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Adjuvant Chemotherapy Following Surgical Resection | mproves Survival

in PatientsWith Early Stage Small Cell Lung Cancer
Yuanshan Yao, Yinjie Zhou, Zhenhua Yang, Hongbo Huang, and Haibo Shen

Department of Thoracic Surgery, Ningbo No. 2 Hospital, Zhejiang Province, PR. China

The purpose of this study was to determine the effects of resection coupled with standard chemotherapy on
the survival prognosis of patients with early stage small cell lung carcinoma (SCLC). Patients (n=110) with
mediastinal lymph node-negative SCLC were enrolled in this study. The baseline clinical data of patients
with surgery were retrospectively reviewed. Overal surviva (OS) and progression-free surviva (PFS) were
measured by Kaplan—Meier and log-rank test analyses. Ninety-eight patients received mediastinoscopy biopsy,
and pulmonary lobectomy or sublobar resection, and 67 patients underwent adjuvant chemotherapy after pul-
monary lobectomy. Adjuvant chemotherapy after surgical intervention was associated with longer OS (median
OS: 42.14 vs. 33.53 months, p=0.01) and PFS (median PFS: 25.20 vs. 13.48 months, p=0.000) compared to
resection alone for al patients. Adjuvant chemotherapy was associated with improvement of survival for N1
patients with stage I (median OS: 36.42 vs. 26.68 months, p=0.021). The median PFS was 19.02 m (16.08,
21.96) and 13.25 m (10.19, 16.30) (p=0.031), respectively, for patients of N1 stage who received chemother-
apy and those who did not. Cox regression analysis demonstrated that age, TNM stage (N stage, not T stage),
and chemotherapy were independent risk factors that might affect overall survival in patients with mediastinal
lymph node-negative SCLC. These findings suggest that the application of adjuvant chemotherapy following
pulmonary lobectomy is associated with improvements of survival prognoses for patients with SCLC. The
combination of surgical intervention with conventional therapy should be taken into consideration as a prospec-
tive multidisciplinary regimen for early stage SCLC.
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INTRODUCTION

Lung carcinoma accounts for a large proportion of
cancer deaths in both men and women. Small cell lung
carcinoma (SCLC) is one of the main pathological
classes of lung cancer, and patients with SCLC encom-
pass 13-15% of all patients with lung cancer and is char-
acterized by rapid progression and early development
of lymph node metastases"?. Chemoradiotherapy is rec-
ommended as primary therapy for patients with SCLC,
especially those with extensive disease, while a multi-
therapy regimen for patients with mediastinal lymph
node-negative disease remains controversial®**. Although
patients often experience high sensitivity to chemora-
diotherapy during initial therapy, most experience resis-
tance to subsequent therapies and shortened survival®.
Recently, in several retrospective surveys, surgical
resections have been regarded as multimodality thera-
pies that improve limited disease SCLC prognoses™®.
Wakeam et al. demonstrated that surgical resection was

associated with improved survival prognoses for patients
with early stage SCLC®. The application of TNM stage
in limited stage SCL C promotes the selection of patients
who underwent pulmonary lobectomy, which could be a
major factor contributing to the increase in the number
of patients receiving surgical intervention™. It remains
unclear whether surgical intervention for patients with
early stage disease is the major therapeutic approach.
Small-dose spiral CT scanning is recommended for
detecting early stage lung carcinomas, and the thera-
peutic strategy for treating early stage SCLC, including
diseases presenting no lymph node metastasis (NO) or
only the hilar lymph node metastasis that do not traffic
to mediastinal lymph nodes (N1), should be further elu-
cidated to improve outcomes of patients with early stage
SCLC". Conventionaly, it was believed that surgical
therapy provides no therapeutic benefit for SCLC, which
can be attributed to the incomplete tumor stage assign-
ments. The subtypes of SCLC, defined as*limited disease
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(LD-SCLC)” and “extensive disease (ED-SCLC),” do
not distinguish mediastinal lymph node-negative from
LD-SCLC patients with N2 disease, even those who pre-
sent supraclavicular region and contralateral mediastinal
lymph node metastases™. Surgical resection plays a key
role in removing limited early lesions. Conventiona
chemotherapy combined with surgical intervention for
patients with NO and N1 SCLC could provide greater
benefits than resection alone or conventional chemora-
diotherapy because this approach takes into consider-
ation the sensitivity to chemotherapy and elimination of
tumor load.

