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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Identify patients with non-small cell lung cancer who may benefit from postoperative radiotherapy based upon
current evidence.

2. Summarize the results of analyses of both older and more recent data regarding postoperative radiotherapy in
NSCLC patients.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

In completely resected non-small cell lung cancer
(NSCLC) patients with pathologically involved mediasti-
nal lymph nodes (N2), administration of adjuvant plati-
num-based chemotherapy is now considered the standard
of care, based on level 1 evidence. The role of postoperative
radiation therapy (PORT) in this group of patients re-
mains controversial. The PORT meta-analysis published
in 1998 concluded that adjuvant radiotherapy was detri-
mental to patients with early-stage completely resected
NSCLC, but that the role of PORT in the treatment of tu-
mors with N2 involvement was unclear, and that further
research was warranted. Recent retrospective and non-
randomized studies, as well as subgroup analyses of recent
randomized trials evaluating adjuvant chemotherapy,
provide evidence of the possible benefit of PORT in pa-

tients with mediastinal nodal involvement. The role of
PORT is also a valid question in patients with proven N2
disease who have undergone only induction chemotherapy
followed by surgery, because the local recurrence rate for
such patients varies in the range of 20%–60%. Based on
the currently available data, PORT should be discussed
for fit patients with completely resected NSCLC with N2
nodal involvement, preferably after completion of adju-
vant chemotherapy. There is a need for new randomized
evidence to evaluate PORT using the modern three-di-
mensional conformal radiation technique, with attention
paid to reducing the risk for, particularly, pulmonary and
cardiac toxicity. A new large multi-institutional randomized
trial evaluating PORT in this patient population is needed
and now under way. The Oncologist 2011;16:672–681
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INTRODUCTION

Over one million people are diagnosed with lung cancer ev-
ery year throughout the world [1]. About 80% of them have
non-small cell lung cancer (NSCLC). For patients with
NSCLC in the absence of distant metastases, surgical resec-
tion remains one of the treatments of choice with the best
potential for curative therapy. Most long-term survivors are
indeed patients having had a complete surgical resection.
However, it is only achievable in about 30% of patients.
Even in this highly selected group of patients, there is still a
high risk for both local and distant failure. Adjuvant treat-
ments such as chemotherapy and radiotherapy (RT) have
therefore been evaluated in order to improve prognosis. For
years, their use has remained a controversial issue. How-
ever, the situation has completely changed for adjuvant
chemotherapy. Whereas individual trials comparing sur-
gery alone with surgery plus adjuvant chemotherapy could
not find any significant difference, the meta-analysis pub-
lished in 1995 showed a modest survival benefit of 5% in
completely resected patients having received postoperative
cisplatin-based adjuvant chemotherapy, compared with pa-
tients not treated with chemotherapy [2]. The benefit has
now been confirmed in several trials and meta-analyses
published within the last few years [3–8]. The absolute ben-
efit observed with chemotherapy in these trials varies in the
range of 4%–15% in terms of the 5-year survival rate. The
individual data– based meta-analysis recently published,
based on 34 trials and 8,447 patients, took into consider-
ation updated data from the old trials for the 1995 meta-
analysis, all recent trials listed above, as well as recent

nonpublished or negative trials [3–10]. It showed an abso-
lute difference in the 5-year survival rate of 4% at 5 years
(64% versus 60%; p � .0001). All these results have had a
significant impact on the therapeutic approach of such a
common cancer. Thus, most clinicians now consider adju-
vant chemotherapy as standard treatment in patients with
stage II and stage III completely resected lung cancer. How-
ever, longer-term follow-up of these patients is needed. Up-
dated survival analyses of two trials were published, with
contrasting results: the largest adjuvant trial questioned the
durability of the benefit of adjuvant chemotherapy beyond
5 years [11], whereas another study confirmed the long-
term benefit of adjuvant chemotherapy in patients with
stage IB and stage II disease [12]. Furthermore, the rele-
vance of molecular predictors of response to systemic ther-
apies, which were recently identified in patients presenting
with metastatic disease, remain to be studied both in locally
advanced NSCLC and in the adjuvant setting.

