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Abstract

Objective: Adjuvant chemotherapy (AC) after curative resection is known to improve the survival of patients

with non-small cell lung cancer (NSCLC); however, few studies have reported the correlation between the time to

initiation of AC (TTAC) and survival in NSCLC patients.

Methods: The clinical data of 925 NSCLC patients who received curative resection and post-operative AC at the

Cancer Hospital of Chinese Academy of Medical Sciences between 2003 and 2013 were retrospectively analyzed.

TTAC was measured from the date of surgery to the initiation of AC. Disease-free survival (DFS) was defined as

the duration from surgery to the time of tumor recurrence or last follow-up evaluation. The optimal cut-off value

of TTAC was determined by maximally selected log-rank statistics.  The DFS curve was estimated using the

Kaplan-Meier method, and the Cox proportional  hazards regression model was used to identify risk factors

independently associated with DFS. Propensity score matching (PSM) was performed for survival analysis using the

match data.

Results: The optimal discriminating cut-off value of TTAC was set at d 35 after curative resection based on

which the patients were assigned into two groups: group A (≤35 d) and group B (>35 d). There was no significant

difference in the DFS between the two groups (P=0.246),  indicating that  the TTAC is  not  an independent

prognostic factor for DFS. A further comparison continued to show no significant difference in the DFS among

258 PSM pairs (P=0.283).

Conclusions: There was no significant correlation between the TTAC and DFS in NSCLC patients. Studies

with larger samples are needed to further verify this conclusion.
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Introduction

Lung cancer is a common malignant tumor and the leading

cause  of  cancer-related  deaths  worldwide  (1).  Despite

optimal surgical resection for localized non-small cell lung
cancer  (NSCLC),  the  5-year  survival  rate  without
additional treatment is 73% for stage IA disease and 25%
for  stage  IIIA  disease.  Platinum-based  adjuvant
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chemotherapy (AC) was reported to improve the survival of
NSCLC patients with curative resection in several large
randomized controlled trails (RCTs) (2-5); however, few
studies have investigated whether the time to initiation of
AC  (TTAC)  impacts  the  survival  of  NSCLC  patients,
although some clinical  trials  suggest  the  TTAC as  4–9
weeks after surgery (2-4).

Although multiple studies have shown that the interval
from surgery to initiation of AC is significantly associated
with survival outcomes in breast and colorectal cancers (6-
9), the optimal interval from surgery to initiation of AC in
NSCLC patients remains uncertain. The present study was
to determine the optimal TTAC and the correlation with
survival of NSCLC patients.

Materials and methods

Patients

In this retrospective study, 925 consecutive patients who
underwent  curative  resection  of  NSCLC  at  Cancer
Hospital  of  Chinese  Academy of  Medical  Sciences  and
Peking  Union  Medical  College  (CAMS  &  PUMC)
between January 2003 and December 2013 (Figure 1) were
included.  The  study  protocol  was  approved  by  the
Institutional Review Board of Cancer Hospital of CAMS &
PUMC, in accordance with the Declaration of Helsinki.
Ethical approval was obtained from Ethics Committee of
Beijing Cancer Hospital. All patients were staged based on

the TNM Classification of Malignant Tumors (7th edition)
(10)  and received post-operative  AC.  Exclusion criteria
were  patients  with  stage  IB  disease  who  had  received
neoadjuvant  chemotherapy  without  high-risk  factors,
including poorly differentiated tumors, vascular invasion,
wedge  resection,  tumor  >4  cm,  visceral  pleural
involvement, and incomplete lymph node sampling [Nx].
Patients were classified on the basis  of  age at  diagnosis,
gender,  smoking  history,  histologic  subtype,  tumor
differentiation,  lymphatic  involvement  stage,  use  of
adjuvant  radiotherapy,  Eastern  Cooperative  Oncology
Group (ECOG) performance status (PS), and comorbidity
score.  All  patients  who underwent pulmonary resection
were  followed  up  from  the  day  of  surgery.  The  post-
operative follow-up evaluations were conducted by means
of  telephone  and  outpatient  visits,  including  physical
examinations, chest X-ray every 3 months, and chest and
abdominal CT every 6 months for the first 2 years,  and
subsequently, chest X-ray every 6 months, and CT every
year.

Comorbidities and outcomes

Based on all non-cancer diagnosis records in the hospital
before  surgery,  comorbid  disorders  were  assessed  by
Charlson comorbidity index (11-13). TTAC was defined as
the time period between the initial operation and the date
of the first AC. The outcome of interest was disease-free
survival (DFS), which is defined as the duration from the
surgery  to  the  recurrence  time  (local,  regional,  and/or
distant) or death from any cause. Data were censored on
the last contact date. Patients who were still  alive at the
final  follow-up  evaluation  (20  December  2014)  were
regarded as censored.