In this study, we reviewed data from patients with
early stage SCLC, which we divided into resection and
resection combined with chemotherapy cohorts based on
retrospective analyses. Subsequently, we analyzed the
data and compared the survival prognosis between the
two groups.

METHODSAND MATERIALS
Patient and Data Collection

The retrospective study included 110 patients with
early stage and postoperative histologically proven SCLC,
who underwent surgical intervention in our hospital. The
patients presented without mediastinal lymph node metas-
tasis, by mediastinoscopy and chest CT scanning. Patients
who refused chemotherapy because of preference or the
intolerance of side effects were enrolled in the surgical
intervention alone group. No patients received thoracic
irradiation before and after surgical intervention. Clinical
and pathological tumor stages were defined according to
the TNM staging approach (seventh edition). Wereviewed
the medical records of al patients who underwent, or did
not undergo, adjuvant chemotherapy after pulmonary
lobectomy. The proposed follow-up period lasted 5 years
after treatment. We excluded patients with contralateral
pulmonary disease, separate nodules in different lobes,
and those diagnosed with T3NxMO disease. Information
about (i) demographic features of patients. age, sex, and
ECOG PS score before performing chemotherapy, presur-
gery TNM stage, and postsurgery histological pathologi-
cal diagnosis; (ii) chemotherapeutic regimen, including
agents used, dosage, and cycle of treatment; (iii) duration
of relapse-free survival (RFS), and overall surviva (OS);
and (iv) combination of SCLC with other pathologi-
cal types were collected. All the patients gave informed
written consent for this analysis, based on their medical
records. This study was approved by the ethics committee
of Ningbo No. 2 Hospital.

Chemotherapy Regimen

The chemotherapy regimen was either cisplatin plus
etoposide (EP) or carboplatin and etoposide (CE) with/
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without paclitaxel. The doses of agents were as follows:
cisplatin (80 mg/m?, day 1) and etoposide (80 mg/m?,
days 1-3), which were repeated once every 3 weeks;
carboplatin (400 mg/nv, day 1) and etoposide (80 mg/m?,
days 1-3) plus paclitaxel (180 mg/m? day 2) or not in a
repetition cycle every 3 weeks. Each treatment method
lasts for four or six cycles in total. Patients who did
not complete al chemotherapy cycles were excluded.
Adverse events (AES) and side effects were graded based
on the NCI Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0.

Satistical Analysis

We assessed OS and progress-free survival (PFS)
through Kaplan—-Meier analysis and determined survival
with 95% confidence intervals (Cls). Log-rank analy-
ses were applied to determine survival variances among
groups, and we used Cox proportional hazards regres-
sion models to assess the hazard ratios (HRs) for overall
survival. Covariates included in the model included age,
type of surgical procedure, TNM stage (N and T stage),
prophylactic crania irradiation (PCl), and postoperative
adjuvant chemotherapy. All statistical analyses were
carried out using SPSS 23.0 software.

RESULTS
Patient Traits

There were 110 patients with SCL.C who were recruited
from the medica record system of our hospital, and basic
patient features are recorded in Table 1. All patients
underwent an initial treatment of surgery without chemo-
therapy or radiotherapy before operation, and 98 patients
who met the inclusion criteria were included in this retro-
spective study. Twelve patients were excluded because of
reasons such as sudden cardiac death (1), early recurrence
within 3 months after operation (4), severe complications
related to therapy (3), medical data not known (3), and
adjuvant chemotherapy in another hospital (2) (Fig. 1).

