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Stage III non-small cell lung cancer (NSCLC) compris-
es a heterogeneous group of patients with distinct clinical 
subsets [1]. Several distinct subgroups of patients are iden-
tifiable and may be classified using these characteristics 
[2]: (1) IIIA-0 (T3N1 or T4N0-1), tumors with locoregional 
extension without N2 involvement; (2) IIIA-1, incidental 
pN2 metastases found in the final pathological examina-
tion of the surgical specimen; (3) IIIA-2, mediastinal nod-
al metastases identified intraoperatively; (4) IIIA-3, sin-
gle-station or multistation N2 involvement demonstrated 
by preoperative assessment using mediastinoscopy, other 
nodal biopsy, or positron emission tomography/com-

puted tomography (PET/CT) imaging; (5) IIIA-4, bulky 
or fixed N2 involvement at imaging; and (6) IIIB, tumors 
with N3 nodal involvement. This classification system has 
been the basis for further discussions on how to approach 
treatment of patients with stage III NSCLC. In the pres-
ent review, we evaluate the role of radiation therapy (RT) 
in the management of superior sulcus NSCLC (special is-
sue in stage IIIA-0). We also examine a surgically based 
combined modality approach for tumors in stage IIIA-1, 
IIIA-2, and a subset of IIIA-3, and an optimal RT-based 
combined modality approach for patients with stage IIIA-
3, IIIA-4, and IIIB NSCLC.
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The treatment of stage III non-small cell lung cancer (NSCLC) consisting of the heterogeneous stage 
subsets remains a challenge. Overall, it has been gradually recognized that radiation therapy (RT) plays a 
crucial role in the management of stage III NSCLC. One superior sulcus tumors are the subset for which the 
trimodality treatments are clearly preferred. One subset of stage III NSCLC has a minimal disease burden 
with microscopic pN2 disease or with discrete pN2 involvement identified preoperatively, thus technically 
could undergo a surgical resection. For the incidentally found pN2 disease after complete surgery (IIIA-1, 
IIIA-2), the value of postoperative radiotherapy (PORT) has been recognized by a reassessment based 
on new data. However, doubt persists regarding how to define the clinical target volume for PORT. For 
the discrete pN2 involvement identified preoperatively (a selected part of IIIA-3), induction chemoradiation 
therapy (CRT) before surgery may yield a survival advantage, although the phase III randomized trials in 
this issue are not conclusive. The other major subset of stage III NSCLC is the infiltrative stage III NSCLC 
with N2 or N3 nodal disease (IIIA-3, IIIA-4, and IIIB), for which concurrent CRT is considered as the current 
standard of care. The potential role of radiation dose escalation/acceleration has been proposed; however, 
the optimal dose fractionation remains an important unresolved question. Additionally, the role of prophylac-
tic cranial irradiation for stage III patients with high risk of brain metastasis is worth of further assessment. 
Moreover, how to integrate molecular targeted therapy with RT, as well as whether they had a role in stage 
III diseases, are other controversies actively under study in ongoing trials. This review specifically describes 
the updated role of RT in multimodal approach to treat stage III NSCLC and the controversies regarding 
these results in various situations.
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Management of superior sulcus tumors 
(T3-4N0-1)

Superior sulcus (SS) NSCLC originates in the apex 
of the lung. Invasion of the chest wall and, potentially, 
adjacent vital structures including the brachial plexus, 
vertebral body, and subclavian vessels makes surgical re-
section challenging. Increasing data have suggested that 
a multimodality approach, involving induction chemora-
diation therapy (CRT) and surgical resection, appeared to 
be optimal [3–5]. The Southwest Oncology Group (SWOG) 
published the results of Trial 9416, a prospective phase II 
clinical trial involving induction CRT (two cycles of cis-
platin and etoposide concurrent with 45 Gy RT) followed 
by surgical resection. With 110 eligible patients with 
T3-4N0-1 SS NSCLC, it demonstrated that disease recur-
rence occurs primarily at distant sites. The 5-year overall 
survival (OS) was 44%. In the patients with a complete 
resection following induction therapy, the 5-year OS was 
54% [3]. The Japan Clinical Oncology Group 9806 trial, 
using a similar therapeutic approach (induction therapy 
with mitomycin/vindesine/cisplatin combined with 45 
Gy of RT followed by surgery), resulted in a 5-year OS 
of 56% [4]. These results led to acceptance of trimodality 
therapy for T3-4N0-1 SS NSCLC as the standard of care. 
However, systemic failure has been the major contributor 
to long-term risk of death in both trials [3–4]. The SWOG 
S0220 was a phase II trial to determine the feasibility of 
treating SS tumors with induction CRT and definitive re-
section, followed by consolidation docetaxel. This study 
failed to achieve its primary end point. Whether post-
operative consolidation therapy contributes to efficacy 
remains unclear, but distant recurrence continues to be 
a major problem in this subset, particularly brain-only 
relapse [5].