However, even after complete surgical resection and ad-
juvant chemotherapy, 20%–40% of patients still have a lo-
cal tumor failure. In view of the high proportion of patients
still suffering from local tumor recurrence after a complete
resection and adjuvant chemotherapy, a new interest in
postoperative radiotherapy (PORT) has occurred, even
though PORT remains a controversial issue.

STUDIES EVALUATING PORT
The risk for local recurrence is lower with PORT (25%–
35%), as shown in several retrospective studies listed in Ta-
ble 1 [13–19]. In most of these studies, there was a historical

Table 1. Retrospective studies on postoperative radiation therapy

Study Stage
n of
patients

Dose
(Gy)

Local
recurrence (%)

Overall
survival (%)

Follow-up
method

Astudillo and Connill [13] IIIA 60 – 20% 28% 3-yr actuarial

86 45–50 13% 20%

Green et al. [14] I–IIIA 94 – NR 16% 5-yr crude

125 50–60 NR 31%

Choi et al. [15] IIIA 55 31% 8 % 5-yr actuarial

93 40–56 14% 43%

Chung et al. [16] I–IIIA 68 – 32% 28% 3-yr crude

50 46 10% 40%

Paterson et al. [17] T3N0–2 22 – 27% 30% 5-yr actuarial

13 20–50 0 56%

Kirsh et al. [18] IIIA 20 – NR 0% 5-yr crude

110 50–60 NR 26%

Sawyer et al. [19] IIIA 136 – 60% 22% 4-yr actuarial

88 45–66 17% 43%
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comparison with patients who had no PORT, so these fig-
ures should be interpreted with caution. Although, they sug-
gested a potential benefit from PORT, this finding was not
corroborated by most randomized trials. However, many of
these prospective studies have serious design flaws. The
rates of local failure at 5 years vary according to stage and,
in several studies, patients at low risk for locoregional re-
currence were included, possibly obscuring a radiation-
induced benefit in higher-risk patients. The risk for local
failure may also vary according to histology: it is higher in
squamous cell lung cancer patients, whereas distant failure
is observed more often in adenocarcinoma patients. Hence,
some trials of the Lung Cancer Study Group addressing the
question of adjuvant RT only concerned patients with squa-
mous cell histology [20]. It is also important to state that
most of the prospective studies evaluating PORT versus ob-
servation are old trials, from the 1960s and 1970s, thus con-
ducted in the pre–computed tomography (CT) scan and pre–
positron emission tomography (PET) era, with patients treated
with cobalt-60 (60Co) or even orthovoltage therapy. The use of
these lower energy sources resulted in greater morbidity and
greater mortality [21]. The quality of RT was inferior to what
is now available, with patients being currently treated with
mega-voltage-energy linear accelerators. Furthermore, irradi-
ated volumes were often large, fractionations were unusual
and often �2 Gy daily, and there was no CT-based planning in
most trials, with all these factors contributing to a higher mor-
bidity. Other technical factors, such as the use of spinal cord
blocks, which potentially block mediastinal disease, may ex-
plain several locoregional recurrences [22, 23]. In this review,
we focus on randomized trials and the meta-analysis of PORT
[24]. We then speak about studies that have evaluated adjuvant
chemoradiation.

