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Abstract: Preoperative and postoperative radiotherapy (PORT) with or without chemotherapy has been

used in non-small cell lung cancer (NSCLC) for decades. Numerous trials have investigated the potential

survival benefit of this strategy, but despite greater knowledge of the disease, considerable technological

developments in imaging and radiotherapy, and significant progress in surgery, many questions remain

unsolved. In this review, we summarize the current knowledge on this problem and discuss issues which still

require elucidation.
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Introduction

Adjuvant postoperative radiotherapy (PORT) or preoperative
radiotherapy (preRT) has been advocated for decades,
but despite testing and evaluation through many trials
and meta-analyses a clear-cut answer concerning its use
remains elusive. This is largely due to the limitations of
the randomized trials, current developments in diagnostic
procedures (e.g., PET-CT), the techniques of surgery
and RT [from 2D to 3D-CRT and intensity-modulated
radiotherapy (IMRT) with image-guided RT], and the use
of pre- or postoperative chemotherapy for stage II or III
disease. Hence, the current question is how to combine
RT with chemotherapy or—shortly—with immunotherapy
for stage III non-small cell lung cancer (NSCLC). Indeed,
based on several trials and meta-analyses, chemotherapy
as an adjuvant or induction treatment has become the
standard practice (1,2). Furthermore, stage III patients not
amenable for surgery are not treated by exclusive RT but
with the addition of chemotherapy either in a sequential
or concurrent manner. Concurrent chemoradiotherapy
(CRT) has been shown to provide longer survival through
better local control than a sequential approach (3). In the
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present review, we summarize the more recent publications
with consideration to past publications and meta-analyses,
consider if these new findings may modify our approach,
and discuss how we can adapt our current practice.

preRT

The ultimate goal of preRT is to improve patient survival
through better local control. One of the main advantages
of this approach is its direct action on the tumor, allowing
for downstaging, complete resection of tumors initially
considered inoperable, or even a pathologic complete
response. PreRT also allows for the control of microscopic
disease. The downsides of preRT, however, are the current
limitation to define the precise tumor extent even with our
modern imaging techniques. By postponing of surgery by
a few weeks, there is a risk of induced severe toxicity or
tumor progression in case of no response or during the
interval between the end of the induction treatment and
surgery (4). There is also an increased risk of postoperative
complications.

Preoperative, compared to postoperative RT, has been
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less scrutinized by randomized trials, and the available
data refer mainly to CRT approaches. Many phase II trials
have reported a higher response rate, more downstaging,
and more pathologic complete responses, but also
more postoperative complications for CRT compared
to chemotherapy alone (5,6). Induction chemotherapy
has often been advocated for stage III disease, but the
superiority of triple-modality approach is debatable. Indeed,
in trials investigating various preoperative strategies, the
pathologic complete response rate with CRT ranged
between 18% and 33%, compared to 10-19% with
induction chemotherapy (ICT) alone (1,7,8). In a phase III
trial conducted in Germany, more than 500 patients with
stage IIIA or IIIB NSCLC were randomized between ICT
followed by surgery and PORT, or ICT followed by an
accelerated course of preoperative CRT preCRT (9). The
number of complete resections was similar in both arms (84
patients in the ICT arm and 98 in the preCRT arm), but
still less than 60% of the randomized patients underwent
surgery. Complete pathological response with ICT and
preCRT was achieved in 17 and 59 patients, respectively,
but this difference did not translate into a survival benefit:
S-year survival rates were around 15% for both arms. This
trial was actually not a comparison between preCRT and
induction chemotherapy, but rather an evaluation of preRT
vs. PORT, as the patients in the induction chemotherapy
arm also received PORT. In a recent analysis from the US
National Cancer Database, among 1,936 patients with T1-
T2N2 disease treated with either preCRT or ICT, the
pathologic complete response was higher after preCRT
compared to ICT (14.2% vs. 4%), but at the expense of
increased perioperative mortality and with no improvement
in overall survival (10). In a retrospective study based on
data from the Surveillance Epidemiology and End Results
(SEER) database, the propensity score matching-based
analysis showed that, compared to surgery alone, preRT
increased cancer-specific survival (HR: 1.427, P=0.014)
and overall survival (HR: 1.220, P=0.002) (11). One of the
most important biases and limitations of this retrospective
database analysis was whether chemotherapy was used
concurrently with preRT.