In summary, in patients with SS tumors, a thorough 
preoperative evaluation is recommended to assess the 
resectability of the tumor. Involvement of N2 lymph 
nodes, contralateral N3 lymph nodes, > 50% vertebral 
body, esophagus, trachea, and/or metastatic disease repre-
sent negative prognostic factors and should generally be 
considered a contraindication to surgery [3–6]. In patients 
with an unresectable SS tumor, definitive concurrent 
CRT is suggested. In patients with a potentially resect-
able SS tumor, it is suggested that induction concurrent 
CRT be given prior to resection. In the absence of evi-
dence of progressive or metastatic disease at evaluation 
after induction therapy, surgical resection is warranted. If 
patients do not qualify for surgery, they should complete 
their definitive course of CRT [6]. Based on these phase II 
clinical trials, the RT dose used in the induction setting 
has historically been limited to 40–45 Gy administered 
in daily fractions of 1.8–2.0 Gy [3–5]. Radiation targets in-
clude the primary tumor and ipsilateral supraclavicular 

area, but not the mediastinum or hilum [3–5].

Perspectives regarding a surgically 
based combined modality approach

For patients with suspected N2 involvement, the im-
portance of careful and appropriate stage evaluation 
should be emphasized. It is recommended that the treat-
ment plan be made collaboratively by a multidisciplinary 
team. The surgical resection should consist of a lobecto-
my rather than a non-anatomic wedge resection [7–8]. The 
definition of complete resection requires that free resec-
tion margins proved microscopically, a systematic and 
standardized nodal assessment, no extracapsular nodal 
extension of the tumor, and that the highest mediastinal 
node removed be negative [9]. The discussion that follows 
assumes adherence to these principles.

Generally, for incidentally found pN2 disease after 
complete resection (IIIA-1, IIIA-2), the role of postopera-
tive radiotherapy (PORT) has been recognized by a reas-
sessment based on new data [10–13]. However, the method 
of defining the PORT clinical target volume (CTV) for 
3-dimensional conformal radiation therapy (3D-CRT) of 
completely resected NSCLC patients is still unclear [14]. 
For discrete pN2 involvement identified preoperatively 
(a selected group of IIIA-3), it is suggested that surgical 
resection can be considered after induction chemother-
apy in patients who are likely candidates for lobectomy 
upfront [15–16]. However, despite several promising results, 
the role of induction CRT is still debatable and further 
studies on induction CRT are warranted.

Postoperative radiotherapy for occult 
N2 NSCLC after complete resection

Phase III randomized trials and meta-analyses have 
conclusively demonstrated that cisplatin-containing dou-
blets-based postoperative chemotherapy (POCT) has a 
positive impact on OS in postoperative stage II and III 
NSCLC [7–8]. In a meta-analysis of these trials, the NSCLC 
Meta-analyses Collaborative Group confirmed an OS ben-
efit for adjuvant chemotherapy for operable NSCLC, with 
an absolute improvement in survival of 4% at 5 years [17]. 
However, even after complete resection and POCT, 20% 
to 40% of patients still have a risk of local-regional fail-
ure [18]. PORT should be an integral component of mul-
tidisciplinary treatment for patients with pN2 disease 
found incidentally after complete resection [8]. Although 
the PORT meta-analysis failed to demonstrate a survival 
benefit of PORT in completely resected patients with 
mediastinal involvement [19], there are some problems 
that must be considered and studied in an era of modern 
PORT techniques. There has been new information based 
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both on subgroup analyses from a prospective adjuvant 
trial [10] and a large population-based outcome analysis [11] 
suggesting a possible survival benefit of PORT in stage 
IIIA (pN2) disease. Recently, a review of the National 
Cancer Database indicated that modern PORT appears 
to confer an additional 5% survival advantage beyond 
that achieved with adjuvant chemotherapy alone [13]. The 
National Comprehensive Cancer Network and American 
College of Chest Physicians guidelines [7–8] recommend 
that PORT is generally administered in a sequential fash-
ion following completion of adjuvant chemotherapy.

