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ABSTRACT
Objectives: Adjuvant chemotherapy (AC) in non-small cell lung cancer (NSCLC) has become a stand-
ard of care in patients with stages IIA, IIB, and IIIA after complete tumor resection. Utilization and out-
come of AC in routine practice is described in a few studies, with non-conclusive results.
Materials and methods: This retrospective study included consecutive patients with NSCLC who
underwent curative-intent surgery. Data of AC uptake in stages IB (tumor of �4 cm in diameter), II,
and IIIA, and reasons of AC omission were evaluated according to medical records. Mortality risk
among patients treated with surgery (only) and different types of AC in routine practice was
compared.
Results: AC was applied to 79% of patients with stages IB (tumor of �4 cm in diameter), II, and IIIA,
and was associated with an improved median of overall survival (HR¼ 0.69; 95% CI¼ 0.44–1.06).
Significantly longer survival was achieved in the sub-group treated with platinum and oral vinorelbine
(HR¼ 0.575, 95% CI¼ 0.339–0.974), and the longest survival was among patients treated with oral
vinorelbine and cisplatin (HR¼ 0.371, 95% CI¼ 0.168–0.820).
Conclusions: AC utilization should be based on co-operation between surgeons, pneumo-oncologists,
and patients. Rational use of AC offers better survival in routine practice.
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Introduction

Lung carcinoma remains the malignity with the greatest case
fatality, and its incidence is rising globally. Radical surgery of
non-small cell lung cancer (NSCLC) is an optimal solution
with favorable survival outcomes1. In patients with stages IIA,
IIB, and IIIA after complete resection, adjuvant chemotherapy
(AC) has become a standard of care. Results obtained for the
stage IB were not conclusive, but in tumors of �4 cm in
diameter AC may also offer survival advantage2–4. The pri-
mary goal of adjuvant therapy in NSCLC is to eradicate
micrometastases, reducing the rate of distant metastases
and, thereby, increasing survival following resection5.
Selection of patients suitable for AC is influenced by the lim-
ited gain of AC, which is �4% in absolute 5-years survival4.
Significant toxicity and the lack of predictive biomarkers are
the other limiting factors6. Robust data were processed
in phase III trials and large meta-analyses, but there are
only a few retrospective population-based studies describing
utilization of AC in routine practice where patients have a
significant co-morbid disease burden and frequent contrain-
dications to cisplatin-based chemotherapy7–9. In regional
retrospective studies, use of AC varied substantially in the
evaluated sample and methodology, applied chemotherapy

was heterogeneous with differing tolerance, and survival was
not calculated10–12. The present study evaluates the uptake
patterns and survival results of AC applied on a routine basis
in a specified region with 600,000 inhabitants.

Study subjects and study design

The objective of the study was to describe the uptake of
adjuvant chemotherapy, and to evaluate factors which can
influence acceptance and compliance to this post-operative
therapeutic approach within a non-interventional real-world
set up. Another primary objective was to assess survival
according to the different treatment modalities chosen; eval-
uated variables were median of recurrence-free survival
(mRFS), 5-year recurrence free survival, median of overall sur-
vival (mOS), and 5-year overall survival. Secondary aims were
to consider toxicity and compliance with chemotherapy. This
retrospective study involved patients with NSCLC who under-
went curative-intent surgery between January 12, 2006 and
December 11, 2013. Consecutive patients with NSCLC stages
IB (tumor of �4 cm in diameter), IIA, IIB, and IIIA were con-
sidered suitable for AC. Patients were diagnosed in a tertiary
pneumological department, underwent tumor resection, and
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were subsequently referred to pneumo-oncologists in the
same hospital. The benefit and risk of AC, as well as chemo-
therapy options were properly discussed with patients and
with colleagues at regular interdisciplinary tumor board
meetings. Data of AC were collected from medical records.
Demographic and clinical parameters were evaluated in sub-
groups with AC and surgery only (SO). Reasons for AC omis-
sion were discussed. Survival data were compared between
patients with AC and SO, between different types of AC
used, and according to various cofactors, including patient
sex, PS, age at diagnosis, smoking history, presence of co-
morbidities (cardiac, respiratory, hepatic, metabolic, renal, or
neurological), type of surgery, pathological stage of disease,
lung cancer grading, histopathology, pleural invasion, and
angio-invasion.

