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Abstract

The treatments for advanced non-small cell lung cancer (NSCLC) should control both local and

microscopic systemic disease, because the 5-year survival of patients with Stage III NSCLC who

underwent surgical resection alone has been dismal. One way to improve surgical outcome is the

administration of chemotherapy before or after the surgical procedure. During the last two dec-

ades, many clinical studies have focused on developing optimal adjuvant or neoadjuvant chemo-

therapy regimens that can be combined with surgical treatment and/or radiotherapy. Based on the

results of those clinical studies, multimodality therapy is considered to be an appropriate treat-

ment approach for Stage IIIA NSCLC patients; although, optimal treatment strategies are still

evolving. When N2 nodal involvement is discovered postoperatively, adjuvant cisplatin-based

chemotherapy confers an overall survival benefit. The addition of postoperative radiotherapy

might be considered for patients with nodal metastases. Although definitive chemoradiation

remains a standard of care for cN2 NSCLC, alternative approaches such as induction chemother-

apy or chemoradiotherapy and surgery can be considered for a selective group of patients. When

surgical resection can be performed after induction therapy with low risk and a good chance of

complete resection, the outcome may be optimal. The decision to proceed with resection after

induction therapy must include a detailed preoperative pulmonary function evaluation as well as a

critical intraoperative assessment of the feasibility of complete resection.
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Introduction

Lung cancer remains the leading cause of cancer-related death in
many countries, as many patients are diagnosed at an advanced
stage (III or IV). Surgery alone results in poor overall survival in
patients with Stage III non-small cell lung cancer (NSCLC) because
most of them have microscopic distant metastases. Since the 5-year
survival of patients with Stage IIIA-N2 NSCLC who underwent sur-
gical resection alone has been dismal (1), the treatments for
advanced NSCLC should control both local and microscopic sys-
temic disease. One way to improve surgical outcome is the adminis-
tration of chemotherapy before or after the surgical procedure.
During the last two decades, many clinical studies have focused on
developing optimal adjuvant or neoadjuvant chemotherapy regi-
mens for advanced lung cancer that can be combined with surgical
treatment and/or radiotherapy.

Neoadjuvant therapy

Preoperative therapy offers several benefits compared with adjuvant
therapy: (1) an increased percentage of patients completing the
planned dose of chemotherapy, (2) the ability to treat micro-
metastatic tumor cell dissemination preoperatively, (3) the ability to
evaluate the response to the chemotherapy as a prognostic indicator
and (4) increased resectability due to tumor regression.

Induction chemotherapy

There have been many Phase II trials using induction chemotherapy.
Martini et al. (2) published their experience with the administration
of two or three cycles of cisplatin, vindesine or vinblastine, and
mitomycin followed by surgical resection for 136 patients with
‘bulky’ N2 disease, which is visible on chest X-ray films. The median
survival for all patients was 19 months, and the 3-year survival was
41%, which was significantly better than the historical surgery-only
control of 8% (P = 0.001). There were significant differences in sur-
vival between patients who had a major response to chemotherapy
(78% of all patients) compared with those with less than a major
response (3-year survival, 34% versus 7%, respectively), as well as
between patients who underwent complete resection versus incom-
plete or no resection (3-year survival, 41% versus 5%, respectively).
Survival was greatest in patients with a tumor showing complete
pathologic response, with a 71% 3-year survival and 61% 5-year
survival. The Phase III neoadjuvant trial results, including Stage IIIA
disease, are summarized in Table 1 (3–11). Phase III trials evaluating

neoadjuvant chemotherapy followed by surgery versus surgery alone
date back to the early 1990s. Two studies reported by Roth (4) and
Rosell (5) suggested that induction therapy followed by surgery
could lead to improved surgical outcomes; however, recent large-
scale multi-institutional studies did not show improved survival in
Stage IIIA patients who received neoadjuvant chemotherapy. In
2006, Burdett et al. (12) conducted a systematic review and meta-
analysis of the literature describing the results of randomized con-
trolled trials (RCTs) comparing chemotherapy and surgery versus
surgery alone, and suggested that there was small benefit of neoad-
juvant chemotherapy, but it was based on a small number of trials
and patients. NSCLC Meta-analysis Collaborative Group (13) also
conducted a systematic review and individual participant data meta-
analysis to establish the effect of preoperative chemotherapy for
patients with resectable NSCLC. Although it included Stage IB–IIIA
patients, the analyses of 15 randomized controlled trials (2385
patients) showed a significant benefit of preoperative chemotherapy
on survival (hazard ratio [HR] 0.87, 95% CI 0.78−0.96, P =
0.007), an absolute survival improvement of 5% at 5 years, from
40% to 45%.