Thus, the available evidence suggests that patients with 
completely resected pN2 disease be strongly considered 
for PORT, especially using modern radiation treatment 
methods and in combination with adjuvant chemothera-
py. However, there are still doubts regarding the defini-
tion of the PORT CTV for 3D-CRT in completely resected 
NSCLC patients. Most studies in the PORT meta-analysis 
[19], in which an excess mortality was observed, used large 
radiation field sizes. Miles et al attempted to estimate the 
field size dependence of RT-induced mortality and tumor 
control in a postoperative setting [20]. It has been shown 
that RT-induced mortality is strongly dependent on field 
size, which may partly offset the OS benefit afforded by 
PORT. Anatomic and clinical findings, including the dis-
tribution of pathologic nodal involvement at the time 
of surgery, and postoperative patterns-of-failure studies 
provide guidance to optimize design fields based on the 
most likely sites of locoregional failure [21–24]. It has been 
suggested that ipsilateral superior mediastinal recurrenc-
es dominate for right-sided tumors, whereas left-sided 
tumors frequently involve the bilateral superior medias-
tinum [23–24], which should be taken into consideration in 
clinical practice.

Induction chemoradiation therapy for pN2 
NSCLC identified preoperatively

From the currently available data, it is evident that 
preoperative chemotherapy should be recommended 
if surgical resection is planned in potentially resectable 
stage IIIA (pN2) disease [7–8]. Recently, a systematic re-
view and meta-analysis of individual participant data, 
based on mainly stage IB-IIIA, showed that preoperative 
chemotherapy significantly improved OS, time to distant 
recurrence, and recurrence-free survival in resectable 
NSCLC [25]. The findings suggest this is a valid treatment 
option for most of these patients.

Currently, the role of induction CRT in stage IIIA 
(pN2) NSCLC remains unclear. Recently, the West Japan 
Thoracic Oncology Group published a phase III study of 
induction CRT (2 cycles of docetaxel and carboplatin plus 
concurrent 40 Gy RT) compared to induction chemo-
therapy alone before surgery in patients with stage IIIA 
(pN2) NSCLC [26]. The results demonstrated that the ad-

dition of RT to an induction chemotherapy regimen for 
stage IIIA (pN2) NSCLC conferred better local control 
and improved tumor downstaging rates without addi-
tional significant adverse events. However, this favorable 
local control did not translate to a significant survival dif-
ference. Similarly, a recent trial from Japan on induction 
CRT followed by surgery for patients with pN2 NSCLC 
indicated that it was superior to induction chemotherapy 
in terms of survival outcome of patients with pN2 disease 
[27]. Unfortunately, this trial was limited by its lack of a 
randomized design and small sample size. In conclusion, 
it is still debatable whether the addition of radiation is 
beneficial to induction chemotherapy, warranting fur-
ther studies on the role of induction CRT.

Perspectives regarding the RT-based 
combined modality approach

For potentially resectable stage IIIA (pN2) disease 
(IIIA-3), definitive concurrent CRT generally provides 
a similar survival outcome as induction therapy fol-
lowed by surgery in an unselected patient population 
with pathologically confirmed N2 disease [15–16]. For in-
filtrative stage III NSCLC with N2 or N3 nodal disease 
(IIIA-4, IIIB), concurrent CRT has become the standard 
of care. The role of additional chemotherapy, either as 
induction chemotherapy or consolidative chemotherapy, 
at the completion of chemoradiation has not been well 
elucidated. In addition, issues of optimal radiation frac-
tionation should continue to be explored.

