
(CANÅ’R RESEARCH 53, 5181-5187. November 1. 1993)

Individualized Chemotherapy for Patients with Non-Small Cell Lung Cancer

Determined by Prospective Identification of Neuroendocrine Markers and

in Vitro Drug Sensitivity Testing
Gail L. Shaw,1 Adi F. Gazdar,2 Ruby Phelps, R. Ilona Linnoila, Daniel C. Ihde, Bruce E. Johnson, Herbert K. Oie,
Harvey I. Pass, Seth M. Steinberg, Bimal C. Ghosh, Thomas E. Walsh, John C. Nesbitt,3 James D. Cotelingam,
John D. Minna,2 and James L. Mulshine

National Cancer Institute. Bethesda, Maryland 20892 Â¡C.L. S., A. F. C., R. P., R. I. L., D. C. I., B. E. J., H. K. ().. H. I. P., S. M. S., J. D. M., J. L. M./: National Naval
Medical Center, Bethesda, Maryland 20814 Â¡B. C. G., T. E. W., J. C. N., J. D. C.Â¡; and Uniformed Services University of the Health Sciences, Bethesda, Maryland 20817
[B. C. G., J. D. C./

ABSTRACT

We attempted to prospectively select individualized chemotherapy for
165 non-small cell lung cancer patients based on in vitro analysis of neu-

roendocrine (NE) markers and drug sensitivity testing (DST) using fresh
tumor. The chemotherapy used for small cell lung cancer (SCLC) was
selected when NE marker expression determined by i.-dopa decarboxylase

assay was documented. Selection of chemotherapy for other patients was
guided by DST results using a modified dye exclusion assay when avail
able; otherwise etoposide and cisplatin was administered. A total of 112 of
165 (68%) specimens were assayed for i,-dopa decarboxylase and 36 pa

tients (22%) had DST. In vitro data directed management for 27 of 96
(28%) patients given chemotherapy: 6 with NE markers were treated with
the SCLC regimen; and 21 (58% of those with DST) received their DST-

selected chemotherapy regimen. There were no significant differences in
response rate among all 3 treatment arms i /' = 0.076). However, response

to chemotherapy for the patients treated prospectively with a SCLC regi
men was 3 of 6 (50%), marginally better than patients given their HS'l-

selected chemotherapy regimen (2 of 21; 9%; /' = 0.056) or those treated
with etoposide and cisplatin (10 of 69; 14%; /' = 0.061). When patients

whose NE markers were identified retrospectively are included, 4 of 9
(44%) responded to administered chemotherapy, compared to 7 of 55
(13%) with no NE markers present (P = 0.04). There were no differences

in survival among the three treatment groups. Cisplatin and etoposide
comprised the most active regimen in vitro for tumors from 16 of 36 (44%)
patients, potentially limiting the benefit of DST since this is often the
empiric therapy for non-SCLC. Furthermore, the correlation between in

vitro and clinical response is nonsignificant for all drugs tested, highlight
ing the overall relative resistance of non-SCLC tumors to currently avail

able chemotherapy.

INTRODUCTION

Patients with metastatic NSCLC4 experience only modest respon

siveness to combination chemotherapy, with most studies demonstrat
ing approximately a 20-30% response rate with no convincing proof

of survival benefit (1). These marginal response rates for patients
undergoing any previously reported lung cancer chemotherapy regi
men have resulted in ongoing investigation to determine whether
some subset of patients with NSCLC might have an increased likeli
hood of benefiting from chemotherapy. We had speculated that
NSCLC patients with NE characteristics in their tumor tissue may be
more responsive to chemotherapy than patients whose tumors lack
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such features, and several studies have supported this hypothesis
(2-A). In various studies, neuroendocrine properties have been defined
by the expression of DDC, chromogranin A, creatine kinase, bombe -
sin/gastrin-releasing peptide, or the presence of dense core granules

