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Abstract
Background: Cisplatin-based adjuvant chemotherapy provided a significant
advantage in the overall survival (OS) of patients with stage II and III non-small cell
lung cancer (NSCLC). However, the compliance and toxicity in cisplatin-based
treatment were not always satisfactory. Pemetrexed plus carboplatin (PC) had better
chemotherapy compliance and efficiency in advanced non-squamous NSCLC
patients. The aim of our study was to investigate the feasibility and efficacy of PC
as adjuvant chemotherapy in patients with completely resected non-squamous
NSCLC.
Methods: Eighty-two eligible non-squamous NSCLC patients operated on with
pathological stage II or IIIA were enrolled in this trial. Adjuvant chemotherapy was
initiated between one and four weeks after surgery, and consisted of four cycles of
pemetrexed (500 mg/m2) plus carboplatin (AUC = 5) every three weeks. The
primary endpoint was the compliance of the regimen and the second endpoint was
disease-free survival (DFS).
Results: Patient demographics were median age 58 years (range 32 to 78) and
gender ratio 68.3% male/31.7% female. Forty-eight (58.5%) of the patients were
at stage II, and the other thirty-four (41.5%) patients were at stage IIIA. Seventy
patients (85.4%) received four cycles of therapy over a 12-week period. Reasons for
discontinuing therapy included: patient’s refusal (n = 10); severe adverse events (n =
1); and surgical complications (n = 1). The primary grade 3 to 4 adverse reaction was
hematologic toxicity: neutropenia (13.4%); leucopenia (7.3%); anemia (3.7%); and
thrombocytopenia (2.4%). Non-hematological adverse events were mild. No treat-
ment related deaths were observed. Median DFS for stage II and IIIA patients were
38.0 months (95% confidence interval (CI): 28.1 to 47.9 months) and 21.0 months
(95%CI: 13.7 to 28.3 months), respectively.
Conclusion: Adjuvant PC chemotherapy was an acceptable regimen in resected
non-squamous NSCLC patients.

Introduction

Lung cancer is the leading cause of cancer-related mortality
worldwide. Globally, there were 1.35 million new cases and
1.18 million deaths in 2002.1 Non-small cell lung cancer
(NSCLC) comprises about 85% of cases and is mainly
smoking related. The majority of NSCLC patients present
with advanced disease, for which surgery, the most potentially
curative treatment, is not feasible. Even for early stage
NSCLC resected with curative purpose, 30–60% of patients

underwent relapse within five years of surgery.2 Five-year
lung cancer-specific survival rates vary from 76.6% in stage
IA disease to a disappointing 22.9% in stage IIIA disease.3

Therefore, adjuvant chemotherapy seems especially neces-
sary in order to obtain a better rate of survival.

The efficacy of cisplatin-based adjuvant chemotherapy in
NSCLC was not clear until recent large randomized trials
(Adjuvant Lung Project Italy [ALPI]; International Adjuvant
Lung Cancer Trial [IALT]; National Cancer Institute
of Canada JBR.10 trial, JBR.10; Adjuvant Navelbine
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International Trialist Association [ANITA]; Big Lung Trial
[BLT]) and the following meta-analysis. Based on the data of
the above five large randomized trials, the Lung Adjuvant Cis-
platin Evaluation (LACE) meta-analysis revealed a significant
advantage in overall survival (OS) (hazard ratio [HR] = 0.89,
95% confidence interval [CI] 0.82 to 0.96; P = 0.005),
corresponding to a five-year absolute benefit of 5.4% from
chemotherapy.4 In view of those benefits, cisplatin-based
chemotherapy was established in the role of adjuvant
chemotherapy in NSCLC.

