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Foreword to the series

Where do you begin to look for a recent, authoritative article on the
diagnosis or management of a particular malignancy? The few general onco-
logy textbooks are generally out of date. Single papers in specialized journals
are informative but seldom comprehensive; these are more often prelimi-
nary reports on a very limited number of patients. Certain general journals
frequently publish good indepth reviews of cancer topics, and published
symposium lectures are often the best overviews available. Unfortunately,
these reviews and supplements appear sporadically, and the reader can
never be sure when a topic of special interest will be covered.

Cancer Treatment and Research is a series of authoritative volumes
which aim to meet this need. It is an attempt to establish a critical mass of
oncology literature covering virtually all oncology topics, revised frequently
to keep the coverage up to date, easily available on a single library shelf or
by a single personal subscription.

We have approached the problem in the following fashion. First, by divid-
ing the oncology literature into specific subdivisions such as lung cancer,
genitourinary cancer, pediatric oncology, etc. Second, by asking eminent
authorities in each of these areas to edit a volume on the specific topic on an
annual or biannual basis. Each topic and tumor type is covered in a volume
appearing frequently and predictably, discussing current diagnosis, staging,
markers, all forms of treatment modalities, basic biology, and more.

In Cancer Treatment and Research, we have an outstanding group of
editors, each having made a major commitment to bring to this new series
the very best literature in his or her field. Martinus Nijhoff Publishers has
made an equally major commitment to the rapid publication of high quality
books, and world-wide distribution.

Where can you go to find quickly a recent authoritative article on any
major oncology problem? We hope that Cancer Treatment and Research
provides an answer.

WILLIAM L. McGUIRE
Series Editor



Preface

Lung cancer remains an extremely difficult neoplasm to treat effectively.
A large part of our lack of success in dealing with these patients is related to
our empiric therapeutic attempts. Slowly our basic understanding of the
lung cancers is improving and techniques are becoming available to allow us
to better understand the biology of these neoplasms. This volume reviews
several areas of interest in regard to the biologic behavior and characteris-
tics of lung cancer.

Chapters deal with the in vitro growth of small cell lung cancer, the inves-
tigation of growth factors in human lung cancer, the production of mono-
clonal antibodies against lung cancer and the application and potential use-
fulness of the human tumor cloning assay in lung cancer management.
These avenues of investigation are likely to establish a more scientific basis
on which more rational therapy can be designed.

Carney and associates have established several continuous small cell lung
cancer cell lines in their laboratory. The amine precursor uptake and decar-
boxylation (APUD) properties of this neoplasm have been confirmed by
demonstrating the presence of neurosecretory granules and high levels of the
APUD enzyme L-dopa decarboxylase. In addition, several new markers
have been documented including bombesin, creatine-kinase BB and neuron-
specific enolase. These tumor products along with others may be useful
serum markers in patients with small cell lung cancer. In vitro growth requi-
rements have also been identified in a serum-free chemical medium, the
HITES medium. These studies may be close to finding growth inhibitors
which are clinically applicable. Preliminary studies reported by Carney et al.
also show what appears to be a specific cytogenetic abnormality in small cell
lung cancer, a deletion involving chromosome 3 (3p). Such a marker, if
confirmed, would not only help to better identify the neoplasm, but would
be very helpful in various other studies by providing an accurate in vitro
marker.



Sherwin and Todaro review their work with transforming growth factors,
a class of peptide growth factors which are produced by lung cancer cells in
vitro. It also appears that several patients with advanced cancers, including
lung cancer, have detectable tumor-associated transforming growth factors
in their urine. The concept of ‘autocrine secretion’ (the secretion of growth
factors such as transforming growth factors and often related molecules by
tumor cells required for tumor growth and survival in vivo) forms the basis
for attempts to manipulate these substances in hopes of preventing or inhi-
biting tumor growth.,

Cuttitta and associates discuss their work on the generation and charac-
terization of monoclonal antibodies directed against human lung cancer.
Details are reviewed regarding small cell lung cancer antibodies which pre-
ferentially bind to tissue culture cell lines and autopsy tissue samples, but
not with a variety of autologous cell lines and normal tissues. Although the
specific antigen or antigens are not yet identified, several monoclonal anti-
bodies have been used to immunohistochemically stain patients’ tumors, to
type human tumors and to define various antigenic determinates of small
cell lung cancer. The potential of the specific binding properties of mono-
clonal antibodies may form the basis of useful therapies. Conjugation of
antibodies to drugs, radioisotopes or toxic molecules offers the potential for
the ‘magic bullet’.

Callahan et al. review the limitations, applications and potential useful-
ness of the tumor cloning assay in lung cancer management. The current
clinical usefulness is limited by the relatively low growth rate (50%), the
time and expense involved and the low plating efficiency even when there is
growth. Only a small number of drugs can be tested against most individual
tumors since the plating efficiency is often low, and the results obtained take
about two weeks. However, the system is being refined and of those tumors
with adequate growth the prediction of in vivo tumor response has been
good, particularly for predicting drug resistance. Although the determination
of in vitro drug sensitivity appears to be in the ‘infancy period’, it will
continue to grow and develop.

Other contributors to this volume deal with the problem of accurate his-
tologic diagnosis in poorly differentiated lung cancers, the riddle of cachexia
associated with lung cancer, the morphologic alterations of small cell lung
cancer following intensive therapy, and the promise of the neurophysins as
reliable biochemical small cell lung cancer markers.

Two novel and potentially useful therapeutic strategies are reviewed: the
use of adjuvant surgery in patients with limited stage small cell lung cancer
and the use of high-dose chemotherapy with autologous bone marrow trans-
plantation. Finally, a comprehensive review of therapeutic attempts in
advanced non-small cell lung cancer is presented.



xi

The majority of the work presented in this volume deals with new areas
of clinical and basic research of the lung cancer problem. The contributors
to this volume represent a small number of the many interested investiga-
tors who will eventually help to find the necessary answers.

F. ANTHONY GRECO
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the APUD cell system of Pearse [6, 7]. To better understand the origin and
biology of SCLC we, and others, have developed in vitro systems for sup-
porting the continual growth of cell lines of SCLC obtained from patients
with this disease. Several approaches have been utilized to develop these
cell lines: (1) the direct culture in liquid medium (serum-supplemented
medium, or selective chemically defined medium) of specimens obtained
directly from patients, and (2) the establishment in culture of nude mouse
SCLC heterotransplants developed by the inoculation of clinical material
into these animals. Using these cell lines we have greatly expanded our
understanding of the biology of SCLC. These lines have provided material
for studying the origin and specific growth requirements of this tumor, and
the mechanism of hormone synthesis and regulation of secretory products
by this tumor. The cell lines provide a tool for the development of mono-
clonal antibodies with specificity for this tumor and also provide an in vitro
model for the screening of new cytotoxic agents with potential clinical activ-
ity in small cell lung cancer. The use of cell lines of SCLC has permitted the
identification of a specific cytogenetic abnormality not found in other types
of lung cancer, or in other human tumors. All of these have direct applica-
tion to patient management and treatment.

2. THE PRIMARY GROWTH AND IN VITRO CHARACTERISTICS OF SMALL
CELL LUNG CANCER

Since the late 1970s, several laboratories have been successful in the
establishment of continuous cell lines of SCLC [8-11]. While few have been
cultured from primary tumors, cell lines have been cultured from a variety
of metastatic sites. Although most specimens have been cultured from living
patients, cell lines have been successfully established from autopsy speci-
mens. Cell lines have been cultured from newly diagnosed, previously
untreated patients and from patients who have relapsed from prior intensive
combination chemotherapy, with or without radiation therapy. Although
earlier attempts to establish cell lines of this tumor met with limited success,
with improved techniques and better culture conditions cell lines can now
be established from 50-75% of all adequate specimens received in the lab-
oratory. Two ‘growth conditions’ have improved our results: (1) the use of
condition media from established cell lines of SCLC, greatly enhancing our
ability to establish new cell lines [8] and suggesting that these tumors pro-
duce ‘autostimulating’ factors for the growth of SCLC cells, and (2) the use
of a chemically defined, serum-free medium for SCLC (vide infra) [12].

For most cell lines the base medium used has been either RPMI 1640
medium (GIBCO, New York) or Waymouths MB 7521 medium [8, 9]. In



Figure 1. Classic morphological in vitro appearance of a cell line of SCLC NCI H378. The cells
grow in tight spherical aggregates in suspension culture.

these media, once established as independent cell cultures, free of fibroblast
or other stromal cell contamination, the tumor cells grow either as floating
cell aggregates or as attached to substrate. In the latter cases, usually
observed in Waymouths medium, as cell density increases, large clumps of
cells detach from the surface of the dish and float [9]. A typical morphological
appearance of SCLC culture is demonstrated in Figure 1.

In continuous culture, cell lines of SCLC have a relatively prolonged dou-
bling time (49-96 + hours), express human isozymes, form colonies in soft
agarose at an efficiency of 1-5%, and form tumors in athymic nude mice
with the typical morphological characteristics of SCLC. The cells in culture
have the typical cytological characteristics of SCLC of the intermediate cell
type. Continuous cell lines of SCLC also express many APUD cell proper-
ties including neurosecretory granules, which may be present either singly,
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Table 1. In vitro properties of established cell lines of small cell and non-small cell lung
cancer

Test Small cell Non-small cell
Morphology Floaters Adherent
Nude mouse tumorigenicity Yes Yes
Neurosecretroy granules Present Absent
L-dopa decarboxylase Elevated Low/absent
Creatine-kinase BB Elevated Low/absent
Bombesin Elevated Absent
Neuron-specific enolase Elevated Low/absent
Deletion 3p Present Absent

or in clusters, and formaldehyde-induced fluorescence [8-12]. The key
APUD enzyme, L-dopa decarboxylase (E.C. 1.1.28) (DDC), has been de-
monstrated in both clinical specimens, cell lines and nude mouse tumors of
SCLC[13, 14]. While considerable heterogeneity of expression of this en-
zyme has been found in SCLC clinical specimens obtained from autopsy,
ranging from absence of L-dopa decarboxylase activity in all lesions for
some patients to low levels of the marker in metastatic sites in others, to full
expression of APUD properties in all tumor lesions in others, values in
patients with SCLC are considerably higher than values observed in tumor
specimens obtained from patients with other forms of lung cancers (Table
1)[13-15]. Among cell lines of lung cancer, L-dopa decarboxylase activity
clearly differentiates cell lines of SCLC origin from those of other cell types.
Values in SCLC cell lines are almost 300-fold greater than those observed in
a variety of other cell lung cancer cell lines [15]. Measurement of L-dopa
decarboxylase activity also serves as a useful means for monitoring the pro-
cess of ‘transformation”’ of SCLC cells from typical SCLC to cells with other
lung cancer morphology in vivo and in vitro. While clinical correlates of this
transformation have been observed [16, 17], recent evidence suggests that
this transformation, with loss of APUD cell properties, may be associated
with an increased resistance to cytotoxic modalities (vide infra). Clearly this
would be of major significance in the care of these patients.

3. IN VIVO AND IN VITRO BIOLOGIC MARKERS OF SMALL CELL LUNG CANCER

Among solid human tumors, small cell lung cancer is the one most fre-
quently associated with the presence of paraneoplastic syndromes. Both in
vivo and in vitro production of a wide variety of hormones has been recog-
nized in SCLC [18-28]. Many hormones have been demonstrated in these



5

patients including calcitonin, CEA, ACTH, ADH, neurophysins, etc. Be-
cause of the association of hormone production with SCLC, investigators
have attempted to use these hormones as markers for disease extent and
activity in patients with SCLC. (For detailed review see Hansen [26].)
Although a large number of studies have reported on the value of serum
markers in patients with SCLC, there are conflicting data on their use in the
management of patients with SCLC. Some studies have demonstrated an
excellent correlation between disease extent and response to therapy, with
serum levels of certain markers including CEA, calcitonin and neurophy-
sin [20-22], while other studies, using the same markers, have failed to
demonstrate a useful correlation [23-26]. In addition, none of these mark-
ers are either specific enough or sensitive enough to encourage either their
use in the histologie typing of a lung cancer or to achieve widespread use in
the staging and treatment of patients with SCLC. For most studies, routine
clinical examination and staging procedures have provided similar clinical
data.

In contrast to the ‘in vivo’ clinical setting, recent studies have clearly
demonstrated that certain markers are very useful in separating tumor cell
lines in vitro of SCLC from cell lines of other histologic types of lung cancer.
These markers include creatine-kinase BB, bombesin and neuron-specific
enolase [29-35] (Table 1).

Creatine-kinase BB (CK-BB), the BB isozyme of creatine-kinase (E.C.
2.7.3.2) is normally found in large amounts only in striated muscle, brain,
bladder and gastrointestinal tract [29]. Because of reports that elevated
serum levels of CK-BB had been identified in a small number of patients
with SCLC, we measured the levels of CK-BB in continuous cultures of
SCLC. Like DDC, levels of CK-BB in SCLC cultures and fresh specimens
were considerably higher than that observed in non-SCLC specimens (Table
1). Serum CK-BB was also measured in patients with SCLC. Preliminary
results demonstrated that serum levels of CK-BB correlated with the extent
of disease, and that sequential measurements of CK-BB demonstrated an
excellent correlation with the observed clinical response. These data suggest
that serum CK-BB determinations may be useful for monitoring response to
therapy in patients with SCLC [32].

More recently we have evaluated two other markers more frequently
found in high amounts of brain tissue: bombesin and neuron-specific eno-
lase. Bombesin is a tetradecapeptide found in high amounts in brain, sto-
mach, intestine and fetal lung [30]. A number of biological activities have
been ascribed to bombesin including hyperglycemia, anorexia, hypothermia
and brain-site dependent analgesia [30]. Measurement of intracellular bom-
besin in cell lines of lung cancer has revealed that only lung cancer cell lines
of SCLC origin expressed high levels of bombesin, while it was not detect-
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able in non-SCLC lung cancer cultures. Because bombesin is secreted by
these cell lines, it may be possible to measure serum levels of bombesin and
correlate results with disease activity. Preliminary data from a small num-
ber of patients has demonstrated elevated levels in patients with extensive
disease [34].

Neuron-specific enolase (NSE) is a specific marker for neurons in the
central and peripheral nervous system [31]. NSE has been found to be high-
ly localized in the neuroendocrine, peptide secreting cells of the gut, pan-
creas, skin and lung. Levels of NSE in continuous cultures of SCLC were
much higher than those observed in non-SCLC cells (Table 1). In a study of
serum NSE levels in a large number of patients with SCLC, serum NSE
levels demonstrated an excellent correlation with extent of disease. While
elevated serum NSE was observed in 69 % of all patients (N = 94), 100 % of
patients with 3 or more metastatic sites had an elevated serum NSE. In
addition, in sequential studies of 23 patients, an excellent correlation be-
tween serum NSE levels and the observed clinical response to therapy was
observed [33].

These in vitro studies of biologic markers in continuous cell lines of SCLC
and non-SCLC lung cancer clearly demonstrate that DDC, CK-BB, bombe-
sin and NSE determinations can distinguish cells of SCLC origin from those
of other histologic types of lung cancer. As some of these ‘markers’ are
released into the serum, their measurement in patients with SCLC may be
useful in the staging and treatment of these patients. Further studies are
required to demonstrate the specificity of these markers in patients with a
variety of cancers, including other forms of lung cancer. The biologic func-
tion of these substances in SCLC remains undetermined, but preliminary
studies with bombesin suggests that it may function as a growth-promoting
factor for SCLC [36].

4. IN VITRO CLONING OF CLINICAL SPECIMENS OF SMALL CELL LUNG
CANCER

At the present time the identification of new antineoplastic agents with
potential value in the clinical management of patients with tumors is for the
most part selected on the basis of in vivo results using a panel of animal
tumors [37]. While such assays are essential for understanding the pharma-
cology and pharmakinetics of the agent, these in vivo tests of antineoplastic
activity are both time-consuming and often unreliable. Recently consider-
able interest has been directed in the use of in vitro assay systems both for
the selection of specific chemotherapy for individual patients, and for the
screening of new agents in a Phase I-II situation. It is hoped that an in vitro
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assay using human tumors may be more reliable and less time-consuming
than the present method for drug selection for clinical trials. Although many
tests have been described for ir vitro drug selection, including measurement
of cell viability (vital dye exclusion, 3'Cr release), measurements of inhibi-
tion of cellular metabolism, and tests utilizing incorporation of radioactive
precursors, the majority of these assays have not proved useful in chemo-
therapy selection or prediction. In many of these tests, the measurements
are on the total cell population rather than the malignant cells and this may
account for their limited use [38-40].

Kinetic data in human tumors and data generated from studies of bone
marrow cells have suggested that within a given tumor cell population only
a small fraction of the cells are responsible for the continual growth of the
tumor - the so-called ‘stem cells’ or ‘progenitor cells’. If this hypothesis is
correct, then to be of use in chemotherapy selection an in vitro assay should
selectively determine the effects of cytotoxic agents on this population
alone, and not the admixed normal cells or other nonproliferating tumor
cells.

In 1977, Drs Hamburger and Salmon first published on their success on
the in vitro cloning in a semi-solid medium of ‘stem’ cells from a variety of
human tumors, most notably multiple myeloma and ovarian carcino-
ma [41, 42]. Cytologic examination of histochemical and functional assays
confirmed the tumor cell origin of the cells [42]. Subsequently the same
authors and co-workers demonstrated that this in vitro clonogenic assay
(‘human tumor stem cell assay’) could be used to quantitate the differential
sensitivity of human tumors (ovarian and multiple myeloma) to anticancer
agents [42, 43].

Since that time there have been many reports on the in vitro agarose
cloning of a wide range of human tumors, including lung cancer [44-54].
Using a modification of the assay system originally described by Hamburger
and Salmon, we have developed an in vitro culture system to assay for
clonogenic (‘?stem’) cells in clinical specimens of small cell lung cancer.
The detailed method for this assay has been previously described. Briefly,
after clarification, a single cell suspension of the clinical specimen is plated
in 0.3% agarose in culture medium over a base layer of 0.5 % agarose which
has hardened [49]. Specimens are incubated in a well-humidified atmo-
sphere and colonies (cell aggregates of more than 50 cells) are usually
observed 14-21 days after plating.

Our overall data for in vitro agarose cloning of clinical specimens ob-
tained from patients with small cell lung cancer are shown in Table 2. Three
hundred eighteen specimens were evaluated for cloning: 80 specimens con-
tained histocytopathologically identifiable SCLC tumor cells in the biopsy
or aspirate specimens, and the remainder were negative for tumor cells. In
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Table 2. In vitro agarose colony formation of clinical specimens of small cell lung cancer.

SCLC colony formation

Source No. SCLC negative SCLC positive
Bone marrow 261 0/226 34/35 (97 %)
Pleural effusion 28 0/8 16/20 (76 %)
Lymph node 20 0/0 15/20 (75 %)
Liver 8 0/4 3/4 (75%)
Brain 1 0/0 1/1 (100%)
Total 318 0/238 69/80 (86 %)

vitro SCLC agarose cloning was observed in 86 % of the specimens contain-
ing tumor cells. The number of colonies ranges from 3-350 per 10° viable
mononuclear cells plated with a median number of colonies per plate of 23.
Specimens were cultured from a variety of metastatic sites including bone
marrow, pleural effusions, lymph nodes, liver (specimens obtained under
direct vision at periteoneoscopy) and a single surgically resected brain
metastases. There was no significant difference in the ability to culture
SCLC colonies from these various sites, and no difference in the colony
forming efficiency in specimens obtained from newly diagnosed patients or
previously untreated patients. Because SCLC is rarely surgically resected, no
primary biopsy specimens were cultured in agarose. Although several at-
tempts were made to culture SCLC colonies from bronchial washings,
because of frequent contamination, no success was achieved and further
attempts were not made. However, others have reported that bronchial
washings can be used to clone lung cancer tumor cells [55].

The SCLC tumor cell origin and the ‘stem cell’ nature of cultured colon-
ies were confirmed by cytological examination of multiple colonies from
positive plates, by DNA content analysis, by flow cytometry of pooled aga-
rose colonies, by electron microscopy examination of colonies, by inoculat-

Table 3. Demonstration of tumor cell origin and stem cell nature of agarose colonies®.

Test No. positive
SCLC cytology 69/69

Nude mouse tumor 10/12
Aneuploid DNA 10/10
Neurosecretory granules 2/2
Continuous growth 20/220

2 Small cell lung cancer specimens.
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ing colonies into athymic nude mice, and by attempting to subculture indi-
vidual colonies in liquid culture [49, 56, 57] (Table 3). Cytology examina-
tion and eclectron microscopy examination always revealed cells with the
typical morphological characteristics of SCLC. DNA content analysis in
each instance revealed a single population of cells with a DNA content,
usually aneuploid, identical to that of the tumor cells in the original clinical
specimen confirming that only growth of tumor cells was occurring in the
assay and that culture of cells in the agarose did not alter their DNA con-
tent.

When pooled colonies were inoculated intracranially into athymic nude
mice, SCLC tumor formation was observed in 80% of the 12 specimens
inoculated. The number of colonies inoculated into each mouse ranged from
2-20 (approximately 10%-10* tumor cells). Typical signs of intracranial
tumor appeared after latent periods ranging from 9 to 18 weeks. Unless
mice were sacrificed immediately after the onset of symptoms, death occur-
red very rapidly. In 5/8 attempts, continuous cell lines of SCLC, with all the
typical biological and biochemical characteristics of other cell lines of
SCLC, were established in liquid culture from these nude mice tumors.

Although numerous attempts were made, successful culture of individual
colonies to mass culture as continuous cell lines was not successful. Only 20
colonies (all from the same patient) were successfully propagated in culture
when transferred from agarose to liquid culture. These data are in sharp
contrast to subculturing individual colonies from cloned established cell
lines, when approximately 75 % of all individually picked colonies could be
grown to mass culture [57]. The reasons for the failure to grow individual
colonies after tansfer to liquid culture are unclear but most likely are related
to growth factors and the need for other supporting cells for the initial
growth of tumor cells [58].

Culture of SCLC colonies in specimens cytologically and histologically
negative for SCLC tumor cells was not observed. These data are in contrast
to those reported by others [59, 60]. Although tumor cell colony formation
was observed in four specimens negative for tumor cells by routine patho-
logical tests, a cytospin preparation of the specimen after processing for
culture, and before a single cell suspension was obtained, always revealed
the presence of tumor cells in specimens when resultant tumor cell colony
was observed. Typical bone marrow stem cell colony was observed in sev-
eral specimens cytologically negative for SCLC tumor cells. These colonies
were morphologically distinct from SCLC colonies forming looser aggre-
gates, and cytological examination of these colonies did not reveal any of
the features of SCLC cells. These data would suggest that the clonogenic
assay is not a useful additional screen of clinical specimens for the presence
of tumor cells. There is no improved yield when a cytospin preparation is
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Table 4. In vitro agarose cloning of clinical specimens of small cell lung cancer.

No. of specimens 318

No. of SCLC positive 80

No. of SCLC colony growth 69 (86 %)
No. of colonies/ 10° cells 3-350
Mean No. of colonies 64

Median No. of colonies 23

No. of suitable for in vitro drug testing 18/80 (22 %)

examined in addition to routine pathological procedures. In addition, be-
cause of the slow growth rate of cells in agarose, colony formation and
confirmation of the nature of the colonies are usually not available for three
weeks from the time the specimens are received. The only value of the
clonogenic assay as a screening tool for tumor cells would be in examining
bone marrow which has been collected for future transplantation. Clearly, in
this instance all techniques should be used to confirm that tumor cells are
absent from the stored marrow, prior to reinfusion.

Although in vitro agarose cloning of SCLC tumor cells can be achieved in
86 % of specimens containing tumor cells, because of the poor colony form-
ing efficiency, and because most specimens contain only a small number of
cells (usually less than 10 x 10° total cells of which the majority are nonmal-
ignant), in vitro drug sensitivity studies were successfully obtained in only 18
specimens. This represents 23% of all SCLC positive specimens and only
7% of all the specimens processed for cloning (Table 4). For the in vitro drug
sensitivity assay to be considered successful, control plates contained at
least 30 colonies, and at least one drug was tested in triplicate over a three-
log concentration range. Using drugs with known clinical activity in SCLC,
the clonogenic assay accurately predicted in vivo resistance in 100 % of cases
and in vivo sensitivity in 75 % of cases, data very similar to that reported for
other human tumors [42, 43, 54]. However, it must be considered that
many patients received combination chemotherapy making evaluation of in
vitro assays with single agents ‘difficult’ to assess. In addition, in relapsed
patients, although a mean of 4.5 drugs was tested, the clonogenic assay did
not aid in their therapeutic management. This is similar to data reported by
Salmon et al., who found that in ‘resistant’ tumors the success rate in iden-
tifying an active drug in vitro is proportional to the number of drugs
tested [61]. In their study, when eight drugs could be tested, at least one
active agent could be identified in 80% of cases.

If the in vitro clonogenic assay is to achieve widespread use in the man-
agement of patients with SCLC, growth conditions must be identified which
will greatly improve the cloning of these tumor cells thereby permitting in
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vitro drug testing on a greater number of specimens. In addition, if we are to
be able to test eight or more drugs in each assay, we must encourage phy-
sicians to make available sufficient material to perform these assays. An
alternate approach would be to culture the cells in liquid culture for a period
of time to increase the number of tumor cells available for in vitro drug
testing.

With this approach we tested a number of continuous cell lines of SCLC
for their in vitro sensitivity to cytotoxic agents and correlated the in vitro
responses of these cell lines with the previously observed clinical response
with the same drugs. Although in culture for prolonged periods (ranging
from 4-60 months), the cell lines accurately predicted the in vivo responses
for resistance in 100 % of cases and sensitivity in 92 % of tests. The cell lines
tested included lines established from both newly diagnosed and previously
treated patients. Thus, these data suggest that culture of SCLC tumor cells
does not alter their chemosensitivity and that they may be of value in the
screening of new cytotoxic agents with potential clinical activity in
SCLC[62, 63]. Already, we have shown that these human cell lines are an
excellent in vitro model for studies of drug metabolism and for understand-
ing and evaluating mechanisms of drug sensitivity and resistance [64]. The
data also suggest that fresh specimens may be initially cultured and then
tested for in vitro sensitivity when sufficient tumor cells are available and
when the cloning efficiency has increased [12].

5. SERUM-FREE CHEMICALLY DEFINED MEDIUM FOR THE GROWTH OF
ESTABLISHED CELL LINES AND CLINICAL SPECIMENS OF SMALL CELL
LUNG CANCER

The use of serum-supplemented medium for the growth of clinical spec-
imens of human tumors has many disadvantages. A major problem is that
growth of cells with serum is nonselective and thus overgrowth of normal
nonmalignant stromal cells to the exclusion of the malignant cells is not
uncommon. Serum contains both stimulatory and inhibitory substances
such that growth responses may be poor and erratic. In addition, serum
contains a variety of unknown compounds which may bind or inactivate
exogenous factors making their growth promoting activity inevaluable. Se-
rum proteins may bind or inactivate added cytotoxic agents giving false in
vitro sensitivity results. Finally, with serum the growth-promoting properties
may vary from batch to batch, and contamination with mycoplasma may
occur.

Following the initial work of Sato et al, and others [65-67], we at-
tempted to define a serum-free, chemically supplemented medium which
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Figure 2. Morphological appearance of a clinical specimen of small cell lung cancer cultured in
serum-supplemented medium (A) and serum-free chemically defined HITES medium. In
serum-suplemented medium growth of both nonmalignant adherent stromal cells in addition to
the floating SCLC cells is observed. In contrast (B) in the selective HITES medium only growth
and proliferation of SCLC tumor cells is observed to the exclusion of all other cells no matter
what their initial concentration.

(Reproduced with permission of Proc Natl Acad Sci 78:3185-3189, 1981 [12].)

would support the continual replication of SCLC cell lines in vitro. Although
a large number of growth factors were tested, the combination of hydrocor-
tisone, insulin, transferrin, estradiol and selenium, when added to RPMI
1640 medium (HITES medium) without serum, was demonstrated to sup-
port the growth of cell lines of SCLC at a rate similar to that observed in
serum-supplemented medium [68].

The ability of this medium to support the growth of fresh clinical speci-
mens was tested in a similar manner [12, 36]. Specimens, obtained from a
variety of metastatic sites, were cultured in HITES medium and simulta-
neously in serum-supplemented medium (SSM, RPMI 1640 medium sup-
plemented with 10% heat inactivated fetal bovine serum). The overall
results for 41 specimens showed that while growth in SSM was observed in
only 45% of the specimens, tumor cell proliferation was observed in the
HITES medium in 70% of the same specimens. In HITES medium, only
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growth of the tumor cells was observed such that 7-14 days after plating,
death of all normal cells had occurred and a pure population of rapidly
dividing tumor cells was obtained. In contrast in SSM, proliferation of both
tumor cells' and nonmalignant stromal cells was observed. Growth of tumor
cells in HITES medium was obtained in specimens obtained from newly
diagnosed and previously treated patients and in specimens obtained from a
variety of metastatic sites (Figure 2).

The selectivity of the HITES medium for the growth of fresh SCLC tumor
specimens was tested by culturing bone marrow specimens cytologically
negative for tumor cells and by culturing a wide variety of other human
tumors, including non-SCLC lung cancers in the HITES medium. For cyto-
logically negative specimens (N = 100), no growth of cells was observed in
the HITES medium. By seven days, all cells were dead. In only 2 of 20
non-SCLC human tumor specimens was growth observed. A single adeno-
carcinoma of the lung specimens demonstrated growth for four weeks but
died at this time. A mucoepidermoid cell carcinoma of the lung also grew in
HITES medium and has been established as a continuous cell line in this
medium.

The nature of the cells growing in the HITES medium was confirmed by
cytology examination, by DNA content analysis, by flow cytometry, by
nude mouse tumorigenicity, and by biochemical testing for in vitro SCLC
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markers. All of these studies confirmed that the cells growing in the HITES
medium were malignant SCLC tumor cells. No differences in cytology or
biochemical characteristics were observed in specimens cultured in both
serum-supplemented medium and in HITES medium.

Although initial growth in HITES medium was rapid, in most instances,
after 5-6 passages, cell growth rate slowed and occasionally ceased. The
addition of 10% fetal bovine serum at this time supported the continual
replication of the tumor cells. In approximately 20% of specimens, contin-
ual replication of tumor cells was observed in the HITES medium. These
cell lines have now been maintained for periods ranging from six months to
two years. It is unclear why some specimens can be maintained in serum-
free medium indefinitely, while others cannot. Recently we have evaluated
these cell lines to determine if they produce ‘autocrine’ growth-promoting
factors. Preliminary evidence suggests that this is so (vide infra).

Because of the difficulty in maintaining all clinical specimens in a serum-
free, chemically defined medium, we have recently evaluated a wide range
of other factors which are known to be produced by SCLC including AVP
and bombesin. Studies using cell lines of SCLC have demonstrated that
both these hormones can stimulate the growth of SCLC in vitro, and when
combined with HITES medium 1% BSA, ethanolamine and phosphoetha-
nolamine (SCLC-2 medium [36]), growth of the cell lines is seen at a rate
equal to or greater than that observed in serum-supplemented medium.
Further studies are required to determine if this medium can improve the
growth of fresh specimens.

6. ‘AUTOCRINE STIMULATION’ AND SMALL CELL LUNG CANCER

Considerable evidence exists that a variety of tumor cells produce factors
which stimulate their own growth and proliferation (‘autocrine stimula-
tion’) [69]. While the growth of nonmalignant cells requires the presence of
a variety of exogenous polypeptides and hormones, the growth requirements
of malignant cells are less stringent. The reasons postulated for this include
the concept of autostimulation.

Recent data by Todaro ef al. [70] would suggest that for some tumor cells
such a growth-promoting mechanism exists. In their initial studies they
clearly demonstrated that murine 3T3 cells transformed by Moloney Sarco-
ma virus could produce polypeptide ‘transforming growth factors’ (TGFs)
or ‘sarcoma growth factors’. This SGF is a potent mitogen, causes over-
growth and morphologic transformation of normal fibroblasts, and stimu-
lates agarose colony formation of cells that under normal circumstances will
not multiply in agarose [70]. Further studies using a variety of cell lines
have demonstrated their ability to produce TGF [71].
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More recently evidence has been produced to suggest that both SCLC and
non-SCLC lung cancer cell lines produce TGF’s [72]. In our initial experi-
ence in growing SCLC tumor cells from clinical specimens, the addition of
‘conditioned medium’ from an established cell line of SCLC greatly im-
proved our ability to establish new cell lines of SCLC[8, 57]. In a recent
report by Sherwin et al. [72], studies on 17 cell lines of lung cancer, includ-
ing eight cell lines of SCLC, clearly demonstrated that the majority of these
cell lines produced diffusible TGFs. In their assay system these factors could
stimulate the in vitro agarose cloning of normal rat kidney fibroblast cells.
Although there appeared to be a correlation between the production of soft
agar growth factors and the absence of receptors on the cell surface for epi-
dermal growth factor, the production of TGFs was a general property of
lung cancer cells in vitro and independent of EGF receptors.

Recently we have further evaluated the autocrine phenomenon in cell
lines of SCLC which have been permanently established in a serum-free,
chemically defined medium (HITES medium). The ability of these cells to
survive continually in the absence of serum-supplementation would suggest
that these cells produce autostimulating factors. Although both clinical spec-
imens and cell lines of SCLC could be cultured in liquid medium in serum-
free HITES medium, in vitro agarose colony formation in HITES medium
either did not occur or did so at a very low efficiency (<10% of that
observed in serum-supplemented medium). Using conditioned medium
from an established cell line in HITES (NCI N592), we observed that this
conditioned medium (592 GF) promoted colony formation in serum-free
HITES of itself at an efficiency equal to that observed in serum-supple-
mented medium. The 592 GF from this cell line promoted colony forma-
tion in agarose in serum-free medium with as little as 1.0% CM and pro-
moted cloning of other cell lines of SCLC, but not of normal bone marrow
or normal rat kidney fibroblasts [36]. The addition of this serum-free 592
CM to serum-supplemented medium also stimulated or increased colony
formation, suggesting that the growth factors present in the conditioned
medium are either absent or present in minute quantities in fetal bovine
serum.

These data confirm that at least some cell lines of SCLC are capable of
producing growth-promoting factors which are both autocrine and promote
growth of other tumor cells. Whether the factors produced by these lung
cancer cell lines are similar to SGF produced by other cells and whether the
factors responsible for the clonal growth in serum-free medium of SCLC are
the same factors are currently unknown. It is possible that these cells pro-
duce a variety of growth factors which can be assayed for in many different
ways. The identification and characterization of such growth factors would
greatly improve our ability to culture tumor cells. The characterization of
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receptors of such factors and the development of monoclonal antibodies to
such receptors may offer a new approach to controlling tumor cell growth
and proliferation [73].

7. CYTOGENETIC ANALYSIS OF SMALL CELL LUNG CANCER

With few exceptions cytogenetic analysis of solid tumor specimens has
not been performed in a detailed fashion. The major difficulty has been that
these tumors have few metaphases for study. However, DNA content anal-
ysis of human tumors can be easily performed using flow cytometry cells. A
number of studies have reported on DNA content of SCLC tumor cells [74-
76]. In approximately 65-75% of patients, in whom tumor cells were iden-
tified pathologically in the specimens, an aneuploid population of cells was
identified in the sample with a DNA content ranging from 1.1 to 2.3 times
diploid. In 10-20% of specimens, more than one aneuploid population of
cells was identified suggesting that tumor cells with considerable heterogene-
ity may exist in these patients. Of interest, DNA content analysis of fresh
specimens may serve as a useful means for monitoring tumor cell prolifer-
ation when clinical specimens are plated in culture [76]. We have recently
demonstrated that agarose colonies of SCLC do not change their DNA con-
tent after culture [56] and that cell lines of SCLC, for the most part, do not
change their total DNA content with passage. These data suggest that fre-
quent measurement of DNA content may be useful for screening of cross-
contamination of cell lines in tissue culture laboratories.

Recently, using established cell lines of SCLC, we have demonstrated a
specific cytogenetic abnormality associated with this tumor. In these cell
lines, although frequent abnormalities of other chromosomes were present
in some cell lines, all cell lines had a deletion of all or a portion of the short
arm of chromosome 3 [77-79]. Shortest region of overlap analysis showed
that the common region deleted was del (3) [14-23], often called an inter-
stitial deletion. The abnormality was found in cell lines from males and
females, from treated and untreated patients, and in lines established from a
variety of metastatic sites. The abnormality was not identified in autologous
B lymphoblastoid cell lines or in cell lines of other forms of lung cancer.

Using the selective medium (HITES) for growth of SCLC, we have eval-
uated fresh specimens, after 2-3 days culture, when rapid proliferation of
only tumor cells is observed in this medium, for the presence of this cyto-
genetic abnormality. The 3p abnormality was identified in all fresh speci-
mens examined confirming that its presence is not an artifact of culture, but
rather a specific defect associated with SCLC. Whether the 3p abnormality
is directly related to the malignant behavior of SCLC, or only associated
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with it, remains to be determined. Further studies are required to determine
if the part of chromosome 3 is lost or translocated to another chromosome
in SCLC.

8. NUDE MOUSE TUMORIGENICITY OF CLINICAL SPECIMENS AND CELL
LINES OF SCLC

Since its original description, the nude athymic mouse has served as a
useful means for evaluating the tumorigenicity of both fresh specimens and
cell lines, and for studying the effects of chemotherapeutic agents on tumors
established in nude mice [80, 81]. Both clinical specimens and established
cell lines of SCLC readily form tumors when inoculated subcutaneously
(SC) in these animals. Once established as a tumor in mice, these specimens
can be readily heterotransplanted from one mouse to another with a high
‘take’ rate and can also be established as continuous cell lines in cul-
tures [82-85]. These cell lines retain all the typical characteristics of SCLC
grown directly from patient specimens.

Recently we, and others, have demonstrated that SCLC will form tumors
in almost 100% of cases when inoculated intracranially (IC) into athymic
nude mice [83, 85]. In addition, tumor formation is observed IC with 100-
1000-fold less cells than that required to induce tumor formation SC [85].
This observation has permitted the in vivo evaluation of the ‘stem cell’
nature of agarose colonies cultured directly from patient specimens. In the
majority of cases tested, tumors were formed from agarose colonies, con-
firming the nature of the colonies. Continuous cell lines could be established
from these IC tumors in 50% of cases attempted. Thus the nude mouse
serves as a useful mechanism for both the establishment of cell lines, and
for the characterization of cells cultured directly from clinical specimens.

Several reports have evaluated the response of nude mouse heterotrans-
plants to cytotoxic therapy and compared results to that observed clinically
in the patients from whom the specimens were obtained [86]. Although only
a small number of correlations could be made, results in the nude mouse
were very similar to those observed in patients treated with the same agents.
These data suggest that nude mouse heterotransplants may be useful for
evaluating new drugs with potential activity in the treatment of SCLC.
Whether nude mouse sensitivity data can be used to treat patients on an
individual basis is unlikely as considerable time may elapse between the
inoculation of specimens into the mice and the development of the tumor.
In many instances, the patients have died before successful tumor formation
is observed.
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9. TRANSFORMATION OF SMALL CELL LUNG CANCER TO LARGE CELL
CARCINOMA

Clinical studies of patients with SCLC have demonstrated that at diagno-
sis approximately 6 % will be a mixed small cell/large cell histology [16, 17].
Patients with the mixed histology have a poorer response rate and shorter
median survival than those with ‘pure’ SCLC[87]. In addition, autopsy
studies of patients with SCLC have revealed that up to 35 % of patients will
have a mixed histology. Whether this ‘change’ in histology is related to
chemotherapy or is due to the emergence of a second tumor is unclear. This
‘change’ may also explain why patients with SCLC who relapse from pri-
mary therapy are now usually less responsive to further chemotherapy and
radiation therapy [2].

In a small number of permanently established cell lines we, and oth-
ers [11, 88] have observed a change in morphological appearance of cells
from a typical SCLC appearance to a large cell morphology. This ‘transfor-
mation’ is associated with an increase in growth rate and cloning efficiency
and also a loss of typical APUD characteristics including L-dopa decarbox-
ylase and neurosecretory granules.

The clinical significance of this change can be demonstrated by the obser-
vation that when this in vitro transformation occurs, the transformed cells
demonstrate a marked resistance to radiation in contrast to ‘classic’ SCLC
cells [88, 89]. Whether this resistance is directly related to the loss of APUD
properties, or merely associated with the changes remains to be determined.
The increased resistance to radiation with changing histology may explain
the poor responses to cytotoxic therapy observed in patients with relapse
from primary therapy.

10. SUMMARY

Although there are four major histologic types of lung cancer, only SCLC
remains curable with combination cytotoxic therapy. Considerable advances
in our understanding of the biology of this tumor have occurred through our
ability to establish continuous cell lines of SCLC. With these cell lines we
have confirmed the APUD properties of SCLC including the presence of
neurosecretory granules and high levels of the key APUD enzyme L-dopa
decarboxylase. The characterization of these lines has identified markers not
previously associated with SCLC, including creatine-kinase BB, neuron-spe-
cific enolase, and bombesin. Although the functional role of these ‘markers’
has not yet been determined, data suggest that serum measurements of these
markers may prove useful in both the staging and management of patients
with SCLC.
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Cell lines of SCLC have also permitted the characterization of specific
growth requirements of this tumor such that now cell lines of SCLC can be
readily established in a serum-free, chemically defined medium. Cells cul-
tured in this HITES medium retain all the typical in vitro characteristics of
SCLC. Further studies with other growth factors, using this defined HITES
medium, may help identify factors with both growth-promoting and inhibi-
tory properties for SCLC. Modulation of these factors in vivo may prove
useful in controlling the growth of SCLC.

Although a large fraction of clinical specimens and cell lines of SCLC will
have abnormal DNA contents as measured by flow cytometry and may
serve as an in vitro marker for growth, more detailed studies of chromo-
somes in both cell lines and clinical specimens have demonstrated a specific
cytogenetic abnormality in SCLC, a deletion involving chromosome 3. If
confirmed by other investigators, then cytogenetic analysis of human lung
cancer specimens may have an important role in the management of these
patients.