Concurrent chemoradiation therapy
Over the last two decades, based on several random-

ized trials and meta-analyses, concurrent CRT has be-
come the standard approach, leading to an improvement 
in survival [28–29]. Radiation Therapy Oncology Group 
(RTOG) trial 9410 was a three-arm randomized trial 
comparing sequential chemotherapy and a thoracic RT 
regimen (once daily to 63 Gy) with two concurrent CRT 
regimens (concurrent once-daily RT to 63 Gy and con-
current twice-daily RT to 69.6 Gy) [28]. The results showed 
that concurrent delivery of cisplatin-based chemotherapy 
with thoracic RT conferred a long-term survival benefit 
compared with the sequential delivery of these therapies. 
In 2010, the NSCLC collaborative group demonstrated a 
significant survival advantage with concurrent CRT com-
pared with sequential treatment (hazard ratio: 0.84) with 
an absolute benefit of 5.7% at 3 years and 4.5% at 5 years 
[29]. However, even with such definitive concurrent CRT, 
both local and distant failures continue to be major prob-
lems, indicating a need to improve both local and distant 
control of this disease [28–29], which would hopefully trans-
late into survival improvements.
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Role of additional chemotherapy before  
or after concurrent CRT

With fewer cycles and, in some cases, lower doses of 
chemotherapy delivered in the concurrent setting, sev-
eral studies have assessed whether delivering further che-
motherapy, either before (induction) or after (consolida-
tion) concomitant treatment, would improve survival by 
reducing the risk of distant relapse. 

The Cancer and Leukemia Group B (CALGB) has re-
ported a phase III trial (CALGB 39801) comparing in-
duction chemotherapy with two cycles of carboplatin 
and paclitaxel followed by concurrent CRT with initial 
concurrent therapy in patients with unresectable stage 
III disease [30]. This large cooperative group trial failed 
to confirm earlier phase II results, with somewhat dis-
appointing median survival times of 12 months for the 
initial concurrent regimen and 14 months for induction 
followed by concurrent therapy (P = 0.3). 

The SWOG conducted a phase II trial to evaluate the 
benefit of adding three cycles of consolidation docetaxel 
following concurrent CRT in patients with stage IIIB 
NSCLC [31]. Median survival was 26 months and the 3-
year OS rate was 37%. However, the Hoosier Oncology 
Group attempted to confirm the SWOG results in a phase 
III trial [32] and found no survival benefit for consolida-
tion therapy with docetaxel but a significant increase in 
toxicity. Recently, a pooled analysis based on the litera-
ture failed to provide evidence that consolidation che-
motherapy yields a survival benefit for locally advanced 
NSCLC (LA-NSCLC), with a pooled median OS of 19.0 
months compared to 17.9 months, P = 0.40 [33]. The pre-
liminary results of the phase III study (CCheIN trial) on 
the role of consolidation chemotherapy after concurrent 
CRT in inoperable stage III NSCLC were reported at the 
2014 American Society of Clinical Oncology (ASCO) an-
nual meeting [34] and suggested that consolidation chemo-
therapy with cisplatin/docetaxel after concurrent CRT 
did not prolong progression-free survival and OS in stage 
III NSCLC.

Therefore, the role of additional chemotherapy, either 
as induction or consolidative chemotherapy, at the com-
pletion of CRT has not been well elucidated, and current 
guidelines continue to recommend concurrent CRT alone 
for the treatment of inoperable stage III NSCLC.

Dose escalation and altered fractionation
The standard treatment for LA-NSCLC is recognized 

as concurrent CRT with curative intent [7-8]. There is am-
ple evidence that involved field irradiation can be em-
ployed in patients with LA-NSCLC [35–37]. The standard 
radical concurrent RT schedule is 60-66 Gy delivered 
once daily in 1.8-2.0 Gy fractions [7-8]. However, the opti-
mal radiation dose and fractionation schema to be given 
concurrently with chemotherapy remains controversial. 

The RTOG conducted a phase III study (RTOG 0617) in 
which the radiation dose was escalated from 60 Gy to 74 
Gy with concurrent carboplatin plus paclitaxel with or 
without cetuximab for patients with stage III NSCLC. The 
preliminary data of RTOG 0617 showed that 74 Gy ad-
ministered in 2 Gy fractions with concurrent chemother-
apy was not more effective than 60 Gy with concurrent 
chemotherapy, and might even be potentially harmful [38]. 
This study raised many questions about the controversial 
issues of safety and efficacy of dose escalation in stage III 
NSCLC. Thus, for now, dose escalation using convention-
al fractionation should not be used outside any clinical 
trial.

