have already discussed the importance of such skin reactivity [15]. The
multicenter trial in Canada will have three groups in a total of 300 patients with stage  and I1
lung cancer following curative surgery; 100 will serve as controls, 100 will receive FCA once
a month and 100 will receive FCA homogenised with appropriate allogeneic pooled cancer
antigen. The results of such a trial may settle the question as to whether soluble antigens
homogenised with FCA will improve upon any favourable effect given by nonspecific
stimulation with FCA used alone.
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Patterns of Recurrence After Regional BCG Immunotherapy
of Bronchial Cancer

M. F. McKneally, C. Maver, S. Kellar, L. Lininger

Background

The specificity of the immune response and its biologic compatibility with the normal tissues
of the host are responsible for its great appeal to clinical scientists as a therapeutic intervention
in patients with early or minimal residual cancer. Because carcinoma of the bronchus appears
to be a carcinogen-induced cancer and because carcinogen-induced cancers are frequently, at
least minimally immunogenic, this tumor seems a reasonably logical target for immunothera-
peutic attack.

The first reported experiences with regional immunotherapy of carcinoma of the bronchus
were inadvertent experiments. TAKITA [10] and RUCKDESCHEL [9] reported a beneficial
effect of postoperative infection in the pleural space following putatively curative surgical
resection for lung cancer. In an attempt to reproduce this natural experiment in immunother-
apy, 116 patients were entered into a randomized prospective trial of intrapleural BCG
immunotherapy following surgical resection during the interval from April 1973 to Novem-
ber 1977. The methods of preoperative screening, surgical treatment, and postoperative
follow-up have been previously reported [6, 7). Staging followed the criteria of the Joint
Committee on Lung Cancer Staging [8]. The essential element of the trial was the administra-
tion of 107 colony-forming units of Tice BCG into the pleural space in the early postoperative
period. Patients so treated, and their randomized concurrent control counterparts, were
subsequently treated with isoniazid 300 mg/day starting on the 14th post-injection day and
continuing for 12 weeks. All patients were seen at regular intervals at 1, 3, 6, 12, 18, 24, 30, 36,
42, 48, 54, and 60 months after treatment. Chest X-rays, physical examinations, skin tests,
and blood chemical profiles were performed at each follow-up visit. No patient was lost to
follow-up, and appropriate scans and local X-ray studies were performed when symptoms of
recurrence were detected.

Prior permission for postmortem examination was not required for entry into the study, and
patients were often hospitalized for the terminal phase of their illness in community hospitals,
for the convenience and comfort of the family and the patient. Consequently, the pattern of
recurrence is documented on clinical grounds in 39 of the 50 patients with recurrent disease.
With this limitation, we have compared the pattern of recurrence in the treatment and control
arms in the hope of increasing our understanding of the mechanism of regional immunother-
apy in patients with minimal residual disease following surgical resection.

Results

Our experience with minimal residual disease following surgical excision of carcinoma of the
bronchus was somewhat less favorable than the experience reported from some other centers
[4] but generally followed the pattern of early recurrence and death that has been the hallmark
of this highly malignant tumor [8]. Recurrent lung cancer developed in 17 of 36 stage I control
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STAGE | LUNG CANCER

1973-1977
Recurrent Lung
Cancer
s New Primary
S Cancer
¥, Non Cancer
Free of Disease
Disease
Non Cancer New Primary
Death Cancer
BCG + INH INH
n=30 n=36

Fig. 1. Regional immunotherapy with intrapleural BCG reduced the number of recurrences following
surgical excision of lung cancer (P < 0.0009)

patients. Among 30 patients treated with intrapleural BCG after surgery, recurrent lung
cancer developed in four patients. Analysis of the censored survival data using GEHAN’s
statistic [1] rejects the hypothesis that intrapleural BCG is no better than the control (P <
0.0009). These results are illustrated in Fig. 1.

Among 36 stage I control lung cancer patients, three have developed new primary cancers in
other organs without evidence of recurrence of lung cancer. Two of these were laryngeal
cancers and the third a prostatic cancer. A fourth patient developed a new cancer in the
contralateral lung, composed of cells of a different type from those in the original lesion. This
new stage I tumor has been resected and the patient is free of disease.

Seventeen control patients developed evidence of recurrent lung cancer. Seven patients
developed clear-cut local recurrences of cancer in the chest, evident on follow-up chest X-rays
or at postmortem examination. One additional patient developed a nodule in the lung
associated with disseminated metastases, which suggested that the lung lesion was a blood-
borne metastasis, and another developed regional recurrence in the scalene lymph
nodes.

These observations suggest that local failure was a fairly frequent finding in control patients
with putatively complete surgical excision of stage I lung cancers. Seven of 17 (41%) of the
failures were associated with local recurrence in this group of patients. Six patients, 17% of the
total, failed because of disseminated metastases to the brain, spine, small intestine, liver, or
bone, without evidence of local recurrence. Four of the patients with local recurrence had
disseminated metastases as well.

The patients in the stage I BCG immunotherapy group had a lower overall incidence of
recurrent lung cancer (P < 0.0009). One patient developed a new primary colon cancer
without evidence of recurrent lung cancer. No stage I BCG patient had evidence of a local
recurrence at the site of excision or in regional lymph nodes. One patient developed a single
ipsilateral nodule in another lobe 4Y, years after the original resection. This nodule when
excised was of the same histologic type as the original primary tumor. A second patient
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developed a similar ipsilateral single nodule 18 months after the original excision, composed
of cells of the same cell type as the original tumor. Both of these lesions could be interpreted as
blood-borne metastases or as new primary carcinomas.

The data suggest that regional immunotherapy with a single dose of intrapleural living BCG
reduced the number of local recurrences. The treatment may also have influenced distant

Table 1. Patterns of recurrence in stage I lung cancer

INH BCG + INH
Local recurrence /17 (41%) 0/4 (0%)
Metastatic or new 2/17 (12%) 2/4  (50%)
primary tumor in lung
Distant metastases 7717 (41%) 2/4  (50%)
Indeterminate 1/17 (6%) 0/4 (0%)

Table 2. Patterns of recurrence in stage II and III lung cancer

INH BCG + INH
Local recurrence 3/11 (27%) 5/18 (28%)
Metastatic or new 0/11 (0%) 1/18 (6%)
primary tumor in lung
Distant metastases 8/11 (73%) 11/18 (61%)
Indeterminate 0/11 (0%) 1/18 (6%)

STAGE It AND Il LUNG CANCER

Free of
Disease

Free of
Recurrent Disease

Lung Cancer

Recurrent
Lung Cancer

BCG + INH INH
n=29 n=21

Fig. 2. Recurrence of stage IT and III lung cancer was not reduced by regional immunotherapy with
intrapleural BCG
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metastases. The number of recurrences in the BCG-treated group is low, so that inferences
about the pattern of recurrence cannot be made with confidence. These results are summa-
rized in Table 1.

