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Although surgical resection is considered the adequate treatment
in early stages of nonsmall cell lung cancer, long-term survival is
not satisfactory and recurrence rate is high. We previously showed
that postoperative chemotherapy at stage IB reduces recurrences
and prolongs overall survival. We extended size and observation
period of the study sample and performed a separate analysis for
minimally resected patients. The trial was designed as a random-
ized, 2-armed study with postoperative adjuvant chemotherapy
versus surgery alone as control group. All patients had stage IB
disease (pT2N0) assessed after a radical surgical procedure
(defined as anatomical or minimal). Chemotherapy consisted of
cisplatin (100 mg/m2 day 1) and etoposide (120 mg/m2 days 1–3)
for 6 cycles. The primary endpoint was overall survival; second-
ary endpoint was disease-free survival (DFS). One hundred and
forty patients entered the study: 70 were assigned to the adjuvant
chemotherapy group and 70 to the control group. Groups were
homogeneous for conventional risk factors. There was no clini-
cally significant morbidity associated to chemotherapy. Patients
were followed for a mean period of 40.31 6 30.86 months. A sig-
nificant difference in overall (p 5 0.02) and disease-free (p 5
0.0001) survival was observed between patients undergoing adju-
vant chemotherapy vs. control group. Adjuvant chemotherapy sig-
nificantly improved both overall (p5 0.02) and DFS (p5 0.003) of
anatomically resected patients, but only the DFS (p 5 0.02) of
minimally resected patients. Our results confirm that adjuvant
chemotherapy may have a real impact on long-term survival in
patients with stage IB nonsmall cell lung cancer being this effect
especially evident for those anatomically resected.
' 2006 Wiley-Liss, Inc.
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Radical surgical resection is considered the adequate treatment
in providing survival benefits for early nonsmall cell lung cancer
(NSCLC), especially for those patients without lymph node
involvement.1 A variety of surgical procedures exist (e.g. stand-
ard, atypical, parenchyma-sparing or extended procedures) but all
aim at the resection of NSCLC oncologically complete. Notwith-
standing, long-term survival is not satisfactory and the recurrence
rate is quite high2–4 due to the presence of micrometastases5–7 not
detectable by conventional diagnostic procedures and, therefore,
not eradicable by surgery. To prevent this occurrence, postopera-
tive adjuvant systemic therapy was proposed even in the case of
surgical procedures deemed radical.8,9 A recent meta-analysis of
all randomized trials with accrual from January 1965 to December
1991 showed that the absolute risk of death was reduced by 3% at
2 years and 5% at 5 years for patients who were treated with post-
operative cisplatin-containing regimens.10 According to these evi-
dences some institutions,8,9,11,12 proposed adjuvant chemotherapy
even after presumed radical surgery at stage I, despite discordant
results presented by another multicentric study.13

On these bases we previously performed a prospective random-
ized trial including a limited but homogenous subset of NSCLC
patients, staged pT2N0 (IB) undergoing anatomical radical resec-
tion.14 At that time we concluded that adjuvant therapy might re-
duce recurrences by �30% and prolong 5-year overall survival by
�20%. This article presents the results from the 10-year follow-up
analysis of our previous randomized study,14 in which the enroll-
ment criteria were extended to include patients who deserved min-

imal resection. The purpose of this update was 2-fold: first, to
determine whether the reduction of systemic recurrence rates
translates into a long-term survival advantage in treated patients
that would be reflected in overall survival; second, to establish
whether a paradigm shift in IB NSCLC patient management could
be confirmed, in which adjuvant chemotherapy after surgery
would significantly influence not only locoregional recurrences
but also the systemic outcome and, thus, curability.

Methods

Study design

The trial was designed as a monoinstitutional prospective
randomized, 2-armed study of postoperative adjuvant chemotherapy
versus surgery alone. Patients were enrolled and data collection was
performed at the University of Rome Tor Vergata. The study was
performed under the approval of the local ethical committee and in
accordance with the principles embodied in the Declaration of Hel-
sinki. Each patient signed a fully informed consent before inclusion
in the study. The primary endpoint was overall survival; the second-
ary endpoint was disease-free survival (DFS).