In spite of the survival benefit, there are factors that cannot
be ignored, such as compliance and toxicity. According to the
LACE meta-analysis, at least 33% of the patients in the che-
motherapy arm did not complete the planned three or four
cycles of treatment.4 Basic information about the recent
large trials is displayed in Table 1.2,5–9 Besides discouraging
compliance, the toxicity of cisplatin-based chemotherapy is
unsatisfactory, with the rate of overall grade 3 or 4 toxicity
reaching up to 66% in four of the five trials registered in
the LACE study.4 In advanced NSCLC, two recent meta-
analyses10,11comparing cisplatin to carboplatin reported
that cisplatin-based chemotherapy frequently led to grade 3
or higher nausea and vomiting, while grade 3 or greater
thrombocytopenia was significantly more frequent with
carboplatin-based chemotherapy. No significant difference
in treatment-related mortality or survival advantage was
observed, although cisplatin treatment was associated with a
higher objective response rate.10,11 Similarly, because of the
favorable therapeutic effect and lower toxicity,12 pemetrexed
was approved for second-line treatment of NSCLC. Further
research has demonstrated that pemetrexed plus carboplatin
(PC) provides better efficacy and tolerability than gemcitab-
ine and carboplatin (GC) in the first-line treatment of
advanced non-squamous NSCLC.13 We hypothesized that the
decreased toxicity of adjuvant PC could result in increased
chemotherapy compliance and, consequently, an improve-
ment in survival. Nevertheless, until now, data reported in
detail about the feasibility of PC as adjuvant chemotherapy in
patients with curative resected non-squamous NSCLC was
rare. We, therefore, designed this phase II study to investigate
the compliance and efficacy of this regimen in adjuvant
treatment.

Materials and methods

Eligibility criteria

Eighty-two patients with completely resected and pathologi-
cally documented stage II or IIIA NSCLC were included in
the study. All patients had radiography, computed tomogra-
phy (CT) scans of chest and upper abdomen, bone scintigra-
phy, and brain magnetic resonance imaging (MRI) to
confirm that there was no distant metastasis before surgery

was performed. We did not perform mediastinoscopy for
patients prior to surgery and patients classified as N2 by CT
scans in pre-operative imaging assessments were not eligible
for this trial. All patients underwent lobectomy or pneu-
monectomy with complete dissection of mediastinal lymph
nodes. The revised seventh edition guideline of lung cancer
staging criteria was used to stage patients.14 The postsurgical
status of all of the patients (age �18 years) reflected Eastern
Cooperative Oncology Group (ECOG) 1 or 0, no significant
weight loss (<5%), adequate renal function (a calculated
creatinine clearance of �45 mL/minute), adequate hepatic
function (aspartate aminotransferase [AST] and alanine
aminotransferase [ALT] were within the upper limit of
normal), and adequate bone marrow function (absolute
neutrophil count of 1500/mm3, hemoglobin �8 g/dL, and
platelets �100 000/mm3). Furthermore, surgeries were
completed within one to four weeks prior to enrollment.
Patients who received neoadjuvant chemotherapy or radio-
therapy were not eligible for this trial. Patients were excluded
from the study if they had a history of other neoplasms
(except in-situ carcinoma of the cervix or basal cell carci-
noma of the skin), cardiac disease, peripheral neuropathy
grade 3 or 4, psychiatric disorders, or serious active
infection. Potentially pregnant or lactating women were
excluded. Patients signed informed consents before any
study related procedures were performed. The protocol
review committee of the Cancer Center of Sun Yat-sen Uni-
versity and the Investigational Review Board of the institu-
tion approved all patients who met the eligibility criteria.
The study was conducted in accordance with good clinical
practice (GCP) guidelines and the principles that have their
origin in the Declaration of Helsinki.

Treatment

Chemotherapy consisted of pemetrexed (500 mg/m2) and
carboplatin (AUC = 5) every 21 days for four cycles. Both
chemotherapy drugs were administered on day one. All
patients were supplemented with 350–1000 mg of oral
folic acid daily at least one to two weeks before cycle 1 until
three weeks after the last administration of pemetrexed,
and 1000 mg of vitamin B12 intramuscularly every 3 cycles
starting within one week before the first cycle and then
at the same day prior to pemetrexed. Patients received
10 mg of dexamethasone and 0.25 mg of palonosetron
intravenously before the start of therapy. All patients were
required to have an absolute neutrophil count �1500/mm3,
platelet count of �100 000/mm3, and creatinine clearance
�45 mL/minute, before initiating chemotherapy. Chemo-
therapy doses were either reduced or withheld following
adverse events, such as severe leukopenia or thrombocy-
topenia. Dose reductions were maintained for subsequent
cycles.
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Evaluation of toxicities and
statistical analysis

The primary endpoint of this single-arm phase II trial was to
evaluate the compliance of PC as adjuvant treatment, and the
second endpoint was disease-free survival (DFS). Toxicities
were graded according to the National Cancer Institute (NCI)
Common Terminology Criteria for Adverse Events (CTCAE)
version 3.0.15 DFS was measured from the date of enrolment
until the first evidence of disease recurrence or death; OS was
calculated from the date of enrolment until death. Both DFS
and OS were plotted by the standard Kaplan method. All
statistical analyses were generated using SPSS for Windows
Version 19.0.