Ethical and legal frame

The study was initiated by the Department of Respiratory
Medicine, Faculty of Medicine and Dentistry, Palacky
University Olomouc and University Hospital Olomouc, Czech
Republic, and was conducted as a fully observed study under
real world conditions. The retrospective evaluation was con-
ducted upon approval of an Ethics Committee, obtained as
part of an academic grant IGA MZ �CR NT 13569 supported
by the Czech Ministry of Health, and the results were eval-
uated under the framework of the grant AZV 16-32318A,
supported by the Czech Health Research Council. The study
was performed in compliance with the applicable legislation
and the Declaration of Helsinki. Informed consent was
obtained from all participating patients.

Methods

Medication

Patients received the first cycle of treatment within
2–6weeks of surgery. Four cycles of 21 days AC were
planned. Pre-medication was undertaken using dexametha-
sone or setrons when needed. Most frequently, platinum
doublets with oral vinorelbine were applied: cisplatin (CDDP)
80mg/m2þ vinorelbine (D1 i.v. 25mg/m2, D8 p.o. 60mg/m2),
carboplatin (CBDCA)�AUC 5þ vinorelbine (D1 i.v. 25mg/m2,
D8 p.o. 60mg/m2), CDDP 80mg/m2þ vinorelbine (D1 and D8
60mg/m2 p.o. with escalation to 80mg/m2 p.o.), CBDCA –
AUC 5þ vinorelbine (D1 and D8 60mg/m2 p.o. with escal-
ation to 80mg/m2 p.o.). Other doublets on an intravenous
basis were: CBDCA- AUC6þpaclitaxel (D1 100mg/m2), CDDP
80mg/m2þgemcitabine (D1,8 1200mg/m2), CDDP 80mg/
m2þ docetaxel (D1 75mg/m2), and CBDCA- AUC6þ vinorel-
bine (D1 and D8 25mg/m2 i.v.). In some patients with NSCLC
stage IIIA, adjuvant chemotherapy was applied after three
cycles of neoadjuvant chemotherapy (NC): CBDCA�AUC6þ
paclitaxel (D1 100mg/m2), CDDP 80mg/m2þgemcitabine
(D1,8 1200mg/m2) and CDDP 80mg/m2þdocetaxel (D1
75mg/m2). Dosage of CBDCA was calculated by Calvert’s for-
mula using a calculated creatinine clearance with the
Cockcroft–Gault formula13. Treatment with oral vinorelbine

and most of the other regimens were applied on an out-
treatment basis. Patients eligible for AC were selected if ful-
filling the following criteria: patients with stages IB, IIA, IIB,
and IIIA NSCLC as of 7th TNM classification after complete
resection, ECOG 0–2, age �18, and �75 years14. Limits of
laboratory values: le >3.5 G/l, neu >1.5 G/l, tr >100G/l, AST
<1.5�N, ALT <1.5�N. AC was offered to patients without
prolonged surgical complications, worsening of co-morbid
conditions or pre-existing internal disease. Oral vinorelbine
was offered, especially to patients showing the potential for
good compliance to out-patient treatment15,16. Generally,
radiotherapy was offered in N2 stages.

Follow-up

The stage of disease was reassessed at the end of the 4th

cycle of chemotherapy using chest X-ray and CT of chest
and upper abdomen. Bronchoscopy was performed only
when endobronchial progression was suspected. Bone scin-
tigraphy was conducted where hypercalcinemia or increased
alkaline phosphatases were observed, or bone pain was
reported by the patient. Brain CT was performed if neuro-
logical impairments were present. A detailed restaging was
then further performed at half-year intervals and where
recurrent disease was suspected.