Statistical analysis

Approximate 20% of the cases were selected randomly as a
training set to determine the cut-off points of the TTAC.
Maximally selected log-rank statistics (validated by maxstat
package in R, version 3.0.2) were chosen to identify the
optimal  cut-off  points  for  the  continuous  variable
(measured in days) of the TTAC. Patients were assigned to
two groups according to the cut-off value. Comparisons of
the  baseline  differences  between  the  two  groups  were
analyzed by χ2 test, and the Fisher’s exact test was used for
small samples.

The DFS curve was estimated using the Kaplan-Meier
method,  and  compared  using  the  log-rank  test.  A  Cox

 

Figure 1 Flowchart for selection of patients.
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proportional hazards regression model was used to identify
risk factors independently associated with the DFS. Age,
gender,  smoking  history,  histologic  subtype,  tumor
differentiation, lymphatic involvement stage, pathologic
stage,  use  of  adjuvant  radiotherapy,  ECOG PS and the
comorbidity  score  were  included  as  covariates  in
multivariate analysis. To reduce the influence of potential
confounding factors and generate comparable study arms,
the propensity score matching (PSM) method was applied
(14,15).  The  variables  included  gender,  age,  histologic
subtype, smoking history, tumor differentiation, lymphatic
involvement  stage,  pathologic  stage,  use  of  adjuvant
radiotherapy,  ECOG  PS,  and  comorbidity  score.  For
matching, patients with an equivalent propensity score in
the two groups were selected using 1:1 matching without
replacement, with a caliper width <25% of the standard
deviation. After PSM, baseline covariates were compared
between  the  two  groups.  Subgroup  analyses  were
conducted with a forest plot to determine whether or not
any significant difference existed between different ages,
genders, and pathologic stages.

GraphPad  Prism  Software  (Version  5.0;  GraphPad
Software,  Inc.,  La Jolla,  USA) was used to generate the
survival curve. PSM and forest plots were performed with
STATA Software  (Version  12;  StataCorp  LLC,  Texas,
USA). IBM SPSS Statistics (Version 21.0; IBM Corp., New
York, USA) was used for other statistical analyses. A two-
sided P<0.05 was considered statistically significant.

Results

Patient characteristics

The mean age of the patients was 56 years (range, 25–76
years),  and the proportions of  male and female patients

were  52.8% and 47.2%, respectively.  The median time
from surgery to the initial AC was 5 weeks (range, 1–19
weeks)  (Figure 2).  The median follow-up time was 48.7
months. Tumor recurrences occurred in 552 patients.

Of  the  925  patients,  198  were  selected  randomly  to
identify the optimal TTAC. Cut-off point analysis for the
DFS determined that 35 d was the optimal TTAC (Figure 3).
The remaining 727 patients formed the study population.
The  patient  characteristics  are  shown  in  Table  1.  The
patients  included  in  the  analysis  were  stratified  as  two
groups: group A, in which the patients (n=391) received AC
≤35 d after surgery;  and group B, in which the patients
(n=336) received the same treatment >35 d after surgery.

Impact of TTAC on DFS

The results of Cox proportional hazards regression model
analysis are shown in Table 2. Multivariate analysis showed
that histologic subtype, pathologic stage and use of AC had
a significant impact on patient survival, while the TTAC
was not an independent prognostic factor for DFS. There
was no significant difference in the DFS between groups A
and B (P=0.246) (Figure 4).

After adjustment of PSM and the variables (gender, age,
histologic subtype, smoking history, tumor differentiation,
lymphatic  involvement  stage,  pathologic  stage,  use  of
adjuvant radiotherapy, PS, and comorbidity score), the two
groups  were  well-matched  (258  patients  each)  without
significant differences in baseline characteristics (Table 1).
Further comparison between the PSM pairs continued to
show  no  significant  difference  in  the  DFS  (P=0.283)
(Figure 4).

Exploratory subgroup analysis

Exploratory subgroup analysis was performed to determine

 

Figure 2 Distribution of time to adjuvant chemotherapy.