Recurrence oflocally advanced, but resectable lung cancer in stage II and III was not reduced
by intrapleural BCG treatment (Fig. 2). Eighteen of 29 (62%) patients treated with BCG and
INH and 11 of 21 (52%) patients treated with INH alone developed recurrent cancer. The
apparent local effect of regional administration of BCG in the pleural space was not evident in
the pattern of recurrence observed in these patients (Table 2).

Discussion

The pattern of failure after surgical treatment of lung cancer depends upon the distribution of
minimal residual disease microscopically or grossly present within the patient immediately
following surgical resection. This distribution has been carefully documented by MATTHEWS,
who found residual local and systemic cancer foci in 33% of 254 patients autopsied within 30
days of putatively curative surgical resection [5].

Our patients conformed to the patterns of recurrence described by MATTHEWS, with the
exception that patients who could be expected to have the smallest amount of residual tumor
(stage I) showed an apparent reduction in local recurrence of cancer after regional BCG
administration. The cause for this reduction could be maldistribution of cases at risk, as the
number of patients in this subset is small. If the mechanism is immunologic, two hypotheses
might be tested for conformity to the patterns of recurrence. Elimination of residual tumor
cells may have resulted from the generation of nonspecific cellular and extracellular factors in
the field of local infection. This hypothesis fits the observation that local recurrence was
reduced in BCG-treated stage I patients. It could be invoked to explain a reduction in distant
metastases, but would conform less well to such an observation, because the size and doubling
time of the distant metastases identified in early postoperative autopsies [5] suggest that they
are present from before the time of surgery and do not disseminate subsequently, e.g., from
local residual tumor.

The alternate immunologic hypothesis postulates the development of specific immunity by
reason of bacterial stimulation of the immune response at a time when subtle or minimally
immunogenic tumor antigens might be coresident in the lymphoid apparatus. Specific
immunity developed against these tumor antigens might then result in immunologic injury to
systemically disseminated metastases outside the infected region. Such an effect has been
demonstrated in line 10 hepatomas treated regionally with BCG in strain 2 guinea pigs.
HanNA and PETERS [2] have shown that such local treatment results in regional control of the
tumor but also causes systemic immunity that can protect against rechallenge with the same
tumor at distant sites. We suspect that the difference in the incidence of recurrences recorded
in our stage I lung cancer patients is related to development of systemic specific immunity to
tumor-associated antigens [3] generated during the period of regional immunologic stimula-
tion of BCG organisms, but we cannot validate this inference from the distribution of sites of
recurrence documented in this review.

The distribution of recurrences in stage II and III patients conforms to the hypothesis of
specific immunity, although the basis for this inference is less secure. If nonspecific destruct-
ion of residual tumor cells were the only mechanism activated by BCG, this effect might still
be detectable locally even in patients with these more advanced stages of disease, whose risk of
residual occult distant metastases is high after surgery [5]. The fact that the reduction in local
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recurrences observed in stage I patients was not seen in stage II and III patients might be
interpreted to mean that the observation in stage I patients is unreliable or that a nonspecific
local effect seen in stage I patients was overwhelmed in stage II and III by reason of larger
amounts of residual tumor persisting locally. The interpretation that specific immunologic
competition prevented the local effect is supported by the studies of HANNA and PETERS [2].
These investigators found that regionally administered BCG caused regression of local
lesions and arrested the growth of regional lymph node metastases. When the stage of disease
was artificially advanced by the administration of tumor cells intravenously, the local skin
tumor and regional lymph node metastases escaped from BCG-mediated regression. We
postulate that a similar mechanism might be operative in our patients.

The paradigm that specific immunity is responsible for the apparent beneficial effect of
postoperative intrapleural BCG is encouraging though unproven. It implies the possibility of
selective toxicity against tumor cells, the sine qua non of successful systemic cancer therapy.
If the surface characteristics of tumor cells are sufficiently antigenic to allow their identifica-
tion by specifically immunized cells, further augmentation of specific immunity should be
beneficial to these patients. The hypotheses suggested by the data from this preliminary trial
can be tested more reliably when the patterns of recurrence become clear in larger cooperative
trials of regional BCG immunotherapy currently in progress.
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Intrapleural BCG in Operable Lung Cancer

P. B.Iles, D. F. Shore, M. J. S. Langman, and R. W. Baldwin

Introduction

Bacille Calmette-Gueérin (BCG) has been administered to patients with a wide range of
malignant disease, including malignant melanoma [4, 5], leukaemia [7, 17], colorectal cancer
[8], and lung cancer [3, 18] in the hope of improving the patients’ survival by enhancing the
patients’ nonspecific immunity or macrophage responses. It has also been used in conjunction
with tumour-derived substances to try and enhance tumour-specific immune responses [7,
12].

MCKNEALLY et al. [9—11] have reported that intrapleural BCG (Tice strain) given after
resection of lung cancer prolongs the survival of patients who had localised disease. This
finding is in keeping with data from animal studies indicating that the greatest benefit from
BCG is obtained when administered to the tumour site and when the tumour bulk is at a
minimum [1, 6].

Following the reports of MCKNEALLY et al. [9] we sought to confirm the value of this mode of
adjuvantimmunotherapy using Glaxo BCG, since this strain is readily available in the United
Kingdom and has been shown to retard the intrapleural and intrapulmonary growth of
injected tumour cells in experimental animals [14—16]. We began a controlled, randomised
prospective study of intrapleural Glaxo BCG at the City Hospital, Nottingham in May 1976
and extended the study to the Sheffield Royal Infirmary and the Northern General Hospital,
Sheffield in November 1976.

Patients and Methods

All patients having resections for lung cancer in the Nottingham and Sheffield hospitals were
eligible for the study. Preoperative investigations included measurement of pulmonary
function, routine haematology and biochemistry and skin test with tuberculin (Heaf test).
Other investigations (isotope scanning, etc.) were performed if indicated. Patients were
considered for entry into the study on the 3rd to 5th postoperative day, before their intercostal
drainage tubes were removed. We excluded patients with cardiovascular instability or with a
swinging fever.

Patients who agreed to take part in the trial, which had the prior approval of the hospital
ethical committee, were randomly allocated to control or BCG-treated groups using previ-
ously prepared randomised individual envelopes. BCG-treated patients were given a single
intrapleural injection of 1x 107 [18] viable units of Glaxo intradermal vaccine (one ampoule).
Theinjection was given via the intercostal tube and flushed in with saline just before the tube’s
removal in those patients undergoing lobectomy. The BCG was given by thoracentesis in
patients undergoing pneumonectomy. All patients received BCG from the same batch. Those
patients who developed a febrile reaction considered to be due to BCG were given soluble
aspirin. The patients were discharged on the 10th or 11th postoperative day, according to the
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Table 1. Staging

Stage I Tumour < 3.0 cm in diameter; hilar nodes may or may not contain tumour
or
Tumour > 3.0 cm; without involvement of adjacent structures or hilar lymph
nodes

Stage II Tumour > 3.0 cm; hilar nodes contain metastatic tumour

Stage III Tumour invading mediastinal structures or chest wall, or mediastinal nodes contain

tumour, or invasion into blood vessels

practice of that surgical team. Fourteen days after the BCG, 300 mg/day isoniazid was
started and continued for 8 weeks. Control patients were given an 8-week supply of placebo
(lactose) tablets, similar in appearance to isoniazid and did not receive any intrapleural
injection.