We, and others, have reported on the in vitro agarose cloning of clinical
specimens of SCLC. Although the nature of these colonies has been con-
firmed by biologic studies, two factors, notably the small volume of tumor
specimen obtained and chiefly the poor colony-forming efficiency of these
tumor cells, have prevented the widespread application of the clonogenic
assay for in vitro chemotherapy selection for individual patients. Clearly
before this assay can achieve routine use in oncology, these problems must
be overcome. As different bacteria have different growth requirements, it
must also be assumed that tumors of different histologic types must also
have different growth requirements. For the cloning efficiency of tumors to
be improved, such that successful in vitro drug testing can be performed on
the majority of specimens, irn vitro studies with tumors of different histology
must be performed such that optimal growth requirements for each type can
be identified.

Finally, with cell lines of SCLC we have developed monoclonal antibod-
ies to SCLC (see Chapter 2). The development of monoclonal antibodies
specific to SCLC may have potential benefit in both the diagnosis and
treatment of patients with this disease. Their use offers an alternative
approach in the management of these patients.
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2. Monoclonal Antibodies Against Human Lung
Cancer: Potential Diagnostic and Therapeutic Use

FRANK CUTTITTA, STEVEN ROSEN, DESMOND N. CARNEY, ADI F. GAZDAR
and JOHN D. MINNA

1. INTRODUCTION

Since the advent of Kohler and Milstein’s somatic cell hybridization tech-
nique [1], a true renaissance in tumor cell biology has been achieved with
the use of monoclonal antibodies. These molecular probes not only have
potential diagnostic and therapeutic value but also allow for the dissection
of cellular events which occur at the molecular level of neoplasms. In the
past pentad several laboratories have attempted to develop monoclonal
antibodies which would distinguish human tumor cells from their non-
malignant (normal) counterparts. Such discriminatory reagents have been
reported for neuroblastomas [2], gliomas[3], colon cancer [4-6], breast
cancer [7], lymphomas [8], leukemias[9, 10] and malignant melanoma
[11-14]. Recently, the hybridoma technique has been applied for the devel-
opment of monoclonal antibodies to human lung cancer [15-18].

Pulmonary malignancies affect over 100,000 new patients each year and
characteristically present as four major histological types: adenocarcinoma,
large cell carcinoma, squamous carcinoma and small cell carcinoma [19-
21]. These pleural neoplasm vary in their clinical behavior and assigned
course of treatment. For example, patients who present with small cell lung
cancer (SCLC) are usually beyond the bounds of surgical resection and are
treated with chemotherapy with or without radiotherapy [19]. Non-small
cel lung malignancies, being resistant to chemotherapy, are routinely treated
with surgery or radiotherapy [19]. Though distinct morphological differ-
ences clearly discern ‘classical”’ SCLC from non-SCLC tumors, atypical
(variant) forms of neoplasms occur in about 6% of small cell carcinomas at
presentation and can emulate other histological types of lung cancer [22].
Many biochemical and cytogenetic markers are now being used to better
define SCLC and their variant morphological types [20, 23]. In an effort to
establish new methods for early diagnosis, histological typing, staging and
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rational selection of therapy for human lung cancer, our group has devel-
oped the technological means for the in vitro cultivation of SCLC [24-27].
The SCLC lines thus far produced have been verified to be of this specified
tumor type by the following characteristics: the lines were started from
patients with documented histology and a clinical course consistent with
small cell carcinoma of the lung; all lines displayed human chromosomes
and human isoenzymes; the lines induced tumors in nude mice and these
heterotransplants showed a histology similar to that seen in the patient’s
tumor; the cells had the typical appearance of SCLC in suspension culture
and formed colonies in soft agar; the lines expressed high specific activities
of L-dopa decarboxylase, neuron-specific enolase and creatine-kinase BB
isozyme; the cells exhibited neurosecretory granules and were shown to
produce a variety of peptide hormones; and all lines were shown to have del
3p (14-23) chromosomal defect [24-31]. For a more detailed review on the
characterization of SCLC cell lines, see Chapter 1 of this monograph.

Prompted by the availability of these well-characterized SCLC lines, we
began to investigate the use of such lines as initial immunogens for the
development of monoclonal antibodies. In several instances, autologous
B-lymphoblastoid or skin fibroblast lines were concomitantly generated
with their mate SCLC counterparts and were incorporated in our primary
screening strategy to eliminate monoclonal antibodies directed against
histocompatibility antigens. This chapter discusses the production, charac-
terization and use of monoclonal antibodies that demonstrate specificity for
several types of human lung cancer. We review the potential diagnostic and
therapeutic values of such reagents and their usefulness as molecular probes
for investigating the onconeogenic process.

2. ANTIBODIES TO HUMAN LUNG CANCER

We describe here a brief overview of our experimental approach and the
screening strategy used for the derivation of monoclonal antibodies to
human long cancer. For more detailed information concerning the hybrido-
ma technology presented below, see Cuttitta et al [15] and Minna et
al. [16].

BALB/c mice or Sprague-Dawley, Fischer rats were hyperimmunized,
over a 6-week period, with one or more viable SCLC lines (NCI-H69, NCI-
H187 or NCI-H64) [24]. The resulting splenocytes were fused with one of
three mouse myeloma cell lines (P3X63, P3-NSI1-1-Ag4-1, X63-
Ag8.653) [1, 32, 33] using the polyethylene glycol procedures of Galfre et
al. [33]. Hybrids were selectively grown in 96-well microtiter plates using a
modification of Kennett’s formula [34]. Fourteen days following the fusion,
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Figure 1. Example of the immunoradioautograph produced during the primary screening of
hybridoma culture supernatants for anti-SCLC activity. Target cells were glutaraldehyde fixed to
96-well polyvinyl chloride plates: (A) SCLC line NCI-H69 (immunogen line); (B) SCLC line
NCI-H128; (C) autologous B-lymphoblastoid line NCI-H128BL. Hybrid culture fluids were
transferred to the respective target cell plates using a 96-well replicator device (thus maintaining
spacial orientation of samples), attached mouse or rat immunoglobulins were detected employ-
ing a secondary antibody (rabbit antimouse/rat IgG-IgM) followed by 'Z’I-protein A. The depo-
sition of radioactive tracer was evaluated by overnight autoradiography on Kodak XR-5 film
using a Dupont lightning-plus intensifying screen.
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individual culture supernatants were tested for anti-SCLC activity by im-
munoradioautography. This was accomplished using a solid phase system
consisting of three target cell plates: the initial immunogen SCLC line NCI-
H69, an additional SCLC line (NCI-H128) and its autologous B-lympho-
blastoid line (NCI-H128BL). Hybridoma culture fluids were transferred to the
appropriate target cell plates and bound monoclonal antibody was detected
indirectly by the addition of a secondary antibody (rabbit antimouse or rat
immunoglobulin, respectively) followed by '?’I-labeled staphylococcal pro-
tein-A. Figure 1 demonstrates the binding pattern observed in a routine test
procedure. The circled wells represent those hybrids which were selective
for SCLC and thus chosen for further studies. Employing this type of screen-
ing strategy, we were successful in eliminating those antibodies which recog-
nized common antigens universally expressed on human cell lines (i.e.,
structural proteins, enzymes, etc.) and histocompatibility antigens (the
boxed well in Figure 1 represents a possible HLA binding antibody). Posi-
tive SCLC reacting hybrids were stabilized by repeated ‘minicloning’ [35]
and subsequently single cell cloned by ‘limiting dilution’ [16].

The numerical evaluation of our attempts to derive monoclonal antibod-
ies with selective recognition for human SCLC is presented in Table 1. In 15
separate fusions, involving mouse x mouse or rat x mouse hybrids, 10,218
wells were tested using the previously described screening method; 1,102 of
the wells (10.8 %) gave positive reactions for at least one human target cell

Table 1. Numerical evaluation of the screening results generated during the testing of primary
hybridoma culture fluids for selective monoclonal antibodies to human small cell lung
cancer.

Mouse® Rat? Total

Fusions 11 4 15
Total number wells seeded 8,448 1,770 10,218 (100.0)¢
Wells with hybridoma cell growth 3,301 1,379 4,680 (45.8)
Wells showing any human cell reaction 699 403 1,102 (10.8)
Wells showing selective SCLC reaction? 115 73 188 (1.9)
Wells showing selective SCLC reaction

following stabilization® 59 22 81 (0.8)
4 Summary of mouse x mouse fusions using P3 x 63, 653 and NS1 parent myeloma cell lines.
® Summary of rat x mouse fusions using 653 and NS1 parent myeloma cell lines.
¢ Percentage of total wells tested.
d

Positive radioautographic single for both SCLC lines NCI-69 and NCI-128 but negative on the
NCI-128BL B-lymphoblastoid cell line.

¢ Maintained selective SCLC binding following the minicloning and single cell cloning
process.
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line; and only 188 wells (1.9 %) showed selective reactivity for both SCLC
lines. The technical difficulty in generating anti-SCLC producing hybrido-
mas becomes even more evident when one considers that, of the 188
hybrids initially showing selective SCLC binding, less than 45% (81 wells)
maintain their properties following single cell cloning. Thus, the overall
efficiency in the derivation of anti-SCLC antibodies is 0.8 %.

3. FURTHER CHARACTERIZATION OF MONOCLONAL ANTIBODIES SELECTIVE
FOR HUMAN SCLC

Those hybridomas fulfilling the requirements of our initial screening res-
trictions were further assessed for their binding specificity. Our first ap-
proach in evaluating these reagents was to see if their selective binding was
maintained when tested against different SCLC lines. Figure 2 represents the
binding titration curve of a mouse monoclonal antibody (534F8) on three
autologous pairs of cell lines. The antibody shows significant binding with
the SCLC lines from three different patients (NCI-N390, NCI-H209 and
NCI-H128) whereas insignificant binding reactions were observed for auto-
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Figure 2. Titration binding curve using antibody 534F8 culture fluid on six different target plates
as indicated. Points represent quadruplicate determinations. The three SCLC lines NCI-H390,
NCI-H209, and NCI-H128 (derived from different patients) showed significant antibody bind-
ing. However, the autologous non-SCLC target cell lines (skin fibroblast NCI-H390SK3 and
B-lymphoblastoid NCI-H209BL and NCI-H128BL) failed to demonstrate antibody binding.
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logous skin fibroblast line NCI-H390SK3 and autologous B-lymphoblastoid
cells (NCI-H128BL, NCI-H209BL) derived from the same patients donating
the SCLC tumor. These findings support the existence of a common anti-
genic expression among SCLC lines and the lack of that expression on auto-
logous nonmalignant cell lines.

To verify that the SCLC selective monoclonal antibodies were not recog-
nizing an antigenic product of in vitfro cultivation, it was critical to demon-
strate that such antibodies would react with small cell tumor samples taken
directly from patients without intervening culture. Toward this end we have
used a direct immune detection assay, employing '*’I-labeled monoclonal
antibodies, to evaluate the potential usefulness of these reagents as a diag-
nostic tool for SCLC. Table 2 shows the binding reaction of iodinated
mouse antibody 534F8 and rat antibody 600D11 on necropsy samples of
tumor-bearing and normal organs taken from SCLC and nontumorous
patients. These reagents clearly discriminate tissue specimens having SCLC
involvement from those samples which lack the tumor. Necropsy tissue of
several organs harvested from donors without malignant disease failed to
show significant binding with the exception of kidney. The latter reaction
is currently under investigation to better define whether this represents
specific or nonspecific binding.

4. IMMUNE-HISTOCHEMICAL DETECTION OF SCLC

Monoclonal antibodies can be used for the immune-histochemical stain-

Table 2. Direct radioimmune detection of '*I labeled monoclonal antibody binding to small cell
lung cancer necropsy specimens.

Binding ratio®

Specimen 1251.534F8 1251.600D11°
Small cell lung cancer cell lines 33-78 15-48
B-lymphoblastoid cell lines <2 <2
Small cell lung cancer tumor specimens

from lung or liver 20-55 25-48
Normal lung (small cell lung cancer patient) <2 <2
Normal liver (small cell lung cancer patient) <2 <2

Normal tissue from necropsy: brain,
spleen, muscle, colon, gall bladder,
urinary bladder, and prostate <2 <2

¢ Mouse IgM kappa (anti-SCLC).
b Rat IgM kappa (anti-SCLC).
¢ Binding ratio = cpm test minus cpm background divided by cpm background.
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ing of SCLC in pathological specimens. We have demonstrated this capabil-
ity, on paraffin embedded tissue, using antibody 534F8 in combination with
biotinylated horse antimouse IgG and an avidin-biotin-peroxidase complex
(ABQ) [16, 36]. Figure 3c represents the immune localization of SCLC foci
in liver metastases. Interestingly, the more diffuse infiltrates of SCLC were
not discernible by immunochemical staining, thus illustrating the hetero-
geneity of tumor antigen expression found within a given patient.

5. IMMUNE RECOGNITION OF SCLC ANTIGENIC DETERMINANTS ON OTHER
HUMAN TUMOR TYPES

Immune histopathological typing of human tumors can readily be accom-
plished with the use of monoclonal antibodies. We have extensively evalu-
ated those monoclonal antibodies isolated by our screening strategy against

Figure 3. Composite picture representing the immune histochemical staining of necropsy slice of
liver involved with metastatic SCLC. Serial section (A) H& E stain; (B) complete immune
reaction minus monoclonal antibody 534F8; (C) complete immune reaction in the presence of
antibody 534F8. The formalin fixed-paraffin embedded tissue specimen was processed for
immune histochemical staining in the following manner: tissue sections were first deparaffinized
in xylene and then exposed to a 1% bovine serum albumin solution (with or without mono-
clonal antibody 534F8), followed by sequential incubations in normal horse sera, biotinylated
horse antimous IgG, avidin-biotin-peroxidase complex (Vector Laboratories, Burlingame, CA).
Immune-enzyme deposition was then demonstrated using 0.01% hydrogen peroxide-0.05%
diaminobensidine tetrahydrochloride. In serial section (C), several focal infiltrates of SCLC are
clearly visible as dense nodules that exemplify immunochemical staining of tumor. However,
the more diffuse infiltrates of tumor (identified as the boxed region of the H & E stain, section
(A), lack immune depositions of stain and illustrate the existence of tumor heterogeneity within
the same tissue section.



32

Table 3. Monoclonal antibody binding phenotypes to various tissue cultures lines.

Binding phenotypes?

Human cell lines 534F8? 624A6¢ 604A9¢

Small cell lung cancer
Adenocarcinoma
Squamous cell carcinoma
Large cell carcinoma
Melanoma

Glioblastoma

Osteogenic sarcoma
Breast cancer
Neuroblastoma

B cell lymphomas

T cell lymphomas - - -

I+ + +
|
[

I+ + |
I+ + 1
_+_

¢ (4+) = binding ratio >5; (—) = binding ratio <2.
b Mouse IgM kappa antibody.
¢ Rat IgM kappa antibody.

a variety of other human tumor types. These reagents can be used to score
tumors based on antigenic expression. As exemplified in Table 3, antibodies
534F8, 624A6, and 604A9 identify three distinct antigenic determinants
present on SCLC and showing selective expression on other tumor types.
Such information has revealed an unsuspected interrelationship between
lung cancer and other human tumors. At present it is not known if SCLC
arises from neural crest or endodermal structures [20]. Heteroantisera to
SCLC detect antigenic determinants that fit both categories [37]. Interest-
ingly, our monoclonal antibodies define three distinct antigenic determi-
nants: 604A9 antigen unique to neural crest derivative (neuroblastoma),
624A6 antigen expressed on both neural crest and ectodermally (breast can-
cer) derived tumors, and 534F8 antigen present on neural crest, ectodermal
and endodermal (adenocarcinoma) derivatives.

6. MONOCLONAL ANTIBODIES SELECTIVE FOR SCLC: POTENTIAL DIAGNOSTIC
AND THERAPEUTIC USE

We have reviewed the technology employed for the generation and char-
acterization of SCLC selective monoclonal antibodies. These reagents show
preferential binding to many SCLC tissue culture lines and SCLC necropsy
samples but failed to react with a variety of autologous cell lines and normal
tissues. We have demonstrated that such reagents can be used in the immu-
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Table 4. Potential clinicial applications of monoclonal antibodies.

Diagnostic use:
Immunohistopathology
Early detection of antigens
Early detection of antigens
Nuclear medicine imaging
Predictor of prognosis
Predictor of response to therapy

Therapeutic use:
Direct cytotoxicity
Antibody-dependent cellular cytotoxicity
Complement mediated cytotoxicity
Adjuvant cytotoxicity
Drug, toxin, and cell conjugates
Radionuclide conjugates
Radiofocusing (boron conjugated antibody)
Growth inhibition
Specific binding of drug loaded liposomes
Ex vivo therapy of bone marrow
Regulation of immunity

nohistochemical staining of patients’ specimens. Furthermore, these anti-
bodies have been utilized in the immune histological typing of human
tumors and have defined antigenic determinants which will aid in assigning
embryologic origin.

Prospective applications for the clinical use of monoclonal antibodies as
diagnostic and therapeutic reagents of lung cancer are summarized in Table
4. As with any other therapeutic drug, the antitumor monoclonal antibodies
must undergo a series of clinical trials (Phase I and Phase II) to validate
absence of toxicity and efficacy of the reagent. These antibodies can be used
for evaluating the clinical status of patients: imaging studies using isotope-
labeled antibodies [38, 39] can assess the extent of tumor involvement and
measure the effectiveness of routine therapy (decrease in tumor size); detec-
tion of circulating antigen can be used as a diagnostic indicator or be cor-
related to the response of routine therapy [40]. Of potential therapeutic
value in the treatment of lung cancer are those monoclonal antibodies which
have direct cytotoxic effects on pulmonary malignancies. This type of
approach to neoplastic therapy has already been utilized in the treatment of
lymphoma-leukemia [41-45]. Ancillary reagents used for increasing the kill-
ing potency of monoclonal antibodies include conjugating drugs, toxins,
radionuclides, or polymorphonuclear leukocytes, and the use of antibody
specificity to target therapy [46-48]. Monoclonal antibodies can convey
tumor cell specificity to liposomes containing cytotoxic drugs [49]. Boron



34

can be conjugated to tumor-specific antibodies and when excited by external
radiation will emit low energy particles capable of killing tumor cells. Mon-
oclonal antibodies with specificity for T cell subsets may be used to regulate
antitumor immunity. Finally, there is the use of tumor-specific antibodies in
ex vivo therapy of bone marrow. Autologous bone marrow transplants have
been used to rescue a patient following a lethal dose of chemoradiotherapy.
Monoclonal antibodies could be used to clean up bone marrows contami-
nated with small amounts of tumor cells prior to reinfusing the patient. All
of these clinical applications await the isolation and characterization of anti-
bodies with sufficient tumor selectivity and the design of appropriate clini-
cal tnals.
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3. Transforming Growth Factors (TGFs) and Human
Lung Cancer Cells

STEPHEN A. SHERWIN and GEORGE J. TODARO

1. INTRODUCTION

Growth factors are substances which stimulate cell division in a variety of
target tissues [1, 2]. Such factors include low molecular weight polypeptides
such as epidermal growth factor, platelet-derived growth factor, fibroblast
growth factor, and the insulin growth factors, and relatively higher molecu-
lar weight glycoproteins such as colony stimulatory factors, which act pri-
marily on hematopoietic stem cells [3-8]. There is increasing evidence that
growth factors play a role in normal embryogenesis as well as in the regen-
eration of normal tissues in the adult [1]. Moreover, it has recently been
observed that human tumor cells of various types are capable of producing
biologically active peptide growth factors and it has been postulated that
these factors promote or support the growth of the very same tumor cells
which produce them [9-11]. This phenomenon, which may be characteristic
of many cells, has been termed ‘autocrine secretion’ [12] and to the extent
that growth factors produced by tumor cells are necessary for the survival of
those cells in vivo, new approaches to cancer treatment could possibly
involve the use of appropriate ‘antigrowth factor’ substances. This chapter
will examine in detail the association between one class of peptide growth
factors, transforming growth factors (TGFs), and human lung cancer and
will address the potential clinical applications of these observations.

2. TRANSFORMING GROWTH FACTORS

Transforming growth factors (TGFs) are low molecular weight polypep-
tides which can promote anchorage-independent growth in semi-solid me-
dium of a variety of nontransformed and transformed cells [11, 13-14]. The
ability of cells to grow as colonies in soft agar-containing medium is a well-
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recognized property of the transformed phenotype [15-17]. TGFs and re-
lated growth stimulatory peptides have been identified in serum-free culture
supernatants of virally and chemically transformed rodent cells [13, 14, 18]
and human tumor cells [11], cell extracts of virus and carcinogen-induced
rodent tumors [19-21], embryonic rodent tissues [22], and most recently in
the urine of patients with various types of disseminated cancer [23, 24]. To
date, several TGF activities have been partially purified and characterized
biochemically. The activities appear to reside in several molecular species of
relatively low molecular weight (MW) (between 7,000 and 30,000) which are
heat and acid-stable but sensitive to reducing agents and to pro-
teases [11, 13]. Although immunologically non-crossreactive with epidermal
growth factor (EGF), some (but not all) TGFs can compete with EGF for
binding to its cell membrane receptor and are therefore thought to be, at
least in part, functionally related to EGF. The ability of certain TGFs to
bind to EGF receptors and thereby prevent their detection in radioreceptor
assays, proved to be important in identifying those human tumor cells
which were EGF receptor-negative and producers of relatively higher
amounts of TGF [13]. More recently, a second class of TGFs has been
identified which do not compete with EGF for binding to its receptor and
which are potentiated by EGF in the soft agar growth factor assay [19-20].
These EGF-dependent TGFs do not produce morphologic transformation in
the absence of EGF and have thus far been found in both normal and neo-
plastic rodent cells [19, 20].

Virally transformed rodent cell lines were the first cell type shown to
produce factors capable of stimulating soft agar growth of nontransformed
indicator cells [13, 14]. The initial observation of this phenomenon followed
from earlier experiments which showed that these cells lacked EGF recep-
tors and therefore might be producing EGF-related growth factors which
could bind to and mask membrane EGF receptors. Murine 3T3 cells trans-
formed by Moloney sarcoma virus (MSV) were tested initially since these
cells were EGF receptor-negative in contrast to DNA virus (polyoma) or
chemically (methylcholanthrene) transformed cells which were EGF recep-
tor-positive [25, 26]. Serum-free culture supernatants from MSV-trans-
formed 3T3 cells were extracted with 1 M acetic acid, lyophilized and chro-
matographed on a Bio-Gel® P-60 system. Column fractions were then
tested for mitogenic (growth-promoting) activity as measured by thymidine
incorporation, EGF-competing activity, and soft agar growth factor activity
as measured by the ability to stimulate colony growth of nontransformed
normal rat kidney (NRK) fibroblasts. These experiments revealed three
major peaks of activity with apparent MWs of 7,000, 12,000 and 25,000. All
three of these different molecular species demonstrated, in nanogram con-
centrations, both mitogenic and soft agar growth-promoting activity, as well
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as EGF-competing activity. However, these activities were distinguishable
from EGF itself by virtue of molecular weight differences, the ability to
stimulate soft agar growth, and a lack of immunologic crossreactivity with
EGF. The EGF-related soft agar growth-promoting activity was termed *sar-
coma growth factor’ or SGF since the 3T3 cells producing them had been
transformed by a sarcoma virus. SGFs have since been identified in the
culture supernatants of other virally-transformed rodent cells including
Abelson murine leukemia virus transformed fibroblasts [27]. The discovery
of SGFs led directly to the subsequent identification of the closely related
transforming growth factors (TGFs) in supernatant fluids and cell extracts of
rodent cells transformed by agents other than RNA sarcoma viruses, as well
as various human carcinomas and sarcomas. The ability of TGFs to rever-
sibly stimulate soft agar growth of nontransformed cells and thereby rever-
sibly induce the transformed phenotype is the characteristic property of this
class of peptide growth factors.

Following the isolation of SGFs in the supernatants of MSV sarcoma
virus-transformed murine cells, TGFs with similar properties were identi-
fied in biochemical extracts of these cells following acid-ethanol extraction
and Bio-Gel ® P-60 chromatography [21]. Such intracellular TGFs resemble
their extracellular counterparts with regard to molecular weight and other
biochemical properties, as well as their ability to stimulate soft agar growth
of phenotypically normal cells. These observations further support the
hypothesis that the TGF activity detected in the culture supernatants of the
virally transformed cells was, in fact, produced by these cells and subse-
quently released into the culture medium. The same biochemical extraction
procedure was also applied to the analysis of a chemically-induced murine
bladder tumor and a similar TGF activity was identified [21]. This suggests
that the production of molecules with the properties of TGFs or SGFs is not
unique to virally-induced tumors. In fact, acid-ethanol extraction of whole
mouse embryos (10-12 days old) followed by Bio-Gel® P-10 chromatogra-
phy has recently been shown to detect TGF activity. This indicates that
functionally related molecules can also be found in certain nonneoplastic
fetal tissues, suggesting that TGFs of one type or another may play a role in
some aspect of normal embryogenesis [22].

Further analysis of TGFs isolated from virally and chemically trans-
formed rodent cells have shown that a certain degree of heterogeneity exists
among TGF molecules. It now appears that there are at least two different
types of TGF activities: (1) that which competes with EGF for binding to its
receptor and is not potentiated by EGF in the soft agar growth factor assay,
and (2) that which does not compete with EGF for receptor binding but is
potentiated by EGF in the soft agar colony assay. Both types of TGF activ-
ity have recently been identified in serum-free culture supernatants and bio-
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chemical extracts of various transformed rodent cells [18-20]. In addition,
the TGF activity which does not bind to the EGF receptor has been iden-
tified in extracts of the submaxillary gland and other normal tissues of the
adult mouse [20]. Indeed, there is growing evidence that both types of TGF
activity can also be identified in human tumor cells.

As note above, TGF activity of the sort initially described for rodent
tumor cells has since been detected in serum-free supernatants collected
from certain human tumor cell lines [11]. The human tumors first tested
were those cell lines found to be lacking EGF receptors in a radiolabelled
EGF binding assay. Three cell lines derived from specimens of melanoma,
bronchogenic carcinoma, and rhabdomyosarcoma and found to be EGF
receptor-negative were grown in serum-free medium. Culture supernatants
were extracted with 1 M acetic acid and chromatographed on a Bio-Gel®
P-100 system using methodology similar to that developed for the rodent
SGF analysis discussed previously [13]. Figure 1 shows the results of exper-
iments in which culture supernatants from the human rhabdomyosarcoma
cell line A673 were tested for soft agar growth-promoting (TGF) and EGF-
competing activity. One major peak of TGF activity was identified with an
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Figure 1. Bio-Gel® P-100 chromatography of 1M acetic acid-extracted culture supernatants
from A673 rhabdomyosarcoma cells. Column fractions were assayed for soft agar growth factor
activity as determined by colony growth of NRK cells (®) and for EGF-competing activity in a
radioreceptor assay using radiolabelled mouse EGF and A431 human carcinoma cells (O).
Column markers were carbonic anhydrase (MW29,000) and RNAse (MW13,900) and the void is
designated by V.
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Table 1. A comparison of human TGF and mouse EGF.

TGF EGF
Molecular weight 7,400-30,000 6,000
Mitogenic activity + +
Ability to bind to EGF receptors + +
Soft agar growth-promoting activity + -
Reactivity with antibody to EGF - +

apparent MW of approximately 20,000 and this coincided with the major
peak of EGF-competing activity. However, when this TGF activity was
further analyzed by carboxymethylcellulose chromatography it was sepa-
rated into two components: a major peak which had EGF-competing activ-
ity and a minor peak which did not. Thus, TGF activities of two types, both
related and unrelated to EGF and perhaps similar to the two types described
for rodent tumors [19, 20], can also be identified in human tumors.

The TGF activity found in serum-free culture supernatants of human
tumor cells is in some respects similar to the TGFs and SGFs described for
rodent tumor cells. Human TGFs are also heat- and acid-stable polypep-
tides which like EGF are potent mitogens but unlike EGF can reversibly
stimulate soft agar growth of nontransformed cells, thereby reversibly in-
ducing the transformed phenotype. Moreover, TGF from human tumors is
further distinguished from murine and human EGF based on its amino acid
composition. TGF obtained from the human melanoma cell line A2058 and
purified by reverse phase high pressure liquid chromatography lacks both
tyrosine and methionine, thus distinguishing it from both murine and
human EGF [28]. Table 1 compares some of the properties of human TGF
and murine EGF.

3. TRANSFORMING GROWTH FACTOR ACTIVITY AND HUMAN LUNG CANCER
CELLS

Among the EGF receptor-negative human tumor cell lines tested for TGF
activity in the experiments described above is the bronchogenic carcinoma
cell line 9812. This cell line, derived from a large cell anaplastic carcinoma,
produced an EGF-related TGF activity of approximately 20,000 MW which
is capable of reversibly stimulating soft agar colony growth of nontrans-
formed indicator cells [11]. Analysis of serum-free culture supernatants
from 9812 cells using the same methodology described for A673 rhabdo-
myosarcoma cells identified peaks of NRK colony stimulating activity and
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EGF-competing activity at approximately the 20,000 MW fractions of a
Bio-Gel® P-100 chromatography system.

In order to determine if TGF production correlated with a lack of detect-
able EGF receptors or if, in fact, EGF receptor-positive cell lines could
produce TGF activities, a survey of 15 well-characterized human lung can-
cer cell lines was undertaken [29-31]. These cell lines included 9 derived
from small cell carcinoma specimens, 3 of which were termed ‘converters’
because they had lost the specific morphologic and biochemical features of
small cell carcinoma cell lines after prolonged passage in vitro [29, 32]. The
other 6 lines were derived from non-small cell carcinoma specimens includ-
ing 3 adenocarcinomas, 1 epidermoid carcinoma, and 2 large cell carcino-
mas. All 15 cell lines were tested for their ability to bind radiolabelled EGF
to cell membrane receptors and for their ability to stimulate NRK cells to
grow as colonies in agar using previously described methods[33]. The

Table 2. EGF receptors and TGF production by human lung cancer cell lines.

EGF bound NRK colonies/10° cells
Cell line fmol/10° cells® at 5 days?
Non small cell
U1752 (epidermoid) 64.0 240
NCI-H157 (large cell) 27.1 310
9812 (large cell) <0.1 355
A549 (bronchioalveolar) 234 305
NCI-H123 (adenocarcinoma) 8.8 165
NCI-H125 (adenocarcinoma) 7.8 210
Small cell
NCI-H69 <0.1 215
NCI-H128 <0.1 150
NCI-H146 <0.1 55
NCI-H175 <0.1 190
NCI-H187 <0.1 235
NCI-N231 <0.1 80
Small cell converter
NCI-H82 <0.1 60
NCI-N177 <0.1 100
NCI-N417 4.5 0

4 Bound EGF was determined by incubating a suspension of 10° cells with 2.5 ng of '**I-labelled
mouse EGF, washing the cells, and calculating bound radioactivity. Nonspecific binding as
determined by coincubation with an excess of 2.5 ug of unlabelled EGF was subtracted in each
case.

b Lung cancer cell lines were used as feeder layers under a base of 0.5% agar-containing media.
NRK colonies greater than 6 cells in a 0.3% agar overlay were scored in 4 high power fields
after 5 days of incubation.
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results of these experiments are shown in Table 2. Small cell and non-small
cell human lung cancer cell lines are markedly different with respect to the
presence or absence of EGF receptors. Non-small cell cultures have EGF
receptors which are easily detected whereas small cell cultures uniformly
lack these receptors. One of three small cell ‘converters’ had detectable EGF
receptors, thus suggesting that during prolonged passage in vitro the appear-
ance of measurable EGF receptors may accompany the loss of the specific
morphological and biochemical markers associated with small cell cultures.
The differences between small cell and non-small cell lung cancer cell lines
with regard to the presence or absence of EGF receptors are not unique to
this class of membrane receptor. In another series of experiments reported
previously [33], these same cell lines were also shown to differ with regards
to the distribution of cell membrane receptors for nerve growth factor
(NGF). NGF receptors were detected at low levels on 3 of 6 small cell
cultures and on all 3 small cell converters, but none of 6 non-small cell
cultures. Thus, the two major groups of lung cancer, small cell and non-
small cell, differ markedly with regards to the distribution of cell membrane
receptors for at least two of the peptide growth factors, EGF and NGF.
Table 2 also shows the results of the experiments in which the 15 human
lung cancer cell lines were tested for their ability to produce TGFs as mea-
sured by stimulation of NRK cells to grow as colonies in agar. In these
experiments the various human lung cancer cell lines were used as feeder
layers in 0.5% agar and overlaid with 0.3 % agar containing a suspension of
NRK cells. NRK colonies were scored at 5 days. As shown in Table 2, all
but one of the 15 human lung cancer cell lines were capable of stimulating
the soft agar growth of NRK. These results include all 6 non-small cell lines,
5 of which have easily detectable EGF receptors. Similar observations were
made, although with lower levels of activity, using small volumes of condi-
tioned medium from these lung cancer cell lines. It would appear, therefore,
that the production of TGFs, as measured in this fashion, does not correlate
with the presence or absence of EGF receptors, but rather that the produc-
tion of TGFs appears to be a very general property of human lung cancer
cells growing in vitro. The TGFs produced by various human lung cancer
cell lines have yet to be characterized biochemically, except for the factors
produced by the bronchogenic carcinoma cell line which were described
above. The TGF activities produced by this EGF receptor negative cell line
are of the type capable of binding to the EGF receptor. It remains to be seen
whether TGFs produced by EGF receptor positive non-small cell lung can-
cer cultures resemble the non-EGF related TGFs recently identified in
transformed rodent cells [19, 20]. On the other hand, it is possible that all
lung cancer cell lines may produce more than one type of TGF activity.
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4. TRANSFORMING GROWTH FACTOR ACTIVITY IN THE URINE OF PATIENTS
WITH LUNG CANCERS AND OTHER CANCERS

Since nearly all human lung cancer cell lines examined were found to
produce TGFs whether or not they were EGF receptor-negative, it seemed
reasonable to examine patients with various types of lung cancer for in vivo
evidence of TGF production by their tumor. As noted previously, TGFs are
low molecular weight, acid-stable polypeptides, and therefore might be
expected to be recoverable from the urine. In preliminary experiments [24],
1-2 liter quantities of urine were collected from a patient with small cell
lung cancer and an appropriate normal control. These urines were extracted
with acid-ethanol and were subsequently analyzed on a Bio-Gel® P-100
chromatography system. Column fractions were then assayed according to
the usual methods for TGF soft agar growth-promoting activity and EGF
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Figure 2. Bio-Gel® P-100 chromatography of acid-ethanol extracted urine from: (A) a patient
with small cell lung cancer, and (B) a normal male. Column fractions were assayed for soft agar
growth factor activity against NRK cells (®) and for EGF-competing activity in a radioreceptor
assay using A431 human carcinoma cells (O). Column markers were carbonic anhydrase
(MW29,000) RNAse (MW13,900) and insulin (MW6,000). The column void is indicated by
Vo
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competing activity. The results of this experiment are shown in Figure 2.
Both the small cell lung cancer patient’s urine and the normal control’s
urine had evidence of TGF activity in the 6,000-8,000 MW range. Howev-
er, the lung cancer patient’s urine also had evidence of a higher molecular
weight TGF activity at MW 30,000-35,000, as well as two minor activities
at MW 10,000 and 20,000. Figure 2 also shows that the peak of EGF com-
peting activity for the high molecular weight TGF coincides with the peak
of soft agar growth-promoting activity and, in fact, further purification of
this activity by high pressure liquid chromatography indicates that these
two activities coelute. In contrast, EGF competing activity and TGF activity
in the 6,000-8,000 MW range appear not to coelute and the relationship
between these two activities is yet to be defined. It is possible that this low
molecular weight TGF activity in normal urine corresponds to the non-EGF
related TGF activity found in normal rodent cells which requires the pre-
sence of EGF for the expression of its soft agar growth promoting activi-
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Figure 3. TGF activity in the urine of cancer patients and normal controls (including nonmal-
ignant inflammatory disease patients) following chromatography of acid-extracted urine on Bio-
Gel® P-30. Results are expressed as a ratio of high molecular weight TGF activity (MW30,000-
35,000) to low molecular weight TGF activity (MW6,000-8,000), so as to correct for the varia-
bility in the NRK colony assay. For each urine tested, colonies greater than 6 cells were scored in
the 3 peak fractions of each molecular weight region.
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ty [19, 20]. 1t is likewise possible that the soft agar growth stimulatory prop-
erties of the low molecular weight urinary TGF activity depends on the
presence of EGF in normal human urine, a substance sometimes referred to
as ‘urogastrone’ [5].

In order to determine whether the high molecular weight TGF (MW 30-
35,000) found in the small cell lung cancer patient’s urine (but not in the
normal control’s) was tumor-associated a larger number of urines were col-
lected from patients with a variety of disseminated cancers, as well as nor-
mal controls of comparable age and sex. These urines were tested using a
scaled-down extraction method for the presence of the high molecular
weight urinary TGF. Urines were extracted with 1 M acetic acid centrifuged
to remove acid insoluble material, and chromatographed on Bio-Gel ® P-30.
TGF activity as measured in the NRK colony assay was then scored in both
the 30-35,000 and 6-8,000 MW ranges for each urine tested. Figure 3 sum-
marizes the results of these experiments. Since all urines tested including
both cancer patients and normal controls were found to have TGF activity
at MW 6-8,000, the data in Figure 3 is expressed as a ratio of TGF activity
at MW 30-35,000 to TGF activity at MW 6-8,000 in order to control for
the variability in the assay. Using this approach, 18 of 22 patients with a
variety of disseminated cancers, including 2 of 2 patients with small cell
lung cancer and 2 of 3 patients with non-small cell lung cancer, had detect-
able high molecular weight TGF activity in their urines. One of the
2 patients with small cell lung cancer was among the most positive of the
urines tested with a TGF ratio of approximately 1.35. In contrast, only 5 of
22 of the normal controls had the activity in their urine and then only at
fairly low concentrations. Taken together, these results indicate that while it
may not be specific for patients with advanced cancer, the high molecular
weight TGF activity found in the urine of patients with lung cancer and
other types of cancer is clearly a tumor-associated activity. Although not yet
firmly established, based on the experiments described which have shown
that human lung cancer cells produce similar TGFs in vitro, it seems likely
that the high molecular weight tumor-associated TGF activity found in the
urine is a product of the patient’s tumor and therefore has clear potential as
a biologically active tumor marker. TGF production by human lung cancer
cells is thus analogous to the ectopic production of polypeptide hormones
including ACTH, ADH, and calcitonin by both small cell and non-small cell
lung cancers [34, 35]. Unlike these hormones, however, the tumor-asso-
ciated high molecular weight TGF may perhaps have the potential to act on
the tumor cell producing it and thereby support its growth [10].
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5. CONCLUSIONS

Transforming growth factors (TGFs) are a group of polypeptides which
interact with the epidermal growth factor receptor and have the unique
property of being able to stimulate the growth in soft agar of nontrans-
formed indicator cells. TGFs, thus, have the ability to reversibly induce the
transformed phenotype. The precise molecular mechanism by which these
events take place is unknown. However, it has recently been shown that
TGFs can phosphorylate tryosine residues in the EGF receptor and other
membrane proteins in a fashion similar to the products of viral transform-
ing genes and may therefore work through similar mechanisms [36]. Al-
though TGF activities were originally detected in virally and chemically
transformed rodent tumor cell extracts and culture supernatants they have
also been identified and partially purified from human tumor cells. In this
chapter, we have reviewed data to indicate that the vast majority of human
lung cancer cells are producing TGFs whether or not they have_detectable
EGF receptors. Moreover, we have shown that these in vitro observations
may correlate with the in vivo finding of tumor-associated higher molecular
weight TGF activity in the urines of a high percentage of patients with
disseminated cancers, including lung cancers and other cancers. Although
initial experiments suggest that a decrease may occur following different
forms of anticancer therapy, urinary TGF activity will clearly need to be
further defined with regard to its value as a tumor marker that can be used
to follow a patient’s course and response to treatment. However, unlike
other tumor markers now in use clinically, including carcinoembryonic
antigen and alpha fetoprotein, urinary TGF has a well-defined biologic
activity relating to the transformed phenotype and therefore may permit a
more accurate assessment of the patient’s malignancy. Finally, to the extent
that the production of TGF and related molecules by tumor cells may be
required for their survival in vivo (by means of what has been called ‘auto-
crine secretion’ [12]) the study of urinary TGF activity may allow the devel-
opment of new approaches to cancer treatment involving the use of agents
which can antagonize the effects of transforming growth factor activity.
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4. Tumor Cloning Assay: Application and Potential
Usefulness in Lung Cancer Management

S. KENT CALLAHAN, CHARLES A. COLTMAN Jr., CLIFF KITTEN and
DANIEL D. VON HOFF

1. INTRODUCTION

The use of the clonogenic or stem-cell assay in clinical practice has
demonstrated exponential growth over the past five years. An attempt will
be made to outline the development of this system, including both practical
and theoretical considerations. The current status of the assay in terms of its
usefulness and its problems will be explored. In addition, the current data
on correlations between in vitro results and clinical results will be presented.
The last sections will be devoted to an analysis of one laboratory’s data on
the application of this system to patients with lung cancer. For further gen-
eral considerations of the cloning assay, the reader is referred to recent
comprehensive reviews of the system [1-4].

2. GENERAL DISCUSSION OF CLONOGENIC ASSAY

2.1. Stem cell concept

The stem-cell concept which has evolved from work on normal tissues
such as the bone marrow and intestinal mucosa states that in every renew-
able tissue there exists a subpopulation of cells which can both reproduce
themselves (self-renewal) as well as giving rise to a differentiating line of
mature and functional cells [5]. In the marrow these stem cells are a very
small proportion (1 %) of the total number of cells and in the intestine they
have been found to occupy positions located only at the base of the crypts of
Lieberkuhn [5]. The possibility that neoplasms contain a similar population
of stem cells has been advanced as an attractive hypothesis. These tumor
stem cells could be a very small percentage of the total number of tumor
cells and may behave with different kinetics from most of the cells in the
tumor. Again these cells would be characterized by both the ability for self-
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renewal as well as the ability to give rise to a large number of tumor cells
which have lost this capacity for self-renewal. The detection of these ‘stem
cells’ by their ability to produce colonies of tumor cells in the soft-agar
system to be described below, and to evaluate their response to anti-
neoplastic agents, forms the basis for the use of this in vitro system to aid in
the treatment of patients with malignancies.