Treatment Scheme of the Groups

Among the 98 patients who were enrolled in this anal-
ysis, 41 received lobectomy, 8 sublobar resection, and 49
pneumonectomy. With respect to chemotherapy-defined
groups, 67 patients who initially received complete adju-
vant chemotherapy (corresponding to four chemothera
peutic cycles and at least 80% relative dose intensity)
were evaluated in our study, of whom 33 received EP,
28 received CE, and 6 received CE combined with pacli-
taxel (Table 2). Patients who were treated with EP had
a range of ages from 61 to 75 years, with a median age
of 67.3 years, whereas for those treated with CE and
CE peclitaxel, the median was 69.8 (range of 62—77)
years. A majority of elderly patients over 70 years of



ADJUVANT CHEMOTHERAPY IN SCLC PATIENTS

Table 1. Clinical Characteristics of 98 Mediastinal Lymph Node-Negative Patients With Small
Cell Lung Cancer (SCLC)

Clinica Data Surgery and Chemotherapy ~ Surgery Alone  p Vaue
Age 0.129
>70 25 (25.51%) 15 (15.31%)
<70 42 (42.86%) 16 (16.32%)
Sex 0.081
Mae 52 (53.06%) 24 (24.49%)
Female 15 (15.31%) 7 (7.14%)
ECOG PS score 0.053
0 43 (43.87%) 16 (16.33%)
1 21 (21.43%) 11 (11.22%)
2 3 (3.00%) 4 (4.10%)
T stage 0.132
T1 32 (32.66%) 11 (11.22%)
T2 35 (35.71%) 20 (20.41%)
N stage 0.113
NO 27 (27.55%) 15 (15.31%)
N1 35 (35.71%) 21 (21.43%)
Pathological histology 0.431
Small cell carcinoma 38 (38.77%) 19 (19.39%)
Combined small cell carcinoma 29 (29.59%) 12 (12.25%)
Prophylactic cranial irradiation 0.065
Yes 18 (18.37%) 9(9.18%)
No 49 (50.00%) 22 (21.45%)

age received CE (21, 84.0%). Furthermore, 27 patients

received PCl in stable status after operation or chemo-

therapy. Eighteen of the 67 patients subjected to surgery
plus chemotherapy and 9 of the 31 without chemotherapy
after surgery received PCl (Table 2).

Mediastinal lymph node negative Patients
received surgery with early stage SCLC

(T1-2N0-1M0 ) (n=110)

Chemotherapy-Related Adverse Events (AES)

12 patients were excluded

sudden cardiac death (1)

early recurrence after operation (4)

Severe complications relative operation (2)
medical data not known (3)

adjuvant chemotherapy in another hospital (2)

98 patients were eventually
included in the retrospective

study (n=98)
Surgery alone (n=31) Surgery combination with
Sublobar resection adjuvant chemotherapy (n=67)
Lobectomy CE
Pneumonectomy EP
CE plus PTX

Figure 1. Study design (clinical T1-2NO-1MO patients).
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Chemotherapy-related AEs are described in Table 3.
AEs were observed in 43 (64%) patients who received
complete chemotherapeutic cycles. neutropenia in 20



206

Table 2. Therapeutic Scheme of 98 Mediastinal Lymph Node-Negative Patients With Small

Cell Lung Cancer (SCLC)