Patients were followed up to determine their survival and were reviewed regularly as outpa-
tients by their surgical team, with the exception of a few patients living at a distance who
returned to the supervision of the referring chest physician. The progress of these patients was
determined by communication with the chest physician and general practitioner.

The preoperative investigations were repeated at intervals during the follow-up. Tumour
recurrences or metastases were treated with chemotherapy, radiotherapy or conservative
measures as appropriate. Resected tumours were staged and histologically typed without
knowledge of the treatment category of the patient. The staging used was essentially that of
MCcKNEALLY et al. [9, 10], but with the inclusion in stage III of any patient with histological
evidence of invasion of pulmonary vessels by tumour (Table 1).

The overall survival of the two groups of patients was plotted graphically by the life table
analysis method [2] to obtain the maximum information from the data: difference in death
rates were analysed by the log rank test [ 13] and two-tailed P values derived. The significance
of differing survival rates within subgroups of patients was tested using the “y? test for
trends” and also the log rank test in the manner described by PETtoO et al. [13].

Results
Survival Data

Ninety-two patients with lung cancer entered the study in its first 20 months. The two
treatment groups are well matched, with the exception of the distribution of anaplastic
(including small cell) cancer (Table 2). The excess of such tumours in the patients allocated
BCG treatment has occurred by chance. There is an equal distribution of these tumoursin the
two treatment groups in the stage II and III cancer patients but there are six in the stage I
BCG-treated patients compared with only one in the stage I controls.

The survival of the 52 stage I patients is shown graphically in Fig. 1, and the patients with
anaplastic cancer are indicated. There is a trend of benefit in the BCG-treated patients, with 5
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Tumour histology Control BCG
Squamous 30 (68%) 29 (60%)
Adenocarcinoma 8 (18%) 7 (15%)
Alveolar cell 1 (2%) 2 (4%)
Anaplastic 5 (11%) 10 (21%)
(oat cell) 0] 3
Total 44 (100%) 48 (100%)
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Table 2. Patient distribution

Fig. 1. Survival of stage I patients

deaths in 28 compared with 7 in 24 control patients. When the results of treatment in stage I
patients with non-anaplastic carcinoma are considered alone, there is a more pronounced
trend, with only 2 deaths in 22 BCG-treated patients compared with 7 in 23 control patients

(Fig. 2).
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Discussion

Our data, although indicating some benefit from Glaxo BCG, do not show the same marked
effect as that reported by MCKNEALLY et al. using Tice BCG [9—11]. There are three points in
which our studies differ. Firstly, by including into stage III all patients with evidence of
tumour within pulmonary vessels, our study has relatively more stage III and relatively fewer
stage I and II patients and may lead to a slightly enhanced prognosis of the stage I patients.
The second point of difference is in our treatment of control patients with lactose-containing
tablets rather than isoniazid. We have no reason to suppose that lactose enhances patients’
survival. The third, and probably most crucial difference between our studied lies in our use of
Glaxo strain BCG, whereas MCKNEALLY’s group used Tice strain.

There have certainly been differences in the clinical effects observed following BCG treat-
ment. Only half of our patients had any febrile response at all, and this was usually brief and
mild. Only in four instances was discharge from hospital delayed because of fever, and then by
only 2—3 days. In contrast, MCKNEALLY et al. have indicated that febrile responses occurred
in almost every case after Tice BCG and that discharge from hospital was delayed by an
average of 5 days [9].
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The two strains of BCG differ in other respects such as viability, with Glaxo strain having the
higher proportion of viable units. We used the same number of viable units as MCKNEALLY’s
group (1x 107 units), but this would be accompanied by fewer non-viable organisms. There is
no way of knowing if the number of these non-viable units should also be taken into account,
or if some other more subtle difference between BCG strains is important. Similarly, there is
no good evidence regarding the relationship between post-BCG fever and survival. Too few of
our patients have died to draw any firm conclusions, but 5 of the 11 BCG-treated patients to
die had a fever following BCG.
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G. Head and Neck Tumors

Adjuvant Chemoimmunotherapy of Head and Neck Cancer

S. G. Taylor, G. A. Sisson, and D. E. Bytell

Introduction

Adjuvant systemic therapy in head and neck cancer has not been actively studied because
regional recurrences have focused attention on the need for improved regional therapy and
because additive toxicity with radiation therapy has discouraged use of effective regimens of
chemotherapy. Randomized multi-institution studies have shown no differences in disease-
free survival after 2 years [15, 28]. However, improved disease-free survival for the first 8—12
months was observed in a few studies [ 14, 21]. Such a duration of effect from methotrexate in
the treatment of gross residual disease would be unusual and suggested that a more aggressive
approach to adjuvant treatment might yield more long-lasting beneficial results. With
improved local control from more effective surgery and radiation therapy, systemic
metastases have caused an increased percentage of treatment failures accentuating the need
to re-examine systemic adjuvant therapy [13]. Response rates to chemotherapy have also
improved with the use of methotrexate and leucovorin in a weekly schedule [20] and use of
combination drug therapy [3] although duration of response remains short. These develop-
ments are background to our current approach to adjuvant therapy trials.

Adjuvant Chemotherapy

We have reported a pilot study of 17 patients with advanced head and neck cancer treated
with three cycles of moderate dose methotrexate with leucovorin given over 2 weeks prior to
surgery or radiation therapy [27]. Methotrexate was begun at a dosage of 240 mg/M? given as
intermittent IM injections of 60 mg/M?every 6 h for four doses and followed, 6 h after the last
injection, by leucovorin orally, first 40 mg and then 10 mg every 6 h for 7 doses. After a 24-h
rest, the cycle was repeated with a 50% dose escalation of the methotrexate if no mucositis or
hematologic toxicity (WBC < 4000 and platelets < 125,000) was evident. A third cycle was
delivered after another 24-h rest with a further 50% escalation in dosage if no toxicity was
present. The occurrence of mild mucositis or a depressed white count between 4000 and 2500
or a platelet count between 125,000 and 75,000 resulted in no dose escalation. If oral
ulceration or more severe blood count depression was apparent, the dosage was held until
recovery and only two cycles were given.
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The study included seven stage III patients and ten stage IV patients. Currently all patients
have been followed for 3—5 years and eight (47%) remain disease-free. Three of the patients
considered failures had second primaries as the cause of failure (one colon and two head and
neck lesions), and one patient died of a myocardial infarction 4 years after treatment, still
disease-free. Two of the patients who failed remain alive, one salvaged and one with persistent
disease. We would have expected less than 20% of patients disease free with such advanced
lesions. While these results were not definitive, they did suggest long-term benefit from the
adjuvant treatment. We attributed part of the beneficial effect to escalation of methotrexate
dosage. Clifford also has achieved encouraging long-term results with aggressive (more toxic)
combination therapy (see report of this meeting). We have subsequently used this methotrex-
ate regimen in a randomized study examining the benefit of adjuvant chemoimmunotherapy
compared to adjuvant chemotherapy.