RANDOMIZED TRIALS OF ADJUVANT RT IN STAGE I
RESECTED NSCLC PATIENTS

Van Houtte et al. [25] conducted a randomized trial in 175 pa-
tients who had a complete resection and no lymph node in-
volvement. The 5-year survival rates were 24% in the RT arm
versus 43% in the control arm. PORT was significantly dele-
terious, especially after pneumonectomy (16% in the PORT
arm versus 43% in the control arm). They concluded that tho-
racic radiation therapy (TRT) should not be recommended in
N0 patients. Those same authors pointed out, in a subsequent
study, that more modern PORT techniques using linear accel-
erators instead of 60Co could improve the outcome of patients
[21]. The 5-year survival rate was only 8% among patients
treated with 60Co, whereas it was 30% in patients treated in
modern facilities. A more recent Italian randomized trial com-
pared PORT at a dose of 50.4 Gy with no PORT in 104 pa-
tients with pathological stage I disease [26]. All patients had a

CT-planned treatment, linear accelerators were used, and
treatment volumes including the bronchial stump and homo-
lateral hilum were small. RT resulted in a significantly lower
risk for local recurrence but there was no significant difference
in terms of the 5-year overall survival rate (67% in the PORT
group and 58% in the control group). However, several clini-
cians may argue that patients with pathological stage I NSCLC
have a low risk for local recurrence, and routine PORT is, at
present, not recommended for such patients after complete
resection.

RANDOMIZED TRIALS OF ADJUVANT RT IN

STAGE II AND III RESECTED NSCLC PATIENTS

The Lung Cancer Study Group conducted a randomized
study including 230 patients with stage II and stage III squa-
mous cell carcinoma to evaluate PORT at a dose of 50 Gy
[20]. PORT resulted in a significantly lower risk for local
recurrence, 1%, versus 41% in the control arm (p � .001),
but this effect did not translate into a demonstrable overall
survival benefit (5-year survival rate, �40% in both arms),
because most recurrences were outside the RT field or were
distant failures. However, a subgroup analysis suggested
that PORT could prolong the disease-free interval in pa-
tients with N2 disease. The design of the Medical Research
Council (MRC) study was quite similar but also included
patients with adenocarcinoma [27]. Patients with patholog-
ically staged T1–T2, N1–N2 NSCLC were randomly as-
signed to receive either surgery alone or surgery and PORT
at a dose of 40 Gy in 15 fractions. The results confirmed
previous studies: there was no survival advantage for pa-
tients in the PORT group over those in the control arm, but
in the N2 subgroup analysis there was a nonsignificant
trend toward longer survival and better local control. Thus,
the authors concluded that there was no indication for
PORT in N1 disease, but the question remained open for N2
patients. The largest trial evaluating PORT included 728
patients (221 with stage I, 180 with stage II, and 327 with
stage III disease) [22]. It demonstrated that PORT had a det-
rimental effect on survival: the 5-year survival rate was
43% for the control group and 30% for the RT group (p �
.002). In terms of the 5-year rate without local recurrence,
there was a trend in favor of PORT among N2 patients. The
higher mortality rate in the RT group was a result of more
intercurrent deaths, with a high incidence of cardiac and re-
spiratory complications. In a Chinese randomized study of
366 completely resected patients with N1 or N2 nodal dis-
ease, PORT resulted in a significantly lower rate of local
relapse—the local failure rate was 12.7%, versus 33.2% in
the control group (p � .01)—but had no impact on survival
[28]. Several of these trials are shown in Table 2 [20, 22, 25,
26, 28, 29].
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In conclusion, before the meta-analysis was published,
the role of PORT remained unclear, particularly in N2 dis-
ease, because the individual trials showed conflicting and
inconclusive results. They did not have the statistical power
to detect moderate survival differences. Thus, the PORT
meta-analysis group gathered individual data on 2,128 pa-
tients from nine randomized trials [24]. The results of the
meta-analysis indicated that PORT had a significantly det-
rimental effect on survival, with an absolute 7% lower sur-
vival rate at 2 years, 48% versus 55% (p � .001). This
overview was updated in 2005, including an additional trial
by Trodella et al. [26] included in the analysis, and it still
showed PORT to be detrimental, with an 18% higher rela-
tive risk for death [30]. In the original publication, subset
analyses suggested that PORT could be deleterious in terms
of overall survival, predominantly among patients who had
a complete resection and no mediastinal involvement (ei-
ther pN0 or pN1) [24]. However, they observed a 24%
lower relative local recurrence rate (all stages together), so
that the question of PORT in pN2 patients who have a high
local recurrence rate remained valid and could warrant fur-
ther research. No randomized study evaluating more mod-
ern PORT has been published since 1998. However, there
have been studies on adjuvant chemoradiotherapy.

