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The treatment of patients with stage IIIA (N2) non-small cell lung cancer (NSCLC) is one 
of the most challenging and controversial areas of thoracic oncology. This heterogeneous 
group is characterized by varying tumor size and location, the potential for involvement 
of surrounding structures, and ipsilateral mediastinal lymph node spread. Neoadjuvant 
chemotherapy, administered prior to definitive local therapy, has been found to improve 
survival in patients with stage IIIA (N2) NSCLC. Concurrent chemoradiation has also 
been evaluated in phase III studies in efforts to improve control of locoregional disease. In 
certain instances, a tri-modality approach involving concurrent chemoradiation followed 
by surgery, may offer patients the best chance for cure. In this article, we provide an 
overview of the trials evaluating neoadjuvant therapy in patients with stage IIIA (N2) 
NSCLC that have resulted in current practice strategies, and we highlight the areas of 
uncertainty in the management of this challenging disease. We also review the current 
ongoing research and future directions in the management of stage IIIA (N2) NSCLC.

Keywords: neoadjuvant chemotherapy, induction chemotherapy, neoadjuvant chemoradiation, tri-modality, stage 
iiiA non-small cell lung cancer, mediastinal disease

iNTRODUCTiON

An estimated 222,500 new cases of lung cancer are expected in the United States in 2017, of which 
approximately 80% will be non-small cell lung cancer (NSCLC) (1). Furthermore, approximately 
15% of NSCLC cases will present with stage IIIA (N2) disease (2). This highly heterogeneous group 
is characterized by widely variable tumor sizes (sub-centimeter up to 7 cm), possible invasion of local 
structures, and microscopic or bulky ipsilateral mediastinal or subcarinal lymph node involvement. 
The degree of mediastinal lymph node involvement has significant prognostic implications. Patients 
with microscopic involvement have an estimated 5-year overall survival (OS) of 34%. However, 
OS falls to 11% when more than one lymph node station is involved with microscopic disease and 
3–8% for patients with clinical lymph node involvement, seen radiographically, or including multiple 
stations (3).

Initial staging of lung cancer is performed clinically with radiographic studies evaluating the 
primary tumor size and the presence of enlarged lymph nodes. Such studies may not accurately 
reflect nodal status since microscopic disease would not be detectable by imaging studies alone.  
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TABLe 1 | Neoadjuvant chemotherapy phase II trials.

Reference Chemotherapy N N2 ORR  
(% total)

Surgery  
(% total)

R0  
(% surgery)

PCR  
(% total)

Survival

Martini et al. (10) MVP 41 41 73 68 75 20 3 years 34%, 3 years 54% (R0),
Vokes et al. (11) EVP 27 NR 48 15 NR 0 Median 8 months
Pujol et al. (12) EPI 33 31 70 61 90 15 18 months 30%, median 10 months
Burkes et al. (13) MVP 39 39 64 56 82 8 3 years 26%, median 19 months
Martini et al. (14) MVP 136 136 77 84 78 14 3 years 28%, median 19 months; 3 years 41% (R0)
Darwish et al. (15) PE 46 46 80 72 85 9 2 years 53%, median 25 months
Sugarbaker et al. (16) VP 74 74 NR 85 37 0 3 years 23%, 3 years 46% (R0)
Elias et al. (17) P, 5-FU 34 34 65 82 75 18 Median 18 months
van Zandwijk et al.a (18) GP 47 47 70 NS NS NS Median 19 months
Betticher et al. (19) DP 90 90 66 83 48 16 EFS 15 months, median 33 months
O’Brien et al.a (20) CT 52 52 64 NS NS NS 1 year 68%, median 21 months
De Marinis et al. (21) GTP 49 49 74 59 93 16 1 year 85%, median 23 months
Cappuzzo et al. (22) GP 129 88 62 31 95 2 1 year 74%, median 19 months
Burkes et al. (23) MVP or VP 65 65 68 72 75 5 1 year 66%, median 19 months; 5 years 29%
Biesma et al.a (24) DP 46 46 39 NS NS NS 1 year 65%, median 16 months
Garrido et al. (25) GDP 136 69 53 66 69 6 3 years 37%, median 16 months; 5 years 41% (R0)
Chaft et al. (26) Bev, DP + Bev 50 NR 40 88 82 NR 3 years 64%
Ou et al. (27) C, Pem, Bev 42 36 42 74 71 NR 1 year 56%, median EFS 15.4 months

Bev, bevacizumab; C, carboplatin; D, docetaxel; EFS, event-free survival; E, etoposide; 5-FU, 5-fluorouracil; G, gemcitabine; I, ifosfamide; M, mitomycin-C; NR, not reported; NS, not 
significant; ORR, overall response rate P, cisplatin; V, PCR, pathologic complete response; Pem, pemetrexed; T, paclitaxel; vinblastine/vindesine.
aPatients in this trial were randomized to surgery or radiation after induction chemotherapy as part of the EORTC 08941.
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A pathologic evaluation of the mediastinum with EBUS or medi-
astinoscopy is paramount to accurate staging, allowing clinicians 
to determine the optimal strategy in care.

Due to the wide range of presentations within this group, defin-
ing the most effective treatment approach has been historically 
challenging. In the 1970s, the overall cure rate for lung cancer was 
estimated to be 25% following resection (4). Surgeons at the time 
noted long-term survivals and an increase in the 5-year survival 
of up to 30–40% with surgery in a subset of patients with stage 
IIIA NSCLC with peripheral tumors and microscopic N2 disease 
(5–7). Unfortunately, outcomes were complicated by high rates of 
locoregional failure and distant recurrence following resection, 
which led investigators to consider a neoadjuvant treatment 
strategy for this group of NSCLC patients.