Three randomized trials were specifically designed to
compare ICT and preCRT in patients presenting with N2
disease that was initially considered resectable. In the Swiss
trial, 232 patients were randomized between ICT followed
by surgery 4 weeks later, or ICT followed by RT (44 Gy in
22 fractions and 3 weeks) and surgery 3 to 4 weeks later (12).
This trial found no difference between the arms in terms
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of progression-free survival and overall survival. A RO
resection was performed in 91% and 81% of patients who
did and did not undergo RT, respectively. A pathologic
complete response was achieved in 16% and 12% of
patients, respectively. Of note, no operative mortality was
reported after RT. The sequential approach used in this
study is questionable with consideration to the superiority
of a concurrent approach in patients administered definitive
CRT. Additionally, 15 patients in each arm did not receive
the treatment according to the randomization, getting
either RT in the chemotherapy-only arm, or no RT in the
combined modality arm. A meta-analysis including the
three available trials did not identify any benefit in terms
of survival, likely due to the small number of patients
(56 and 46, respectively) in the two other trials (13,14). The
pooled results demonstrated that compared to ICT alone,
preCRT was more effective in terms of tumor response,
mediastinal downstaging, and pathological complete
response of mediastinal lymph nodes. In addition, increase
in perioperative mortality in the CRT group, and a higher
number of patients from this group underwent a RO
resection. A similar conclusion was seen in the analysis of
the US National Cancer Database which included around
2,000 patients with T1-T2N2 disease (10).

Many preRT trials used doses around 45 Gy in 5 weeks,
or a biologically equivalent dose. Higher radiation doses
have been advocated in small series to achieve a higher
response rate, but one concern is the possible acute and
long-term toxicity. Small series have showed the feasibility
and safety of operation after higher RT doses, even those
above 60 Gy, by taking specific measures during surgery
and during the recovery period. Using the National Cancer
Database, Sher at al. found a better survival of preoperative
RT (preopRT) doses between 45 and 54 Gy; increasing
RT doses lee to more complete pathological response
without an increase in surgical morbidity or lethality (15).
However, this study had all the limitations related to
using a too-large database. In another small series of 52
patients, 18 were treated with doses of 60 Gy or higher.
The pathologic complete response was higher compared to
lower doses but no difference was observed in survival at the
price of an increase in long-term noncancer mortality (16).
Recently, our Spanish colleagues reported on 99 patients
treated either with preopCRT or ICT. After CRT,
pathologic complete response and nodal down staging were
significantly higher, while loco-regional recurrence was
significantly lower, but this did not translate in any survival

benefit (17). Pathological response after ICT or preopCRT
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Table 1 Selected studies on induction chemotherapy or radiochemotherapy and pathologic complete response

Authors Treatment RT N patients Pathologic CR
Thomas 2008 CRT 45 Gy bid s 264 46%
ICT 260 29%
Albain 2009 CRT 45Gyc 202 17.70%
Van Meerbeeck 2007 ICT 167 5%
Eberhardt 2015 CRT 45 Gy b.i.d. c 81 33%
Pless 2015 CRT 44 Gy/3w s 117 16%
ICT 115 12%
Montemuino 2020 CRT 62 Gy c 47 46.80%
ICT 52 7.70%
Betticher 2006 ICT 90 19%

CRT, chemoradiotherapy; ICT, induction chemotherapy; ¢, concurrent; s, sequential.

has been reported from different series with a wide range
of values, and patient selection and the definition of a
pathologic complete response vary from study to study
(Table 1). Clearly, prospective studies are needed to
determine these unresolved issues.

One concern related to ICT is a risk of delay between its
termination and the initiation of local treatment wherein an
accelerated repopulation of cancer cells and tumor regrowth
can occur (4). This is even truer when the decision on the
use of surgery is taken only after the induction treatment.
Accordingly, there is no direct correlation between the
radiologic and pathologic tumor response after induction
CRT (18). In the case of no resection or incomplete
resection, the chances for the patient to have an optimal
curative treatment are jeopardized, as the preRT dose is
too low to achieve an effective local control. Moreover,
the addition of a boost delivered after several weeks of RT
interruption is not very effective due to tumor repopulation.