Statistical analysis

This was an explorative study. Logistic regression models
and discriminant function analyses were employed to iden-
tify co-factors associated with the utilization and efficacy of
AC. Patient characteristics were summarized using frequency
tables and standard descriptive statistics such as mean (95%
confidence intervals), SD, variance, min, max, median, Q2,
and Q3. The statistical significance of observed difference in
proportions was tested using the v2 test and Fisher’s exact
test when data were sparse. The Wilcoxon Two Sample test
was used to determine the significance between differences
in medians. The Kaplan-Meier method was used to calculate
estimates of overall survival and recurrence-free survival.
Differences in these estimates were tested for significance
using the Log-rank statistic. The Hazard Ratio þ95% CI was
calculated by the Cox Regression Hazard Model. Overall sur-
vival was defined as the time from study entry to death from
any cause. Recurrence-free survival was defined as the time
from study entry to failure at the end of two courses,
relapse, or death from any cause. Survival characteristics
were further tested using a log-rank test to compare the sur-
vival distributions in the presence of the following factors
and co-variates: age, gender, histology, stage, smoking, and
type of surgery. Statistical significance was determined for all
statistical tests at the level of 5%. Statistical analysis was per-
formed using the software SW SAS (Cary, NC) and SW
Statistica (StatSoft, Inc., Tulsa, OK).
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Results

Out of all 1557 patients with lung cancer diagnosed during
the evaluation period, NSCLC was present in 1293 patients.
Three hundred and eight patients underwent curative-intent
surgery and complete resection was achieved in 284
patients. AC was not indicated in 95 patients due to stage IA
or IB with tumor size of <4 cm. AC was considered in 189
patients with stages IB (tumor of �4 cm in diameter), IIA, IIB,
and IIIA. The mean age of the evaluated series was
64.3 years, 134 (70.8%) were men, 55 (29.2%) women; 94
(49.7%) were current smokers, 75 (39.7%) ex-smokers, and 20
(10.6%) non-smokers. Median of follow up was 3.1 years
(6.2 years in censored patients). AC was applied in 149
patients (78.8%), including 34 (18.0%) patients with neoadju-
vant chemotherapy (NC), AC was not applied in 40 (21.2%)
patients. The absence of AC was predominantly due to wor-
sening health status as a consequence of co-morbidities or
surgical complications, sometimes present simultaneously;
only six patients declined due to personal reasons (Table 1).
Sub-groups of AC and SO differed significantly in mean age
(63.3 vs 68.6 years), co-morbidities (63% vs 75% having �2
co-morbidities), TNM stages (63% vs 80% having stage I/II)
and PS (45.2% vs 20.0% having PS 0). There was a trend to a
smaller number of pneumonectomies (6% vs 25%). There
were no significant differences in sex, smoking history, or
histology of lung cancer (Table 2). Similar trends favored car-
boplatin or cisplatin when given in different doublets.

Compared to 26 patients with cisplatin, 89 patients with
carboplatin were significantly older (65.0 vs 57.2 years,
p< .0001), with higher PS (37.1% vs 73.1% having PS 0,
p¼ .0012) and with a higher number of co-morbidities
(70.8% vs 38.5% having �2 co-morbidities, p¼ .0026). In the
sub-groups receiving oral vinorelbine and platinum doublets,
similar differences were noted between those receiving car-
boplatin (69 patients) or cisplatin (21 patients): age 64.9 vs
56.8 years, p¼ .0008, PS 0 44.9% vs 85.7%, p¼ .0010 and co-
morbidities 6.2% vs 38.1%, p¼ .0270.

Survival

The total series (189 patients) had mRFS 2.29 (95%
CI¼ 1.470–3.570) years, 5-years RFS 37.7%, mOS 3.26 (95%
CI¼ 2.480–5.170) years, and 5-year OS 43.14%. Survival varia-
bles of sub-groups are listed in Table 3 (RFS) and Table 4
(OS). Survival parameters of patients with AC were longer
than the survival data of patients with SO, but the difference
was not statistically significant (the HR in mRFS was 0.740, in
mOS the HR was 0.679) (Figure 1). Patients treated with oral
vinorelbine and platinum doublets lived significantly longer
than patients with SO (mOS¼ 4.47 years and 5-year
OS¼ 49.15%) (Figure 2). Patients treated with oral vinorel-
bine and platinum doublets survived significantly longer
than patients treated with all other chemotherapies (for RFS,
p¼ .0455, HR¼ 0.601; for mOS, p¼ .0368 and HR¼ 0.575)
(Figure 3). The longest survival was observed in patients
treated with oral vinorelbine with cisplatin (mOS not
reached, 5-year OS 65.19%) (Figure 4). Patients receiving

neoadjuvant–surgery–adjuvant combination were not statis-
tically compared because of different selection strategies
(mOS¼ 3.850 years, 95% CI¼ 1.680–7.110, 5-year
OS¼ 45.64%).