Neoadjuvant, or induction, therapy is defined as therapy 
administered prior to definitive local treatment (8). Neoadjuvant 
chemotherapy in patients with early and advanced stage NSCLC 
was first used in the 1950s, when investigators employed mito-
mycin C and chromomycin A3 in a “long-term intermittent 
schedule,” in which the first cycle was started prior to surgery 
(4). A dose of mitomycin C was even “infused directly into the 
pulmonary vein draining the tumor” during surgery, with the 
remainder of the cycle delivered post-operatively. Patients then 
continued on 4-week cycles for up to 3 years after surgery (4). 
Today, the neoadjuvant therapeutic strategy remains one of the 
most hotly debated topics among thoracic oncology specialists. 
The theoretical benefit of neoadjuvant therapy includes earlier 
treatment of micrometastatic disease, reduction in tumor burden, 
evaluation of tumor sensitivity in vivo, prevention of tumor seed-
ing at the time of surgery, and possible improved compliance with 
therapy (9). In this article, we will review the literature on the 
use of neoadjuvant systemic therapy for stage IIIA (N2) NSCLC, 
focusing on phase III trials as well as areas of further research.

NeOADJUvANT CHeMOTHeRAPY

The benefit of neoadjuvant chemotherapy was first suggested 
by multiple single-arm, and later randomized, phase II studies. 
These trials demonstrated 3-year survival rates as high as 34% and 
a median survival of up to 23 months in patients with stage IIIA 
(N2) NSCLC treated with neoadjuvant chemotherapy followed 
by resection, Table 1 (10–27). As a result, several randomized-
controlled trials were designed to evaluate these findings.

The first published randomized-controlled trial was a small, 
single-institution phase III trial performed at the National 
Cancer Institute. Patients with stage IIIA NSCLC, biopsy-
proven N2 disease, were randomized to surgery alone followed 
by radiation or two cycles of neoadjuvant chemotherapy with 
cisplatin and etoposide followed by surgery (28). Patients in the 
chemotherapy arm with a response, defined radiographically by 
CT, at the time of surgery underwent an additional four cycles 
of cisplatin and etoposide post-operatively. Patients without a 
response to neoadjuvant chemotherapy received post-operative 
radiation to a total dose of 54–60 Gy. Twenty-seven patients were 
randomized over 4 years, and the median follow-up period for 
the chemotherapy arm was 29.9 and 34.9 months for the surgery 
alone arm. The overall response rate to chemotherapy was 62% 
(8 of 13 patients). There was no significant difference between 
the rates of R0 resections (85% in each arm) or types of surgical 
procedures used (pneumonectomy, lobectomy, etc.) in each arm 
of the study. There were also no post-operative deaths, which was 
likely attributable to selection bias and the center at which this 
trial was conducted. There was a trend toward improved survival 
in patients treated with neoadjuvant chemotherapy, 28.7 versus 
15.6 months. In addition, the disease-free interval was longer in 
the chemotherapy arm (12.7 versus 5.8 months), and the recur-
rence rate was also lower in the chemotherapy arm (92 versus 
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73%) (28). This trial provided preliminary data, but was not 
conclusive due to its slow rate of accrual and small sample size, 
an inherent limitation of single-institution trials.

In a second phase III trial, investigators compared neoadju-
vant chemotherapy with mitomycin, ifosfamide, and cisplatin 
every 21 days for three cycles followed by surgery versus surgery 
alone in 60 patients with stage IIIA NSCLC (29). The trial was 
terminated early when an interim analysis at 24 months found 
that neoadjuvant chemotherapy was associated with a significant 
improvement in median survival, 26  months versus 8  months. 
Although this was a dramatic improvement, critics point out 
the higher percentage of patients with tumors harboring KRAS 
mutations (42 versus 15%), a negative prognostic factor, in the 
control arm that may have biased the study (8).

A few months later, the results of a similar randomized-
controlled trial involving 60 patients with stage IIIA NSCLC were 
published. This trial compared neoadjuvant chemotherapy with 
cyclophosphamide, etoposide, and cisplatin for three cycles fol-
lowed by surgery and an additional three cycles of chemotherapy 
post-operatively in responders versus surgery alone. Similarly, 
this study was terminated early when an interim analysis dem-
onstrated that 35% of patients had a radiographic response to 
neoadjuvant chemotherapy. Moreover, there was an even greater 
difference in survival with a median survival of 64 months in the 
chemotherapy arm compared to 11 months in the surgery only 
arm. The estimated 2- and 3-year survivals were 60 and 56%, 
respectively, for the patients who received chemotherapy com-
pared to 25 and 15% for those who received surgery alone (30).

A larger randomized phase III trial conducted by the French 
Thoracic Cooperative Group also evaluated the role of neoad-
juvant chemotherapy in patients with NSCLC. This trial rand-
omized 355 patients with stage IB–IIIA to surgery alone or two 
cycles of induction chemotherapy with mitomycin, ifosfamide, 
and cisplatin followed by surgery and then two additional cycles 
of chemotherapy. Patients who were found to have pT3 or pN2 
disease received post-operative radiation to a total dose of 60 Gy. 
Median survival was 37 months in the chemotherapy plus surgery 
arm compared to 26 months in the surgery alone arm. The 3-year 
survival (52 versus 41%) also favored the bi-modality treatment 
approach of neoadjuvant chemotherapy followed by surgery (31).

