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Gallbladder cancer is a highly malignant disease with a poor prognosis. It is the most common cancer
of the biliary tract pathway. Although surgery remains the treatment of choice for early-stage disease, majority of the patients presents in locally advanced, unresectable and metastatic stage of the
disease. Radiotherapy and chemotherapy thus form an integral part of management for these locally
advanced staged patients. The role of radiation though has been advocated in gallbladder cancer, majorly in the adjuvant setting, its role in neoadjuvant and palliative settings remains in an evolving
phase. The article thus aims to review and update the existing literature regarding the role of radiation therapy in gallbladder cancer.
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Introduction
The gallbladder is a small pear-shaped organ that lies underneath
the liver and stores bile. Despite being a small organ there is a high
chance of malignancy reported. The absence of the serosa layer,
proximity to critical adjoining structures, and easy extension to
lymphatics makes it vulnerable for early dissemination. Often, patients present in an advanced stage of the disease, with disseminated metastasis being reported in the range of 65% to 82%, for
hematological metastasis and 91% to 94% for lymphatic metastasis, respectively [1,2]. Although its incidence in Western countries
is less, it is quite prevalent in Asian counties with a high prevalence
seen amongst obese females with a personal or family history of
gallstones and ill-defined genetic variants [3]. According to GLOBOCAN 2020 data [4], gallbladder cancer (GBC) is the 23rd most incident but 20th most deadly cancer worldwide.
Depending upon the stage of the disease, surgery, radiotherapy
(RT), and chemotherapy are the modalities of treatment used for

GBC. Although surgical treatment remains the only curative treatment for early-stage GBC, most of the patients present in locally
advanced or metastatic stages of the disease, requiring RT and
chemotherapy as an adjunct to a definitive modality or as palliative
therapy.
With the advancement in technology, RT techniques have
evolved over the years from two-dimensional (2D) techniques to
intensity-modulated radiation therapy (IMRT) and volumetric modulated arc therapy (VMAT). Lately, not much about its role in GBC
have been reviewed. The present article thus aims to review the
role of RT as used in the past and its usage during the present era.

Role as Adjuvant Therapy
In GBC, the outcomes are poor, even after complete resection with
high rates of both local and distant relapses. The relapse rates are
high, especially in ≥T3, and in node-positive disease [5,6]. Adjuvant
therapy is indicated in patients with completely resected muscle-in-
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vasive disease, node-positive disease, and margin-positive GBC.
Various studies have advocated the role of adjuvant RT, as shown
in Table 1 [7-24]. The benefit of the adjuvant RT was first reported
by Bosset et al. [7]; five patients out of seven were alive after a
median follow-up of 5 months in their study. The support for adjuvant therapy is further derived from a few population-based stud-

ies and SEER database demonstrating the benefit of chemoradiotherapy (CRT) over chemotherapy alone in T2 or above; or
node-positive patients. SWOG 0809 trial [18] published in 2015
has evaluated the role of adjuvant chemotherapy followed by RT in
extrahepatic biliary cancers and GBC in a phase II trial. In this trial,
patients received gemcitabine injection 1,000 mg/m2 on D1 and D8

Table 1. Studies favouring adjuvant radiotherapy ± chemotherapy
Study, year
Bosset et al. [7], 1989