2.2. Historical considerations

In 1966 Bruce and his colleagues at the Ontario Cancer Institute, first
demonstrated the possibility of studying stem cells from transplantable
murine neoplasms by using a spleen colony assay [7]. Over the next ten
years attempts to primarily culture human tumors to evaluate colony for-
mation met with little success because of the inability to provide an envi-
ronment which would give tumor cells a selective advantage over normal
cells (particularly fibroblasts). The major breakthrough which circumvented
this problem was made by Hamburger and Salmon [8, 9], who devised a
soft-agar system capable of supporting growth of human myeloma cells.
With the advent of this new technology, the culturing of human tumor stem
cells has become a reality.

2.3. Methodology

The actual growing of tumor cell colonies requires a number of steps.
These include: (1) preparation of a single cell suspension; (2) plating the
cells in a system which will support their growth but inhibit the growth of
unwanted nonmalignant cells; and (3) selection of proper conditions of drug
exposure that will make the in vitro results a good predictor of what will
occur in vivo. Basically, the methodology employed in most laboratories is
closely based on that initially described by Hamburger and Salmon [8, 9]. A
brief outline of the basic procedures involved includes:

1. Preparation of single cell suspension - Tumor specimens are received
as either pieces of solid tumor in transport media, or malignant effusions or
bone marrows to which heparin has been added to prevent clotting. In the
case of solid specimens, the tumors are washed with McCoy’s 5A media and
then minced into small pieces with scissors and passed through a 100-mesh
sieve. The cells are then passed through a 25-gauge needle. Liquid speci-
mens are centrifuged and the cell pellet is washed with McCoy’s. If large
numbers of red cells are present, ammonium chloride lysing buffer is added.
In both cases, cell counts are performed in a hemocytometer and a trypan
blue estimate of cell viability is made. To ensure good quality of the single
cell suspensions, all control plates are examined within the first 24 hours
and those with an unacceptable amount of cell clumping are discarded. The
production of an adequate single cell suspension in this manner is critical to
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the theoretical basis on which the assay is founded, insuring that each colo-
ny which is seen is truly a clonal proliferation, arising from one ‘stem
cell’.

2. Plating the cells in appropriate conditions - The major advance made
by the two-layer soft-agar system was its ability to prevent the proliferation
of normal fibroblasts. This is accomplished by the simple method of plating
the cells on top of an agar underlayer, thus preventing their attachment of
fibroblasts to the surface of the plate. Normal fibroblasts are unable to grow
without this contact, and thus the system allows for selective tumor cell
proliferation.

Basically, the plating of the cells involves the following: the cells to be
tested are suspended in 0.3 % agar in enriched CMRL-1066 medium supple-
mented with 15% horse serum, penicillin and streptomycin, glutamine, cal-
cium chloride, and insulin. Just before plating, asparagine, DEAE-dextran,
and 2-mercapto-ethanol are added. One milliliter of the solution is then
pipetted on top of one-millimeter feeder layers which have been previously
prepared in 35-mm plastic petri dishes. The feeder layer consists of
McCoy’s 5A medium with 15% heat-inactivated fetal calf serum and a var-
iety of nutrients as described by Pike and Robinson [6]. Tryptic soy broth,
asparagine, DEAE-dextran, and agar are added immediately before pipetting
the solution into the petri dishes. The final concentration of cells on the
overlayer is adjusted to 5x 10° cell/ml before plating. The plates are incu-
bated at 37°C in a 5% CO, humidified atmosphere. Colonies (defined as
aggregates of 50 or more cells) are counted on day 14 using an inverted
phase microscope.

3. Drug sensitivity testing - The clinical activity of an anti-neoplastic
agent involves a number of factors including its ability to inhibit growth of
the cells in a particular tumor, its delivery to the tumor, the concentration
of the drug in the tumor (which is not always equivalent to the concomitant
plasma concentration), the time during which the drug is in contact with the
tumor, and the cell cycle kinetics of both the tumor cells and the drug. It is
obviously not possible to control all these variables in an in vitro system so
as to exactly mimic the clinical situation. The kinetics of the tumor cells
cannot be easily evaluated nor manipulated, and the vagaries of drug con-
centration within a solid tumor cannot be duplicated by the single cell sus-
pension used on the stem-cell assay [10]. The two variables which can be
easily controlled are the concentration of the drug and the time of the expo-
sure. Although different exposure times including continuous exposure are
easily performed, most of the in vitro/in vivo correlations to date using this
system have been based on one-hour drug exposures. This is therefore the
standard in most laboratories. Many drug concentrations have been em-
ployed, including ones which are unattainable iz vivo. In our laboratory we
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utilize the somewhat conservative concentration of one-tenth the peak plas-
ma concentration achievable in man. Where a sufficient number of tumor
cells are available to permit multiple tests, it is possible to construct dose-
response curves by varying the drug concentrations.

Drug sensitivity testing is performed by incubating the single cell suspen-
sion with the drug for one hour at 37°C. Control tubes without drugs are
also incubated. After incubation the cells are washed twice to remove the
drug, and then suspended in the agar and double-enriched CMRL-1066
media and plated as an overlayer, as described above. All studies are per-
formed in triplicate. The colonies on the plates are counted on day 14 and
expressed as a percent reduction in tumor colony-forming units (TCFU’s)
when compared to control plates (without drug exposure).

2.4. Current problems with the assay

1. Not all tumors grow in the system - Although at least some of the
tumors of each histologic type are able to be grown in the system, every
patient’s tumor does not grow in the assay. Future refinements in media and
nutrients utilized and the method of plating may somewhat ameliorate this
problem.

2. Low plating efficiency - When 5x 103 cells per dish are plated, the
plating efficiency (number of colonies/number of cells plated) is very low for
most tumor types, being usually in the 0.001-0.01 % range. These low val-
ues are not unexpected if the stem cell hypothesis is correct. There is, how-
ever, a considerable variation between tumor types and among different
tumor specimens of the same tumor type. In a specific tumor, the number
of colonies formed/cells plated increases to a certain number of cells plated,
then actually decreases, probably reflecting media nutrient depletion or
waste build-up (see Figure 1). Efforts to increase plating efficiency are con-
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Figure 1. Colonies per plate as a function of number of cells plated in a specimen of squamous
cell lung cancer.
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tinuously being made. Such an increase would allow for the testing of more
anti-neoplastic agents with the same number of tumor cells.

3. Time and expense - The time involved in setting up an assay for a
tumor is usually 6~-8 hours for solid specimens and somewhat less for effu-
sions. However, a number of tumors can be processed simultaneously with
little increase in the time required. The other major time commitment in
the past has been that required to count the colonies on each individual
plate. This has been circumvented to a large extent by the advent of auto-
matic counters. However, these are expensive and are still in their infancy,
requiring at least some confirmation of the validity of the counts on each
specimen by visual identification of colonies.

4. Problems with transferring cloning results to clinical decision-making -
The major problem in this area is the two-week incubation period to allow
for colony growth before drug sensitivity results are available. Attempts are
being made to shorten this interval through the use of various radiolabelling
techniques instead of colony counting. At the present time, however, these
remain of unproven validity. The other major problem involves the deter-
mination of drug sensitivity and its correlation with clinical tumor respon-
siveness. As discussed earlier, the one hour exposure time was an arbitrary
choice and may be sub-optimal for some drugs, particularly those that are
cell-cycle phase specific agents. The definition of what percent reduction in
colonies per plate implies drug sensitivity is also undergoing re-evaluation.
A 70% reduction has been used in the past with good in vitro/in vivo cor-
relation (see below). However, recent data has suggested that a 50 % reduc-
tion may be as reliable in at least one tumor type (breast). Others have
proposed the necessity for analyzing the results of each tumor separately by
using training sets, arriving at a different colony reduction figure for each
tumor type.

3.  CLONOGENIC ASSAY RESULTS (ALL TUMOR TYPES)

3.1. Demonstration of malignant nature of cells in colonies

One of the questions throughout the development of the clonogenic assay
has been whether the cells forming the colonies are in fact tumor cells or
whether they could possibly represent growth of normal elements. A num-
ber of techniques have been introduced to confirm the presence of tumor
cells in different tumor types. Light microscopy of a colony, particularly
after it has been made into a histologic slide using a method described by
Salmon and Buick [11], can often confirm the neoplastic nature of the cells.
Electron microscopy is capable of demonstrating microtubules or desmos-
omes in tumors of the epithelial origin, confirming the transitional epithelial
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nature of cells from bladder cancer. Chromosome studies as developed by
Trent have demonstrated clonal abnormalities (hypodiploidy and arm dele-
tions) in the cells in colonies from ovarian cancer, bladder cancer, and neu-
roblastoma [12]. The secretion of tumor markers including somatostatin,
melanogens, catecholamines, BETA-HCG, alpha fetoprotein, parathor-
mone, and immunoglobulin, have been demonstrated in a variety of tumors
growing in the soft agar system [9, 13, 14], again providing at least circum-
stantial evidence that the cells are malignant. Nude mouse studies have
been done with breast cancer [14] and small cell lung cancer colonies [15].
The production of tumors in these animals again confirms the presence of
malignant cells in the colonies.

3.2. Tumor growth

Since the advent of the clonogenic assay, a wide variety of tumors have
been grown in the system. The percentage of clinical specimens which pro-
duce growth varies from tumor to tumor. Table 1 lists the fraction of each

Table 1. Growth of various tumor histologies in the cloning assay.

Percent showing growth

Histology > 5 colonies =20 colonies
Bladder 49/95(52) 41/95 (43 %)
Brain 56/91 (62 %) 45/91 (49 %)
Breast 597/1117 (53 %) 439/1117 (39 %)
Cervix 7/21 (33 %) 3/21 (15 %)
Colon 192/341 (56 %) 148/341 (43 %)
Corpus uteri 25/37 (68 %) 19/37 (51 %)
Esophagus 12/21 (57 %) 11721 (52 %)
Kidney 106/150 (71 %) 83/150 (55 %)
Acute leukemia 17/46 (37 %) 9/46 (20 %)
Chronic leukemia 3/19 (16 %) 2/19 (11 %)
Liver 29/44 (66 %) 17/44 (37 %)
Hodgkin’s 30/83 (36 %) 16/83 (19 %)
Non-hodgkin’s lymphoma 82/261 (31 %) 42/261 (16 %)
Melanoma 76/140 (54 %) 63/140 (45 %)
Myeloma 18/58 (31 %) 10/58 (17 %)
Neuroblastoma 77/195 (39 %) 51/195 (26 %)
Ovary 284/411 (69 %) 264/411 (60 %)
Pancreas 59/101 (58 %) 42/101 (42 %)
Prostate 73/142 (51 %) 53/142 (37%)
Sarcoma 89/172 (52 %) 65/172 (38 %)
Stomach 33/70 (47 %) 22/70 (29 %)
Testis 35/65 (54 %) 26/65 (40 %)
Thyroid 11/24 (45 %) 7/24 (29 %)
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Table 2. Growth of tumors according to biopsy site.

Source Percent forming colonies
Malignant effusions 80-90
Bone marrows 80-90
Solid tumors 50-60

individual tumor type producing growth based on the results of over 5000
clinical specimens tested in our laboratory at the University of Texas at San
Antonio. As can be seen, multiple tumor histologies are capable of growth
in the assay. Higher percentages of some tumor types are capable of pro-
ducing growth than is true in others. Overall, 50 % of tumors plated result in
colony growth with 37% producing enough colonies (=20) for drug test-
ing.

In addition to the tumor type, an important variable in the ability of a
specimen to produce colonies is the source from which the specimen is
obtained. When data from a number of tumor types is considered, speci-
mens obtained from bone marrows and malignant effusions produce growth
more often than do solid specimens (Table 2).

A more detailed description of the data for the various histologic types of
lung cancer will be presented later in this chapter.

3.3. In vitro/in vivo correlations of drug sensitivity testing results

The major clinical application of the stem-cell assay system is its use in
attempting to predict the response of a patient’s tumor in vivo based on the
results of in vitro drug testing. The initial report of the possibility of such a
correlation was made by Salmon and his colleagues [16]. They tested the
tumors from 18 patients with either ovarian cancer or multiple myeloma in
the stem cell assay in either a prospective or retrospective manner. These
patients were treated with one of the drugs which were tested in vitro and a
comparison was made between the sensitivity or resistance to the drug as
determined in vitro and the clinical response of the patient’s tumor. Of the
eleven cases where the tumor was sensitive in vitro, 10/11 showed clinical
sensitivity. Of the twenty instances of in vitro resistance, clinical resistance
was seen in all twenty.

Because of this data in this small group of patients, a large retrospective
analysis was conducted by Von Hoff and associates [17]. Out of a total of
800 specimens, 123 fulfilled the criteria for an in vitro/in vivo correlation;
namely, the tumor produced enough colonies in the assay to allow for drug
testing and the patient was treated with at least one of the drugs tested. The
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tumors included multiple histologies, and both standard and experimental
drugs were tested. There were 21 instances in which the assay predicted that
the drug would be effective. Clinical response was seen in 15/21 (70%) of
these cases. When the assay predicted resistance to the drug, clinical
response was only seen in 2/100 (2 %). Thus, this study confirms the strong
predictive value of the results of the clonogenic assay in determining
patients response to individual neoplastic agents. In particular, lack of sen-
sitivity in the assay to a particular drug makes it quite unlikely (2% of cases)
that the patient’s tumor would respond to that drug clinically. One problem
identified by the authors is the low rate of identifying a clinically active drug
(15/800 specimens). The major reason for this was the fact that only 25% of
the specimens produced enough colonies for drug sensitivity testing and of
these, only about 60% of the patients were treated with one of the drugs
tested. The significant percentage of false positives (30%) among those
agents identified as active is disturbing. As discussed previously, these could
be due to problems with the assay technique and definitions (one hour drug
exposure, drug concentration used, definition of sensitivity) or could be due
to variables in the patient (poor delivery of drug to the tumor, possible
antagonism between drugs used in combination). An additional point raised
by the authors is the possibility that the assay is not valuable so much in
selecting a particular drug which will be active but rather in selecting tumors
which are responsive to standard chemotherapeutic agents in general.

Despite the problems discussed above, current evidence suggests strongly
that the clonogenic assay can be a good predictor of clinical response. This
is particularly true in a negative sense (lack of response in the assay predict-
ing clinical resistance) and has the potential of saving many patients from
the toxicities of these drugs. Further data is clearly needed and a prospective
trial of single agent chemotherapy correlated with assay results is currently
being done and will hopefully answer many of the remaining questions.
Further studies are planned to compare treatment based on assay results
versus empiric drug selection by the clinician to determine if drug selection
by the assay can truly provide benefit to the patient.

4. THE CLONOGENIC ASSAY IN LUNG CANCER

The potential usefulness of the stem-cell assay in the management of lung
cancer patients is a topic of considerable interest because of the generally
dismal results of current management of this group of diseases. For each of
the histologic subtypes, information will be presented as to the ability to
grow the tumor in the assay and the results of drug sensitivity testing with a
variety of agents. Because responses to anti-neoplastic agents are much
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more common with small cell cancer than with the other histologies, more
detailed information will be given on this subtype, including possible appli-
cation of the assay for diagnosis, prognosis, staging, and screening for new
active agents.

4.1. Small cell cancer

1. Diagnosis - The cloning assay has potential for improving the diagnos-
tic yield from bronchoscopy in patients with small cell lung cancer. In this
regard, Von Hoff and associates attempted to clone the cells obtained from
bronchial washings and to correlate the presence or absence of growth with
the cytology [18]. Of the 7 patients with cytologies positive for small cell
carcinoma, 5/7 (72 %) produced growth in the assay. However, utilizing the
presently accepted criteria of 5 colonies per plate as a definition of growth,
only 2/7 (28%) of these would be considered positive for growth. Again
using this definition, 8/8 cytologically negative specimens showed no growth
in the assay (2 specimens produced 1 and 3 colonies, respectively). Of addi-
tional interest is the fact that 4/4 of the non-small cell lung cancers with
positive cytology demonstrated growth in the assay. Thus, the stem-cell
assay is able to show growth in bronchscopically obtained bronchial wash-
ings in patients with lung cancer. Whether it will produce diagnostic infor-
mation beyond that provided by routine studies (that is, positive assay
growth demonstrating the presence of tumor despite no tumor being detect-
able by visual inspection, biopsies, and cytologies from the bronchial tree)
will require further studies.

Of perhaps more interest regarding the question of whether the assay can
provide information to and in the diagnosis and staging of small cell lung
cancer is the data presented by our group at the Stem Cell Conference in
Tucson, in January 1982[19]. Out of a group of 165 specimens obtained
from patients with biopsy proven small cell lung cancer, 99 of the specimens
were negative for tumor at the time of routine pathologic examination (es-

Table 3. Concordance of assay growth and pathology results in bone marrows from patients with
small cell carcinoma.

Pathology
Assay Positive Negative
Positive 6 11
Negative 9 69

Concordance: 75/95 (72 %)
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Table 4. Concordance of assay growth and pathology results in effusions from patients with
small cell carcinoma.

Pathology

Positive Negative
Positive 10 2
Negative 2 15

Concordance: 25/29 (86 %)

sentially all representing bone marrow examinations done for staging (80)
and effusions (17)). Despite the negative pathology on part of the same
specimen, 14% of the bone marrows and 11% of the effusions nonetheless
produced growth in the assay (=5 colonies per plate) (Tables 3 and 4). Most
of the colonies were no longer available for further analysis, but in 2 spec-
imens, nude mouse studies and electron micrographs confirmed the malig-
nant nature of the cells [15].

Because of the question as to whether the assay results represented false
positive findings or whether the pathology was falsely negative, an analysis
was made of survival of subset of this group of patients who had their
specimens submitted at the time of the initial diagnosis. The question to be
answered was whether their survival approximated that of other patients
with limited or extensive disease. The hypothesis that was advanced was
that if the assay positivity truly reflected the presence of malignant calls in
the bone marrow, the survival of the patients should approximate that of
other patients with extensive disease. If, however, the assay was falsely
positive and the patients did not in fact have malignant cells in these biopsy
sites (as predicted by routine pathology), then their survival should be close
to that of other patients with limited disease. The survival curves for
patients with limited and extensive disease as well as that of the subjects
with the assay-positive, histology-negative phenomenon are shown in
Figure 2.

Because of the very small number of subjects in the test group, statisti-
cally significant differences were unlikely. Upon evaluation, the survival of
the assay-positive, pathology-negative patients could not be differentiated
from either patients with limited or extensive disecase. However, at the time
of follow-up, the actual percent survival in this group of patients had fallen
below that of patients with extensive disease. This suggests that, with more
patients and longer follow-up, these patients could be shown to behave as if
they had extensive disease. If this is in fact the case, it would indicate that
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Figure 2. Survival curve for assay-positive, histology-negative patients with small cell lung can-
cer compared to survival curves of other patients with limited or extensive disease.

the clonogenic assay is capable of detecting metastatic disease in a signifi-
cant number of bone marrow and effusion specimens (13%) which are
thought to be negative on routine pathologic examination. If this proves to
be true, the human tumor cloning assay would conceivably become part of
the staging work-up in patients with small cell lung cancer.

2. Growth in the assay — Of the 66 histologically positive small cell lung
cancer specimens in the study described above, 43/66 (64%) produced
growth in the assay. Thirty-three of the 66 (50%) produced at least 30
colonies per control plate, allowing for meaningful drug testing results.
When growth rates were analyzed as to specimen source, the following

Table 5. Growth of small cell carcinoma according to specimen source.

Specimen source Percent with growth
Bone marrow 6/15 (40%)
Solid tumors 27/39 (69 %)
Malignant effusions 10/12 (83%)

Total 43/66 (64 %)
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Table 6. Growth of small cell carcinoma based on previous therapy.

Category Percent with growth
Previous therapy 12/21 (57 %)
No previous therapy 32/46 (69%)

Groups not statistically different.

emerged: malignant effusions grew very well with 83% producing assay
growth. Solid tumor specimens had intermediate growth potential with a
rate of 69%. Bone marrows (unlike the previously described results in all
tumor types) showed the lowest fraction of specimens demonstrating growth
(40 %), possibly related to low numbers of tumor stem cells in the specimens
(Table 5).

The ability of the specimens to grow in the assay was also analyzed on the
basis of whether or not the patient had received previous chemotherapy.
The results with (12/21 = 57%) and without (32/46 = 69 %) prior therapy
were not significantly different (Table 6).

3. Drug sensitivity testing - The results of drug sensitivity testing in spec-
imens containing small cell carcinoma of the lung are shown in Table 7.
Results are displayed for a 50% reduction in tumor colony-forming units.
Only those agents which were utilized in at least 5 drug tests are dis-
played.

Inspection of the data reveals a number of interesting points. The clinical
activity of many of the standard drugs in the treatment of this disease (e.g.
adriamycin, vincristine, and methotrexate) is confirmed by the finding that
a significant number of tumor specimens are also sensitive to these drugs in
vitro. The only exception to this is VP-16 which is a very active drug in the
clinical setting but which inhibited growth in only a small percentage of

Table 7. Drug sensitivity results for small cell carcinoma.

Percent with at least 50% reduction

Drug in tumor colony-forming units
Vincristine 6/14 (43%)
Methotrexate 3/10  (30%)
VP-16 2/12 (16%)
Adriamycin 7/20 (35%)
Mitoxantrone 4/14 (29%)
Bisantrene 7/11 (64 %)
Chlorambucil 2/12 (16%)

Cis-platinum 3/6  (50%)
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tumors in vitro. This discrepancy is thought to be due to difficulties with
suspension of the drug in the vehicle used in the assay.

The second aspect to be considered is a comparison of adriamycin and
the new anthracene derivative drugs Bisantrene (anthracenedicarboxalde-
hyde) and Mitoxantrone (dihydroxyanthracenedione, DHAD). Of these
three drugs, Bisantrene demonstrates the highest rate of activity in the assay.
This holds true even when the results are controlled for previous adriamy-
cin therapy. This suggests that Bisantrene could be a very active clinical
drug in small cell cancer, and a Phase II trial is currently underway to
evaluate this possibility. In addition, because of the presence of some (albeit
small) activity in vitro, a trial of Mitoxantrone would be of interest. Such a
trial has recently been completed in the Southwest Oncology Group with
0/35 patients with disease refractory to previous chemotherapy showing
any objective response. In 14 other patients without previous adriamycin
therapy, 2/14 had an objective response [20].

The third point which should be considered in evaluating in vitro drug
results is the possibility of detecting a drug which might possess clinical
activity which had not been previously recognized (drug screening function).
Such a drug in small cell cancer could be Cis-platinum. As can be seen, in a

Survival Curves (Positive vs. Negative Assay Growth)
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Figure 3. Survival curves for patients with small cell lung cancer grouped by the presence or
absence of tumor growth in the clonogenic assay (all patients).
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small number of trials (6), it appeared to possess significant activity (50 %
response rate). Although it has not been shown to have high clinical activity
in early clinical trials [21], when combined with other agents, high response
rates have been noted [22, 23].

Thus, drug sensitivity testing in specimens of small cell lung cancer seems
to perform three functions. It confirms the activity of many of the standard
agents (and conceivably could predict which should be used in a single
patient), it allows for a comparison of drugs which resemble each other in
structure and function, and it functions as a screening test for potentially
active drugs.

4. Prognostic implications — The final point to consider is whether pre-
sence of growth in the assay could conceivably be a prognostically impor-
tant factor. This has been done in our patiens through the means of con-
structing survival curves for those patients with and without growth in the
assay. When these curves are examined in all patients (Figure 3) and in the
subset of patients with extensive disease, there is no difference between the
two curves. However, when only those patients with limited disease are
included (Figure 4), the curves are statistically significant different, with
those patients whose tumors produced growth in the assay having a worse
prognosis.

Survival Curves (Positive vs. Negative Assay Growth
in Patients With Limited Disease)

100
1 o Growth, n=30

o No Growth, n=19

904
80+
704
601

50

Percent Survival

40

304

204

T

r T
(o] 2 4 6 8 10 12 14 16 18
Time (Months)

Curves Are Significonity Different

Figure 4. Survival curves for patients with small cell lung cancer grouped by the presence or
absence of tumor growth in the clonogenic assay (patients with limited disease only).
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The exact explanation for these findings is at present unknown. On hypo-
thesis would be that these tumors which grew in the assay would be inher-
ently biologically more aggressive, with a tendency to metastasize earlier.
This factor would not be important in those patients who already had exten-
sive (metastatic) disease, but in those patients without metastases (the lim-
ited group), it could select out those prone to develop earlier dissemination
and thus having a worse prognosis. Whether this hypothesis is confirmed or
refuted will only become obvious with the advent of more sophisticated
methodologies for determining biologic aggressiveness and metastatic
potential. For the present, however, one is able to conclude that the ability
of a tumor to grow in the stem-cell assay does have prognostic import for
those patients with clinically limited disease.

5. OTHER LUNG CANCER HISTOLOGIES (NON-SMALL CELL)

1. Growth in the assay — As can be appreciated from Table 8, the precent
of specimens from patients with non-small cell cancer which produce
growth in the assay is comparable to that seen with small cell cancer (61 %
versus 64 %). However, significantly fewer specimens are capable of produc-
ing enough growth (=30 colonies per plate) to allow for drug sensitivity
testing (37 % versus 50% for small cell). Among the individual histologies,
the most likely one to produce growth is large cell carcinoma (72%) fol-
lowed by adenocarcinoma (67 %) and squamous cell (57 %). A similar trend
is seen for tumors producing enough colonies for drug testing with large cell
cancer growing in a frequency (48 %) essentially equal to that seen in small
cell carcinoma. One factor which may make this growth potential appear
poorer than it actually is is the fact that, unlike in the small cell tumors, we
have not completed verification of the pathology in all the specimens
received. This should be a minor problem at most, however, since sampling

Table 8. Growth of non-oat cell lung cancer.

Percent of specimens producing growth

Histology >5 colonies 230 colonies

Adenocarcinoma 96/156 (62 %) 60/156 (38%)
Squamous cell 75/133  (57%) 40/133 (31 %)
Large cell 36/50  (72%) 24/50  (48%)
Total (non-oat cell) 207/339  (61%) 124/339  (37%)

Total (including oat cell) 250/405 (62%) 157/405 (39 %)
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Table 9. Growth of non-small cell lung cancer by biopsy site.

Percent of specimens with growth (=5 colonies)

Biopsy site

Pleura
Histology (effusions and biopsies) Bone marrow  Solid tumor®  Other?
Adenocarcinoma 33/62 (53%) 3/11 (27 %) 54/77 (710%) 6/8 (75%)
Squamous cell 15/33 (45%) 1/5 (20%) 52/85 (61%) 4/9 (44%)
Large cell 6/10 (60%) 4/5 (80%) 26/33 (719%) 0/2 (0%)
Total 54/105 (51%) 8/21 (38%) 132/195 (68%) 10/19 (53%)

¢ <Solid tumor’ category includes primary tumors and solid metastases.

b «Other’ category includes ascites fluid, and CSF.

No attempt was made to verify whether the pathologic examinations were positive or negative
for tumor.

procedures without evidence of disease (i.e. bone marrows) are done much
less frequently in these diseases.

2. Growth according to tissue source - The data for growth according to
specimen source is presented in Table 9 for each of the histologies. Among
both solid tumors (primary lesions and solid metastases) and pleural disease
(effusions and direct extension of tumor), the same patterns of growth are
seen; namely, large cell carcinoma being the most likely to produce growth
followed by adenocarcinoma and squamous cell, in that order. Solid tumors
grew significantly more often than did pleural disease (68 % versus 51 %) but
this is again subject to the qualification that pleural disease, particularly
effusions, are much more likely to be negative for tumor cells than are solid
tumor deposits. The data for bone marrows and ‘other’ metastases (usually
ascitic fluid or CSF) are too scanty to allow for any meaningful conclu-
sions.

3. Drug sensitivity testing — A large number of standard and experimental
anti-neoplastic agents were tested against specimens of the various lung
cancer histologies. The results are shown in Table 10 for all drugs that were
tested against at least 5 specimens of a given histology. As a general state-
ment, it can easily be seen that few drugs appear to have activity against a
significant percentage of the tumors of any histology. Exceptions to this rule
appear to be two of the drugs tested against large cell carcinoma: vinblastine
(activity seen in 5/5 trials) and Bisantrene (activity in 3/8 trials). This posi-
tive data suggests the possible value of future clinical trials of these agents in
patients with large cell cancer. This general lack of in vitro activity is not
surprising, given the resistant nature of these tumors in vivo. Somewhat
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disturbing, however, is the lack of in vitro activity for some of the agents
which have shown some in vivo activity (e.g. 5-FU, vincristine, and mito-
mycin-C(FOMIi) in adenocarcinoma and large cell carcinoma). This appar-
ent lack of correlation may be due to any one of a number of factors
including insufficient data, synergism in vivo with the drug combination, or
previous treatment with anti-neoplastic drugs leading to less in vitro sensi-
tivity. A definitive answer to this question will only be obtained when in
vitro and in vivo testing are compared in the same patient group in a pros-
pective manner.

An additional point to be considered in evaluating the drug sensitivity
data is the question posed previously; namely, does activity of one or more
drugs simply select out a chemosensitive group of tumors rather than sug-
gesting a specific agent for an individual tumor. The data does not allow a
definitive answer to this question, but it is interesting to consider the overall
sensitivity rates in the individual histologic subtypes. Of all the drug tests
done in large cell carcinoma, a reduction of >70% in tumor colony-forming
units (TCFUs) was seen in 15%. Similar figures for squamous cell carcino-
ma and adenocarcinoma were 10% and 4 %, respectively. It is unclear at the
present whether these differences represent differences in the biologic nature
of the various tumor types or whether they are in large part a function of the
drugs which are selected for testing.

Thus, it has been shown that non-oat cell cancers can be grown in the
stem-cell system and drug sensitivity testing can be performed in over a
third of the specimens submitted. Rates of drug activity in these tumors are
generally much lower than those seen in small cell carcinoma, correspon-
ding to the clinically-recognized increased resistance of these tumor types.
No new agents for clinical trials are suggested by the data presented other
than perhaps vinblastine and Bisantrene for large cell carcinoma. Data on
the usefulness of the assay in prognosis and staging like that presented for
small cell carcinoma, is not presently available. Similarly, detailed prospec-
tive in vitro/in vivo correlations have not yet been accomplished for these
tumors.

6. CONCLUSIONS

The soft-agar clonogenic system is based on the stem-cell hypothesis. This
states that a certain small percentage of cells in a given tumor are capable of
reproducing themselves and also giving rise to a large number of more dif-
ferentiated progeny. It is these cells which, when put in the soft-agar system,
are each presumably capable to giving rise to a colony of malignant cells,
composed of one clone. Continuous refinements have allowed achievement
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of the present situation wherein one-half of all tumor specimens of varying
histologic types received have produced growth in the assay system. There
are still a number of problems with the system including the fact that one-
half of tumors fail to produce growth, the time and expense involved in
performing the assay itself, and the low plating efficiency even when growth
is achieved.

Once a tumor produces growth in the assay, the results of drug sensitivity
testing can be evaluated. Problems include the limited number of drugs
which can be tested against an individual tumor (a function of the low
plating efficiency mentioned above), and the two-week delay before results
are available to the clinician. Initial evaluations of correlations between in
vitro results of drug testing and in vivo tumor response have been most
encouraging for the use of the system as a predictor of clinical drug activity
(and even more encouraging for predicting drug resistance).

Extensive data accumulation for specimens from patients with small cell
lung cancer has shown that the tumors are capable of growth in almost
two-thirds of cases and drug sensitivity testing can be done in half of the
specimens submitted. Malignant effusions and metastatic disease grow the
best, with bone marrow specimens being the worst. Primary tumors and
lymph node metastases occupy an intermediate position. Previous chemo-
therapy has no effect on growth potential. Drug testing results confirm the
activity of standard clinically-utilized agents and suggest possible new drugs
for clinical trials (Cis-platinum, Bisantrene). In addition, growth in the assay
is a negative prognostic factor for patients with clinically limited disease.
The assay may also eventually be utilized in staging patients because of its
potential ability to detect metastases in bone marrows and effusions which
may be missed on routine pathology. This latter point must be regarded as
conjectural at the present time, however, pending more data.

The data available for non-small cell lung cancers contains a large number
of clinical specimens, but detailed analyses of patient characteristics and
follow-up are not yet available as they are for small cell carcinoma. These
tumors can be grown in the assay and drug sensitivity testing done (although
less often than in small cell carcinoma). Large cell carcinoma produces
growth most often and squamous cell least often. Drugs tested against these
tumors seldom show activity against a high percentage of specimens.

Future goals are for manipulations of the system to allow for a greater
growth of tumors and the ability to test more drugs through increased plat-
ing efficiency. Further well-done prospective in vitro/in vivo testing is neces-
sary before the assay can be seen as having a role in the routine manage-
ment of patients with malignancy.
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5. Autologous Bone Marrow
Transplantation - Potential Usefulness in Lung
Cancer Management

STEVEN N. WOLFF

1. INTRODUCTION

The therapeutic use of bone marrow transplantation (BMTX) has proli-
ferated in the past few years. Once considered a desperate attempt to control
end-stage refractory leukemia, BMTX is now used to treat acute leukemia in
remission [1, 2], chronic myelogenous leukemia [3], non-Hodgkin’s lym-
phoma [4], some solid tumors [5], aplastic anemia [6], and the malignant
process osteopetrosis [7]. Initially limited to histocompatible siblings (allo-
geneic transplantation) or monozygotic twins (syngeneic transplantation),
the ability to cryopreserve marrow for prolonged periods fostered autolo-
gous bone marrow transplantation (ABMTX) in which the patient serves as
both marrow donor and recipient. In addition to removing histocompatibil-
ity restraints, ABMTX eliminates the requirement for pre-transplant immu-
nosuppression to prevent graft rejection and lessens the potential of graft-
vs-host disease [8].

Although only a few studies using ABMTX in lung cancer have been
undertaken, the increasing use of this technique makes this review timely.
This chapter will focus on the concepts and techniques of ABMTX and
review some of the ongoing studies in lung cancer.

2. RATIONALE OF HIGH-DOSE THERAPY WITH ABMTX

Standard cytotoxic therapy, whether single agent or combination of agents
is constructed to be tumoricidal and ‘tolerable’ with respect to normal tis-
sue toxicity. Dose and schedule of drug administration is titrated to achieve
that balance. Organs with rapid cellular proliferation rates such as the bone
marrow and intestinal mucosa are commonly adversely affected by and
limit cytotoxic therapy. Although modest degrees of cytotoxic therapy
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induced bone marrow suppression can be tolerated by most patients, pro-
found disturbances resulting in severe neutropenia and thrombocytopenia
can be devastating [9, 10]. Presumably, the rapid recovery of normal tissue
compared to neoplastic tissue allows for cumulative tumor toxicity with
repeated courses of therapy [11]. Bone marrow recovery generally limits the
intensity and frequency of cytotoxic therapy.

Chemotherapy and radiation therapy like many other pharmacologic
interventions demonstrate dose-response relationships in in vitro systems,
animal models and in some human tumors [12]. Dose-response relation-
ships become meaningful when a high dose capable of killing most or all of
the tumor cannot be given because of host toxicity. Dose-response relation-
ships become particularly meaningful when the curve is steep realizing sig-
nificant increments in tumor cytotoxicity with increasing dose as opposed to
flat curves in which only modest increments in cytotoxicity occur.

Ionizing radiation, alkylating agents and the nitrosoureas have demon-
strated steep dose-response relationships [13]. Hodgkin’s disease control by
ionizing radiation has been well studied and demonstrates a steep dose-
response relationship [14]. At 1000 rads, the tumor recurrence rate is 60 %,
decreasing to 35% at 2000 rads, 18% at 3000 rads and less than 10% at
4000-4500 rads. Using various chemotherapeutic agents, there are now pro-
vocative examples of in vitro and animal data which have been applied to
human studies. For example, melphalan, an alkylating agent demonstrates a
steep dose-response curve in the murine B16 melanoma [15]. Against hu-
man melanoma, melphalan at standard dose has a response rate of
15% [16]. Using high-dose melphalan followed by ABMTX, response rates
of over 50% have been achieved with some complete regressions
noted [17]. In a similar fashion, the nitrosourca BCNU demonstrates a
steep dose-response curve in vitro [18]. When used against human melano-
ma in clinical trial, BCNU has demonstrated a marked increase in response
rate with high-dose therapy [19].

In my laboratory, in vitro observations of a steep dose-response curve
have been demonstrated with the epipodophylotoxin, VP16-213. Standard
clinical doses of VP16-213 produce plasma levels of less than 20 pg/ml [20].
In a variety of murine tumors in suspension culture complete cytotoxicity
with brief drug exposure requires VP16-213 levels of 20 pg/ml or more [21].
Applying this in vitro information to patients, VP16-213 was escalated using
a modified Fibonacci scheme in a high-dose Phase I trial. Peak plasma
levels achieved with the higher doses exceeded that required for complete
cytotoxicity in the in vitro models. Patients with extensive small cell carci-
noma of the lung have been given high-dose VP16-213 and preliminary
results reveal a response rate higher than that reported with standard
doses [22].
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In addition to single agent studies, some refractory patients with leuke-
mia, lymphoma and germ cell tumors have been cured by high-dose therapy
and this also supports the concept of high-dose therapy. However, limita-
tions exist for dose-response relationships since not all chemotherapeutic
agents exhibit steep dose-response curves, and many drugs cannot be used
at above standard doses due to prohibitive toxicities [23]. In addition, abso-
lute dose may not be the sole determinant of cytotoxicity since both dura-
tion of drug exposure and frequency of exposure can be important fac-
tors [24].

Assuming the clinical value of steep dose-response relationships, ABMTX
provides a mechanism of administering high-dose therapy when the dose-
limiting toxicity is bone marrow suppression. Much higher doses of therapy
could be given and the patient’s bone marrow would be reconstituted by the
transplant. ABMTX is required to guarantee restoration of hematopoiesis if
the high-dose therapy is marrow ablative. ABMTX may also be justified if
the high-dose therapy produces a prolonged duration of severe cytopenias.
In addition, ABMTX may also be useful to replace a pool of damaged stem
cells when cytotoxic therapy produces cumulative as opposed to acute mar-
row toxicity.

3. TECHNIQUES OF ABMTX

ABMTX was first presented in the medical literature in the 1950s but did
not become clinically useful until more effective chemotherapy and patient
support techniques became available. At present ABMTX is performed at
many major medical centers and the number of institutions is rapidly
increasing. Although variations of techniques exist for harvest, cryopreser-
vation and reinfusion, a standard method used at Vanderbilt University and
by other institutions in the Southeastern Cancer Study Group is summar-
ized in Table 1.

3.1. Marrow harvest

Before harvest, a diagnostic marrow examination (aspiration and biopsy)
is performed to assess cellularity and whether there is evidence of metastatic
tumor. Normal marrow (greater than 40% cellular) associated with normal
peripheral blood counts is considered suitable. Although augmentation of
marrow progenitor cells shortly after chemotherapy has been described, we
prefer not to collect marrow with recent chemotherapy [25]. The marrow
donor is placed in the prone position under general or regional anesthesia.
Using sterile technique large bone marrow needles are inserted simulta-
neously in both posterior iliac crests by two operators. Approximately 5 to
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Table 1. Techniques of ABMTX.

1. Determine adequacy of marrow status
2. Harvest by multiple percutaneous aspirations from posterior iliac crest under regional or
general anesthesia
3. Anticoagulate with heparin (10 units/ml) and continually mix the collected marrow
4. Remove large debris and make a single cell suspension by sequential filtering thru stainless
steel mesh (0.3 and 0.2 mm)
5. Place in standard blood bag for transport
6. Deplete 80% of plasma by centrifugation (4000 RPM x 10 min at 22°C)
7. Prepare buffy coat by centrifugation in siliconized glass test tubes (2500 RPM x 15 min at
22°C)
8. Separate and pool buffy coat by needle aspiration
9. Mix with freezing solution yielding a final concentration of 10% DMSO and 20% auto-
logous plasma
10. Freeze in a programmable freezer at 1°C/min from 0 to —80°C
11. Store in liquid nitrogen
12. Administer by rapid thawing in a 37 °C water bath and reinfuse intravenously immediately
over 5 minutes

10 ml of marrow are then aspirated. The needles are inserted further into
the crests with aspiration approximately every one cm. Care is taken not to
aspirate large quantities of marrow from each location and as much of the
posterior crest as possible is aspirated. Immediately after aspiration, the
marrow is anticoagulated with heparin (10 units/ml) and continually mixed.
With proper technique, the total volume of marrow required for satisfactory
cell quantity is approximately 10 ml/kg representing less than 5% of the
total body marrow pool. Marrow donation is well tolerated with postoper-
ative pain at the sites of aspiration as the major complication. Since peri-
pheral blood is aspirated along with the marrow some patients may require
red blood cell transfusions during harvest since approximately 15 % of blood
volume may be collected with the marrow. If intraoperative transfusions are
required the blood must be irradiated to greater than 1500 rads to eliminate
the collection and possible reinfusion with the marrow of viable allogeneic
cells which could cause graft-vs-host disease. For patients with normal
hematocrits able to donate blood, autologous red blood cell transfusion after
liquid storage adequately replaces blood lost during harvest.

3.2. Marrow processing

Although some investigators cryopreserve and transplant unseparated
marrow, the large volume of plasma, red blood cells, fat and mature leuco-
cytes encouraged separation of these elements [26]. After anticoagulation
and mixing, the marrow is passed thru stainless steel mesh (0.3 and 0.2 mm)
to remove gross particulate matter and evenly suspend the cells. The mar-
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row is next placed in plastic bags for centrifugation. Using standard blood
banking techniques, the marrow is centrifuged to remove 80% of the plas-
ma. The packed marrow is then mixed, placed in siliconized glass test tubes
and centrifuged (2500 RPM x 15 min at 22°C) to form a distinct buffy
coat. By aspirating the buffy coat most of the remaining plasma, fat and red
blood cells can be eliminated. From an initial volume of 700 ml, approxi-
mately 70 ml of buffy coat material is separated for cryopreservation. In
addition to this technique, marrow cells may be separated and collected by
Ficoll-Hypaque gradients and collection of the mononuclear interface or by
using an automated intermittent flow cell separator such as the Haemone-
tics model 30 to process the harvested marrow. The latter two techniques
are technically more demanding, cumbersome, time-consuming and expen-
sive.

