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ara  Montemuiñoa,  Núria  Rodriguez  de  Diosb,c,  Margarita  Martínd,  Begoña  Taboadae,
atricia  Calvo-Crespoe,  María  Pilar  Samper-Ots f,  José  Luis  López-Guerrag,
.  López-Matah, Josep  Jové-Teixidó i,  Verónica  Díaz-Díaz j,  Lourdes  de  Ingunza-Barónj,
auricio  Murcia-Mejíak, Marisa  Chust l,  Tamara  García-Cañibanoa,  María  Luz  Couselom,
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Background:  The  optimal  induction  treatment  in  potentially-resectable  stage  IIIA-N2  NSCLC  remains
undefined.
Aim:  To  compare  neoadjuvant  high-dose  chemoradiotherapy  (CRT)  to  neoadjuvant  chemotherapy  (CHT)
in patients  with  resectable,  stage  IIIA-N2  non-small-cell  lung  cancer  (NSCLC).
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Methods:  Retrospective,  multicentre  study  of 99  patients  diagnosed  with  stage  cT1-T3N2M0  NSCLC  who
underwent neoadjuvant  treatment  (high-dose  CRT  or  CHT)  followed  by  surgery  between  January  2005
and  December  2014.
Results:  47  patients  (47.5%)  underwent  CRT and  52  (52.5%)  CHT,  with  a  median  follow-up  of 41  months.
Surgery  consisted  of  lobectomy  (87.2%  and  82.7%,  in  the  CRT  and  CHT  groups,  respectively)  or  pneu-
monectomy  (12.8%  vs. 17.3%).  Nodal  downstaging  (to  N1/N0)  and  Pathologic  complete  response  (pCR;
pT0pN0)  rates  were  significantly  higher  in the  CRT  group  (89.4%  vs. 57.7%  and  46.8%  vs.  7.7%,  respectively;
p  <  0.001)).  Locoregional  recurrence  was significantly  lower  in  the  CRT  group  (8.5%  vs. 13.5%;  p  =  0.047)
but distant  recurrence  rates  were  similar  in the  two  groups.  Median  PFS  was  45 months  (CHT)  vs.  “not
reached”  (CRT).  Median  OS  was  similar:  61 vs.  56 months  (p =  0.803).  No  differences  in grade  ≥3  toxicity
were  observed.  On the Cox  regression  analysis,  advanced  pT stage  was  associated  with  worse  OS  and  PFS
(p  <  0.001)  and persistent  N2  disease  (p  = 0.002)  was  associated  with  worse  PFS.
Conclusions:  Compared  to  neoadjuvant  chemotherapy  alone,  a higher  proportion  of patients  treated  with
preoperative  CRT  achieved  nodal  downstaging  and  pCR  with  better  locoregional  control.  However,  there
were  no  differences  in survival.  More  studies  are needed  to know  the optimal  treatment  of  these  patients.
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. Background and aim

Lung cancer is the leading cause of cancer-related death in
he world.1 Non-small cell lung cancer (NSCLC) accounts for
pproximately 80% of all lung cancer cases, with up to a quar-
er of patients diagnosed with locally advanced disease. The main
reatment options in patients with stage IIIA-N2 NSCLC include
hemotherapy, radiotherapy, and surgery. However, in routine
linical practice, the optimal combination of these treatment
odalities in this heterogeneous group of patients is both contro-

ersial and challenging.
The results of the Intergroup randomized phase III trial showed

hat, in selected patients with stage IIIA-N2 disease, induction ther-
py followed by surgery yielded better disease-free survival (DFS)
utcomes than standard chemoradiotherapy (CRT).2 However, in
hat trial, overall survival (OS) among the surgical patients versus
he CRT group was better only in the lobectomy subgroup (but
ot pneumonectomy). At present, the optimal neoadjuvant treat-
ent scheme remains undefined. Studies comparing induction

herapies—chemotherapy (CHT) alone versus CRT—have reported
igher rates of pathological downstaging and pathologic com-
lete response (pCR) in patients who receive CRT,3–6 but these

mprovement did not translate into better OS or DFS outcomes;
oreover, CRT was associated with greater perioperative mor-