Clinical Data All TNM | TNM I p Value
Chemotherapy 0.071
EP 33(33.67%)  12(12.25%) 21 (21.43%)
CE 28(28.58%) 10(10.20%) 18 (18.37%)
CE plus PTX 6 (6.12%) 2 (2.02%) 4 (4.1%)
No chemotherapy 31(31.63%) 10(10.20%) 21 (21.43%)
Prophylactic cranial irradiation 0.070
Yes 27 (27.55%) 11 (11.22%) 16 (16.33%)
No 71(72.45%)  23(23.47%) 48 (48.98%)
Surgery procedure 0.062
Sublobar resection 8 (8.16%) 8 (8.16%) 0 (0%)
L obectomy 41 (41.84%)  13(13.27%) 28 (28.57%)
Pneumonectomy 49 (50.00%) 13(13.27%) 36 (36.73%)
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subjects, thrombocytopenia in 10, anemia in 15, fatigue
in 10, nausea in 18, renal failure in 6, and hepatic dys-
function in 4. Chemotherapy treatments were forced to
stop because of severe side effects in 12 patients, who
were then categorized in the surgery-only group. Severe
side effects included cerebral brain hemorrhage (3), gas-
trointestinal bleeding (2), severe marrow depression (5),
and acute hepatic failure (2). Two patients who were over
70 years of age died from chemotherapy-related AEs
due to fatal brain hemorrhage and acute hepatic failure,
respectively. The two patients were excluded in the pres-
ent retrospective study.

Survival Assessment

For patients with SCLC who were mediastinal lymph
node metastasis-negative, Kaplan-Meier overall survival
analyses are shown in Figure 2A—C. Surgery combined
with adjuvant chemotherapy was associated with lon-
ger survival for all cohorts [median OS: 42.14 vs. 33.53
months, p=0.01], although the difference was not statisti-
cally significant for patients diagnosed with NO and stage
| disease (median OS: 38.74 vs. 32.35 months, p=0.211).
Adjuvant chemotherapy was associated with improve-
ments in survival for patients with N2 and stage Il dis-
ease (median OS: 36.42 vs. 26.68 months, p=0.021).
Additionally, a significantly longer PFS was observed
for patients who were node-negative and any N stage
(median PFS: 25.20 vs. 13.48 months, p=0.000), NO
(median PFS: 28.05 vs. 15.21 months, p=0.001), and
in N1 (median PFS: 19.02 vs.13.25 months, p=0.031)
(Fig. 3A-C).

Table 4 displays the results of Cox multivariate regres-
sion analysis, which we used to evaluate the survival
rate of all patients with SCLC. Multivariate analyses
demonstrated that among all factors analyzed, only
age, TNM stage (N), PCI, and chemotherapy correlated
with improved survival. N stage was an independent

indicator related to OS (OR=3.079; 95% CI=1.721,
5.508; p<0.001), and age (OR=1.628; 95% CI =1.005,
5.508; p=0.048), PCl (OR=0.468; 95% CI=0.270,
0.813; p=0.007), and adjuvant chemotherapy after sur-
gery (OR=0.570; 95% CI =0.356, 0.912; p=0.019) cor-
related with higher overall survival.

DISCUSSION

As the dominant reason for cancer deaths world-
wide, lung cancer causes a considerably larger number
of mortalities than that by breast, prostate, pancreatic,
and colon cancers together™?. SCL C encompasses around
13-20% of various types of lung cancers, making it the
fifth primary cause of cancer-related deaths®. The initial
SCLC staging system was established by the Veterans
Administration Lung Cancer Study Group and distin-
guishes patients based on “limited stage” (LS) disorders
within the hemithorax, as well as “extensive stage” (ES)
disorders that disseminated from the hemithorax site™.
Under this staging system, screening patients who may
benefit from surgery became very difficult, due to the
lack of consideration for local lymph node metastases.

Table 3. Chemotherapy-Related Toxicity by CTCAE
Version 4.0

Grade

Toxicity 1 2 3 4 34%)
Anemia 7 2 3 3 40.0
Neutropenia 3 7 8 2 50.0
Thrombocytopenia 5 3 0 2 20.0
Nausea 10 4 2 2 22.2
Fatigue 7 2 1 0 10.0
Hepatic dysfunction 2 2 0 O 0
Renal failure 4 1 0 1 16.7
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Figure 2. Overall survival (OS) curves for early stage
small cell lung carcinoma (SCLC) patients. (A) OS of al
patients, stratified by surgery alone versus surgery in combi-
nation with adjuvant chemotherapy (median OS: 42.14 vs.
33.53 months, p=0.01). (B) OS of cT1-2NOMO SCLC
patients, stratified by surgery alone versus surgery in combi-
nation with adjuvant chemotherapy (median OS: 38.74 vs.
32.35 months, p=0.211). (C) OS of cT1-2N1MO0 SCLC
patients, stratified by surgery aone versus surgery combination
with adjuvant chemotherapy (median OS: 36.42 vs. 26.68
months, p=0.021).