Eligibility criteria for enrollment in the study were:

1. histologically confirmed diagnosis of NSCLC in pathologi-
cal stage T2N0 and absence of viable regional or distant
metastatic disease. The staging included clinical history and
physical examination, complete blood cell count, serum bio-
chemistry, carcinoembryonic antigen as tumor marker evalu-
ation, urinalysis, plain chest roentgenogram, respiratory
functional tests, electrocardiogram, total body computed to-
mography (CT) scan and fibrobronchoscopy; bone scan was
performed only when symptoms were present or alkaline
phosphatase level was 50% greater than the normal limit;

2. age below 75 years with a performance status (Karnofsky
index) equal or greater than 90%;

3. beginning of adjuvant chemotherapy within 30 days from surgery;
4. no other organ dysfunction (hepatic, renal and cardiac impair-

ment were evaluated within a maximum period of 6 months
preoperatively). Echocardiography and cardiopulmonary stress
test were performed when necessary;

5. no history of cancer or radiotherapy or chemotherapy within
the last 5 years prior to surgery.
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Surgical procedures

All patients underwent radical surgery. Minimal resection was
performed when preoperative forced expiratory volume in 1 sec
was equal or lower than 1.3 L (47 patients). All patients undergoing
minimal resection had margins of resection histologically free of tu-
mor invasion; routine mediastinal lymphoadenectomy was per-
formed in all 47 patients. Anatomical resection (93 patients)
included posterolateral thoracotomy, pleural cavity exploration, dis-
section of incidental filmy adhesion of the tumor, routine mediasti-
nal lymph-nodes dissection according to the map of Naruke et al.,15

venous vessels preparation and ligation prior to arteries and me-
chanical bronchial suture.

Randomization

Method to generate random allocation was derived from a com-
puterized software in basic language elaborated by the biostatistics
department of our university. The randomization was performed af-
ter radical surgery so that the surgical team was not influenced by
the random allocation. Furthermore, the sequence was concealed to
the oncologist too and they were notified only at the randomization
time by telephonic contact with the statistical department.

Adjuvant chemotherapy

Chemotherapy regimen consisted of 6 courses of cisplatin
(CDDP): 100 mg/m2 given on day 1, and etoposide (VP16): 120 mg/
m2 at days 1, 2 and 3. Treatment was repeated every 4 weeks.
CDDP was infused over 1 hr after intravenous hyperhydratation
with 2,000 mL saline plus potassium chloride. VP16 was adminis-
trated as a 30-min intravenous infusion diluted with 250 mL of saline.

Functional assessment (i.e., complete and differential blood cell
counts, urea nitrogen, creatinine clearance, bilirubin and liver
enzymes) was repeated before each cycle. Complete and differen-
tial blood cell counts were also performed on day 12 to assess
hematological toxicity.

Dose reduction and delay in therapy were established according
to hematological and nonhematological toxicity. Toxicity was scored
according to the World Health Organization toxicity scale (grade 0–4).

In the case of grade 2 hematological toxicity, chemotherapy
dosage was reduced to 75% of the planned dose. In the event of
grade 3 hematological toxicity or in case of a creatinine clearance
rate lower than 60 mL/min the dosage was reduced by 50%.
Chemotherapy was not infused if myelotoxicity or neurotoxicity
exceeded grade 2 or whether creatinine clearance dropped below
40 mL/min. The persistence of grade 2 toxicity for a period longer
than 14 days implied interruption of treatment.

Incidence and severity of adverse effects of adjuvant chemo-
therapy were evaluated for each chemotherapic cycle.

Follow up was repeated with the same time-schedule (every 3 months
for the first 2 years and then twice a year) for either study arm and
included clinical examination, blood biochemistry, serum tumor
marker determination (CEA) and chest x-ray. Total body CT-scan
was performed every 6 months for the first 2 years and then yearly.

Statistical analysis

Based on our previously published observations14 and assuming
a 10-year survival rate of 40% for patients at IB stage not receiv-
ing adjuvant treatment, we planned to accrue at least 70 patients
for each arm of the study. The realized power of detecting a 25%
improvement in overall survival at 10 years using the 5% level of
a conventional 2-sided test was calculated at 80%. All patients
deemed eligible were analyzed on an intention-to-treat basis.

Univariate analysis was performed considering those factors ca-
pable of conditioning intergroup differences. Continuous variables
were tested by the Mann-Whitney nonparametric test. Dependence
among categorical variables was analyzed by the v2-test or Fisher’s
exact test when appropriate. Significance level was 0.05. According
to the cognitive nature of the study we decided to present the results
for patients with a minimum follow-up of 10-year period.