on electron microscopy, as reported by Gazdar et al. (5). In an effort
to enhance the utility of chemotherapy for NSCLC patients, we pro
spectively evaluated whether in vitro assays could identify specific
patient groups more likely to benefit from a particular combination of
chemothcrapeutic agents. Our objectives were (a) to determine the
feasibility in the clinical management of NSCLC patients by selecting
individualized therapy based on the detection of NE characteristics or
results of in vitro DST of their tumor samples, (b) to administer
individualized chemotherapy selected by these studies completed in a
timely fashion, (c) to determine whether DST results were associated
with patients' response to chemotherapy, (d) to determine whether

sensitivity to any single agent predicts response or outcome, and (e)
to conduct innovative studies of lung cancer biology using fresh tissue
and immortalized cell lines for clinicopathological correlation. Prob
lems anticipated in conducting a trial of therapy based on in vitro
testing of tumor specimens in NSCLC include the difficulty in ob
taining tumor samples from patients who are usual candidates for
combination chemotherapy, whether the specimens obtained would be
suitable for comprehensive in vitro analysis, and whether this analysis
could be completed in a clinically relevant period of time. Timing of
chemotherapy treatment was determined by standard clinical practice.
In a previous report of the first 123 patients entered on this protocol,
we demonstrated that the propagation of an immortalized cell line was
associated with decreased patient survival (6). We now report final
data on the 165 patients in this prospective trial of individualized
therapy for NSCLC patients based on in vitro testing of the patient's

tumor samples.

MATERIALS AND METHODS

Protocol Design. This prospective clinical trial was approved by the ap
propriate institutional review hoards, and all patients entered on study gave
informed consent. All patients with NSCLC undergoing surgical resection as
well as patients with metastatic disease whose tumor could he readily hiopsied
were eligible. One hundred sixty-five patients with any stage or histolÃ³gica!

subtype of pathologically confirmed NSCLC with an Eastern Cooperative
Oncology Group performance status of 3 or better (at least partially amhula-

tory) were entered onto the study between May 1984 and August 1990.
Tumor specimens from patients undergoing diagnostic or therapeutic pro

cedures requiring general anesthesia were procured only during procedures
performed as part of standard clinical management. Biopsies for the purpose of
tissue procurement for protocol entry were allowed only if performed under
local anesthesia after (he patient's informed consent. Peritoneoscopic liver

biopsies were done if imaging studies showed parenchymal lesions in patients
without other sites of more easily accessible tumor.

All patients were staged according to the international system of the Ameri
can Joint Committee on Cancer guidelines adopted in 1987 (7). Patients were
stratified into two groups. The potentially curative group (N = 67) included
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INDIVIDUALIZED CHEMOTHERAPY IN NSCLC

Stage I, II, and IIIA patients who underwent definitive primary therapy with

surgical resection, chest irradiation or both procedures. On relapse, any patient
with good performance status who did not require immediate palliative radio
therapy was offered chemotherapy on this study. The palliative treatment group
(N = 98) consisted of patients with locally advanced unresectable NSCLC who

were not thought to be candidates for curative radiation therapy or patients with

metastatic or recurrent NSCLC after prior treatment not administered on this
protocol. Patients with fully ambulatory performance status and Ã©valuable
tumor lesions who did not require immediate palliative radiotherapy were
offered chemotherapy. In occasional cases, patients with performance status
3-4 who insisted upon receiving chemotherapy were treated.

Chemotherapy, which was administered only when Ã©valuabletumor lesions
were present and the patient accepted treatment, was selected on the basis of
in vitro test results whenever possible. The three treatment options consisted of

the combination chemotherapy regimen being offered to contemporaneous
SCLC patients if NE markers were present. Patients with NE markers in their
tumor tissue who were candidates for chemotherapy were initially offered
therapy with cyclophosphamide, methotrexate, and lomustine alternating with
vincristine, doxorubicin, and procarbazine (8), the standard chemotherapy
regimen for SCLC at our institution in 1984. Treatment for this group was
changed in 1987 to etoposide and cisplatin following our demonstration of
equivalent efficacy and reduced toxicity of this regimen in SCLC patients (9).

if NE markers were absent or unknown, the most active in vitro combination
determined by DST was given. Empiric etoposide and cisplatin was adminis
tered when no results from in vitro analyses were available (10). Combination
etoposide and cisplatin was selected as empiric chemotherapy because of
acceptable toxicity and documented response rates in large cooperative group
studies of chemotherapy for NSCLC (10, 11). Response (12) to chemotherapy
was assessed following restaging of tumor extent at 12 weeks and chemo
therapy was continued up to 24 weeks in patients who responded. Therapy was
stopped at the time of progressive disease (12). Preliminary survival results
have been reported previously (2, 6).