These four randomized-controlled trials demonstrated a 
substantial survival advantage, supporting the use of neoadjuvant 
chemotherapy for patients with stage IIIA NSCLC undergoing 
surgical resection. Since the publication of these studies, additional 
trials have been performed. A meta-analysis of 12 randomized 
studies from 1995 to 2005, some of which used more modern 
chemotherapy regimens, also suggests a survival advantage for 
neoadjuvant chemotherapy in NSCLC. However, many of these 
trials were small and included patients with early stage disease 
as well as stage IIIA (N2) (32). A logical next question would be, 
what is the best neoadjuvant chemotherapy regimen to use?

NeOADJUvANT CHeMOTHeRAPY 
CHOiCe

Many phase II trials have assessed the efficacy of various chemo-
therapy combinations. Platinum-based neoadjuvant regimens 

have consistently demonstrated the highest overall response rates 
ranging from 50 to 70% depending on the combination, Table 1 
(10–27). Phase II studies have also demonstrated increased rates 
of resection with the use of neoadjuvant platinum-based regi-
mens, albeit with the usual caveats of institutional bias and surgi-
cal capabilities at the sites where the trials were conducted (7). 
Neoadjuvant cisplatin and etoposide with or without radiation 
is perhaps the most studied regimen as we discuss in the trials 
below (15, 33–38). However, randomized phase II and phase III 
studies have also evaluated more modern agents, including cispl-
atin–vinorelbine, cisplatin–gemcitabine, cisplatin–docetaxel, and 
cisplatin–pemetrexed (18, 24, 39–41).

In general, carboplatin and paclitaxel is an attractive chemo-
therapy combination for the treatment of NSCLC due to its more 
favorable toxicity profile. This regimen has been evaluated in the 
neoadjuvant setting for NSCLC in several clinical trials, includ-
ing a phase II trial conducted by the European Organization for 
Research and Treatment of Cancer (EORTC) in patients with stage 
IIIA (N2) disease. This trial demonstrated a response rate of 64%, 
median survival of 20.5 months, and an estimated 1-year survival 
of 68.5% in patients treated with carboplatin and paclitaxel (20). 
Randomized phase III trials have also employed this regimen, 
such as the S9900 trial that randomized patients with stage I–IIIA 
NSCLC to three cycles of neoadjuvant chemotherapy or to surgery 
alone. Of note, this trial excluded patients with single-station N2 
disease. The overall response rate to neoadjuvant chemotherapy 
was 41% and the OS improved from 46  months in the control 
arm to 74  months in the neoadjuvant chemotherapy arm (42). 
A large, randomized European phase III trial (NATCH) demon-
strated a 53.3% overall response rate for neoadjuvant carboplatin 
and paclitaxel in patients with early stage NSCLC. Lastly, other 
chemotherapy combinations utilizing carboplatin have been stud-
ied. A small phase II trial found that carboplatin, pemetrexed, and 
bevacizumab are safe in the neoadjuvant setting with a response 
rate of 45% and median survival of 37 months (26).

The major advantage of using a neoadjuvant platinum-based 
chemotherapy is the 12% relative survival benefit or 5% OS 
improvement in 5  years (41). Another benefit of neoadjuvant 
chemotherapy is improved compliance. One randomized phase III 
trial that illustrates this well is the NATCH trial, which compared 
adjuvant versus neoadjuvant chemotherapy in patients with early 
stage NSCLC. In this trial, 97% of patients started neoadjuvant 
chemotherapy and 90% of patients completed neoadjuvant 
chemotherapy while only 62% started adjuvant chemotherapy 
and 61% completed adjuvant chemotherapy (43). Perhaps most 
important, neoadjuvant chemotherapy is not associated with 
increased post-operative complications or death (44–46).

NeOADJUvANT CHeMOTHeRAPY 
veRSUS NeOADJUvANT 
CHeMORADiATiON

Efforts to improve locoregional control, pathologic response, 
and resectability led investigators to ask the question of 
whether the addition of radiation would increase survival 
compared to induction chemotherapy alone. Several phase II 
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TABLe 2 | Neoadjuvant concurrent chemoradiation phase II trials.

Reference Chemoradiation N N2 ORR  
(% total)

Surgery  
(% total)

R0  
(% surgery)

PCR  
(% total)

Survival

Taylor et al. (47) P, 5-FU + 40 Gy 64 50 58 61 NR 14 1 year 61%, median 16 months

Pincus et al. (48) PE, 5-FU + 40 Gy 31 NR 74 39 100 19 2 years 33%, median 15 months

Faber et al. (49) P, 5-FU or PE, 
5-FU + 40 Gy

85 62 NR 71 NR 20 3 years 40%, median 37 months

Recine et al. (50) PE, 5-FU + 40 Gy 64 NR 84 36 100 14 3 years 30%, median 13 months; 3 years 69% 
(resection)

Strauss et al. (51) VP, 5-FU + 30 Gy 41 33 51 61 96 10 1 year 58% median 16 months

Palazzi et al. (35) PE + 40 Gy 43 21 70 30 92 7 1 year 58%, 2.5 years 21%

Weiden et al. (52) P, 5-FU + 30 Gy 85 68 56 52 66 9 Median 13 months

Albain et al. (37) PE + 45 Gy 126 75 59 71 98 15 2 years 37% (N2); median 13 months (N2)

Favaretto et al. (36) PE + 51.2 Gy 39 NR 64 51 NR 8 3 years 18%, median 16 months

Choi et al. (53) VP, 5-FU + 42 Gy 42 42 74 93 87 10 Median 25 months, 5 years 37%

Eberhardt et al. (38) PE + 45 Gy 94 56 64 66 81 26 Median 20 months (IIIA); 4 years 31% (IIIA) 46% (R0)

Thomas et al. (54) ICE + 45 Gy 54 25 69 74 85 13 2 years 40%, median 20 months

D’Angelillo et al. (55) GP + 50.4 Gy 50 29 80 82 88 26 3 years 40%, median 22 months

C, carboplatin; E, etoposide; 5-FU, 5-fluorouracil; G, gemcitabine; I, ifosfamide; NR, not reported; ORR, overall response rate; P, cisplatin; PCR, pathologic complete response; V, 
vinblastine/vindesine.
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trials, summarized in Table  2 (35–38, 47–55), were designed 
to evaluate the role of neoadjuvant concurrent chemoradia-
tion. Interestingly, five of these studies demonstrated complete 
pathologic responses of 15–26% and resection rates as high as 
80–90%. The results of these studies prompted the development 
of several randomized phase III trials.