Induction chemotherapy with third-generation agents

The results of previous Phase II studies evaluating the efficacy of
induction chemotherapy with third-generation agents are shown in
Table 2 (14–20). These trials showed the feasibility and potential
benefit of induction chemotherapy using a combination of cisplatin
and third-generation agents for Stage III patients. Many studies
showed promising results with more than a 60% response rate.
Since data from Phase III trials with large sample sizes are lacking,
an adequate induction chemotherapy regimen is not yet defined.

Induction chemotherapy or induction

chemoradiotherapy (CRT)?

It is unclear whether induction radiotherapy adds benefit when sur-
gery is planned and this is an important clinical question because
the addition of each modality increases the possibility of morbidity
and mortality related to the treatment. Pless et al. (21) reported the
results of Phase III randomized trial investigating whether the add-
ition of neoadjuvant radiotherapy improves outcomes. In this trial,
232 patients were enrolled, of whom 117 were allocated to the che-
moradiotherapy group and 115 to the chemotherapy group. Median
event-free survival was similar in the two groups at 12.8 months
(95% CI 9.7−22.9) in the chemoradiotherapy group and 11.6
months (8.4−15.2) in the chemotherapy group (P = 0.67). They

Table 1. Phase III trial results including IIIA disease which compared induction chemotherapy and surgery alone

Primary author Year Stage No of
patients

Regimen Evaluation Results (%) P value
Induction chemo vs. Surgery alone

Pass et al. (3) 1992 IIIA 27 CDDP + ETP OS at 18 months 46 vs. 21 0.095
Roth (4) 1994 IIIA 60 CDDP + ETP + CPA OS at 36 months 56 vs. 15 0.018
Rosell (5) 1994 IIIA 60 CDDP + IFO + MMC OS at 60 months 17 vs. 0 0.005
Depierre (6) 2002 IB–IIIA 355 CDDP + IFO + MMC OS at 48 months 44 vs. 35 0.15
Nagai/JCOG (7) 2003 IIIA 62 CDDP + VDS OS at 36 months 23 vs. 26 0.53
Gilligan (8) 2007 IB–IIIA 519 Platinum contained OS at 36 months 44 vs. 45 0.86
Pisters (9) 2010 IB–IIIA 354 CBDCA + PAC OS at 60 months 42 vs. 33 0.11
Felip (10) 2010 IB–IIIA 413 CBDCA + PAC DFS at 60 months 38 vs. 34 0.176
Scagliotti (11) 2011 IB–IIIA 270 CDDP + GEM PFS at 36 months 53 vs. 48 0.03

CDDP, cisplatin; CBDCA, carboplatin; MMC, mitomycin; IFO, ifosfamide; CPA, cyclophosphamide; VDS, vindesin; PAC, paclitaxel; OS, overall survival;
DFS, disease-free survival; PFS, progression-free survival.
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suggested that Radiotherapy did not add any benefit to induction
chemotherapy followed by surgery.

To statistically investigate the benefit of neoadjuvant radiation
therapy, Shah et al. (22) conducted a systematic review and meta-
analysis. They hypothesized that the addition of radiotherapy to
induction chemotherapy prior to surgical resection would not
improve survival compared with induction chemotherapy alone.
They analyzed seven studies (23–29) that met the criteria for ana-
lysis, including one randomized control trial, one Phase II study,
three retrospective reviews, and two published abstracts of rando-
mized controlled trials. None of the studies demonstrated a survival
benefit to adding induction radiotherapy to induction chemotherapy
versus induction chemotherapy alone. The meta-analysis of rando-
mized studies demonstrated no survival benefit from adding radi-
ation (hazard ratio [HR]: 0.93; P = 0.81), and this was consistent
with the results from a meta-analysis performed on retrospective
studies (HR: 0.77; P = 0.24).