idity and mortality. Notably, however, the studies performed to
ate are highly heterogeneous, applying a wide range of differ-
nt radiotherapy treatment schemes (dose and fractionation) as
ell as different combinations of chemotherapy and radiother-

py.
The standard preoperative radiation dose, established in the

linical trial conducted by Albain et al., is 45 Gy.2,7 Although studies
omparing different radiotherapy doses for neoadjuvant CRT have
eported that dose escalation improves pCR, this benefit did not
ield a survival advantage.8–10 However, to our knowledge, none
f the aforementioned studies have compared high-dose (>/=60 Gy)
RT to CHT alone as a neoadjuvant strategy.

In this context, we conducted the present multi-institutional,
etrospective study to compare the outcomes among patients in
pain diagnosed with resectable stage IIIA-N2 NSCLC and treated
ith either neoadjuvant CRT with high-dose radiation or neoadju-

ant CHT alone, in both cases followed by surgery.

. Material and methods
.1. Study population

This multi-institutional, retrospective study was  carried out in
4 Spanish hospitals. The study was supported by the Radiation
eater  Poland  Cancer  Centre.  Published  by Elsevier  B.V.  All  rights  reserved.

Oncology Clinical Research Group (GICOR) and the Oncologic Group
for the Study of Lung Cancer-Spanish Society of Radiation Oncology
(GOECP-SEOR).

Inclusion criteria were as follows: 1) diagnosis of potentially-
resectable stage IIIA-N2 (cT1-3 N2 M0)  NSCLC between the years
2005 and 2014, 2) radical-intent treatment involving neoadjuvant
CHT alone plus surgery or neoadjuvant high-dose CRT plus surgery.
Exclusion criteria were: 1) T4 tumor with mediastinal invasion, 2)
presence of bulky nodal disease with loss of the tissue plane sep-
arating the mediastinal nodes from the trachea, 3) invasion of the
large vessels and/or heart, and 4) presence of contralateral pul-
monary nodules.

2.2. Staging and treatment scheme

Staging was  performed by computed tomography (CT),
positron-emission tomography (PET)-CT, and/or bone scan. Mag-
netic resonance imaging (MRI) and/or CT were performed to
evaluate the brain. Baseline mediastinal involvement was eval-
uated by PET/CT or CT. When feasible, mediastinal disease was
confirmed histologically by mediastinoscopy, endobronchial ultra-
sound (EBUS), or endoscopic ultrasound (EUS). Staging was
performed in accordance with the 7th edition of the TNM Classifi-
cation of Malignant Tumors.

Response to neoadjuvant treatment was  assessed by CT or PET-
CT imaging using RECIST (Response Evaluation Criteria in Solid
Tumors) criteria. In some cases, in accordance with the institu-
tional protocols of the treating centre, histological reassessment
of the mediastinal nodes was also performed (EUS, EBUS or medi-
astinoscopy).

All patients received neoadjuvant treatment involving either
CRT with high-dose radiotherapy (media dose: 62.6 Gy ± 3
(60–66.6 Gy at 1.8−2 Gy/fraction)) or CHT (three cycles of platinum-
based doublets) followed by surgery. Surgery consisted of either
lobectomy or pneumonectomy with homolateral and mediasti-
nal hilar lymphadenectomy. Pathologic complete response was
defined as the absence of viable tumor in the surgical specimen.
Downstaging was  defined as a reduction of at least one N-stage
level from the preoperative (clinical) stage to the postoperative
pathological stage.

2.3. Follow-up
Acute and late toxicity were evaluated according to the Common
Toxicity Criteria for Adverse Events (CTCAE), version 4.0. Follow-up
was performed weekly during the treatment phase and then every
3–6 months for the first 2 years, every 6–12 months for the follow-
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Table  1
Baseline clinical and sociodemographic characteristics of the study population.