Survival according to co-factors

Different specific co-factors influencing survival were eval-
uated in both univariate and multivariate analyses. In the
univariate analysis, survival was significantly longer in
patients with PS 0 than PS 1/2 (p¼ .0008, HR¼ 0.455, 95%
CI¼ 0.283–0.731), in TNM stages I/II than in TNM stage IIIA
(p¼ .0010, HR¼ 0.444, 95% CI¼ 0.269–0.731) and signifi-
cantly shorter in tumors with angioinvasion (p¼ .0222,
HR¼ 0.508, 95% CI¼ 0.281–0.919). In a Cox regression multi-
variate analysis, significant changes in mOS were present
only between TNM stages (p¼ .0071, HR¼ 0.479, 95%
CI¼ 0.280–0.818) and PS (p¼ .0075, HR¼ 0.452, 95%
CI¼ 0.253–0.809). Age, sex, smoking habits of patients, type
of surgery, grade, histology, and pleural invasion of tumor
had no significant impact on survival. There was a trend
towards worse survival of patients after pneumonectomy
(p¼ .0527) in the univariate analysis, and a trend towards

Table 1. Reasons for adjuvant chemotherapy omission.

Reason n %

Patient declined 6 15.00
Surgical complications 18 45.00
Pneumonia 9 22.50
Pneumothorax 2 5.00
Fistula 2 5.00
Other surgical complications 5 12.50
Internal complications 21 52.50
Heart failure 11 27.50
Metabolic disbalance 4 10.00
Renal failure 2 5.00
Other co-morbidity 4 10.00

Table 2. Differences between sub-groups of patients with adjuvant chemo-
therapy after surgery or patients with surgery only.

AC (n) AC (%) SO (n) SO (%) p

Total number 115 100 40 100 –
Men 80 69.57 28 70.00 .9589�
Women 35 30.43 12 30.00
Mean age (years) 63.25 68.55 .0046��
Comorbidities (0, 1) 42 36.52 10 25.00 .1837�
Comorbidities (�2) 73 63.48 30 75.00
Adenocarcinoma 41 35.65 18 45.00 .5769�
Squamous carcinoma 64 55.65 19 47.50
NOS 10 8.70 3 7.50
Stage IB, II 73 63.48 32 80.00 .0023���
Stage III 42 36.52 8 20.00
Pneumonectomy 7 6.09 10 25.00 .0542�
Other type of surgery 108 93.91 30 75.00
Ex-smoker and non-smoker 57 49.57 21 52.50 .7491�
Smoker 58 50.43 19 47.50
Grade 1 and 2 41 35.65 14 35.00 .9408�
Grade 3 and 4 74 64.35 26 65.00
PS 0 52 45.22 8 20.00 .0048�
PS 1 and 2 63 54.78 32 80.00

Abbreviations. AC, adjuvant chemotherapy; SO, surgery only; NOS, no other
specified tumor; PS, performance status.
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worse survival in tumors with angioinvasion (p¼ .0616) in
the multivariate analysis.

Toxicity and compliance

The toxicity of AC was acceptable. The most frequent side-
effect of Grade 3/4 was neutropenia, which appeared in
34.4% of patients, followed by nausea in 33.3%, leucopenia
in 8.8%, anemia in 5.6%, diarrhea in 5.6%, and thrombocyto-
penia in 3.3%. Febrile neutropenia appeared in 2.2% of
patients. Compliance with oral vinorelbine based AC was
especially high, with 82% of patients completing their
planned therapy. The average number of cycles per patient
was 3.87. In other types of AC, 69% of patients accomplished
all four planned cycles.