Neuroendocrine Marker Analysis and Pathology Review. Patients' tu

mor tissue was considered to demonstrate NE characteristics based on elevated
DDC activity (>4 units/mg protein) or occasionally on the presence of dense
core granules on electron microscopy. DDC assays were performed by a
modification (13) of a previously published method (14). This modification has

been used throughout the studies in our laboratory (2, 5, 15, 16). DDC has been
established as an excellent cellular marker for NE differentiation (15). All
pathology specimens were prospectively reviewed by two of the authors (A. F.
G. and R. I. L.) to ensure that only specimens with NSCLC histologies were
accrued. Two patients with carcinoid tumors were entered on this protocol.
Although these tumors express NE markers, these patients were prospectively
excluded from the group treated with a SCLC regimen on this study since
carcinoid tumors have a different clinical course (17, 18), as well as markedly
more resistant in vitro DST profiles, than NSCLC with NE markers (5).

Drug Sensitivity Testing. Methodology for DST was a modified version of
the dye exclusion assay which does not require clonogenic capacity described
by Weisenthal et al. (19, 20). DST results included in this report were per
formed on fresh tumor tissue. Briefly, 12 chemotherapeutic agents included in
published combination regimens thought to have clinical activity in NSCLC (8,
10, 11, 21-26), were tested at three concentrations ranging from 10-fold above
to 10-fold below the reference concentration specified for each individual drug

(27). Reference concentrations were those determined by Weisenthal et al. (27)
extrapolating from the approximation of clinical drug exposures calculated
from the pharmacokinetics literature to reflect use of the drugs in clinical
experience. Nitrogen mustard was substituted as an alkylating agent for cy
clophosphamide which requires in vitro activation and carmustine was substi
tuted for lomustine. For 19 specimens with sufficient tumor cells available, all
12 drugs were tested at all 3 concentrations. Each concentration was tested in
duplicate or triplicate. For 18 specimens with limited numbers of tumor cells,
in vitro testing was conducted only at the reference concentration. After 4 days
of incubation, acetaldehyde-fixed duck RBC were added to the cell suspen
sions as an internal control for cell proliferation during incubation; cytocen-

trifuge preparations were made and stained with fast green and/or nigrosin dyes
and counterstained with hematoxylin and eosin. Living tumor cells were iden
tified by their ability to exclude fast green and nigrosin. The proportions of
surviving tumor cells to duck cells were compared in control and drug-exposed

samples. If the mean survival of tumor cells was less than 50% at the reference

concentration, a drug was considered to be active against the tumor cell
population. The best drug or drugs for each tumor specimen were those that
had the lowest tumor cell survival at the reference concentration, regardless of
whether cell survival was less than 50%. The DST results for the single agents
were used in combination to select the combination regimen with the lowest
mean in vitro cell survival from among eight combination regimens commonly
used in NSCLC (8, 10, 11, 21-26).

Statistical Analyses. Methods for statistical comparisons included the Wil-
coxon rank sum procedure and Fisher's exact test. Response on the three
treatment arms was compared using Mehta's version of Fisher's exact test (28).

Survival was calculated from the date of protocol entry to the date of death or
last known date alive and also from date of chemotherapy treatment to date of
death or last known date alive. Death from any cause was treated as the main
outcome event in all survival analyses. The Kaplan-Meier method was used to

calculate the probability of survival as a function of time, and the entire
survival distributions were compared using the Mantel-Haenszel procedure
(29, 30). All cited P values are two-sided.