Type
Retrospective

n
7

Kresl et al. [8], 2002

Retrospective

21

Lindell et al. [9], 2003

Retrospective

20

Czito et al. [10], 2005

Retrospective

22

Balachandran et al. [11], Retrospective
2006

117

Gold et al. [12], 2009

Retrospective

73

Kim et al. [13], 2012

Retrospective

47

Muller et al. [14], 2013

Retrospective

46

Characteristic
Liver adhesions: 6 (85.7%)
Portal vein adhesions: 1 (14.2%)
T1b: 1 (4.7%)
T2: 6 (28.5%)
T3: 9 (42.8%)
T4: 5 (23.8%)
N0: 7 (33.3%)
N1: 7 (33.3%)
N2: 7 (33.3%)
Stage I (10%)
Stage II (30%)
Stage III (25%)
Stage IV (35%)
T2N0M0: 2 (9.09%)
T3N0M0: 4 (18.1%)
T4N0M0: 1 (4.5%)
T2N1M0: 7 (31.8%)
T3N1M0: 1 (4.5%)
T4N2M0: 1 (4.5%)
T2NxM0: 1 (4.5%)
T3NxM0: 3 (13.6%)
T4NxM0: 1 (4.5%)
TxN2M0: 1 (4.5%)
T1: 14 (11.9%)
T2: 23 (19.6%)
T3: 68 (58.1%)
T4: 12 (10.2%)
N0: 18 (15.38%)
N1: 56 (47.86%)
Nx: 43 (36.75%)
T1: 16 (22%)
T2: 40 (55%)
T3: 17 (23%)
N0: 40 (55%)
N1: 20 (27%)
Nx: 13 (18%)
T2: 18 (55.6%)
T3–4: 29 (36.8%)
N0: 17 (41.2%)
N1: 20 (54.0%)
Nx: 10 (25.0%)
IA (T1N0): 3 (7%)
IB (T2N0): 14 (30%)
IIA (T3N0): 10 (22%)
IIB (T1-3N1): 18 (39%)
III (T4N0-1): 1 (2%)

Treatment received
RT 46 Gy

Outcome
5/7 patients alive at 5 months

54 Gy RT median dose with concurrent 5FU

5-yr OS: 64%

EBRT ± IORT

5-yr OS: 47% in RT group vs.
13% in observation group

45 Gy RT with concurrent 5FU

5-yr OS: 37%
5-yr DFS: 33%

CRT

24 months OS with CRT vs. 11
months with observation

50.4 Gy RT median dose with con- No difference in OS between
current 5FU
CRT and observation

40–50 Gy RT with concurrent 5FU 5-yr OS: 43.7% (52.8% in R0
and 20% in R1)

45–54 Gy with concurrent 5FU

5-yr OS: 38.5% for RT alone,
56% for CRT

(Continued to the next page)
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Table 1. Continued
Study, year
Jeong et al. [15], 2014

Type
Retrospective

Hyder et al. [16], 2014

SEER database

Wang et al. [17], 2015

Retrospective

Ben-Josef et al. [18],
2015

Prospective

Kim et al. [19], 2016

Retrospective

Mantripragada et al. [20], National Cancer
2017
Database

4,775

Kim et al. [21], 2018

Meta-analysis

9,364

Characteristic
T1b (1%)
T2 (45%)
T3 (47%)
N+ (33%)
R0 (84%)
R1 (16%)
In situ/limited to serosa: 3,758
(75.0%)
Extension to liver: 570 (11.4%)
Extension to any other or
multiple organs: 683 (13.6%)
N0: 3,190 (63.7%)
N1: 959 (19.1%)
Nx: 862 (17.2%)
T1/T2 (58.9%)
T3/T4 (41.1%)
N+ (44.6%)
R0 (74%)
R1 (26%)
Stage II (13.9%)
Stage III (63.9%)
R0 (68%)
R1 (32%)
T Stage 1: 24 (9.1%)
T Stage 2: 122 (46.2%)
T Stage 3: 102 (38.6%)
T Stage 4: 16 (6.1%)
N0: 141 (48.5%)
N1: 110 (37.8%)
Nx: 40 (13.7%)
R0: 250 (86%)
R1: 41 (14%)
T2N0/x: Adj CT (381, 16.6%),
no Adj CT (1,920, 83.4%)
T3N0/x: Adj CT (338, 34.4%),
no Adj CT (644, 65.6%)
T1–3N1–2: Adj CT (654, 43.8%),
no Adj CT (38, 56.2%)
R0 (76%)
R+ (34%)
-

Ren et al. [22], 2020

Meta-analysis

1,465

-

Kapoor et al. [23], 2020

Retrospective

36

Chen et al. [24], 2021

n
86

5,011

112

79

291

T2b: 13 (36.1%)
T3: 23 (63.9%)
N0: 25 (69.4%)
N1: 10 (27.8%)
N2: 1 (2.8%)
R0: 31 (86.1%)
R1: 5 (13.9%)
Systematic review 14,646
-