Type of neoadjuvant treatment
Total n = 99 (%) CHT n = 52 (%) CRT n = 47 (%)

Age at diagnosis
>60 years, n(%) 59 (59.6) 33 (63.5) 26 (55.3) 0.410
<=60  years, n(%) 40 (40.4) 19 (36.5) 21 (44.7)

Sex
Male,  n(%) 81 (81.8) 44 (84.6) 37 (78.7) 0.448
Female, n(%) 18 (18.2) 8 (15.4) 10 (21.3)

ECOG  performance status
0–1, n(%) 98 (99.0) 51 (98,1) 47 (100.0) 1.000
2,  n(%) 1 (1.0) 1 (1.9) 0 (0.0)

Smoking status
No smoke at diagnosis, n(%) 49 (49.5) 31 (59.6) 18 (38.3) 0.034
Smoke at diagnosis, n(%) 50 (50.5) 21 (40.4) 29 (61.7)

T  Stage (TNM 7th edition)
cT1, n(%) 28 (28.6) 16 (30.8) 12 (26.1) 0.432
cT2,  n(%) 36 (36.7) 21 (40.4) 15 (32.6)
cT3,  n(%) 34 (34.7) 15 (28.8) 19 (41.3)

Nodal  station
1, n(%) 59 (59.6) 31 (59.6) 28 (59.6) 0.997
>1,  n(%) 40 (40.4) 21 (40.4) 19 (40.4)

Size  of lymph nodes
<3 cm,  n(%) 96 (97.0) 50 (96.2) 46 (97.9) 1.000
>=3  cm,  n(%) 3 (3.0) 2 (3.8) 1 (2.1)

Histology
Adenocarcinoma and others, n(%) 55 (56.1) 27 (51.9) 28 (60.9) 0.373
Squamous, n(%) 43 (43.9) 25 (48.1) 18 (39.1)

Histopathologically-confirmed mediastinal lymph nodes
No, n(%) 42 (42.4) 25 (48.1) 17 (36.2) 0.231
Yes,  n(%) 57 (57.6) 27 (51.9) 30 (63.8)

Type  of surgery
Pneumonectomy, n(%) 15 (15.2) 9 (17.3) 6 (12.8) 0.529
Lobectomy, n(%) 84 (84.8) 43 (82.7) 41 (87.2)

Adjuvant chemotherapy
No, n(%) 76 (76.8) 36 (69.2) 40 (85.1) 0.062
Yes,  n(%) 23 (23.2) 16 (30.8) 7 (14.9)

Adjuvant radiotherapy
No, n(%) 68 (68.7) 22 (42.3) 46 (97.9) 0.000
Yes,  n(%) 31 (31.3) 30 (57.7) 1 (2.1)

RT  treatment interruptions (neoadjuvant/adjuvant)a

No interruption, n(%) 64 (87.7) 21 (80.8) 43 (91.5) 0.266
Interruption <1week, n(%) 9 (12.3) 5 (19.2) 4 (8.5)

RT, radiotherapy; CHT, chemotherapy; CRT, chemoradiotherapy; ECOG, Eastern Cooperative Oncology Group.
Bold values signifies statistically significant results.
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a Unknown data of interruptions in 4 patients who  received PORT.

ng three years, and annually thereafter. The date of recurrence was
efined as the date that abnormal findings were detected on follow-
p imaging. Locoregional recurrences were defined as recurrences

n the ipsilateral lung and/or nodal regions (hilar, mediastinal or
upraclavicular fossa). Distant relapse was defined as a recurrence
n other locations (AJCC staging criteria, 7th edition).

.4. Statistical analysis

The patients’ baseline characteristics were compared using
he Chi-square or Fisher’s exact test for categorical variables and
tudent’s t test or the U Mann-Whitney test (depending on the para-
etric or non-parametric distribution) for quantitative variables.
S and DFS were both calculated from the date of pathological
iagnosis until death or last follow-up (OS) or until the first recur-
ence, death from any cause, or last follow-up (DFS). OS and DFS
urves were estimated by the Kaplan-Meier method. The log-rank

est was used to compare survival curves between the groups. Sta-
istical significance was set at p < 0.05. All statistical analyses were
erformed with the SPSS statistical software program, v. 22.0 (SPSS-