RESULTS

Patient Characteristics. Patient characteristics are presented in
Table 1. Patients were predominantly male (69%) and had a median
age of 57 years. The performance status was Eastern Cooperative
Oncology Group 2 or better for 93% of patients at study entry. Po
tentially curative patients comprised 41% of the study population
while 59% were in the palliative treatment group. Six patients with
Stage I, 2 Stage II, and 12 Stage IIIA NSCLC at diagnosis were
entered on this protocol at the time of relapse and included in the
palliative treatment group. The majority of cases were classified as
adenocarcinoma including bronchioloalveolar carcinoma (72%), con
sistent with the trend that has been observed at our institution in recent
years (31). Of the 165 patients, 10 had survived a prior malignancy.
Prior treatment 4 to 30 years before entry on this study included
surgery for 5 patients, radiotherapy for 1 patient, and chemotherapy

Table 1 Patient characteristics at study entry

Characteristic No.

Age (yr)
=S50
51-60
>60

Median age

46
59
60

57

28
36
36

GenderMaleFemaleECOG"

performancestatus01234HistolÃ³gica!

diagnosisAdenocarcinomaEpidermoid

carcinomaLarge
cellcarcinomaOtherStage

al initialdiagnosisInIIIA1MBrvGroup

at studyentryPotentially
curativePalliative

onlyAlive

at 6.2 years median follow-up11451301(13217411822169381039235567W286931186213437213105236241433415917
1ECOG, Eastern Cooperative Oncology Group.
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INDIVIDUALIZED CHEMOTHERAPY IN NSCLC

with or without radiotherapy for 4 patients. One additional patient had
previously received chemotherapy for her bronchial carcinoid prior to
treatment on this study for this tumor.

A schematic outline of the study is presented in Fig. 1. Tumor tissue
was obtained from all patients as a requirement for protocol entry, and
viable tumor from all but four patients was processed in our labora
tory. Specimens from two patients did not contain discernible viable
tumor and specimens from two other patients were rendered nonviable
due to inadvertent immersion in formalin. Patients receiving definitive
primary therapy underwent either surgical resection with (N = 27) or
without (N = 35) postoperative involved field radiotherapy or defini
tive radiotherapy (N = 3). One patient was treated at another insti

tution and one patient with Stage IIIA NSCLC progressed and died
without receiving any therapy.

Feasibility of in Vitro Analysis. Of 161 tumor-containing speci

mens which reached the laboratory, 69 were from pulmonary tissue
and 92 were from nodal or other metastatic sites. As shown in Table
2, specimens from pleural effusions yielded DST results most fre
quently (55%) followed by specimens from peripheral or mediastinal
lymph nodes (33%). Specimens from lung (7%) were less likely to
have successful DST.

L-Dopa decarboxylase activity was measured on 112 of 161 (70%)

specimens, including 81% of those from lung, as shown in Table 2.
Allocation of small specimens for diagnostic pathology and cell cul
ture left insufficient tumor for DDC assay in some cases. Immuno-

staining for chromogranin A was performed at a later date on most
samples in conjunction with a separate study (32) but was not used in
determining patient management. Thirty-seven specimens from 36

patients, including 8 that did not have assays for DDC, had DST
performed, yielding 120 of 161 (75%) patient specimens with some in
vitro data. These data directed management in 27 of the 96 (28%)
patients treated with chemotherapy on this study (Fig. 1). Six patients
with prospectively identified NE differentiation in their tumor tissue
were treated with a SCLC regimen, 21 patients received chemo
therapy based on DST, and 69 patients received empiric etoposide and
cisplatin. Table 3 shows the results of in vitro testing and the treatment
group prospectively selected. The maximal delay in starting chemo
therapy while awaiting in vitro test results was 3 weeks. Four of the
patients receiving empiric chemotherapy died during their first cycle
of chemotherapy and were considered nonresponders.

Table 2 Success of in vitro studies by source of tumor tissue

Viable Tumor Specimen to Lab

161/165 patients(98%)

In vitro testing performed

120/165 patients

(73%)

No in vitro data available

45/165 patients

(27%)

Fig. 1. Schematic outline of protocol. Specimens were obtained prior to therapy as a
requirement for protocol entry. Patients having successful in vitro studies as well as those
with no in vitro data are indicated with the eventual prospectively assigned treatment arm
of patients receiving chemotherapy in this study.