Treatment received
Outcome
43.2–60 Gy RT with chemotherapy 5-yr LRC: 73%
5-yr DFS: 36%
5-yr OS: 42%

No specific options

With RT, at 1-year improved
survival (p < 0.001), though at
5 years no benefit observed (p
= 0.50)

Median dose of 50.4 Gy RT with
5FU/gemcitabine/capecitabine
chemotherapy

Decreased local failure and
similar OS with RT

45–59.4 Gy RT with concurrent
capecitabine, followed by gemcitabine/capecitabine

2-yr DFS: 52%
2-yr OS: 56%

RT with gemcitabine-based chemotherapy

Compared to surgery, with adjuvant treatment (CT/CRT) higher DFS and OS observed, especially with high-risk features
(T3/T4, LN+, R+)

50.4 Gy RT median dose with che- No difference in OS with RT
motherapy

Unspecified

Unspecified

Sequential CT (GEMOX, 2 weekly)
followed by RT (45 Gy/25 fractions over 5 weeks)

Unspecified

RT increases DFS and OS,
increased benefit of RT in LN+
disease
RT increases 5-yr OS and
reduces local recurrence
Highest benefit in LN+/R+
disease
2-yr OS: 55.1%
2-yr RFS: 44.7%

5-yr OS improved with CRT in
LN+/R+ disease

RT, radiotherapy; 5FU, 5-fluorouracil; OS, overall survival; DFS, disease-free survival; EBRT, external beam radiation therapy; IORT, intraoperative radiotherapy; CRT, chemoradiotherapy; CT, chemotherapy; LN, lymph node; Adj, adjuvant; RFS, relapse-free survival.
https://doi.org/10.3857/roj.2021.00717
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and oral capecitabine 1,500 mg/m2 twice daily for 14 days for 4
cycles. This was followed by RT (54–59 Gy to the tumor bed and 45
Gy to the nodal regions) along with concurrent capecitabine 1,330
mg/m2 daily. With a median follow-up of 35 months, overall survival (OS) was 65% (67% in the R0 group and 60% in the R1
group). Though there was no head-to-head comparison with patients receiving chemotherapy alone or patients kept on observation, the local recurrence was 11% in this study, compared to the
16%–30% estimated risk of local recurrence in patients receiving
no adjuvant therapy. However, approximately 52% of the patients
had developed grade 3 adverse events and 14% had developed
grade 4 adverse events [8-20].
Further, in a meta-analysis conducted by Kim et al. [21] and Ren
et al. [22], the patients with node-positive and margin-positive
disease derived clear survival benefits from adjuvant therapy. Kapoor et al. [23] concluded in their study that sequential CRT without concurrent RT could be a better-tolerated regimen, at the cost
of lower survival rates. In a systematic review conducted by Chen
et al. [24], the benefit was seen in patients with node-positive or
margin-positive status.
Though three-dimensional (3D) CRT is the most common modality
used in the RT of gall bladder malignancies in the adjuvant setting,
the use of other techniques like IMRT, stereotactic body radiation
therapy (SBRT), and proton beam therapy (PBT) is being investigated.
Fuller et al. [25] have reported the use of IMRT with ultrasound guidance for GBC and biliary tract carcinomas. The median dose received
was 59 Gy with IMRT versus 48 Gy with conventional RT with lower
toxicities and higher median survival in the IMRT arm. Further, in a
study done by Gedam et al. [26], VMAT plans were generated for patients already treated by IMRT and they concluded that constant
dose rate volumetric modulated arc therapy (CDR-VMAT) could be a
valid option in patients of GBC planned for RT.