Adjuvant Chemoimmunotherapy Study

Study Design

Design of a randomized study in head and neck cancer posed certain unique problems.
Although some corrections for imbalance in patient sampling can be made post facto [18], an

Table 1. Prognostic categories for head and neck cancer study

Site Stage Estimated % 3-Year NED

0—10% 11-30% 31-50% 51-70%

Buccal mucosa II X
Fl. mouth 111 X
Ant. tongue v X
Palate 11 X
Naso, oro 111 X
Hypopharynx Iv X
II X
Alveolar ridge ‘ III X
v X
11 X
Sinus [ 11 X
IV X
Supraglottic 111 X
Glottic 111 X
Subglottic 111 b
All larynx v X
Above X
Peristomal recurrence { lat. or X
below
11 X
Cervical esophagus [ X X
v X
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Table 2. Stratification variables for adjuvant

chemoimmunotherapy study in head and Prognostic category .
neck cancer 51%—70% expected 3-yr NED survival

319%—50% expected 3-yr NED survival
11%—30% expected 3-yr NED survival
0 —10% expected 3-yr NED survival

Histologic grade
Well or moderately well differentiated
Poorly differentiated or anaplastic

Skin test reactivity

One test > 10 mm or two tests > 5 mm each
Nonreactivity

Standard therapy
Surgery
Radiation therapy
Both

equal distribution of prognostic variables between the two treatments is desirable for a
comparative study. The large number of site-stage combinations in head and neck cancer
precluded an even distribution of patients using the usual methods of stratification and
randomization. Our technique for balancing the two treatment groups as to site of origin and
stage was to define the risk of treatment failure at 3 years for each specific site and stage. We
divided patients into prognostic categories based on their relative risk of failure as determined
by the 3-year disease-free survival results published by the American Joint Committee [1]
and, for laryngeal stomal recurrence, on the experience of Sisson [24]. Table 1 displays the
four possible prognostic categories for each site and stage using the staging system of the
American Joint Committee for Staging [5]. Other stratification variables were the histologic
grade of the tumor, skin test reactivity to four common recall antigens including candida,
mumps, PPD, and varidase, and the planned standard therapy (Table 2). Treatment of the
initial patient in any stratum was randomly assigned using a table of random numbers. Each
subsequent patient entered into the same stratum was given the alternative treatment using the
method of systematic sampling.

Treatment

The chemotherapy was unmodified from the pilot study except that repeat 2-week courses
were also given following surgery and radiation therapy every 3 months for 1 year. Because of
the rapid development of resistance by this tumor, repeated intensive courses were thought to
be possibly more effective than more frequently repeated but less vigorous treatments. If
radiation therapy was given, the second course of chemotherapy was delayed for at least 6
weeks after completion of radiation therapy. The initial dose of methotrexate for each course
was always 60 mg/M? x 4 independent of dose escalation of previous courses. We have also
used sodium bicarbonate to alkalinize the urine during methotrexate treatment [19].
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Immunotherapy began 2 weeks after completion of surgery and radiation therapy. Patients
randomized to receive immunotherapy received 10 Tice strain BCG organisms intrader-
mally on alternate sides of the neck. Those patients randomized to immunotherapy whose
tumor was available for vaccine preparation were also given 1 x 10° neuraminidase-treated
cells mixed with BCG using a modification of Simmons technique [23]. A single cell
suspension was obtained, washed two times, and treated with vibrio cholera neuraminidase
(Behring Diagnostics) 25 U per 106 cells for 1 h at 37° C. Cell viability varied between 20%
and 80% by trypan blue exclusion, being negatively influenced by more than one passage
through the mesh screen during preparation of the single cell suspension. Cells were then
radiated to 10,000 rad, washed in phosphate buffered saline, and stored quick-frozen at —70°
in 0.1 cc quantities (1 x 10° cells) until use. BCG, with the cell vaccine if available, was given
every 2 weeks for six treatments and then monthly for 1 year.

Evaluation of Response

Assessment of tumor eradication following surgery and/or radiotherapy was made by
complete ENT evaluation including direct laryngoscopyand biopsy of any suspicious areas at
monthly intervals. To qualify as being grossly disease free (NED), patients had to have all
gross tumor resected at surgery or have complete shrinkage of tumor with radiation.
However, positive histologic margins or residual induration did not exclude a patient from
being NED. Patients not rendered NED were removed from study and were followed for
survival. These patients should not be included in the randomized study results because they
were treated palliatively with other therapy and no immunotherapy was given.

Results

Patient Characteristics

Fifty patients have been entered between December 1974 and December 1977. There were 40
males and ten females with an age range of 37—71. Twenty-eight patients were assigned to
adjuvant chemotherapy and 22 to adjuvant chemoimmunotherapy. The characteristics of the
two patient groups are described in Tables 1 and 2. All the evaluated characteristics were
evenly distributed except for histology. The division of patients into prognostic categories
appeared successful in maintaining an even balance of patients by site and stage (Table 3).
The predominance of moderately well differentiated tumors in the chemoimmunotherapy
group and of well and poorly differentiated tumors in the chemotherapy group is evident, but
not statistically significant (Table 4). Analysis of the data has shown that this imbalance did
not affect the results.

Treatment Results
Thirty-nine of the 50 patients (78%) became grossly disease free with the combination of

preoperative chemotherapy and standard therapy and were eligible for follow-up. Eight
patients (four in each group) had gross unresectable disease or refused surgery. These were all
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Table 3. Patient characteristics divided by treatment group

Characteristic Treatment group
Chemotherapy Chemoimmunotherapy
(No. = 28) (No. = 22)
Sex: M/F 22/6 18/4
Age range (mean) 38—71 (57) 37-70 (59)
Prior therapy
None 18 14
Surgery 3 1
Radiation 3 4
Both 4 3
Stage
II 3 2
111 7
A% 18 13
Tumor Site
Oral cavity 7 7
Paranasal sinuses 1 0
Oropharynx 1 4
Nasopharynx 1 0
Hypopharynx 2 4
Larynx 9 6
Cervical esophagus 1 1

stage IV patients who had received prior therapy. In addition, there were three treatment
deaths, one from chemotherapy and two from surgery (all stage IV patients).

The recurrence rate for the chemotherapy group was 50% and for the chemoimmunotherapy
group was 35%. This difference is not statistically significant. We have further examined
those patients who received neuraminidase-treated tumor cells in comparison to those who
did not. Four patients randomized to immunotherapy received a vaccine prepared from their
own tumor plus BCG.

