
[CANCER RESEARCH 47, 2733-2736, May 15, 1987]

Determinants of Complete Remission Induction and Maintenance in Chemotherapy
with or without Irradiation of Small Cell Lung Cancer1

Kell 0sterlind,2 Heine H0i Hansen, Per Dombernowsky,3 Mogens Hansen, and Per Kragh Andersen

Department of Oncology ONB, Finsen institute [K. &., H. H. H.J, Medical Department C, Bispebjerg Hospital [P. D., M. H.J, and Statistical Research Unit, Blegdamsvej 3
Â¡P.K. A.], Copenhagen, Denmark

ABSTRACT

The possible influence of pretreatment patient characteristics upon the
probabilities of complete remission (CR) induction and maintenance was
investigated in a series of 815 nonresected patients with small cell lung
cancer. All patients underwent pretreatment staging which enabled allo
cation of 391 patients to trials for limited stage disease and 424 patients
to trials for extensive disease. Three controlled trials for each disease
stage were conducted between 1973 and 1981. All therapeutic regimens
consisted of combinations of between three and six agents (lomustine,
cyclophosphamide, methotrexate, vincristine, doxorubicin, etoposide)
with or without irradiation. Thirty-five % of the limited stage patients
and 18% of the extensive stage patients were alive and had achieved a
complete remission 16 weeks after initiation of the treatment, i.e., after
four cycles of chemotherapy. Relationships between pretreatment char
acteristics and the probability to pass this benchmark were examined by
logistic regression analysis. The probability of CR was negatively related
to increased serum lactate dehydrogenase and male sex in both disease
stages. Pretreatment anemia (<12 g/liter) and poor performance status
were associated with a reduced CR rate in limited and extensive stage
disease, respectively.

Factors related to the maintenance of complete remission were subse
quently examined in the 211 complete responders by use of Cox's

regression analysis. Complete responders with extensive disease prior to
treatment had greater cumulative risk of relapse than those with limited
disease (P < 0.01). Hyponatremia had a significant negative influence on
the remission duration in limited disease while age >60 years and bone
marrow mÃ©tastaseshad significantly negative influence in extensive dis
ease. Using the models it was possible to identify subgroups of patients
with CR rates ranging from 5 to 55% and to stratify complete responders
according to estimated risks of subsequent relapse.

INTRODUCTION

SCC4 is the most chemosensitive tumor among the four main

histological types of bronchial carcinoma. CRs are observed in
40-60% of patients with limited disease and in 20-30% of
patients with extensive disease when treated with intensive
combination chemotherapy (1-3). Partial remissions or no re
sponse at all are thus observed in >50% of patients with SCC,
and the prognosis for these patients is poor. Complete remis
sion is usually achieved after three to four cycles of chemother
apy and pretreatment prognostic estimates require updating at
that time, to be valid for the individual patient during the
residual part of the course.

General survival models, including all patients, are domi
nated by the high mortality rate observed in the non-complete
responding majority of the patients. Some prognostic factors
may therefore play a minor role in the long living complete
responders, which may be one reason why Cox's proportional

hazards model tends to be violated with increasing follow-up
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time (4). Information about prognostic factors in complete
responders may be especially useful in treatment trials with
randomization to different maintenance regimens.

Knowledge of variables with influence on induction and main
tenance of complete remission may support individualized ther
apy of patients not included into trials and may improve our
general understanding of principles determining failure and
success. The aims of this investigation therefore were to find
factors with influence on the probabilities of achieving CR and
remaining disease free.

MATERIALS AND METHODS

During the period from March 1973 to September 1981, 874 patients
with SCC (age <70 years) were included in one of six controlled trials,
undertaken jointly at the Finsen Institute and Bispebjerg Hospital. In
all trials combination chemotherapy with or without irradiation was
used and all patients were previously untreated apart from 59 who had
undergone a prior surgical resection. These patients were not Ã©valuable
for response and therefore were excluded from the analysis. Patholo-
gists at the two institutions confirmed the diagnosis of SCC according
to the WHO criteria (5).

Prior to initiation of therapy all patients underwent staging which
included general examination, chest X-ray, total blood counts, serum
creatinine, plasma sodium, serum urate, aspartate aminotransferase,
LDH, alkaline phosphatase, peritoneoscopy with liver biopsy, and bone
marrow examination. Brain scans were undertaken only in symptomatic
patients. Bone and liver scans were not included in staging. Patients
were classified as having limited or extensive disease according to
whether or not disease was confined to the primary site plus regional
lymph nodes, including the contralateral supraclavicular nodes (6).