Although the role of brachytherapy is not well established in
GBC, Kurisu et al. [27] in their case report highlighted the usage of
high-dose-rate intraluminal brachytherapy (HDRIBT) in post-operated patient of GBC with residual disease. They gave HDRIBT (20
Gy/2 fraction) followed by EBRT of 30 Gy/15 fraction at an interval
of 2 weeks.
Besides it, the role of SBRT in the adjuvant setting has also been
evaluated in some case reports [28,29]. As it has the potential of
delivering higher doses to the tumor at a higher dose per fraction
while limiting the dose to organs-at-risk (OAR), its role should further be explored by properly conducted clinical trials.
Similar to SBRT, PBT also provides sharp dose gradients with a
high dose to the tumor cells and minimal effects on OAR. Makita
et al. [30] have treated 28 patients with cholangiocarcinoma and
GBC with proton therapy. The median radiation dose was 68.2 Gy
radiobiological equivalent (RBE). The 1-year local control, progressive-free survival (PFS), and OS were 67.7%, 29.5%, and 49%, respectively.
Overall, adjuvant RT with or without chemotherapy in its various
formats (3DCRT, IMRT, VMAT) plays a crucial role in GBC and is indicated in patients with residual disease, ≥ T3 stage, and with node
or margin positive status. The role of SBRT and PBT needs further
evaluation.

Role as Definitive Therapy
With the advent of modern techniques like image guidance, organ
motion management, and adaptive planning, delivering a high dose
per fraction ablative RT with a high biologically equivalent dose (BED)
has become possible. Few retrospective analyses have analysed the use
of definitive RT in unresectable cases of GBC, as depicted in Table 2.
A SEER database analysis and a National Cancer Database analysis

Table 2. Studies depicting definitive role of RT
Study, year
Type
Pollom et al. [31], 2017 SEER medicine database

Verma et al. [32], 2018 National Cancer Database

Bisello et al. [33], 2019 Retrospective

n
Characteristic
2,343 Local disease: 703 (30%)
Regional disease: 785 (33.5%)
Distant metastases: 835 (35.6%)
1,199 Tx: 493 (41.11%)
T1/T2: 68 (5.6%)
T3/T4: 638 (53.2%)
N0: 367 (3.67%)
N+: 329 (27.4%)
Nx: 503 (41.95%)
77
Unspecified

Treatment received
Unspecified
45% Received CT

Outcomes
Median OS: 9 months without RT, 10 months with RT

Any dose
Unspecified

Median OS: 8 months with
CT, 13 months with CRT

Median 50 Gy
2-yr OS: 26%
EBRT + 14 Gy BT, 5FU/ 2-yr PFS: 9%
gemcitabine

RT, radiotherapy; OS, overall survival; CT, chemotherapy; CRT, chemoradiotherapy; EBRT, external beam radiation therapy; BT, brachytherapy; 5FU,
5-fluorouracil; PFS, progressive-free survival.
4
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have stated that the OS is better with the addition of RT to chemotherapy [31,32]. Bisello et al. [33] in a single institute retrospective
study, have stated that CRT is a feasible option in cases of unresectable GBC. They had given a median external beam radiation therapy
(EBRT) dose of 50 Gy with a BT boost of 14 Gy along with 5-fluorouracil (5FU)/gemcitabine-based chemotherapy.
Very few studies have thus evaluated the role of definitive radiation therapy in GBC. The paucity of patients, poor general condition, and advanced stage at presentation could be some of the
possible reasons for it. Although initially considered as a radioresistant tumor, the above-mentioned studies support its usage. Hence
trials whenever feasible should be conducted to establish the role
of definitive RT.

Palliative Radiotherapy
GBC is usually present in locally advanced or metastatic stages,
and thus the treatment offered for such patients is palliative chemotherapy or best supportive care (BSC) only [34]. The goals of
palliation usually include relief of pain, jaundice, bowel obstruction,
and improving quality of life. Palliative RT is well known to provide
relief from local symptoms in patients with various malignancies
[35]. The role of palliative RT in GBC is less explored and chemotherapy is the primary palliative therapy.
Eleftheriadis et al. [36] have reported a case of unresectable GBC
who has received RT alone. The patient had stable disease at 12
months post-RT. Singh et al. [37] have retrospectively compared
BSC alone with chemotherapy and CRT. Fifty patients were includ-