Multivariate regression analysis for factors capable of influenc-
ing recurrence or death was performed using the Cox’s propor-
tional hazards model.16 Overall and DFS curves were calculated
by the Kaplan-Meier method17 and the significance test was
assessed according to the Mantel log-rank test.18 In all survival anal-
yses, the time to the end point was calculated from the date of sur-
gery of NSCLC until the event date. The following end points were
analyzed: (i) DFS was defined as the interval between the date of di-
agnosis and the date of the first NSCLC recurrence; with the event
being any recurrence, locoregional or systemic; (ii) overall survival
was defined as the interval from date of diagnosis until the date of
malignancy-related death. All calculations were made using com-
puter software packages (Systat, version 9.0, SPSS, Chicago, IL).

Results

Of 191 patients considered for randomization, 46 were judged
ineligible due to severe comorbidity, delayed recovery after sur-
gery or unwillingness to provide informed consent. Additional 5
patients were excluded after randomization because of major pro-
tocol violation.

A total number of 140 patients (117 men and 23 women), with
pathological stage IB of NSCLC were judged eligible and allowed
into the study from January 1988 to December 1994. Seventy
patients were randomized to each study arm. Figure 1 shows the trial
profile and the patients’ characteristics are summarized in Table I.

FIGURE 1 – Trial profile.
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All 140 patients underwent complete surgical resection. As
shown in Table II, 47 patients had minimal resection, while 93
underwent anatomical resection. Mean time between surgery and
the beginning of chemotherapy was 21 6 3.9 days (range 14–28).
Patients were followed up for a mean period of 40.31 6 30.86
months.

Treatment was generally well tolerated, and there was no toxic
death. The most adverse effects were manifested starting from the
third course. Treatment-related toxicity is reported in Table III.
Major discomforts were nausea and frequent vomiting (100%), fa-
tigue (35%), alopecia (21%). As regards hematological toxicity,
leukopenia was quite relevant (42% of the patients), especially
considering that granulocyte-colony stimulating factors were not
routinely available at that time. In most patients, leukopenia rap-
idly reverted, thus not requiring any dose reduction. Forty-four
patients (63%) were able to complete the 6 planned courses of the
scheduled treatment regimen, whereas 11 patients required a 25%
dose reduction of both drugs (CDDP 75 mg/m2 and VP16 90 mg/
m2) due to leukopenia G2 associated to either thrombocytopenia
G2 or emesis. Four additional patients developed a sustained G2
toxicity (over 14 days) at fourth course and stopped treatment
thereafter. Seven patients developed rapid disease progression dur-
ing the chemotherapy and were considered for palliative care only.
Finally, 4 patients refused to continue chemotherapy (2 patients
after the third course and 2 after the fourth course).

All patients were included in the final survival analyses, regard-
less their planned treatment was completed or uncompleted, in
order to avoid a selection bias leading to an art factual improve-
ment of survival in the adjuvant group. At the end of the study, we

recorded a total of 65 deaths, 53 directly of NSCLC and 12 of
other unrelated causes. One patient in the adjuvant arm developed
a second primary tumor in the contralateral lung. Table IV sum-
marizes the recurrence pattern for treatment and type of resection.

Analysis of DFS time was performed in the overall population.
As shown in Figure 2, a significantly higher DFS rate was ob-
served in patients randomized to adjuvant chemotherapy (median
survival time 78.4 months) compared to patients randomized to
surgery alone (median survival time 25.6 months) (p 5 0.0001).
The 5-year and 10-year DFS rates were 55 versus 20% and 34 ver-
sus 9%, respectively.

Figures 3 and 4 show the Kaplan Meier curves of patients strati-
fied on the basis of different surgical procedure. As shown, in the
anatomically resected subset 5-year and 10-year rates for the adju-
vant chemotherapy group were 78 and 41% (median survival time
99.2 months), compared to 30 and 21% (median survival time
30.4 months) (p 5 0.003) of the control group (Fig. 3). Similarly,
in minimally resected patients randomized to adjuvant chemother-
apy the 10-year DFS rate was significantly different (38%) (median
survival time 46.4 months) than in patients undergoing minimal re-
section alone (18%) (median survival time 24.0 months; p 5 0.02)
(Fig. 4).