Physical examination, including reassessment of superficial lesions,
was performed weekly for 4 weeks after initiation of therapy and then
every 2-3 weeks. Chest X-rays and the above mentioned laboratory
measurements were undertaken at 4-week intervals. Complete remis
sion was defined as complete resolution of all signs of disease for at
least 4 weeks, proved by these means (7).

Peritoneoscopy, bone marrow examination, and bronchoscopy were
not repeated in order to prove CR but were included in restaging
undertaken 18 months after start of the treatment. These procedures
were furthermore frequently carried out if relapse was suspected. Serial
retrospective evaluation of chest X-rays and the clinical charts was
undertaken to obtain as uniform and accurate a determination of relapse
as possible. The day of death was used as day of relapse in patients
dying in apparent remission but having residual disease, except for
possible brain mÃ©tastases,at postmortem examinations. Autopsy was
performed in 62% of patients dying in CR and guidelines for the
classification of disease status in the residual 38% were derived from
the positive findings in patients subjected to an autopsy.

Ninety-eight % of all complete remissions in the series were achieved
within the first 16 weeks, corresponding to four cycles of chemotherapy.
Relationships between pretreatment features and the probability of
surviving the induction phase and achieving complete remission were
analyzed using the logistic regression model

P=[l+ exp(o0 Â¿2*2+ bj

(8). A backward procedure was chosen and estimation of regression
coefficients was based on the maximum likelihood method (9, 10).
Determinants of complete remission duration beyond day 112 were
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investigated by use of Cox's proportional hazards model (11). Variables

were excluded stepwise in a procedure based on partial likelihood ratios.
The BMDP statistical programs were used for the two multiple regres
sion analyses (10).

Variables included in the analyses are summarized in Tables 1 and
2. The lomustine-cyclophosphamide-methotrexate-vincristine treat
ment regimen was chosen as reference. Separate analyses were carried
out for limited and extensive stage disease, respectively. Brain, bone
marrow, and liver mÃ©tastaseswere also included, although excluded
from Table 2. All variables were categorized. Female sex, no mÃ©tastases
at a staging procedure, and values within the normal range were scored
as 0, while the complementary event was scored as 1.

RESULTS

The series included 815 nonresected patients, 391 with lim
ited stage and 424 with extensive stage disease. Two hundred
eleven patients were alive and in clinical complete remission on
day 112 after start of the treatment, 136 (35%) with limited
disease prior to therapy and 75 (18%) with extensive disease.

No significant differences were observed between the com
plete remission rates observed in treatment groups compared
in the six trials (Table 1). The low CR rates observed in the
first trial of extensive disease were, however, significantly infe
rior to the rates achieved in the two subsequent trials. CR rates
observed in groups characterized by various pretreatment fea
tures are summarized in Table 2.

Logistic Analysis of the CR Probability. After stepwise reduc
tion of the logistic regression models sex and serum LDH
remained as variables with significant influence on the CR
probability in both disease stages while hemoglobin concentra
tion and performance status were important factors in limited
and extensive stage disease, respectively (Tables 3 and 4).
Hemoglobin, LDH, and performance status were coded as 0 or
1 (Table 2). Introduction of a cut point within the abnormal
range of these three variables, by addition of three extra factors
in the model, did not result in significantly better fitting regres
sion models.

Based on the two logistic models (Tables 3 and 4) patients
within each stage of disease could be stratified into eight groups
based on 0 or 1 combinations of the three dichotomous varia
bles. The range of CR rates observed in these subsets was 5-
55% in limited disease and 7-43% in extensive disease. The

eight categories were reduced to three, within each stage of
disease, including patients with similar expected CR rates into
same subset.

Analysis of Relapse-free Survival. Only 14 of the 211 com
plete responders, 7 from each disease stage, are still alive and
disease free 4-11 years after start of the chemotherapy. Clinical
relapse occurred in 142 patients while 55 patients died in CR.
Autopsy was undertaken in 34 of 55 (62%) and systemic disease
was thereby proved in 4 of 18 and 4 of 4 of patients with limited
and extensive disease, respectively, and in 8 of 12 with clinical
brain mÃ©tastases.Non-postmortem-examined patients referable
to the last to categories were therefore regarded to have recur
rent disease at time of death.