 

Figure 3 Optimal cut-off values of TTAC by maximally selected
log-rank statistics.
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Table 1 Patients demographic characteristics and PSM characteristics between two groups

Characteristics
Before PSM (n)

 
After PSM (n)

≤35 d (N=391) >35 d (N=336) P ≤35 d (N=258) >35 d (N=258) P

Age 0.034 1.000

　≤65 years 345 277 230 230
Gender 0.243 0.464

　Male 245 225 160 169
Smoking history 0.766 0.378

　No 184 154 131 120
Histology subtype 0.239 0.562

　Squamous carcinoma 104 109 75 85

　Adenocarcinoma 273 215 176 167

　Mixed 5 8 4 5

　Large cell carcinoma 2 1 1 1

　Carcinoma NOS 7 3 2 0
Differentiation 0.082 0.629

　Poor 83 87 60 65

　Poor-moderate 123 77 72 63

　Moderate 143 133 101 106

　Moderate-well 16 22 10 151

　Well 14 9 9 5

　Unknown 12 8 6 4
Lymphatic involvement stage 0.341 0.914

　N0 79 87 53 59

　N1 126 101 75 76

　N2 185 147 129 122

　N3 1 1 1 1
Clinical stage 0.430 0.754

　IB 58 59 37 44

　IIA 108 89 64 70

　IIB 20 20 14 13

　IIIA 196 154 135 121

　IIIB 9 14 8 10
Performance status (ECOG) 0.590 0.262

　0 76 63 36 43

　1 313 269 220 215

　2 2 4 2 0
Adjuvant radiotherapy 0.754 0.202

　No 331 288 207 219
Charlson 0.218 0.742

　0 282 254 195 194

　1 72 63 44 50

　2 31 14 17 12

　3 6 5 2 2

PSM, propensity score matching; NOS, not otherwise specified; ECOG, Eastern Cooperative Oncology Group.

266 Liu et al. Timing in initiating NSCLC adjuvant therapy

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2017;29(3):263-271



whether or not the TTAC had any significant impact on
survival,  independent  of  age,  gender,  smoking  history,
histologic  subtype,  tumor  differentiation,  lymphatic
involvement  stage,  pathologic  stage,  use  of  adjuvant
radiotherapy, PS, or co-morbidity score. The results of the
subgroup  analysis  were  similar  to  the  full  cohort;
specifically, there was no significant difference between any
subgroup (Figure 5).

Discussion

Adjuvant chemotherapy is the standard treatment capable
of improving the survival outcomes in NSCLC patients
after curative resection. Related RCTs arrange the enrolled
patients to receive the initial AC 4–9 weeks after surgery
(4,5,16). Strictly speaking, the treatment benefits described
in most clinical trials are only applicable to patients who

receive  treatment  during  the  same  period  as  the  trials.
However, the optimal TTAC remains uncertain, and it is
unclear whether or not the same benefit can be achieved
when the TTAC is delayed.

Several  studies have reported the prognostic effect of
early  initiation  of  AC  in  colorectal  or  breast  cancer
patients.  In  a  meta-analysis  involving 17,645 colorectal
cancer patients,  Guetz et al.  (17) observed a statistically
significant decrease in overall survival (OS) in patients with
delayed initiation of AC. In another meta-analysis, Biagi
et al. (8) reported a correlation between a 4-week increase
in the TTAC and poor survival. In a retrospective analysis
of 2,594 early-stage breast cancer patients, Lohrisch et al.
(18) found that OS was significantly worse in patients who
received  AC  >12  weeks  after  surgery  compared  with
patients who received AC within 12 weeks.

There are various theoretical axioms in favor of initiating

Table 2 Multivariate Cox proportional hazards model of DFS

Variables
DFS

HR 95% CI P

Pathologic type

　Squamous carcinoma vs. carcinoma NOS 0.436 0.211–0.899 0.025

　Adenocarcinoma vs. carcinoma NOS 0.608 0.299–1.235 0.169

　Mixed vs. carcinoma NOS 1.023 0.408–2.561 0.962

　Large cell carcinoma vs. carcinoma NOS 0.289 0.035–2.388 0.249

Clinical stage

　IB vs. IIIB 0.243 0.109–0.542 0.001

　IIA vs. IIIB 0.375 0.192–0.731 0.004

　IIB vs. IIIB 0.386 0.179–0.834 0.015

　IIIA vs. IIIB 0.588 0.364–0.948 0.029
Radiotherapy (yes vs. no) 0.674 0.515–0.883 0.004

DFS, disease-free survival; HR, hazard ratio; 95% CI, 95% confidence interval; NOS, not otherwise specified.

 

Figure 4 Kaplan-Meier curves of DFS before and after PSM. (A) Before match (P=0.246); (B) after match (P=0.283). DFS, disease-free
survival; PSM, propensity score matching.
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AC soon after curative resection. Animal model studies (19-22)
have demonstrated that surgery may increase the number
of circulating tumor cells and promote invasive metastasis.
It is indicated by a classic mathematical model that drug
resistance  may  increase  the  mutation  rate  (23).
Furthermore,  the  effect  of  chemotherapy  regimens  is
inversely proportional to the tumor burden, suggesting that

delayed initiation of  AC might stimulate  tumor growth
(24).