Superior sulcus tumor

PreCRT is a commonly used strategy in patients with
superior sulcus tumors. Two phase II trials conducted in the
US and Japan (including 110 and 76 patients, respectively)
used a concurrent approach including 45 Gy RT combined
with cisplatin/etoposide or cisplatin/vindesine/mitomycin
chemotherapy. Patients with N2 disease were excluded from
these trials. The 5-year survival rates were 44% and 56%,
respectively (18,19). Important prognostic factors were R0
resection and pathologic complete response. Of note, in the
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US trial, 32 out of 110 patients were not eligible for surgery.
Another approach shown to be feasible is the delivery of full
dose preRT (66 Gy in fractions of 2.75 Gy) concurrently
with daily cisplatin (20). In a series of 115 patients observed
between 1994 and 2006, 49 patients were treated with
CRT either before surgery (19 patients including 2 cases of
N2 disease) or as a definitive treatment (30 patients). The
S-year survival rates were 33% after trimodality therapy
and 18% after CRT alone (20). Importantly however, the
patients subjected to the trimodality approach were highly
selected. In a recent series of Robinson ez /. (21) including
107 consecutive patients treated between 1994 and 2016,
53 patients were administered with preCRT, 34 with ICT
followed by PORT, and 15 with primary surgery followed
by adjuvant therapy. The 5-year survival in the entire
group was 45%, with no difference between the induction
regimens (47% each), and 36% in the non-induction group.
CRT led to a higher complete pathologic response rate (38%
vs. 3%) but at the expense of higher postoperative toxicity.
Strict interpretation of this study is hampered by patient
selection and differences in general management over a
period of 22 years. In NSCLC, the hospital volume and
patient selection (T3 vs. T4, NO vs. NI-N2) play a major
role. Performing a well-designed trial study comparing
induction CRT wvs. ICT is challenging due the rare
occurrence of superior sulcus tumour.

Postoperative radiotherapy (PORT)

The goal of PORT is to control any possible microscopic
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disease left after surgery at the level of the bronchial stump,
or in the hilar and/or mediastinal nodes in order to increase
local control and survival. Apparent benefits of PORT have
been demonstrated for rectal, breast, and head and neck
cancers. PORT for lung cancer may, however, induce severe
toxicities to vital organs including the lungs, spinal cord,
and heart.

PORT after a complete resection (RO)

One meta-analysis published in 1998, and updated in 2005
and in 2016, included the individual data of patients from
9, and later 11 trials (22-24). The initial analysis showed a
paradoxically deleterious effect of PORT in pathological
stage I-1II NSCLC, with an absolute detriment of 7% at 2
and 5 years after a complete resection. While this negative
effect was mainly observed for pathological stage I and II,
no definitive conclusion could be made for stage III. Both
updated analyses confirmed the harmful effect of PORT
(23,24). This negative result led to a change in clinical
practice, with fewer patients treated with PORT even for
N2 disease. However, interpretation of available data is
difficult, as many analyzed trials have been conducted over
four decades. These early trials used obsolete radiation
techniques such as 2D RT, posterior spinal block, cobalt-60
machines, single-plane dosimetry, or no image guidance. A
new meta-analysis stratifying the PORT trials by the use of
a cobalt-60 unit vs. linear accelerators showed an increased
overall survival and better local control in stage III disease
for trials using a linear accelerator (25). Furthermore, the
irradiated volume included the whole mediastinum from
the sternal notch to the lower mediastinum leading to a
high heart dose. A comparison of radiation plans used in
the studies included in the meta-analysis versus current
techniques revealed a poor target coverage and excessive
toxicity in the older techniques (26). For example, with
these techniques the target coverage reached only 65%. The
percentage of heart volume receiving at least 30 Gy (V30)
was 35% compared to 16% with modern techniques, and
the lung V20 was 25% vs. 18%, respectively. Clearly, there
are no indications for PORT after a complete resection of a
NO disease, and this is in good agreement with the pattern
of failure, as the locoregional relapse rate in NO is below 5%
but may be as high as 47% for N2 disease (27).