BM; Armonk, NY; USA).
3. Results

3.1. Patient characteristics

A total of 99 patients diagnosed with stage IIIA-N2 NSCLC were
included in the study. Table 1 shows the clinical and sociodemo-
graphic characteristics of the sample. At diagnosis, the mean age
was 61 years (range, 53–69) and 81.8% of the patients were male.
The ECOG (Eastern Cooperative Oncology Group) performance
status was  excellent (0–1) in nearly all (99%) of the patients. His-
tological confirmation of mediastinal involvement was performed
prior to treatment in 57.6% of cases (51.9% and 63.8%, respectively,
of the CHT and CRT groups). At diagnosis, a single mediastinal node
station was involved in 59.6% (n = 59) of cases. Three patients (3%)
had potentially resectable bulky lymph node disease (≥3 cm). Dis-
tribution by clinical T stage was  as follows: cT1 (n = 28; 28.6%), cT2
(n = 36; 36.7%), and cT3 (n = 34; 34.7%). Slightly more than half of
the tumours (n = 55; 56.1%) were adenocarcinomas.

3.2. Treatment characteristics (neoadjuvant and postoperative

treatment, and surgical type)

The neoadjuvant treatment consisted of CRT in 47 cases (47.5%)
and CHT in 52 cases (52.5%). Most patients underwent lobectomy
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Table  2
Recurrence patterns and pathological outcomes.

Type of neoadjuvant treatment
Total n = 99 (%) CHT n = 52 (%) CRT n = 47 (%) p value

Median follow up, months (SD) 41 (27) 41.5 (30.0) 41 (22.0) 0.379
Median time to recurrence, months (SD) 30 (34.0) 31 (33.8) 29 (32.0) 0.385
Median time to distance recurrence, months (SD 33 (32.0) 35 (32.5) 32 (33.0) 0.320
Pathological complete response (pT0 pN0)

No, n(%) 73 ( 73.7) 48 (92.3) 25 (53.2) 0.000
Yes,  n(%) 26 (26.3) 4 (7.7) 22 (46.8)

Nodal  downstaging
No, n(%) 27 (27.3) 22 (42.3) 5 (10.6) 0.000
Yes,  n(%) 72 (72.7) 30 (57.7) 42 (89.4)

Locoregional recurrence
No, n(%) 73 (73.7) 34 (65.4) 39 (83.0) 0.047
Yes,  n(%) 26 (26.3) 18 (34.6) 8 (17.0)

Distance recurrence
No, n(%) 66 (66.7) 34 (65.4) 32 (68.1) 0.776
Yes,  n(%) 33 (33.3) 18 (34.6) 15 (31.9)

Locoregional and distance recurrence
No, n(%) 88 (88.9) 45 (86.5) 43 (91.5) 0.434
Yes,  n(%) 11 (11.1) 7 (13.5) 4 (8.5)

PFS  (5 years/median) 42.6 / 45 55.5 / undef. 0.092
OS  (5 years/median) 41.3 / 56 54.1 / 61 0.163
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HT, chemotherapy; CRT, chemoradiotherapy; PFS, progression-free survival; OS, o
old values signifies statistically significant results.

87.2% and 82.7%, respectively, in the CRT and CHT groups), with
he remaining patients (12.8% and 17.3%, respectively) undergoing
neumonectomy (p = 0.529). Postoperative radiotherapy (PORT)
as administered in 57.7% of patients in the CHT group and in one
atient in the CRT group. Treatment interruptions were observed

n 9 patients (12.3%), with the interruption lasting < one week in all
ases. Adjuvant CHT was administered in 14.9% and 30.8%, respec-
ively, of the CRT and CHT groups (p = 0.062, Table 1). Propensity
core matching was not performed because the two  groups were
qually balanced in terms of the number of patients.

.3. Pathologic outcomes and recurrence patterns

Nodal downstaging was observed in 89.4% of the CRT group and
7.7% of the CHT group, with pCR (pT0pN0) achieved in 46.8% and
.7%, respectively. Nodal downstaging and pCR rates were signifi-
antly higher in the CRT group (p < 0.001; Table 2). The locoregional
ecurrence rate was significantly lower in the CRT group (17% vs.
4.6%, p = 0.047). No significant between-group differences were
bserved in distant recurrence rates: 31.9% (CRT) vs. 34.6% (CHT)
p = 0.776; Fig. 1). There were no significant between-group differ-
nces in DFS on the multivariate analysis.