3.3. Cryopreservation

The theory of cryopreservation and the prevention of freeze injury are
described in detail in a recent review [27]. Basic requirements for marrow
preservation are generally accepted as: (1) the marrow be frozen at a linear
rate of 1-3°C/min from 0 to —80°C; (2) a cryoprotective agent such as
dimethyl sulfoxide (DMSO) (final concentration 10%) be used; (3) since
10% DMSO is toxic to cells at warm temperatures, the interval of time once
DMSO is added to the cells before freezing must be minimized; (4) the heat
generated by the transition from liquid to solid be abrogated as quickly as
possible; (5) the final plasma concentration be at least 20%. These require-
ments are achieved using a programmable freezer cooled by bursts of liquid
nitrogen. In our laboratory the marrow suspension is mixed 1:1 with a
freezing solution (20% DMSO, 40% autologous plasma, 40 % tissue culture
media) and placed in polyolefin plastic freezing bags resulting in the appro-
priate freezing concentrations. The bags, each containing 100 ml of marrow
are compressed between aluminium plates (maximum thickness of bag less
than 0.5 cm) to insure rapid heat transfer, placed in a programmable freezer
and frozen at 1°C/min from 0 to —80°C. After freezing the bags are trans-
ferred to cannisters for inventory purposes and stored in the vapor or liquid
phase (less than 160°C) of liquified nitrogen. Preservation of viability
appears to improve with storage in these conditions as opposed to less cold
conditions [28]. In the cryopreserved state kept in optimal storage condi-
tions, stem cell viability remains adequate for up to 3 years. Longer periods
of storage have not been clinically evaluated. Bone marrow has also been
adequately preserved in the liquid state at 4°C for periods of 48 hours or
less [29].

3.4. Marrow reinfusion
DMSO, in the amount necessary for cryoprotection given intravenously is
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nontoxic [30]. In addition, rapid membrane transport of the drug enables
rapid thawing and dilution before intravenous administration. Although
rapid thaw is preferred by most investigators, dilution can be rapid or grad-
ual [31]. In our institution, the bone marrow is thawed at the patient’s bed-
side and rapidly administered intravenously. Complications to marrow
infused are transient nausea, vomiting and flushing all presumed due to the
DMSO.

3.5. Assessment of marrow viability

Unfortunately, no satisfactory assay for the pluripotential marrow stem
cell in man exists and therefore no direct measurement of the reconstitutive
capacity is available. More committed progenitor cells such as the CFC
gemm or CFC gm have been cultured in vitro and evaluated as measures of
marrow viability and reconstitutive capacity [32]. The lack of standardiza-
tion of these assays and the biologic variability in growth may limit the
usefulness of this assay.

The ultimate demonstration of adequate stem cell viability after cryopre-
servation is the ability of the transplanted marrow to reconstitute hemato-
poiesis in man after marrow ablative therapy. Total body irradiation with
chemotherapy fulfills the requirement of marrow ablative therapy [33].
Using cyclophosphamide or piperizenedione and total body irradiation, two
groups have adequately reconstituted hematopoiesis with cryopreserved
remission marrows of patients with leukemia and lymphoma [34, 35]. In
one study, in patients with lymphoma (and presumably normal marrow
stem cells), hematologic recovery was similar to that of fresh syngeneic
marrow transplants [36]. Leukemia patients had longer intervals for recov-
ery. Table 2 summarizes this data [34, 35].

Although other studies using high-dose combination chemotherapy exhi-
bited hematologic recovery in a similar range [4], without the knowledge
that the patient’s marrow was ablated, one cannot unequivocally accept that

Table 2. Hematologic recovery after ABMTX.

Days after transplant to

No. patients Neutrophils > 500/ul Platelets > 20,000/ul
Acute leukemia 11 21 (15-35)° 22 (20-80)

11 35 (20-44)° 34 (13-127)
Lymphoma 12 20 (11-37)¢ 23 (12-40)
Syngeneic (fresh) 16 16 (12-33)¢ 19 (8-36)

¢ Median, parenthesis indicate range [34].
b Mean, parenthesis indicate range [35].
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complete reconstitution of hematopoiesis was accomplished solely by the
transplanted marrow.

The quantity of nucleated cells required for marrow reconstitution has not
been directly determined in man. 3 x 10® nucleated cells/kg are required in
allogeneic transplants based on the experience with aplastic anemia [6].
However, this disease state is not ideal to evaluate hematopoiesis. Extrapo-
lated from canine experiments using total body irradiation, and with opti-
mal storage conditions, approximately 0.2-0.5x 10%/kg cells are required
for human autologous marrow reconstitution [37].

4. CLINICAL APPLICATION OF ABMTX

There are two basic study designs for the application of ABMTX in can-
cer therapy. One approach is the use of existing effective standard combi-
nation chemotherapy regimens with empiric escalations of myelosuppres-
sive drugs to ‘high-dose’ levels. Presumably, this intensive regimen would
requirc ABMTX to either shorten the duration of myelosuppression or
reconstitute completely ablated marrow in the patient. The advantage of
this approach is the assumption that since the standard dose combination is
effective, dose escalations should further augment activity. However, the
empiric escalation technique has limitations. Although some agents such as
ionizing radiation [38], cyclophosphamide [39], BCNU [40] and mitomycin
C[41] have established acute dose limitations due to extramedullary toxici-
ties, many agents have not been adequately studied. Thus, empiric escala-
tions might use a drug at less than maximal dose and not achieve full cyto-
toxic benefit. In addition, toxic synergistic reactions from the combination
might not be predicted or implicated making subsequent dose adjustments
arbitrary. The empiric approach would be a ‘hit or miss’ attempt to aug-
ment therapeutic efficacy without beforehand knowledge of the toxicity.

The second approach would use the traditional scheme of drug develop-
ment [42]. Single myelosuppressive agents would each be studied to deter-
mine new dose limits since ABMTX abrogates myelotoxic dose restraints
(Phase 1 study). Then these agents at the maximal tolerated dose would be
evaluated against a broad array of tumors (Phase II study) to define antitu-
mor activity. Presumably these high-dose agents would show augmented
activity against tumors which are responsive to the agent at standard dose
and also possibly demonstrate novel tumor activity at the high-dose level.
Eventually, high-dose agents with nonoverlapping extramedullary toxicities
and similar antitumor activity would be combined in high doses to be com-
pared in activity against standard regimens (Phase III study). This scheme
would use each agent at a defined high dose with known toxicities. This
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approach would require considerable developmental time but might reveal
novel therapeutic efficacy. In addition, toxicity would be more predictable
than in empiric escalations minimizing unanticipated prohibitive extrame-
dullary toxicities.

The two previous schemas have used high-dose therapy with ABMTX as
sole therapy. Other considerations would be sequential use of high-dose
therapy and standard therapy. This approach has appeal since the prolonged
interval necessary for hematopoietic recovery after transplantation and con-
sequently long intervals between courses might allow for substantial tumor
regrowth. Although some tumors such as Burkitt’s lymphoma and acute
leukemia can be erradicated by one course of intense therapy, other less
responsive neoplasms might require multiple courses. Thus high-dose ther-
apy could be used as intense induction (as in acute leukemia) followed by
standard consolidation therapy, or intermittently with standard therapy or
as late intensification after the maximal benefit of standard therapy (i.e. the
Norton-Simon hypothesis [43]).

A last approach for ABMTX would be to restore hematopoiesis after
aggressive standard chemotherapy. For example, instead of initiating each
course of standard therapy after hematopoietic recovery, one could admin-
ister courses at a fixed interval. This interval should be short enough not to
allow for any tumor regrowth. If full hemotopoietic recovery was not
achieved between each course of therapy, ABMTX after the last course
would restore full hematopoiesis.

However, considering the potential limitations and alternative uses of
ABMTX, the ultimate approach would be development of cytoreductive
therapy of such magnitude that only a single course of therapy be re-
quired.

5. HIGH-DOSE STUDIES IN LUNG CANCER

Small cell carcinoma of the lung is a prototype tumor for which high-dose
therapy has been applied because of the high response rate and near eradi-
cation with standard therapy [44]. For example, Martin and co-workers
treated patients with CCNU, cyclophosphamide and methotrexate. Ran-
domization was between a ‘standard dose’ scheme and a ‘high-dose’
scheme [45]. Doses in the high-dose scheme were two times greater than the
standard therapy. A response rate of 96 % (30% complete, 66 % partial) was
achieved with the high doses compared to 30% (30 % partial, 0% complete)
using standard doses. Although the doses in the high-dose regimen were
only moderate compared to transplantation type doses, the higher complete
response rate suggests dose-response benefits. Since small cell carcinoma of
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the lung responds to myelosuppressive agents such as alkylating agents, ion-
izing radiation, doxorubicin and the nitrosoureas, high-dose regimens using
these active agents have been tried at large institutions experienced in allo-
grafting and autografting. The University of Washington at Seattle treated
patients with cyclophosphamide, total body irradiation (TBI) and BCNU
but found it too toxic [46]. UCLA tried a multi-agent regimen including
vinblastine, cyclophosphamide, doxorubicin, methotrexate and TBI that
produced severe pulmonary and cardiac toxicity [5]. The Johns Hopkins
group reported only a brief partial response in one patient treated with two
five-day courses of cyclophosphamide, doxorubicin, VP16-213 followed by
800 rads of TBI [47]. The largest series was performed by M.D. Anderson
Hospital using a combination of cyclophosphamide 1500 mg/m?*/day for 3
days, VP16-213, 200 mg/m?/day for 3 days, doxorubicin 80 mg/m?/day and
vincristine 1.5 mg/m?/day for two days [48]. The combination was given
twice, followed by reinfusion of cryopreserved marrow. Acute cardiac ar-
rythmias forced the deletion of doxorubicin from some courses. After com-
pletion of this intense induction, prophylactic cranial irradiation followed
by thoracic irradiation to the primary tumor was accomplished. Then,
maintenance chemotherapy using the same drugs in standard doses were
applied. Limited and extensive stage patients were treated with an overall
response rate of 100% (54 % complete). The complete response for limited
patients was 62% (5/8) vs 40% for extensive patients (2/5). The median
survival was 54 weeks with only one limited patient in sustained remission
at 83 weeks. Toxicity was marrow suppression, nausea, vomiting, mucositis
and fever. Unfortunately, although increasing toxicity, this study fails to
depart from the results using standard therapy. The helter-skelter nature of
these combinations with profound toxicities and disappointing results sug-
gests the possible limitations of high-dose therapy.

Single agent trials in previously treated patients with small cell carcinoma
have been tried using high-dose BCNU. Brief partial responses without
patient benefit were seen in most patients [40]. One of the most provocative
single agent studies was performed at the University College Hospital of
London [49]. Sixteen patients with untreated small cell carcinoma (13 lim-
ited, 3 extensive) were treated with one course of cyclophosphamide 160-
200 mg/kg followed by ABMTX. Tumor assessment was made after hema-
tologic recovery. Then conventional irradiation to the primary tumor was
administered. Eleven patients had complete responses, 2 had partial re-
sponses and 3 no responses. Seven of the complete responders are disease-
free 30 to 70 weeks later. Although a preliminary report without long-term
follow-up, the brevity of therapy resulting in a complete response of 69 %
supports a dose-response relationship since the response to standard dose
cyclophosphamide is only 28 % [50].
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At Vanderbilt University, escalations of VP16-213 with ABMTX have
been performed in a variety of neoplasms. From our data in ambulatory
patients, VP16-213 at 1200 mg/m? does not produce a degree of marrow
suppression to warrant ABMTX. Thirteen patients with extensive SCCL
were treated with two courses of VP16-213 at 1200 mg/m?, followed by
standard cyclophosphamide, doxorubicin and vincristine with thoracic irra-
diation. After six courses of standard chemotherapy a final course of VP16-
213 at 1200 mg/m? was given. Of 10 ambulatory patients, 8 had good
responses to VP16-213. Follow-up is too brief to define survival but the
preliminary response rate after higher-dose VP16 is twice that anticipated
with standard dose VP16-213 [50].

Non-small cell carcinoma of the lung has been infrequently studied with
high-dose therapy since no effective standard therapy is available to suggest
agents for dose escalation studies.

6. SUMMARY AND CONCLUSIONS

BMTX has added a new dimension to cancer therapy by allowing inten-
sification of cytotoxic therapy. Although initially limited to histocompatible
siblings, the development of cryopreservation techniques has allowed auto-
logous transplants. By using a patient as both marrow donor and recipient,
ABMTX avoids the necessity of having a histocompatible donor and pre-
transplant immunosuppression. In addition, graft-vs-host disease should not
occur. Although extensive laboratory evidence is available to support a
dose-response relationship with therapy and cytotoxic effect, only recently
have clinical studies supported that in vitro observation. For example, high-
dose therapy with cyclophosphamide and TBI with ABMTX have cured
refractory patients with lymphoma after one course of therapy and pro-
longed survivors are described in small cell carcinoma of the lung and tes-
ticular carcinoma using intense regimens [34, 35]. In carcinoma of the lung
only a few preliminary studies are available. Empiric high-dose combina-
tions have generally been toxic with no improvement over standard thera-
py. Approaches using high-dose single agents with ABMTX and sequential
standard and high-dose therapy are being performed. With the proliferation
of centers capable of cryopreserving and transplanting marrows, more criti-
cal studies should soon be available to better define the value of high-dose
therapy in lung cancer.
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6. Diagnosis of Poorly Differentiated Carcinoma of
the Lung

JOHN M. LUKEMAN and BRUCE MACKAY

1. POORLY DIFFERENTIATED LUNG CARCINOMAS

Current classifications of lung cancer are based upon the morphologic
patterns and cytologic features of the tumors, and the degree of cell differ-
entiation can in addition be used in histologic grading. The four main cate-
gories recognized in most classifications, including the recent (1977) revi-
sion [1] of the 1967 World Health Organization nomenclature [2], are squa-
mous carcinoma, adenocarcinoma, undifferentiated large cell carcinoma and
undifferentiated small cell carcinoma. The better differentiated squamous
and adenocarcinomas can be recognized by the pathologist with little diffi-
culty when acceptable material for light microscopy is available. In contrast,
poorly differentiated and undifferentiated tumors are open to the subjective
impression of the examiner and may be designated by a variety of makeshift
terms such as unclassified malignant neoplasm and anaplastic carcinoma
reflecting frustration with neoplasms that do not demonstrate distinct cyto-
morphologic features. The degree of distortion that is often present in small
biopsies is undoubtedly a major contributing factor to this lack of specificity
in the labelling of lung tumors, but criteria for identifying the poorly differ-
entiated and undifferentiated carcinomas are not well defined, and it is
hardly surprising that problems constantly arise in the evaluation of small,
distorted biopsies. Imprecise designations appear in pathology reports of
lung neoplasms with a degree of frequency that significantly impairs the
accuracy of clinico-pathologic studies, yet the pathologist who honestly
attempts to append a more specific label to as many tumors as possible is
likely to find that colleagues reviewing the cases will produce varying inter-
pretations.

With the increasing use of multiple therapeutic modalities in the manage-
ment of lung cancer patients, precision in the diagnosis of the tumors is of
considerable importance, and the objective of this paper is to briefly review
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criteria for the cytologic, histologic and ultrastructural identification of the
four major categories of lung carcinoma. Carcinoid tumors are also consid-
ered, since they frequently enter into the differential diagnosis, but mesothe-
liomas, the uncommon primary mesenchymal neoplasms, and metastatic
tumors are omitted.

2. TISSUE PROCUREMENT

Technical problems, including inaccessibility of lesions and the hazards of
taking large biopsies at endoscopy, are the main reasons that many at-
tempted pathologic studies of lung tumors are not diagnostic. To these must
be added a lack of awareness on the part of some surgeons and nurses of the
importance of handling tissues gently and fixing them promptly. Alterations
in the tissue prior to biopsy also contribute : biopsies taken with the flexible
fiberoptic bronchoscope usually measure about 1 mm and the instrument
only samples the surface of the tumor which is often distorted. Fine needle
biopsies aspirate the least cohesive parts of a tissue, and necrotic areas are
more likely to yield their cells than viable parts of a tumor. When a second
aspirate is taken through a skinny needle without repositioning the tip, it
consists largely or entirely of peripheral blood cells. Compressed or
squashed cells in small biopsies may look more like fibers than neoplastic
cells [3] and freezing and drying compound the problem. Artifactual change
may cause cells of a differentiated primary lung carcinoma to shrink to the
point where they closely simulate those of a small cell undifferentiated
tumor, and this is a common source of error in diagnosis. An accurate
assessment may not be possible in as many as 20 % of lung and mediastinal
biopsies.

Malignant cells in sputum, bronchial brushings or washings, or aspiration
biopsies represent only a small sampling of a tumor, and they may not
indicate the major component of a tumor that is composed of more than
one cell type: this occurs more frequently than many suspect. Cytology
specimens that are smeared and then air-dried show so much distortion that
interpretation is often impossible. For fine needle aspiration biopsies, a
mixture of equal parts of 50% ethyl alcohol and Ringer’s solution is suitable
if there is to be less than 2 hours delay prior to processing; otherwise,
Mucolexx is excellent. In the case of fluids and brushings, it may be neces-
sary to lyse the erythrocytes, and the specimen must then be concentrated
properly, spread evenly and stained with care to allow proper comparison
between normal, reactive and malignant cells. The cytoplasmic counterstain
should not be too pale.

From these comments, it should be evident that we regard effective tissue
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procurement as an essential preliminary to the evaluation of preparations of
all lung tumors, and of critical importance where the tumor is poorly dif-
ferentiated. It is appropriate to add that the pathologist sampling a resection
specimen should select tissue from several regions of the tumor, immerse
thin (3 mm) slices promptly in 10% buffered formalin for light microscopy
and, routinely, place at least one even thinner (1 mm) slice in buffered glu-
taraldehyde for electron microscopy. Formalin is a poor second choice for
ultrastructural tissue specimens, but it may prove to be acceptable if gluta-
raldehyde is not available when the specimen is grossed.

3. POORLY DIFFERENTIATED ADENOCARCINOMA

Acinar formation, the hallmark of an adenocarcinoma, becomes decreas-
ingly evident with loss of differentiation (Figure 1), but in its absence a
poorly differentiated tumor may be identified as adenocarcinoma by the
demonstration of cytoplasmic mucin, or from the features of the cells in
tissue sections or cytologic peparations. It is possible to encounter an occa-
sional mucin-forming cell within a squamous carcinoma, so this is not an

Figure 1. Tissue section of adenocarcinoma showing dedifferentiation of the cells adjacent to a
gland. Note the cell pleomorphism. H& E x 360.
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absolute criterion. Acinar formation may be confined to small zones of a
poorly differentiated adenocarcinoma, and there is a better chance of
encountering minute foci if multiple sections from the available blocks, and
ideally sections from several areas of the tumor, are examined. An adeno-
carcinoma made up of sheets of uniform cells that are consistently mucin-
negative may not be distinguishable from a poorly differentiated squamous
carcinoma. The clinical consequences of an error at this level of dedifferen-
tiation are not known and may be insignificant. Sharply circumscribed
groups of cells are seen in both tumors though they are more common in
adenocarcinomas. The occurrence of clear cells favors adenocarcinoma [4],
and zones of pleomorphic cells are also more common in adenocarcino-
ma.

In cytologic preparations, the cells of poorly differentiated adenocarcino-
mas tend to be loosely cohesive. They may cluster in twos and threes or
present as single cells. Aggregates of cells with a distinct community border
are seldom found. Cell cohesiveness can, however, be an important diagnos-
tic feature for adenocarcinoma in the small number of cases in which it
occurs. In its absence, single cells may be diagnostic (Figure 2). The cells are
usually oval and small (15-25 micrometers in diameter), though some are

Figure 2. Cells of poorly differentiated adenocarcinoma in sputum have scanty cytoplasm, round
nuclei and prominent nucleoli. x 800.
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larger, and in the small cells the nuclear-cytoplasmic ratio is correspon-
dingly high. Regardless of the degree of differentiation, adenocarcinoma
cells commonly show a thin, regular nuclear membrane. The chromatin is
typically clear, finely granular and weakly basophilic. Nucleoli vary and
may be single and prominent or multiple and less conspicuous.

At the ultrastructural level, a poorly differentiated adenocarcinoma may
display evidence of acinar formation in the presence of lumens bordered by
cells with apical microvilli and joined by tight junctions. A very small
lumen that would be totally unsuspected in paraffin sections will be obvious
with the electron microscope. Some apparently solid carcinomas turn out to
have numerous small lumens, or even mere clefts between the cells into
which microvilli project. The microvilli may be uniform and straight but
they do not usually contain microfilament cores like those of intestinal car-
cinomas. More often, the microvilli are short and curved, particularly when
they project into a thin gap between adjacent cells. Apart from the tight
junctions, which are not always seen in a poorly differentiated adenocarci-
noma, the cells are joined by desmosomes that vary in size and number but
are smaller and usually fewer than those of a squamous carcinoma. Simi-

Figure 3. Squamous carcinoma. Tissue section showing pleomorphism and hyperchromasia of
surface cells. Cells in the center of the lobule show nuclear irregularity and prominence of
nucleoli. H& E x 450.
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Figure 4. Sputum with cells of poorly differentiated squamous carcinoma. The cells are small,
cytoplasm is fragile and nuclei show marked hyperchromasia. Nuclear detail is frequently
obscured by degenerative changes. x 800.

larly, tonofilament bundles are better developed in a squamous carcinoma,
though they may be present in occasional cells of an adenocarcinoma and
their presence certainly should not exclude that diagnosis. Small quantities
of secretory material such as mucopolysaccharides can be detected by elec-
tron microscopy within cells of tumors which, in paraffin sections, appear
mucin-negative.

4. POORLY DIFFERENTIATED SQUAMOUS CARCINOMA

The cells of a poorly differentiated squamous carcinoma are usually small
with scanty basophilic cytoplasm and considerable variation in nuclear size
and shape (Figure 3). They typically stratify, but may form irregular cords or
nests. Small groups of better differentiated cells with recognizable intercel-
lular bridges may be found after a search of a number of areas.

In cytologic preparations, including sputum and most aspirations, the
cells occur singly or in small groups. Infrequently, a few tissue fragments are
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encountered in an aspiration biopsy smear. As is the case in tissue sections,
the cells are usually smaller than in the more differentiated tumors, and the
cytoplasm is often scanty (Figure 4). Nuclei are hyperchromatic, and show
more variability in size and contour than those of poorly differentiated ade-
nocarcinomas. The nuclear membranes of the latter are usually smooth and
regular and the chromatin is finely granular or even clear, in contrast to
those of the squamous cells. It may, however, be extremely difficult or
impossible to differentiate between a poorly differentiated squamous carci-
noma and adenocarcinoma by light microscopy, since they can overlap to a
considerable degree in their histologic and cytologic features. Nuclear debris
and infiltration of macrophages, lymphocytes and neutrophils, and zones of
frank necrosis, are characteristic of both. Occasionally the presence of tiny
vacuoles in the cytoplasm of adenocarcinoma cells is helpful, and these cells
sometimes have two similar appearing, overlapping nuclei, an uncommon
finding in squamous carcinoma.

Varying degrees of squamous differentiation may be detected at the
ultrastructural level in cells of poorly differentiated squamous carcinoma

Figure 5. Aspiration biopsy of a poorly differentiated carcinoma shows epithelial cells of inter-
mediate size with scanty cytoplasm, finely granular nuclear chromatin and rarely a prominent
nucleolus. x 800.



94

Figure 6. Poorly differentiated carcinoma. Tissue section showing tumor lobules composed of
small cells with clear cytoplasm and irregular nuclei which show moderate pleomorphism and
hyperchromasia. H& E x 360.

when there is no evidence of differentiation by light microscopy. They are
more likely to be found in well-preserved specimens from viable areas of
the tumor, and the chances of encountering them are greater if more than
one area of the tumor has been sampled for electron microscopy. Frequent
prominent desmosomes with associated tonofilament bundles and foci of
keratin formation are squamous features.

5. POORLY DIFFERENTIATED CARCINOMA

At the present time, there is some question as to whether a category with
this designation is justified. It hinges on the degree of specificity of the
criteria for large cell undifferentiated carcinoma. If the latter tumor is
viewed as including all dedifferentiated squamous and adenocarcinomas,
then poorly differentiated carcinoma is an unnecessary term. It is not
included in the revised World Health Organization classification. Neverthe-
less, it can be a convenient label for a carcinoma where some differentiation
is suspected by light microscopy from the histologic sections or cytologic
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preparations, and yet the tumor cannot with any confidence be said to be
either squamous carcinoma or adenocarcinoma. In these situations, electron
microscopy frequently demonstrates features of one or the other. Many
pathologists would include these tumors in the large cell undifferentiated
category. Cytologically (Figures 5~7), the cells of poorly differentiated car-
cinomas are equivalent in size to those of a moderately differentiated squa-
mous carcinoma, and the nuclei may be eccentric and irregular in profile.
A moderate quantity of cytoplasm is usually visible.

6. UNDIFFERENTIATED LARGE CELL CARCINOMA

As adenocarcinomas and squamous carcinomas dedifferentiate, they pro-
gressively lose their distinctive features, and there comes a point at which
these features can no longer be detected by light microscopy though there
may still be evidence of the cell type at the ultrastructural level. The con-
troversial term, poorly differentiated carcinoma, could be used for all the
tumors which cannot be subclassified by light microscopy, but since they do

Figure 7. Another example of a poorly differentiated carcinoma composed of smaller cells with
scanty cytoplasm. The cells are suggestive of oat-cell carcinoma, but by electron microscopy the
tumor demonstrated features of a poorly differentiated adenocarcinoma. H& E x 360.
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not display any perceptible evidence of differentiation, undifferentiated
large cell carcinoma is more appropriate. If the term poorly differentiated
carcinoma is retained, it becomes more difficult to define the large cell
undifferentiated tumor.

If the term undifferentiated large cell carcinoma is used as a light micro-
scopic designation for tumors showing no distinguishing features other than
those of carcinoma in general, but composed of cells that differ in size and
other features from small cell lung cancers, then this category will include
some tumors which could be subclassified by electron microscopy. That this
is the case is evident by reports of ultrastructural studies of these tu-
mors [5, 6], in which some are shown to possess characteristics indicating
that they are in fact squamous or adenocarcinomas. Since relatively few
pathologists have ready access to an electron microscope for the routine
study of lung tumors, it is logical to restrict the criteria to those that are
reproducible and can be used by the light microscopist, aided by simple
histochemical procedures such as mucin stains. More precision in subclas-
sification is obviously possible with the use of the electron microscope,
complementary to conventional optical microscopy, but there is no infor-

Figure 8. Undifferentiated large cell carcinoma. Tissue section showing loosely arranged cells
with ample cytoplasm and prominent nucleoli. There is no evidence of an organoid pattern.
H&E x 360.
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mation at the present time on whether the added accuracy would signifi-
cantly affect the results of clinical studies or influence patient manage-
ment.

The difficulties involved in defining criteria for the identification of
undifferentiated large cell carcinomas by light microscopy, and the lack of
awareness of many pathologists of the significance of the category, are
reflected by the occurrence of terms such as anaplastic carcinoma in the
literature. There is a temptation to use this as a ‘catch all’ category for
tumors that do not clearly fit into the other three major groups{[7]. The
criteria become broader if the term poorly differentiated carcinoma is
retained, but in its typical form, a large cell undifferentiated carcinoma of
the lung is composed of irregular aggregates of cells separated by slender
connective tissue partitions. The latter are incomplete so that adjacent
groups of cells communicate. Within the sheets of cells in tissue sections,
the tendency is towards close apposition of the tumor cells, but areas where
there is loss of cohesion can usually be found without difficulty, particularly
adjacent to the zones of necrosis that are so frequent within this tumor.
There are no organoid structures. If acinar formation is identified, the

Figure 9. Cells of undifferentiated large cell carcinoma in sputum. The cytoplasm is finely
vacuolated or granular. Nuclei are variable in size and nucleoli are prominent. x 800.
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tumor is an adenocarcinoma and not a large cell undifferentiated carcinoma.
The tumors cells (Figure 8) are relatively uniform, round to oval, with cen-
tral round or oval nuclei that have dispersed chromatin and conspicuous
nucleoli. A moderate quantity of slightly basophilic cytoplasm can be iden-
tified. In some tumors, most or all of the cells are pleomorphic, but groups
of pleomorphic cells may also be encountered in more differentiated tu-
mors, particularly adenocarcinomas [8]. The larger cells have irregular cell
and nuclear profiles and some contain more than a single nucleus.

In cytologic preparations, the cells are round, oval or occasionally poly-
hedral, and they have ample cytoplasm. Usually there is a single round or
oval nucleus which contains one or two nucleoli (Figure 9). The nuclear/cy-
toplasmic ratio varies from moderate to high. In good preparations, the
cytoplasm may appear opaque or acidophilic, nuclear membranes are sharp,
and the chromatin is finely granular. With degeneration, the nuclear shapes
become more irregular and the chromatin clumps; the course granularity of
the chromatin renders the nuclei hyperchromatic. In cells shed from an
anaplastic tumor, giant cells with one or multiple nuclei occur sporadically,
intermingled with the more regular cells depending on the composition of
the tumor.

Figure 10. Undifferentiated large cell carcinoma. The electron micrograph shows several closely
apposed cells with relatively high nuclear cytoplasmic ratios and sparse organelles. There is no
suggestion of acinar formation, and cell junctions are inconspicuous. x 3,010.
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The ultrastructural appearance of an undifferentiated large cell broncho-
genic carcinoma varies to some degree depending on how stringent the light
microscopic criteria for this category are. Some of the tumors to which this
diagnosis is given by light microscopy will be found to possess areas of
acinar formation or squamous differentiation by electron microscopy, but
these are poorly differentiated tumors in which the meagre morphologic
indicators of differentiation were not detected in the paraffin sections and
mucin stains were negative. A truly undifferentiated tumor (Figure 10) is
composed of cells with smooth, closely apposed cell membranes. The small
but easily found cell junctions are desmosomes with few or no tonofila-
ments. Some variation in cell size and shape can be appreciated by light
microscopy in semi-thin (1 micrometer) sections of the E.M. material, and
with the electron microscope it is seen to be due primarily to the amount of
cytoplasm. Nuclei have regular contours, fine dispersed chromatin, and
usually a single large nucleolus. A moderate number of organelles including
mitochondria and slender cisternae of granular endoplasmic reticulum is
seen in most cells.

7. UNDIFFERENTIATED SMALL CELL CARCINOMA

The terms small cell lung cancer and oat-cell carcinoma are often used
synonymously with undifferentiated small cell carcinoma. The tumor arises
in the vicinity of the hilum in approximately three-fourths of cases, and the
remainder occur in the mid-zone of the lung or are peripheral. A character-
istic of this aggressive neoplasm is its tendency to metastasize while the
primary is small and often undetected, but some tumors are large bulky
masses by the time the patient seeks medical attention. Usually the cells
proliferate beneath the bronchial mucosa in the early stages of growth,
imparting to the bronchus a thick, shiny pipe-stem appearance. In the large
tumors, extensive zones of necrosis are characteristic. Different histologic
types of bronchogenic carcinoma may be associated with the production of
polypeptide hormones but it is more common with the small cell tumors.
A variety of hormones have been associated with this tumor [9, 10, 11]
and their levels may have some role in monitoring the progress of the
neoplasm.

Because of differences in biological behavior and response to therapy
compared with the large cell lung tumors, identification of small cell lung
cancer is of considerable clinical importance. If viable, well-preserved and
processed tissue is available for study, most of these tumors can be identi-
fied by light microscopy, although some with larger cells pose a problem in
distinction from large cell undifferentiated carcinomas.
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The cells have a peculiar proneness to artifactual distortion that is fre-
quently evident from the appearance of the cells in histologic and cytologic
preparations. Their susceptibility to squashing is often obvious in small
biopsies. This appearance is not a sine-qua-non of small cell lung cancer
since it can also be seen in the more differentiated tumors and it should not,
therefore, be relied upon as a diagnostic criterion.

Two of the more controversial aspects of small cell lung cancer are its
histogenesis and the question of whether or not subtypes exist. The World
Health Organization classification implies that subtypes can be identified by
light microscopy, namely tumors composed of uniform small round cells
resembling lymphocytes (oat-cell type), and tumors composed of more oval
to elongated cells (intermediate variant). The validity of this subclassifica-
tion has not been established, and some tumors contain areas where both
cell forms can be detected. Ultrastructural studies [12] have also failed to
establish criteria for subdividing the small cell lung cancers. Further studies
are needed, however, in view of the occurrence of occasional long-term
survivors among patients with this tumor.

Regardless of the subtype, in histologic sections the tumor cells common-

Figure 11. Tissue section of an undifferentiated small cell carcinoma with small round cells.
Cytoplasm is scanty, and nuclear chromatin finely granular. Occasional nucleoli are visible.

H&E x 360.
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Figure 12. Tissue section of an undifferentiated small cell carcinoma showing foci of squamous
differentiation. H& E x 360.

ly appear in sheets, broad cords, or aggregates without architectural patterns
(Figure 11). Zones of necrosis are frequently seen and may be extensive. At
the margin of the necrotic tissue, varying degrees of degenerative change
within the cells are seen, and in the necrotic zones, ghost-like forms can
often be identified. The hyperchromatic appearance of the tumor at low
magnification is often striking and can be attributed to the relatively scanty
cytoplasm and uniform nuclei of the closely packed celis.

Histologically it may be difficult to distinguish between the intermediate
form of oat-cell carcinoma and a poorly differentiated adenocarcinoma. In
the former tumor, cords and pseudorosettes may be present, and in some of
the areas where rosette-like formations are occurring, the cells may have
more cytoplasm and an impression of polarity may be conveyed by the
nucleus being located towards one end of the cell. Foci of squamous
differentiation (Figure 12) and areas of pseudoglandular differentiation
(Figure 13) may be encountered within an otherwise pure small cell lung
carcinoma.

Cytologically, the cells in sputum, aspiration biopsies, bronchial washings
and brushings are similar to those in tissue sections (Figure 14), but they
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Figure 13. Tissue section of an undifferentiated small cell carcinoma showing an area of
pseudoglandular differentiation. H& E x 360.

Figure 14. Fine needle aspiration biopsy of an undifferentiated small cell carcinoma. The cells
rarely show intact cytoplasm, but in aspiration specimens nuclear detail is clearly demonstrated.
x 800.
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Figure 15. Sputum: undifferentiated small cell carcinoma. The cells would conform to the
intermediate type, but cytologically separation from the small round cell type is difficult. The
intermediate cells usually are larger, show more cytoplasm, are more elongated and their
nucleoli are more prominent. x 800.

appear even more hyperchromatic, and are often found in small aggregates
or in an Indian file arrangement. This tendency to aggregate is an aid in
distinguishing small cell carcinoma from a malignant lymphoma since in
the latter tumor the cells do not clump, mold or adhere to one another. In
the intermediate form of small cell lung cancer, the cells may be 50% larger
and are often less hyperchromatic than the small round, lymphocyte-like
cells, and cytoplasm is readily apparent (Figures 15 and 16). Nucleoli can be
observed in many of the cells. The chromatin is similar to that of the lym-
phocyte-like cell, and separation of the small round cell form from the
intermediate type is often difficult or impossible in cytologic prepara-
tions.

Much has been made of the occurrence of dense-core granules in the cells
of undifferentiated small cell carcinomas [13, 14], to the point where it is
commonly stated that these tumors are dedifferentiated carcinoids. In fact,
the granules are not always present, and the diagnosis must not be excluded
simply because they cannot be demonstrated in a particular specimen. The
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Figure 16. Undifferentiated small cell carcinoma. The cells are smaller than those of the undif-
ferentiated large cell carcinoma shown in Figure 9, and they have very little cytoplasm. The
nuclear chromatin is denser, and nucleoli are small. x 2,800.

granules are characteristically small, of the order of 150 nm in diameter,
round, and clearly membrane-bound. In size they are comparable to the
granules of neuroblastomas and neuroendocrine carcinomas. In contrast,
most carcinoid tumors have considerable numbers of granules and they are
usually more than 200 nm in diameter. There are tumors that can not be
confidently placed in either category, but the majority of small cell lung
cancers do not closely resemble carcinoid tumors either by light or electron
microscopy.

Ultrastructurally, the cells of a small undifferentiated carcinoma of the
lung vary in shape from spherical to elongated, but the majority of the
tumors are composed of short oval cells (Figure 16). The nucleus is central
and has a smooth profile. Chromatin is finely clumped, with the result that
the nucleus is moderately electron-dense but uniform in well-preserved
material, and nucleoli are usually inconspicuous. Adjacent to an area of
necrosis, varying degrees of nuclear pyknosis will distort these features, and
squashing has the same effect. Organelles are scanty and the cytoplasm is
principally occupied by unattached ribosomes. Adjacent cells are often
closely apposed, and cell junctions can be found without difficulty; they
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Figure 17. Spindle cell variant of a carcinoid tumor. The diagnosis was confirmed by electron
microscopy. H& E x 360.

may be small desmosomes with short bundles of tonofilaments, or mere
thickenings of the plasma membranes.

8. ATYPICAL CARCINOID TUMOR

Carcinoid tumor, referred to in the past as a form of bronchial adenoma,
is an often indolent but potentially aggressive tumor that arises from the
Kulchitsky cells of the bronchial epithelium or submucosal glands, and prol-
iferates beneath the mucosa. Most patients are under the age of 40, in con-
trast to those with bronchogenic carcinoma. The tumor is composed of
small, uniform, polyhedral cells with central round nuclei and moderate
amounts of cytoplasm. The regular appearance of the groups of cells by light
microscopy often suggests the diagnosis, but tissue biopsies are usually
necessary since cells are not commonly found in induced cough specimens
or sputum unless the overlying mucosa is ulcerated. Small peripheral or
mid-zone nests of cells or tiny tumors (tumorlets) [15, 16] are an incidental
finding in some resected lungs that show bronchiectasis or chronic pneu-
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Figure 18. Fine needle aspiration biopsy of an atypical carcinoid. The cells are pleomorphic,
cytoplasm is scanty and some nuclear variability can be seen. The cells resemble those of the
intermediate small cell carcinoma; however, nuclear chromatin is more prominent and larger
chromocenters occur. x 800.

monitis with scarring. They appear to have little propensity to spread,
though occasional metastatic examples have been recorded [17].

While the typical carcinoid tumors are usually identified with little diffi-
culty by light microscopy, problems exist with the so-called atypical forms
in which the cells form diffuse sheets rather than nests, and may be oval or
spindle-shaped (Figure 17). Mitotic figures are often present. In areas, the
cells can simulate those of an undifferentiated small cell carcinoma. Cyto-
logic preparations (Figure 18) are rarely effective for determining the nature
of the tumor because of the low yield of cells and their similarity to cells of
small cell lung cancers. The distinctive feature is the presence of cytoplas-
mic dense-core granules [18], and it may be possible to demonstrate them
by light microscopy with the Sevier-Munger stain. They are often sparse and
small, and electron microscopy is then necessary to establish the nature of
the tumor. There are occasional cases where overlap in granules number
and caliber render a distinction between small cell lung carcinoma and car-
cinoid tumor difficult or not possible, but in most instances the carcinoid
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cells have more and larger granules, and a greater number of cytoplasmic
organelles including mitochondria, granular endoplasmic reticulum and
lysosomes.

9. CONCLUSION

Problems in the diagnosis of the poorly differentiated carcinomas occur
frequently when only light microscopy is employed. When necrosis is pre-
sent, the cells in sputum are difficult to identify by specific cell type. A
better sample with improved nuclear detail may be obtained with fine
needle aspiration biopsies. Usually special histologic stains such as Alcian
Blue and Mayer’s Mucicarmine are not helpful in the diagnosis of the poorly
differentiated tumors. Although immunologic and histochemical procedures
which may help to separate the different subgroups of lung cancer are being
investigated, they are still of questionable reliability and must be further
evaluated. All of these tumors should be examined by electron microscopy
since it is often diagnostic.

Histochemical, immunologic and enzymatic investigative procedures are
daily adding to our detailed knowledge of the pathophysiologic changes that
occur in premalignant and malignant tissues. Reliable staging, and im-
proved cytologic and histologic diagnosis, coupled with modified and new
therapeutic regimens are changing the survival of patients with primary lung
cancers which only recently showed no or little response to therapy.
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7. Morphologic Changes in Small Cell Lung Cancer

MEHMET F. FER, WILLIAM W. GROSH and F. ANTHONY GRECO

1. INTRODUCTION

It is generally accepted that the morphology of malignant cells often
denotes their cellular origin, predicts the natural history of the neoplasm,
and therefore assists in planning therapy. Given this important role of cel-
lular morphology in clinical oncology, observations of changing histology
with time or following treatment have baffled physicians and resulted in
some intriguing speculation. Changes in morphology with regard to the pre-
dominant cell type or the degree of differentiation have been observed in a
variety of neoplasms [1-7]. For example, approximately one third of pa-
tients with chronic granulocytic leukemia in blast crisis will express mor-
phologic and enzymic properties of acute lymphoblastic leukemia [1, 2].
Malignant germ cell tumors of the testicle when re-biopsied following che-
motherapy will often display benign, mature teratoma histology [3, 4].
When the morphologic classification of Rappaport is used, it has been noted
that many ‘nodular’ lymphomas eventually evolve into aggressive neo-
plasms with diffuse histology [5, 6]. Changes in the degree of differentiation
have been well documented in medullary thyroid carcinoma and prostate
cancer [7]. In both instances the time-dependent changes have implied a
progressive loss of differentiating features; in the case of medullary thyroid
cancer this has been associated with a decline in the production of calciton-
in[7]. These observations all suggest that tumors consist of various cell
populations which are subject to change with time and/or cytotoxic therapy.
While adaptive processes may be involved, it is likely that pre-existing cel-
lular heterogeneities are important [8]. The elucidation of these determi-
nants can provide considerable insight into mechanisms by which tumors
evolve, progress and become resistant to therapy.

Until effective chemotherapy became available for small cell carcinoma
of the lung (SCC), all patients with metastatic lung cancer had a dismal
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prognosis and short survival. Consequently, there was little opportunity to
observe changes that were time-dependent, or related to therapy. It was only
in the late 1970s that morphologic alterations were observed in long-term
survivors of SCC who had received intensive chemotherapy and radiother-
apy, and eventually had come to autopsy [9]. Further autopsy studies and in
vitro experiments have been subsequently performed, but information re-
garding the clinical features of histologic conversion is limited [10-14]. This
chapter will describe the clinical experience at Vanderbilt University with
changing morphology in SCC, and briefly review the literature.