Tumorspecimen
sourceLungPeripheral

lymphnodesMediastinal
lymphnodesPleural

effusionLiverBone

marrowOtherTotalTotalcontainingtumor693013313312161Drug

sensitivity
testedNo.5951700137%730385500823i.-Dopa-decarboxylaseassayed0No.positive710100312"No.negative491710180061007,8160776100757(1

' Includes one patient with bronchial carcinoid.

Table 3 Treatment administered to patients with in vitro testsperformedin

vitro testsperformedTreatment

administeredIVBR

SCLC regimen
EPNoneTotalDST

only5128DST

andDDCDDC

pos" DDCneg1

15
2

5
528DDC

onlyDDC

pos DDCneg4

2 35
3 4084Neither26 1945

" pos, DDC >4 units/mg protein; neg, DDC not elevated; EP. cloposide/cisplatin.

Neuroendocrine Marker Analysis and Response to Chemo
therapy. Tumors from 6 of 112 patients tested were prospectively
identified as having NE markers and treated with chemotherapy after
a median of 20.5 days from the time tumor tissue was obtained. An
additional 3 patients in whom treatment decisions were made before
the marker data were available were later found to have tumor NE
markers. Another 3 patients with NE markers present, one of whom
had bronchial carcinoid, never received chemotherapy. Therefore, 11
of 111 (10%) patients with NSCLC histologies excluding carcinoid
had NE tumor features. Response to chemotherapy was assessed by
prospectively assigned treatment group as well as by the presence of
NE markers identified in patients in all treatment groups. Three of the
six (50%) patients prospectively identified with NE markers had re
sponses to a SCLC chemotherapy regimen, including the only 2
patients entered on study having complete responses. These patients
treated prospectively with a SCLC regimen were more likely to re
spond than patients treated with their selected chemotherapy regimen,
or empiric chemotherapy although the differences were only of bor
derline significance (P = 0.056 and P = 0.061, respectively). Among

the total of 9 patients with NE markers who received chemotherapy,
4 (44%) had partial or complete responses compared to 7 of 55 (13%)
with no NE differentiation in their tumor (P = 0.04).

Drug Sensitivity Testing and Selection of the in Vitro Best Regi
men. In vitro testing demonstrated considerable heterogeneity in tu
mor cell sensitivity to the drugs tested as shown in Table 4. Cisplatin
was the most active agent against tumor cells in 8 of 37 (22%)
specimens while etoposide was the most active agent in 9 of 37 (24%)
specimens from 36 patients as determined by the lowest cell survival.
Cisplatin was an active drug against one-third of the tumor specimens

tested with cell survival below 50%. While cisplatin and etoposide
were most frequently selected as the single most active drugs tested,
carmustine, methotrexate, vincristine, vindesine, vinblastine, mitomy-
cin C, and 5-fluorouracil were seldom selected as shown in Table 4.
Based upon the use of nitrogen mustard as surrogate, cyclophospha-

mide was considered an active agent in 27% of specimens tested and
the single most active agent for 6 (16%) specimens. Of the eight
combination chemotherapy regimens commonly used in NSCLC (8,
10, 11, 21-26), six were selected as IVBRs for at least one patient as
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INDIVIDUALIZED CHEMOTHERAPY IN NSCLC

shown in Table 5, with cisplatin/etoposide the most active combina
tion for 16 of 36 (44%) patients. Of note, permanent cell lines were
not established from 14 of the 37 (38%) specimens in which DST was
performed.