The most promising use of induction CRT is to treat superior
sulcus tumors (SST), where preoperative local tumor regression is
the key to achieving complete resection. Traditional treatment for
SST, radiation plus surgery, yields a 50% rate of complete resection
and a 5-year survival rate of 30%. Rush et al. (30) reported the
results from the South West Oncology Group (SWOG) 9416
(Intergroup 0160) Phase II trial, which tested the feasibility of induc-
tion CRT for SST, on the basis of improved outcomes in other sub-
sets of Stage III NSCLC. From April 1995 to November 1999, 110
eligible patients (76 men, 34 women) with T3-4N0-1 NSCLC-SST
were registered (78 T3, 32 T4 tumors). Patients received two cycles
of cisplatin and etoposide concurrently with 45 Gy radiation.
Patients with stable or responding disease underwent thoracotomy.
All patients received two more cycles of chemotherapy. Of the 95
patients eligible for surgery, 88 (80%) underwent thoracotomy, two
(1.8%) died postoperatively, and 83 (76%) had a complete resec-
tion. Pathologic complete response (CR) or minimal microscopic

disease was seen in 61 (56%) resection specimens. The 5-year sur-
vival was 44% for all patients and 54% after complete resection,
with no difference between T3 and T4 tumors. They concluded that
the combined-modality approach was feasible and was associated
with high rates of complete resection and pathologic CR in both T3
and T4 tumors. Local control and overall survival seem markedly
improved relative to previous studies of radiation plus resection.

Kunitoh et al. (31) also reported similar results from the Japan
Clinical Oncology Group (JCOG) Phase II trial (JCOG 9806), which
tested the feasibility of induction CRT for NSCLC-SST patients.
From May 1999 to November 2002, 76 patients were enrolled, 20
of whom had T4 disease, and 75 patients were fully assessable.
Patients received two cycles of chemotherapy every 4 weeks with
mitomycin on Day 1, vindesine on Days 1 and 8, and cisplatin 80
on Day 1. Radiotherapy directed at the tumor and the ipsilateral
supraclavicular nodes was started on Day 2 of each course, at a total
dose of 45Gy in 25 fractions, with a 1-week split. Thoracotomy
was undertaken 2–4 weeks after completion of the CRT. Pathologic
complete resection was achieved in 51 patients (68%). There were
12 patients with a pathologic complete response (CR). The disease-
free and overall survival rates at 3 years were 49% and 61%,
respectively; at 5 years, they were 45% and 56%, respectively. They
concluded that the trimodality approach was safe and effective for
the treatment of patients with SST.

Some large-scale multi-institutional clinical trials comparing
definitive CRT versus induction CRT followed by surgery for Stage
III patients are shown in Table 3 (32–36). In 2009, Albain et al. (35)
reported results from a multi-institutional Phase III trial (INT0139)
comparing CRT with or without surgery for Stage III NSCLC.
Although the surgery group showed significantly better progression-
free survival than the no surgery group, there was no significant dif-
ference in overall survival between the two groups. In this study, the
patients underwent pneumonectomy showed higher surgical mortal-
ity (26%) and poorer prognosis than those underwent lobectomy.

Table 2. Phase II trial results of induction chemotherapy with third-generation agents for Stage III patients

Primary author Year reported Stage No. of patients Regimen Response rate Median survival Trial

Van Zandwijk (14) 2000 IIIA 47 CG 70% 18.9 months EORTC08955
Betticher (15) 2003 IIIA 90 CT 66% 33 months
De Marinis (16) 2003 IIIA 49 CGP 74% 23 months
O’Brien (17) 2003 IIIA 52 CaP 64% 20.5 months EORTC08958
Cappuzzo (18) 2003 IIIA–IIIB 129 CG 62% 19.4 months
Biesma (19) 2006 IIIA 46 CT 39% 16.7 months EORTC08984
Garrido (20) 2007 IIIA–IIIB 136 CGT 56% 15.9 months Spanish Lung Cancer Group Trial 9901

C, cisplatin; Ca, carboplatin; G, gemcitabine; P, paclitaxel; T, docetaxel.