On the other hand, the conventional concept accepts
that patients with SCLC of LS classification ought to be
treated with chemotherapy followed by radiation therapy.
Modern TNM stage systems are not viewed as practical
for SCLC, dueto the shortage of surgical confirmations',
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Figure 3. Progress-free survival (PFS) curves for early
stage SCLC patients. (A) PFS of al patients, stratified by
surgery alone versus surgery combination with adjuvant chemo-
therapy (median PFS: 25.20 vs. 13.48 months, p=0.000).
(B) PFS of cT1-2NOMO SCLC patients, stratified by surgery
alone versus surgery in combination with adjuvant chemo-
therapy (median PFS: 28.05 vs. 15.21 months, p=0.001).
(C) PFS of cT1-2N1IMO SCLC patients, stratified by surgery
alone versus surgery combination with adjuvant chemotherapy
(median PFS: 19.02 vs. 13.25 months, p=0.031).

although the TNM stage system could be used for predic-
tions of SCLC prognosis. The IASLC reviewed 12,620
SCLC cases during the revision of the TNM stage sys-
tem, among which merely 349 cases were associated
with surgery (2.8%), and 56% of these cases displayed a
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Table 4. Independent Predictors of Overall Survival After
Cox Proportiona Hazards Regression Model for all Patients
With Early Stage SCLC

Variable Hazard Ratio 95% ClI p Value
Age 1.628 1.005,2.639 0.048
N stage 3.079 1.721,5.508 0.000
T stage 0.913 0.570,1.462 0.704
Chemotherapy 0.570 0.356,0.912 0.019
PCI 0.468 0.270,0.813  0.007
Surgery procedure

Sublobar resection Reference

L obectomy 1.283 0.580,2.835 0.539

Pneumonectomy 1.938 0.847,4.644 0.115

5-year survival rate in stage |, 38%—40% in stage I, and
below 12% in stage 111*°.

The therapeutic strategy for treating early stage SCLC
has advanced over recent decades because of reevalua-
tions of the role of surgery in patients with T1-2NO-1MO
SCLC. There has been a gradual shift toward thoracic
radiotherapy, based on the results of a comparative inves-
tigation of surgery and radiotherapy, which found higher
survival rates for combined therapy compared with sur-
gery alone". A recent population study analysis of data
from the American Surveillance, Epidemiology, and
End Results (SEER) collected and reviewed information
regarding cancer stages of patients with SCLC who were
under treatment™®. OS was measured for patients catego-
rized by surgery type and the status of either having had
irradiation or being irradiation free. Patients who under-
went surgery achieved an ~40% overall 5-year survival,
which was greater than those without surgery: median, 36
versus 18 months (stage |) and 25 vs. 14 months (stage
[1). This study reevaluated the role of surgical interven-
tion in improving overall survival and helped surgery
regain attention as amultidisciplinary therapy for patients
with early stage SCLC. The guidelines of the European
Society for Medical Oncology (EMSO) suggest that 5%
of patients with “very limited” SCLC (T1, 2 NO, 1 MO0)
have more favorable results, with 5-year OS of approxi-
mately 50%, and surgical intervention is applicable for
such patients after excluding lymph node metastasis®.
Current instructions from the National Comprehensive
Cancer Network (NCCN) are not entirely identical,
and only patients with stage | (T1-T2 NO) are generally
advised to undergo surgery®.