2. CLINICAL EXPERIENCE WITH CHANGING MORPHOLOGY IN SCC

During the years 1976 through March of 1982, 381 patients were treated
at Vanderbilt University for SCC. At least 222 of these patients are known
to have relapsed and died. Approximately one fifth of all relapsing patients
were re-biopsied at recurrence. Eight patients had non-SCC histologies on
these repeat biopsies. One other patient was recognized after post-mortem
examination. These patients were not recognized as a result of a prospective,
systematic search, but reviewed retrospectively. It is likely that several more
patients with changing morphology could have been detected if biopsies or
autopsies were performed more frequently. The clinical features of these
9 patients are summarized in Table 1.

The clinical presentations were no different than other patients with SCC,
and no predictor of morphologic conversion could be identified in retros-
pect. Treatment regimens for these patients have been previously described
in detail [15, 16]. All chemotherapy was generally based on a combination
of cyclophosphamide, doxorubicin and vincristine (CAV). Six patients with
limited stage disease had received radiotherapy to the primary lesion and
prophylactically to the brain. Consolidation therapy consisted of VP-16 and
hexamethylmelamine, followed by methotrexate maintenance. The 3 pa-
tients with extensive stage disease received similar chemotherapy regimens:
one had CAV alone, another CAV with high-dose methotrexate and a third
patient had alternating cycles of CAV with VP-16, hexamethylmelamine
and procarbazine. Overall 4 patients had achieved complete remission (CR)
(2 limited stage, 2 extensive stage) and 5 had a partial response (4 limited
stage, 1 extensive stage). One complete response was confirmed by bron-
choscopy and bronchial biopsies, the others were assessed clinically and
radiographically. The median duration of response was 9 months in the
group, ranging from 4-45 months. Histology at relapse was purely non-SCC
in 6 patients (squamous carcinoma in 5, large cell undifferentiated carcino-
ma in 1) but the remaining 3 patients had both SCC and non-SCC compo-
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Figure 1. (A) Biopsy of mediastinal node showing small cell carcinoma; (B) Bronchial biopsy
from same patient (Patient 1) at the time of relapse, demonstrating keratinizing squamous car-
cinoma. Small cell elements were not detected at autopsy. x 280.
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nents (squamous carcinoma in 1, large cell undifferentiated carcinoma with
glandular and squamous foci in 2). In one of these patients the squamous
carcinoma was considered to be an incidental finding at thoracotomy which
was performed for resection of a fungus ball (Patient 7, described below).

The prognosis following relapse was invariably dismal. One patient re-
fused further therapy after recurrence, two others received radiotherapy
alone and the other six received chemotherapy. These chemotherapeutic
efforts are summarized in Table 1. Radiotherapy appeared to provide symp-
tomatic relief. None of the patients responded to chemotherapy. The me-
dian survival following relapse was 4 months, ranging from 1-12 months.
These patterns are no different from those observed in patients who recur
with SCC histology.

Some of the patients in this series are presented below. These patients
illustrate the different clinical syndromes associated with morphologic
conversion in SCC.

Patient 1:].0., a 57-year old man, presented in June 1976 with persistent
epigastric discomfort. Chest X-ray revealed a right hilar mass. Sputum cyto-
logies and bronchoscopy was negative. Mediastinoscopy in July 1976
yielded tissue diagnostic of small cell carcinoma (Figure 1A). Staging work-
up was negative and he had limited stage disease. He was treated with
cytoxan, adriamycin and vincristine with radiotherapy to the primary lesion
and prophylactically to the brain. He achieved complete remission which
continued until April of 1980 when respiratory symptoms recurred. Recur-
rent tumor was present in the right lower lobe and bronchial biopsies reveal-
ed squamous cell carcinoma with keratinizing cells (Figure 1B). A metastatic
lesion in the calvarium was treated with radiotherapy. He declined chemo-
therapy. Over the ensuing months his condition deteriorated with general-
ized weakness, confusion, and post-obstructive pneumonia treated with
multiple antibiotics. In September 1980 he died with generalized broncho-
pneumonia. Autopsy confirmed the presence of multiple microabscesses in
both lungs, cerebral candidiasis, and squamous cell carcinoma involving the
right lower lobe with no residual small cell components.

Patient 3: J.R., a 70-year old male presented with wheezing and left chest
discomfort of a few months duration. Chest X-ray revealed a left hilar mass
which on bronchoscopy proved to be small cell carcinoma. He had limited
stage disease, treated with CAV, radiotherapy to the primary lesion and
prophylactically to the brain. He achieved complete remission which con-
tinued until January of 1978 when bilateral lung nodules appeared on chest
X-ray. These nodules were not accessible to noninvasive biopsy procedures
and a tissue diagnosis was not pursued. Methyl CCNU and procarbazine
failed to produce a response. His nodules continued to grow very slowly
over several months in spite of attempts at re-induction with CAV, and
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later with VP-16 and hexamethylamelamine. In December of 1978, liver
scan showed multiple defects compatible with metastasis. His condition
declined with confusion, emaciation and chronic dyspenia. He died in
February of 1979. Autopsy revealed squamous cell carcinoma in the left
lower and upper lobes with metastasis to the hilar nodes. There was some
keratin production. There was also a small cell component which predom-
mantly involved the liver and retroperitoneal nodes. Microabscesses were
present in the lungs. Cultures grew staph aureus and aspergillus.

Patient 6: J.E., a 51-year old male presented with confusion, headaches,
and blindness which had developed over a few days. CT of the brain had
revealed multiple metastatic lesions primarily in both occipital lobes. Chest
X-ray revealed a right lower lobe mass which on bronchoscopy proved to be
a small cell carcinoma. He received radiotherapy to the brain and was begun
on chemotherapy with CAV alternating with VP-16, hexamethylmelamine
and procarbazine. He achieved complete remission lasting 28 months after
which a recurrent chest mass and pleural effusion developed. Bronchial
biopsy confirmed squamous cell carcinoma. Radiotherapy was given to the
chest and a chest tube was inserted for sclerosis of the effusion. He was
stable for six months after which the chest mass began to enlarge. He was
started on a trial of CCNU but died two weeks later.

Patient 7: D.L., a 58-year old female had seen her personal physician for
respiratory symptoms. A right upper lobe infiltrate was noted and proven to
be small cell carcinoma. She received chemotherapy with CAV and radio-
therapy of the primary lesion and to the brain. Shortly after the fifth cycle of
chemotherapy she developed a chronic hacking cough and low grade fever.
A persistent right upper lobe infiltrate was present. Cultures and broncho-
scopy failed to reveal a diagnosis. Over the following few months she
remained weak and coughed chronically. A trial of antibiotics did not result
in improvement. By April 1981, eight months after her initial diagnosis
cavitation developed in the right upper lobe infiltrate. Thoracotomy and
right upper lobe resection was performed revealing aspergillosis and a single
5-mm focus of squamous cell carcinoma in the lung parenchyma. There
were no small cell elements within this tumor. She did well following sur-
gery until November 1981 at which time she developed metastatic small cell
carcinoma involving the bone and bone marrow but underwent radiation to
symptomatic areas. She refused further chemotherapy. She died in January
1982.

Patient 8: W.S., a 49-year old man presented to his physician in Decem-
ber of 1979 with shaking chills and pleuritic chest pain. An infiltrate was
present on his chest X-ray, and bronchoscopy confirmed small cell carcino-
ma of the intermediate subtype. He had limited stage disease and was
started on therapy with CAV and radiotherapy to the primary lesion and
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brain. A partial response was achieved but lasted only four months after
which he developed a cervical node. Lymph node biopsy showed a mixed
tumor with intermediate cell elements along with large cell anaplastic carci-
noma and areas of squamous and glandular differentiation. There were foci
which stained for mucin and other areas contained keratin. Continued
attempts at tumor control with CAV and later with VP-16 and hexamethyl-
melamine were without benefit. The cervical node enlarged over the ensuing
two months and he developed metastasis to the bone and bone marrow.
Bone marrow biopsy confirmed a mixed histology with intermediate cell
and large cell undifferentiated components. A trial of methotrexate, CCNU
and procarbazine was not helpful. He died in October 1980, ten months
following his initial diagnosis.

3. REVIEW OF THE LITERATURE

The first observation of changing histology following cytotoxic therapy for
SCC was reported in 1978 by Brereton et al. [9]. This series consisted of 21
patients who were treated at the National Cancer Institute (NCI) for SCC
with intensive chemotherapy and radiotherapy, and eventually came to
autopsy. Five of these patients were found to be free of tumor. Of the 16
who died with tumor, 11 had SCC, while 5 had foci of squamous carcinoma.
Only 1 patient had pure squamous elements, and the other 4 had a mixture
of squamous and small cell histologies.

Another large autopsy review was reported by Abeloff et a/. in 1979 [10].
These authors reviewed 40 patients who came to autopsy at Johns Hopkins
University Hospital following therapy for SCC. Five of these 40 patients
had relapsed with non-SCC histology alone (3 squamous carcinomas, | ade-
nocarcinoma and 1 large cell anaplastic carcinoma) while in another
6 patients the tumors contained non-SCC components along with SCC
(4 adenocarcinomas, 1 large cell anaplastic carcinoma and 1 with squamous
and glandular elements, as well as SCC). Patient histories were presented in
detail. All 5 patients who eventually relapsed with non-SCC alone had pre-
sented with limited stage disease. Four patients had the intermediate sub-
type of SCC, and only one had the lymphocyte-like (oat cell) subtype. Three
had hilar lesions on their initial chest X-ray, while 2 had apparent primary
lesions in the peripheral lung field. All patients received combination che-
motherapy, and 4 had radiotherapy to the primary tumor. One patient had
relapsed with squamous carcinoma after a three-year complete remission of
her SCC, two other patients had had a partial response and the remaining
two had no response. The survival pattern in this series was better than one
would expect from the natural history of SCC, and even the two nonrespon-
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ders had lived 291 and 774 days. Biochemical analysis of tumor tissue
obtained at autopsy indicated that despite some overlap, histaminase and
dopa-decarboxylase activities in these tumors were clearly lower than those
observed in SCC.

An expanded autopsy series from the NCI and the Working Party for
Therapy of Lung Cancer (WP-L) was reported by Matthews in 1979 [11].
This series included the five patients originally reported by Brereton et al.
Of the 97 patients with SCC who eventually came to autopsy, 35 (36 %) had
non-SCC elements at the time of death. All of these patients had received
chemotherapy with or without radiotherapy. Five of these patients had
relapsed only with non-SCC (3 anaplastic large cell carcinomas with giant
cell components, 2 epidermoid carcinomas with carcinoid component)
while the remaining 30 had mixed SCC and non-SCC histology (SCC with
giant cell component in 12, with squamous cell component in 3, tubular
component in 8, squamous and tubular components in 3, carcinoid com-
ponent in 4). Clinical features were not described further in this review.

3.1. In vitro models of changing morphology

Several studies have been directed at the in vitro growth patterns of SCC.
In these studies it is often observed that cellular morphology changes along
with biochemical properties of the tumor cells during prolonged passage in
tissue culture.

In the series reported by Gazdar ef al., five of the six SCC cell culture
lines maintained for 24-60 months manifested alterations in morpholo-
gy [13]. In contrast, none of the 12 culture lines manifested any change
within 24 months. The morphologic change was gradual. Initially ‘transi-
tional’ cells appeared, which maintained the classical diffusely granular
nuclear pattern of SCC but had prominent, eosinophilic nucleoli [13]. These-
transitional cells were eventually replaced by cells which were morphologi-
cally identical to large cell undifferentiated carcinoma. All SCC culture lines
originally possessed ‘amine precursor uptake decarboxylase’ (APUD) cell
properties, including high levels of dopa-decarboxylase, polypeptide hor-
mone secretion, formaldehyde-induced fluorescence and neuro-secretory
type granules on electron microscopy. These features were apparently re-
tained during the ‘transitional’ stage, but lost when a predominantly large
cell morphology was acquired [13]. Interestingly, one of these culture lines
developed a mixed population of cells with SCC and squamous cell ele-
ments, and some cells manifested features characteristic of both types, such
as the co-existence of tonofilaments and neuro-secretory type granules.

The same group of investigators also studied creatinine-kinase BB (CK-
BB) isoenzyme as a marker of SCC in these cultures, and observed that
elevated levels of CK-BB were maintained following morphologic conver-
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sion, although APUD characteristics such as dopa-decarboxylase produc-
tion were lost [17]. This suggested that the measured biochemical parame-
ters were controlled in a discordant fashion. Thus, it is again apparent that
histologic conversion does not imply an all-or none’ type change, and some
features of the original phenotype may be preserved during certain stages of
the process.

4. DISCUSSION

The observed morphologic conversion from SCC to non-SCC histology
can be explained by one or more of the following possibilities.

1. SCC is often diagnosed by bronchoscopic biopsy, sputum cytology,
and occasionally by mediastinoscopy or percutaneous needle aspiration
biopsy. Since all of these methods provide a very small amount of tissue for
morphologic examination, sampling errors may occur, particularly in tu-
mors with mixed histology. Establishing the incidence of tumors with mixed
histology prior to any therapy could help define this possibility. Matthews
and Gazdar have reported that of 121 patients with SCC reviewed at the
NCI - VA Medical Oncology Branch, 18 (14.8 %) were mixed tumors with
non-SCC components (WP-L type 22/40) [18]. In another series reviewed by
Matthews of over 800 patients who underwent resection of lung tumors by
the Veterans Administration Surgical Oncology Group, 35 had SCC[19]. Of
these 35 patients, 2 had mixed tumors with non-SCC components. Bates et
al. reported their experience in 29 patients with biopsy-proven SCC who
underwent radiotherapy immediately followed by surgery [20]. These pa-
tients received 1750 rads over eight days and were taken to thoracotomy
within one to seven days after completing radiotherapy. Of these 29
patients, 6 had poorly differentiated squamous carcinoma in the resected
specimens. In another study by Larsson and Zettergren, 479 primary lung
cancers were reviewed and the initial pathologic diagnosis was compared
with that proven after excisional surgery [21]. These patients did not receive
any cytotoxic therapy in the interim between their initial diagnostic proce-
dure (bronchoscopy or mediastinoscopy) and thoracotomy. It was reported
that of the 25 patients who carried an initial diagnosis of SCC, 2 were clas-
sified as squamous cell carcinoma after thoracotomy. However, the authors
did not comment on the presence of mixed histology and it is possible that
this limited discrepancy in the diagnosis may have been due to the inade-
quacy of the initial biopsy sample.

At Vanderbilt University the role of ‘adjuvant surgery’ is being evaluated
in limited stage SCC (Dr Comis discusses this concept in detail elsewhere in
this monograph). Since mid-1980, 7 patients have been taken to surgery
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Figure 2. (A) Bronchial biopsy revealing small cell carcinoma; (B) Section of residual tumor
resected after two cycles of intensive chemotherapy, showing mixed elements with large cell
undifferentiated carcinoma. x 280.
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following two cycles of intensive combination chemotherapy with cyclo-
phosphamide, doxorubicin, vincristine and VP-16. Of these 7 patients, 2
were found to have large cell undifferentiated carcinoma components mixed
with small cell elements within the resected specimens (Figure 2).

These findings suggest that as many as 15% of SCCs may have mixed
histology at the time of initial diagnosis. It is possible that these non-small
cell elements may emerge with time in patients who achieve control of their
SCC.

2. Morphologic changes may evolve with time, or as a consequence of
cytotoxic therapy. The in vitro observations of gradual and progressive tran-
sition from SCC to non-SCC that have been noted in cell cultures are par-
ticularly important, since these cells are not exposed to radiation or chemo-
therapy and there is no question of sampling error. These time-dependent
changes challenge the notion that different histologic types of lung cancer
arise from separate cells of origin, since they strongly suggest a continuous
transition phenomenon between different cell types. It has been proposed
that these observations are in conformity with a unified concept of histo-
genesis for lung cancer, which implies that different histologic types of lung
cancer represent different stages in the de-differentiation spectrum [22].
Baylin and Mendelsohn suggest that tumor progression may involve some
mobility within this broad histologic spectrum thus accounting for changes
observed at different points in time [22]. In contrast to in vitro changes that
occur without any interference by drugs or radiation, clinical observations
of morphologic conversions have been seen only in patients undergoing
cytotoxic therapy. In the absence of a ‘control’ group of untreated long-term
survivors, the role of cytotoxic agents in inducing these changes remains
speculative.

3. The two histologic types may represent independent primary tumors.
This would appear unlikely in most instances, simply based on the observed
low incidence of concomitant primary tumors, and the low probability that
these two independent neoplasms would arise within such close proximity.
This type of explanation is much more plausible in the case of prolonged
survivors who develop a second lung tumor in a different location. Nev-
ertheless, it is conceivable that if a certain portion of the bronchial tree is
more susceptible to carcinogenic stimuli for whatever reason, more than one
primary tumor may arise within that area. The incidence of such double
primaries could be underestimated from conventional clinical reviews, since
in any given case the tumor expressing the higher growth rate would most
likely obscure the other. If the dominating neoplasm (which in this case
would be the SCC) is eradicated by radiotherapy, the silent companion that
is refractory to therapy could then become apparent.

Reports of multiple primary lung tumors have been limited. In one study,
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Auerbach er al. performed 50-208 sections of the tracheobronchial tree in
each of 255 patients who had died of primary lung cancer [23]. They found
that at least 9 patients (3.5%) had other lesions compatible with multiple
foci of primary lung cancer[23]. These authors indicated that if they
included cases where some uncertainty existed, the incidence of multiple
bronchogenic carcinomas could be as high as 14.5%. Since this report no
other series have been published to expand on these observations. In a
review of multiple primary lung cancers diagnosed at Memorial Hospital
between 1955 to 1974, Martini and Melamed [25] found 50 such patients,
among a total of 5163 bronchogenic carcinomas seen at that institution
during the study period (0.97 %). Since this was a retrospective surgical ser-
ies, none of the first tumors were SCC. Two patients developed SCC during
follow-up after resection of a non-SCC. In a literature review of histologi-
cally different multiple lung cancers, Mobley and Martinez [24] only found 33
such reported cases. These authors concluded that multiple primary lung
cancers with different histology must be rare.

At Vanderbilt University, one patient (among a total of 381 patients with
SCC) developed a second lung cancer with non-SCC histology, during re-
mission of his SCC. This was a 66-year old man who presented with limited
stage small cell carcinoma (oat-cell subtype), involving the right upper lobe
in August 1976. He was treated with CAV, radiotherapy to the chest lesion
and prophylactically to the brain, resulting in complete remission. He
received consolidation therapy with VP-16, hexamethylmelamine and later
methotrexate. Re-staging bronchoscopy performed in August 1977 showed
squamous cell carcinoma in situ in the bronchial biopsies from the left
upper lobe. There was an area of questionable submucosal invasion. He was
followed without further therapy until March 1980, when he developed
a chronic cough and left upper lobe infiltrate. Repeat bronchoscopy showed
a fungating mass, biopsies confirming squamous carcinoma. Progression
was rapid, with multiple lung metastases and overall debility. He died in
May 1980, without evidence of recurrent SCC.

4. Finally, it is possible that interobserver or intraobserver variations in
the interpretation of lung cancer samples may give the impression that his-
tology may have changed, when samples obtained at different points in time
are compared. It is well recognized that consistency in the histologic typing
of lung cancer requires considerable experience, due to the pleomorphism of
many lung tumors. Feinstein et al. evaluated the consistency between five
independent pathologists in reading 50 lung cancer cases [26]. All patholog-
ists gave two independent readings of each slide, so that intraobserver var-
iations could also be determined. These authors observed that although the
well-differentiated tumors could be identified consistently over 95% of
the time, disagreements were more common in poorly differentiated carci-
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nomas. Discrepancies between the first and second readings of the same
tumor by the same pathologist ranged from 2 to 20% for the five patho-
logists. More recently, Stanley and Matthews reported much better correla-
tion among three pathologists who independently typed 476 lung can-
cers [27]. At least two of the three pathologists agreed on the diagnosis in
94 % of the cases. However, it was also noted that of tumors with an initial
interpretation of SCC, 11% were classified as non-SCC when reviewed by
the other two observers. These authors feel that when specific guidelines for
classification are used, the correlation between different pathologists should
be high. Nevertheless, an observation of ‘changing histology’ should be cri-
tically reviewed within this context, and a concensus of opinions among
different observers should be sought when possible.

Certain practical conclusions can be derived from the observations de-
scribed above. The potential heterogeneity of SCC should be considered
when evaluating past therapeutic failures and when designing new treatment
protocols. The surgical pathologist should be provided an adequate biopsy
sample for a detailed examination. Whenever possible, lymph node metas-
tases or other easily accessible tumor nodules should be biopsied and mul-
tiple sections reviewed in order to define the subset of patients with mixed
histology. Although those patients should still be approached as SCC, the
observed low complete remission rate in these patients may make them
suitable candidates for more aggressive investigational therapy. For exam-
ple, protocols incorporating surgical resection of localized tumors or radio-
therapy should be considered in this population, since it is likely that non-
SCC elements may be refractory to chemotherapy. Patients with SCC who
relapse following chemotherapy or radiation should be biopsied whenever
feasible, in order to determine possible alterations in morphology. Addition-
ally, a variety of studies which can provide clues to distinguish SCC from
non-SCC lung neoplasms can complement the descriptions of cellular mor-
phology, and should be performed on these tumors when available. For
example, certain antigens have been associated with SCC, and others with
non-SCC [28, 29]. A chromosome abnormality has been recently reported
for SCC (deletion 3p (14-23) [30]. Further experience which describes the in
vivo natural history of tumors with changing morphology, along with the
assessment of other biochemical, genetic and antigenic parameters may shed
additional light on the biology of these neoplasms, and allow clinicians to
design more rational treatment programs.
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8. Lung Cancer Cachexia

ROWAN T. CHLEBOWSKI, DAVID HEBER, JEROME B. BLOCK

1. INTRODUCTION

Weight loss in patients with advanced lung carcinoma has been recog-
nized clinically for many years. However, only recently has the prognostic
significance of weight loss in patients with this disease been identified. In
one report by Costa and co-workers [1] the incidence, timing, and severity
of weight loss in a total of 479 patients with lung cancer was related to
patient survival. At their initial clinical presentation, 47% of lung cancer
patients had lost at least 5% of their usual body weight. The survival of
these patients was significantly less than that of patients not experiencing
weight loss, even when corrected for factors such as age, sex, extent of dis-
ease, cell type and performance score [1]. An analysis of 1,026 patients from
the Eastern Cooperative Oncology Group revealed evidence of weight loss
during the previous 6 months in 57 % of small cell and 61 % of non-small
cell lung cancer patients [2]. In both categories of lung cancer, median sur-
vival was significantly decreased for patients experiencing antecedent weight
loss prior to protocol chemotherapy: 34 weeks vs 27 weeks in small cell; 20
weeks vs 14 weeks in non-small cell. The influence of weight loss on survival
in these large reports exceeds the current influence of chemotherapy on sur-
vival in non-small cell disease. Thus, weight loss at the time of clinical
presentation is an important, independent factor prognostic of survival in
patients with lung cancer.

2. ANOREXIA

The pathogenesis of weight loss in patients with lung carcinoma is at the
present time, not completely understood. Anorexia leading to a decreased
caloric intake has been recognized clinically for many years in patients with
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this disease and several hypothesis regarding its development have been
proposed [3, 4, 5]. Suggested factors contributing to anorexia include: alter-
ations of taste sensation, metabolic products such as lactate or ketones,
hypothetical tumor toxins, direct effects on the appetite center and psycho-
logical influences. Alterations in taste sensation has received considerable
attention. Abnormal taste sensation, in some cases associated with de-
creased caloric intake [6-9] has been described in cancer patients. Although
some investigators report a decreased taste recognition threshold for bitter
taste [9, 10], the most consistent abnormality seen is an increased taste
recognition threshold for sweet substances, occurring in approximately one
third of patients tested with a variety of tumors [4, 6]. The relationship
among taste sensation abnormalities, the presence of cancer and the devel-
opment of weight loss has been brought into question recently by observa-
tions identifying factors other than malignancy which influence these taste
thresholds. For instance, although a smoking history and advancing age [11-
13] have been shown to profoundly influence taste thresholds, these para-
meters are also associated with the development of lung cancer. In an
attempt to determine the caloric importance of factors influencing taste
threshold in cancer patients, we have recently evaluated taste recognition
thresholds in 93 patients with malignancy including 18 patients with lung
carcinoma, comparing results to 61 control patients. In cancer patients, no
cases of a decreased threshold to bitter taste were detected. Thirty-eight
percent of patients with cancer had an increased threshold for sweet sub-
stances, a proportion significantly greater than seen in control patients with-
out cancer (p<0.01). However, when correction using a multivariate analy-
sis was made for smoking history and age of study patients, no difference in
taste test parameters were seen between cancer patients and control patients
without malignancy. In addition, we did not find an association between
caloric intake, and taste test abnormalities in our cancer patient population.
Although other possible mechanisms relating the presence of lung cancer to
the development of anorexia have been proposed [3-5, 14], a primary role
for decreased caloric intake being responsible for the development of weight
loss in patients with lung cancer cannot be currently supported.

3. CALORIC AND ENERGY BALANCE

A large study has compared quantitative food intakes of 205 normal indi-
viduals to 198 ambulatory cancer patients using a 24-hour recall tech-
nique [1]. Although the caloric intake of normal males, free of cancer, sig-
nificantly exceeded that for males with lung cancer (2358 kcal vs 1778 kcal,
p<0.005) essentially no difference in caloric intake between normal females
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and females with lung cancer was seen. Furthermore, the caloric intake for
cancer patients who had lost body weight compared to those who had been
able to maintain their body weight was nearly identical (1776 kcal vs
1780 kcal). Thus, anorexia or reduced caloric intake could not account for
the weight loss experienced by these lung cancer patients. In further support
of the concept that factors other than decreased caloric intake play a major
role in the development of weight loss or cachexia in lung cancer patients is
the failure of provision of calories alone via forced feeding [15, 16] or hyper-
alimentation [17, 18] to uniformly increase lean body mass in patients with
cancer. Such observations suggest that weight loss may be related to altered
host metabolism brought about by the presence of malignancy.

Relatively few studies have directly evaluated energy balance in cancer
patients. Basal metabolic rate determinations in cancer patients have re-
sulted in a relatively wide range of values [19-22] with abnormally in-
creased basal metabolic rates seen in about 35% of patients. Caloric intake
and expenditure have been estimated in cancer patients and compared to
results obtained in a control population group. Both decreased energy intake
and increased energy expenditure were seen in the cancer patients [23]. In
another study, the resting metabolic expenditure of cancer patients was
determined at a defined postprandial period using a closed circuit technique
with a McKesson apparatus. Resting metabolic expenditure under these cir-
cumstances was found to be abnormally high in about 50 % of patients with
a strong correlation between resting metabolic expenditure and weight loss
and resting metabolic expenditure and serum transferrin seen [24]. These
latter observations can not be directly related to the problem of lung cancer
cachexia since patients with either lung cancer or metastases to the lung
were specifically excluded from the latter study[24]. In summary, two
studies using different methodologies support the concept that increased
demands for energy are present in patients with advanced malignancy.

Changes in body composition associated with cancer cachexia have been
evaluated recently using several different techniques. Watson and Sammon
determined parameters of composition in cachexia resulting from both mal-
ignant disease and nonmalignant inflammatory disease using skin fold
thickness and radioisotope tracer measurements [25]. The 10 male cancer
patients (including 2 patients with lung carcinoma) experienced a greater
degree of loss of total body fat measured by skin fold thickness changes than
did patients with cachexia secondary to inflammatory disease. As a result,
the calculated value for lean body mass appeared to be better conserved in
the patients with weight loss and cancer than in patients with inflammatory
disease and weight loss. A more detailed assessment of body composition in
cancer patients with weight loss was recently reported by Cohn and co-
workers [26] who used a prompt gamma neutron activation and whole body
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counting techniques to assess the mass and protein content of the muscle
compartment. Total body water in their study was estimated with the use of
tritium label. Lean body mass was calculated from their results. A total of
29 patients with malignancy and 10 normal patients were evaluated includ-
ing 6 patients with lung carcinoma. The lung cancer patients had lost 6.8 %
of their usual body weight at the time of evaluation. The patients studied
with gastrointestinal malignancy and head and neck cancer had lost nearly
20% of their usual body weight at the time of evaluation. A marked reduc-
tion of skeletal muscle tissue and protein content was seen in patients with
solid tumors. Thus, the skeletal muscle compartment was a major site of the
weight loss experienced by patients with solid tumors. Little change in either
weight or body composition occurred in the 8 patients with hematologic
malignancies. A major finding of the analysis was related to changes in the
fat compartment. Although patients with lung cancer lost, on average, 25%
of their body fat as compared to the control group, the relative sparing of
body fat in the presence of wasting was remarkable. Even in cases of severe
weight loss, lung cancer patients retain relatively large amounts of body fat.
The prevalence of undernutrition in hospitalized cancer patients was recent-
ly evaluated in an 84-patient study. Using a variety of biochemical and
anthropometric techniques, Nixon and co-workers [27] found the creatinine
to height ratio (abnormal in 88 %) to be a more sensitive index of undernu-
trition than anthropometrics. They concluded that protein-calorie malnutri-
tion was commonly present in hospitalized cancer patients but was often
obscured at the bedside by residual obesity.

4. ABNORMAL METABOLISM IN THE CANCER-BEARING HOST

Abnormal carbohydrate metabolism as manifest by oral glucose intoler-
ance had been described in studies of patients with progressive weight loss
and cancer for at least 60 years [28-30]. The glucose intolerance is asso-
ciated with a marked resistance to administered insulin [31, 32], but the
mechanism underlying this insulin resistance has not been well defined.
Accelerated gluconeogenesis has been suggested as one factor contributing to
the glucose intolerance of patients with carcinoma [33, 34]. Under appro-
priate hormonal conditions, glucose can be synthesized from substrates such
as lactate and glucogenic amino acids. Glucose production from amino
acids or lactate requires a significant amount of energy. Thus, if such path-
ways were activated inappropriately and in excess, futile cycling and net
energy loss would occur. An excess substrate for gluconeogenesis can occur
in cancer patients for a number of reasons. Systemic lactic acidosis has been
reported by Block and others [35, 36] in patients with malignancies. How-
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ever, although lactate is released into the circulation by tumor cells, lactate
levels are not commonly elevated in patients with cancer. It has been
estimated that the Cori cycle from glucose to lactate back to glucose may
account for a 10% increase in energy expenditure in patients with
cancer [18].

Amino acids released from muscle breakdown represent another potential
substrate for gluconeogenesis. There is little data on plasma amino acid
levels in cancer patients. In 1978, Clark, Lewis, and Waterhouse [37] stu-
died peripheral arterial and venous blood concentrations of amino acids
after an overnight fast in 4 groups of subjects: (1) malnourished cancer
patients; (2) cancer patients without weight loss; (3) malnourished subjects
without cancer; and (4) normal adults. Glucogenic amino acids were de-
creased in both malnourished cancer patients and malnourished subjects
without cancer, a characteristic finding for chronic starvation. However,
branched chain amino acids remained normal in cancer cachexia. The
authors interpreted these findings as showing an increased rate of gluconeo-
genesis in patients with weight loss and cancer. Accelerated glucose turn-
over, determined using radiolabeled infusion techniques, has been described
in a small number of patients with progressive weight loss and cancer [38-
40]. Such observations suggest that futile cycling of carbohydrates by energy
wasting pathways contributes to the problem of cancer cachexia [41]. We
have recently demonstrated that glucose turnover shows a progressive
increase when patients with cancer are evaluated serially over a several
month period [30]. Gold [33] has proposed that accelerated gluconeogenesis
in the host is the initial abnormality responsible for the development of
cancer cachexia. If this hypothesis is correct, inhibition of the gluconeogenic
pathway could provide an approach to the treatment of cancer cachexia [42].

With respect to protein metabolism, Fenninger and Mider [43] proposed
in 1954 that tumors acted as nitrogen traps, siphoning protein away from
the host based on data derived from studies of rats implanted with Walker
256 carcinoma. However, tumors in humans do not reach the proportions
of total body weight obtained in rats, thus making such a simple trapping
process an unlikely explanation for cachexia in man. Observations in man
have supported the contention that synthesis of muscle proteins is generally
depressed in cancer patients [44-46]. However, when whole body protein
synthesis and turnover has been evaluated in a series of 7 malnourished
patients with known malignancy using labeled glycine, 3 of 7 patients had
marked elevations in total body protein synthesis and turnover. Protein
turnover was further increased in 5 of 7 cancer patients receiving total
parenteral nutrition. The mechanism underlying this accelerated protein
turnover in patients with malignancy has not yet been determined [47].

As mentioned previously in a section on body composition, changes in
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the fat compartment are also commonly seen in patients with weight loss
and cancer. Loss of body fat can occur during early stages of the cancer
process when the tumor burden is not large, since Axelrod and Costa [48]
have demonstrated fat loss in muscle samples obtained at the time of pri-
mary operation from patients with various tumors. With respect to the role
of free fatty acids, observations suggesting both increased utilization of free
fatty acids [49], and those suggesting decreased mobilization of free fatty
acids in cancer patients have been reported [48]. Since liver dysfunction can
be associated with elevated free fatty acids, some of the discrepancies
regarding free fatty acid levels in cancer may be related to differences in
liver function in various experimental groups. Investigations into hormones
normally controlling lipid metabolism have demonstrated abnormalities
with a decreased triiodothymidine level seen in patients with advanced can-
cer [48]. However, such changes also could be secondary to the decreased
nutritional status seen in these patients.

In summary, changes in protein, carbohydrate, and fat metabolism have
been described in patients with weight loss and lung cancer and include
increased glucose production and increased muscle catabolism. Whether
attempts to correct such biochemical abnormalities will alter patient weight
loss or survival remain to be determined.

Derangements in the hormonal balance of patients with carcinoma and
weight loss has received little systematic attention. Reduced insulin sensi-
tivity, referred to previously, is the only major hormonal abnormality
described in patients with cancer cachexia [31, 32]. Since gonadal steroids in
the male promote nitrogen retention and may be important in maintaining
body protein stores [50] we investigated gonadal hormonal function prior to
chemotherapy in men with advanced malignancy. Forty-four adult male
patients with histologically proven metastatic cancer including 10 patients
with lung carcinoma were studied. Serum LH, BHCG, and total testosterone
were measured by specific radioimmunoassay and the percent free testoste-
rone was calculated. These values were compared to the normal values
determined in our laboratory of 21 age-matched adult males without cancer.
In 43 % of patients with cancer, serum testosterone was less than the lower
limit of normal; free testosterone in the cancer patients was below the con-
trol range in 29 cases (66 %). Four patterns of serum testosterone and LH
were seen in patients with cancer: (1) normal testosterone and normal LH in
12 cases; (2) normal testosterone and high LH in 13 cases, consistent with
early primary hypogonadism; (3) low testosterone and high LH in 10 cases,
consistent with frank primary hypogonadism; and (4) low testosterone and
low/normal LH in 9 cases, consistent with secondary hypogonadism. Signif-
icantly decreased ideal body weight was found in the group with low testos-
terone and low or normal LH levels. Table | relates ideal body weight with
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Table 1. Relationship among testosterone level, LH, and percent ideal body weight in patients
with metastatic carcinoma.

Patient Testosterone Percent
Group number level LH ideal body weight
1 12 normal ¢ normal ¢ 96+4
2 13 normal high 9343
3 10 low high 87+3
4 9 low normal or low 84430

4 Compared to 21 age-matched controls without cancer.
b Significantly different (p<0.05) compared to Group 1.

androgen levels in this population. Thus, decreased gonadal hormone secre-
tion is seen in adult males with advanced cancer and malnutrition, even
prior to chemotherapy treatment. The observed hypogonadism may be a
factor contributing to the development of the protein-calorie malnutrition
commonly seen in patients with cancer. Prospective studies of androgen
replacement in such patients will be required, however, to assess this possi-
bility [51].

As we have seen, many of the metabolic and hormonal derangements said
to occur in lung cancer patients with weight loss have been described as
isolated findings in patients studied in different institutions. To investigate
the relationship among several of these metabolic parameters we have
recently evaluated a series of patients with non-small cell lung cancer during
a metabolic ward admission and compared the results to those obtained
from a group of chronic lung disease patients without cancer evaluated in a
similar fashion [52]. Patients with lung cancer were studied either before
(n = 6) or after (n = 6) the development of significant weight loss from
ideal body weight (Table 2). Caloric intake by history, body surface area,
and basal metabolic rate determinations were not significantly different
between the three groups. The calculated basal energy expenditure was
somewhat lower in the malnourished lung cancer group, and as a result, the
ratio of measured basal metabolic rate to calculated basal energy expendi-
ture was higher in the malnourished cancer patient group, but not signifi-
cantly so. The 5-day period of hospitalization included: protein turnover
using the continuous infusion of C'* lysine; glucose turnover using contin-
uous infusion of glucose 6H3; glucose tolerance using standard oral glucose
tolerance testing; nitrogen balance determination and hormonal status as-
sessment. Lung cancer patients with and without malnutrition and controls
excreted similar quantities of nitrogen. Total body protein turnover was
significantly increased (p<0.05) in malnourished cancer patients compared
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Table 2. Glucose and protein metabolism in patients with non-small cell lung cancer studied
either before or after the development of weight loss. €

3-methyl-
histidine
excretion
% Ideal Triceps Glucose (umole/
body skin production g creat/
Group N Age weight fold (mm) (mg/kg/min)* 24 hr)®
Control 6 57+4 10643 27+4 2.0+0.1 71+10
Normal weight
cancer 6 6343 10344 2043 2.6+0.1¢ 105+17¢
Malnourished
cancer 6 64+4 80427 11427 2.940.2¢ 1114134

¢ Determined by a constant infusion of 6-*H-glucose in the fasting state.

Determined by a constant infusion of '*C-lysine in the fasting state on day 5 of constant
nitrogen and caloric intake.

¢ Published in part in Cancer Res 42:4815, 1982.

Difference from control group is significantly different (p <0.05).

to either well-nourished cancer patients or controls. Muscle catabolism was
determined by quantitating urinary >methylhistidine-creatinine excretion
ratios and was increased in both well-nourished and normal weight cancer
patients compared to controls. Glucose production rates were also increased
in both malnourished and normal weight cancer patients compared to con-
trols (Table 2). Thus, both increased glucose production and increased mus-
cle catabolism were evident metabolic abnormalities in patients with non-
small cell lung cancer prior to the development of malnutrition. Identifica-
tion of these metabolic abnormalities as an integral part of the non-small
cell lung cancer disease process permits further evaluation of therapies
designed to prevent cancer cachexia.

We have expanded these observations of abnormal glucose metabolism in
a larger series of 25 patients with a variety of metastatic cancers [30]. Dur-
ing their initial evaluation, fasting blood sugar was less than 110 mg % in 22
of 25 cancer patients evaluated, and abnormal glucose tolerance was
frequently seen. At 2 hours following glucose ingestion, glucose was
173+ 13 mg % with an associated insulin of 65+ 12 I units/ml. In this pop-
ulation, growth hormone and cortisol were normal in all cases and only 3
patients had abnormal fasting glucagon values. Six patients had repeat eval-
uations of glucose turnover and oral glucose tolerance tests 1 month after
initial evaluation. Glucose tolerance remained abnormal while glucose turn-
over increased from 2.9+0.2 mg/kg/minute to 3.4+0.2 mg/kg/minute.
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Seven patients with non-small cell lung cancer were among the 25 evalu-
ated. We concluded from these serial observations that malnutrition in can-
cer patients is associated with progressive abnormalities in glucose produc-
tion. The progressive abnormality in glucose turnover represents a possible
point of therapeutic intervention in patients with cancer cachexia.

Consideration of the gluconeogenic pathway shows it to be amenable
to therapeutic intervention at the phosphoenol-pyruvate carboxykinase
(PEPCK) reaction, the enzymatic step which catalyzes the conversion of
oxaloacetate acid to phosphoenol-pyruvate (PEP). The compound hydrazine
sulfate has been found to be a noncompetitive inhibitor of PEPCK [33],
with resultant inhibition of in vitro gluconeogenesis in a number of animal
systems [53, 54]. This compound is, in addition, an inhibitor of in vivo
growth of a number of transplantable animal tumors [55], as well as being
closely related structurally to the recognized cytotoxic agent methylhydra-
zine (procarbazine). Hydrazine sulfate has had preliminary evaluation as an
anti-cachexia and cytotoxic agent both in this country [56] as well as in
Russia [57] with some beneficial effects reported. However, not all studies
of hydrazine sulfate have shown unequivocal benefit [58, 59]; the studies
with negative results were not designed to assess either subjective improve-
ment or influence on cancer cachexia. No study, either in man or animal
model system, has attempted to correlate inhibition of the gluconeogenic
pathway with anti-cachexia effects in the same subjects. A major difficulty
in the past complicating interpretation of clinical hydrazine trials has been
study designs which did not evaluate changes in metabolic parameters. In
addition, the selection of therapeutic endpoints have been inappropriate,
either using solely subjective criteria or assessing only antitumor effect. As a
result, both the positive [56, 57] and negative [58, 59] clinical trials have not
given incontrovertable results. Thus, well-designed studies which can eval-
uate antitumor response, quantitative parameters of cancer cachexia, and
subjective symptomatology and correlate such findings with alterations in
glucose turnover are needed to accurately define the role of hydrazine sul-
fate in cancer cachexia. To address this question we have initiated at the
Harbor-UCLA Medical Center, a randomized, double-blind, placebo-con-
trolled trial to evaluate the influence of hydrazine sulfate on abnormal car-
bohydrate metabolism in patients with weight loss and cancer. Glucose
tolerance and total body glucose turnover will be determined both before
and after one month of therapy with either hydrazine sulfate or a placebo
compound. The results of this trial should define whether or not hydrazine
sulfate influences the accelerated glucose production seen in patients with
malignancy.
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5. THERAPEUTIC NUTRITIONAL INTERVENTIONS

While the influence of weight loss on survival in lung cancer patients is
clear, the ability of existing methods of nutritional intervention to prevent
or reverse this unfavorable outcome is not established. In severe cases of
malnutrition, dietary supplements alone may be inadequate because of the
malabsorption, anorexia, and gastrointestinal symptoms associated with
malnourished state. Several early trials attempted to reverse the anorexia
cachexia syndrome in cancer patients with forced feeding, but had mixed
results [15, 16]. Experience with currently available enteral supplements has
been utilized with some success in several medical [60] and surgical [61]
patient populations. However, the successful use of the enteral route in pro-
viding nutritional support to these groups may not be directly applicable to
the unique situation of cancer patients. In fact, only limited information on
the use of tube feedings in a small number of cancer patients has been
published [62]. We have recently evaluated an inexpensive blenderized tube
feeding formula in cachectic patients with a variety of malignancies. Pro-
gressive weight loss was interrupted in 7 of 9 patients after 2 weeks of
therapy but clinical outcome was not changed [63]. Nixon and co-work-
ers [64] have compared intravenous central to enteral hyperalimentation in
a nonrandomized study in which serial anthropometrics and biochemical
parameters were used to assess changes in lean body mass. Such results
suggest comparable efficacy for enteral and parenteral routes of administra-
tion [40, 65]. However, nutritional supplementation was less successful in
cancer patients compared to noncancer patients as measured by standard
indexes. One trial has prospectively evaluated enteral support in lung cancer
patients with moderate malnutrition who were treated with chemothera-
py [66]. In addition to chemotherapy, routine nutrition was compared to
nasogastric administration of 3,000 calories per day. A protective effect of
enteral support on hematopoietic toxicity of chemotherapy was reported.
Further studies will be needed to more precisely define the role of con-
tinuous enteral supplementation in patients with lung cancer cachexia.