Results

Patient characteristics

Eight-two patients were enrolled on the trial between May
2008 and July 2011, comprising 56 (68.3%) males and 26
(31.7%) females with a median age of 58 years, ranging from
32 to 78. Forty-eight (58.5%) of the patients were at stage II,
and the other thirty-four (41.5%) of the patients were at stage
IIIA. Seventy-seven patients (93.9%) underwent lobectomy,
and the remaining five patients (6.1%) underwent pneu-
monectomy. The predominant histological type was adeno-
carcinoma (93.9%), with a small representation of large cell
carcinoma (6.1%) (Table 2).

Treatment administration

Seventy (85.4%) of the 82 patients enrolled in the trial
received the full-dose of four cycles of therapy over a 12-week
timeframe. Twelve patients (14.6%) failed to accomplish the
whole treatment: three patients completed three cycles, five
patients completed two cycles, and four patients completed
one cycle. Reasons for discontinuing therapy included:
patient’s refusal (n = 10), severe adverse events (n = 1), and
surgical complication (n = 1). Seventy-one patients (86.6%)
began to receive adjuvant chemotherapy within 14 days of
surgery. Therapy was discontinued in one case after two cycles
of treatment as a result of an elevated AST, which, even after
almost three months of treatment, still exceeded 2.5 times the
normal upper limit. Another patient was excluded because of
severe surgical complications. He was diagnosed with bron-
chopleural fistula after one cycle of chemotherapy and had to
be treated surgically. No treatment delay or dose reduction
occurred on this trial (Table 3).

Toxicity

The most common hematologic toxicity was neutropenia
(63.4%; n = 52), with 11 patients (13.4%) developing gradeTa
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3 or 4 neutropenia. Severe anemia or thrombocytopenia was
comparatively infrequent. The rate of grade 3 to 4 anemia
or thrombocytopenia was 3.7% and 2.4%, respectively.

Frequent non-hematologic adverse events included fatigue
(43.9%; n = 36), nausea/vomiting (57.3%; n = 47), and
elevated AST/ALT (22.0%; n = 18). However, most of the side
effects were transient, mild, and manageable. No treatment
related deaths occurred in this trial (Table 4).

Outcomes

The median follow-up was 33 months in this trial, ranging
from 9 to 53 months. Median DFS for patients with stage II
and IIIA were 38.0 months (95% CI: 28.1 to 47.9 months)
and 21.0 months (95% CI: 13.7 to 28.3 months), respec-
tively. The two-year DFS rates were 70.5% and 45.9%,
respectively, for patients with stage II and stage IIIA (Fig 1).

Table 2 Clinical characteristics of the 82 patients

Characteristic
Number of
patients (%)

Age (year) range 32–78
Median 58
Gender

Male 56 (68.3)
Female 26 (31.7)

Smoking status
Yes 40 (48.8)
No 42 (51.2)

Performance status
0 49 (60.0)
1 33 (40.0)

Histology
Adenocarcinoma 77 (93.9)
Large cell carcinoma 5 (6.1)

Pathological stage
IIA 12 (14.6)
IIB 36 (43.9)
IIIA 34 (41.5)

Type of surgery
Lobectomy 77 (93.9)
Pneumonectomy 5 (6.1)

Table 4 The main toxicities of chemotherapy

Toxicity

Grade of toxicity

0 (%) 1 (%) 2 (%) 3 (%) 4 (%) 3–4 (%)

Hematologic toxicity
Leukopenia 34 (41.5) 29 (35.4) 13 (15.9) 5 (6.1) 1 (1.2) 6 (7.3)
Neutropenia 30 (36.6) 23 (28.0) 18 (22.0) 9 (11.0) 2 (2.4) 11 (13.4)
Anemia 65 (79.3) 11 (13.4) 3 (3.7) 3 (3.7) 0 (0.0) 3 (3.7)
Thrombocytopenia 40 (48.8) 24 (29.3) 16 (19.5) 2 (2.4) 0 (0.0) 2 (2.4)

Non-hematologic adverse events
Constitutional symptoms

Fatigue 46 (56.1) 25 (30.5) 9 (11.0) 2 (2.4) 0 (0.0) 2 (2.4)
Fever 73 (89.0) 6 (7.3) 3 (3.7) 0 (0.0) 0 (0.0) 0 (0.0)