Separate proportional hazards models were established for
each stage of disease (Tables 3 and 4). The different treatment
regimens did not exert significantly different influences on the
CR duration in limited disease while the four-agents regimens
in which methotrexate was replaced by etoposide and the alter
nating six-agents regimen resulted in significantly longer du
ration of complete remission in extensive disease. Hyponatre-
mia had significant negative influence on the CR duration in
limited disease while pretreatment bone marrow mÃ©tastasesand
age >60 years had negative impact on the response duration in
extensive disease. Kaplan-Meier estimates of the cumulative
relapse risk observed in categories defined by these variables
are shown in Fig. 1.

DISCUSSION

Complete remission rates and response duration play a cen
tral role as treatment efficacy parameters in medical oncology,
especially in phase II trials. The two variables are also manda
tory in phase III trials although survival duration is the pivotal
parameter when results of randomized trials are evaluated.
Assessment of influence from various prognostic factors is
recommended in survival analysis (17, 18) and the results of
the present investigation suggest that such aims are equally
important in the evaluation of response data. Different variables
were related to the probabilities of CR induction and mainte
nance, respectively, and the ease with which the remission was
achieved obviously did not affect the quality of the remission.
Most of the prognostic factors observed in this investigation

Table 1 Complete remission rates observed after 16 weeks of chemotherapy and median complete response duration in the 6 controlled trials from which the 815
patients derived

Trial
(Ref.)Limited1973-1976(12)1976-1979(13)1979-1981

(14)Extensive1973-1976(15)1976-1978(1)1978-1981

(16)ArmABA

BABABABABCRegimensLCM"

+irradiation*LCM
+irradiation''LCMV

LCMV +irradiation''LCMV

+ DE(alternating)LCMV
+ DE(alternating)LCM

(C: 700mg/m2)'LCMV
(C: 700mg/m2)'LCMVLCMV

+ DE(alternating)LCMVLCEV(Eday

15)LCEV
(E day 2)CR

rates17/58(29)13/46(28)20/62

(32)
26/63(41)31/88(35)29/74

(39)2/49

(4)5/56
(9)10/55(18)12/53(23)14/74(19)13/71

(18)19/66(29)P(x2

test)A

QlU."I0.300

600.320.57ft

<H\t,yj
0.17Median

duration
(wk)545046

54505018404054283248P

(log rank
test)n

Â¿iU.O10.45n.

07U.7Â¿O

1sU.1Jn.

ft?uÂ»w
nniU.U 1

" L, lomustine; C, cyclophosphamide; M, methotrexate; V, vincristine; D, doxorubicin; E, etoposide.
* Primary tumor + mediastinum, split course: 20 Gy/2 weeks + 20 Gy/2 weeks.
' As for b + adrenals -f 40 Gy/4 weeks cranial irradiation.
* Primary tumor + mediastinum, split course: 20 Gy/1 week + 20 Gy/1 week.
' Dose of cyclophosphamide in other trials. 1000 mg/m2.
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Table 2 Complete remission rates achieved after 16 weeks of chemotherapy,
related to various pretreatment characteristics

Table 4 Extensive disease: variables with influence on the probability to achieve
CR (logistic model) and to remain in remission (Cox's proportional hazards

Limiteddis-VariableSex

Female
MaleAge<60

yr>60yrPerformance

status0-12-4Wt

loss0-2
kg>2kgAlkaline

phosphataseNormalElevatedAspartate

aminotransferaseNormalElevatedCode0

10101010101easeCR//V54/11482/27762/18774/204113/31224/7952/14053/146103/26623/98121/3475/24%473033363630373639233521ExtensivediseaseCR/Af28/11747/30737/20038/22445/19730/22724/10125/19143/19531/20553/26920/141%241519172313241322152014model)Logistic

model/Â»/
_^oc\(/V= 385)Cox

model/
\f"7C\(N=75)Coefficient

CoefficientÂ±SE
Â±

Variable (bjc,) P(iSexFemale

0Male
0.336 Â±0.145<0.02LDHNormal

0Elevated
0.310 Â±0.1470.03PerformanceStatus0-1

02-4
0.367 Â±0.1450.02Age<60yrSEMâ€”0>60

yr 0.629 Â±0.259Bone

marrowmetastasisNo0Yes

0.536 Â±0.253LDHNormalElevatedPlasma

sodium>136
mM<136

mM010174/19745/157105/29428/893829363129/10839/28256/29217/11527141915Influence

fromtherapyLCMV*

0LCM

0.660 Â±0.227<0.0010â€”LCEV
â€” -0.605 Â±0.283(Arm

B orC)LCMC
+ DE -0.753 Â±0.380Serum

urate&0.20
mM<0.20

mMHemoglobin

>12 g/100 ml
<12 g/100mlWBC<IO,000/mm3>10,000/mm3Platelets

al35,000/mm3<135,000/mm3010

10101103/29815/40116/30220/89115/31119/77135/3821/7353838223725351454/29111/6261/31114/10957/28718/13270/3865/271918201320141819Logistic