Patients selected in clinical trials may not represent the
general population since they are usually younger, in better
health, and with fewer co-existing diseases. Well-designed
retrospective studies can provide important opinions in the
“real world”. Furthermore, it is unrealistic to conduct an

 

Figure 5 Subgroup analysis.
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RCT to compare the effect  on survival  of  patients  who
receive  different  TTAC  programs  for  ethical  or  other
reasons (25).

The  current  study  did  not  observe  a  significant
correlation between TTAC and survival rate in NSCLC,
which is  consistent  with recent reports.  A retrospective
study from Canada (26) including 1,032 NSCLC patients
who received AC at different initiation time points showed
that TTAC did not impact the 4-year OS (64% vs. 61%,
P=0.758),  indicating  that  there  was  no  significant
correlation between delayed TTAC and poor prognosis
with  respect  to  OS.  Furthermore,  Ramsden  et  al.  (27)
explored the efficacy of the TTAC using the cut-off points,
however,  the  results  also  showed that  the patients  with
delayed  TTAC  did  not  have  a  difference  in  survival.
Nevertheless, study designers designed the time interval of
these studies. Whether or not there is an optimal TTAC
that can be used to predict  survival  in NSCLC patients
remains  undefined.  Recently,  a  retrospective  study (28)
enrolling 12,473 NSCLC patients  defined 39–56 d as  a
reference interval group because of the lowest mortality
rate  and  compared  survival  outcomes  of  patients  who
received  the  AC earlier  (39–56  d),  later  (57–114  d),  or
during  the  reference  interval.  The  results  indicated  no
trend toward poor survival in the patients who initiated
chemotherapy during the later period. The study set the
OS as the primary endpoint, but it is possible that delays in
chemotherapy  might  not  impact  OS  and  could  impact
progression-free survival (PFS).

In  this  study,  we  used  maximally  selected  log-rank
statistics and selected 35 d after surgery as the TTAC in an
attempt to define the possible cut-off value. The optimal
cut-point identified in this  analysis  was within the time
frame in other studies (3,4,26). PSM analysis allowed us to
compare survival between patients with similar background
characterist ics ;  however,  even  when  potential ly
confounding  variables  (age,  gender,  smoking  history,
histologic  subtype,  tumor  differentiation,  lymphatic
involvement  stage,  stage  of  disease,  use  of  adjuvant
radiotherapy, PS, and comorbidity score) were adjusted, no
significant difference in the DFS was elicited between the
two groups. Unlike colorectal and breast cancers, we were
unable to identify an optimal TTAC that could benefit the
survival of NSCLC patients, which may be explained by
the host-tumor interaction of  lung cancer  considerably
different from other solid tumors.

The study had some limitations.  First,  our  study was
limited  by  the  retrospective  nature  of  the  analysis.
Although we performed multivariate analysis and used the

PSM method to eliminate the selection bias as much as
possible,  some  disparities  of  known  and  unknown
prognostic factors, such as specific chemotherapy regimens
received and total dosage may affect the results. Factors
that result in delayed initiation of AC might contribute to
inferior  outcomes  that  may  not  have  been  considered
previously. Second, the exploration of OS in this study was
limited.  There  are  different  therapies  for  regional
recurrences or distant metastases, depending on different
pathologic  or  mutation  types.  Several  studies  (29,30)
indicated that in advanced NSCLC patients with epidermal
growth  factor  receptor  (EGFR)  mutations,  first-line
therapy  with  gefitinib  resulted  in  satisfied  clinical
therapeutic outcomes. In addition, the use of pemetrexed
plus  cisplatin  showed significant  benefits  to  survival  in
advanced-stage NSCLC patients with adenocarcinoma and
large-cell carcinoma (31). Knowing that several factors can
affect the OS outcome, we set the DFS as the primary end
point for this study. Third, the result of subgroup analysis
suggests that the DFS in elderly patients is not shorter than
younger  patients.  The  LACE  meta-analysis  and  a
retrospective analysis of the JBR.10 trial reported the same
findings that chemotherapy significantly improved survival,
and treatment-related death did not differ by age (32,33).
Thus, AC should not be underestimated in elderly patients.
Furthermore, this study was limited by the small number of
patients, and research with larger samples is warranted to
verify our conclusion.

Conclusions

This  study  demonstrated  that  there  is  no  significant
correlation  between  the  TTAC  and  DFS  in  NSCLC
patients,  and  that  AC should  not  be  underestimated  in
elderly patients. These conclusions warrant verification in
future studies with larger samples.
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