The German Lung Cancer Cooperative Group (GLCCG) was 
a multi-institutional, randomized phase III trial that enrolled 
558 patients with stage IIIA/IIIB NSCLC. The investigators 
included marginally resectable stage IIIA/IIIB patients, postulat-
ing that neoadjuvant treatment could downstage these tumors, 
rendering them resectable. Patients were randomized to receive 
either neoadjuvant chemotherapy with cisplatin and etoposide 
followed by concurrent chemoradiation and resection or neoad-
juvant chemotherapy followed by resection and post-operative 
radiation (33). Neoadjuvant radiation was administered in 
a hyperfractionated schedule, given twice daily (1.5  Gy per 
fraction), to a total dose of 45 Gy with weekly carboplatin and 
vindesine. Notably, all patients in the control arm also received 
post-operative radiation independent of margin status. A total 
dose of 54  Gy (1.8  Gy per fraction) was administered in the 
setting of negative margins (R0 resections) and up to 68.4 Gy if 
margins were positive or if tumors were deemed unresectable. 
Responses to neoadjuvant treatment were assessed using CT of 
the chest, abdomen, and brain. Only patients without disease 
progression proceeded to concurrent radiation and resection. 
The primary end point was progression-free survival (PFS) 
and the secondary endpoints included OS and the proportion 
of patients undergoing surgery. Of the patients who underwent 
surgery, the proportions of patients with negative resection 
margins, complete resections, histopathologic response (tumor 
regression of >90%), and mediastinal down-staging were evalu-
ated as secondary endpoints. Fifty-four percent of patients in the 
concurrent chemoradiation arm and 59% of patients in the induc-
tion chemotherapy arm underwent resection with 37 and 32% 

undergoing complete resections in the concurrent chemoradia-
tion arm and induction chemotherapy arm, respectively. There 
was a significant difference in mediastinal down-staging (N2–3 
to N0–1) (p = 0.02) and histopathologic response (p = <0.0001), 
favoring the chemoradiation arm (33). There was no difference 
in PFS or OS between the two groups even when evaluating 
only those patients who had a resection. However, compared to 
patients who underwent an incomplete resection, patients who 
had a complete resection had longer median, 1-, 3-, and 5-year 
PFS (median 28.7 versus 21.1 months) and longer OS (median 
50.6 versus 20.4 months). More patients who underwent a com-
plete resection were found to have mediastinal down-staging, 
and this was the only independent predictor of improved PFS 
and OS on multivariate analysis [HR 2.11 (1.23–3.62), p = 0.007] 
(33). Finally, 35% of patients in both arms of the study underwent 
a pneumonectomy, and treatment-related mortality was higher 
among patients who received neoadjuvant chemoradiation 
(14%) compared to induction chemotherapy (6%) (33).

Since publication of the GLCCG trial, several retrospective and 
other studies demonstrate a lack of improved survival with the 
addition of neoadjuvant radiation (56–58). A systematic review 
and meta-analysis of pooled data from 156 patients with stage 
IIIA NSCLC from seven randomized and retrospective studies 
comparing neoadjuvant chemotherapy to neoadjuvant concur-
rent chemoradiation found no survival benefit with the addition 
of radiation (HR 0.93, 95% CI: 0.54–1.62, p = 0.81) (56). Also, a 
large, retrospective study of 1076 patients with stage IIIA NSCLC, 
most with N2 disease (N  =  903), from the National Cancer 
Database found no difference in survival for patients treated with 
neoadjuvant chemotherapy compared to neoadjuvant concur-
rent chemoradiation. However, patients treated with concurrent 
chemoradiation were found to have decreased residual nodal 
disease (57). It is important to keep in mind that the studies used 
in these pooled analyses employed a heterogeneous mix of treat-
ment regimens, some with outdated radiation techniques.
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One of the most intriguing findings of the GLCCG trial was 
the increased mediastinal down-staging and histopathologic 
tumor regression on final pathology in patients who underwent 
a complete resection after treatment with neoadjuvant chemora-
diation compared to chemotherapy. Although the GLCCG did 
not demonstrate an improvement in OS, a small retrospective 
analysis of 92 patients with stage IIIA (N2) NSCLC found a 
trend toward improved survival in patients with mediastinal 
down-staging and had complete resections after neoadjuvant 
chemotherapy. There was also a 5-year survival benefit for 
single-station N2 compared to multi-station disease discovered 
at the time of initial mediastinoscopy (37 versus 7% 5-year 
survival, p  =  <  0.005) (59). Other retrospective studies show 
improved outcomes in patients with increased nodal clearance 
after neoadjuvant chemoradiation. One study found increased 
disease-free survival in patients with mediastinal complete 
pathologic response after neoadjuvant chemoradiation (58). 
Another study even found an increase in 5-year survival as high 
as 47% in patients with a partial or complete nodal pathologic 
response to chemoradiation (58, 60). Thus, there is evidence that 
mediastinal down-staging is associated with improved outcomes. 
In fact, complete nodal pathologic response is widely considered 
as a surrogate for a favorable prognosis (34, 60).