ed in the analysis. The chemotherapy given was gemcitabine injection 800 mg/m2 and oxaliplatin injection 80 mg/m2 (mGEMOX)
given every 2 weekly for 6 cycles and the RT was 30–45 Gy in 10–
25 fractions depending on the performance score of the patient.
The PFS of patients who received BSC at 18 months was 10%, chemotherapy alone was 28% and with CRT it was 38%.
Transhepatic percutaneous intraluminal brachytherapy using 192Ir
has been used as palliative therapy for obstructive jaundice due to
bile duct obstruction [38,39]. Thus, the addition of palliative RT to
unresectable disease has the potential to improve the PFS and provide symptomatic relief in unresectable GBC. Prospective trials are
required to further evaluate the role of palliative RT.
In short, the role of palliative radiotherapy in GBC still needs to
be explored. It could be well utilized in this group of patients, especially in patients who are not fit for chemotherapy and presents
with jaundice and pain.

Role in Neoadjuvant Therapy
Neoadjuvant therapy improves the rate of resection by downstaging the tumor, improving the operability of the tumor. The role of
radiation in GBC in the neoadjuvant setting has been considered to
be in a trial setting only (Table 3). de Aretxabala et al. [40] in a prospective study using neoadjuvant CRT in GBC patients, have stated
that there was no benefit of using neoadjuvant RT in unresectable
GBC and patients had a worse survival with neoadjuvant therapy.
Agrawal et al. [41] have prospectively studied the benefit of neoadjuvant CRT in 40 patients of unresectable GBC. RT of 45 Gy in 25

Table 3. Studies showing role of neoadjuvant RT
Study, year
Type
de Aretxabala et al. [40], Prospective
2004

Aggarwal et al. [41], 2016 Prospective

Engineer et al. [42], 2016 Prospective

n
Characteristic
Treatment received
23 Subserosal infiltration: 18 (82%) RT dose 45 Gy/25 fractions, concurrent 5FU initially 500 mg/m2
then reduced to 350 mg/m2
Serosal infiltration: 3 (13%)
(d1-d5 and d28-d32)
Adipose tissue infiltration: 2 (9%)
40 Hilum involvement: 19 (47.5%), RT dose 45 Gy/25 fractions, concurrent (weekly cisplatin 35
Liver infiltration (any): 38 (95%)
mg/m2 + 5FU 500 mg/m2) and
Liver infiltration> 2 cm: 28 (70%) NACT (cisplatin 25 mg/m2 and
2
Duodenum involvement: 22 (55%) gemcitabine 1 g/m , 3 weekly)
in patients with para-aortic inColon involvement: 11 (27.5%)
volvement
N1: 11 (27.5%)
N2: 8 (20%)
Para-aortic LN: 15 (37.5%)
28 Stage III (100%)
RT 57 Gy/25 fractions to the primary and 45 Gy/25 fractions to
the lymph nodes, concurrent
gemcitabine 300 mg/m2

Outcomes
No positive effect seen with
chemoradiation

1/6 (16.6%) showed pCR of
primary, while 5/6 (83.3%)
showed pCR of lymph nodes

Median OS: 20 months
5-yr survival rate: for all patients (24%), and for 14/25
patients with R0 resection
(47%)

RT, radiotherapy; OS, overall survival; 5FU, 5-fluorouracil; NACT, neoadjuvant chemotherapy; pCR, pathological complete response; LN, lymph node.
https://doi.org/10.3857/roj.2021.00717
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fractions along with concurrent 5FU and cisplatin were given. Neoadjuvant chemotherapy was given before RT if the patient was
node-positive. They concluded that neoadjuvant therapy resulted in
a 15% resectability rate with a radiological downstaging of liver
involvement in 40% of the patients and downstaging of lymph
nodes in 67.5%. Engineer et al. [42] prospectively studied 28 patients of locally advanced GBC of T3/T4 with large fixed periportal
nodes. In their study, patients were given 57 Gy to the gross tumor
and 45 Gy to the clinical target volume (CTV) in 25 fractions along
with weekly gemcitabine of 300 mg/m2. Eighteen patients were
surgically explored and 14 patients underwent R0 resection. Twenty patients had achieved a complete or partial response. The median OS was 20 months.
High rates of biliary stricture and biliary leak were reported in
patients receiving neoadjuvant therapy [43]. There is insufficient
data regarding the use of RT in the neoadjuvant setting and the
benefit of resectability has been seen in a third of the patients in a
pooled analysis of eight studies conducted by Hakeem et al. [44].
Perioperative therapy in locally advanced gallbladder cancers (POLCAGB) trial is an ongoing phase 3 trial that is comparing the OS,
PFS, resection rates, and toxicities between patients receiving neoadjuvant chemotherapy and neoadjuvant CRT [45]. Though some of
the RT studies done in patients of GBC so far support its usage in
the neoadjuvant setting, more and more collaborative studies are
still warranted.