Correlation of Drug Sensitivity Testing Data and Response to
Chemotherapy. Patients were treated with their IVBR after a median
of 25 days from the time tumor tissue was obtained. The response to
prospectively selected therapy is demonstrated in Fig. 2. Of the 21
patients treated with their IVBR, 2 (9%) had a clinical response
compared to 10 of the 69 (14%) patients treated with empiric
etoposide/cisplatin in the absence of in vitro data (P = 0.73). Of the

36 patients with DST, 21 (58%) received their IVBR, 2 also had NE
markers and were treated with the SCLC regimen, 6 had been treated
empirically with etoposide and cisplatin before DST data were avail
able, and 7 were not treated, as shown in Table 3. The 7 patients not
treated included 3 Stage IIIA patients who initially underwent defini
tive chest radiotherapy and 4 patients with metastatic disease. The
chemosensitivity to single drugs is demonstrated in Fig. 3. Although
the mean percentage of cell survival for the 4 patients who had an
objective response to treatment is lower than the mean percentage of
cell survival for the 25 nonresponders for 9 of the 12 chemotherapeu-

tic agents tested, there is a wide range of drug sensitivity among both
responders and nonresponders. Only for cisplatin and etoposide is the
mean cell survival less than 50% among the responders, our definition
of an active agent in this protocol. Although responders had a 47%
mean cell survival to cisplatin compared to a 63% mean cell survival
for nonresponders and a 44% mean cell survival to etoposide com
pared to a 62% mean cell survival for nonresponders, these differences
are not significant (P = 0.23 and P = 0.14, respectively). The mean

proportion of active drugs among all drugs tested was 27% for re
sponders compared to 21% for nonresponders, which was not signifi
cantly different (P = 0.41). Of note, 5 of 24 (21%) nonresponders had

no active drug in vitro while each responder had at least one active
drug, although this difference was not significant (P = 1.0).

In summary, a total of 27 patients of the 96 treated on this study had
chemotherapy based on some in vitro tumor analysis, as outlined in

Table 4 Frequency of an individual chemotherapeuttc agent yielding the lowest tumor
cell survival and being selected as the single most active drug in vitro among

37 specimen* with drug sensitivity testing data"

Percent of patients

No.%CisplatinEtoposideCyclophosphamideDoxorubicinVincristineCarmustineMethotrexatcVindesineVinblastineMitomycin

C5-FluorouracilProcarbazine8964231111:022241611583333S0

" Sums to greater than HX)% due to one patient with equal cell survival for cyclo-

phosphamide and doxorubicin for the most active agent.

Table 5 Frequency of selection of chemotherapy combinations (8, 10, 11, 21â€”26)as

the in vitro best regimen from 37 specimens with drug sensitivity testing dam

No. %

Etoposide/cisplatin
CAP"

CMC
FOMi
FAM
VDS-PLAT

17
7

6
1
4

46
19
16
3

11
5

" CAP, cyclophosphamide-doxorubicin-cisplatin; CMC. cyclophosphamide-melho-

trexate-lomustine; FOMi, 5-fluorouracil-vincristine-mitomycin C; FAM, 5-fluorouracil-
doxorubicin-mitomycin C; VDS-PLAT. vindesinc-cisplatin.

100

80

00

20

N=19

N=2

N=59

N=10

N=3 N=3

IVBR Empiric EP

Treatment group

SCLC-like

Fig. 2. Response rate to chemotherapy by prospectively assigned treatment arm. Dif
ference in response rates between the three treatment arms was not significant (P =
0.076). Empiric EP, chemotherapy with etoposide/cisplatin; SCLC-like. small cell lung
cancer regimen for tumors with neuroendocrinc markers present. â€¢¿�responders; G.
nonresponders.

Table 3. Patients with NE markers were marginally more likely to
respond to chemotherapy. Treatment with a regimen based on DST
was possible for only 21 of 96 (22%) patients treated and did not
improve response. Response to treatment among patients whose che
motherapy regimen was selected by the three different methods was
not significantly different (P = 0.076).

Drug Sensitivity Testing and Survival. The median potential fol
low-up of patients enrolled in this study is 6.2 years. Among the

patients treated with chemotherapy, survival measured from the be
ginning of treatment of patients treated with their IVBR was not
different from that of patients treated with empiric chemotherapy
(P = 0.34) or a SCLC-like regimen (P = 0.83) as shown in Fig. 4.