.4. Follow up and survival outcomes

Median follow-up was 41 months in the CRT group and 41.5
onths in the CHT group (Table 2). Median OS was  similar in both

roups (61 vs. 56 months, log-rank p = 0.803). Median PFS was 45
onths in the CHT group and “not reached” in the CRT group (Fig. 2).

here were no significant differences in survival outcomes between
he CRT and CHT groups: 5-year PFS: 55.5% vs. 42.6% (log-rank,

 = 0.092) and 5-year OS: 54.1% vs. 41.3% (log-rank, p = 0.163).
On the univariate analysis, advanced ypT stage (ypT3-4) was

ssociated with worse OS (p < 0.001). However, neither pCR nor
odal downstaging were significant prognostic factors for over-
ll survival. By contrast, advanced ypT stage (ypT3-4) (p < 0.001),
ersistent nodal involvement (ypN1-2) (p = 0.001), and absence of

ownstaging (p < 0.001) were all independently associated with
orse PFS (Table 3).

On the Cox multivariate analysis, advanced ypT stage (p < 0.001)
nd persistent nodal involvement after neoadjuvant therapy
 survival; undef, undefined.

(ypN1-2) (p = 0.002) remained independent prognostic factors for
worse PFS.

3.5. Treatment-related toxicity and mortality

No significant between-group differences were observed
in ≥ grade 3 toxicity (Table 4), with the exception of one death in
the CRT group attributed to acute respiratory distress syndrome
(ARDS) after left pneumonectomy. No deaths were observed in the
CHT group.

4. Discussion

To our knowledge, this is the first study to compare neoadju-
vant high-dose (>/=60 Gy) concomitant CRT to CHT alone followed
by surgery in patients with potentially resectable stage IIIA-N2
NSCLC. As our results show, compared to neoadjuvant CHT alone,
high-dose CRT resulted in better nodal downstaging rates (89.4%
vs. 57.7%; p < 0.001), better pCR rates (46.8% vs. 7.7%; p < 0.001)
and improved local control (locoregional recurrence rates: 8.5% vs.
13.5%; p = 0.047). However, consistent with previous studies, there
were no significant differences in survival outcomes (OS or DFS)
between the two groups.

The optimal treatment for patients with potentially resectable
stage IIIA-N2 NSCLC is controversial. However, the findings from
several randomized trials and retrospective studies indicate that
trimodal therapy (radiotherapy, chemotherapy, and surgery) may
improve survival in selected patients. While the precise character-
istics of that patient subset remain to be defined, it would certainly
include patients considered eligible for surgical salvage with lobec-
tomy. The optimal induction treatment also remains undefined.
The use of preoperative radiotherapy is controversial because ran-
domized clinical trials have failed to find a survival benefit for
neoadjuvant radiotherapy. However, it has been postulated that
mediastinal nodal clearance (MNC) is the most important predic-
tor of OS, with several studies reporting better pCR and MNC  rates
when radiotherapy is included in the neoadjuvant treatment regi-

men. In this regard, the present retrospective study was performed
based on the premise that neoadjuvant high-dose radiotherapy
combined with chemotherapy is an optimal treatment to achieve
better local control in this patient population.
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Fig. 1. Distance recurrence (A.1) and Locoregional recu

A recently published retrospective study found that MNC  was
he most important prognostic factor for survival in patients treated
ith neoadjuvant high-dose CRT.11 Several retrospective stud-
es have confirmed the survival benefit in patients who achieved
ediastinal downstaging after neoadjuvant CRT.6,12 It seems clear

hat radiotherapy plays a key role, in a dose-dependent manner,
 (A.2) for the full cohort according to treatment group.