Table S includes an analysis of the immunotherapy group by whether or not tumor cells were
given. Three of the four patients who received cells plus BCG have recurred versus 3 of 13
who received BCG without cells. Two of the four patients who received cells had stage III
disease and two had stage IV disease. There were two stage 11, five stage III, and six stage IV
patients in the BCG subgroup, demonstrating no imbalance in disease stage between the
group thatreceived cells versus the group that did not. The small number of patients precludes
any statistical conclusions as to the effectiveness of the tumor cell vaccine. However,
immunotherapy with BCG plus cells is not likely to be more effective than BCG alone. With
the difficulty in obtaining an autochthonous tumor preparation and the possibility of tumor
enhancement or abrogation of BCG effectiveness with our method of preparation, we have
discontinued the vaccine and are continuing the study using BCG only as the immunother-
apy.
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Table 4. Patient stratification variables divided by treatment groups

Treatment group

Chemotherapy =~ Chemoimmunotherapy

(No. = 28) (No. = 22)
Stratification
variable
Prognostic category
51%—70% 0 0
31%—50% 7 5
11%—30% 3 4
0 —10% 18 13
Skin tests 20 17
Reactive
Nonreactive 7 4
Not done 1 1
Histology
Well 7 2
Moderately well 13 18
Poorly diff. 8 2
Standard therapy
Surgery 12 12
Radiation 7 4
Both 9 6

Table 5. Results of adjuvant chemoimmunotherapy in head and neck cancer

Treatment No. of patients
Total Continue  Recur Not Died
NED NED Rx.

Chemotherapy 28 11 11 4 2
Chemoimmunotherapy

Total 22 11 6 4 1

Without cells 13 10 3

With cells 4 1 3

An analysis by histologic type is displayed in Table 6. The expected trend favoring a well-
differentiated histology has not occurred. While it is possible that the chemotherapy has been
more effective against the more poorly differentiated histologies negating histology as a risk
factor, a larger series of patients is required to evaluate the prognostic effect of tumor
differentiation with chemotherapy.
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Table 6. Recurrence in disease-free patients (NED) by adjuvant treatment and histo-
logic type

Histology No. of patients by treatment
Chemotherapy =~ Chemoimmunotherapy Total

Well

NED 1 2 3

Recur 5 0 5
Moderately well

NED 6 9 15

Recur 4 4 8
Poorly diff.

NED 4 0 4

Recur 2 2 4
Toxicity

Dose-limiting toxicity from the chemotherapy was usually oral stomatitis both from the initial
and subsequent courses of therapy. Only four patients (8%) developed thrombocytopenia
and/or severe leukopenia requiring a delay in surgery. One drug-related death occurred. This
patient developed severe pancytopenia and stomatitis concomitant with transient renal failure
and jaundice. He expired from bronchopneumonia with a white count less than 500. No
sodium bicarbonate had been given during methotrexate therapy. Since the routine adminis-
tration of sodium bicarbonate, such renal failure has not occurred in 24 patients so treated. He
represents the only drug-related death in 85 patients treated in our combined series.
Stomatitis has been a much more severe problem during the course given following surgery
and especially radiation therapy, requiring a substantial reduction in methotrexate dosage.
Eighty-seven percent of patients had oral ulcerations following radiation therapy but only
40% had similar reactions with the initial course. Moreover, after radiation therapy the
stomatitis occurred earlier, often preventing dose escalation and limiting the number of cycles
of methotrexate to two (Table 7). Such compromise in dosage supports the use of methotre-
xate prior to standard therapy and questions the value of its use within the first 6 months
following radiation therapy. Two postoperative deaths occurred. One patient had a carotid
blowout following an unsuccessful attempt to remove extensive neck disease. The second
patient developed meningitis from a fistula following a craniofacial resection of extensive
ethmoid sinus cancer. Neither death was drug-related.

Nonspecific Immunologic Monitoring

As a possible marker of the response to immunotherapy, we have longitudinally followed
various nonspecific tests of immune function and compared them to the pretreatment values.
These tests included delayed hypersensitivity reactions to candida, mumps, PPD and vari-
dase, lymphocyte thymidine uptake as a measure of blastogenic response to a media control
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Table 7. Number of patients receiving dose escalation and experiencing mucositis from adjuvant
methotrexate with leucovorin. A comparison of the initial course with that given following surgery
or radiation therapy

Course 1 Course 2

No radiotherapy S/P radiotherapy

Dose escalation
0 11 7 10

1 19 5 4 (29%
) 171 7%) 5| (50%) (29%)
Severity of mucositis

None 11 2

Mild 17 2 2
Ulceration 19 (40%) 9 (69%) 12 (87%)

and to phytohemagglutinin (PHA), the percentage of T cells as the total T cells using
neuraminidase-treated sheep RBCs (SRBC), and immediate, “active”, E rosettes as described
by WYBRAN [31] and quantitative immunoglobulins including IgM, IgG, and IgA. These tests
were performed prior to therapy and then every 3 months following therapy.

As ameans of examining the influence of various disease and treatment factors on these tests
andin order to assess the pattern of change in these tests with time, we have used the technique
of multiple regression analysis. Each value has been made a function of potential influencing
variables attempting to establish a linear relationship between changes in the test values and
the defined disease and treatment-related characteristics. With this technique the significance
of any relationship can be calculated and the contribution of selected variables to the observed
variance of the lab value estimated.

The results in the first 40 patients have been tested for significant relationships. The variables
we have included are (1) the randomized treatment groups, to assess the influence of
immunotherapy on follow-up test values, (2) the disease status divided into continuously
disease-free, recurring following a disease-free status, or never disease-free, (3) random
variation due to individual patient characteristics other than disease status and treatment as
indicated by the study number, (4) changes with increasing time from the point of initial
treatment, and (5) whether or not radiation therapy was included in the standard therapy plan.
We have indicated the total contribution of these variables taken together as overall variance,
“r?”. The test’s value is indicated by the significance p. Table 8 displays the results of this
analysis. Several conclusions are possible from these results. The major factor influencing
PPD reactivity was whether or not BCG was given, but there was less effect from BCG on the
other skin tests. Lymphocyte blastogenesis did not have any monitoring value being so
strongly influenced by random variability but was depressed to a greater degree following
radiation therapy than following other treatment. We and others have demonstrated a
decreased percentage of T cells in patients with head and neck cancer prior to treatment [4,
26]. The current analysis supported the inability to normalize this depressed T cell population
with any of the treatments given or with time from initiation of treatment. Finally, the
immunoglobulins may be affected more than previously appreciated by giving BCG immuno-
therapy and with increasing time from treatment. There was a decrease in IgM and IgA in
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Table 8. Multiple regression analysis of changes in the immunologic parameters monitored in the
follow-up period in comparison to the pretherapy value and to each other

Parameter Treatment  Disease Study Time + RT r? P
group status No.
Skin test
PPD .009 NS NS .002 NS .36  .001
Total .03 .08 NS NS NS 21 .023
Lymphocyte blastogenesis
Control .06 .06 NS NS NS 12 .09
Stimulated NS NS .009 NS NS .11 NS
Index NS NS .007 .05 .003 .22 .002
% T cells
Total NS NS NS .08 NS .13 NS
Active .06 NS NS NS .001 .27 .01
Immunoglobulin
IgM .04 .03 NS .03 NS .56 .02
IeG NS NS NS NS NS 25 NS
IgA NS .04 NS .009 NS .50 .04

NS, not significant with P > 0.1.

those patients not successfully rendered disease free accounting for the significant variance
seen with disease status. An increase in the same immunoglobulins (IgM and IgA) was
demonstrated in NED patients during the longitudinal follow-up from the time of therapy.
None of these tests appear to be useful markers for disease status. The immunoglobulins
demonstrated a definite pattern but this was in “not NED” patients whose status was already
known. BCG immunotherapy had limited effect on the nonspecific immunologic tests
monitored.