There is also indirect evidence that neoadjuvant chemora-
diation may provide improved outcomes compared to induction 
chemotherapy followed by resection. The phase III EORTC 08941 
(discussed in the Section “Neoadjuvant Tri-modality Therapy”) 
compared induction chemotherapy followed by surgery versus 
sequential chemotherapy and radiation. Patients who received 
radiation had a similar OS and PFS with lower morbidity and mor-
tality (2). In unresectable stage III NSCLC, concurrent chemora-
diation has been found to be superior to sequential chemotherapy 
and radiation (61) (discussed in the Section “Sequential versus 
Concurrent Chemotherapy and Radiation”). Taken together, this 
suggests that neoadjuvant concurrent chemoradiation may be 
superior over induction chemotherapy alone followed by surgery. 
However, we emphasize this comparison has not been adequately 
addressed in a large phase III trial to date.

The results from the GLCCG trial highlight several key 
challenges when designing trials for patients with stage IIIA 
(N2) NSCLC. One is the definition of resectability—over 60% 
of patients had stage IIIB NSCLC (T4N2 or N3 disease) that is 
generally considered unresectable. Restaging after neoadjuvant 
treatment can vary between institutions, and details regarding 
restaging in the GLCCG are unclear. Reassessment of the medi-
astinum prior to surgery does not appear to have been performed 
aside from chest CT. This may have accounted for the higher than 
expected rate of incomplete resections at the time of surgery. 
Another challenge in designing trials for patients with stage IIIA 
(N2) NSCLC is the coordination between treatment modalities. 
Among patients in the GLCCG interventional arm treated with 
concurrent chemoradiation arm, only 54% ultimately went on to 
surgery (37% with R0 resection) and the remaining received an 
additional 24  Gy that was resumed after a 4- to 6-week break 
for response assessment. It is well documented that prolonged 
radiotherapy treatment breaks lead to worse outcomes (62, 63). 
In addition, trials evaluating treatment strategies for patients with 

stage IIIA (N2) NSCLC have been hampered by slow accrual 
rates, impeding the trials’ ability to stay relevant. For example, the 
radiation techniques used in the GLCCG became outdated over 
the course of the trial. Neither the hyperfractionated radiation 
schedule nor the target volumes employed are standard of care 
at this time (64). Furthermore, all patients in the control neo-
adjuvant chemotherapy arm received post-operative radiation 
regardless of pathological nodal involvement, margin status, or 
extent of resection, a practice that is controversial (65, 66). Finally, 
many trials evaluating treatment for patients with stage IIIA (N2) 
NSCLC have also been complicated by high pneumonectomy 
rates, which are associated with worse outcomes (33, 34).

NeOADJUvANT CONCURReNT 
CHeMOTHeRAPY CHOiCe

What is the best neoadjuvant chemotherapy regimen to use when 
treating patients concurrently with radiation? A platinum-based 
doublet is the recommended regimen. Several combinations with 
radiation have been evaluated in phase II neoadjuvant trials. As 
seen in Table 2 (35–38, 47–55), older cisplatin-containing regi-
mens with 5-fluorouracil, cyclophosphamide, doxorubicin, and 
vinblastine demonstrate response rates ranging from 50 to 70% 
and 15–20 month median survival times. Cisplatin and etoposide 
with radiation has been used extensively in phase II and phase 
III trials and demonstrates an overall response rate of 60–70% 
(28, 33–38). This regimen has been preferred among investiga-
tors for its manageable outpatient administration and ability to 
administer an upfront therapeutic-dose concurrently with radia-
tion. Although not evaluated in the neoadjuvant setting, many 
oncologists use more modern regimens, such as carboplatin/
paclitaxel, cisplatin, or carboplatin/pemetrexed, concurrently 
with radiation. These regimens have been found to have good 
efficacy and tolerability in the treatment of unresectable NSCLC 
(67–69). Cisplatin/gemcitabine is a modern, efficacious regimen 
that has been evaluated in the neoadjuvant setting (55). However, 
this regimen is highly toxic when combined with radiation and is 
not commonly used.

Trials evaluating neoadjuvant concurrent chemoradiation 
with immunotherapy are currently ongoing (nivolumab, pem-
brolizumab) (70). Because pneumonitis is a known potential 
side-effect of both immunotherapy and radiotherapy, chemo-
therapy regimens associated with lower rates of pneumonitis may 
ultimately become more favorable in this setting. The PROCLAIM 
trial (69) and a well-conducted Chinese trial (71) that was strati-
fied by factors known to be associated with radiation pneumonitis 
[percentage of lung volume that receives 20 Gy or more (V20), 
diffusion capacity of carbon monoxide (DLCO), and gross tumor 
volume] have shown lower rates of pneumonitis for cisplatin/
etoposide versus cisplatin/pemetrexed or carboplatin/paclitaxel. 
In the PROCLAIM trial, pneumonitis of any grade was signifi-
cantly higher in the patients treated with cisplatin/pemetrexed 
versus cisplatin/etoposide (17 versus 10.7%) although there was 
no difference in Grade 3–4 pneumonitis between treatment arms 
(69). In the Chinese trial, grade 2 or greater radiation pneumoni-
tis was more frequent in the carboplatin/paclitaxel arm (33.3%) 
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versus cisplatin/etoposide arm (18.9%), although there were no 
significant differences in rates of grade 3 or greater pneumonitis 
between arms (71). Nonetheless, chemotherapy regimens that are 
less likely to be associated with pneumonitis may become more 
important in the future if immunotherapy is also incorporated 
into concurrent chemoradiation treatment plans.