in achieving MNC. Studies that have compared neoadjuvant CRT
administered at the standard radiation dose (45 Gy) to CHT alone
have reported MNC  rates of approximately 40% for CRT versus 64%

for CHT.3,13,14 By contrast, a population-based study carried out
by Sher et al. to assess dose escalated CRT found that patients
receiving 54−66 Gy were significantly less likely to present resid-
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Fig. 2. Overall survival (B.1) and Progression free sur

al nodal disease than those receiving lower doses (OR, 0.59).8 In
hat same clinical scenario, two other phase III trials by Cerfolio
t al.10 and Bharadwaj et al.15 comparing high-dose to standard
ose RT also found that high-dose CRT yielded significantly better
NC  outcomes (83% vs. 74% and 75% vs. 42%, respectively) and pCR

10,15
ates (50% vs. 15% and 28% vs. 10%, respectively). Retrospective
tudies report mediastinal downstage rates with high-dose neoad-
uvant CRT ranging from 63% to 69%,11,16,17 which is substantially
etter than can be achieved with standard dose radiotherapy. In our
B.2) for the full cohort according to treatment group.

series, the downstaging rate in the high-dose CRT group (89.4%) is
consistent with previous reports and associated with a significantly
lower locoregional recurrence rate compared to the CHT group (17%
vs. 34.6%, respectively), despite the fact that half of patients in the
CHT group received PORT. Several phase III randomized trials have

compared the same two  induction modalities (but with lower radi-
ation doses), finding similar recurrence patterns in both treatment
groups, but better locoregional control rates (<34%) in the neoadju-
vant CRT arms.3,13,14 However, as in our study, better local control
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Table  3
Univariate analysis showing the association between the patients’ baseline clinical, sociodemographic, and treatment-related characteristics with PFS and OS  (n = 99).

OS
Variable HR (95% CI) p HR (95% CI) p

Age, years
<60 (n = 40) [ref: > 60 (n = 59)] 0.596 (0.315–1.128) 0.112 0.682 (0.377–1.233) 0.205

Sex
women (n = 18) [ref: men  (n = 81)] 0.424 (0.164–1.095) 0.076 0.808 (0.389–1.678) 0.567

ECOG
2  (n = 1) [ref: 0–1 (n = 98)] – – 2.766 (0.377–20.314) 0.317

Smoking status
Former (n = 45) [ref: never (n = 4)] 1.289 (0.302–5.5) 0.731 0.673 (0.203–2.235) 0.518
Current (n = 50) 1.054 (0.243–4.568) 0.944 0.494 (0.146–1.664) 0.255
T  stage (n = 98)
cT2 (n = 36) [ref: cT1 (n = 28)] 1.178 (0.548–2.534) 0.675 1.295 (0.614–2.732) 0.497
cT3  (n = 34) 1.179 (0.538–2.585) 0.681 1.68 (0.789–3.576) 0.178
Number of positive lymph nodal stations

>1 (n = 40) [ref: 1 (n = 59)] 1.172 (0.642–2.142) 0.605 1.176 (0.662–2.089) 0.581
Mediastinal lymph node size

≥3 cm (n = 3) [ref: < 3 cm (n = 96)] 1.183 (0.285–4.904) 0.817 1.339 (0.324–5.534) 0.687
Histology (n = 98)

Squamous (n = 43) [ref: Adenocarcinoma & others (n = 55)] 1.266 (0.695–2.304) 0.441 1.074 (0.603–1.913) 0.808
Histopathological mediastinum confirmation before neoadjuvant treatment

Yes (n = 57) [ref: No (n = 42)] 1.746 (0.917–3.322) 0.090 1.359 (0.749–2.468) 0.313
Neoadjuvant treatment

CRT (n = 47) [ref: CHT (n = 52)] 0.925 (0.5–1.711) 0.804 0.825 (0.459–1.484) 0.521
Radiological re-evaluation prior to resection (RECIST criteria)

No  response (SD, DP) (n = 4) [ref: Response (CR, PR) (n = 95)] 1.476 (0.355–6.127) 0.592 2,001 (0.62–6.461) 0.246
Pathological mediastinal evaluation (n = 40)

Positive (n = 5) [ref: Negative (n = 35)] 1.617 (0.356–7.345) 0.534 2.077 (0.585–7.374) 0.258
Interval to surgery after completion of induction treatment (n = 98)