Discussion

Immunotherapy of head and neck cancer has had limited study. One report has observed an
improved survival when BCG was combined with multiagent chemotherapy over chemother-
apy alone in advanced cancer [22]. Remission rate (40% versus 50% for the chemotherapy
only group) was, however, not affected. Disease stage, a known prognostic factor in head and
neck cancer treated with chemotherapy [16] was not mentioned in that study so one cannot
adequately evaluate the significance of the results. Donaldson has published positive results
with a combination of methotrexate, isoniazid, and BCG in head and neck cancer [2].
However, his results have become less impressive in subsequent reports as more advanced
patients have been entered under controlled conditions [8]. Two subsequent randomized
studies, one using methotrexate, BCG, and INH [30], and one using methotrexate and MER
[9], have failed to demonstrate any value of immunotherapy in palliative therapy of head and
neck squamous cancer. It may be concluded from these studies that current nonspecific
immunotherapy has had a limited role in controlling gross metastatic disease.
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Thereis more sound experimental basis for using immunotherapy as an adjuvant to radiation
or surgery in head and neck cancer after all gross disease has been removed. Such an
approach has been successful in early lung cancer, including squamous cell histology,
whereas in late disease categories the same immunotherapy has been valueless [16]. Unfortu-
nately, few randomized studies of adjuvant immunotherapy in head and neck cancer exist. An
encouraging preliminary report using levamisole is suggesting benefit from that agent in a
randomized study [29]. While it is premature to make any conclusions as to the efficacy of
adjuvant immunotherapy in head and neck cancer, the current trends would hopefully
stimulate other comparative trials.

The failure to achieve improved results using an autochthonous tumor cell vaccine may
possibly be related to the method of preparation or the dose given. We have utilized the
method of Simmons, which he found highly tumor specific and effective in animal models
[23]. Others have questioned treatment with neuraminidase prior to freezing the cells and the
method of quick freezing [2]. The dosage of the cell vaccine is more likely to be a critical
factor. Using neuraminidase-treated cells or tumor antigen extract, different doses have been
found to increase or decrease tumor growth [12, 17, 25]. These observations appear timely in
view of the current interest in specific immunotherapy. It should be equally emphasized,
however, that failure to find benefit from a particular dosage of tumor cells or antigen
preparation does not exclude effectiveness from other dose levels or preparation meth-
ods.

This study has included very advanced disease patients, reflecting the aggressiveness of our
surgeons in managing this disease. With 38% of patients having received prior treatment and
62% having stage IV disease, 78% were successfully made disease free and 44% of the total
series (56% of NED patients) remain so after a median follow-up of 18 months. Over the last
1 year, we have included stage II primaries other than larynx. Chemotherapy regressions
tend to be more dramatic in these earlier stage patients as described by others [6, 20]. One
patient had no microscopic evidence of tumor at resection of an originally 4 x 3 cm alveolar
ridge primary (biopsy confirmed) following preoperative chemotherapy. A randomized study
is currently in progress to further define the value of this chemotherapy.

We have demonstrated the usefulness of a division of patients with head and neck cancer into
prognostic categories rather than a division based on stage and site of origin. Such a division
based on risk may more accurately reflect expected disease course avoiding an imbalance of
prognostic factors if patients had been stratified by anatomic regions. The variable disease
course seen in head and neck cancer would appear to make such an approach a worthwhile
consideration for future studies.
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Adjuvant Treatment of Tongue and Floor of the Mouth Cancers

H. Szpirglas, Cl. Chastang, and J. Ch. Bertrand

Introduction

Chemotherapy of head and neck cancers gives objective responses in about 30% of the cases,
sometimes spectacular but never durable enough to significantly after prognosis. One of its
limitations seems to be related to the tumor mass. Itis, therefore, important to test chemother-
apy on the residual cells, which are not visible, but are responsible for local, regional, or distant
relapses after apparently satisfactory local treatment. These residual cells are also the
proposed target for adjuvant immunotherapy.

Materials and Methods

Since January 1974 we have treated 136 patients, with squamous cell (epidermoid) carcinoma
of the oral cavity. Of the patients, 95 had cancer of the anterior tongue or the floor of the
mouth, which will only be considered in this study.

The staging was either stage A corresponding to T1—T2 NO tumors treated only by
electrosurgery or stage B corresponding to T3 NO and T1-T2-T3 N* tumors of which there
were two groups: one treated by surgery alone, the other by surgery followed by radiotherapy
when invasion of lymph nodes was found histologically after neck dissection. Patients with
extremely large tumors and those associated with fixed nodes are associated with only
transient complete remissions were not considered in this trial.

Randomization

Patients in remission after initial treatment were randomized into three groups:
1. No treatment;

2. Chemotherapy;

3. Immunotherapy.

Chemotherapy

The protocol we chose was the one we used frequently in 1973 and combined methotrexate
(400 mg per month given by intravenous infusion) followed by intramuscular injection of
100 mg of citrovorum factor and bleomycin in two 15-mg doses intramuscularly per week.
The total dose of bleomycin never exceeded 450 mgin 15 weeks of treatment because of the
cumulative toxicity of this product. Methotrexate was administered for 2 years.
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Immunotherapy

Immunotherapy consisted of subcutaneous or intramuscular injection of 2 ml of Corynebac-
terium parvum every week for 2 years. The Corynebacterium parvum vaccine was furnished
by Merieux Laboratories with new lots delivered every 2 months. Some minor modifications
in preparation could therefore have affected the vaccine.

Routine Observation

Anevaluation was made at least every 2 months and included a locoregional examination and
a general examination to detect local recurrence, evolution or recurrence in lymph nodes, and
metastatic spread. A clinical assessment, in addition to its usefulness in the detection of
metastases, permitted the evaluation of tolerance to adjuvant treatments.

Results
This trial initiated in January 1974 used a computer program prepared by the INSERM
Unit 88. The file was brought up to date on 15 June 1978. We used the classic methods of

statistical analysis and the log rank test to compare the recurrence and survival
curves.

Distribution

The distribution of the 95 patients is shown in Table 1.