The introduction of total parenteral nutrition (TPN) has permitted the
physician to provide nutritional support without utilizing the gastrointesti-
nal tract [67]. Early clinical experience in nonrandomized trials have sug-
gested TPN to be beneficial in converting skin tests and decreasing toxic
effects associated with chemotherapeutic regimens [67]. In addition, the
development of Hickman [68] and Broviac [69] catheters has simplified the
long-term use of TPN. Despite the well-documented ability of TPN to
increase weight of cancer patients, the results of randomized trials where
TPN was the treatment variable have been less encouraging with respect to
improving clinical outcome [70, 71].
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There is general agreement that nutritional intervention is indicated in
cancer patients in whom severe malnutrition precludes administration of
potentially efficacious therapy. However, even in a population of patients
with a wasting disease like lung cancer, such individuals constitute a distinct
minority of cases. The role of nutritional support in the care of the majority
of lung cancer patients has not yet been clearly defined. The problems
inherent in attempting to identify a subpopulation of lung cancer patients
who might benefit from nutritional support has been recently reviewed [72].
At the present time only a limited number of outcome-oriented randomized
studies involving parenteral nutritional support have been reported for
patients with lung carcinoma. In a study conducted at M.D. Anderson Hos-
pital, 65 patients with extensive adenocarcinoma of the lung were random-
ized to receive 4-drug intensive chemotherapy with or without intravenous
hyperalimentation beginning 10 days prior to chemotherapy and continuing
through the first course for a median of 35 days. Although survival was
longer in patients with less than 6 % pretreatment weight loss, there was no
difference in survival among the three nutritional treatment groups. In addi-
tion, only minimal protection from chemotherapy induced gastrointestinal
and hematological toxic effects by intravenous hyperalimentation was de-
scribed. The early analyses of this study suggested significant protection
from myelosuppression in patients receiving pre-chemotherapy intravenous
hyperalimentation [73] but these observations were not confirmed in the
final analysis [74]. Patients receiving nutritional support did demonstrate
increased body weight during the first two courses of chemotherapy com-
pared to patients not receiving parenteral nutritional support. However, this
alteration in body weight did not translate into improved survival or
decreased toxicity in this adenocarcinoma patient population. In a separate
study involving patients with small cell lung cancer, Valdivieso and co-
workers [75] have treated 49 patients with 4-drug chemotherapy including
VP-16, doxorubicin, vincristine, and cyclophosphamide with or without
intravenous hyperalimentation throughout the first two courses of in-patient
therapy. The extreme myelosuppression of this regimen with a median neu-
trophil count of 0 was not influenced by nutritional support. Intravenous
hyperalimentation also did not influence significantly other hematologic,
gastrointestinal or infectious morbidity of this intensive 4-drug chemother-
apy regimen. Preservation of weight and improved skin reactivity to skin
antigens was observed with nutritional intervention. Although a higher
complete remission rate was seen for patients receiving intravenous hyper-
alimentation, only tentative conclusions regarding efficacy can be drawn
from this preliminary report. A third randomized trial of TPN by the same
group, demonstrates somewhat more favorable results in patients with epi-
dermoid cell carcinoma [76]. The addition of TPN (35 kcal/kg of patient
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body weight/day) for 10 days prior to and 21 days following the first course
of chemoimmunotherapy with C. parvum, isophosphamide and doxorubicin
resulted in significantly decreased nausea and myelosuppression for 13 TPN
patients compared to 13 not receiving TPN. The TPN patients also had a
suggestion of therapeutic benefit (31 % response vs 7%) but this difference
was not significant. Compared to the intensive attempts at nutritional sup-
port administered in the preceding three studies, Serrou and co-workers [77]
have evaluated the efficacy of a much less intensive peripheral intravenous
nutrition program in lung cancer patients of two histological types. Patients
in both trials were randomly allocated to receive nutritional support or not
in the form of peripheral intravenous hyperalimentation. Each patient
received only 1500 kcal per day. All patients studied had histologically diag-
nosed small cell bronchial carcinoma or epidermoid carcinoma. Patients
with small cell tumors received combination chemotherapy including
doxorubicin, VP-16, and vincristine and patients received between 8 and
20 days of nutritional support. A similar nutritional support program was
involved for patients with epidermoid tumors who received chemoimmu-
notherapy followed by radiotherapy. Therapy consisted of doxorubicin, vin-
cristine, CCNU, 5-fluorouracil, and BCG. For patients with small cell car-
cinoma there was no difference between the two groups in either patient
weight or survival at 24 months. Bone marrow toxicity and gastrointestinal
toxicity were also similar in the two groups. For patients with epidermoid
tumors, quite different results were seen. There was a significant ( p<0.001)
increase in survival for the group receiving peripheral intravenous nutrition
associated with radiochemoimmunotherapy: 6-month survival of 60% for
the group receiving radiotherapy alone vs 77 % for the group receiving radio-
chemoimmunotherapy associated with peripheral intravenous nutrition.
This intriguing preliminary result suggests that the administration of a rela-
tively limited number of calories during the course of a defined treatment
program can result in improved survival in patients with epidermoid lung
cancer. Detailed metabolic and nutritional evaluations of such patients will
be required to address the question of how the administration of a relatively
limited number of additional calories for a short period of treatment can
result in increased survival. In summary, the currently available random-
ized clinical trials involving parenteral nutrition in the treatment of patients
with advanced lung cancer do not support the routine use of this modality
of therapy at the present time. Two studies, from the United States [76] and
France [77] have observed interesting preliminary results in squamous cell
carcinoma patients receiving chemoimmunotherapy and nutritional sup-
port. Randomized studies involving total parenteral nutrition as an adjunct
to chemotherapy in other disease types have also reported similar equivocal
findings [70, 72]. At present, the clinical situation where nutritional inter-
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vention has received the most support is in the preoperative parenteral
feeding given to patients with gastrointestinal malignancies [78]. No studies
on the preoperative nutritional support of patients with lung carcinoma
have yet been reported. Based on the results of the randomized trials in lung
cancer patients, a study of preoperative nutritional support of patients with
squamous cell carcinoma and weight loss would be most interesting. The
results of currently available randomized trials of nutritional support in lung
cancer patients are summarized in Table 3.

6. SUMMARY

In summary, we may conclude that weight loss in the patient with lung
cancer is associated with a poor prognosis for long-term survival [1, 80].
Abnormalities of protein, carbohydrate, and fat metabolism have been
defined in patients with cancer cachexia and appear to represent derange-

Table 3. Results of prospective, randomized trials in the use of parenteral nutritional support in
advanced lung cancer.

Lung Effect of parenteral
Author Patient carcinoma nutrition versus
(reference) number cell type Therapy control results
Lanzotti [79] 33 non-small cell chemo decrease in WBC nadir on
(abstract) TPN, no difference in re-
sponse or survival
Valdivieso [75] 30 small cell chemo increase (not significant) in
(abstract) complete  responses  on
TPN
Serrou [77] 40 small cell chemo no difference in response or
toxicity on PIN
Jordan [74] 65 adenocarcinoma chemo no difference in response or
toxicity on TPN
Issell [26] 26 squamous cell chemo, decrease in nausea and
immuno WBC nadir on TPN; in-

crease (not significant) in
partial response rate on

TPN
Serrou [77] 70 squamous cell chemo, significant increase in survi-
immuno, val on PIN

radiation

TPN = Total parenteral nutrition.
PIN = Peripheral intravenous nutrition.
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ments in host metabolism induced by the cancer. While the impact of
weight loss on survival in lung cancer is evident, the ability of existing
methods of nutritional intervention including enteral and total parenteral
nutrition to prevent, reverse, or treat malnutrition in this patient population
remains to be established. A number of hypotheses have been developed to
account for rapid weight loss in lung cancer patients despite the administra-
tion of apparently adequate calories [81]. These include excess energy con-
sumption by the tumor, hormonal imbalances, and excess futile
cycling of carbohydrates by the host leading to energy wasting. The con-
sensus view at the present time is that the cancer somehow deranges
host metabolism. A large number of investigations are currently aimed at
elucidating the etiology of cancer cachexia in lung cancer patients as well as
the efficacy of new approaches to therapeutic intervention.
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9. The Neurophysins and Small Cell Lung Cancer

WILLIAM G. NORTH, L. HERBERT MAURER and JOSEPH F. O’'DONNELL

1. INTRODUCTION

Neurophysins are single chain proteins of about 10,000 daltons in size
that are normally produced by neurons in the hypothalamus. These proteins
are rich in cysteine, glycine, and glutamic acid, and all of those so-far stu-
died have an N-terminal alanine. Most of the neurons that produce neuro-
physins are located in the supraoptic and paraventricular nuclei of the anter-
ior hypothalamus. Two other well-characterized products of these neurons
are the hormones oxytocin and vasopressin (antidiuretic hormone, ADH).

2. BIOSYNTHESIS OF NEUROPHYSINS BY HYPOTHALAMIC NEURONS

The neurophysins (NPs), oxytocin (OT) and vasopressin (VP) are initially
translated as larger precursors on ribosomes [1-6]. These precursors are
then packaged into neurosecretory granules (NSG) in the Golgi apparatus of
neurons and transported along axons, most of which terminate in the neural
lobe. The NSG are about 160 nm in diameter. During passage from perika-
rya to axonal terminals, the precursors within the granules become trans-
formed into peptide hormones and neurophysins by cleavage of specific
peptide bonds [4, 5, 7]. It is now becoming clear that there are specific neu-
rons that produce VP and one type of NP, and specific neurons that produce
OT and another type of NP. We have named the neurophysin of vasopres-
sinergic neurons, vasopressin-associated neurophysin (VP-NP), and the neu-
rophysin of oxytocinergic neurons, oxytocin-associated neurophysin (OT-
NP). In this scheme, human neurophysins (HNPs) are abbreviated VP-HNP
and OT-HNP, respectively, while rat neurophysins (RNPs) become VP-
RNP and OT-RNP. For human neurophysins, VP-HNP is synonymous
with nicotine-stimulated neurophysin, and OT-HNP is synonymous with
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estrogen-stimulated neurophysin, in the nomenclature earlier introduced by
Robinson [8, 9].

The inseparable nature of the hormones and the neurophysins was first
clearly seen in the Brattleboro rat, a remarkable animal model for inherited
hypothalamic diabetes insipidus. These animals were first bred at Dart-
mouth by Valtin and Sokol and have recently been the subject of an inter-
national meeting [10]. Further support for adopting a hormone designation
for neurophysins has come from Land and co-workers [7] who have now
shown definitively that each hormone and the neurophysin with which it is
associated share a common precursor.

Much of the information about the biosynthesis of VP, OT and NPs has
resulted from pulse-chase studies which measured the incorporation of
radiolabelled amino acids into proteins and peptides [1-3, 11]. Gainer and
co-workers centered on identifying possible precursors of the neurophysins
in the rat using an antiserum that did not discriminate between the two rat
neurophysins, and were able to isolate molecules of 20,000 and 15,000 dal-
tons that appeared to be precursors [3]. Precursor forms for neurophysins
have also been demonstrated by cell-free translation with mRNA from
bovine hypothalamus [12-14] and from rat hypothalamus [15]. Translation
performed in the presence of microsomal membranes was found to convert
a possible precursor form of vasopressin-associated bovine neurophysin
(VP-BNP) of 21,000 daltons to a glycosylated 23,000 dalton product. These
observations led Schmale and Richter [13] to conclude that the precursor of
VP-NP and VP is normally glycosylated, and such a conclusion was in
agreement with the data of Russell and co-workers [16] who were able to
show that *H-fucose was incorporated into the neurophysin precursor asso-
ciated with vasopressinergic neurons. On the other hand, the precursor of
OT-NP and OT does not appear to be glycosylated [13, 14, 17], and has a
molecular size between 15,000 and 18,000 daltons[13-15]. The mRNA
sequence encoding a common precursor to VP-BNP and VP has now been
determined, and this has been used to deduce the amino acid sequence for
the precursor. The basic structure of this precursor is illustrated in Figure 1.

Glycopeptide

40 AAs

Leader Sequence * Hormone * * Neurophysin *

FGly—Lys-Arg

Figure 1. A schematic representation of the precursor structure for vasopressin and VP-BNP
deduced by Land and co-workers showing the bonds which must ultimately be cleaved, in order
to liberate free hormone and neurophysin. At least three types of enzymes seem to be required to
explain the products formed, and one of these is an acid proteinase with a-chymotryptic spe-
cificity.
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The precursor comprises 166 amino acids arranged in the following man-
ner: a 19 amino acid signal peptide at the amino terminus is attached
through an Ala-Cys bond to the sequence representing VP; this is followed
by a sequence -Gly-Lys-Arg- and then the sequence of the NP; a 40 amino
acid residue glycopeptide is attached at the carboxyl end of the NP. It is
likely the common precursor to OT-NP and OT will have a similar
sequence. Now that sequence information is available on the 166 amino
acid precursor for VP-BNP and VP, there is a need to explain the nature of
other putative precursors of larger molecular size which have been identi-
fied in extracts of hypothalamus and neural lobe [18-20]. One prominent
form has a molecular weight apparent of 28,000-35,000 [18].

The generation of hormones and neurophysins occurs in the neurosecre-
tory granules (NSG). The events involved in these transformations might
therefore be interpreted from known characteristics of the granules and their
components. Cannata and Morris [21] proposed that under physiological
conditions the pH inside the NSG of the neural lobe is in the vicinity of 5,
because they found that these NSG were most stable to fixation at this pH.
Besides this, when neurophysins and hormones are generated from their
common precursors they form noncovalent complexes, and the view of an
intragranular pH of 5 was consistent with known characteristics of these
complexes because they are stable and least-soluble in the pH range 5-6.
Russell and co-workers [22] have, in fact, recently measured the pH within
NSG using a dye-method and confirmed that intragranular pH is about pH
5.3. The electron microscopic studies of Morris [23] and the studies per-
formed by us on the subcellular localization of neurophysins and hormones
by RIA [24] have demonstrated that most of the neurophysins and hor-
mones in the neural terminals of the neural lobe are located within NSG,
and indicate that release of each NP and hormone is associated with the loss
of the entire granule contents by exocytosis. The hormone content of each
granule has been calculated to be about 10° molecules, and the intragranular
molarity of each hormone (and neurophysin) has been estimated as being
greater than 0.1 M [23, 25]. It might, therefore, be inferred that granules
when first formed in the neurons of the hypothalamus are each packaged
with about 10° molecules of prohormones at a concentration of >0.1 M.
This high concentration of substrate for proteolysis (i.e., the prohormone)
could mean that the rate of conversion to the products of proteolysis (i.c.,
neurophysins and hormones) is largely independent of substrate concentra-
tion.

We have used plasma values of VP-R NP and OT-R NP, their half-lives in
the circulation, and their volumes of distribution to arrive at an estimate of
their rates of production/release from the hypothalamo-neurochypophysial
system of the rat [23, 26]. These studies were performed in the conscious rat
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and the relationship used in these calculations was based on the equa-
tion:
R- V-(In 2)-[P]
t1/2

where R is the rate of release (and also of production in the steady-state);
V is the volume of distribution of each NP; [P] represents the plasma con-
centration determined by radioimmunoassay, and ¢ 1/2 is the half-life of im-
munoreactive VP in the circulation. The rates of release/production of
VP-RNP and OT-RNP estimated in this fashion were: 32 pmol/day/100 g
body weight (males) and 41 pmoles/day/100g body weight (females) for
VP-RNP; and 55pmoles/day/100g  body weight (males) and
81 pmoles/day/100 g body weight (females) for OT-RNP. Rhodes and col-
leagues [27] used an immunocytochemical approach to determine the num-
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Figure 2. Identification of precursor forms (A, B) in neurosecretory granules from rat neural
lobes by RIA for oxytocin-associated rat neurophysin. RIA was performed on eluates from
1-mm strips of a 10% polyacrylamide gel. Electrophoresis was performed at pH 9.5. The posi-
tions of oxytocin-associated rat neurophysin (OT-RNP), a metabolite (OT-RNP’), and vaso-
pressin-associated neurophysin (VP-RNP) all located by comassiablue staining, are indicated.
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ber of neurons producing NPs, VP, and OT in the rat hypothalamus. Their
evaluation gave approximately 4000 for each cell type, and if we assume
that about 75 % of these neurons send axons to the neural lobe, then the rate
of synthesis of NPs (and VP, OT) per 10° cells can be estimated (by coupling
the results of our study with theirs) to be about 10 and 15 nmole/day/10°
cells for VP-RNP, and 20 and 30 nmole/day/10° cells for OT-RNP. The
molar quantities of each hormone and its corresponding NP stored in the
neural lobe are approximately the same, and this appears to be true not only
for mature rats, but throughout different stages of postnatal develop-
ment [4, 28]. A small amount of precursor also appears to be present in the
neural lobe, and this has been demonstrated by Russell and co-workers [11]
in crude extracts of the gland, and by us for OT-RNP precursor(s) as a
component of isolated neurosecretory granules (Figure 2). As the contents of
NSG are released by exocytosis of the granules, it is therefore likely that a
small amount of the precursors (molecular sizes ~ 20,000 daltons) of vaso-
pressinergic and oxytocinergic neurons are released into the circulation,
although this probably represents a very small fraction of the total amounts
of hormones and neurophysins released.

Since the neurophysins and hormones are formed in NSG from precur-
sors by proteolysis, then at least one proteolytic enzyme would be expected
to be a component of these granules. We, in fact, have demonstrated the
presence of an enzyme(s) in an isolated fraction of NSG and found it to be
entirely responsible for metabolic products formed from the neurophysins
in situ. All of these metabolic conversions from purified VP-NPs and OT-
NPs by this enzyme at pH 5 have been demonstrated in vitro using prepa-
ration of isolated NSG [4, 29, 30]. The fact that in vitro conversions occur at
a pH similar to that measured to be the intragranular pH indicates that the
enzyme(s) is active within NSG. We found that the enzyme converts OT-
RNP to its chief metabolite, OT-RNP’, by cleaving a Phe-Ser bond and
liberating a small C-terminal peptide, and this has now been confirmed by
availability of the amino acid sequence data for OT-RNP and OT-
RNP’ [31, 32]. On the other hand, it seems to liberate an N-terminal pep-
tide fragment(s) from VP-RNP to form a metabolite VP-RNP’. The simi-
larity of the enzyme(s) to a-chymotrypsin was shown by the ability of
a-chymotrypsin at pH 7.6 (a suitable pH for this latter enzyme) to liberate
protein and peptide products from purified VP-RNP and OT-RNP which
seem to be identical to those products obtained with the enzyme(s) of the
granules at pH 4.5. Unlike a-chymotrypsin, however, the enzyme(s) of the
granules is an acid proteinase and displays maximal activity in the range pH
4.0 to 5.5, and has little to no activity above pH 6.5 and below pH
3.0[4, 29, 33, 34]. We have further shown that a-chymotrypsin at pH 7.6 is
capable of generating all identified NPs of ox and human neural lobe when
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incubated in vitro with purified proteins thought to represent the primary
forms of VP-NP and OT-NP in these species. The enzyme(s) of NSG also
appears to be present throughout postnatal development in the rat as evi-
denced by the presence of OT-RNP’ at all stages [4]. The nature of the
enzyme(s) of the granules, and its location within NSG make it a possible
candidate responsible for the formation of NPs, VP and OT from prohor-
mones. This is now supported by features of the derived amino acid
sequence of the precursor of vasopressinergic neurons (Figure 1): if the
entire precursor is packaged into NSG, an enzyme similar to the one we
have described would be required to cleave the Ala-Cys bond joining hor-
mone to leader peptide. Smyth and Massey [35] have also described frag-
ments of prohormone which would result from Leu-Leu bond cleavages and
could arise from the action of the enzyme; and it is also conceivable that
our enzyme splits at the Val-Arg bond of the precursor to liberate the NP
structure from the C-terminal glycopeptide. Nevertheless, it is clear that
enzymes other than the one we have described would also be necessary to
produce NPs, VP and OT as final products of the precursor. The require-
ments are an enzyme to cleave a Gly-Gly bond with amidation of the
Gly [9] position of the hormone liberated by such a cleavage [36] and an
arylamidase-type activity [37] for fully liberating the NPs; or a trypsin/car-
boxypeptidase B combination as seen in pancreatic B-cells [38, 39].

The neurosecretory granules of magnocellular neurons are therefore seen
to contain precursor, hormone, neurophysin, and other products of proteo-
lysis of the precursor; and more than one proteolytic enzyme responsible for
the generation of secretory products from precursor.

3. FACTORS CONTROLLING RELEASE OF NEUROPHYSINS

Neurophysins are released when VP and OT are released. Hence, those
factors influencing release of the hormones will also alter circulating levels
of neurophysins. The control of VP and OT release from the neurohypo-
physis has been the subject of extensive reviews [40-42]. The principal
physiological control mechanisms for the release of VP (and VP-NP)
involve serum osmolality and blood volume changes. An increase in serum
osmolality activates osmoreceptors in the hypothalamus stimulating the
production/release of the hormone and its neurophysin. This stimulus also
causes an increase in production/release of oxytocin and OT-NP [24, 26]. A
decrease in blood volume of more than 10% decreases inhibitory impulses
to the hypothalamus from atrial receptors and arterial baroreceptors, and
this results in a large rise in the production/release from vasopressinergic
neurons, but not from oxytocinergic neurons. Nicotine is a stimulus for VP
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release in animals [8, 9] but not in human subjects who smoke cigarettes
regularly [9, 43]. Estrogens are potent stimulants of OT and OT-NP release
but have little effect on VP and VP-NP secretion [8, 9]. Release from vaso-
pressinergic neurons also appears to be under the influence of dopam-
ine [44].

4. CLEARANCE OF NEUROPHYSINS

Neurophysins are cleared from the circulation chiefly by the kidneys. In
studies conducted on the clearance of rat neurophysins in conscious rats
(North and Gellai, unpublished data) we found that very little of this
removal (<5%) is by filtration. When '»I-RNPs were injected into rats
almost no immunoreactive material was present in urine collected from a
bladder catheter - the tracer was in the form of small peptides appearing
maximally at times >60 minutes, and some animals sacrificed 20 minutes
post-injection showed >85% of the radioactivity located in the kidneys.
These data point to cells of the kidneys almost exclusively taking up RNPs
from blood, degrading them, and then secreting breakdown products into
the tubules for removal in the urine.

5. CHARACTERIZATION OF HUMAN NEUROPHYSINS AND DEVELOPMENT
OF RIAs [9]

The purification of two human neurophysins was achieved by processing
extracts from 5000 human pituitary glands provided by S. Raiti of the
National Pituitary Agency. These were characterized as VP-HNP and OT-
HNP by their differential association with hormones in human pituitaries
and by their specific release in response to different stimuli. They were
coupled to bovine thyroglobulin and used to raise antibodies, which in turn
were used to develop specific RIAs. Two antisera are effective in assays at
dilutions of 1:20,000 and 1:100,000 for VP-HNP and OT-HNP, respective-
ly. The dose range for measurement in the original assays was 5 picograms
(0.5 fmole) to 320 picograms (32 fmole) and this made them 1 to 2 orders of
magnitude more sensitive than other reported assays for these proteins.
Recent modifications in assay procedure have now improved this sensitivity
for both assays so that measurements can be performed in the range of 2
picograms (0.2 fmole) to 80 picograms (8 fmole). The cross-reaction of OT-
HNP in the assay for VP-HNP is <2 %, and the cross-reaction of VP-HNP
in the assay for OT-HNP is <5%. Both assays can be used without inter-
ference to measure neurophysins in crude tissue extracts and in unextracted
plasma and urine.
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6. HUMAN NEUROPHYSINS IN PLASMA [9]

The plasma levels of HNPs obtained for 20 healthy subjects (10 males
and 10 females) using the above assays were 734 5 pg/ml for VP-HNP and
283+ 30 pg/ml for OT-HNP. Similar values to these were reported by Pul-
lan and co-workers [43]. The range of values was from <50 to 132 pg/ml for
VP-HNP and from 136 to 562 pg/ml for OT-HNP, and no significant dif-
ference was found between sexes. Posture seems to have no influence on
HNP levels in plasma.

Since nicotine is reported to be a strong stimulant for the release of vaso-
pressin [45] (and because many patients with SCCL are smokers) we exam-
ined the effect of smoking two filtered cigarettes (1.3 mg nicotine/cigarette)
in 15 minutes on plasma HNPs in nonsmokers, occasional smokers (<1
cigarette/week) and habitual smokers. Test samples were taken 10 minutes
beforehand, and at 5-minute intervals for 40 minutes after smoking com-
menced. In nonsmokers and occasional smokers, cigarette smoking was
found to cause a 2- to 3-fold increase in plasma values of VP-HNP (but not
OT-HNP), and values for this HNP peaked 15-20 minutes after smoking
commenced. However, smoking had no significant effect on the levels of
VP-HNP or OT-HNP in habitual smokers. In this respect our findings are
similar to those reported by Pullan ez al. [43].

Pathological states which give rise to the syndrome of inappropriate secre-
tion of antidiuretic hormone (SIADH) have been claimed to increase circu-
lating levels of one HNP but not the other [43, 45]. This syndrome is char-
acterized by hyponatremia and high urine osmolality. For 18 patients with
SIADH we found that plasma VP-HNP was elevated from 3.3 to 650 times
normal. One patient whose SIADH was thought to be due to alcoholism
had a VP-HNP value of 456 pg/ml associated with a serum sodium of
103 mEqg/liter, and this normalized to 118 pg/ml following treatment when
his serum sodium had risen to 134 mEq/liter.

Robinson [45] has shown that estrogen is a strong stimulus for the release
of one HNP, but not the other, and this was also our finding [9]. Women
taking estrogen-containing oral contraceptives had plasma OT-HNP con-
centrations at least 4 times the mean value for subjects on no medication
(2031 + 377 pg/ml); but all had normal levels of VP-HNP.

Both HNPs concentrations in plasma are raised in patients with lithium-
induced nephrogenic diabetes insipidus [9, 43]. In the one patient examined
by us with this condition, the plasma levels were 339 pg/ml for VP-HNP
and 3788 pg/ml for OT-HNP. These elevated levels are thought to result
from increased release, but it is also possible that impaired kidney function
decreases the rates at which HNPs are removed from the circulation (see
above).
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7. HUMAN NEUROPHYSINS AS POSSIBLE TUMOR MARKERS FOR SMALL CELL
CARCINOMA OF THE LUNG

Small cell carcinoma of the lung is often associated with the ectopic pro-
duction of peptide hormones such as ACTH, calcitonin, ADH, and oxyto-
cin [25, 46-48]; and this tumor biosynthesis might proceed by integrated
steps similar to those occurring in normal endocrine tissue.

It was on this premise that we set out to examine the incidence of ectopic
production of HNPs by small cell carcinoma and to evaluate them as tumor
markers [49]. For our evaluation we chose an approach which we have now
adopted as a model for this type of investigation. This entails that initial
plasma samples are obtained from patients following diagnosis and before
they commence therapy. Thereafter, test samples are taken during treat-
ment, before each cycle of therapy. Such an approach appears to eliminate
the influence that different therapeutic regimens could have on circulating
levels of HNPs, and this might also be true for most other tumor markers.
An intensive follow-up during treatment seems to us desirable if measure-
ments of the ectopic product are going to be of eventual clinical benefit. The
criterion used to identify ectopic production of HNPs in patients before
treatment was the presence of elevated plasma levels which were greater
than 3 times the mean for normal subjects in the absence of conditions
known to increase release from the pituitary or decrease clearance. Such
conditions have been reviewed by Robertson [42] and Fenestril [S0], and
include heart disease, thyroid disease, kidney disease, and adrenal insuffi-
ciency. The cut-off values were 220 pg/ml for VP-HNP and 850 pg/ml for
OT-HNP (>4 SDs and >3 SDs above the normal means for VP-HNP and
OT-HNP, respectively). Concentrations of HNPs between 2 and 3 times
normal presented us with an intermediate range (>2 SDs above the normal
means for both proteins) and patients with pretherapy values in this range
were categorized as having tumors that were possible secretors, although
follow-up data indicate that most of these individuals behaved as if they did
not have HNP-secreting tumors.

The incidence of ectopic production of HNPs using the above criteria has
now been examined for 151 patients. Of these patients, 65% (96) had sig-
nificantly elevated plasma levels of one, or both, HNPs before therapy
(HNP-secreting tumors); 24 % (36) had HNP values in the normal range
(nonsecreting tumors); and the remaining 13% (19) had values 2-3 times
normal (possible HNP-secreting tumors). More specifically, 72 patients (48 %)
of the 151 had tumors that secreted VP-HNP, and 45 (30%) had tumors
that secreted OT-HNP. Of the HNP-secreting tumors 22, (15 %) produced
both HNPs. The overall incidence of HNP production by small cell tumors was
similar for males (62 %) and females (66 %).
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Figure 3. Plasma concentrations of VP-HNP and OT-HNP, determined by RIA, in 20 normal
volunteers and 103 patients with small cell carcinoma of the lung at the time of diagnosis. Each
person is represented by a single circle for each substance. The mean values of VP-HNP and
OT-HNP for healthy volunteers (M) and three times these means (3M) are given, the latter being
the lower cut-off which defined the presence of HNP-secreting tumors. O, values for individuals
who had both NPs elevated (>3 times normal). Note the broken scale on the ordinate.

Plasma HNPs have so far been followed in 103 patients who were
undergoing a course of combination chemotherapy and radiation therapy.
The values of HNPs for these patients before they commenced therapy are
illustrated in Figure 3. These patients subsequently had blood samples taken
for analysis by RIA just before each therapy session. So far all have been
followed through at least two cycles of treatment, while a few have been
followed as long as two years. They comprised 67 secretors, 25 nonsecretors,
and 11 possible secretors. Patients with nonsecreting tumors maintained
normal HNP levels regardless of the clinically assessed course of their dis-
ease, with four exceptions. One had a rise in both HNPs following develop-
ment of massive ascites, one with normal levels for 2 years had a rise in
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HNPs a few days prior to death, and one had a rise in OT-HNP during a
course of estrogen treatment. A fourth patient presented one year after a
complete remission with elevated HNP values, dementia, and SIADH but
had no clinical evidence of tumor. No post-mortem was performed, how-
ever. Since all of these exceptions have an associated pathology, or have
increases due to the effect of a known stimulant, we have concluded that
patients classified as having nonsecreting tumors remain in this class
throughout the course of their disease - that nonsecreting tumors (with
respect to HNPs) remain nonsecreting tumors.

In sharp contrast to nonsecretors were secretors of HNPs. For all the
patients defined as having HNP-secreting tumors there was a good agree-
ment between clinical response to therapy and the change in HNP levels.
Figure 4 illustrates this correlation. Values during therapy (black bars in A
and C) are given as a percentage of pretherapy HNP values (open bars); the
black bars in B represent values during early recurrent disease as a percen-
tage of those found during remission (shaded bars). For all patients so far
examined with high plasma levels of VP-HNP (secretors) who underwent
partial remission (defined as a >50% reduction in the sum of the products
of 2 diameters of all measurable lesions) or complete remission (no meas-
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urable lesions or clinically evident para-endocrine disorder), there was a
coincident 2- to 20-fold reduction (1 log) of plasma VP-HNP. Elevated plas-
ma levels of OT-HNP were affected in the same manner as VP-HNP levels
(2- to 30-fold reductions). For patients with both HNPs in the range for
secretors before therapy, clinical remission was associated with reductions
in the levels of both proteins. In cases where only one HNP was elevated > 3
times before therapy, it was only this HNP that underwent significant
change during remission. For all patients with elevated HNP(s) (> 3 times)
who had progressive disease without objective remission, progressive dis-
ease was accompanied by increases in HNPs, but only the HNP(s) that was
elevated before treatment. Some patients did not experience either a remis-
sion or disease progression during the first three cycles of therapy, and their
condition during this time was regarded as stable. None of these patients
who had HNP-secreting tumors experienced a large rise or fall in their HNP
values. However, several showed significant increases or decreases (1.4 to
1.8 times) which could indicate that the RIAs, because of their sensitivity,
can register changes in tumor volume too small to be detected by clinical
assessment.

The influence of tumor recurrence on plasma HNPs has been assessed in
patients with HNP-secreting tumors who had undergone partial or complete
remission. In all cases, recurrent disease was associated with increases over
remission values in the HNP(s) that was elevated before therapy. Moreover,
a significant rise above remission values (> 1.4 times) always preceded clin-
ical recognition of recurrent disease by 3-12 weeks. The one apparent
exception to HNP levels always predicting recurrent disease was a patient
with 4 times normal VP-HNP before therapy who had a 2-fold reduction in
this value coincident with a complete clinical remission. The patient has
now been followed for more than 2 years with test samples taken monthly.
Although he still shows no signs of a relapse, VP-HNP levels rose to 7 times
normal five months after commencing treatment and have remained ele-
vated (>3 times normal) since that time. OT-HNP levels in this patient
were initially normal, but these rose concomitantly with VP-HNP values to
6 times normal and have also remained high (>3 times normal). The latter
finding suggests that a nontumor-related condition could be responsible but
such a condition is not yet clearly evident. However, the general pattern
observed for patients with high pretherapy levels of VP-HNP is shown in
Figure 5. One patient (Figure 5A) had an initial plasma VP-HNP which was
50 times normal and this fell coincident with a complete remission to a
value about 6 times normal. During remission plasma levels started to
climb and when they had reached 24 times normal the patient was assessed
as still in complete clinical remission, except for a possible rib abnormality
seen on a bone scan. Recurrent disease was clearly demonstrated after
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another 3 weeks. OT-HNP levels remained normal in this patient through-
out treatment. The other patient (Figure 5B) had initial plasma VP-HNP
which was 125 times normal and this also fell with complete remission to 9
times normal. VP-HNP then started to rise, first to 25 times normal, and
then to 38 times normal when he redeveloped SIADH concurrent with
diagnosis of recurrent disease: VP-HNP then rose to 176 times normal. For
this patient OT-HNP was elevated at 4 times normal before treatment, fell
to 1.5 times normal during remission, and finally rose to S times normal.

With reference to RIAs for HNP being able to detect residual tumor
above, about half of the patients defined as having HNP-secreting tumors
have initial values of one or both HNPs less than 5 times normal, and
during partial or complete remission these values fall into the normal range.
In such cases we would anticipate that it may still be possible to distinguish
ectopic production from normal production by applying qualitative rather
than quantitative analysis (see below), or by developing provocative or inhi-
biting tests (e.g., water restriction or water-loading) [51].

One valuable advantage of monitoring HNPs is the possible use for short-
term appraisal of new regimens used in treatment. This was exemplified by
one patient who was initially given treatment which involved combination
chemotherapy before prophylactic brain radiation therapy. This patient
experienced a fall in elevated VP-HNP with remission following chemother-
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apy, but levels rose significantly during radiation treatments to his brain.
When chemotherapy was reinstated, the values again decreased. Subsequent
patients were given simultaneous chemotherapy and radiation therapy.

The potential uses of data on plasma HNPs for monitoring the effective-
ness of treatment in patients with small cell carcinoma of the lung has led us
to seek answers to the following questions: (1) Is there a relationship
between initially elevated HNP(s) and the staging of small cell carcinoma
into limited and extensive disease?; (2) Is there a relationship between pro-
duction of HNP(s) and tumor cell subtype?; (3) Is ectopic production of
HNP(s) unique to small cell carcinoma of the lung?; and (4) Do changes in
plasma HNP(s) provide a true guide to changes in tumor burden?

8. ECTOPIC PRODUCTION OF HNP(s) BY SMALL CELL TUMORS AND STAGING

We have reviewed data on 103 patients to compare secretory status and
the staging of the disease and this analysis is given in Table 1. Definition of
the stage was according to Cancer and Acute Leukemia, Study Group B,
criteria: patients with limited disease had detectable tumor confined to the
lung, mediastinum and ipselateral or contralateral supraclavicular lymph
nodes; while patients with extensive disease had tumor that extended
beyond these confines. Evaluation for sites of metastatic disease employed
technetium liver and bone scans, technetium brain scans or computerized
axial tomography, analysis of bone marrow aspirates and biopsies, and chest
X-ray.

Of patients with extensive disease, 82% had one, or both HNPs in the
secretor range (>3 times normal) before therapy, and this compared with
41% of patients with limited disease. The lower incidence for limited dis-
ease could be due to a smaller tumor burden in these patients, or to the
HNPs being molecular markers of a tumor subtype which shows a greater
ability to metastasize. However, of these two possibilities, the first seems

Table 1. Pretherapy HNP secretory status and staging.

Percentage incidence
Elevated plasma HNP

(>3 times normal) Limited disease Extensive disease
VP-HNP elevated only 24% 39%
OT-HNP elevated only 10% 15%
Both HNP elevated 7% 28 %

Total patients 42 61
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Table 2. Pretherapy HNP secretory status and prognosis.

Limited disease Extensive disease
Median Median

Remission survival Remission survival
HNP secretory
status % complete % partial (months) % complete % partial (months)
Secretors 65 24 9.3 8 28 6.1
Nonsecretors 63 13 9.5 11 33 6.5
Possible
secretors 22 78 10.0 50 0 5.8

unlikely because results from serial measurements where tumor burden
increased with time support the view ‘once a nonsecretor always a nonse-
cretor’. As the prognosis for extensive disease is poorer than for limited
disease [52, 53], then indirect support for the second of the above possibil-
ities might be gained if patients with HNP-secreting tumors within each
staging group were found to have a poorer prognosis than patients with
non-HNP-secreting tumors. However, examination of data for 103 patients
showed that there was no clear prognostic difference between secreting and
nonsecreting tumors, either in terms of the percentage of patients exhibiting
a positive response or in median survival (Table 2).

9. HNP SECRETORY STATUS AND CELL SUBTYPES OF SMALL CELL
CARCINOMA OF THE LUNG

In a further analysis of the data gathered on the above 103 patients, we
compared the pretherapy elevation (> 3 times normal) with subclassification

Table 3. Pretherapy HNP secretory status and cell subtype.

Cell subtype

Staging and secretory status Lymphocytic Intermediate SCCL NOS*
Limited disease 18 19 5
Extensive disease 24 26 11

Secretes VP-HNP alone 14 (33%) 16 (36 %) 4 (25%)
Secretors OT-HNP alone 3 (7%) 9 (20%) 1 (6%)
Secretors both HNPs 11 (26 %) 8 (18%) 1 (6%)
Nonsecretors 8 (19%) 7 (16 %) 6 (38%)
Possible secretors 6 (14%) 5 (11%) 4 (25%)

4 Small cell carcinoma not otherwise specified.
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of tumors into lymphocytic cell type, intermediate cell type, and small cell
not-otherwise-specified (SCCL NOS) according to the 1979 WHO recom-
mendations. This analysis is shown in Table 3. Although numbers are small,
there was no significant difference in secretory status between lymphocytic
and intermediate cell subtypes and for these two groups the incidence of
HNP secretion was 44 % for limited disease and 88 % for extensive disease.
The incidence of secretion in tumors with unspecified cell subtyping was
much lower than this.

10. ECTOPIC PRODUCTION OF VP AND OT BY SMALL CELL CARCINOMA

We developed a dependable method for extracting VP from plasma [54]
and found this also suitable for isolating OT for RIA. The method provides
a >80% recovery of the peptides from 1.0ml of plasma. Using
RIAs [25, 55] data on plasma levels of extractable hormones (i.e., as peptide
products, not as larger molecular forms) has been obtained for 18 patients
who have also been assessed for ectopic production of HNPs. Prior to treat-
ment, 3 of the patients studied displayed SIADH and had elevated VP-
HNP, 4 had elevated VP-HNP, 3 had elevated OT-HNP, 1 had both HNPs
elevated, and 10 had normal plasma levels of HNPs. For 9 of 10 patients
with normal HNPs (nonsecretors), the corresponding hormone levels were
in the normal range (2-4 pg/ml for VP, 2-6 pg/ml for OT). The remaining
one of these 8 patients had a normal VP value, but 18 times the normal
plasma value of 3.0 pg/ml for OT. For the other patients, in all instances
where one or both HNPs were elevated (>3 times normal), the correspon-
ding hormone was also elevated (>3 times normal). However, one patient
with elevated VP-HNP and normal OT-HNP had an OT value which was
> 300 times normal. During treatment the direction of change in hormone
levels was generally the same as that of the HNP. Hence, the data while still
preliminary suggest that: (1) all tumors secreting VP-HNP and OT-HNP
also secrete VP and OT and, therefore, their production by these cells arises
from genetic derepression; and (2) the incidence of OT secretion by tumors
may be higher than that suggested by the RIA used for OT-HNP. For plas-
ma VP, SIADH was associated with levels of the hormone > 14 pg/ml and
was no longer apparent when values dropped to <10 pg/ml.