Table 3. Results of induction chemoradiotherapy followed by surgery

Primary author Phase Stage No. of
patients

Regimen Survival P value TRD

Albain (SWOG8805) (32) II IIIA–IIIB 126 CRT (45 Gy) + S IIIA 27%, IIIB 24% (3-year survival) 0.81 10%
Albain (Intergroup 0139) (35) III IIIA 429 CRT (61 Gy) vs. CRT

(45 Gy) + S
20.3% vs. 27.2%

(5-year progression-free survival)
0.10 2.1% vs. 7.9%

Katayama (33) II IIIA–IIIB 22 CRT (40-60 Gy) + S 66% (3-year survival) — —

Eberhardt (33) II IIIA–IIIB 62 CRT (45 Gy) + S 31% (4-year survival) — —

Eberhardt (ESPATUE) (36) III IIIA–IIIB 161 CRT (65−71 Gy) vs.
CRT (45 Gy) + S

40% vs. 44% (5-year overall survival) 0.34 2.5% vs. 6.2%

CRT, chemoradiothrapy; S, surgery; SWOG, South West Oncology Group; TRD, treatment-related death.
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However, Weder et al. (37) reported that 176 patients who under-
went neoadjuvant therapy followed by pneumonectomy showed
only 3% of 90 postoperative day mortality rate in their retrospective
evaluation of medical records in two specialized thoracic centers.
The significance of adding surgical treatment to CRT for Stage III
patients requires further evaluation.

Adjuvant therapy

Adjuvant chemotherapy

The NSCLC Collaborative Group (38) reported a meta-analysis of
14 clinical trials addressing the role of adjuvant chemotherapy for
resected NSCLC. There was no statistically significant survival bene-
fit in the group of patients who received adjuvant chemotherapy,
but a trend toward better survival prompted further studies. Since
the 1995 NSCLC Collaborative Group meta-analysis (38) showed a
5% increase in 5-year survival with adjuvant cisplatin-based chemo-
therapy (HR, 0.87; P = 0.08), some multi-institutional randomized
controlled trials have reported a significant overall survival benefit
all using cisplatin-based doublets except one Japanese UFT study, as
shown in Table 4 (39–45).

In 2005, Berghmans et al. (46) performed a meta-analysis of 25
recent randomized trials testing either induction or adjuvant chemo-
therapy in resectable NSCLC. Twenty-five studies eligible for this
analysis were published between 1986 and 2004. They assessed the
role of chemotherapy given before (n = 6) or after surgery (n = 19).
A total of 8234 eligible patients, 590 in the induction trials and
7644 in the adjuvant trials, were enrolled. Individually, 11 studies
demonstrated a statistically significant survival advantage in favor
of the addition of chemotherapy to surgery. The chemotherapy used
in these trials included platinum-based regimens that were more
effective and better tolerated than those evaluated in the 1995 meta-
analysis (38). A HR of 0.84 (95% CI, 0.78−0.89) favoring the use
of adjuvant chemotherapy was found. Full planned chemotherapy
could be administered in more than 80% of the patients for the
majority of the induction trials (range 71−100%); although for
adjuvant studies, chemotherapy was administered to more than
80% of the patients (range 24−85%) in only one trial.

Subsequently, the Lung Adjuvant Cisplatin Evaluation (LACE)
meta-analysis (47) was conducted using individual patient data col-
lected from the five largest trials (4 584 patients) of cisplatin-based
adjuvant chemotherapy in completely resected patients with NSCLC
(39–41,44,45), performed after the 1995 NSCLC Collaborative
Group meta-analysis. This analysis also showed a significant sur-
vival benefit with adjuvant chemotherapy, with an overall HR of
0.89, translating into a 5-year absolute survival benefit of 5.4%.
The value of chemotherapy was shown to vary with tumor stage. It

was suggested that adjuvant chemotherapy was detrimental for
Stage IA disease, had an unclear benefit for Stage IB tumors, but
was clearly beneficial for patients with resected Stage II/III disease
(HR for death for Stage IA, 1.40; 95% CI, 0.95−2.06; Stage IB,
0.93; 95% CI, 0.78−1.10; Stage II, 0.83; 95% CI, 0.73−0.95; Stage
III, 0.83; 95% CI, 0.72−0.94).