Austin et a. performed a multicenter research study of
48,037 individuals who were at risk for lung cancer and
underwent voluntary CT scans'. In comparison with the
normal distribution of cancer stages published by IASLC
in 2007'°%, patients who underwent CT screenings had
a considerably greater percentage of stage | lung cancer.
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This raises a novel question: What is the optimal treat-
ment strategy for early stage SCLC? Meanwhile, the
incidence of AEs s higher than anticipated for the elderly
population of our retrospective study, and the high rate
of chemotherapy-related AEs in elderly patients at our
institution suggests that we should reconsider the value
of surgical intervention alone toward survival improve-
ments, especialy in patients with complications and
other systematic diseases. In our study, we found that
age correlates with intolerability and therapy-related side
effects and AESs. In our current study, surgery, as an ini-
tial treatment, was carried out in 98 patients with SCLC,
among whom adjuvant chemotherapy was aborted for
various reasons in 31 cases. This suggests that patients
who underwent surgery and chemotherapy in our study
were not chosen randomly. Twenty-seven subjects who
underwent surgery only were inclined to have poor OS,
compared with those who received adjuvant chemother-
apy, among al patients with SCLC. However, we did not
find differences between groups who received adjuvant
chemotherapy or those who did not among patients with
NO stage disease. Our findings demonstrate that in our
institution, surgery is an alternative strategy for elderly
patients with NO SCLC without lymph node involve-
ment, especially for those with complications and other
systemic diseases.

For patients with SCLC, chemotherapy is a crucial
element of optimized treatment schemes, and EP is the
most regular standard chemotherapy regimen. Carboplatin
is often used instead of cisplatin to help suppress vomit,
nephrosis, and neuropathy. Nevertheless, carboplatin also
has myelosuppression side effects’®, and adjuvant che-
motherapy is recommended for patients who undergo
resection. However, there have been no prospective ran-
dom control trials of adjuvant chemotherapy combined
with surgery for early stage patients nor of the optimal
regimen for early stage and elderly patients with SCLC.
Hence, the optimal treatment regimen remains contro-
versia with respect to therapeutic strategy selections and
chemotherapeutic regimens.

Based on early trials of patients with ED-SCLC, EP,
IP (irinotecan plus cis-platinum), and IP combined with
PTX (paclitaxel) were chosen in adjuvant chemotherapy
schemes®®. In our current evaluation, the therapy selec-
tion scheme depended on the doctor’s experience of
previous cases. CE was widely applied in cases where
patients presented severe SCLC and were older and more
vulnerable™. However, from our research, CE also dis-
plays intolerant toxicity for some elderly patients, which
presents as severe marrow repression and hemorrhages
due to thrombocytopenia. For patients enrolled in the
retrospective study, those who received PCl displayed
longer OS than those without PCI therapy. PCl has
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proven effective as supplementary therapy in reducing
the incidence of cerebral metastases in the stable period
after chemotherapy for patients who respond®?. A meta-
analysis of randomized PCI trials showed a 25% decrease
in 3-year incidence of cerebral metastasis, from 58.6% in
the control group to 33.3% in the PCI group®. Therefore,
PCI should be considered as a key part of multidisci-
plinary therapy for patients with SCLC in NO and N1
stages. However, according to the multivariate analysis,
we found that the type of surgical procedure and the N
stage have no influence on clinical outcomes. The selec-
tion of surgical intervention could be based on the TNM
staging rather than actual anatomical tumor sites because
the patients in stage | display no statistical differencesin
OS, and in this stage, surgical procedures do not affect
survival. These observations could guide the therapeutic
strategies for patients with stage | SCLC who have the
opportunity to receive surgery.

In conclusion, we found that surgical intervention with
sequential adjuvant chemotherapy is the fundamental
therapy for patientswith mediastinal lymph node-negative
SCLC. For patients with NO disease and those who are
elderly, the selection and regimen of chemotherapy might
be reconsidered in planning a treatment scheme because
of poor tolerability at elderly ages and early stages. In the
future, more prospective clinical trials should be carried
out to help guide therapeutic strategies for the treatment
of early stage SCLC. Meanwhile, safer chemotherapy
regimens and novel drugs should be given more attention
as therapeutics for older patients with lung cancer.
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