Table 1. Distribution of 95 patients with floor of mouth and tongue cancers entered
on the randomized adjuvant trial

No. treat. Chemo. Immuno.
Stage A: Surgery 45 pts 16 16 13
/Surgery 27 pts 10 8 9
Stage B:
T Surgery
+ Radiotherapy 23 pts 7 8 8
Recurrences

Overall analysis: the rate of recurrence reached 50% for all patients by 2 years. After 2 years,
of the 37 patients still at risk there was only one recurrence at 27 months. Figure 1 shows the
remission curves for the different adjuvant treatments for all patients. A significant difference
is not evident according to the log rank test (P = 0.60). However, we observed a delay in the
onset of recurrences in the groups receiving chemotherapy or immunotherapy. The difference
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in recurrence rate diminished with time. At 1 year, 25% of the patients under chemotherapy,
35% of those under immunotherapy, and 47% of those under simple observation had
recurrences. At 2 years, we observed 48% recurrences under chemotherapy, 51% under
immunotherapy, and 53% of nontreated patients.

Analysis by Patient Group

For stage A (T1-T2 NO, surgery only: 45 patients), the overall recurrence rate reached 45% at

2 years. Of the remaining 17 patients still at risk, there were no recurrences (Fig. 2). There was

no significant difference shown by the log rank test, but with adjuvant therapy a delay in the

time to recurrence was observed:

1. Recurrence at 1 year: no treatment 44%, chemotherapy 19% and immunotherapy 33%.
However, this favorable effect seems to diminish in time without disappearing en-
tirely.

2. Recurrence at 2 years: no treatment 50%, chemotherapy 46%, and immunotherapy
41%.
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Fig. 2. Disease-free interval and recurrence rate for stage A (T1-T2 NO) patients
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For stage B (surgery only: 27 patients), the overall recurrence rate reached 61% at 2 years.

Seven patients had no recurrence beyond 2 years (Fig. 3). The log rank test was not significant

(P=0.43). A delay in the onset of the recurrences was always noted with adjuvant treatment.

The favorable, but diminished effect remained for the group undergoing chemother-

apy:

1. Recurrence at 1 year: no treatment 67%, chemotherapy 25%, and immunotherapy
38%.

2. Recurrence at 2 years: no treatment 67%, chemotherapy 55%, and immunotherapy
69%.
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Fig. 3. Disease-free interval and recurrence rate for stage B (surgery only) patients

For stage B (surgery + radiotherapy: 23 patients), we observed 46% recurrences at 2 years,
and one patient of ten remaining after 2 years relapsed (Fig. 4). The log rank test was not
significant (P = 0.92). Contrary to groups 1 and 2, the three curves run parallel. There was no
delay in recurrence under treatment, and at 3 years patients without adjuvant treatment had
fewer recurrences.

1. Recurrence at 1 year: no treatment 29%, chemotherapy 42%, and immunotherapy
38%.

2. Recurrence at 2 years: no treatment 43%, chemotherapy 42%, and immunotherapy
53%.
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Fig. 4. Disease-free interval and recurrence rate for stage B (surgery + radiotherapy) patients

Nature of Recurrences

The study of the nature of the recurrences showed a significant difference depending on
whether or not the patient had adjuvant treatment, regardless which type (P = 0.05) (Fig. 5).
While the total number of recurrences was comparable in each group, the patients treated with
chemotherapy or immunotherapy developed 2 lymph node evolutions and 25 local recur-
rences, while nontreated patients presented 6 lymph node evolutions and 11 local relapses.
We did not observe spread to lymph nodes in patients receiving chemotherapy; however, we
observed two metastatic evolutions during chemotherapy in the surgery + radiotherapy
group. One of these occurred 2 months after randomization and after methotrexate alone and
can hardly be attributed to treatment. The other, however, occurred after 26 months, even
though the locoregional area was free of relapse.

Recurrences
15.06.78 - 46 Cases

No treat. |Chemoth. { Immuno.
17 15 14
Local recur. 1 13 12
Node evol. 6 — 2
Metast . — 2 -
Stage A surgery Stage B surgery Stage B surgery + radioth.
No treat.|Chemoth.|Immuno.| |No treat.|Chemoth.|Immuno.| |No treat.|Chemoth.|Immuno.
Local recurrence 5 7 4 3 4 4 3 2 4
Node evolution 3 — 1 3 — 1 - — —
Metastic evol. - — — - — - - 2 —

Fig. 5. Nature of recurrences according to adjuvant treatment
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Overall Survival According to Adjuvant Treatment

For all 95 patients, Fig. 6 shows that the evolution was rigorously the same, whatever the
adjuvant treatment (the log rank test was not significant, P = 0.93). The study of the overall
survival in relation to staging (Fig. 7) shows a short-term prognostic improvement that does
not prove to be significant (P = 0.14). At 2 years, the survival of the stage A patients is 90%,
compared to 80% for stage B surgery alone and 63% for stage B surgery + radiotherapy.

Survival rate (%)

years 1 2 3 4
® No treat. 33pts 88 81 58 58
O Chemoth. 32pts 87 84 58 58

100 fpeoeg o Immunoth. 30pts | 86 79 70 58
(19)
|
_ sof
To (17) —T TL
.| ACD -0
(20)01 | I p=0.93
601 0- €O B0BIO LELELIOL-®
1 1 | 1
05 1 2 3 4

Years

Fig. 6. Overall survival according to adjuvant treatment

Survival rate (%)

™ year 24 year 3¢ year 4t year

® Stage A: surg. 45pts 95 90 59 59
O Stage B: surg. 27pts 84 80 66 66
o Stage B: surg.+ rad. 23pts 73 63 52 45
100
ety
w0 I—o—oo—?
0-0-0= ]
80} go—o—o-o—cla l . p=0.14
O —0
A—a—c} o—e I

0-0-0~0-0-0-0-0-0-0-0—0 (15)
OrO=OmOlrm0=0=0—0

60 O-00-0~9-9-0-0-80-0-0-0-0-0-0-0 (28)
-
Oml3=Om0m0=00~0—0 (13)
40 1 I Il 1 1
0 1 2 3 4 5
Years

Fig. 7. Overall survival according to staging

H. Szpirglas et al.
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However, in the 3rd year, four deaths were recorded among the 15 patients having reached 2
years in the first group, and the survival rates after that are completely comparable. This may
be considered when dealing with high risk or low risk patients.

Survival in Each Group

For stage A (T1-T2 NO), a significant difference appears depending on the adjuvant treat-
ment (P =0.01). Of the four deaths between 2 and 3 years in this group, three were nontreated
patients (Fig. 8). Of the 16 nontreated patients six died, while the egality hypothesis predicted
two deaths. In contrast, one death was recorded among 16 patients receiving chemotherapy
compared to 3.2 expected, and one death was recorded among 13 patients receiving immuno-
therapy compared to 2.7 expected. Except for one patient for whom the cause of death was
unknown, all the deaths were observed after recurrence and were due to progressive can-
cer.

For stage B (surgery only), analysis of survival does not show a significant difference (P =
0.67) (Fig. 9). The curves were superimposable. One of the two deaths recorded in the
nontreated group was of a patient without recurrence.