Since 1998, many papers, including single-center
experiences, database analyses, and meta-analyses of
randomized or non-randomized trials, have been published
with conflicting results. In a recent publication based on the
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SEER database, PORT provided an overall survival benefit
only in a subgroup with a high lymph node ratio (the ratio
of the number of positive nodes to the number of examined
nodes) (28). A meta-analysis based on 1 randomized trial
and 12 retrospective studies also showed a benefit in pN2
disease with more than 3 positive lymph nodes (29). The
LungArt trial (NCT00410683) has been designed to assess
the possible benefit of PORT after a complete resection
of pN2 NSCLC, with disease-free survival as the primary
endpoint (30). Patients may have had ICT or postoperative
chemotherapy before being randomized. The study is now
closed after recruiting the required number of patients, and
results are expected shortly.

Currently, adjuvant chemotherapy is recommended after
a complete resection for stage II and III NSCLC (2). The
question is not only the value of PORT, but also its efficacy
and optimal combinations with chemotherapy. In an old
randomized trial including 488 patients with pN2 disease
randomized between RT (50.4 Gy) alone or in combination
with four cycles of cisplatin and etoposide, no difference
was found in the pattern of failure and survival (31).
In contrast, in the ANITA trial investigating the role of
adjuvant chemotherapy with cisplatin and vinorelbine,
centers had to declare upfront whether or not they used
PORT (32). Out of the 224 randomized patients, 116
received PORT, and the 5-year survival in this subset was
47%, compared to 34% for the adjuvant chemotherapy-
alone subset and 17% for the no-adjuvant-treatment subset.
The sequence of adjuvant chemotherapy and RT has not
been tested in a randomized clinical trial, but some data
are available from retrospective analyses. Based on the US
National Cancer Database series, a comparison was made
between concurrent postoperative CRT and a sequential
approach (mostly chemotherapy followed by PORT) in
1924 pN2 patients who underwent a complete resection
between 2004 and 2014 (33). The median survival for the
sequential and concurrent approaches was 53 months and
37 months, respectively, and the difference was maintained
in a propensity matching analysis. While the precise reasons
for this difference are unknown, these might have included
more toxicities or more advanced cases in the concurrent
approach. In another series that specifically included ypNO
or N1 disease, the 5-year loco-regional failure rate was 31%
and constituted the first site of failure in 51% of patients.
The figures were significantly higher for pN1 vs. pNO
disease.

Another relevant issue is the role of PORT after ICT for
N2 disease, since local relapse in this subset is around 30%
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as the first site of relapse (25,34,35). Whereas persistent
N2 disease after ICT is an evident adverse prognostic
factor, the role of PORT in subjects with and without
pathologic complete response, along with the role of
additional chemotherapy and its optimal combination with
PORT (sequentially vs. concurrently) remains unclear. In
a series of 501 patients with ¢cN2 disease treated with ICT,
99 had residual ypN2 disease, 69 of whom (70%) received
PORT (36). An isolated local recurrence occurred in only
3 patients (with no impact of PORT), and distant failure
occurred in 57 patients. In another series, 150 patients with
pN2 disease were treated with ICT: 86 had either persistent
N2 or an incomplete resection, and PORT was delivered
to 70 patients. The cumulative incidence of local relapse
was not very different between PORT and no PORT (47%
vs. 49.5%). The PORT group included patients with more
positive margins or persistent N2 (37). Surprisingly, there
were more cardiac events in the no-PORT group.

The role of PORT in the case of chest wall invasion
in which an RO resection is clearly the most important
prognostic factor, also remains uncertain (38). There are
no data to support PORT in this subset, but retrospective
studies suggest a benefit of adjuvant chemotherapy. In a
study of the US National Cancer Database that included
2,326 patients, adjuvant chemotherapy was associated with
a significantly better median survival (71 vs. 39 months,
P<0.001), and this difference remained significant in a
matched pair analysis (39).