However, the ability to obtain DST data, which was associated with
establishment of a cell line, was associated with a median survival
from study entry of 7.2 months compared to 11.7 months for those
patients who were unable to have DST performed (P = 0.0018) as

shown in Fig. 5. Of the 37 specimens with DST data, 23 (62%) also
eventually yielded an immortalized cell line. This is significantly
different from the 16 of the 128 (12%) specimens without DST results
which eventually yielded immortalized cell lines (P < 0.0001). The
survival difference between patients with versus those without DST
data was also significant in the potentially curative group with a
median survival of 16 months versus 44 months (P = 0.01) but not in

the palliative treatment group, with corresponding median survivals of
5 and 7 months, respectively (P = 0.93). Among chemotherapy-

treated patients, having DST data did not affect survival after treat
ment (P = 0.56).

DISCUSSION

We designed a protocol for treatment of NSCLC patients with
individualized combination chemotherapy selected by in vitro tumor
characteristics. The decision to treat patients with chemotherapy was
based on standard clinical practice, but patients who were treated were
offered a selected combination regimen determined by the presence of
NE characteristics in the tumor or by results of DST. We determined
that it was feasible to perform in vitro tumor analysis in a timely
fashion and that chemotherapy could be prospectively selected by
these methods. The procedures involved are labor intensive and re
quire close coordination of efforts among the medical oncologists,
thoracic surgeons, pulmonologists, nurses, pathologists, and research
laboratory personnel. Although we had in place an extremely efficient
specimen collection system, state-of-the-art culture methodology, and

an in vitro assay that permitted tumor specimens to be tested, only
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Fig. 3. Percentage of tumor cell survival by re
sponse category determined by in vitro drug sensi
tivity testing of single chemotherapeutic agents by
dye exclusion assay. A drug was considered active
against a tumor if cell survival was less than 50%.
Bar, mean cell survival. PLAT, cisplatin; VP16,
etoposide: VCR. vincristine; ADR. doxorubicin;
CTX, cyclophosphamide; MTX. methotrexate;
BCNU, carmustine; YDS, vindesine; VEL. vinblas-
tine; MMC, mitomycin C; 5-FU, 5-fluorouracil;
PROC, procarbazine. O, responders; â€¢¿�,nonre-

sponders.
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CHEMOTHERAPEUTIC AGENT

28% of all patients treated on protocol received individualized che
motherapy based on in vitro characteristics of their tumor.

In vitro DST is limited by the requirement for an adequate number
of tumor cells and short-term incubation in culture to obtain results.

The methods used in this study for selective culture of NSCLC tumor
cells included a medium to facilitate the growth of tumor cells which
did not include matrix factors in order to exclude the propagation of
normal stromal cells. Subculturing also specifically excluded fibro-

blasts and benign epithelial cells. Consequently, harvesting a large
tumor mass from a lung cancer resection or from a metastatic lesion
may result in only a limited number of tumor cells. Since our objective
was to test the activity of the chemotherapeutic agents against only
tumor cells, this limited the number of specimens from which we were
able to obtain DST results. Possible reasons for our ability to obtain
DST on only 22% of the specimens may include the use of media
systems which may be suboptimal for the specific requirements of
particular tumors.

An advantage of using DDC assay for detection of NE differentia
tion is that this is a one step assay performed on fresh tissue. DDC was
assayed on 70% of participants compared to obtaining DST data on
only 22%. Maintaining large numbers of viable tumor cells in short-

term culture is difficult and a DDC assay requires far fewer cells than
DST. Twenty-one of the 36 patients (58%) with DST received their

100

SURVIVAL TIME IN MONTHS

Fig. 4. Patient survival by prospectively assigned treatment arm measured from ini
tiation of chemotherapy. Survival for patients treated with their IVBR is not significantly
different from patients treated with a SCLC regimen (P = 0.83) or etoposide/cisplatin (P
â€”¿�0.34). D, IVBR selected by drug sensitivity testing; O, chemotherapy with etoposide/

cisplatin; A, small cell lung cancer regimen for tumors with neuroendocrine markers
present.

IVBR, and 7 patients (19%) were never treated with chemotherapy,
demonstrating that it is possible to deliver individualized chemo
therapy to 72% of patients treated with chemotherapy who have these
data available. Unfortunately the limited number of patients with DST
data limits the power of any comparison between treatment arms as
well as the correlations between in vitro and clinical response to
specific drugs. Modification of DST to obtain results more quickly on
small samples could allow the benefit of individualized chemotherapy
to be assessed in a larger patient population.