Conclusion
This article provides an updated overview of the role of RT in GBC
in its various formats. As the local failure is high in GBC, RT has a
good potential in reducing the local failures in the adjuvant setting.
Future usage of advanced techniques might help in providing dose
escalation to the tumor site with better sparing of OARs. Definitive
RT in patients of unresectable GBC is an area for potential clinical
research. Palliative RT too remains investigational, which otherwise
could be utilized to reduce the local disease progression and provide symptomatic relief in unresectable cases. Lastly, the use of
neoadjuvant therapy to downstage the disease and improve resectability still remains in its preliminary phase which needs further
evaluation. Overall, with the paucity of literature supporting the
usage of modern techniques of RT in GBC, the role of RT needs to
be further enhanced and improved in quality.
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Objective: This study aimed to investigate the tumor volume changes occurring during limited-field
radiotherapy (RT) for glioblastoma patients and whether a volume-adapted boost planning approach
provided any benefit on tumor coverage and normal tissue sparing.
Materials and Methods: Twenty-four patients underwent simulation with magnetic resonance (MR)
and computed tomography (CT) scans prior to RT (MR_initial, CT_initial) and boost treatment (MR_
adapt, CT_adapt). For the boost phase, MR_initial and MR_adapt images were used to delineate GTV2
and GTV2_adapt, respectively. An initial boost plan (Plan_initial) created on CT_initial for PTV2 was then
reoptimized on CT_adapt by keeping the same optimization and normalization values. Plan_adapt
was generated on CT_adapt for PTV2_adapt volume. Dose volume histogram parameters for target volumes and organs-at-risk were compared using these boost plans generated on CT_adapt. Plan_initial
and Plan_adaptive boost plans were summed with the first phase plan and the effect on the total
dose was investigated.
Results: Target volume expansion was noted in 21% of patients while 79% had shrinkage. The average difference for the initial and adaptive gross tumor volume (GTV), clinical target volume (CTV), and
planning target volume (PTV) volumes were statistically significant. Maximum dose differences for
brainstem and optic chiasm were significant. Healthy brain tissue V10 and ipsilateral optic nerve maximum doses were found to decrease significantly in Plan_adaptive.
Conclusion: Results of this study confirm occurrence of target volume changes during RT for glioblastoma patients. An adaptive plan can provide better normal tissue sparing for patients with lesion
shrinkage and avoid undercoverage of treatment volumes in case of target volume expansion especially when limited-fields are used.
Keywords: Radiotherapy, Glioblastoma, Image-Guided

Introduction
Glioblastoma (GBM) is the most common malignant primary brain
tumor in adults. Maximal safe surgical resection followed by postoperative radiotherapy with concurrent and adjuvant temozolomide (TMZ) is the standard treatment [1]. Although imaging techniques and treatment modalities have improved, prognosis of GBM
remains to be poor with overall survival of 1–2 years [2]. Local re-