The National Comprehensive Cancer Network issued a pro-
vider survey to its members in 2010 and found that approximately 
50% of providers use neoadjuvant chemotherapy while the other 
50% use neoadjuvant concurrent chemoradiation therapy more 
often (64). The authors of this paper prefer cisplatin and etoposide 
with radiation if the patient has a good performance status and no 
significant comorbidities given its extensive use in clinical trials 
and the data supporting this regimen.

SeQUeNTiAL veRSUS CONCURReNT 
CHeMOTHeRAPY AND RADiATiON

Sequential chemotherapy and radiation has been studied 
extensively in patients with stage III NSCLC. A meta-analysis 
of seven phase III trials comparing concurrent with sequential 
chemotherapy and radiation in patients with stage III NSCLC 
included 1,205 patients, 61% with stage IIIB and 37% with stage 
IIIA. Median follow-up was 6 years (61). In this pooled analysis, 
a significant OS benefit (HR 0.84; 95% CI: 0.74, 0.95; p = 0.004) 
was found for patients who were treated with concurrent chemo-
radiation compared to sequential therapy. The absolute benefit 
was found to be 5.7% at 3 years and 4.5% at 5 years. There was 
also a trend toward an improved PFS with a hazard ratio of 0.90 
(95% CI: 0.79, 1.01; p  =  0.07) and a decrease in locoregional 
progression in the concurrent chemoradiation group (61). There 
were more toxicities associated with concurrent chemoradiation, 
particularly esophagitis (61). Nonetheless, sequential chemo-
therapy and radiation is not routinely considered standard of care 
for stage IIIA NSCLC, including patients with N2 involvement. 
However, in patients with poorer performance status, who would 
not tolerate concurrent chemoradiation, sequential therapy is a 
potential treatment option.

NeOADJUvANT TRi-MODALiTY THeRAPY

Two multicenter randomized-controlled trials assessed whether 
resection was necessary following neoadjuvant chemotherapy 
with or without radiation in patients with stage IIIA NSCLC. 
EORTC 8941 was a phase III European study that assessed 
whether surgery is superior to radiation following a radiologic 
response to induction chemotherapy with a platinum-based 
regimen in patients with unresectable stage IIIA (N2) disease (2). 
OS was the primary endpoint. Secondary endpoints included PFS 
and safety. This trial randomized 332 patients over 10 years. The 
overall response rate to induction chemotherapy was 61% (2). 
Compliance among the patients assigned to receive radiation was 
poor at 55%, with major protocol deviations that included, but 
were not limited to, inconsistent total radiation dose and/or frac-
tionation schemes, and timing of radiotherapy administration 
(72). Of the patients who were assigned to undergo surgery, 92% 

underwent a procedure, but only 50% of patients had a complete 
resection and 47% of these required a pneumonectomy. PFS and 
OS were similar in both groups; median PFS was 9 months in the 
surgery arm versus 11.3 months in the radiation arm and median 
OS was 16.4 months in the surgery arm versus 17.5 months in the 
radiation arm. Of the patients who underwent resection, those 
who had a lobectomy, complete resection, and pathological clear-
ance of the mediastinal lymph nodes did better than those who 
underwent a pneumonectomy, an incomplete resection, or did 
not have pathologically clearance in mediastinal lymph nodes. 
The mortality rate associated with pneumonectomy was 7% com-
pared to 4% overall surgical mortality (2). The strengths of this 
trial include the large, multicenter population and the require-
ment for pathological confirmation of N2 disease. However, 
changes in the staging system (PET scan and brain imaging 
were not performed) may have allowed the inclusion of patients 
with more advanced disease (64). In addition, the outcome of 
all patients initially enrolled in the trial is not well described, as 
only the outcomes of patients who were randomly assigned to 
therapy are reported. Finally, outdated radiotherapy techniques, 
slow accrual rate, poor compliance, inconsistency of specialized, 
thoracic surgeons, and the use of sequential chemotherapy and 
radiation as definitive therapy in the control arm are potential 
limitations of this trial (64).