Finally, analysis of overall survival time was performed in the 2
groups of patients. No significant difference was observed accord-
ing to the type of surgical procedure. Indeed, the 5-year and 10-
year overall survival rates of anatomically resected patients were
55 and 40%, compared to 40 and 15% of minimally resected
patients (p 5 n.s.)(data not shown). On the other hand, a signifi-
cant difference was observed in the overall survival of patients
undergoing adjuvant therapy (median survival time 84.8 months)
compared to the control group (median survival time 41.6 months;
p 5 0.02) (Fig. 5), with 5-year and 10-year survival rates of 62
versus 42% and 44 versus 20%, respectively. Figure 6 shows the
Kaplan Meier overall survival curves for IB stage patients who
underwent anatomical resection. As shown, the 5-year and 10-year
rates of anatomically resected patients randomized to adjuvant
chemotherapy were 75 and 63%, respectively, compared to 50 and
36% of patients randomized to surgery only (median survival time
49.6 months; p5 0.02) (Fig. 6). Conversely, the 5-year and 10-year
survival rates of minimally resected patients randomized to adjuvant
chemotherapy were 40 and 20%, respectively, compared to 39 and
18% of patients randomized to surgery only (Hazard ratio 0.85,
95% Confidence Limits: 0.4–1.8, p5 0.4).

TABLE I – PATIENTS CHARACTERISTICS AND BALANCE OF RISK FACTORS

Anatomical resection
(n 5 93)

Minimal resection
(n 5 47)

p-value Adjuvant
(n5 70)

Control
(n 5 70)

p-value

Age (mean 6 SD) 61.86 9.8 67.46 7.7 n.s. 64.76 9.9 62.96 9.2 n.s.
Sex (male vs. female) 80 vs. 13 37 vs. 10 n.s. 64 vs. 6 53 vs. 17 n.s.
Histology (nonsquamous vs. squamous) 43 vs. 50 22 vs. 25 n.s 31 vs. 39 30 vs. 36 n.s
Site (central vs. peripheral) 55 vs. 38 20 vs. 27 n.s 43 vs. 27 32 vs. 38 n.s
Karnofsky index1 <100% (yes vs. no) 16 vs. 77 7 vs. 40 n.s 13 vs. 57 12 vs. 58 n.s
Weight loss1 �10% (yes vs. no) 17 vs. 76 11 vs. 36 n.s. 10 vs. 60 11 vs. 59 n.s.
Neutrophil count1 �5,400 (yes vs. no) 14 vs. 79 8 vs. 39 n.s. 10 vs. 60 10 vs. 60 n.s.
Lactic dehydrogenase1 �149 (yes vs. no) 20 vs. 73 8 vs. 39 n.s. 15 vs. 55 12 vs. 58 n.s.
Smoking history (yes vs. no) 78 vs. 15 39 vs. 8 n.s. 61 vs. 9 53 vs. 11 n.s.

SD, standard deviation; n.s., not significant.
1preoperative determination.

TABLE II – PATIENTS’ STRATIFICATION ACCORDING TO RANDOMIZATION
AND THE TYPE OF SURGICAL RESECTION

Resection Adjuvant Control Total

Anatomical 47 46 93
Lobectomy 40 35 75
Pneumonectomy 7 11 18

Minimal 23 24 47
Total 70 70 140

TABLE III – TOXICITY BY GRADE

No. of patients (%)

Grade 2 Grade 3

Hematological
Leucocytopenia 30 (42) 0
Neutropenia 25 (35) 0
Thrombocytopenia 8 (11) 0
Anaemia 6 (9) 0

Non-Hematological
Fatigue 25 (35) 0
Flue-like syndrome 1 (1.4) 0
Nausea/vomiting 54 (77) 16 (23)
Alopecia 10 (18) 2 (3)
Neurological symptoms 5 (9) 0

TABLE IV – RECURRENCE PATTERN BY TYPE OF RESECTION
AND ADJUVANT TREATMENT

Treatment None Local Distant Total

Minimal 14 (30%) 16 (34%) 17 (36%) 47
Adjuvant 11 2 10 23
Control 3 14 7 24

Anatomical 46 (49%) 9 (10%) 38 (41%) 93
Adjuvant 31 4 12 47
Control 15 5 26 46
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Discussion

Curative surgery can be considered the treatment of choice for
early stage NSCLC, although the 5-year survival rates of patients
undergoing complete surgical resection is only 40–60%.15,19–21