For stage B (surgery + radiotherapy), up to 1 year, the three curves were also superimposable
(Fig. 10). After 1 year, no additional deaths were observed among the nontreated patients,

Observ.  Expect.

Recur. deaths deaths
® No treat. 16pts 8 61 2
O Chemoth. 16pts 7 1 3.2
& Immunoth. 13pts 5 1 2.7
100 me)xllﬁa—a—a-a-o-a-a—a-a-a-&a—a
O- -0-0-0-0-0-0-0-0~0-0-0-0-0-0—0 (1)
o-0-0-0-0—-0
80~ -0—0—0
B—0—0—0—0=0—0~0~0—0 (9)
60 o
O/o
40 o0
20 ® (8)
p ¢0.01
10 1 1 Il 1 1
0 1 2 3 4 5
Years

Fig. 8. Survival according to adjuvant treatment for stage A (T1-T2 NO) patients
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Observ.  Expect.
Recur. deaths deaths
® No treat. 10pts 6 2() 2.7
O Chemoth.  8pts 4 3 2
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00— 9-g-% 006 0000
o/o 80r l
0=0=0—0—0—0—0—0-60-00600-00—0-0—0—0—0—-0—9—0 (3)
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Fig. 9. Survival according to adjuvant treatment for stage B (surgery only) patients

100 jcecece—e-o Observ.  Expect.
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e No treat. 7pts 3 2 3.9
—0—0
(a4 O Chemoth. 8pts 4 4 3.5
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Fig. 10. Survival according to adjuvant treatment for stage B (surgery + radiotherapy) pa-
tients

while three deaths were recorded among the patients undergoing adjuvant therapy. The log
rank test was not significant (P = 0.48). It is noteworthy that two of the deaths recorded in the
immunotherapy group were not due to cancer.

Survival After Recurrence
Figure 11 shows that the group of patients undergoing chemotherapy had the least favorable

course after recurrence, which is logical because previously untreated patients could receive
palliative chemotherapy after recurrence.
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Fig. 11. Survival after recurrence according to adjuvant treatment

Conclusion

The results presented here were disappointing, considering the encouraging results we found
after the first analysis 2 years ago. This may depend on the choice of therapies, and other
programs of adjuvant chemotherapy and immunotherapy are presently employed. We can
see, however, that adjuvant treatment can delay the recurrences but does not decrease the
recurrence rate and adds nothing when patients have previously received radiotherapy. While
it may seem paradoxical that patients with small tumors would benefit more from adjuvant
treatment, this result could be anticipated if treatment is of limited potency.

Summary

Since January 1974, 95 patients with anterior tongue and floor of the mouth cancers were
included in a randomized trial. After stratification according to staging and initial treatment,
one-third of the patients received chemotherapy for 2 years (methotrexate 400 mg followed
by citrovorum factor 100 mg + bleomycin 30 mg/week, during the first 15 weeks), one-third
of the patients received immunotherapy with weekly C. parvum injections during 2 years,
while the remaining third did not receive any treatment. If adjuvant treatment seems to delay
recurrence it did not significantly decrease the recurrence rate. Survival is also not significant-
ly modified by adjuvant treatment and was better for patients with small tumors. Patients who
previously received radiotherapy did not benefit from adjuvant therapy.



First Results of a Randomized Trial on Immunotherapy
of Head and Neck Tumors

J. L. Amiel, H. Sancho-Garnier, C. Vandenbrouck, F. Eschwege, J. P. Droz,
G. Schwaab, P. Wibault, M. Stromboni, and A. Rey

Trials of active nonspecific immunotherapy as adjuvant therapy for tumors have increased
dramatically in number since the results that have been published on acute leukemia [6] and
melanoma [3, 5, 7—9]. In spite of considerable work [4], the justification of immunotherapy in
cancerology has made hardly any progress, and the results remain controversial [10]. In
numerous cases, the actual conditions of the trials undertaken do not seem satisfactory. An
example is the application of immunotherapy to patients still carrying massive tumoral
growths, despite the fact that this contravenes experimental data [1] and also discredits the
interpretation because of many other intervening factors; furthermore, the influence of the
symptomatic treatments necessarily associated confuses the observed results.
Sometimes the methodology of the trial allows right conclusions. A trial where the association
of chemotherapy and immunotherapy is compared with immunotherapy alone can hardly
demonstrate as evidence the proper efficacy of immunotherapy. Besides, numerous trials
dealing with historical comparisons, if they sometimes have a real interest, are never totally
convincing, however sophisticated they are. Finally, in some cases, the behavior of immuno-
therapy-treated and untreated groups may differ by such a small percentage rate that it is
doubtful that the effect can be shown with a reasonable number of patients in a suitable time
period. Consequently, it appears to us that an immunotherapy trial on solid tumors can really
give results only if certain conditions are met:
1. The trial must be randomized;
2. Immunotherapy must be used by itself and compared to the absence of adjuvant ther-
apy;
3. The group of patients participating in the trial must be homogenous with regard to the
clinical state, i.e., to be without detectable tumor growth;
4. The criteria needed to assess the result has to be an objective one, i.e., disease-free interval,
survival rate;
5. The response of the group studied must be bad enough to evidence a difference between
treated and untreated patients if any.

Furthermore, these conditions assume that the patients are in complete remission after
locoregional treatment and that they cannot benefit from any other kind of treatment such as
chemotherapy.

All these stipulations are apparently met in cases of larynx and hypopharynx tumors that
have been locally treated in a radical way by surgery and radiotherapy [2]. Although patients
could be considered to be in complete remission, they have a high percentage of recurrences
that lead to low survival rates. Systematic chemotherapy has given poor results and is very
difficult to apply regularly to such patients who are often alcoholic and in a generally poor
condition.

In 1973 we decided to begin a randomized clinical trial within the head and neck department
of the Gustave Roussy Center. Patients with epithelioma of the larynx or hypopharynx
capable of total surgery, either with or without radiotherapy, were eligible. All the diagnoses
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have been histologically confirmed by biopsy. The pathologic examination of the surgical
specimen permits us to ascertain the completeness of the resection. Metastasis, second
primary tumor, (except skin epithelioma), contraindications to BCG therapy, previous
chemotherapy or radiotherapy, and incomplete macroscopic resection were the criteria for
ineligibility. The delay between the end of the first therapeutic sequence (surgery with or
without radiotherapy) must be less than or equal to 1 month.

The first treatment for each patient is surgical. The type of the intervention depends upon the
sites and the extension of the tumor, i.e., in laryngeal tumor immediate total laryngectomy or
partial laryngectomy for patients not previously treated, secondary total laryngectomy for
patients having recurrence after first partial laryngectomy, and laryngopharyngectomy for
hypopharynx tumor. Except for secondary total laryngectomy, surgery is followed with
radiotherapy on the tumoral bed and on the area of the cervical nodes. The dose is 5000—6000
rad according to the target volume.

At the end of this sequence and if the patient is still eligible for the trial, heis given<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>