currence is the most frequent cause of treatment failure in patients
with high grade glioma [3]. Most patients develop intracranial recurrence within or in close proximity to the high-dose radiation
field [4]. Large prospective randomized and retrospective institutional dose-escalation studies have failed to demonstrate a survival
advantage for GBM patients [5]. This failure was attributed to one
or more of the following barriers, inadequate imaging resulting in
geographic misses, innate tumor radioresistance, and accelerated
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tumor repopulation [6].
Planning target volume (PTV) margins and treatment regimens
vary significantly among institutions [7]. The Radiation Therapy
Oncology Group (RTOG) recommends a two-phase treatment to a
total dose of 60 Gy in 30 fractions, where the initial clinical target
volume (CTV) typically includes postoperative cavity and contrast
enhancing residual tumor with peritumoral edema plus a 2-cm
margin, followed by a boost field defined as postoperative cavity T1
contrast-enhancing residual tumor plus a 2-cm margin as per
RTOG 0525 and RTOG 0825 trials [8,9]. The European Organization
for Research and Treatment of Cancer (EORTC) prefers a single-phase treatment with a 2–3 cm margin around the gross tumor
volume without taking into account the peritumoral edema [10].
Although these international group trials recommended 2–2.5 cm
CTV margins in order to account for microscopic disease, most recent MRI-based studies utilized margins smaller than 2 cm and
they reported similar recurrence patterns [11]. The Adult Brain Tumor Consortium (ABTC) margins are smaller (as low as 0.5 cm) than
those utilized in RTOG and EORTC protocols.
Advanced radiotherapy techniques like intensity-modulated radiotherapy (IMRT) and volumetric modulated arc therapy (VMAT)
improve the therapeutic ratio by generating steep dose gradients
outside the target volume and decreasing the dose to adjacent
critical structures [12]. Therefore, especially when using limited
margins, precise and accurate delineation of target volumes is of
utmost importance. Studies have shown that surgical cavity volume changes continue to occur during the course of radiotherapy
in GBM patients who underwent gross total tumor resection
[13,14]. These anatomical changes in surgical cavity and contrast-enhancing residual volume may influence the planned dose
distribution.
Therefore, appropriate imaging and adaptive treatment planning
for limited-field radiotherapy (RT) might have clinical significance
for the avoidance of geographic misses and reduced toxicity. There
are no studies evaluating whether these smaller margins can be
compensated by using the adaptive boost approach for limited
margin RT by obtaining an interim MR obtained before boost treatment planning.
This study analyzed whether adaptive treatment boost planning
based on MR scans taken before the 2nd phase of RT had any effect on dose distribution, organs-at-risk (OARs) doses, and recurrence patterns. Our purpose is to evaluate whether possible marginal misses secondary to limited-field RT could be avoided by
adaptive boost planning and if there were any groups of patients
that treating with smaller margins was not feasible.
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Materials and Methods
1. Patient characteristics
Twenty-four patients with pathologically confirmed GBM, treated
in our clinic between June 2018 and May 2020 were included in
this study. Patients underwent tumor resection or biopsy followed
by radiotherapy with concurrent temozolomide and adjuvant temozolomide was started 4 weeks after RT.
Fourteen of 24 patients had undergone gross total resection,
while six patients had a subtotal resection (STR) and four had a
stereotactic biopsy. Lesions were located in the right parietal in
three patients, right frontal in two, left frontal in two, right temporal in four, left temporal in four, left frontotemporal in one, left parietal occipital in one, left frontoparietal in two patients, and five
patients presented with multifocal disease.

2. Target volume delineation
All patients were immobilized with thermoplastic head masks.
Treatment was planned and applied in two phases. Preoperative
and postoperative MR scans were used to define target volumes.
Preoperative MR was used to define the initial shape, size and location of the tumor. Postoperative RT planning MR and CT were
used to determine the postoperative target volume and they were
performed twice for adaptive treatment planning. Initial scans (CT_
initial, MR_initial) were taken a few days before the initial phase of
the treatment and the second scans (CT_adapt, MR_adapt) were
taken a few days before the boost phase.
Radiotherapy simulation CT images in 2–3 mm increments were
obtained for treatment planning and same day MR T1 pre-and
post-gadolinium and T2 fluid-attenuated inversion recovery (FLAIR)
sequences were anatomically registered with planning CT scan using Eclipse treatment planning system (version 13.6; Varian Medical Systems, Palo Alto, CA, USA).
According to our clinical protocol, during the first phase of target delineation, GTV1 was determined as surgical cavity including
suspicious involvement and edema which was determined via
T2-weighted MR_initial sequences, and it was expanded by 0.5–1
cm to create CTV1 and by 1–2 mm to determine PTV1. For statistical
comparison GTV2 volume was determined on the MR_initial T1
contrast images to include the contrast-enhancing area and surgical cavity and was extended by 0.5–1 cm margin to create CTV2
and 1–2 mm margin to generate PTV2.
CT_adapt and MR_adapt images were obtained for adaptive
planning for the second phase of the treatment around 21 ± 1st
fraction. MR_adapt T1 contrast images were used to define GTV2_
adapt. CTV2_adapt was created on CT_adapt by adding a margin of 0.5–1
cm to the GTV2-_adapt and PTV2_adapt was generated by adding a marhttps://doi.org/10.3857/roj.2021.00542
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gin of 1–2 mm to CTV2_adapt. CTV was modified to respect the anatomical boundaries.