ADJUVANT CHEMORADIOTHERAPY IN

STAGE II AND III PATIENTS

Before the publication of the PORT overview, PORT was
considered the standard treatment by many clinicians for

stage II and stage III patients; thus, the Eastern Cooperative
Oncology Group (ECOG) completed a prospective trial
comparing PORT, at a dose of 50.4 Gy in 1.80-Gy fractions,
with PORT plus concomitant chemotherapy combining
etoposide and cisplatin [31]. The 3-year survival rates were
52% in the PORT arm and 50% in the combined treatment
arm (p � .56). The locoregional recurrence rate within the
radiotherapy field was around 13% in both arms and was
therefore smaller than those reported in the literature. Better
standardized surgical treatment may explain these results in
terms of local control, with more modern radiotherapy us-
ing CT scan–based planning. The protocol asked for a thor-
ough mediastinal lymph node dissection or sampling
according to the American Thoracic Society lymph node
definitions [32, 33]. There was a significant difference (p �
.05) in the recurrence rate between patients with mediasti-
nal dissection (50%) and those with mediastinal sampling
(60%) [34]. Thus, the authors concluded that cisplatin and
etoposide administered concomitantly with PORT did not
prolong survival or modify local failures, compared with
PORT alone. Since this publication, there have been several
phase II trials evaluating adjuvant concomitant chemora-
diation [35, 36]. In the Radiation Therapy Oncology Group
9705 phase II trial, 86 patients with completely resected
NSCLC (stage II and stage IIIA) had concurrent paclitaxel
plus carboplatin and PORT at a dose of 50.4 Gy [35]. The
3-year progression-free and overall survival rates were, re-
spectively, 50% and 61%, and local failure was a compo-
nent of first failure in 15% of patients. In another phase II

Table 2. Results of certain randomized studies

Study Stage
n of
patients

Total dose/
fraction size

LRR
(%) p

5-yr SR
(%) p (in favor)

Van Houtte et al. [25] T1–3N0 104 – 10.9% NS 43% �.05 (surgery)

98 60/2 Gy 1.2% 24%

Lung Cancer Study Group [20] II–III SCC 120 – 41% .001 40% NS

110 50.4/1.8 3% 40%

Dautzenberg et al. [22] I–II–III 355 – 28% NS 43% .002 (surgery)

373 60/2–2.5 22% 30%

Mayer et al. [29]b I–II–III 72 – 20%a �.01 20.4% NS

83 50–56/2 7%a 29.7%

Trodella et al. [26]b T-2N0 53 – 23% 0.19 58% .048 (PORT)

51 50.4/1.8 2.2% 67%

Feng et al. [28] II–III 182 – 33.2% .01 40.5% NS

183 60/2 12.7% 42.9%
aCumulative rate of local recurrences.
bStudy not included in the meta-analysis published in 1998.
Abbreviations: LRR, local recurrence rate; NS, nonsignificant; PORT, postoperative radiation therapy; SCC, squamous cell
carcinoma; SR, survival rate.
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study that included 42 patients (of whom 60% were N2)
treated with a similar regimen, the 2- and 5-year Kaplan–
Meier estimates of locoregional control and overall survival
were 92% and 88% and 72% and 44%, respectively [36].

It should be outlined that the recently published meta-
analysis based on individual data comprised a second anal-
ysis based on 13 trials and 2,660 patients, mostly stage III
patients, and compared surgery plus RT with surgery plus
RT and chemotherapy [8]. It showed a 4% significantly
higher survival rate at 5 years (33% versus 29%). This 4%
absolute benefit was also observed in trials comparing sur-
gery with surgery and chemotherapy. Thus, the effect of
chemotherapy was similar irrespective of which locore-
gional treatment was used: surgery alone or surgery plus
PORT. The authors concluded that, because this meta-
analysis was not designed to study the effect of PORT, ran-
domized trials are needed to assess modern RT as an
adjuvant treatment.