While 62% of the specimens with DST also eventually yielded cell
lines, the ability of these tumor cells to survive short term, i.e., just
long enough for DST to be performed, was associated with decreased
survival. This is in concordance with our earlier findings of decreased
survival among patients from whom tumor cell lines were established
(6). The finding that in 35% of specimens from metastatic sites com
pared to only 7% of specimens from lung could DST be performed
suggests that the same factors associated with metastatic potential
could enhance in vitro cell survival. If the ability to grow in even
short-term culture were correlated with a greater capacity for metas

tasis, this may identify patients who could benefit from effective
adjuvant therapy.

Although other authors have reported improved response and sur
vival when NE markers are retrospectively identified in NSCLC tu
mors (3, 4, 17), this study demonstrated that prospective selection
and administration of individualized chemotherapy were feasible for

100

12 24 36 48 60 72

SURVIVAL TIME IN MONTHS

84 96

Fig. 5. Patient survival by ability to obtain DST data measured from study enrollment.
Survival for patients with DST data is significantly worse than those without (P =
0.0018). D, no DST data; O, DST data available.
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this subset of patients whose tumors had elevated DDC activity. This
study confirms and extends our previous findings that measurement
of DDC activity is a highly sensitive method to identify NE features
comparable to other techniques (5, 15, 16). The number of patients
whose tumors expressed elevated DDC activity, although small, was
consistent with other studies reporting that NSCLC with NE features
represents fewer than 20% of NSCLC tumors (33). Despite the mar
ginally significant improved response rate, no survival advantage
was observed. The basis for the greater chemosensitivity of these
tumors and their reported survival advantage remains unknown
(3, 18, 34, 35).

Multiple efforts are in progress to attempt to identify a subset of
early stage NSCLC patients who are at the greatest risk for dissemi
nation of disease. DST revealed heterogeneity of response of indi
vidual cell cultures to the drugs tested, which supports a theoretical
basis for administration of individualized therapy. This approach has
been investigated in SCLC and breast cancer as well as other malig
nancies (36, 37). However, the clinical activity of the chemotherapeu-

tic agents currently used in NSCLC is so marginal that the distinction
between responders and nonresponders in vitro is probably of little
predictive-value, particularly in patients with advanced disease. Given

that NSCLC is at best modestly chemosensitive, the amount of tumor
reduction that can be accomplished with cytotoxic agents may not be
meaningful in most patients. The overall relative resistance of NSCLC
tumors to chemotherapy was confirmed once again in this study. The
identification of etoposide and cisplatin as the most active agents was
a function of the reference concentrations at which these and other
drugs were tested in vitro. If these two drugs are in fact the most active
agents among those currently available in NSCLC, this somewhat
limits the potential benefit of DST since etoposide and cisplatin are
often used as empiric therapy for NSCLC.

This study attempted to use objective in vitro characteristics of
NSCLC tumors to prospectively select chemotherapy for patients with
advanced NSCLC. Others have examined response of NSCLC to
DST-based regimens (38), but no objective comparison has been

published previously. Although the number of patients treated with
their DST-selected regimen is limited, it is unlikely that a more de

finitive objective trial will be conducted given the resources required
for DST. The use of DST to direct patient management in the absence
of objective evidence of benefit seems premature.

Even though the results of the DST were disappointing, this pro
tocol also systematically attempted to perform in vitro investigations
of the biology of tumor cells obtained from patients with NSCLC. The
studies of chromosomal damage seen in NSCLC tumors (33, 39â€”42),

MDR1 expression (43), neuroendocrine biology (5, 32, 33, 44), and
peripheral airway tumors (45) have made critical contributions to the
understanding of the pathogenesis of NSCLC. Further studies of the
mechanism of tumorigenesis and chemotherapy resistance of NSCLC
are key to the improved understanding of this lethal group of cancers.
However, the overall marginal activity of the available chemotherapy
for this disease limits the potential benefit of an in vitro assay selected
chemotherapy approach to the management of NSCLC patients.
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