One group with a relatively high risk of local relapse
are patients undergoing sublobar resection. One of the
approaches for this group is postoperative brachytherapy.
In a phase III trial, 224 patients with tumors up to 3 cm
in size were randomized to receive a perioperative suture
containing '”’I seeds parallel to the resection margins,
or surgery alone (40). The dosimetry goal was to deliver
100 Gy at 5-7 mm along the central axis of the resection
margin. Local progression occurred in only 17 patients,
with no impact of brachytherapy even in patients with
potentially compromised margins.

Incomplete resection and PORT

Another issue with no clear consensus is the role of
PORT in patients with incomplete resection (R1, R2).
The European Society of Medical Oncology (ESMO)
conducted a survey asking 768 medical oncologists and
radiation oncologists from 41 European countries about
their approaches in this group of patients (41). PORT was
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proposed by 48% of participants, and the recommended
doses ranged from 54 to 60 Gy. This fact is well illustrated
in the US National Cancer Database analysis which included
3,461 patients with R1 or R2 resection treated between
2004 and 2011: 41% had no postoperative treatment,
13% had PORT, 15% had adjuvant chemotherapy, and
28% had CRT (42). The use of PORT yielded no survival
benefit as opposed to adjuvant chemotherapy, irrespective
of additional RT. Available data are from registries or
institutional experiences with often conflicting results. In
the large series based on the US National Cancer Database,
incomplete resection including R1 was found to be an
independent factor of poor prognosis for all stages (43).
Outcomes seem to be better for patients with R1 resection
at the level of the bronchial tree (44). In the series including
72 patients, PORT with doses above 54 Gy led to improved
local control, but local progression still remained the major
pattern of failure (45). In our own experience, in 82 patients
administered PORT (50-60 Gy) after an incomplete
resection, the 5-year survival rate was 27% after R1 and
only 6% after R2 resection (personal unpublished data).
In the US National Cancer Database analysis, of the 3,395
patients with an incomplete resection (1,892 R1 and 129
R2), 1,207 were administered PORT and about 50% of the
entire group also received adjuvant chemotherapy (46). Both
PORT and chemotherapy were associated with improved
survival. This benefit was more pronounced for NO disease,
with a S-year survival of 41% vs. 26% for the groups with
and without PORT, respectively. An interesting observation
was the impact of the radiation dose: doses between 50 and
70 Gy were associated with an improved survival, while
this was not the case for higher doses. Using the same
database, in a cohort of 1,446 patients with an incomplete
resection (R1 or R2), only a trend was observed in favor of
sequential vs. concomitant chemoradiation (median survival
of 36.3 vs. 30.5 months) (47). However, this study should be
interpreted with caution due to known limitations and the
biases of all registries.

In situ carcinoma at the bronchial resection margin is
another issue. In a large review from the literature, the
presence of in situ carcinoma at the margin did not carry
adverse prognosis, with the 5-year survival ranging from
50% to 100% in cases of pNO disease, even without any
adjuvant treatment (48).

According to the International Association for the
Study of Lung Cancer, the definition of incomplete
resection includes a nodal capsular rupture. Limited data
are available for this phenomenon, as it has been rarely
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analyzed separately in published series. Its negative impact
has been reported in the literature review by Vansteenkiste
et al. (49). In our retrospective analysis of 83 patients
with bulky pN2, the use of PORT was associated with
a statistically significant higher OS rate in patients with
extracapsular nodal extension but not in those without
it (HR =0.518; 95% CI, 0.276-0.971; P=0.040 and HR
~2.052; 95% CI, 0.495-8.507; P=0.322, respectively) (50).
Although the sample size was limited, this unexpected
finding may indicate that extracapsular nodal extension in
the mediastinum is an early sign of clinically occult distant
metastases in bulky pN2 patients, and that the benefit of
PORT in these patients is confined to better local control.
The NCCN guidelines recommend adjuvant CRT (either
sequential or concurrent) for R1 resection and the latter
approach for R2. For stage II, an alternative for R1 is a re-

excision, and CRT for R2 (51).