PORT: LOCAL CONTROL AND TOXICITY ISSUES

The meta-analysis has been criticized because the RT tech-
niques used were considered suboptimal, resulting in
higher morbidity and mortality rates in the PORT arm than
in more recent studies. The majority of these trials were per-
formed in 1965–1995 so that there was no CT scan–based
planning. It should be stressed that seven of the nine trials
included patients treated with 60Co equipment, which is
now known to result in greater morbidity [21]. Lally et al.
[37] reported on PORT based on a population-based cohort
of 7,465 patients with stage II and stage III NSCLC who
had surgery. They selected, from the Surveillance, Epide-
miology, and End Results (SEER) database, patients treated
in 1988–2002, of whom 47% received PORT. Patients who
had PORT were presumably treated with more modern RT
techniques than patients included in the meta-analysis. The
5-year survival rate was 20% in the no-PORT subgroup,
versus 27% in the PORT group (p � .0036). The authors
concluded that PORT offered a significant survival benefit
for patients with N2 nodal disease, but that there was a det-
rimental effect for patients with N0 or N1 nodal disease.
However, as with any retrospective study using a large da-
tabase, one should be cautious with the results. What should
be emphasized is that they came to the same conclusions as
the PORT meta-analysis for patients with N0 and N1 nodal
disease, even if most patients from the SEER database had
more modern linear accelerator– based RT. Another re-
cently published trial by Douillard et al. [6, 38] also pointed
to the possible impact of PORT on survival in patients in-
cluded in the adjuvant Navelbine International Trialist As-
sociation randomized trial. In a subgroup analysis
according to nodal status, survival was longer in patients

with pN2 disease who received PORT, both in the chemo-
therapy (median survival time, 23.8 months versus 47.4
months) and observation (median survival time, 12.7
months versus 22.7 months) arms [38]. The authors con-
cluded that their retrospective evaluation suggested a posi-
tive effect of PORT in patients with pN2 disease and a
negative effect in patients with pN1 disease when patients
received adjuvant chemotherapy, and that these results sup-
ported further evaluation of PORT in prospectively ran-
domized studies in completely resected pN2 NSCLC
patients.

Considering all the studies presented, PORT should be
considered only after complete resection in patients with
mediastinal nodal involvement. In the study of Dautzen-
berg et al. [22], the risk for local recurrence was 29% lower
considering only the 190 pN2 patients. In the MRC study,
the local recurrence rate among pN2 patients in the control
arm was 41%; this was lower, at 26%, among patients who
had PORT [27]. In the retrospective study of Ichinose et al.
[39], on 406 patients with pN2 nodal involvement, the local
recurrence rate among the 332 evaluated patients was
39.2%, with most of these recurrences located in the medi-
astinum. Some interesting issues concerning local control
have been outlined by retrospective studies. Kelsey et al.
[40] studied 61 patients who, after a complete resection and
no adjuvant treatment, presented with a local failure. They
observed that left-sided tumors tended to recur in the con-
tralateral mediastinum more frequently than did right-sided
tumors, and this may be explained by the surgical technique
because left-sided lymph node exploration is considered
more difficult than right-sided lymph node exploration
[34]. A retrospective study recently evaluated PORT accord-
ing to the number of lymph node stations involved [41]. PORT
efficacy was dependent on the number of lymph nodes in-
volved, and thus of more benefit to patients with multiple sta-
tions involved. Sawyer et al. [19] tried to divide pN2 patients
into three different subgroups according to their respective risk
for failure: high risk, for cases with multiple distant mediasti-
nal nodes involved; intermediate risk, for cases of involvement
of inferior nodes or superior nodes with eventually invasion of
hilar nodes; and low risk, if there is no hilar node involvement.
However, as with any retrospective study, one should be cau-
tious with the results, which were very much in favor of
PORT, and this delineates the importance of a new random-
ized study comparing PORT with no PORT in such a common
cancer as NSCLC, as stressed in most recent articles on PORT
in patients with N2 disease.