The poor long-term prognosis is due to the development of local
and distant recurrences. In fact, distant disease is the most com-
mon pattern of failure in stage I NSCLC, and 6–11% of local re-
currence versus 23–30% of distant metastases is reported in the lit-
erature.5,2,22 The development of relapsing disease might be attrib-
uted to local or systemic undetectable remaining viable tumor
cells after resection.5–7 For these reasons over the last 15 years the
improvement of prognosis by postoperative chemotherapy has
been attempted. Accordingly, patients completely resected for
stages I and II tumors have been enrolled in adjuvant chemother-
apy clinical studies. The cisplatin regimens were the most admin-
istered in randomized trials.23 Three consecutive studies of the
Lung Cancer Study Group (LCSG) testing cyclophosphamide, ad-
riamycin and cisplatin (CAP) regimens in resected NSCLC

patients showed positive biological effects (i.e., delayed recur-
rence of disease), although overall survival was not significantly
different.24–26 Moreover, Niiranen et al. in the Finnish Trial8 dem-
onstrated a significant improvement in overall survival (56 vs.
67%, p5 0.05) in 110 patients with operated T1-3 N0 by the addi-
tion of 6 courses of CAP. On the other hand, 2 other studies, the
European Trial27 of CAP regimen (administered with a different
schedule than the one applied in LCSG trials) and a Japanese
trial,28 failed to demonstrate any impact on disease-free or overall
survival.

For all these reasons, adjuvant chemotherapy in NSCLC cannot
be considered as standard therapy, yet, and randomized trials are
being presently carried out to assess the real impact on disease-
free or overall survival of NSCLC patients.29,30 Preliminary results
obtained in these studies are nevertheless divergent. Adjuvant Lung
Project Italy study does not show any improvement of either overall
survival or DFS.29 International Adjuvant Lung Cancer Trial study

FIGURE 2 – DFS curves NSCLC stage IB patients (adjuvant vs.
control).

FIGURE 3 – DFS curves NSCLC stage IB patients (anatomical
resection with/without adjuvant chemotherapy).

FIGURE 4 – DFS curves NSCLC stage IB patients (minimal resec-
tion with/without adjuvant chemotherapy).

FIGURE 5 – OS curves NSCLC stage IB patients (adjuvant vs.
control).
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shows an improvement in both parameters, even if limited, in the
treated group compared to the control group (overall survival p <
0.03 and DFS p < 0.003).30 Furthermore, the results of other stud-
ies31–33 demonstrated that presently no agreement has been reached
on NSCLC adjuvant therapy.

In a previous trial, we reported that the 5-year overall survival
rate of anatomically resected stage IB NSCLC patients who under-
went adjuvant chemotherapy was significantly increased (p5 0.04).
Moreover, the DFS rates were 59% in patients randomized to ad-
juvant chemotherapy compared to 30% in patients randomized to
surgery alone (p 5 0.02).14 In the present study, we have extended
the sample size of our previous trial including patients deserving
minimal resection and prolonging the postoperative observation
period. The results obtained, while confirming the 5-year survival
rates obtained in our previous study, demonstrate a significant
reduction of the recurrence rates at 10 years, which translates into

a long-term survival advantage in stage IB NSCLC patients.
Moreover, the patients segmentation according to surgical proce-
dure, allows the identification, within IB stage NSCLC patients, of
a subgroup that can derive more advantages from chemotherapy.
Indeed, significantly improved overall (p 5 0.02) and disease-free
(p 5 0.003) survival rates were observed after adjuvant chemo-
therapy in patients who underwent anatomical resection (Figs. 3
and 6), which is in agreement with the results obtained in recent
trials of adjuvant chemotherapy for early stage NSCLC.34–36 No
statistical difference in overall survival was evident for patients
minimally resected, although, a real impact was observed for DFS
(Fig. 4). This might be justified by the small size of these sub-
groups (23 vs. 24). Moreover, we might hypothesize that this
effect may be due to the permanence of cancer cells in circulation
or hidden in lymphatic organs, which can be responsible for me-
tastases development.6,7 In fact, in case of anatomical surgery the
residual cell load is probably lower than that occurring after mini-
mal surgery and therefore adjuvant chemotherapy can be more
effective.

Limits to our study may be represented by the small sample size
due to the strict patients selection. One might also raise some criti-
cism about the type of drugs used at that time. Nonetheless, the
results reported here strongly suggest that adjuvant chemotherapy
may represent a real impact on long-term survival of stage IB
NSCLC by reducing locoregional recurrences and distant metasta-
ses rates, particularly in the subset of patients undergoing anatomi-
cal resection. This concept is further supported by the results of
the CALGB trial (Cancer and Leukemia Group B), demonstrating
that adjuvant chemotherapy significantly reduces all cause and
lung cancer mortality in stage IB NSCLC.36

New trials with new chemotherapic regimens and specifically
designed to address this issue are currently ongoing and will help
to assess the real impact of adjuvant treatment in the management
of NSCLC patients.
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