Discussion

The diagnosis of early NSCLC remains an unfulfilled need
and screening based on low dose computed tomography,
potentially combined with blood or exhaled breath conden-
sate analysis, provides an opportunity to increase the early
detection of those lung tumors which can be resolved by
surgical resection17,18. A number of large clinical studies
have revealed that AC improves overall survival for patients
with higher risk resected NSCLC19–22. The LACE study
reported a hazard ratio of 0.89 for OS, a 5-years improve-
ment of OS by 5.4% for those on cisplatin-based AC3. Larger
meta-analysis revealed a 5-year survival gain of only 4%. One
of the issues in this study was that only 50–58% of patients
completed the planned therapy3,4. In accordance with these
trials, current guidelines recommend adjuvant cisplatin-based

Table 3. Parameters of recurrence-free survival in patients with different types of adjuvant chemotherapy or with sur-
gery only.

Sub-group n mRFS mRFS (95% CI) 5-year RFS p-value (Log-rank test) HR HR 95% CI

SO 40 1.480 0.490–3.460 28.00% reference reference reference
AC 115 2.390 1.450–3.800 39.00% .1709 0.740 0.479–1.141
AC vin o 90 2.455 1.450–6.630 42.74% .0845 0.671 0.426–1.059
AC vin oþ cis 21 NA NA 52.50% .0417 0.480 0.233–0.989
AC other 25 2.290 0.930–3.990 26.00% .8877 1.042 0.591–1.836

Abbreviations. SO, surgery only; AC, adjuvant chemotherapy; AC vin o, oral vinorelbine plus platinum; AC vin oþ cis, oral
vinorelbine with cisplatin; AC other, other chemotherapy than vinorelbine oral in combination with platinum; mRFS, median
recurrence free survival.

Table 4. Parameters of overall survival in patients without adjuvant chemotherapy or with different types of adjuvant
chemotherapy.

Sub-group n mOS mOS (95% CI) 5-year OS p (Log-rank test) HR HR (95% CI)

SO 40 1.955 0.530–5.350 37.50% reference reference reference
AC 115 3.730 2.480–5.870 44.59% .0855 0.679 0.435–1.059
AC vin o 90 4.470 2.700–7.860 49.15% .0372 0.575 0.339–0.974
AC vin oþ cis 21 NA 0.3730–NA 65.19% .0107 0.371 0.168–0.820
AC other 25 2.760 1.120–4.490 28.20% .9806 0.993 0.551–1.788

Abbreviations. SO, surgery only; AC, adjuvant chemotherapy; AC vin o, oral vinorelbine plus platinum; AC vin oþ cis, oral
vinorelbine with cisplatin; AC other, other chemotherapy than vinorelbine oral in combination with platinum; mOS, median
overall survival.

Figure 1. Kaplan-Meier curve of survival in patients with adjuvant chemotherapy or without chemotherapy (surgery only).
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doublet AC, preferably with vinorelbine. The overall survival
impact of AC, however, depends upon its uptake outside
of these clinical trials, among patients with significant co-
morbid disease burden and frequent contraindications to
cisplatin-based chemotherapy. Canadian and American
population-based studies show that evidence from random-
ized trials and meta-analyses performed within the last
decade have had a great impact on clinical practice for non-
metastatic NSCLC7,9. The uptake of AC rose from 7% to 31%
in large population data analyses (2001 to 2006), and it was
even higher in stages II and IIIA. In these studies, AC uptake
was influenced by the type of insurance, socio-economic sta-
tus, marital status, level of education, and number of co-mor-
bidities7–9. In a Canadian study with 108 surgical patients,
only 44% were referred back to an oncologist after resection,

and 39% of them refused the recommended AC10. Following
major surgery, AC was administered to 22 patients, predom-
inantly with Stages II and IIIA, who were aged under 65 and
lived close to the medical center10.

A similar Canadian study with 204 patients increased the
percentage of referred patients from 31% to 63% after the
presentation of large scale adjuvant trials (2003 to 2005)11. In
50% of cases, the reason for not prescribing adjuvant chemo-
therapy was patient refusal11.