Even if the techniques used were different from one trial to
another, most of the trials included in the meta-analysis used
elective nodal irradiation including the two supraclavicular re-
gions, the whole mediastinum, and the homolateral hilar re-

676 Postoperative RT in Resected NSCLC



gion up to a dose of 36–42 Gy. A boost to a more limited
region was delivered with oblique opposed fields or with an-
terior–posterior reduced fields with a spinal block. Many of
these trials used suboptimal techniques, leading to poor local
control and eventually greater toxicity [23]. There was a sig-
nificant underdosage in the nodal area at risk, especially in tri-
als recommending the spinal block technique [27].

The excess toxicity (mostly cardiac and pulmonary) and
noncancer-related deaths observed after PORT in the meta-
analysis trials can probably be explained by excessive vol-
umes of radiation, old radiation techniques, too large doses
and fraction sizes, and no CT scan–based planning. Unfor-
tunately, the authors could not collect data on toxicity or
causes of intercurrent deaths in the different studies. Late
cardiac complications described after mediastinal RT are
linked to the total dose, the fraction size, the irradiated vol-
ume, the technique of irradiation, as well as comorbidities
(tobacco use, overweight) [42, 43]. Several authors have
underlined the importance of the RT technique to lower this
risk [21, 44]. Pulmonary complications, such as pneumoni-
tis and lung fibrosis, can also be observed, but they occur
earlier and there are strong volume and fractionation effects
[45, 46]. The administration of certain radiosensitizing
drugs may increase this risk.

Presently, patients should have conformal RT based on
CT planning, contributing to less toxicity and possibly bet-
ter local control [21, 44, 47–50]. Miles et al. [50] elaborated
on a mathematical model to describe the tumor stage- and
field size-dependent risks and benefits of PORT and
showed that RT-induced mortality was strongly dependent
on field size. In the largest published randomized trial, Dau-
tzenberg et al. [22] were able to determine that the use of
fraction sizes �2 Gy resulted in a high risk for late toxicity.
There were more intercurrent deaths with higher daily
doses (5-year rate, 16%–18% if daily fraction �2Gy and
26% with higher daily fractions). There was a correlation
between fractionation and morbidity. The risks for non-
cancer-related death were 7% in the control group, 16%–
18% among patients who had TRT with daily fractions �2
Gy, and 26% among those who had higher doses per frac-
tion. A retrospective study published on a selected patient
population focused on toxicity issues, showing that PORT
could be administered safely if patients were treated with
more modern treatment techniques, a more limited volume
of irradiation, a daily fraction size �2 Gy, and a total dose
�54 Gy [44]. The ECOG also reported on the 4-year actu-
arial rate of death from intercurrent disease (DID) for pa-
tients treated with PORT within the E3590 trial, which was
12,9%, not significantly different from the 10.1% expected
rate of DID observed in a control population matched for
age and gender and corrected for smoking status [51]. A

SEER data–based study analyzed deaths from heart disease
in a group of 6,148 pN1 or pN2 patients operated on in
1983–1993 who were followed up until 2005 [52]. Among
these patients, 58% had PORT. PORT delivery was indeed
associated with a greater hazard for heart disease. However,
this was only significant in patients treated in 1988–1993.
For the authors, this reflected the impact of the more mod-
ern RT techniques used in the second half of the 1990s on
morbidity.