PORT toxicity

One of the major concerns regarding PORT is the risk of
toxic effects, particularly in the lungs and heart. PORT
is considered a hazardous approach, especially after a
pneumonectomy, when maximal sparing of the remaining
lung is indispensable to avoid life-threatening toxicities, as
seen in even the earliest studies. Another issue is the dose
to the heart. The analysis of patients’ data from the SEER
treated before and after 1988 showed that cardiac toxicity
related to PORT was observed in the earlier, but not in the
later cohorts (52). A Polish study evaluating the cardio-
respiratory functions in patients who did and did not receive
modern-technique PORT demonstrated no increased non-
cancer radiation-induced mortality or deterioration of
lung functions (53). The meta-analysis of the oldest trials
on using linear accelerators showed that the evolution
from conventional 2D to 3D-CRT has clearly alleviated
radiation toxicity (25). However, it is unclear whether more
sophisticated modern techniques, such as IMRT; can further
improve the toxicity profile. A comparison of dosimetric
plans using 3DCRT, IMRT, and volumetric modulated
arc therapy RT in 10 patients administered PORT for
pN2 disease failed to single out a technique with absolute
dosimetry advantages for all patients (54). Therefore, the
selection of technique should be based on each individual
case using the best compromise between target coverage
(efficacy) and the protection of the organs at risk. The
use of protons may be another step towards reducing RT-
induced toxicity.
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Target volume (TV) delineation

Another issue related to PORT is the TV delineation.
In preparation of the LungArt trial, two cases (one after
lobectomy and one after pneumonectomy) were subjected
to a dummy run procedure (55). Seventeen expert radiation
oncologists were asked to define their clinical tumor volume
(CTV) and planning (PTV). Huge interclinician delineation
variations were observed, with PTV ranging from 148 to
1,342 cc after lobectomy, and from 187 to 1,262 cc after
pneumonectomy. These variations could largely be reduced
by using guidelines for TV definition. As uniformity and
quality assurance of TV have a clear impact on outcome,
the LungArt trial requested each center to present cases
to make sure that there were no violations of the protocol
guidelines.

Several studies have investigated the pattern of regional
failure according to the tumor location. In the study of Feng
et al. (56), failures of right-sided tumors included mainly
unilateral hilar, subcarinal, and right lateral nodes, whereas
failures from left-sided tumors occurred in 4R, 7, 4L, 6, 10L
and 5 nodal stations; i.e. on both sides of the mediastinum.
Likewise, in the study of Billiet er 4/. (37) which included
patients with N2 disease treated by ICT followed by
surgery, most loco-regional relapses occurred in the lymph
node stations involved at diagnosis, with mainly a unilateral
pattern for right-sided tumors, and bilateral relapses for
left-sided tumors. Kepka ez a/. (57) used a CTV limited to
the bronchial stump, the positive lymph node stations. and
the uninvolved lymph node stations with high probability
of microscopic disease such as the ipsilateral hilum or the
subcarinal nodes. They observed an 11% local recurrence
rate within a limited CTV, and only 2% outside the CTV.
According to the European Sociely for Radiotherapy
& Oncology (ESTRO) and the Advisory Committee in
Radiation Oncology Practice (ACROP) guidelines, CTV
includes resected involved anatomical mediastinal lymph
node regions, the bronchial stump, the ipsilateral hilum,
and nodal stations 4 and 7. PORT should also follow other
ACROP recommendations regarding contouring, planning,
and treatment delivery (58). In case of preRT, the CTV is
usually limited to the known tumor volume and the positive
lymph node stations.

Conclusions

The role of RT adjunctive to surgery, both administered
pre-and postoperatively, remains unclear, especially for
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pN2 NSCLC. Data indicate a better locoregional control
with postoperative RT and a better tumor response with
preoperative chemoradiotherapy compared to ICT, but
this does not necessarily translate into survival benefit.
This inconsistency is likely related to the pattern of
failure after surgery for NSCLC, with a prevailing role of
distant metastases, and due to multiple competing risks
accompanying this malignancy. Future research should be
focused on identifying patient subgroups with increased
risk of local failure and on the role of combined approaches
including immunotherapy.
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