In a French study with 219 patients, uptake of AC was
40%, but only 38% of patients with AC completed the
planned therapy, which was considerably heterogeneous12.

Our study proved that the uptake of AC after NSCLC
resection can be high (79%). One of the most important fac-
tors seems to be regular co-operation between surgeons,

Figure 2. Survival in patients treated with a combination of oral vinorelbine plus platinum and in patients with surgery only.

Figure 3. Survival in patients treated with a combination of oral vinorelbine plus cisplatin and surgery only.
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pneumo-oncologists, and patients in the framework of a sin-
gle institution. The direct consequence was almost 100% of
patients referred to an oncologist in the present study.
Another factor can be the choice of AC. Due to possible
side-effects and even treatment-related deaths of cisplatin
adjuvant regimens, carboplatin is frequently preferred in rou-
tine practice6,8,23,24. Higher tolerability can influence the AC
uptake in older patients, and in a large study on patients
older than 65 years in the SEER-Medicare there was no sur-
vival difference observed between cisplatin and carboplatin-
based AC after lung cancer resection25. Compliance with AC
was higher when carboplatin was used6,26. Patient percep-
tion of the efficacy of oral as opposed to parenteral therapy
can also be an issue27–29.

In the present study, patients who received AC had longer
mOS than patients with SO with an absolute 5-years survival
benefit of 11% (HR¼ 0.69; 95% CI¼ 0.44–1.06). Significantly
longer survival was achieved in the sub-group treated
with platinum and oral vinorelbine (HR¼ 0.575, 95%
CI¼ 0.339–0.974), and the longest survival was among
patients treated with oral vinorelbine and cisplatin
(HR¼ 0.371, 95% CI¼ 0.168–0.820). This accords with AC
effectiveness, but, in routine practice non-randomized stud-
ies, the rational use of AC and the choice of different chemo-
therapeutic regimens according to age and polymorbidity of
patients also plays a substantial role. In the present series,
AC was applied in younger patients with lower PS, less co-
morbidities, and higher TNM stages. A more aggressive regi-
men with cisplatin was applied in younger patients with
reduced polymorbidity and lower PS than a sub-group of
patients treated with carboplatin. Survival of patients with
AC in the present series was influenced by many co-factors,
such as TNM staging, performance status, and vascular inva-
sion in the tumor. These results are similar to previously pub-
lished multi-center randomized Phase III trials30–32.

Personalization of AC is currently difficult without reliably
predictive biomarkers, and can be based only on the choice
of effective chemotherapy, with regard to potential adverse
events. Attempts to improve outcomes of AC with the add-
ition of other agents to platinum doublets have been disap-
pointing, including the negative trial with bevacizumab and
MAGE-A3 vaccine33,34. Trials with EGFR TKIs brought some
promising but immature data in selected EGFR positive sub-
sets, which cannot be considered as a preferred approach
until the OS results show clear benefits to support this
approach instead of proven benefits of standard AC35,36. It is
also too early to comment on running trials with modern
immuno-oncotherapy like checkpoint inhibitors.

Conclusions

The chemotherapy utilization rates in patients with resected
NSCLC in everyday practice can be high. The dominant fac-
tor is an effective multidisciplinary tumor board and an
intensive cooperation between surgeons and pneumo-
oncologists in the framework of a single institution. AC
should be discussed with patients on an individual basis.
The acceptance of AC was related to age, PS, and TNM
stage. AC was not applied in patients with more co-morbid-
ities and more demanding surgery, but only rarely due to
patient refusal. The present study demonstrated a longer
survival of patients selected for AC than the survival of
patients with surgery only. The longest survival was docu-
mented in patients treated with the doublet of cisplatin
and oral vinorelbine, which was applied to younger patients
with lower PS and less co-morbidities. Survival results were
influenced by PS, TNM stage, and angio-invasion of the
tumor. The preferably chosen AC with oral vinorelbine had
good compliance, a high percentage of completed thera-
peutic schedules, and satisfactory survival.

Figure 4. Survival in patients treated with oral vinorelbine with platinum and with all other chemotherapies.
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