The North American Intergroup 0139 (INT 0139) trial simi-
larly sought to evaluate the potential role of surgery as part of a 
tri-modality treatment strategy for patients with stage IIIA (N2) 
NSCLC (34). This trial was performed in North America and 
randomized patients with resectable stage IIIA and pathologically 
confirmed N2 disease to receive either concurrent chemotherapy 
with cisplatin and etoposide and radiation to 45 Gy followed by 
resection or concurrent chemotherapy with cisplatin and etopo-
side and radiation to 45 Gy followed by definitive radiation to 
61 Gy, administered in an uninterrupted schedule (29). If patients 
randomized to the surgery arm did not progress radiographi-
cally by CT after completing neoadjuvant chemoradiation, they 
proceeded to resection. Both groups received two cycles of post-
operative chemotherapy with cisplatin and etoposide either after 
surgery or with completion of definitive radiation. The primary 
end point was OS, and secondary endpoints were PFS, toxicity, 
and patterns of failure. The two study arms were well balanced 
and enrolled 429 patients over 7 years. The majority of patients 
had biopsy-proven single-station N2 lymph node involvement. 
Of the patients found to be eligible for surgery, 81% underwent 
thoracotomy, 71% had complete resections, and 55% completed 
consolidation chemotherapy. Of the patients randomized to 
definitive radiation, 92% continued radiation without a break in 
treatment. The median follow-up was 22.5 months. OS did not 
differ between the two treatment arms, although there was a late 
trend toward improved OS in the tri-modality treatment arm as 
well as an increased PFS in the patients treated with tri-modality 
compared to those who received definitive radiation (12.8 
versus 10.5  months). The greatest benefit was seen in patients 
having a pathologic response (N0) at the time of surgery with a 
median survival of 34.4 months. Fifty-four patients underwent 
pneumonectomy with a concerning high mortality rate of 26%. 
The most common grade 3 or 4 toxicity was neutropenia in both 
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treatment groups. Grade 3 or 4 esophagitis and pneumonitis were 
more common toxicities in patients who underwent definitive 
radiation compared to surgical resection (34). The investigators 
performed an unplanned, exploratory, matched subset analysis 
that suggested tri-modality therapy could benefit patients if a 
lobectomy and complete resection are possible. In this population, 
the median survival time was 33.6  months in the tri-modality 
group compared with 21.7 months in matched patients treated 
with definitive concurrent chemoradiation (p = 0.002). It remains 
unclear whether this differs significantly from the 28.7-month 
median survival of patients with stage III NSCLC randomized to 
the control arm of the recently published RTOG 0617 trial who 
were treated with concurrent chemoradiation alone (60  Gy), 
especially given that 34% had more advanced, stage IIIB disease 
(73). Although positron emission tomography (PET), which can 
assist in the detection of regional and distant disease, was not 
used in the INT 0139 trial, the patient population was otherwise 
rigorously staged with mediastinoscopy and surgical nodal sam-
pling. Treatment adherence was excellent in both arms with high 
compliance and resection rates compared to other phase III trials.

Criticisms of INT0139 include the incomplete accrual rate, an 
underpowered subset analysis suggesting a tri-modality therapy 
advantage, and a very high mortality rate among patients who 
underwent pneumonectomy (64). It is also important to point out 
that the radiation dose administered concurrently with chemo-
therapy in the surgical arm is considered sub-therapeutic (45 Gy) 
in the definitive setting, and nearly one in five patients enrolled on 
this arm did not ultimately undergo thoracotomy. This study, such 
as the GLCCG trial, highlights the challenges with committing to 
tri-modality therapy without risking sub-therapeutic treatment 
or prolonged, detrimental breaks in treatment.

More recently, the results of RTOG 02-29, a phase II trial 
evaluating therapeutic-dose neoadjuvant chemoradiation in 
stage III (N2 or N3, supraclavicular disease excluded) show both 
the safety and feasibility of delivering neoadjuvant radiotherapy 
regimens to a dose of 61.2 Gy. In addition to high rates of medias-
tinal nodal clearance (63%), this regimen eliminates the potential 
for delivery of sub-therapeutic radiotherapy and/or radiotherapy 
treatment breaks in patients who do not ultimately undergo 
complete resection (74).

Despite its limitations, INT0139 represents the strongest 
evidence to date for the use of tri-modality treatment. Its subset 
analysis suggests that patients with potentially resectable disease 
using a lobectomy may benefit from neoadjuvant tri-modality 
therapy with concurrent chemoradiation followed by surgery. 
In this setting, two local therapies (radiation and surgery) may 
downstage microscopic nodal disease prior to resection, leading 
to improved outcomes. Therefore, early evaluation by a thoracic 
surgeon is important in order to identify patients with locally 
advanced NSCLC who may benefit from tri-modality treatment.

TiMiNG OF SURGeRY

A practical concern with a neoadjuvant treatment strategy is the 
potential for delay of definitive local therapy, which has been 
associated with worse survival (75). For this reason, it is crucial 
that patients are evaluated by a thoracic surgeon early, not only 

to determine resectability but to also allow for timely planning 
of restaging and resection, ideally within 6 weeks from comple-
tion of neoadjuvant therapy. A large, retrospective study of 1,623 
patients in the National Cancer Database with stage IIIA NSCLC 
who were treated with neoadjuvant concurrent chemoradiation 
from 2004 to 2012 found a statistically significant decline in 
survival when surgical resection occurred greater than 6 weeks 
from the completion of neoadjuvant therapy (76). Examining 
the data more closely, the investigators compared survival times 
for patients at 0–3, 3–6, 6–9, and 9–12 weeks after completion of 
neoadjuvant therapy. Although it was not statistically significant, 
there was a trend toward reduced survival when extending surgery 
to 3–6 weeks compared to 0–3 weeks (45.2 versus 60.7 months, 
respectively, p = 0.107 in multivariate analysis). The survival dif-
ference between 0–3 and 6–9 weeks was statistically significant 
(p = 0.043 in multivariate analysis). Comparing the survival dif-
ference for 3–6 weeks and 6–9 weeks, this was a very small differ-
ence (45.2 versus 44.1 months); in fact, the Kaplan–Meier curves 
for weeks 3–6 and 6–9 touched in some areas (76). Therefore, it 
may be optimal to plan surgery even earlier than six weeks and 
closer to 3–4 weeks post-neoadjuvant therapy, assuming patients 
have recovered from their local therapy.