Gastrointestinal
Nausea/Vomiting 35 (42.7) 32 (39.0) 13 (15.9) 2 (2.4) 0 (0.0) 2 (2.4)
Mucositis 72 (87.8) 7 (8.5) 3 (3.7) 0 (0.0) 0 (0.0) 0 (0.0)
Diarrhea 72 (87.8) 6 (7.3) 2 (2.4) 2 (2.4) 0 (0.0) 2 (2.4)
Constipation 76 (92.7) 6 (7.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Hepatorenal function
AST/ALT 64 (78.0) 13 (15.9) 5 (6.1) 0 (0.0) 0 (0.0) 0 (0.0)
Creatinine/GFR 74 (90.2) 5 (6.1) 3 (3.7) 0 (0.0) 0 (0.0) 0 (0.0)

Dermatology
Rash 76 (92.7) 5 (6.1) 1 (1.2) 0 (0.0) 0 (0.0) 0 (0.0)
Alopecia 69 (84.1) 10 (12.2) 3 (3.7) — — —
Petechiae/purpura 71 (86.6) 6 (7.3) 5 (6.1) 0 (0.0) — 0 (0.0)

Dyspnea 78 (95.1) 4 (4.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Table 3 Chemotherapy compliance

Parameter
Number of
patients (%)

Received 4 cycles of chemotherapy within 12 weeks 70 (85.4)
Did not complete chemotherapy 12 (14.6)

Completed 1 cycle 4 (4.9)
Completed 2 cycles 5 (6.1)
Completed 3 cycles 3 (3.7)

Reasons for treatment discontinuation
Patient’s refusal 10 (12.2)
Severe adverse events 1 (1.2)
Surgical complication 1 (1.2)
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Median OS was 36 months (95% CI: 25.9 to 46.1 months)
in patients with stage IIIA, and not reached in patients with
stage II (Fig 2).

Of the 82 patients who had been followed for survival
information, 48 (58.5%) experienced relapse and 31 (37.8%)
died. Four people died without documented relapse. Of the
patients who experienced a relapse, 23 patients (47.9%) were
confined to intrathoracic relapse, and the other 25 patients
(52.1%) appeared to have a distant relapse. Brain metastases
may play an important role in the cause of the patients’ death.

Of the 31 patients who died, 13 had a documented brain
relapse before death.

Discussion

According to the LACE meta-analysis,4 the pooled analysis of
the recent large trials of adjuvant cisplatin-based chemo-
therapy in NSCLC confirmed the effect of chemotherapy on
both OS (5.4% absolute benefit at five years) and DFS (5.8%
benefit), with unsatisfying compliance and toxicity. The
observed compliance among these trials ranged from 45% to
74%, and grade 3 or 4 neutropenia appeared in 18% to 85%
patients (Table 1). However, the chemotherapy compliance
seen on our trial was more favorable than that of cisplain-
based adjuvant chemotherapy. About 85% of patients com-
pleted four cycles of PC chemotherapy within 12 weeks.
Neutropenia was the most frequent hematological toxicity,
occurring in 63.4% of the patients, and grade 3 or 4 neutrope-
nia was experienced by 13.4% of the patients.

The JBR.10 trial carried out a multivariate analysis of the
chemotherapy compliance of patients, which showed that
there were many factors associated with chemotherapy com-
pliance, such as extent of surgery, gender, age, and race.16 In
their report, 19 of the 54 patients who underwent pneu-
monectomies completed four cycles of therapy. Patients who
underwent pneumonectomies were more likely to fail to
complete chemotherapy than patients with lesser resections
(P < 0.05). Data in our trial showed that four out of five
patients who experienced pneumonectomies completed four
cycles of chemotherapy. The JBR.10 trial also reported that
female patients were less likely than males (P = 0.02) to com-
plete chemotherapy. However, results from Stinchcombe
et al.17 revealed that 79.2% (19 of 24) of female patients com-
pleted four cycles of therapy, and, thus, no different to male
patients (79.2%, 38 of 48). Similarly, there were 85.7% female
patients and 84.6% male patients (P = 1) who finished four
cycles of therapy in our trial.