The LACE meta-analysis (47) also showed that the benefit of
adjuvant chemotherapy was not without cost, citing a 66% inci-
dence of Grade 3 or 4 adverse events. A significant interaction was
seen between the chemotherapy effect and the World Health
Organization performance status (PS) (test for trend, P = 0.009 for
overall survival and P = 0.01 for disease-free survival), with a sig-
nificantly increased chemotherapy effect with a better PS and pos-
sible disadvantage when the PS was 2. As a result of these studies,
the standard care for patients who underwent resection of Stage II
or III NSCLC now includes adjuvant platinum-based chemotherapy.

In 2010, the NSCLC Meta-analyses Collaborative Group (48)
reported on a meta-analysis of 34 clinical trials, with 8447 patients
(3 323 deaths), addressing the benefit of adjuvant chemotherapy for
resected NSCLC. Among those trials, the overall HR for survival in
patients who received cisplatin-based adjuvant chemotherapy sug-
gested absolute improvements in 5-year survival of 3% for Stage IA
(from 70% to 73%), 5% for Stage IB (from 55% to 60%), 5% for
Stage II (from 40% to 45%), and 5% (3–8) for Stage III disease
(from 30% to 35%).

Adjuvant radiotherapy

The role of postoperative radiotherapy (PORT) in the treatment of
patients with completely resected NSCLC is not as clear as that of
chemotherapy. In 1988, the PORT Meta-analysis Trialists Group
(49) collected individual data on 2128 patients from nine available
randomized trials of PORT versus surgery alone. They reported a
21% relative increase in the risk of death, which was equivalent to
an absolute detriment of 7% at 2 years, with PORT reducing overall
survival from 55% to 48% after resection. Subgroup analysis sug-
gested that the adverse effect on overall survival was most notable
for patients with Stage I/II (N0–N1) tumors; whereas, there was no
clear evidence of either adverse effects or benefits for Stage III dis-
ease. The results of the PORT meta-analysis, however, are probably
not applicable to current therapy because of recent major improve-
ments in radiation treatment planning and delivery. In a retrospect-
ive analysis, Lally et al. (50) reported on a large database of patients
with resected NSCLC who received PORT between 1988 and 2002
(n = 7465) using the Surveillance, Epidemiology, and End Results
Program (SEER) database. This retrospective study revealed no adverse
impact on overall survival. Subset analyses showed a significant
decrease in survival for patients with N0 (HR, 1.1176; P = 0.0435)

Table 4. Phase III trials of adjuvant chemotherapy including Stage IIIA non-small cell lung cancer

Trial Year Overall survival HR (95% CI)

All stages Stage I Stage II Stage IIIA

ALPI (39) 2002 0.96 (0.81−1.13) 0.97 (0.71−1.33) 0.80 (0.60−1.06) 1.06 (0.82−1.38)
IALT (40) 2004 0.86 (0.76−0.98) 0.95 (0.74−1.23) 0.93 (0.72−1.20) 0.79 (0.66−0.95)
BLT (41) 2004 1.02 (0.77−1.35) Not tested Not tested Not tested
CALGB9633 (42) 2004 0.80 (0.60−1.07) 0.80 (0.60−1.07) Not tested Not tested
UFT/Kato (43) 2004 0.71 (0.52−0.98) 0.71 (0.52−0.98) Not tested Not tested
JBR.10 (44) 2005 0.69 (0.52−0.91) 0.94 0.59 (0.42-0.85) Not tested
ANITA (45) 2006 0.80 (0.66−0.96) 1.14 (0.83−1.57) 0.67 (0.47–0.94) 0.60 (0.44−0.82)
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and N1 disease (HR, 1.097; P = 0.0196) but significantly improved
survival for patients with N2 disease (HR, 0.8555; P = 0.0077). In
addition, an unplanned subset analysis of patients who received PORT
in the Adjuvant Navelbine International Trialist Association (ANITA)
(45) randomized study of adjuvant chemotherapy suggested
PORT had a positive effect in patients with pN2 disease and a
negative effect in patients with pN1 disease. In summary, these
data suggest that PORT may be appropriate for patients with
Stage IIIA (N2) disease. At a minimum, PORT reduces the risk of
loco-regional recurrence and might improve overall survival for
these patients.