FUTURe DiReCTiONS

Cytotoxic chemotherapy may not be the only systemic therapy 
used in future neoadjuvant regimens for stage IIIA NSCLC. 
Considerable attention has focused on targeted therapy and 
immune checkpoint inhibitors as potential neoadjuvant therapies 
for locally advanced NSCLC. A small phase II trial compared 
erlotinib to carboplatin–gemcitabine in 24 patients with resect-
able, EGFR mutant, stage IIIA (N2) NSCLC and found an overall 
response of 38% for erlotinib compared to 25% for chemotherapy, 
although there was no survival benefit for erlotinib (77). In another 
small, single-arm phase II study, investigators administered 
erlotinib for 3 weeks prior to surgery in 60 patients with early 
stage NSCLC. Of note, EGFR testing was obtained on surgical 
specimens (78). A subset of 15 Asian, female never smokers with 
non-squamous histology, were analyzed separately as a cohort 
more likely to harbor an EGFR mutation. The response rate was 
low overall (5% by RECIST on CT, 27% metabolic response by 
PET), and 12% of the total population was found to have an 
EGFR mutation. The response rate increased to 34% in the Asian 
female subset, 17% of which were found to be EGFR mutated. 
Furthermore, 23% of patients who underwent resection had more 
than 50% necrosis at the time of pathology review. Toxicities were 
tolerable and included rash and diarrhea, which are typical of 
EGFR tyrosine-kinase inhibitors (78). Additional studies using 
chemotherapy and/or targeted therapy in the neoadjuvant setting 
have closed due to poor accrual (79).

As in many areas in oncology today, there are multiple ongoing 
trials evaluating neoadjuvant immunotherapy, including atezoli-
zumab, pembrolizumab, nivolumab with or without ipilimumab, 
durvalumab as well as combination checkpoint inhibitors and 
chemotherapy (79). We will have to await the maturation of 
these and future clinical trials before determining the role of 
neoadjuvant targeted therapy and immunotherapy.
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Aside from novel therapeutics, other strategies to improve 
outcomes in patients with stage IIIA (N2) are being studied, 
including the role of PET scan in assessment of response. 
Fluorine-18 fluorodeoxyglucose (FDG)-PET/CT is a standard of 
care for the staging of patients initially diagnosed with NSCLC 
(80). A meta-analysis has shown that increased standardized 
uptake value (SUV) of the primary tumor is a poor prognostic 
factor in NSCLC (81). A retrospective review has already shown 
that patients with stage II NSCLC treated with neoadjuvant 
chemotherapy who have a greater than 50% reduction in SUV 
on PET scan demonstrate a trend toward improved survival 
compared to patients with less than a 50% reduction in SUV (82).  
A prospective study (N = 79), including 25 patients with stage IIIA 
(N2) NSCLC demonstrated that FDG uptake in the mediastinal 
lymph nodes after three cycles of neoadjuvant chemotherapy was 
associated with a twofold higher risk of mortality whereas repeat 
CT was not a predictor of survival (83). In fact, a 35% decrease 
of FDG uptake after one cycle of neoadjuvant chemotherapy 
discriminated responders from non-responders (83). Taking 
these findings further, a recent phase II study assessed the tim-
ing of treatment switch to optimize response rates (84). In this 
phase II study, 40 patients with resectable stage IB to IIIA NSCLC 
received neoadjuvant chemotherapy with a platinum-based dou-
blet (carboplatin or cisplatin plus gemcitabine or pemetrexed). A 
PET scan was performed after two cycles. If the SUV decreased 
by at least 35%, patients continued on the initial chemotherapy 
regimen, but if the SUV did not decrease by at least 35%, the 
patients were switched to a different chemotherapy regimen 
(docetaxel–vinorelbine). Sixty-seven percent of patients who 
were switched to a different regimen had a metabolic response on 
subsequent PET scan (84). These studies are small, and PET scan 
responses as part of the strategy in the neoadjuvant treatment for 
stage IIIA (N2) NSCLC have not been tested in randomized phase 
III trials. However, we may consider metabolic responses by PET 
scan after neoadjuvant therapy in the future to prompt changes 
in systemic regimens.

CONCLUSiON

The treatment of patients with stage IIIA (N2) NSCLC is complex 
and requires the expertise of a multidisciplinary thoracic onco-
logy team. Neoadjuvant platinum-based chemotherapy followed 
by surgery has been found to improve survival in patients with 
locally advanced NSCLC (28–31). Neoadjuvant chemoradiation 
improves nodal clearance (33) and is a strong rationale for add-
ing radiation to the neoadjuvant treatment approach. Although 

improved survival with neoadjuvant chemoradiation followed 
by resection has not been shown in phase III trials to date (33), 
these studies have been limited by slow accrual rates, patient 
selection, outdated radiation techniques, detrimental inter-
ruptions in therapy, and high mortality rates associated with 
pneumonectomy.

The benefit of surgery following neoadjuvant treatment in 
comparison to definitive concurrent chemoradiation remains 
unclear based on currently available phase III data. However, 
there is evidence to suggest that an appropriately selected, rigor-
ously screened subset of stage IIIA patients with N2 disease may 
experience a survival benefit from a tri-modality approach of 
surgical resection after neoadjuvant concurrent chemoradiation 
(34). It is critical that a thoracic surgeon evaluates these patients 
prior to initiating therapy, and if a lobectomy with complete 
resection (R0) can be performed with reasonable certainty, 
chemoradiation is a reasonable neoadjuvant option. Similar to 
induction chemotherapy, chemotherapy in the tri-modality 
setting should be platinum-based, preferably with cisplatin, 
although carboplatin is an option in patients who cannot receive 
cisplatin-containing regimens. Furthermore, care should be 
taken to minimize interruptions in therapy, even for restaging, 
which can lead to suboptimal treatment strategies and potentially 
inferior outcomes.

Finally, targeted therapy and immunotherapy are the major 
areas of current clinical trial research, and it is expected that 
accrual rates will improve now that immunotherapy has stolen 
center stage of neoadjuvant clinical trial design for NSCLC. The 
results from these trials will hopefully lead to additional systemic 
options to further improve upon the cure rate for our future 
patients with stage IIIA (N2) NSCLC.
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