>3  to ≤6 weeks, (n = 22) [ref:0-3 wk (n = 1)] 0.397 (0.049–3.186) 0.384 0.438 (0.056–3.432) 0.432
>6  to ≤9 weeks, (n = 32) 0.336 (0.043–2.620) 0.298 0.342 (0.044–2.647) 0.304
>9  to ≤12 weeks, (n = 16) 0.591 (0.074–4.722) 0.620 0.535 (0.067–4.258) 0.555
>12  weeks, (n = 27) 0.422 (0.055–3.269) 0.409 0.418 (0.054–3.223) 0.402

Pathologic stage ypT
ypT3 to ypT4(n = 12) [ref: ypT0 to ypT2 (n = 87)] 4.233 (2.06–8.698) 0.000 4.964 (2.466–9.989) 0.000
Pathologic stage ypN
ypN1-3 (n = 30) [ref: ypN0 (n = 69)] 1.759 (0.958–3.231) 0.068 2.701 (1.518–4.808) 0.001
Margin status (n = 98)

R1/R2 (n = 4) [ref: R0 (n = 94)] 1.107 (0.151–8.108) 0.920 2.002 (0.484–8.282) 0.338
Surgery type

Lobectomy (n = 84) [ref: Pneumonectomy (n = 15)] 0.741 (0.328–1.67) 0.469 0.733 (0.342–1.573) 0.426
Downstaging
Yes  (n = 72) [ref: No (n = 27)] 0.566 (0.306–1.047) 0.070 0.353 (0.198 - 0.631) 0.000
Pathologic complete response (pT0pN0)

Yes (n = 26) [ref: No (n = 73)] 0.47 (0.197–1.12) 0.088 0.519 (0.242–1.113) 0.092

OS, overall survival; PFS, progression-free survival; HR, hazard ratio.
Bold values signifies statistically significant results.

Table 4
Treatment-related toxicity for the full cohort.

Type of neoadjuvant treatment
Total n = 99 (%) CHT n = 52 (%) CRT n = 47 (%) p value

Haematological toxicity (anemia, neutropenia, thrombopenia)
<grade 3, n (%) 88 (97.8) 42 (97.7) 46 (97.9) 1.000
>=  grade 3, n (%) 2 (2.2) 1 (2.3) 1 (2.1)

Gastrointestinal toxicity (mucositis, esophagitis)
<grade 3, n (%) 89 (96.7) 44 (97.8) 45 (95.7) 1.000
>=  grade 3, n (%) 3 (3.3) 1 (2.2) 2 (4.3)

Gastrointestinal toxicity (nausea, vomiting)
<grade 3, n (%) 92 (100.0) 45 (100.0) 47 (100.0) –
>=grade 3, n (%) 0 (0.0) 0 (0.0) 0 (0.0)

Thoracic toxicity (chest pain)
<grade 3, n (%) 92 (100.0) 45 (100.0) 47 (100.0) –
>=grade 3, n (%) 0 (0.0) 0 (0.0) 0 (0.0)

Thoracic toxicity (pneumonitis)
<grade 3, n (%) 92 (100.0) 45 (100.0) 47 (100.0) –

C

d
t
t

>=grade 3, n (%) 0 (0.0) 

HT, chemotherapy; CRT, chemoradiotherapy.
id not result in improved survival outcomes. Median survival in
he phase III trial by Pless et al. comparing neoadjuvant CHT alone
o neoadjuvant CRT was 27.1 vs. 26.2 months, despite a higher inci-
0 (0.0) 0 (0.0)
dence of R0 resection in the CRT arm.14 In the trial carried out by
Thomas et al.,3 the authors also found that survival outcomes were
not improved in the CRT arm, despite a better local control. The
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eta analysis by Chen et al. reached the same conclusion (i.e., lack
f survival benefit for CRT), despite significantly better outcomes
n terms of tumor and mediastinal response and pCR rates.3,5 The

edian OS in the two treatment groups in our series was  compa-
able to previous reports, but 5-year OS rates were slightly better
n the high-dose CRT group. However, it is important to stress that
he median DFS in the high-dose CRT group has not been reached
et; as a result, significant differences in DFS between the groups
ay  become apparent with longer follow-up.
The reason why a better local control does not translate into