Randomized trials assessing hyperfractionated and/or 
accelerated RT over conventionally fractionated RT in 
lung cancer have yielded conflicting results on the ben-
efits for locoregional control and OS. Recently, an indi-
vidual patient data meta-analysis of ten randomized trials 
comparing hyperfractionated and/or accelerated RT to 
conventional fractionation confirmed the advantage of 
altered RT fractionation, increasing absolute 5-year sur-
vival benefit by 2.5% in NSCLC (HR 0.88, 95% CI 0.8–
0.97, P = 0.009) [39].

A retrospective study from 4 centers in the UK showed 
respectable results for NSCLC patients treated with an ac-
celerated hypofractionated RT (55 Gy in 20 fractions over 
4 weeks) regimen, suggesting that there is room for dose 
escalation within shorter schedules and schedules with 
higher doses per fraction [40]. The introduction of stereo-
tactic body radiation therapy (SBRT) might provide a fea-
sible RT technique for LA-NSCLC by precisely delivering 
higher biological equivalent doses [41–42]. A recent pro-
spective single institution study showed that combining 
conventional CRT with salvage SBRT was both feasible 
and tolerable [41]. The local control rates in this study were 
promising. However, the unique aspect of this strategy 
was in its selection of patients with limited residual dis-
ease within the site of the primary tumor. Another ret-
rospective study also confirmed that dose escalation with 
an SBRT boost following external beam RT was a possible 
and generally tolerated treatment option for patients with 
LA-NSCLC [42]. The incorporation of PET imaging is an-
other strategy to escalate the RT dose, using an integrated 
boost to regions of high fluorodeoxyglucose (FDG) uptake 
[43]. Dose escalation and redistribution based on functional 
imaging is at the heart of the EU Framework Programme 
7-funded PET Boost trial [43]. The overall treatment dose is 
escalated by increasing the dose-per-fraction until speci-
fied dose constraints are met. Patients were randomized 
to receive the standard regimen (66 Gy given in 24 frac-
tions of 2.75 Gy) with an integrated boost either to the 
primary tumor as a whole or to the 50% SUVmax area of 
the primary tumor based on the pre-treatment PET/CT 
scan. This study showed the feasibility of creating dose-
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escalation plans using an integrated boost to the primary 
tumor or regions of high FDG uptake while maintaining 
pre-defined dose constraints [43].

Practically, dose escalation is challenging owing to the 
tolerance of normal tissues. Recently, a number of inno-
vative changes have occurred in radiotherapeutic plan-
ning and delivery, which may give an impetus to explore 
the issues of dose escalation and acceleration [43–49]. Firstly, 
intensity-modulated radiation therapy (IMRT) has been 
shown to be a promising technique for facilitating safe 
dose escalation [44–45]. One study demonstrated the poten-
tial benefits of IMRT and a non-coplanar field, which dra-
matically reduced the doses received by the heart when 
the tumor is located in the lower and middle lobes [44]. 
A follow-up retrospective report of 151 NSCLC patients 
treated with IMRT showed an 8% incidence of grade ≥3 
treatment-related pneumonitis at 12 months, compared 
with 23% for a similar group of 222 patients treated with 
3D-CRT [45]. IMRT has shown promise in dosimetric 
modeling studies for reducing normal tissue complication 
probability, thus allowing for dose escalation in NSCLC 
patients. Secondly, the implementation of better func-
tional imaging in RT treatment planning, such as PET 
image-guided dose escalation, now allows us to deliver 
higher doses to anatomically and biologically defined tar-
get volumes, while better sparing normal tissues [43]. Tar-
get delineation with PET allows integrated dose paint-
ing to high-risk regions with minimal increased dosage 
to normal tissues, potentially translating into improved 
local control. Thirdly, several individualized radiation 
dose prescription studies have evaluated the feasibility of 
escalating the dose based on individualized normal tis-
sue dose constraints [46–47]. This strategy, known as indi-
vidualized accelerated radiotherapy (INDAR), has been 
demonstrated to be feasible with acceptable toxicity and 
promising results [48]. Recently published phase II data of 
137 patients with stage III NSCLC treated with INDAR 
and concurrent chemotherapy showed encouraging OS 
rates (median survival 25 months, 2-year OS 52.4%) with 
acceptable rates of acute and late toxicity [49].