Since each HNP and its hormone are likely generated from a common
precursor, and stored and released in molar equivalents by hypothalamic
neurons (see Introduction) we expect that plasma levels resulting from nor-
mal production should reflect such processing with differences being due to
their respective clearances and volumes of distribution. In this respect, we
have determined that the plasma molar ratios of VP-HNP and VP in heal-
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thy volunteers is between 3 and 6 (North, unpublished data). Our evaluation
of the plasma ratios of VP-HNP to VP in three patients with HNP-secreting
tumors before and during treatment (Table 4) has shown that this index is
outside the normal range, even when plasma concentrations of the secreted
material returned to normal following remission in one of the patients. For
Patient 1 of Table 4 the NP:hormone ratio was lower than normal before
therapy and remained low during remission. At the time of recurrent disease
in this patient, and in Patients 2 and 3 who had progressive disease the ratio
was abnormally high. In fact, it increased with time in Patient 1. A relative-
ly low value for extractable VP compared to VP-HNP suggests to us that
these substances are being secreted principally as a large molecular form(s) -
as precursor. Our present knowledge of the production of VP and VP-NP by
neurons leads us to believe that such changes may be due to alterations in
the levels of intragranular proteolytic enzymes produced by the tumor cells,
enzymes normally responsible for the generation of hormones and neuro-
physins from precursors. Such alterations could be significant if they accom-
panied increased resistance of tumors to treatment. Further support for
qualitative differences between the secretions from tumors and from the
hypothalamic neurons has also come from our studies performed on the gel
filtration behavior of immunoassayable HNPs. For plasma from healthy
individuals we found that almost all of the activity in the assays for HNPs
was eluted from columns of Sephadex G-75 in volumes similar to those in
which pituitary neurophysins were eluted. Such peaks of activity indicated a
molecular size of 15,000 to 20,000 at pH 7.0 and this is consistent with the
known tendency of the 10,000 dalton species to form dimers under these
conditions (for review see NY Acad Sci, volume 248, 1975). However, in
the plasma samples from some tumor patients, a much larger species of
HNP(s) was also found. One profile obtained from the plasma of a patient
undergoing a relapse and displaying ‘big neurophysin’ is shown in Figure 6.
Yamaji et al. [56] have also demonstrated large glycosylated forms of one
HNP in small cell tumors. Both observations suggest that tumors not
uncommonly secrete precursor forms of the HNPs as has been shown for
the ectopic production of other hormones and hormone-associated substan-
ces [46, 48].

11. TUMOR CONTENT OF HNPs

We have examined three tumors classified as nonsecreting and were un-
able to detect HNP(s) by RIA in acid extracts. However, the extracts from a
primary lung tumor and liver metastasis of a secretor of VP-HNP were
found to have 8.7 ng/mg acid-soluble protein (0.8 pmole/mg acid-soluble
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Figure 6. Profile of plasma immunoreactive neurophysins eluted from a column of Sephadex
G-75. The plasma sample was from a patient undergoing relapse who had a small cell tumor that
produced VP-HNP. The elution volumes for pituitary VP-HNP, NaCl, and a 50,000 dalton
protein are indicated. The 50K point was derived from data obtained on standard mixtures of
proteins used as molecular weight markers.

protein) and 6.5 ng/mg acid-soluble protein of VP-HNP, and no detectable
OT-HNP. A cell line (DMS-217) was developed from a pericardial metas-
tasis taken from the same patient and this cell line after being maintained in
culture for two years was found to contain 5.8 ng/mg acid-soluble protein of
VP-HNP. These data indicate the presence of low and consistent storage
level of secretory product in primary and metastatic disease, and in cell lines
derived from such tumors. In fact, for 14 cell lines developed from small
cell tumors by Pettengill and Sorenson [57] we have found substantial
amounts of OT-HNP, VP-HNP, or both HNPs [57]. It is not yet known
how such measurements in media relate to storage or production by these
cell lines because a number of variables were not taken into account: cell
viability, the stability of the secretory products to possible breakdown by
enzymes in the media or secreted by the tumors, and possible feed-back
regulation of secretory products on tumor cell activity.
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Although the rate of production/release of HNPs by small cell tumor has
yet to be measured, we have some indications of what this production/rel-
ease could be from the studies of George et al. [58] and Klein ez al. [59] who
measured production of vasopressin by small cell carcinoma cells. Klein and
co-workers estimated the rate of vasopressin production/release to be
1.0 pmoles/hr/mg wet weight of tissue by a monolayer culture, and George
and his colleagues obtained a value of 0.17 pmoles/hr/mg wet weight of
tissue by slices of tumor tissue in vitro. If HNP(s) are produced/released at a
similar rate to the hormone(s) (see above) we might expect from these data
that amounts of HNP(s) somewhere in the range of 0.2 to 1.0 pmoles are
produced each hour by one milligram of tumor cells.

A production of vasopressin (or VP-HNP) of 1.0 pmole/hr/mg tumor cells
as found by Klein e al. suggests that tumor production of such secretory
products is at least two orders of magnitude less than their production by
hypothalamic neurons if 10® tumor cells are taken weigh about one milli-
gram. It is also of interest to speculate that if the half-lives and volumes of
distribution of HNPs in man are similar to those found by us for RNPs in

Figure 7. Fluorescence-antibody labelling of DMS 240 cells derived in culture from small cell
carcinoma cells. The tissue source was liver, and the patient was earlier described by our assays
to have tumor which secreted both HNPs. Cells were found reacted with anti-HNP IgG, and
then with fluoroscein-labelled goat-anti-rabbit IgG.
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rats, then a 2.0-gm tumor in a 70-kg individual would raise the plasma level
of each HNP by approximately 200 pg/ml.

We have performed initial studies designed to localize neurophysins on
tumor cells in vitro using the fluorescent-antibody technique. In these stu-
dies we incubated viable cells of a cell line, DMS-240, with IgG from anti-
(OT-HNP) serum, washed the cells in phosphate-buffered saline, and then
exposed them to fluorescein-bound goat anti-rabbit IgG. After further wash-
ings the cells were visualized under UV-light and showed bright clumps of
fluorescence over their surfaces as shown in Figure 7. This was not seen
when normal rabbit IgG was used as control. Hence, we now know that
antibodies to the HNPs can bind to HNP-secreting cells.

While we have no assurance that tumor production of hormones involves
their packaging into subcellular granules, a number of small cell tumors
have been described which contain such granules [48]. George and co-work-
ers [58] found electron-dense secretory granules ranging in size from 130 to
240 nm in a small cell tumor which produced vasopressin (ADH). This
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person is represented by a single circle for each substance. O, values for individuals with both
NPs elevated (>3 times normal). The mean values of VP-HNP and OT-HNP (M) for healthy
individuals and three times these means (3M) are indicated. Note the broken scale on the
ordinate.
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would support the view that at least some tumors have the capability of
processing vasopressin, oxytocin, and neurophysins in the same manner as
hypothalamic neurons.

12. PRODUCTION OF HNPs BY TUMORS OTHER THAN SMALL CELL
CARCINOMA

We have examined the incidence of elevated plasma HNP(s) for 39
patients with a histological diagnosis of lung cancer other than small cell
carcinoma of the lung. Plasma samples from these patients were drawn
before therapy was instituted. The biopsy specimens were reviewed by the
CALGB reference pathologist for lung cancer who was not aware of the
values we obtained in our RIAs. Results for lung cancers are shown in Fig-
ure 8. For squamous cell carcinoma, 2 of 23 patients (9%) had elevated
values (>3 times normal). One patient had elevated VP-HNP (252 pg/ml;
3.6 times normal), and the other elevated OT-HNP (1020 pg/ml, 4 times
normal).

For adenocarcinoma, 3 of 10 patients (30%) had elevated HNP(s). One
patient had plasma levels of both neurophysins elevated (VP-HNP,
1098 pg/ml, 15 times normal; OT-HNP, 1261 pg/ml, 5 times normal). This
patient had a pericardial tamponade and a serum sodium of 132 milliequi-
valents/liter, and this may in part explain the elevations. Two other patients
had only VP-HNP raised (220 pg/ml, 3 times normal; 298 pg/ml, 4 times
normal).

None of the 6 patients with large cell carcinoma had elevated HNP(s)
before therapy, and this brought the overall incidence of elevated HNP(s) in
lung cancer other than small cell carcinoma to 5 of 39 patients or 13%.
These data suggest that a diagnosis of the presence of small cell carcinoma
based on the presence of significantly elevated HNP(s) (> 3 times normal) in
a patient with lung cancer prior to therapy would have an 83 % likelihood of
being a correct one. This statistical likelihood for a correct diagnosis of the
presence of small cell carcinoma is increased to 95 % if the cut-off points for
ectopically elevated plasma HNPs are made at 300 pg/ml for VP-HNP (4.1
times normal) and 1100 pg/ml for OT-HNP (4.3 times normal).

13. CONCLUSIONS
The study of plasma HNPs in patients with small cell carcinoma of the

lung has provided information that there is a probable high incidence of
production of these proteins by this tumor type. Since the high incidence
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seems confined to small cell carcinoma, at least for lung cancers, the pre-
sence of highly elevated plasma HNP(s) in a patient should aid diagnosis.
Neurophysins seem to be effective monitors of response to therapy for
patients with small cell carcinoma, and the RIAs for these substances may
therefore afford us a sensitive and reliable method to assess changes in
tumor burden that occur during response, enable small amounts of resi-
dual tumor to be detected, and to forecast recurrent disease. This in turn,
could afford a better evaluation of response to therapy, allowing its descrip-
tion in terms of the changes in tumor marker concentration rather than by
current definitions of partial or complete remission, and progressive disease.
In this respect we see real potential value in the treatment of extensive
disease which has a poor prognosis and where the markers can provide
short-term feed-back on the effectiveness of newly introduced regimens. In
limited disease, which has a better prognosis, there is also a need for chem-
ical markers to clearly distinguish cases of complete remission and to pro-
vide a periodic check on the disease status for such patients. In fact it is
conceivable that the recognition of good chemical markers will ultimately
result in a redefinition of the biology of the small cell carcinoma evaluated
on the basis of the presence or absence of such molecular fingerprints. Evi-
dence for a possible redefinition is seen in the higher incidence of these
markers in extensive versus limited disease. Here may be a different cell
type more likely to be secretory involved in overt metastatic disease at
diagnosis. The immediate future offers us an opportunity to localize small
cell tumors from whole-body radioscans following injection of '*!'I-labelled
anti-HNPs [59], to target therapy using anti-HNPs and deliver a high pulse
of radiation or chemotherapeutic agent directly onto the tumor cells [60-
62], and to use fluorescence-labelled anti-HNPs to identify tumor cells in
pleural fluid and CSF biopsies.

We believe that the long-term benefit derived from studying markers such
as the HNPs will be an enhanced understanding of tumor biosynthesis and
of the process of carcinogenesis. In common with normal production by
hypothalamic neurons, tumor production shows (1) neurophysins are syn-
thesized via larger molecular forms, or precursors, which they likely share
with oxytocin or vasopressin; (2) the precursor of VP-HNP and VP is at
least in certain cases, glycosylated; (3) the ectopic products may be released
from subcellular granules by exocytosis; and (4) the battery of enzymes
necessary to generate neurophysins and hormones from precursors must be
co-produced with the precursors because the hormone(s) are often biologi-
cally active. However, small cell tumor production appears to differ from
production by neurons because, (1) the rates of synthesis/release by tumors
seem to be about two orders of magnitude less than by neurons; (2) there
appears to be a much smaller storage of products in tumors compared to
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neurons (which may reflect a smaller rate of synthesis); (3) several tumors
show the capacity to produce both hormones (although this may be due to
cell heterogeneity in tumors); (4) tumor production seems to be chiefly
autonomous; and (5) the conversion of precursors to hormones and neuro-
physins within tumor cells is not tightly regulated because larger forms are
often released, and because the ratio of immunologically intact VP and VP-
HNP resulting from production by tumors can show large changes with
time.

Neurophysins, therefore, may provide us with many ways of effectively
managing small cell carcinoma of the lung. However, a determination of
their true value in this regard must await the outcome of a large body of
work still to be accomplished.
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10. The Potential Role of Surgery in the
Contemporary Combined Modality Management
of Small Cell Anaplastic Lung Cancer

ROBERT L. COMIS

1. INTRODUCTION

Prior to the development of a variety of moderately effective chemother-
apeutic agents the only modalities available for the treatment of small cell
anaplastic lung cancer (SCALC) were the local modalities of surgery and
radiotherapy. Trials performed with local modalities as the sole method of
therapy were instrumental in establishing the virulent nature of this disease
and its propensity for early dissemination. The 3-5-year survival rates
observed in patients treated with surgery or radiotherapy alone ranged from
zero to a maximum of 5% for patients with disease apparently limited to
one hemithorax [1-5]. The lack of an association between the clinical stage
of intrathoracic disease and survival led to an abandonment of the TNM
staging system for SCALC [5]. Subsequently, the Veterans Administration
Lung Cancer Study Group (VALSG) established a functional staging system
which grouped patients into limited disease (confined to one hemithorax
and/or the ipsilateral supraclavicular node) and extensive disease (outside
the confines of limited disease) categories. The median survival times for
placebo treated limited and extensive disease patients were 3 months and 6
weeks, respectively [6, 7].

In the same VALSG study, cyclophosphamide was shown to increase the
median survival of extensive disease patients 2.5-fold [6]. Although this
pioneering study was one of the first systematic studies to establish a role
for chemotherapy, significant advances, particularly in limited disease pa-
tients, have occurred since that time to establish the pivotal, and potentially
curative, role of aggressive combination chemotherapy in treating
SCALC [8].

Since the discovery of the activity of cyclophosphamide, the activity of a
variety of agents of different classes and toxicities has been described (Table
1)[9]. The potential exploitation of the modest activity of this group of
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Table 1. Single agents in small cell carcinoma.

Drug No. patients Response (%) CR (%)
Cyclophosphamide 189 52 (28)

Adriamycin 36 11 (31) -
Methotrexate 73 22 (30) —
Vincristine 43 18 (42) 7
VP-16 167 75 (45) 9
CCNU 76 11 (14) 4
Hexamethylmelamine 69 21 (30) 7

HN, 55 24 (44) -

Adapted from Livingston [9].

single agents reached fruition with the design of several controlled random-
ized trials which established the superiority of combination chemotherapy
over single agent treatment [10-12]. With this discovery, combinations of
drugs were integrated into combined modality programs employing radio-
therapy as the principal modality of local therapy. The use of aggressive
combination chemotherapy combined with radiation therapy in limited dis-
ease patients led to an unquestionable increase in complete response, me-
dian survival and 2-year disease-free survival [8]. Certain studies have
shown comparable results with the use of aggressive combination chemo-
therapy alone in limited disease patients [13-15].

At the present time, the value of ‘sandwich’ type radiation therapy, in
which both the chemotherapy and radiation therapy doses and/or schedules
are attenuated, is in question [16-18]. On the other hand, there is no study
which has shown that aggressive combination chemotherapy is superior to a
combined modality approach employing radiation therapy. In essence, then,
the advances which have been made as a result of the application of aggres-
sive combination chemotherapy, used alone or in conjunction with most
radiation therapy schemes, have led to a plateau in the current expectations
for long-term survival for patients with SCALC[19].

This impasse demands a thorough and honest reevaluation of where the
last decade has taken us in the treatment of patients with SCALC and what
the emphases and needs for the future must be. The obvious is to emphasize
that the use of combination chemotherapy has increased the median survi-
val of limited disease patients 4-5-fold with a 4-20-fold increase in 2-year
survival. Alternatively, it could, and probably should, be emphasized that
50% of all limited disease patients die from uncontrolled disease within
12-16 months and approximately 80-90% of patients are dead from dis-
ease within 2 years.
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Since the essence of SCALC is its disseminated nature, universally effec-
tive treatment will have to await the development of more effective drugs to
be used in combination chemotherapy programs. Although it is not the
subject of this report, an important area for reexamination should include a
reevaluation of the format in which new agents are tested. New agents or
programs are generally tested in refractory, poor performance status pa-
tients. In this setting a highly significant drug, VP-16-213, has yielded only a
10-15% objective response rate in our hands. Awaiting the discovery of
more effective agents to be used in combination chemotherapy programs,
another necessary approach to reconsider is the manner in which radiother-
apy has been employed. The optimal radiation total dose, time/dose rela-
tionship and timing of combined modality treatment has been poorly
explored [20]. Alternatives to ‘sandwich’ type radiation therapy include the
use of simultaneous combination chemotherapy and radiation thera-
py [8, 21-24], and exploration of the role of superfractionation radiotherapy
or the use of radiosensitizers.

Another area for reconsideration is the potential role of surgery in the
combined modality management of SCALC. The subsequent discussion will
relate to considerations relative to the history of the surgical treatment of
SCALC, to the relevance, or irrelevance, of these observations in the current
aggressive combination chemotherapy era, and to data generated at the
SUNY Upstate Medical Center, Syracuse, New York testing the feasibility
of using surgery as an adjuvant to combination chemotherapy for selected
patients with limited disease.

2. BACKGROUND

During the late 1960s, the British Medical Research Council designed a
study to test the efficacy of the two prime modalities available for the treat-
ment of SCALC at that time, i.e. surgery and radiation therapy [2]. Patients
with localized, potentially resectable disease, diagnosable by rigid broncho-
scopy, were randomly allocated to surgical resection versus ‘radical’ radia-
tion therapy. The results of this trial which showed that approximately 98 %
of patients died within 5 years proved that each of these modalities was
incapable of significantly altering the outcome of SCALC. More germane to
this discussion, this study was instrumental in eliminating surgery as a pri-
mary therapeutic modality for patients with SCALC, since the only survi-
vors at 5 years were those patients who were treated with radiotherapy.
Although this study was performed in the pre-chemotherapy era, it is still
recognized as a major milestone which established, and continues to rein-
force, the penultimate role of radiotherapy as the major local modality to be
considered in the combined modality therapy of SCALC.
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Mountain [5] has presented an extensive analysis of the results of a review
of SCALC cases performed by the American Joint Committee for Staging
and End Results Reporting from the pre-chemotherapy era. The results of
this analysis showed that the T, N and M status of the tumor had no sig-
nificant effect on survival when viewed as independent variables or when
combined into stage groupings. Forty-one of 189 patients (22 %) with dis-
ease limited to one hemothorax were deemed resectable for cure (Stage I -
15; Stage II - 5; Stage III - 21). The median survival of the resected patients
was 5.0 months, with the longest survival being 39 months, as compared to
the unresectable, and presumably more advanced, cases having a median
survival of 5 months with the longest survival of 66 months. This study led
to the abandonment of the TNM staging system for SCALC.

Other investigators have reported that long-term disease-free survival can
be achieved in a certain small subset of patients who present with extremely
limited disease [25, 20]. One of the first reports in this regard was presented
by the Veterans Administration Surgical Adjuvant Group (VASAG) in a
study addressing solitary pulmonary nodules. In this study a very small
proportion of patients who had <6 cm lesions, outside of the diagnostic
range of the rigid bronchoscope, were found to have histologically con-
firmed SCALC at thoracotomy [25]. Of the eleven resected patients fitting
into this category, four (36 %) survived 5 years. A more recent study has
reported that approximately 40 % of patients with Stage I disease survived 5
years after surgical resection [26]. Although this phenomenon has not been
universally experienced [5], it does appear that a small proportion of an
even smaller population of SCALC patients who present with Stage I dis-
ease might derive some benefit from surgical resection. With the advent of
the flexible fiberoptic bronchoscope, it is almost certain that patients similar
to those in the VASAG study with solitary, nondiagnosable pulmonary
nodules might be diagnosable today. In light of the data mentioned above, it
would not seem reasonable to summarily eliminate surgery as a prime local
modality in a contemporary, prospectively diagnosed patient with a solitary
pulmonary nodule.

It is difficult to estimate the exact proportion of patients with SCALC
who would fit into this category; but it is quite small. Patients with Stage I
disease represented 4% of the entire patient population and 9% of the lim-
ited disease population reported in the AJC analysis [5]. A similar small
proportion of patients has been reported by Martini [27] and the Seattle
Group [26]. Although 30-40% of these extremely limited disease patients
may survive, it must be remembered that 60-70% develop disseminated
metastases and die as a result.

During the conduct of an adjuvant chemotherapy trial employing cyclo-
phosphamide reported by the VASAG a relatively small subset of patients
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with Stage I and II SCALC were randomly allocated to adjunctive cyclo-
phosphamide therapy. The patient numbers were too small to have a dif-
ference reach statistical significance, but it was shown that the survival in
the chemotherapy treated group was 16 %, as compared to 4 % in the surgery
alone group [28]. Similarly, the Austrian Group has reported comparable
data using a moderately toxic combination of drugs including cyclophos-
phamide, 5-fluorouracil, vinblastine and methotrexate [29]. No large study,
to date, has compared the use of currently accepted, aggressive combination
chemotherapy to local therapy alone in such patients.

As mentioned before, the significant advances which have been made
over the last several years have resulted from the development of aggressive
combination chemotherapy programs. The systematic integration of a local
modality into the therapeutic research scheme has relied, virtually exclu-
sively, on radiation therapy. The use of attenuated doses and/or schedules
of each modality has led to a question as to whether adding the local com-
ponent, embodied by radiation therapy as employed in most studies, offers
any substantial benefit over chemotherapy alone. This question has, to a
certain extent, blurred the issue of the need to control the entire disease
process, including both the primary tumor and subclinical metastases in
limited disease patients. Without control of the entire disease process, cure
cannot be achieved.

There is substantial evidence which indicates that current modalities and
therapeutic programs are incapable of controlling the primary site of bulk
disease within the chest. As with many other malignancies, the site of bulk
disease is a major site of initial relapse. The conventional approach to
defining complete remission in limited disease patients relies primarily on
the chest radiograph. Complete resolution of previous intrathoracic disease
occurs in about 50-60% of limited disease patients [8, 30]. Ihde [31] has
presented data comparing the appearance of the chest radiograph to the
results of serial fiberoptic bronchoscopy and bronchoscopic biopsy. Eighty-
one procedures were performed in 38 patients who had achieved complete
radiographic response of the primary tumor. Bronchoscopically documented
abnormalities were present in 36 %. At twelve weeks, intrathoracic relapse
occurred in 75% of the complete responding patients with bronchoscopic
abnormalities, as opposed to 19% in those in whom no bronchoscopic
abnormalities were detected. Overall 35% of complete responding patients
relapsed within the chest, as well as 47% of partial, or nonresponding
patients.

It is difficult to cull from the literature the precise incidence of initial
failure in the chest in limited disease patients. This difficulty relates to there
not being any uniform method of data reporting adhered to by various
authors. Table 2 presents data from 10 combined modality studies [16, 32~
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40] in which the data were reported in such a manner that an analysis of the
percentage of patients in whom initial primary site relapse could be estab-
lished. The analysis is restricted to the relapse pattern in responding
patients, and, as a result, it probably significantly underestimates the real
importance of the problem. It can be seen that overall 47% of responding
patients relapsed within the chest. Of these cases, it appears that 88 % occur
as the sole, initial site of relapse without evidence of concomitant relapse in
other disease sites. Data were available in only 25% (47/183) of the cases
reviewed to establish the initial site of relapse in complete responding
patients. In two thirds of these cases recurrence within the chest occurred as
the initial site of relapse. It is the impression of many investigators that
local relapse is only a harbinger of rapid, disseminated relapse. Possibly
because of reporting deficiencies, this is not the impression that one obtains
from the literature. Only one paper, by Feld [34], defined the temporal
relationship between initial chest relapse and the subsequent relapse pattern.
In this study 20 patients developed chest relapse. Nine of 20 patients (45 %)
developed relapse in the primary site only prior to death; 1/20 (5%)
relapsed outside the chest within one month, and 10/20 (50 %) patients sub-
sequently developed disseminated disease greater than one month after local
relapse had occurred. In summary, local relapse with or without subsequent
disseminated relapse is a major problem with contemporary combined
modality programs.

Currently, it is impossible to define the relationship between a chronically
uncontrolled primary tumor and the subsequent development of dissemi-
nated disease. The impact of the lack of local control on survival and/or the
subsequent clinical course of the disease has only been rarely addressed.
Mira and Livingston [33] have indicated that complications relating to
uncontrolled chest disease accounted for 53% (9/17) of the deaths in their
limited disease patients, including complications arising from primary chest
recurrences, infection, hemoptysis and ‘other’ chest problems. Similarly,
Gilby et al. [41] estimated that recurrence of the primary tumor represented
the ‘predominant’ cause of death in 41% of their cases. Thus, it is quite
possible that in addition to representing a major cause of primary treatment
failure, uncontrolled chest disease may represent a substantial cause of
death in limited disease patients.

In light of the foregoing discussion, the contemporary relevance of the
British Medical Research Council study which led to the abandonment of
surgery as a primary therapeutic modality must be questioned. This study
was performed prior to the availability of chemotherapeutic agents with the
potential of treating, and in some instances, eradicating subclinical, meta-
static disease. The conclusion of the study relative to the lack of a consid-
ered role for surgery was pertinent to its time, but it is quite questionable
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whether the current status of therapy available for patients with SCALC
justifies the adherence to this conclusion at the present time.

3. SUNY UPSTATE MEDICAL CENTER, ADJUVANT SURGERY TRIAL

We decided to launch a trial to establish the feasibility of employing sur-
gery as the primary local modality for selected patients with SCALC as a
result of several factors. First, as mentioned above, local relapse in the pri-
mary site is a major problem encountered with current combined modality
approaches. In launching the trial the possibility that this problem might be
a trivial one was well appreciated, i.e. that if primary site relapse were
eliminated, disseminated relapse might become the predominant mode of
relapse for the majority of patients. Secondly, thirty-eight percent of our
long-term survivors, as reported by Ginsberg et al. [42] received surgery as
an integral part of their primary treatment program. Thirdly, we had the
cooperation and intense interest of our thoracic surgeons in evaluating this
approach spearheaded by Dr John J. Meyer who aptly described our joint
experience with a patient who had a T,N,; tumor diagnosed at thoracotomy
who was purposely not resected, and who ultimately died of uncontrolled
intrathoracic disease without demonstrable metastasis at autopsy, after a
complete remission for 18 months [42]. Lastly, surgery could potentially
induce a rapid, complete clinical remission with little myelosuppressive or
immunosuppressive expense.

For small cell lung cancer, it is generally accepted that the potential role
for surgery should be viewed as an adjuvant to chemotherapy, the pivotal
modality of therapy. The consideration of which modality is adjunctive to
the other is, to a certain extent, as much a function of medical history as it
is of biology. For instance, breast cancer patients with 4 or more positive
axillary lymph nodes have a median survival of approximately 18 months,
and 85 % die from disseminated disease within 5 years. Aggressive adjuvant
chemotherapy has significantly decreased the relapse rate and increased the
survival rate and possibility for cure. Because the therapeutic history of
breast cancer has been steeped in surgical management for almost a century,
chemotherapy is viewed as an adjuvant to surgery, when, in fact, the remov-
al of bulk disease in the primary and regional site could be more appro-
priately viewed as an adjunct to systemic therapy necessary for control of
the disseminated micrometastatic disease to which 85 % of the patients suc-
cumb. In any case, it would seem appropriate to view surgery as an adjuvant
to chemotherapy for SCALC considering its clinical course and history.

The adjuvant surgery study was designed to test the feasibility of employ-
ing surgery as an integral part of a program to rapidly induce complete
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clinical remission. To this end patients with markedly limited lesions (Stage
I-1I) receive immediate surgery followed by adjunctive chemotherapy with-
in 3-4 weeks for 1 year. Patients with more advanced lesions (ipsilateral T,
and/or N, disease) are treated with 2-4 cycles of chemotherapy followed by
surgery with the intent to remove all gross disease. In the latter group, the
timing of surgery was based upon the shape of the survival curve for com-
plete responders obtained at our institution prior to the initiation of the
adjuvant surgery trial. As with most studies in the literature, patients
remained in complete remission for approximately 6 months, prior to
developing a linear decrease in disease control and survival [43]. An alter-
native approach would have been to delay surgery for several months and
employ it as a method of local consolidation in confirmed chemotherapy
complete responders. We felt that this approach was somewhat less attrac-
tive since: (1) chemotherapy is only capable of eradicating the total disease
process in 10-20% of patients; (2) in spite of an apparent complete clinical
remission at least 1/3 of patients would have persistently uncontrolled local
disease; and (3) the presence of an uncontrolled primary tumor might allow
for the continued dissemination of drug-resistant cells. The general scheme
of the study is presented in Table 3.

Eligibility criteria currently include that: the disease be ipsilateral as con-
firmed by mediastinoscopy; the patient have adequate pulmonary reserve to
tolerate a pneumonectomy if necessary (FEV,>1.6 L, pCO, <42 mmHg)
and have no medical contraindication to surgery or the use of adriamycin;
although phrenic or recurrent laryngeal nerve involvement, or minimal
superior vena caval obstruction did not disqualify patients, patients could
not have evidence for severe superior vena caval obstruction involvement
of major vessels which precluded complete removal of the primary or
regional disease, or a malignant pleural effusion. Since this was a feasibility
study the aforementioned criteria, particularly with regard to the patient’s
pulmonary status and the preoperative response to chemotherapy evolved
during the course of the trial, as will be discussed below.

Table 3. General plan of therapy.

Stage 1+11 Surgery - Chemo

Stage 111 Chemo - Surgery

Eligibility . No medical contraindicators

. No prior CHF

. Ipsilateral T; or N, only

. No severe SVC, direct extension, malignant pleural effusion
. Negative metastatic evaluation

W oh W N =
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Table 4

Total No. patients 24
Male: Female 14:10
Mean age 60
TNM stage:
I TiyNgy -
11 T, N, —
111 T; and/or N, —
T3 Ny —
TN, —
T,N, —
T; N, -
Chemotherapy programs*
ccve - 8
CAVE - 16
Planned treatment scheme
Surgery - Chemotherapy 9
Chemotherapy - Surgery 15

—
OO = N WO

4 See text.
b One patient received adriamycin (CCVAYV); three patients received radiation therapy.

The pretreatment evaluation included a complete history and physical
examination; pulmonary function tests including spirometry and arterial
blood gases; bronchoscopy and mediastinoscopy; routine laboratory work
including a complete blood count, platelet count, electrolytes, liver and ren-
al function tests; radionuclide scans of the bone and liver; CAT scan of the
brain; and bilateral bone marrow aspirate and biopsies. Although a CAT
scan of the chest was not required most patients received a chest CAT scan
at some time prior to surgery.

The current pre- and/or postoperative chemotherapeutic program em-
ploys CAVE chemotherapy (cyclophosphamide 1.0 gm/M? q 3 weeks; adria-
mycin 35 mg/M? q 3 weeks; vincristine 2.0 mg weekly x 6, then q 3 weeks,
and etoposide 50 mg/M%*/d x 5q3 weeks). Earlier patients generally re-
ceived a combination of CCNU, cyclophosphamide and vincristine (CCV).
Chemotherapy is currently administered for one year, with all patients
receiving elective cranial irradiation.

To date 24 patients have been considered for the combined modality
program. The pertinent patient-related characteristics are presented in Table
4. All patients had a performance status of 0-1. Five of the nine patients
who presented with Stage I-II disease had histologically or cytologically
confirmed preoperative diagnoses of SCALC.

Table 5 describes the programmatic results obtained in these 24 patients.
One patient is currently undergoing preoperative chemotherapy and is too
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Table 5

Total No. 24 —— 1 too early

J

/ 23 evaluable

Program success Program failure
17 6 = 1 refused surgery
1 chemotherapy death
1 postoperative death
T, Nog Any T; and/or N, 2 poor pulmonary function
8/9 9/14 1 no chemotherapy response

early to evaluate. Seventeen patients (74 %) have undergone the combined
modality program including surgery and chemotherapy and are termed a
‘program success’. The reasons for ‘program failure’ are outlined in Table
6. One patient with T,N, disease refused surgery after a response to induc-
tion chemotherapy. Two treatment-related deaths have occurred. One pa-
tient with a T,N, tumor died during surgical convalescence from a massive
pulmonary embolus. The second patient (T,N,) died from the result of a
destructive thrombocytopenia, compounded by the effects of chemotherapy.
Both patients had a single site of documented metastatic disease at autopsy
in the retroperitoneum and liver, respectively. Two patients (1, T;N,; 1,
T,N,) had persistently poor pulmonary function which precluded pneumon-
ectomy after chemotherapy response. In both instances the patients had
significant lobar collapse and marginal pulmonary functions prior to induc-
tion chemotherapy. At the time of their presentation, it was anticipated that
if a significant response to chemotherapy occurred, concomitant improve-
ment in pulmonary function might allow an attempt at appropriate surgical
resection. Although a significant chemotherapy response occurred in both
patients, persistent pulmonary function abnormalities precluded complete
surgical resection in both. Since this experience, the decision to enter a Stage
IIT disease patient is based solely on the prechemotherapy pulmonary func-
tion status. Finally, one patient with a Pancoast syndrome did not respond
to preoperative chemotherapy. As will be discussed below, our experience
prior to entering this patient indicated that chemotherapy nonresponders
rapidly succumb to their disease. Presently, only patients who experience at
least a partial remission are considered for surgery. All four patients who
did not receive surgery received chemotherapy alone or in combination with
radiotherapy. Two of these four patients (1 CR, 1 NR) are dead at 11 and 14
months, respectively; one complete responding patient is alive at 14 months
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Table 6
Patient TNM* Treatment Type of
No. stage scheme surgery¢  Survival  Remarks?
1 T,N, CCV/RT -S L 8 no response to
chemotherapy
2 T;N, CCV/RT-S P 10 no response to
chemotherapy, widespread
disease at autopsy
3 T,N, CAVE-S§ P T+ NED :
4 T,N,? CAVE-S§ P 12+ NED
5 T,N, CAVE-S P 134 NED
6 T,Ng S-CAVE P 15 died with spinal
cord and liver metastasis
7 T,N, CAVE-S L 17 died with meningeal
disease only
8 TNy S -CAVE L 19+ NED
9 T;N,; CAVE-S§ P 234+ NED
10 T,N, S CAVE S 244+ NED
11 TsNg CAVE-S§ P 34+ NED
12 TN, CCV-S§ L 34 relapsed at 24 months
with liver and porta
hepatitis metastasis;
responded to VP-16
DDP; no local
disease at autopsy
13 T,N, S-CCv L 35+ NED
14 T Ng S-Ccv L 49 4+ NED
15 T,N, S-CCV-AV L 50 died from disseminated
prostate CA; no
SCALC at autopsy
16 T,N, S-CCV L 54+ NED
17 T,N, S -CCV/RT L 76+ NED

2 At the time of surgery for T,,, Ng,; at the time of chemotherapy for all others.
b 1. = lobectomy; P = pneumectomy; S = segmentectomy.

4 NED = currently disease-free.

b Patient refused further chemotherapy after 6 months.

with recurrence in the chest and contralateral supraclavicular node, and one
patient is alive in continuing complete remission at 14 months.

The status of the 17 patients who received surgery and chemotherapy is
presented in Table 6. Currently 11 patients are alive and disease-free at a
median time of 24+ months (range 7+-76+ months). Six deaths have
recurred, with one of the six patients having died from disseminated pros-
tatic carcinoma, with no SCALC apparent at autopsy. Patients Nos. 1 and 2
illustrate the point that was mentioned above regarding the preoperative
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response to chemotherapy. Both patients were entered during the initial
phase of the study, and neither responded to CCV chemotherapy. After
considerable discussion, radiation therapy was employed, with apparent
response of the intrathoracic disease. In spite of this response the patients
rapidly succumbed, presumably because their disease was chemotherapy
unresponsive. Autopsies have been performed in 4 of the 6 patients who
have died. No patient has had evidence of residual intrathoracic disease. Of
the 5 patients who have died from SCALC, 3 developed widespread metas-
tases; one patient died from meningeal disease which occurred directly in
the radiation therapy portal, with no other demonstrable tumor at autopsy;
and the precise pattern of disease spread at the time of death is unknown in
the final patient.

Table 7 shows the clinical chemotherapy response compared to the pre-
operative and postoperative TNM stage in patients who were treated with
chemotherapy prior to surgery. Only one patient had no histologically
demonstrable disease at the time of surgery. In addition only an occasional
patient had ‘downstaging’ of the disease after chemotherapy. It is difficult
to interpret the significance of these data since the purpose of therapy was
not to treat to maximal response, i.e. clinical complete remission, but rather
to relatively rapidly perform surgery as an integral part of induction therapy.
In any case, only 1/9 patients had a complete response to chemotherapy on
a histologic basis. Of interest is Case No. 4 (Table 7) who received 2 cycles
(6 weeks) of CAVE chemotherapy prior to surgical resection. Preoperatively,
SCALC was demonstrated on both the bronchoscopic and mediastinoscopic
biopsies. In the operative specimen, cells resembling the initial biopsy were

Table 7. Clinical chemotherapy response compared to re- and postoperative TNM stage.

AJC AJC
stage Clinical stage
Patient No.* preoperative response postoperative
9 T3N, CR ToNg
1 T;N, PR TN,
12 TN, PR T,N,
7 T,N, TR T,N,
5 T,N, PR T,N,
4 T,N, PR T,N,
3 T,N, PR T,N,
2 T,N, NR T,N,?
1 T;N, NR T,N,*

4 See Table 7 for corresponding data.
® Had radiotherapy after chemotherapy nonresponse.
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present within a marked fibrotic reaction at the primary site, and papillary
adenocarcinoma was in the tissue obtained at the mediastinal node dissec-
tion. The histological appearance of the specimens obtained in this study
will be the subject of another report. Briefly, the histologic appearance of
tumor in the resected specimen has ranged from no demonstrable alteration
in cellular appearance, to marked ballooning and distortion of cells, to, in
one case, massive necrosis without evident tumor. In general, the resected
specimens contain a significant amount of necrosis, and acute and chronic
inflammation in the surrounding lung tissue.

The type of operation performed is to a great extent dependent upon the
stage of the primary tumor. The timing of surgery in Stage III patients is
decided jointly by the medical oncologist and surgeon. The majority of
patients with T; and/or N, disease require pneumonectomy and mediastinal
node dissection, while most patients presenting with T, , N, disease
require only lobectomy. The chemotherapy toxicities are similar to those
anticipated and described by others who have employed similar regim-
ens [13]. The only unusual constitutional toxicity has been the development
of marked weight loss (>10% body weight) in 3 Stage III patients subse-
quent to surgery which required an aggressive enteral hyperalimentation in
one patient. This patient refused chemotherapy at 5 months, and is in a
continuing complete remission at 12+ months.

4. DISCUSSION

The nature of SCALC led to the abandonment of surgery as a primary
tool in the therapeutic management of SCALC. This approach was justifi-
able in the prechemotherapeutic era since less morbidity and comparably
poor results could be obtained with radiation therapy alone. The advent of
aggressive combination chemotherapy has led to significant improvement in
the median survival of patients with limited disease as well as to the pos-
sibility for long-term disease-free survival. Yet, the majority of patients die
from their disease within 12-16 months, and 80-90% are dead, in spite of
an initial response to chemotherapy, within 2 years. Relapse in the chest is a
major component of relapse from complete and partial remission, and it
may, in fact be a major cause of death in limited disease patients. These
factors led us to reconsider the role of surgery as a primary modality in the
therapeutic research strategy for selected limited disease patients.

The results of our study to date indicate that, at least, this combined
modality approach is feasible in not only patients with Stage I-II disease,
but also in selected patients with Stage III disease. It should be emphasized
that in our study the anatomic basis for patient selection resided in the
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application of the TNM staging system as suggested by the American Joint
Committee for Staging and End Results reporting. It is clear that if the
application of surgery as a potential local modality is to be pursued the
TNM staging system must be reintroduced into the clinicopathologic staging
system for SCALC. This will provide a tool for the comparison of results
from study to study, and also provide a precise definition for patient
selection in comparative trials. Since patient selection is a major component
of our program, it is extremely unfortunate that no contemporary control
group, as defined by the TNM system, is available to us for comparison,
Although our results appear strikingly different from those reported by
Mountain [5], a valid comparison cannot be made because of the vast dif-
ferences in the presurgical evaluation of contemporarily staged limited dis-
ease patients. To these ends, one of the recommendations emanating from a
recent international consensus meeting held at Ashford Castle, Ireland will
be to reinstitute the TNM staging system for this disease.

In addition to being a feasible approach the preliminary results of our
study are somewhat encouraging. Eight patients, representing 35 % of those
considered for the program and 47 % of those who actually received surgery,

Table 8. Small cell anaplastic lung cancer long-term (=24 months) survival, SUNY Upstate
Medical Center.

Chemotherapy
Survival

No. Stage Radiotherapy Surgery (months) Remarks?

1 111 - + 24 NED

2 1 — + 24 NED

3 111 — + 34 DOD

4 111 - + 34 NED

5 1I — + 35 NED

6 Lim + — 44 NED

7 I — + 49 NED

8 11 — + 50 DOC

9 1I - + 54 NED
10 Lim + - 60 DOD*
11 Lim + - 64 NED
12 Lim + - 68 NED
13 Lim + - 69 NED
14 11 + + 76 NED
15 Ext - — 31 NED
16 Ext + - 76 NED

2 DOD = died of disease; DOC = died of other causes.
b Developed adenocarcinoma in primary site with widespread metastases.
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survived >24 months. Only one of these patients has relapsed and died
from SCALC. Of the remaining 9 patients who have survived less than 24
months, 5 are alive and disease-free at 234+, 19+, 13+, 124+ and 7+
months, respectively. The preliminary results are particularly striking in the
patients who presented with Stage I-II disease in which 7 of 9 patients
(78 %), including the patient who died postoperatively, are alive and disease-
free with a median survival of 35+ months. A composite of the long-term
(>24 months) survival experience at the SUNY Upstate Medical Center is
presented in Table 8. It can be seen that two thirds of our 14 limited disease
patients who survived for =24 months had surgery as a primary component
of their treatment. Since it is well established that combination chemother-
apy used alone, or in conjunction with radiotherapy, can cure patients (33 %
of our limited disease long-term survivors) it is impossible to be certain
whether this overrepresentation of surgically treated cases is a function of
our interest in this modality or its therapeutic power when used together
with combination chemotherapy.

In addition to the available survival data the patterns of relapse and
autopsy data are of particular interest. Complete clinical and/or autopsy
data relating to relapse is available in 5 of the 6 patients who have died, 4 of
whom received post-mortem examinations. No patient had evidence of
relapse within the primary site or chest. Central nervous system relapse was
a primary component of relapse in 2 of the 4 patients who survived greater
than one year, and was the sole site of relapse and cause of death in one of
these patients. Therefore, to date it appears that initial relapse within the
primary site has been virtually eliminated with this approach.