mproved survival outcomes may  be multifactorial. Some authors
uggest that the lack of improvement in OS may  be due to post-
perative toxicity or to a delay in surgery caused by the toxicity
ssociated with neoadjuvant treatment. Data from randomized
rials and retrospective series indicate that the postoperative mor-
ality rate in these patients ranges from 2% to 9%,3,6,14,16,18,19 with
hree studies even reporting that this mortality rate may be as high
s 3% in patients treated with high-dose neoadjuvant CRT,16,20,21

lthough these are the only studies to report this finding. How-
ver, the available evidence suggests that preoperative high-dose
T does not increase postoperative morbidity and mortality, except

n patients who undergo pneumonectomy.2,22 Moreover, surgical
eries confirm the safety of high-dose neoadjuvant RT (>60 Gy) in
atients who undergo lobectomy.9,10,20,21,23 In the meta-analysis
y Chen and colleagues, the addition of RT to the neoadjuvant treat-
ent regimen did lead to increased toxicity.5 In our series, we

ound no differences in morbidity or mortality between the two
reatment groups. Moreover, we observed only one toxicity-related
eath (due to ARDS) after neoadjuvant CRT followed by left pneu-
onectomy. Therefore, our data also confirm the safety of trimodal

herapy with high-dose neoadjuvant CRT followed by surgery in
atients with stage IIIA-N2 NSCLC. This treatment modality is fea-
ible and well tolerated with low morbidity and mortality.

In our series, the lack of improved survival in the CRT group
an probably be attributed to the high incidence of distant metas-
asis (around 30% in both groups). Several studies have reported
imilar rates of distant metastasis,3,11,12 with some reporting rates
f nearly 80%.20,24 Ultimately, the failure to achieve distant con-
rol in this patient population—despite the use of trimodal therapy
n these patients counteracts the good locoregional control and

ay  thus explain why there is no improvement in survival out-
omes. In recent years, the emergence of new systemic therapies,
uch as tyrosine kinase inhibitors (TKI), has improved outcomes
n patients with locally-advanced NSCLC who present driver muta-
ions. Indeed, the emerging data demonstrating the positive impact
f TKIs and immunotherapy on DFS in patients with advanced,
ocally unresectable NSCLC25 suggests a change in the therapeutic
pproach in patients with resectable, stage IIIA-N2 NSCLC. These
ew medical therapies improve distant control, which is likely to

ead to improved local control and thus better OS outcomes.

.1. Study strengths and limitations

The main limitation of this study is the retrospective design,
ith the potential risk of selection bias. In addition, we  only

ncluded patients who underwent surgery after neoadjuvant ther-
py and thus our findings cannot be generalized to all patients with
tage IIIA-N2 NSCLC. Sample heterogeneity is another limitation,
articularly the differences among patients with regard to histolog-

cal confirmation of mediastinal node involvement after induction
herapy and difference in the specific neoadjuvant treatment reg-

men. Finally, due to the relatively small sample size and limited
ollow-up (40 months), we were unable to detect differences in
urvival. However, the main strength of this study is that it is—to
ur knowledge—the first to compare high-dose (>/=60 Gy) neoadju-
ogy and Radiotherapy 25 (2020) 447–455

vant RT with concomitant chemotherapy to chemotherapy alone in
patients who underwent surgical resection for stage IIIA-N2 NSCLC.

5. Conclusion

The results of this study show that trimodal treatment with
high-dose neoadjuvant CRT followed by surgery in selected
patients with stage IIIA-N2 NSCLC is feasible and well-tolerated,
with low morbidity and mortality. Nodal downstaging was
achieved in nearly 90% of patients in the CRT group and a high
proportion of these patients also achieved complete pathological
response. Locoregional control was  superior to neoadjuvant CHT
alone. Although we  did not observe any differences between the
groups in terms of survival, it seems reasonable to believe that sig-
nificant differences in PFS may  emerge with longer follow-up. More
studies are needed to know the optimal treatment of these patients.
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