IMPORTANCE OF SURGERY AND PREOPERATIVE

STAGING IN THE PERSPECTIVE OF MODERN

ADJUVANT RT
New data in the reassessment of PORT should take into
consideration the quality of surgery and the progress made
in terms of preoperative staging. In past years, there has
been an important collaborative effort of thoracic surgeons
to define lymph node exploration and complete resection.
The European Society of Thoracic Surgeons proposed
guidelines for appropriate intraoperative and preoperative
lymph node staging [53, 54]. The International Association
for the Study of Lung Cancer staging committee proposed a
definition of complete resection [55]. All resection mar-
gins, including bronchial, venous, and arterial stumps and
peribronchial soft tissue, should be microscopically free
from disease. Systematic nodal examination should com-
prise at least three intrapulmonary and hilar nodes and at
least 3 nodes from the following mediastinal nodal stations
according to the location of the primary tumor:

• Right upper and middle lobe: subcarinal nodes (station 7)
and two of the following three stations—superior para-
tracheal (station 2), inferior paratracheal, and pretracheal
(station 4);

• Right lower lobe: subcarinal nodes (station 7) and right
inferior paratracheal (station 4) and either the paraesoph-
ageal or pulmonary ligament nodes (station 8 and station
9);

• Left upper lobe: subcarinal nodes (station 7) and subaor-
tic and anterior mediastinal nodes (station 5 and station
6);

• Left lower lobe: subcarinal nodes (station 7), paraesoph-
ageal and pulmonary ligament nodes (station 8 and sta-
tion 9).

There is no consensus on whether or not the highest me-
diastinal node that has been explored and removed should
be negative. It is also unclear whether the extent of medias-
tinal exploration can affect long-term survival. Even if ran-
domized trials have been performed comparing these two
mediastinal approaches, there still is debate between advo-
cates of radical mediastinal node dissection, who claim not
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only a potential prognostic benefit but better tumor staging,
and those who oppose the radical approach because of
higher morbidity and mortality as a result of the extent of
surgery and possibly because of a negative effect on sur-
vival resulting from impaired local immunity [56–58].

REPOSITIONING PORT IN 2010 IN PATIENTS AT

HIGH RISK FOR LOCAL RECURRENCE

The 5-year survival rate of patients with mediastinal nodal
involvement who have had a complete resection of NSCLC
(pN2) varies in the range of 20%–35% in large surgical se-
ries according to the number of lymph node stations in-
volved [33, 59]. The importance of mediastinal node
involvement seems the best and most consensual prognos-
tic factor. Their risk for metastatic dissemination is high.
Local control is also an important issue, with reported local
failure rates around 30%–40% [20, 27, 28, 39].

In 2010, most patients considered for surgery are much
better selected based on PET scanning and brain imaging.
PET–CT is highly sensitive and specific in detecting medi-
astinal nodal spread and extracranial metastases [60–62].
After induction chemotherapy for patients with N2 involve-
ment, repeated fluorodeoxyglucose PET may help in the se-
lection of surgical candidates among patients with
mediastinal downstaging or persistent minor disease [63].
Many clinicians treat patients with clinical N2 involvement
with preoperative chemotherapy. Several studies as well as
a meta-analysis based on the literature have indeed suggested
a benefit in terms of survival in favor of preoperative chemo-
therapy [64–66]. Mediastinal downstaging is a very important
prognostic factor [67, 68]; however, the recurrence rate can be
quite high, as seen in the updated results of a Swiss phase II
trial showing that, among N2 patients treated with neoadju-
vant chemotherapy, at a 5-year follow-up, 60% of patients had
a local relapse [69]. The question of PORT is then also valid
among patients who have histologically proven N2 disease be-
fore preoperative chemotherapy, whatever their response: per-
sistent mediastinal involvement or mediastinal downstaging
(from histologically proven N2 to pN0 or pN1). There is no
randomized study on this issue.