Prophylactic cranial irradiation  
for stage III NSCLC

The brain is a frequent site of first failure in stage III 
disease and the cumulative incidence of brain metastases 
(BM) increases as the patient’s survival improves [50–51]. 
BM causes considerable morbidity and disability, making 
the prevention or delay of brain relapse of significant im-
portance. A number of studies have investigated the role 
of prophylactic cranial irradiation (PCI) in LA-NSCLC. 
The RTOG 0214 study randomly assigned patients with 
stage III NSCLC without disease progression after treat-
ment to either PCI (30 Gy in 15 fractions of whole-brain 

RT) or observation. The study showed that patients with 
LA-NSCLC who did not receive PCI were 2.52 times more 
likely to develop BM than patients who received PCI [51]. 
However, PCI is not recommended as a standard therapy 
because of concerns of long-term toxicity and lack of a 
proven survival benefit [8]. It has been hypothesized that 
PCI should be administered to patients at high risk for 
BM. More recently, a randomized phase III trial found 
that PCI prolonged disease-free survival, decreasing the 
rate of BM among patients with completely resected stage 
IIIA (pN2) NSCLC and with a high risk of BM after adju-
vant chemotherapy [52]. Thus, future studies assessing PCI 
should focus on these high-risk patients and minimizing 
the risks of PCI with selective RT planning.

Targeted therapy in stage III NSCLC

The clinical importance of epidermal growth factor re-
ceptor tyrosine kinase inhibitors (EGFR TKIs) and inhibi-
tors of the anaplastic lymphoma kinase (ALK) in stage IV 
disease poses an important question as to whether these 
agents play any role in stage III disease. However, there 
are little nature data regarding the incorporation of these 
new anticancer agents in patients with stage III NSCLC 
harboring activating mutations. Currently, the effect of 
concurrent EGFR TKIs and definitive RT is under clini-
cal investigation. A phase III randomized trial comparing 
concurrent erlotinib and thoracic RT with concurrent 
CRT (two cycles of cisplatin and etoposide concurrent 
with once-daily 60–66 Gy RT) in inoperable stage III 
EGFR mutation-positive NSCLC is ongoing. The use of a 
EGFR TKI (erlotinib) or ALK inhibitor (crizotinib) as an 
induction regimen prior to standard concurrent CRT in 
patients with stage III NSCLC positive for either a EGFR 
mutant or ALK fusion is also under investigation in the 
randomized phase II trial (RTOG 1210/Alliance 31101). 
These ongoing prospective trials will hopefully shed more 
light on this important issue.

Consensus and future directions

The role of induction CRT has been recognized as a 
standard of care for patients with stage IIIA-0 NSCLC 
with SS tumors. For incidentally found pN2 disease fafter 
complete resection (IIIA-1, IIIA-2), the role of PORT has 
been confirmed by a reassessment based on new data. 
However, it is still not clear how the PORT target vol-
ume for 3D-CRT in completely resected NSCLC patients 
should be defined. For patients with with the discrete 
pN2 disease, the role of induction CRT remains debatable 
until the final data of the prospective study are available. 
Concurrent CRT remains the standard treatment for most 
LA-NSCLC patients with good performance status. Treat-
ment intensification by adding induction or consolida-
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tion chemotherapy has not yet demonstrated any survival 
benefit over concurrent CRT alone. Based on available 
information, concurrent CRT remains the standard care 
for management of stage III NSCLC patients with EGFR 
mutations. Ongoing prospective studies are exploring 
the role of targeted therapy in stage III NSCLC. Involved 
field RT is recommended in a concurrent RT setting. The 
standard definitive concurrent RT schedule is 60–66 Gy 
delivered with once-daily 1.8–2.0 Gy fractions. However, 
the optimal radiation dose and fractionation schema to be 
administered concurrently with chemotherapy remains 
unclear. PCI has been proved to decrease the rate of BM 
but did not improve OS. Thus, PCI is not recommended 
as standard therapy because of concern for long-term tox-
icity and lack of a proven survival benefit. However, the 
impact of PCI for stage III patients with high-risk BM risk 
is worthy of further assessment.
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