Induction or adjuvant chemotherapy?

Which is the better treatment, induction or adjuvant chemotherapy?
Some concern has arisen regarding adjuvant chemotherapy compli-
ance, with most trials involving cisplatin doublets reporting delivery
of only 60% of the planned treatments. The (Neo) adjuvant Taxol/
Carboplatin Hope (NATCH) trial (10) compared the prognosis of
patients who received neoadjuvant chemotherapy, adjuvant chemo-
therapy, and surgery alone. The NATCH trial was conducted
between April 2000 and March 2007, and a total of 624 patients
from 42 centers in Spain, Germany, Portugal, Sweden, and
Switzerland were randomly assigned to one of three arms. A total of
212 patients were assigned to the surgery arm, 201 to the preopera-
tive chemotherapy group, and 211 to the adjuvant group. There
were no statistical differences in the prognosis between these three
groups. However, the NATCH trial compared induction and adju-
vant chemotherapy only for Stage I, II and some Stage IIIA (T3N1)
patients. No Phase III study has compared induction and adjuvant
chemotherapy for Stage III-N2 patients. Nevertheless, induction
chemotherapy seems better tolerated with more than 80% of
patients receiving the full planned treatment, which is an improve-
ment over adjuvant chemotherapy. In the LACE meta-analysis (47),
33% of patients in the chemotherapy arm did not receive the
planned chemotherapy regimen, reflecting the difficulty of adminis-
tering taxing adjuvant chemotherapy to a postoperative population.

Consolidative therapies (PORT and

chemotherapy after induction chemotherapy)

Amini et al. (51) reported the role of consolidation therapy for
resected Stage III NSCLC with persistent N2 disease after induction
chemotherapy. They concluded that aggressive consolidative therap-
ies (PORT and chemotherapy) may improve outcomes for patients
with persistent N2 disease after induction chemotherapy and sur-
gery. However, the data from Phase III trials are lacking and there is
no evidence regarding the efficacy of consolidative therapy.

Future directions

In order to improve dismal surgical outcome of IIIA-N2 disease, the
administration of chemotherapy and/or radiotherapy before or after
the surgical procedure should be considered by multidisciplinary team.
Optimal adjuvant or neoadjuvant therapy regimens should be evalu-
ated by multi-institutional large-scale RCTs. For cN0-1pN2 disease,
adjuvant chemotherapy with molecular-targeted agents and adjuvant
immunotherapy should be explored. For cN2 disease, induction
chemotherapy or immunotherapy with or without radiotherapy fol-
lowed by surgery can be considered for a selective group of patients

Conclusions

Multimodality therapy is an appropriate treatment approach for
Stage IIIA NSCLC patients; although, optimal treatment strategies
are still evolving. When N2 nodal involvement is discovered post-
operatively, adjuvant cisplatin-based chemotherapy confers an over-
all survival benefit. The addition of PORT might be considered for
patients with hilar or mediastinal nodal metastases. Although defini-
tive chemoradiation remains a standard of care for cN2 NSCLC,
alternative approaches such as induction chemotherapy with or
without radiotherapy and surgery can be considered for a selective
group of patients. When surgical resection can be performed after
induction therapy with low risk and a good chance of complete
resection, the outcome may be optimal. The decision to proceed
with resection after induction therapy must include a detailed pre-
operative pulmonary function evaluation as well as a critical intrao-
perative assessment of the feasibility of complete resection.
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