IMPLICATIONS FOR A NEW TRIAL

EVALUATING PORT
At present, based on level 1 evidence, patients who have
had a complete resection of their primary tumor with medi-
astinal lymph node dissection showing no mediastinal in-
volvement (pN0 and pN1) should not have PORT. The
issue of PORT is not as clear among pN2 patients and war-
rants further studies with more modern techniques [24].
The indication for PORT is currently debated for each in-
dividual patient with mediastinal involvement. Some clini-

cians never consider PORT for pN2 patients, others
consider it standard in pN2 patients, and others restrict their
indication for PORT to patients with multiple N2 nodal in-
volvement or cases of extracapsular extension. However, in
order to avoid the errors of previous studies, it is very im-
portant to describe well the modalities of surgery (most par-
ticularly, the lymph node exploration) as well as the RT
modalities in terms of volume, fields, and dose prescription.
Conformational RT should be mandatory. The irradiation
volume should take into account data from a thoracic CT
scan and the eventual PET scan data before surgery, as well
as the description of the mediastinal exploration and histo-
pathological results. Thus, if one considers a series of sur-
gical patients with pN2 nodal disease, the risk for lymph
node involvement is 48% around the trachea and 41% in the
subcarenal region [70]. Consequently, paratracheal nodes,
subcarenal nodes, as well as the homolateral hilar region
should be systematically included in the irradiation volume
[71, 72]. A recent study has shown that there are wide vari-
ations in target volume definition for PORT even among
TRT oncologists [71]. Based on previous studies, it seems
reasonable to treat only involved lymph node stations and un-
involved stations at high risk to better protect surrounding nor-
mal structures and consequently minimize treatment-related
mortality [40, 50, 72, 73, 74]. In the ongoing, phase III, ran-
domized Lung Adjuvant Radiotherapy Trial (ART), the irra-
diation volume includes the lymph node stations involved
according to the pathological report as well as the lymph node
stations considered at high risk for involvement according to
tumor location, with station 4 and station 7 and the homolateral
hilar region always involved in the conformal treatment vol-
ume (Fig. 1) [75]. All patients who have had a complete resec-
tion for NSCLC with proven mediastinal nodal metastases,
irrespective of whether they have had preoperative or postop-
erative chemotherapy, can be included.

Stratification factors comprise the modalities of adju-
vant treatment (preoperative alone versus postoperative
versus none), number of mediastinal lymph node stations
involved (0 versus 1 versus �2), histology (squamous cell
carcinoma versus others), use of pretreatment PET scan-
ning (yes versus no), and center. There is no stratification
according to modality of lymph node exploration (medias-
tinal dissection or sampling) or clinical versus incidental
N2 involvement because no uniform definition of these en-
tities exists in the participating centers. Such data will be
collected and subsequently analyzed by a panel of surgeons
and thoracic oncologists.

The primary endpoint of the Lung ART trial is disease-free
survival and secondary endpoints are overall survival, patterns
of relapse, local failure, second cancers, and treatment-related
toxicity. Because of toxicity reported in old trials, quality as-
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surance for conformal RT as well as translational research
(predictive factors of toxicity and toxicity) programs are
planned. For lymph node station delineation, the atlas of CT-
based definition of thoracic lymph node stations may be help-
ful [76]. Statistical considerations are based on data issued
from large randomized trials having evaluated adjuvant che-
motherapy in completely resected patients with N2 involve-
ment. Because the disease-free survival (DFS) rate among
these patients was about 30% at 3 years, 700 patients would
allow for the observation of a 10% difference in terms of the
3-year DFS rate with a bilateral test (power, 80%; risk �, 5%).

Because the standard treatment for patients with mediasti-
nal involvement has changed in the last 10 years from surgery
plus adjuvant RT to surgery plus chemotherapy, and because
selection of surgical candidates has evolved with PET–CT, it
is of utmost importance to evaluate whether modern adjuvant
RT can improve survival in patients after complete resection
and adjuvant chemotherapy. Such a study could also prove
that PORT can produce significantly better local control with
low morbidity (using modern RT techniques). Such a study
would contribute to an optimization of standard care in oper-
able patients with mediastinal involvement.
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