Chemotherapy treatment in the elderly is complicated by a
number of age-related issues, such as decreased hepatic, renal,
and bone marrow functions that increase toxicity, particu-
larly cisplatin-related toxicity.18,19 The issue of cisplatin-based
or carboplatin-based therapy for elderly patients with
advanced NSCLC has recently been addressed in some retro-
spective analyses of large randomized trials.20–23 Treatment
outcomes of patients younger and older than 70 years of age
enrolled on these trials were compared. Globally, these analy-
ses found no differences in survival between elderly and
younger patients, with a small increase in toxicity in the
elderly, and suggest that advanced age alone should not pre-
clude platinum-based chemotherapy for NSCLC. In fact,
those aforementioned analyses could suffer from selection
bias. Elderly patients enrolled in this sort of trial do not repre-
sent the whole elderly population, but, instead, a small

Figure 1 Kaplan-Meier disease-free survival curve. , stage II; ,
stage IIIA; , stage II-censored; , stage IIIA-censored.

Figure 2 Kaplan-Meier overall survival curve. , stage II; , stage
IIIA; , stage II-censored; , stage IIIA-censored.
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subgroup believed by investigators to be eligible for aggressive
treatments.24 A retrospective analysis25 of elderly patients (age
>65 years) on the JBR.10 trial revealed that adjuvant therapy
provided a survival benefit for elderly patients (HR = 0.61,
95% CI 0.38 to 0.98; P = 0.04). None of the elderly patients
received the full 16 doses of vinorelbine and only 32%
received the intended eight doses of cisplatin. Besides, fewer
elderly patients completed treatment and more refused treat-
ment (P = 0.03). This data suggested that there was a survival
benefit to treatment, even with a reduced dose delivery of
adjuvant chemotherapy, and that chemotherapy compliance
in the elderly may be a significant challenge. A similar
outcome was observed in one adjuvant chemotherapy
(vinorelbine-cisplatin or paclitaxel-carboplatin) trial of early
stage NSCLC in Canada.26 Patients aged 70 years and older
were almost twice as likely not to receive adjuvant chemo-
therapy as younger patients, even after adjusting for
co-morbidities. The median age of patients on our trial was
58 years, 19 patients (23.2%) exceeded 65 years, and six
patients (7.2%) were aged >70 years. Sixteen (84.2%) of the
19 patients who were aged >65 years completed four cycles of
therapy, while fifty-three (85.7%) of 63 patients who were
aged �65 years completed four cycles of therapy. According
to the outcomes, we may predict that, with the application of
lower toxic chemotherapy, age alone should not be a factor to
affect acceptance of chemotherapy.

Recently, Karapanagiotou et al.27 reported a phase II study
on PC as adjuvant chemotherapy in resected NSCLC. In the
trial, 45 eligible NSCLC patients with a pathological diagno-
sis of stage IB, II, or IIIA after surgery received postoperative
adjuvant chemotherapy with carboplatin (AUC = 5) and
pemetrexed (500 mg/m2) administered on days 1 and 14 on
a 28-day cycle, for a total of three cycles. Notably, 17 patients
(37.8%) with squamous cell lung cancer were included in
that trial. The observed side effects were only grade I and II,
and grade II toxicities included neutropenia (2.2%), anemia
(6.7%), and elevated ALT (13.3%). It is noteworthy that
during this study recombinant human granulocyte colony-
stimulating factors (rhG-CSF) were used prophylactically
(150 mg/m2/d subcutaneously) on days 8 to 11, but in our
trial rhG-CSF was used only at the appearance of severe
neutropenia or leukopenia. The rates of grade 3 to 4 neutro-
penia or leukopenia occurring in our trial were only 13.4%
and 7.3%, respectively. Additionally, the overall median time
to disease recurrence of patients in that research was 26
months. In our study, median DFS was 38 months (95% CI:
28.1 to 47.9 months) for patients with stage II and 21.0
months (95% CI: 13.7 to 28.3 months) for patients with
stage IIIA. PC adjuvant chemotherapy revealed a trend to
improve DFS compared to cisplatin-based chemotherapy
regimens.7 The median OS in our trial reached 36
months (95% CI: 25.9 to 46.1 months) for patients with
stage IIIA.

Conclusion

In conclusion, this study addressed whether the administra-
tion of PC is feasible in the adjuvant setting of completely
resected non-squamous NSCLC. Our findings confirm that
this regimen is safe and well-tolerated. Most patients com-
pleted the four cycles of therapy within 12 weeks. We demon-
strate here that adjuvant therapy with PC is an attractive
alternative for those patients with non-squamous NSCLC
who cannot tolerate the toxicity of cisplatin-based therapy.
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