model 1.452Â±0.201constantp0.0160.0250.030.048Â°

â€”, P > 0.05. Variables listed in Table 2, but not listed above, were included

in the stepwise analyses but were not significant at P < 0.05.
* For definitions, see Table 1, Footnotea.proved

to have significant influence onsurvivalstudies
may clarify if survival factors inSCCclassified

by a relationship to eitherinductionof
tumorregression.Information

about variables in relation to(19)

andgenerallyfurthercan
beor
maintenanceCR

duration is

Table 3 Limited disease: variables with influence on the probability to achieve
CR (logistic model) and to remain in remission (Cox's proportional hazards

model)

Logistic model
(N = 359)

Coefficient
Â±SE

Cox model
(N= 133)

Variable

Coefficient
Â±SE
(Â¿W.)

Sex
Female
Male

LDH
Normal
Elevated

Hemoglobin
>12g/100ml
<12g/IOOml

Plasma sodium
>136 mM
<136 mM

Logistic model
constant

0
0.495 Â±0.129 <0.001

0
0.256 + 0.121 0.03

0.573 Â±0.166 <0.001

0.414 Â±0.083

0.652 Â±0.242 0.009

* â€”,P > 0.05. Variables listed in Table 2, but not listed above, were included
in the stepwise analyses but were not significant at P < 0.05.
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useful in trials where complete responders are randomized to
different types of consolidation therapy. According to the pres
ent results patients with limited disease should be stratified
according to whether or not pretreatment plasma sodium was
normal, while age and pretreatment bone marrow mÃ©tastases
were important features in extensive disease. The general ap
plicability of these principles will be clarified when results of
similar analyses at other centers become available.

Regression analysis is a descriptive measure which does not
disclose how the identified relationships are exerted. Some
considerations may be useful, however. Thus pretreatment in
cidences of increased LDH, bone marrow mÃ©tastases,and a
poor performance status are positively correlated to the tumor
burden, justifying a negative influence of these variables. Hy-
ponatremia will often be a result of ectopie secretion of ant idi
uretic hormone (20) and it is not clear why this finding was
especially related to early relapse after CR.

Two of the regimens used in treatment of extensive disease
resulted in prolonged response durations as already revealed in
the controlled trials from which the present series derived (1,
16). The presence of these variables in the regression model
thus did not bring up new information but was necessitated by
the cumulative origin of the series.

According to the present results extensive disease complete
responders ages <61 years and without bone marrow mÃ©tastases
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Fig. 1. Left, cumulative risk of relapse in
28 complete responders with pretreatment
plasma sodium < 135 HIM ( ) and in
105 CRs with normal plasma sodium ( ).
Right, cumulative risks of relapse in 17 CRs
with pretreatment bone marrow mÃ©tastases,
ages 61-70 years ( ), in 38 CRs with either
bone marrow mÃ©tastasesor age 61-70 years
( ), and in 20 CRs with normal bone
marrow examination and age <61 years

231 2
Years from start of the chemotherapy

had a risk of relapse which was similar to that observed in
limited disease complete responders. The cumulative risk of
relapse in these favorable categories reached 80%, however,
and no clinical features enabled indication of the 20% who
remained in CR. Pretreatment information of tumor heteroge
neity in the individual patient may improve prediction of long
term results. Better long term results, however, depends on
more efficacious drugs.

REFERENCES

1. Osterlind, K., S0renson, S., Hansen, H. H., Dombernowsky, P., Hirsch, F.
R., Hansen. M., and Kon li. M. Treatment of advanced small cell carcinoma
of the lung: continuous versus alternating combination chemotherapy. Cancer
Res., 43: 6085-6089, 1983.

2. Aisner, J.. Whitacre. M., Van Echo, D. A., and Wiernik, P. H. Combination
chemotherapy for small cell carcinoma of the lung: continuous versai alter
nating non-cross-resistant combinations. Cancer Treat. Rep.. 66: 221-230,
1982.