The availability of tissue from preoperative and surgical specimens may
also provide useful information concerning the biology of SCALC in the
future. It is of interest that one of our patients had a ‘shift’ in the pattern of
disease from intermediate SCALC to papillary adenocarcinoma after only 2
cycles of chemotherapy. Although this is a well-described phenomenon, the
rapidity with which this occurred in our case was striking. The availability
of serum-free, conditioned media [45], which has greatly increased the abil-
ity to culture and clone SCALC, will hopefully provide insights into the
biology of the disease, particularly with regard to drug resistance, when
these techniques are successfully integrated into programs in which surgical-
ly derived tissue is available.

5. SUMMARY AND CONCLUSIONS

It appears that surgery can be effectively incorporated into the therapeutic
research strategy for selected patients with SCALC. Our preliminary data
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indicate that local control can be achieved, and, as a result, that a major
therapeutic problem, i.e. initial relapse in the primary site, can be effectively
addressed. Whether our encouraging results will be sustained in larger trials
is unknown, as is the relative value of surgery compared to more conven-
tional approaches in similarly selected and staged patients.

This relative question can only be addressed by properly designed and
executed Phase III trials with particular attention to selected patients with
ipsilateral Stage III disease. Patients with Stage I and II disease represent a
different problem, since there are probably only 1-1.5 thousand cases in the
whole nation per year. Our average case accrual for this group is only
1.4/year. In this group we may have to consider ‘playing the winner’ short
of instituting a nationwide trial. Most patients in this category were able to
be completely resected with lobectomy as the most common operative pro-
cedure. But it is clear that even with the best of statistics 60-70% of these
patients will succumb to metastatic disease. A reasonable approach to this
group would be to consider surgery plus aggressive combination chemother-
apy as the primary mode of therapy at the present time.

Until truly effective chemotherapeutic agents become available, the need
for controlling the bulk disease site in limited disease patients will remain to
be a significant therapeutic problem. Awaiting the development of such
agents, no modality which has the potential of addressing this important
problem should be excluded from the therapeutic research strategy.
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11. Chemotherapy and Radiation Therapy of
Non-Small Cell Lung Carcinoma

KENNETH R. HANDE and ARNOLD W. MALCOLM

1. INTRODUCTION

Carcinoma of the lung remains the leading cause of death due to malig-
nant disease in the United States, and is rapidly becoming the leading cause
of cancer death in women [1]. Although surgical therapy of non-small cell
lung cancers has improved during the past two decades, the overall results
remain discouraging. The limited efficacy of surgical therapy has led to
exploration of other treatment modalities such as radiation or chemothera-
py either alone or in combination with surgery, particularly for the two
thirds of the patients who present with advanced disease and for those in
whom the presence of associated disease renders resection too hazardous.
This chapter will attempt to review the present limitations and usefulness of
radiation therapy and chemotherapy in the treatment of non-small cell lung
cancer.

2. RADIATION THERAPY

Like surgery, irradiation is local treatment for disease which in many
cases is or becomes rapidly systemic. Irradiation has been utilized in several
ways in the therapy of non-small cell carcinoma (i.e., alone, postoperatively,
preoperatively, in combination with chemotherapy, and palliatively). Rea-
sonable evidence exists that radiation can sterilize non-small cell lung can-
cers. Four series [2-5] evaluating preoperative irradiation (usually 5000-
6000 rads) as an adjunct to surgery, have demonstrated that 40% of cases
irradiated and subsequently resected have no evidence of viable tumor in
the specimen (Table 1). Similarly, in a study of 60 autopsies of patients with
inoperable cancer treated with megavoltage irradiation (4800-6200 rads),
no cancer was found in the irradiated field in 18 (30 %), small nests of nests
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Table 1. Cases treated with preoperative irradiation and subsequent resection.

Number No evidence of tumor
Reference Dose (rads) of case in resected specimen
Bloedom et al. [2] 5,500-6,000 17 9
Bromley and Szur [3] 3,700-6,000 11 5
Hellman et al. [4] 5,500-6,000 24 19
Shields [5] 4,000-5,000 R 23
Total 137 56 (41%)

of carcinoma cells admixed with fibrosis or extensive necrosis in another 20
(33%), and carcinoma appearing fully viable in only 22 (37%) [6]. In this
study, 8 of the 18 patients in whom local sterilization appeared to have been
achieved, died of distant metastases. These studies suggest that it is possible
to achieve local sterilization of tumor by irradiation in a significant propor-
tion of cases.

2.1. Radiation therapy as an adjunct to surgery

2.1.1. Preoperative irradiation. As mentioned in the previous section, pre-
operative irradiation can achieve sterilization of tumor prior to surgery.
Several lines of evidence indicate that operations thought to have been
complete and curative at the time of surgery are often associated with resi-
dual disease. Higgins [7] found that 26 % of patients dying within 30 days of
what was believed to be a complete resection had residual disease at post-
mortem examination. Other studies have found a 15% incidence of micro-
scopic tumor demonstrable in the bronchial stump and a 40 % incidence of
recurrent local disease in patients autopsied after curative resection. The
presence or absence of mediastinal node involvement (an area where irra-
diation can potentially sterilize tumor) also predicts for surgical cure [8]. A
basic rationale for the use of preoperative irradiation therapy has been that
initially inoperable cases may be rendered totally resectable by preoperative
irradiation, and that a possible reduction in the number of viable cells may
occur with irradiation lessening the frequency of failure.

The aforementioned considerations have made the concept of preopera-
tive irradiation as an adjunct to surgery very attractive. However, results
have in general been disappointing. Bloedorn et al. [2] found a one-year
survival of 23% in cases treated with preoperative irradiation followed by
surgical resection. Death from postoperative complications occurring as a
result of irradiation was noted in 29% of patients. In a study by Bromley
and Szur [3], 27% of patients developed a bronchopleural fistula or empye-
ma following preoperative irradiation and surgery. A collaborative study



193

under the auspices of the National Cancer Institute [9, 10] recorded no dif-
ferences in survival between groups treated with preoperative irradiation
and subsequent resection versus those treated by resection alone (and again
the incidence of operative complications was increased in the preoperatively
treated group). Finally, a large study by Veterans Administration [5] found
preoperative irradiation to be associated with decreased survival. The com-
plications noted in this study were not bronchopleural fistulae and empye-
ma, but cardiovascular consequences in the postoperative period.

In summary, much of the published evidence argues against the use of
preoperative irradiation as an adjunct to surgery with the single exception of
superior sulcus tumors to be covered below. However, some centers contin-
ue to use this approach and have had ‘favorable’ results[11, 12]. Recent
improvements in the results with fewer complications may very well be
related to the improved delivery of irradiation by high energy equipment
and better treatment planning.

2.1.2. Preoperative irradiation for superior sulcus (Pancoast) tumors. The
superior sulcus tumor was first described by Pancoast in 1933 [13] as a
carcinoma at the extreme apex of the lung, which often produces a typical
clinical picture (shoulder pain, back pain, pain down the arm, and Horner’s
syndrome) due to involvement of adjacent structures such as the brachial
plexus, ribs, spine, and sympathetic trunk. Paulson has advocated preoper-
ative irradiation with 3000 rads and subsequent en bloc resection of supe-
rior sulcus pulmonary tumors together with all involved tissue [14]. As
indicated in Table 2, studies by other investigators appear to support this
approach when mediastinal nodes are not involved. Those studies which
have reported poor results have not evaluated patients for the presence or
absence of mediastinal node involvement. Although the majority of superi-
or sulcus tumors appear to be low-grade squamous cell carcinomas, all cell

Table 2. Survival of patients with Pancoast tumor treated with preoperative irradiation and
surgical resection.

Number of Mediastinal 5-year
Reference cases involvement survival
Paulson [14] 61 no 34%
Miller et al. [15] 20 no 40%
Stanford et al. [16] 16 no 49%
Hilaris et al. [17] 27 no 34%
Paulson [14] 13 yes 0%

Miller et al. [15] 6 yes 0%
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types have been represented. The need for a preoperative histological diag-
nosis is controversial. Many feel, as Paulson and his colleagues [18], that
irradiation and operation can be undertaken on the basis of clinical diagno-
sis. Why preoperative irradiation is so effective in this particular circum-
stance is not clear, but may relate to the biology or anatomy of the tumor
which provides for maximum irradiation effectiveness, good localization for
adequate en bloc resection and low distant metastatic potential in relation-
ship to other tumors within the thorax. While this combined radiotherapy-
surgery approach has been recommended, other authors feel that radiother-
apy alone may produce similar results [19, 20].

2.1.3. Postoperative irradiation. The rationale given for preoperative irra-
diation as an adjuvant to surgery applies also to postoperative irradiation
with the exceptions of converting inoperable patients to operable cases.
However, postoperative radiation is free from operative complications
which may result from preoperative irradiation. Variable results have been
reported for postoperative radiation therapy. Studies by Patterson [21] and
by Gobbel [22] reported no increase in survival in operated and irradiated
cases as compared to those treated with operation alone. On the other hand,
Kirsh [23] has indicated that the use of postoperative irradiation in patients
who are found to have tumor in mediastinal nodes at the time resection
results in increased survival, particularly with squamous cell carcinomas
and to a lesser extent in adenocarcinomas. A small series by Green et
al. [24] (Table 3), supports the use of postoperative irradiation in all non-
small cell cancers, regardless of histological type. Martini et al. [25] has

Table 3. Effect of post-operative irradiation in the treatment of non-small cell lung cancer (ad-
apted from Green et al. [24].

5-year survival
(surgery only/surgery + posto-

perative
Cell type Positive nodes irradiation)
Squamous none 27%/28%
Adenocarcinoma none 19%/25%
Large cell anaplastic none 9% /25%

Subtotal 22%/27%

Squamous yes 6% /21%
Adenocarcinoma yes 0% /62%
Large cell anaplastic yes 0%/32%

Subtotal 3% /35%
Total: 16% (15/94)/ 31% (35/125)
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recently reported the usefulness of postoperative irradiation in patients with
mediastinal node involvement. Of 445 patients with mediastinal node
involvement, 241 were explored, with 20% of patients surviving 3 years.
Eighty cases were thought to have had complete tumor resection and of
these 49 % survived three years. In patients with a normal mediastinum on
preoperative roentgenographic evaluation but with positive mediastinal
nodes at operation, the three-year survival rate was 64%. All of these
patients received postoperative irradiation. A benefit of such postoperative
irradiation is sterilization of contralateral node deposits, which has been
estimated to occur in approximately 6 % of right-sided tumors and 27 % of
left-sided tumors, especially those originating in the left lower lobe [12]. No
complications are associated with postoperative irradiation other than those
routinely associated with thoracic irradiation. Although most physicians do
not routinely employ postoperative irradiation, data now exists that would
support its use. It is hoped that a large-scale trial may be undertaken to
support or refute this position.

2.2. Radiation as primary treatment

In the previous section, irradiation was discussed as adjunct to surgery. In
this section, irradiation is to be weighed as a primary form of treatment for
non-small cell carcinoma. Most radiation oncologists believe that irradia-
tion with intent to cure should utilize doses of at least 5000 to 6000 rads. As
previously indicated, sterilization of known disease has been shown in these
dose ranges [5, 26-28]. As the dose of radiation is increased, the probability
for both local control and the potential for normal tissue damage increases,
as demonstrated in Figure 1. The slopes may vary as well as proximity of
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Figure 1. Probability of tumor control and normal tissue damage as a function of increase in
irradiation dose. As dose increases, tumor control increases, as well as potential for normal
tissue damage.
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slopes depending upon individual normal tissue tolerances (i.e., skin, eso-
phagus, spinal cord, and lung). The radiotherapist must be cognizant of
these factors in determining irradiation fields and total dose. Lower doses
are ineffective in terms of tumor sterilization and larger doses, as indicated
above, may carry unacceptable toxicity. Several studies [26, 27] have ex-
plored the possibility that such irradiation is better administered in a split
dose fashion, with delivery of roughly half of the total dose in each of two
three-week periods separated by a two- or three-week rest period. Although
there are several theoretical advantages to this scheme, such as the ability to
reevaluate the patient prior to continuing to a higher dose, an advantage of
split course over continuous irradiation has not clearly emerged.

At radiation doses of 5000-6000 rads, complications such as radiation
pneumonitis, defined as an acute pneumonitis confined to radiation portals
and occurring 8 to 12 weeks or sometimes longer after termination of ther-
apy, occurs in 5 to 15% of patients; radiation fibrosis which occurs in vir-
tually all irradiated patients to some degree usually appears 9 months or
more following therapy [20]. The development of radiation fibrosis has led
to the fear that curative irradiation should not be attempted in persons who
cannot tolerate a pneumonectomy because of impaired pulmonary function.
However, many of these patients still may be treated for cure, although their
treatment portals may have to be limited to some degree. In cases where
decreased pulmonary function is due to tumor obstructing blood vessels,
pulmonary function is often acutely improved with radiation therapy,
returning to base line or slightly below over several months depending upon
the volume of lung irradiated and amount of supervening pulmonary fibro-
sis. Fazio et al. [29] have evaluated lung scans and symptoms prior to and
following irradiation for lung cancer and demonstrated improvement in
ventilation in 83 % of patients, improvement in perfusion in 86 %, and les-
sened breathlessness in 74 % with slow deterioration of some lung function
due to fibrosis over the subsequent year. These authors felt that impaired
pulmonary function should not contraindicate pulmonary irradiation.

Radiation esophagitis occurs in almost all patients who receive doses
above 2500 rads but usually is self-limited. More serious complications such
as radiation carditis, radiation myelitis, and broncho-esophageal fistulae
occur in less than 3%. One large study has recorded a radiation-related
fatality rate of 2.5%, a figure somewhat higher than most other experiences.
Many complications can now be avoided with modern treatment simulation
and treatment planning [30, 31] and higher energy machines.

In considering radiation as a primary form of treatment in lung cancer, it
must be remembered that it is a form of local treatment, in which irradia-
tion portals encompass the primary lung lesion and potential or demon-
strated regional disease. Patterns of failure must be understood to allow for
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Table 4. Location of tumor causing death as a function of cell type following curative irradiation
for lung cancer (from Cox et al. [33]).

Local disease Metastatic disease
Small cell 30% 70%
Adenocarcinoma 43% 57%
Large cell 45% 55%
Squamous cell 70% 30%

improvement in therapy. It is known that squamous cell carcinoma tends to
metastasize less frequently than adenocarcinoma; this is an important factor
in selecting therapy [32]. This point is demonstrated in an autopsy series of
300 patients who had received irradiation. As indicated in Table 4, adapted
from Cox [33], most instances of squamous cell cancer deaths are associated
with local progression, while most cases of small cell carcinoma die of dis-
tant spread, with adenocarcinoma deaths being intermediate with local and
distant spread. Large cell undifferentiated carcinoma most closely resembled
adenocarcinoma in this analysis, and other studies [34] have confirmed that
it is probably most appropriate to group large cell undifferentiated cases
with adenocarcinomas for purposes of planning therapy. Such data leads to
the conclusion that radiation therapy would most often be curative for
squamous cell carcinoma, intermediate for adenocarcinoma and large cell
undifferentiated carcinoma, and infrequently curative when dealing with
small cell carcinoma because of its high tendency for undetected or rapid
systemic spread. Tumor doses for control are also important as shown by
Sherman et al. [31] who showed a relationship of central control of disease
to dose of radiation delivered. Central failures were noted in 50%, 22 %,
18% and 5% of patients surviving more than 18 months following therapy
when the amount of irradiation was 5000 rad, 5000-5500, 5500-5900, and
greater than 5900 rads, respectively.

2.2.1. Irradiation of ‘operable’ lung cancer. In 1956 Smart and Hilton [35]
described 33 cases with lung cancer considered to be candidates for opera-
tion but who were instead treated with irradiation alone. Five of these 33
patients survived for 5 years, a percentage comparable to that of a large
surgical experience from that time period [8]. Although this was a retrospec-
tive, uncontrolled study, results of irradiation were surprisingly good overall
and were better than the surgical series up to approximately two years fol-
lowing initiation of treatment. A similar study [36] comparing surgery with
radiation therapy, demonstrated an advantage of surgery for long-term
‘cure’ although the results at one year favored irradiation. These studies
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indicate that surgical resection should be considered the standard form of
therapy in patients with localized disease and no special surgical risk; how-
ever, if age or associated disease make resection particularly hazardous,
irradiation may become the treatment of choice. In making such decisions,
the risk of surgery based on age and extent of operation should be kept in
mind. The surgical mortality of lobectomy in an otherwise healthy 50-year
old man is 1 to 2% whereas the risk of pneumonectomy in patients over 70
may approach 40% [7]. McNeil [37] has emphasized that given the relative
uncertainty of an advantage of surgery over irradiation, some elderly per-
sons are unwilling to undergo the morbidity and mortality of surgery for
uncertain long-term benefits.

2.2.2. Irradiation of ‘inoperable’ lung cancer. Several series have reported
survival data in inoperable patients treated with radical irradiation for
cure [26, 38-41]. Table 5 summarizes these results. These studies have led
to some guidelines for the use of curative irradiation. Poor general condi-
tion, distant metastases, and malignant pleural effusion all contraindicate
irradiation for cure; such patients are best treated for palliation when spe-
cific symptoms occur. Superior vena caval obstruction, supraclavicular me-
tastases, and bony involvement are associated with a worse progno-
sis [26, 40] but are not absolute contraindications for curative irradiation.
Small-sized tumors are associated with better results. If all locally inopera-
ble lung cancer patients are irradiated for cure, Roswit [42] and Hellman [4]
have demonstrated that median survival of untreated patients is only slight-
ly prolonged with radiation therapy with a slight (4 %) increase in one-year
survival.

Table 5. Survival results in inoperable lung cancer treated with irradiation for cure.

Survival (%)

Reference Type of case 3 years S years

Aristizabel and Caldwell [40] favorable/unfavourable 16/8

Emami et al. [26] favourable/unfavourable 30/11

Coy and Kennelly [38] age 70-90 23 17
squamous cell 12
other cell types 5
(size) <3cm/> Scm 26/14

Deeley and Singh [39] 8 6

Guttman [41] 17 10

Unfavorable: superior vena caval obstruction, supraclavicular metastases, bony errosion, or
undifferentiated histology.
Favorable: all others.
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In the previous sections, the use of primary irradiation for curative intent
has been discussed. It has also been pointed out that in many instances,
patients die not only from local but also from distant metastases not appre-
ciated at the time of initial therapy. Prophylactic brain irradiation has been
used for the treatment of small cell carcinoma, to prevent distant metastasis
to the brain which is a ‘pharmacological sanctuary’ with respect to penetra-
tion of chemotherapeutic agents. Retrospective analysis [7, 43] of the VA
Lung Study Group experience suggests that prophylactic brain irradiation
may be useful in non-small cell lung cancers. Brain metastases from adeno-
carcinomas are frequent [32] and are often found to be the single organ
metastases at post-mortem examination. This data would suggest that the
routine use of prophylactic brain irradiation as part of curative therapy
(whether by surgery or irradiation) may be beneficial in certain patients with
non-small cell lung cancer. This is another hypothesis which hopefully will
be fully investigated in the future.

2.3. Palliative radiotherapy

Excellent temporary results of radiation therapy for specific complications
caused by lung cancer have been noted by many authors. In patients treated
for palliation only, Slawson and Scott [44] recorded control or improvement
of hemoptysis in 84 %, superior vena caval syndrome in 86 %, arthralgias in
100%, arm and shoulder pain in 73 %, chest pain in 61%, and dyspnea in
60%. Results were less impressive in treatment of atelectasis (23 % improve-
ment) or vocal cord paralysis (6% improvement). Dyspnea may often be
temporarily improved by radiation. Cases in which dyspnea is most likely
to be benefited by irradiation may be detected by lung scanning, which
usually reveals larger perfusion and ventilation defect than would be antici-
pated from the chest X-ray, presumably due to the effect of mediastinal
metastases on pulmonary vessels and bronchi. Many authors have demon-
strated the effectiveness of ‘spot’ radiation for local bone symptoms in
metastatic lung cancer, as well as from metastatic disease of other malignan-
cies [45]. However, many patients experience multiple areas of metastasis.
In recent years, hemi-body radiotherapy has shown promise in relief of
symptoms in such situations [45, 46].

2.4. New advances in radiation therapy

With the recent development of computerized axial tomography, tumor
volume can be more accurately defined. This may lead to smaller radiation
portals, better definition of tumor and normal tissues which may allow for
higher tumor volume doses and minimal increases in normal tissue compli-
cations. The use of radiation sensitizers or radiation protectors is now being
investigated in the laboratoy and in a few clinical trials; such sensitizers
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may lead to a gain in the therapeutic ratio. Brachytherapy is not new, how-
ever, it has not been used routinely; Hilaris and his colleagues have demon-
strated its benefit [47]. Recent publication by Abe and his co-workers [48]
in Japan and preliminary studies in the United States suggest that intra-
operative irradiation of the tumor bed may be effective in giving high tumor
doses of radiation with limited normal tissue irradiation. The possibility
that postoperative irradiation might be found to be applicable to most cases
has been mentioned previously, as has the possibility of prophylactic cranial
irradiation in adenocarcinoma. Investigations into the use of tightly targeted
irradiation excluding the mediastinum for patients with small peripheral
lesions and who are pulmonary cripples are needed. It is possible that such
treatment may be associated with only minimal loss of pulmonary function
since it is the inclusion of the mediastinum in the irradiated field which
extends the volume of pulmonary parenchyma subjected to irradiation. It is
well known that a large number of patients who fail primary treatment
relapse in the primary site or with distant metastases in non-small cell car-
cinoma. In recent years, trials of chemotherapy combined with radiotherapy
have emerged as discussed in subsequent sections. The difficulty at this time
is determining effective chemotherapy agents, sequence of combination
therapy, and the morbidity of the combined treatments. More studies are
needed to answer these questions and the effectiveness of this type of com-
bined therapy.

2.5. Summary and conclusions regarding radiation therapy of non-small
cell lung cancer

The following conclusions and recommendations seem reasonable at the
present time from these data discussed above: (1) curative radiation for
patients with localized but inoperable non-small cell lung carcinoma is
appropriate for those who are in relatively good physical condition. Bony
invasion or superior vena caval obstruction will compromise results, but are
not absolute contraindications; (2) for clinically operable patients in whom
advanced age or associated medical illness causes an increased operative
risk, irradiation therapy may be an acceptable alternative treatment; (3)
preoperative irradiation in most studies has not demonstrated an increase 1n
survival although further controlled studies may be needed to clarify its
efficacy. An exception are the superior sulcus tumors without mediastinal
involvement in which preoperative irradiation and resection of involved
tissues provides a 30 to 50% five-year survival; (4) postoperative irradia-
tion appears to be indicated in patients with mediastinal nodes removed at
operation particularly for patients with squamous cell histology; (5) pallia-
tive irradiation for symptoms is often helpful; (6) cranial prophylactic irra-
diation may be indicated in adenocarcinoma of the lung regardless of treat-
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ment modality; (7) new diagnostic techniques and improved treatment
planning may allow increase in doses with concomitant increase in local con-
trol; (8) higher local doses may be given with the use of interstitial brachy-
therapy or intraoperative treatment.

3. CHEMOTHERAPY OF NON-SMALL CELL CARCINOMA OF THE LUNG

Antineoplastic chemotherapy, in contrast to surgery or radiation therapy,
is a systemic form of therapy and has an advantage over other forms of
cancer treatment in its potential ability to kill malignant cells throughout
the body. As nearly as 50 % of patients with lung cancer have distant metas-
tasis at the time of diagnosis and another 40% develop locally recurrent or
distal spread of their disease following initial treatment with surgery or
radiation therapy [49], the advantage of a systemic form of effective therapy
for non-small cell lung cancer is of major potential benefit. Of the nearly
125,000 patients in the United States diagnosed as having lung cancer in
1982, 112,000 or 90 % will initially or eventually be candidates for systemic
chemotherapy if such treatment could be shown to be of significant thera-
peutic usefulness. Unfortunately unlike small cell carcinoma of the lung,
clinical trials using chemotherapy for treatment of non-small cell lung can-
cer have not consistently demonstrated a clinical benefit to patients with
this disease, although recent studies have indicated some progress in the
development of drug combinations which may help specific groups of
patients with non-small cell lung cancer. Care must be taken by clinicians
reviewing results of studies of chemotherapeutic trials of non-small cell lung
cancer to be cognizant of factors other than drug treatment which are
important in determining response rates and survival of patients with non-
small cell lung cancer and may bias conclusions made in such studies.

3.1. Factors influencing response rates and survival of patients with
non-small cell lung cancer

Reviewing published studies of chemotherapeutic trials in non-small cell
lung cancer may confuse many physicians. Tumor shrinkage has been
reported to occur in 5-57% of patients treated with various chemothera-
peutic regimens [50, 51] and the reported median survival of patients
treated with chemotherapy has varied from 2.5-9.0 months [52, 53]. This
wide variation in treatment results is related in some degree to the type of
therapy used, but also represents selection of different groups of patients
with varying prognostic factors. The two most common methods for ana-
lyzing the results of treatment for non-small cell lung cancer have been
comparison of the survival of treated with nontreated patients (often histo-
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Table 6. Karnofsky performance status.

% Criteria
100 Normal; no complaints; no evidence of disease.
90 Able to carry on normal activity; minor signs or symptoms of disease.
80 Normal activity with effort; some signs or symptoms of disease.
70 Cares for self; unable to carry on normal activity or to do active work.
60 Requires occasional assistance, but is able to care for most of his needs.
50 Requires considerable assistance and frequent medical care.
40 Disabled; require special care and assistance.
30 Severely disabled; hospitalization is indicated although death not imminent.
20 Very sick; hospitalization necessary; active supportive treatment necessary.
10 Moribund; fatal processes progressing rapidly.
0 Dead.

rical controls) and the number of patients having a response (shrinkage of
tumor) with treatment. Several studies have recently indicated that both
survival duration and response rates are dependent upon the patient’s initial
performance status, spread of disease, and degree of weight loss at the time
of diagnosis. Stanley [54] has analyzed the survival results of over 5000
patients with inoperable bronchogenic carcinoma of the lung followed by
the Veterans Administration Lung Group in terms of 77 potential prognos-
tic factors. Performance status, extent of disease, and degree of weight loss
in the 6 months prior to diagnosis were found to be the most important
prognostic factors for survival with initial performance status being the
dominant prognostic factor. The effect of Karnofsky performance status
(Table 6), the effect of disease spread, and the degree of weight loss on
median survival are shown in Table 7. Using these 3 prognostic variables,
median survival of patients with inoperable non-small cell lung cancer can
vary from 6 weeks to more than 1 year. Such factors must be recognized
when evaluating trials of chemotherapy on the basis of median survival.
The second major assessment for evaluating the benefits of chemotherapy
in the treatment of non-small cell lung cancer is the quantitation of the
number of patients whose tumor shrinks with drug treatment. Responses to
chemotherapy have been generally assessed by standard response criteria,
i.e. a complete response is defined as disappearance of all disease for at least
one month and a partial response defined as a 50 % decrease in the products
of the greatest perpendicular diameters of one or more measurable lesions
which lasts one month and is not accompanied by increasing lesions else-
where. Recently, Eagan [55] has enlarged the definition for response to
include a definite decrease in tumor size agreed upon by two investigators
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Table 8. Response rate to chemotherapy in non-small cell lung cancer as a function of patient
performance status.

Published response rates in various series

Bedikian  Bitran Lad Richards  Vincent Chahinian
et al. [55] et al [56) etal[57) etal[58] etall[59] etal [60]

Fully

ambulatory 25% 52% 23% 55% 21% 64 %
Bedrideen

5-50% of day 14% 30% — — - 50%
Confined to bed

over 50% of day — 0% 8% 5% 9% 41%

with no new lesions appearing. This criteria allows assessment of tumor
response in those patients in whom tumor diameters are not easily mea-
sured due to tumor abutting normal intrathoracic structures. Using these
criteria, the Mayo Clinic group has been unable to detect differences in
regression rates, time to regression, duration of response or survival be-
tween patients followed by ‘measurable’ or by ‘evaluable’ criteria and have
suggested that ‘evaluable criteria’ should be used in future studies. The type
of response criteria used for evaluating results of chemotherapeutic trials
must be carefully noted by each reader.

Performance status and extent of disease spread have been shown to pre-
dict not only for survival but also for response of a patient’s disease to
treatment with antineoplastic drugs. No matter what criteria are used,
responses to chemotherapy are usually seen in those patients with the best
performance status. In several series (Table 8), highest response rates have
been seen in those patients who are fully ambulatory while patients who are
confined to bed more than 50% of the day have little chance of responding
to chemotherapeutic treatment. Evaluation of response rates to various che-
motherapeutic regimens needs to be considered in light of patients perfor-
mance status before entry into study.

Histologic subclassification and effect of prior irradiation therapy may
also be important prognostic factors in evaluating survival and response
rates in non-small cell lung cancer. However, to date, there is insufficient
data on either of these two prognostic factors to assess their impact on
results of chemotherapeutic trials [61, 62]. As treatment improves it is pos-
sible that the importance of such factors will be identified.

3.2. Single agent chemotherapy
A number of individual drugs have been reported to produce tumor
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Table 9. Single agent chemotherapy in non-small cell lung cancer.

Drug Response rate
Vindesine 20%
Mitomycin-C 20%
VP-16 15%
Doxorubicin 15%
Cisplatin 15%
Cyclophosphamide 10%

Response rates estimated by authors from averages of data reported in [63-75].

shrinkage in a small proportion of patients with non-small cell lung cancer.
Exact response rates for individual drugs are difficult to determine due to a
wide variation in reported response rates. As an example, response rates of
4-51% have been reported for cyclophosphamide when used as a single
agent [50, 63, 64]. These variations may be the result of different patient
selection (performance status, extent of disease, previous chemotherapy,
etc.), drug doses, or response criteria. Table 9 indicates approximate re-
sponse rates for single agents showing greatest activity against non-small cell
lung cancer. As can be noted, activity of single agents is considerably less
than that seen in treatment of small cell lung cancer and further develop-
ment of new drugs for non-small cell lung cancer is needed. Responses to
single agent chemotherapy, when achieved, are usually of short duration
(2-4 months) and no prolongation in survival for patients treated with sin-
gle agent chemotherapy has been noted in most studies including a large
randomized study conducted by the Veterans Administration Lung Cancer
Study Group looking at treatment with nitrogen mustard and cyclophos-
phamide [70].

3.3. Combination chemotherapy

The combined use of several antineoplastic agents with nonoverlapping
toxicity has been more effective in producing higher response rates, longer
survival and a greater chance for cure than therapy with single drugs in the
treatment of most sensitive malignancies [76]. Such results have led to a
host of clinical trials of combination chemotherapy for the treatment of
inoperable non-small cell lung cancer despite the lack of available drugs
with more than a 25 % response rate when used as single agents. Most trials
of combination chemotherapy have not been randomized but have been
compared with historical controls. Therefore, results need to be carefully
analyzed with particular attention to prognostic factors outlined earlier. The
majority of published trials have reported response rates of less than 40 %
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Table 10. Chemotherapy regimens showing response rates of more than forty percent in non-
small cell lung cancer.

Number Total Complete  Median
Drug of response response survival
regimen patients rate rate (months)  Reference
CM 41 49% 7% 8.0 Straus [77, 78]
T-CAP 35 57% 3% 7.3 Eagan et al. [51]
CAP 42 48% 0% 5.8 Eagan et al. [79]
MOCPr 28 43% 0% NS Alberts et al. [80]
BACON 50 42% 4% 5.0 Livingston et al. [81]
FOMIi 52 41% 7% 6.0 Miller et al. [82]
VP (low dose) 55 46% 7% NS Gralla er al. [83]
VP (high dose) 52 40% 13% NS Gralla et al. [83]
MACCx 68 44 % 4% 8.3 Chahinian et al. [60]
CAMPr 37 44% 3% 6.4 Lad er al. [84]

C = cyclophosphamide; T = traizinate; A = doxorubicin (Adriamycin®); P = cisplatin;
M = methotrexate; O = vincristine (Oncouin®); Pr = procarbazine; N = nitrogen mustard;
Mi = mitomycin-C; Cx = lomustine (CCNU); NS = not stated.

with median survival of all treated patients of 3-6 months. A few studies
(Table 10) have been reported which do show response rates of over 40%
and a few of these have a median survival of greater than 8 months. When
these results are compared to the natural history of untreated, inoperable
(both limited and extensive disease) lung cancer which has a median survi-
val of 5-6 months for ambulatory patients and 2-3 months for nonambu-
latory patients [70, 85], these treatment regimens appear to offer some ben-
efit in the therapy of this disease. Unfortunately, treatment results with
some of these combinations, such as vindesine and cisplatin, have not yet
been confirmed and repeat investigations of many drug combinations have
not been able to duplicate initially encouraging studies (Table 11). With the
wide variation in response rates and the modest prolongation in survival
noted in reported studies, no presently available combination chemotherapy
regimen can be recommended as standard therapy for inoperable non-small
cell lung cancer. Patients responding to chemotherapy do appear to benefit
from such treatment. In nearly all reported studies, there is a significant
prolongation in life for patients responding to chemotherapy when com-
pared to those patients not responding (Table 12). However, as previously
mentioned, patients with better initial performance status are more likely to
respond to chemotherapy and this is also the group of patients with the
longest median survival when untreated. Thus, as pointed out by Aisner and
Hansen [99], there is presently no clear-cut evidence that any combination



207

Table 11. Results of repeated clinical trials of certain combination chemotherapy regimens in the
treatment of non-small cell lung cancer.

Drug Response Median Year

combination rate survival reported Reference

CM 49% 8.0 months 1979 Straus [77, 78]

CM 13% 6.0 months 1981 Creech et al. [86]
BACON 42% 5.0 months 1976 Livingston et al. [81]
BACON 21% 4.0 months 1977 Livingston et al. [87]
MACC 38% . 6.6 months 1977 Chabhinian ez al. [88]
MACC 44% 8.3 months 1979 Chahinian et al. [60]
MACC 12% 3.8 months 1979 Vogl et al. [89]
MACC 12% 3.5 months 1981 Ruckdeschel et al. [90]
CAMP 27% 5.1 months 1978 Bitran ef al. [91]
CAMP 31% N.S. 1979 Lad et al. [57]
CAMP 17% 6.0 months 1981 Cambareri et al. [92]
CAMP 22% 5.0 months 1981 Ruckdeschel ez al. [93]
CAMP 44% 6.4 months 1981 Lad et al. [84]

CAP 42% 6.8 months 1978 Britell et al. [66]
CAP 48% 5.8 months 1979 Eagan et al. [51]
CAP 28% 6.0 months 1979 Gralla et al. [69]
CAP 29% 3.9 months 1981 Evans et al. [94]
CAP 35% 7.6 months 1981 Knost et al. [95]
CAP 8% 3.3 months 1981 Robert et al. [96]
CAP 7% 5.4 months 1981 Davis et al. [97]

Table 12. Effect of response to chemotherapy on survival in non-small cell carcinoma of the
lung.

Median Median
survival of survival of
responders non-responders p value Reference
6.5 2.2 0.002 Livingston et al. [81]
9.9 2.8 0.001 Livingston et al. [87]
12.6 2.4 0.001 Bitran er al. [91]
12.3 47 0.001 Lad et al. [57]
9.0 3.0 0.001 Langotte et al. [98]
21.7 6.0 0.01 Gralla et al. [83]
12.6 43 NS Knost et al. [95]
83 2.4 0.001 Evans et al. [94]
8.0 4.5 0.02 Ruckdeschel et al. [90]
8.0 4.0 0.002 Ruckdeschel et al. 893]

12.0 4.3 0.005 Chabhinian et al. [60]
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chemotherapy regimen is superior to no treatment or produces such an
effect independent of predetermined prognostic factors.

A few as of yet unconfirmed studies suggest recent improvement in the
chemotherapeutic treatment of non-small cell lung cancer. Combinations
containing mitomycin-C appear to be active [74, 82]. Gralla et al. [83] have
presented data on the use of vindesine and cisplatin which is encouraging
and should lead to further studies investigating this combination. These
authors randomized 85 patients (82 with distant metastasis) with squamous
cell and adenocarcinoma of the lung to therapy with 3 mg/m? vindesine and
either high-dose (120 mg/m?) or low-dose 60 mg/m?) cisplatin. Both treat-
ment regimens produced remission rates of 40-45%. However, the duration
of remission (12 vs 5.5 months) and the median survival of responding
patients (21.7 vs 10 months) was significantly greater for patients being
treated with high-dose cisplatin. The 12-month remission duration is signif-
icantly greater than remission durations reported with other chemothera-
peutic combinations. Confirmatory studies are needed before this treatment
can be recommended for routine medical practice.

The toxicity of combination chemotherapeutic regimens used for the
treatment of non-small cell lung cancer is significant. The Eastern Cooper-
ative Oncology Group has noted an overall incidence of severe toxicity of
19 %, life-threatening toxicity of 9%, and a 3% incidence of drug-related
deaths resulting from different chemotherapeutic regimens used for the ther-
apy of non-small cell lung cancer from 1975-1980 [100]. Toxicities vary to
some extent with the specific chemotherapeutic regimen used. Nausea and
vomiting are common with most drug combinations and may be severe; in
a study by Vogelzang [101], 16 % of patients declined further chemotherapy
because of gastrointestinal side effects. Myelosuppression is also frequent
and the most common cause of mortality and morbidity. Other toxicities,
such as nephropathy due to cisplatin or neuropathy from vincristine or vin-
desine, are noted at differing frequencies depending upon the specific treat-
ment program. Table 13 lists toxicity frequencies associated with some of
the more commonly used regimens for the treatment of non-small cell lung
cancer.

3.4. Recommendations for use of combination chemotherapy in the
treatment of non-small cell carcinoma of the lung

Since presently available chemotherapeutic regimens are only rarely (case
reports [103, 104]) associated with long-term disease-free survival, produce
only minimal prolongation of median survival, and have significant toxici-
ty, no combination chemotherapeutic regimen can be recommended as
standard therapy for patients with disseminated non-small cell lung cancer.
We would currently recommend that patients with this disease who desire
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therapy be referred to oncology centers investigating new treatments of non-
small cell lung cancer. If such a referral cannot be made, treatment with a
combination such as cyclophosphamide, adriamycin, cisplatin (CAP) or
vindesine-cisplatin may be tried in certain patients desiring therapy. These
patients need to understand and accept the limited benefits presently avail-
able and be able to tolerate expected toxicities. Only patients with Karnofs-
ky performance status of 70 or better, no prior chemotherapy treatment, and
those having measurable disease should be considered for chemotherapy.
Treatment should follow published protocols carefully and must be admin-
istered by a physician who has experience in giving such drugs and has
facilities to support patients should complications arise. If no evidence of
tumor shrinkage is noted following 2 cycles of therapy, treatment should be
discontinued to avoid further toxicity to the patient. In those patients in
whom a response to treatment is noted, additional courses may be em-
ployed until disease progression is noted or for a 1-2-year period in those
few patients achieving a complete remission.

3.5. Combined surgery and chemotherapy

Tumor recurrence following potentially curative surgery remains a major
medical problem, particularly in patients with pathologic Stage II and III
disease. A number of studies using chemotherapy as an adjuvant to poten-
tially curative surgery in hopes of improving the overall cure rate have been
undertaken during the past decade. Administration of chemotherapy at a
time when tumor cell burden is low and the tumor growth fraction is high is
theoretically attractive and use of adjuvant chemotherapy in such a setting
has been of clinical benefit in the treatment of Wilm’s tumors, breast cancer,
and osteogenic sarcoma. Unfortunately, no studies to date have indicated
that adjuvant chemotherapy improves median survival or 5-year cure rate
over surgery alone in the treatment of non-small cell lung cancer. The
Veterans Administration Surgical Adjuvant Group has investigated the use
of nitrogen mustard, cyclophosphamide, and methotrexate as an adjuvant to
surgery alone [105-107]. Of a total of 2,348 curative resections, 1,176
patients received only surgery while 1,172 were randomized to receive adju-
vant chemotherapy. Five- and 10-year survival rates for treated patients
were 24.8% and 13.5%; control patients treated with surgery alone had 5-
and 10-year survivals of 26.2 and 16.3 %. No specific drug was found to be
effective. The combinations of cyclophosphamide plus methotrexate and
CCNU plus hydroxyurea have also been found to be ineffective in similar
studies by the same group. Controlled studies by the British Medical
Research Council have also shown a lack of benefit of single agent chemo-
therapy as an adjuvant to surgery [108]. Although uncontrolled trials have
been published suggesting improved survival using adjuvant chemotherapy,
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most studies to date do not support such a view [109] and we feel there is no
good evidence to recommend the use of adjuvant chemotherapy except in
an investigative setting. As more effective chemotherapy for disseminated
non-small cell lung cancer is developed, use of such effective combinations
in an adjuvant setting may prove beneficial. The Lung Cancer Study Group
is currently investigating the use of cyclophosphamide, adriamycin, and cis-
platin (CAP) in an adjuvant setting.

3.6. Combined use of radiation therapy and chemotherapy

Antineoplastic chemotherapy has been combined with radiation therapy
in an attempt to improve the median survival and cure rate over that
achieved with radiation therapy alone. Randomized controlled trials using
cyclophosphamide, 5-fluorouracil, nitrogen mustard and other single agents
have not shown any clinical benefit over results achieved with radiation
therapy alone [110-112]. Although conclusions from published reports vary
from a slight advantage to the addition of chemotherapy [113] to a slight
increase in toxicity with no therapeutic benefit [110], the bulk of data indi-
cates that single agent chemotherapy does not change the survival of lung
cancer patients treated with radiation therapy alone. Similar results have
also been found when combination chemotherapy consisting of CCNU plus
methotrexate plus cyclophosphamide is added to high-dose (4000 rad)
radiation therapy [110].

Occasional uncontrolled trials have reported results of combined surgery,
radiation therapy, and chemotherapy for localized inoperable cancer. Takita
et al. [114] have treated 24 selected patients with localized inoperable non-
small cell lung cancer with various cisplatin containing combination chemo-
therapy regimens followed by surgical resection, irradiation, and more che-
motherapy. Median survival of this group of patients from initiation of
therapy was 11 months with 3 patients alive at over 2 years following treat-
ment. It appears that occasionally long-term survivors are seen following
aggressive multimodality treatment programs such as this but unfortunately
none of the studies have been controlled and similar results may potentially
be found with radiation therapy alone. Therefore, treatment programs em-
ploying the combined use of surgery, radiation therapy and chemotherapy in
any sequence must, for the time being, be considered investigational.
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