3. Perez, C. A., Einhorn, L., Oldham, R. K., Greco, F. A., Cohen, H. J.,
Silberman, H., Krauss. S., Hornbeck, N., Comas, F., Omura, G., Salter, M.,
Keller. J. W., McLaren, J., Kellermeyer, R., Storaash, J., Birch, R.. and
Dandy. M. From the South-eastern Cancer Study Group. Randomized trial
of radiotherapy to the thorax in limited small-cell carcinoma of the lung
treated with multiagent chemotherapy and elective brain irradiation: a prelim
inary report. J. Clin. Oncol., 2: 1200-1208, 1984.

4. Souhami. R. L., Bradbury. J-. Geddes, D. M., Spiro. S. G., Harper, P. G.,
and Tobias, J. S. Prognostic significance of laboratory parameters measured
at diagnosis in small cell carcinoma of the lung. Cancer Res., 45:2878-2882,
1985.

5. The World Health Organization: HistolÃ³gica! Typing of Lung Tumors.
Geneva: WHO, 1981.

6. Osterlind. K., Ihde, D. C., Ettinger, D. S., Gralla, R. J., Karrer, K., Krauss,
S., Maurer, L. H., Korili. M., Sarenson, S.. and Vincent, R. Staging and
prognostic factors in small cell carcinoma of the lung. Cancer Treat. Rep.,
67:3-9, 1983.

7. WHO Handbook for Reporting Results of Cancer Treatment. Geneva- WHO
1979.

8. Cox, D. R. The Analysis of Binary Data. London: Methuen. 1970.
9. Kalbfleisch, J. D., and Prentice. R. L. The Statistical Analysis of Failure

Time Data. New York: John Wiley and Sons, Inc., 1980.
10. BMDP Software. Berkeley, CA: University of California Press, 1981.
11. Cox, D. R. Regression models and life-tables. J. Roy. Stat. Soc., 34: 187-

220, 1972.
12. Hansen, H. H., Dombernowsky, P., Hirsch, F. R., Hansen, M., and RygÃ¡rd,

J. Prophylactic irradiation in bronchogenic small cell anaplastic carcinoma.
A comparative trial of localized versus extensive radiotherapy including
prophylactic brain irradiation in patients receiving combination chemother
apy. Cancer (Phila.), 46: 279-284, 1980.

13. Osterlind, K., Hansen, H. H., Hansen, H. S., Dombernowsky, P., Hansen,
M., and Rerth, M. Chemotherapy versus chemotherapy plus irradiation in
limited small cell lung cancer. Results of a controlled trial with 5 years
follow-up. Br. J. Cancer, 54: 7-17, 1986.

14. Hansen. M., Osterlind, K., Dombernowsky, P., S0renson, S., and Hansen,
H. H. Cyclic alternating chemotherapy in small cell bronchogenic carcinoma.
Results of a randomized trial of 222 patients. Proc. Am. Soc. Clin. Oncol.,
2: 201, 1983.

15. Hansen, H. H., Dombernowsky, P., Hansen, M., and Hirsch, F. Chemother
apy of advanced small cell anaplastic carcinoma. Superiority of a four-drug
combination to a three-drug combination. Ann. Intern. Med., 89: 177-181,
1978.

16. Hirsch, F. R., Hansen, H. H., Hansen, M., Osterlind, K., Vindel0v, L.,
Serenson, S., and Dombernowsky, P. The superiority of combination chem
otherapy including etoposide based on in vivo cell cycle analysis in the
treatment of extensive small cell lung cancer. A randomized trial of 288
patients. J. Clin. Oncol., in press, April 1987.

17. Rothman, K. J. Epidemiologie methods in clinical trials. Cancer (Phila.), 39:
1771-1775, 1977.

18. Salther, H. N. The use of prognostic factors in clinical trials. Cancer (Phila.),
58:461-467, 1986.

19. Osterlind, K., and Andersen, P. K. Prognostic factors in small cell lung
cancer: multivariate model based on 778 patients treated with chemotherapy
with or without irradiation. Cancer Res., 46: 4189-4194, 1986.

20. Comis, R. L., Miller, M., and Ginsberg, S. J. Abnormalities in water
homeostasis in small cell anaplastic lung cancer. Cancer (Phila.), 45: 2414-
2421, 1980.

2736

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/10/2733/2427035/cr0470102733.pdf by guest on 19 M

ay 2023