3. Treatment planning
Treatment plans were created by using the volumetric arc technique with 6-MV photon energy and 4–5 arcs including non-coplanar partial arcs. The beams were arranged according to the size
and location of the target volume. Treatment plan for the first
phase was created on CT_initial and a dose of 46 Gy in 23 fractions
was prescribed to the PTV1 while the treatment plan for the second
phase was generated on CT_adapt and 14 Gy in 7 fractions was
prescribed to PTV2_adapt to a total dose of 60 Gy. Treatment plans
were accepted when the 95% isodose line covered 95% of the PTV.
The normal tissues contoured included the brainstem, optic chiasm,
left and right optic nerves, left and right eyes, and whole brain was
defined as brain tissue minus PTV. OAR dose constraints were maximum 54 Gy for optic nerves and optic chiasm and 60 Gy for brainstem. Macula dose was limited to maximum 45 Gy and lens dose
was limited to 10 Gy. For this study, a boost plan was generated for
PTV2 on the CT_initial set. This plan (Plan_initial) was recalculated
on CT_adapt by keeping the same optimization and normalization
values. A treatment plan for the second phase (Plan_adapt) was
created on CT_adapt for PTV2_adapt volume. Dose volume histogram
(DVH) parameters for target volumes and OARs were compared using these two plans generated on CT_adapt. All optimizations and
dose calculations were performed using Eclipse treatment planning
system.

4. Plan evaluation and statistical analysis
Target volume changes between CT_initial and CT_adapt were evaluated by calculating average ± standard deviation volume differences for GTV2, GTV2_adapt, CTV2, CTV2_adapt and PTV2, PTV2_adapt. Differences between Plan_initial and Plan_adapt were assessed by using
DVHs through comparison of mean and median doses (Dmean, Dmedian)
for PTV2_adapt, V95 (volume receiving 95% of the prescribed dose), and
D95 (dose received by 95% of the PTV2_adapt). Maximum and mean
doses for brainstem, optic chiasm, optic nerves, eyes, and healthy
brain tissue volume receiving 10 Gy (V10) were examined and compared for both plans. V10 for healthy brain tissue was calculated by
subtracting PTV from total brain volume. Paired sample t-test was
used to compare PTV D95 doses, all other variables were compared
using a Wilcoxon signed-rank test.

5. Follow-up and patterns of failure
Patients were followed up with MR scans 4 weeks after the completion of RT and every 3 months thereafter. The Response Assessment in Neuro-Oncology (RANO) criteria was used for evaluation.
https://doi.org/10.3857/roj.2021.00542

Disease progression was determined by the treating physician. MR
scans indicative of tumor progression were registered with Plan_
adapt to define whether there were any marginal misses as a result
of limited margins or target volume modification when tumor
shrinkage was observed. The pattern of failure was determined according to the location of the recurrent tumor in relation to the
95% isodose line. They were classified as “in-field” if the recurrent
T1-enhancing tumor volume was covered by the 95% isodose line
and out-field if theory were outside the 20% isodose line. In cases
of multiple discrete sites of failure, each lesion was independently
analyzed relative to the 95% isodose line. In cases of multiple recurrence sites each lesion was evaluated independently.

Results
Initial radiotherapy simulation CT and MR scans were performed at
a median of 15 days (range, 9 to 33 days) after surgery and median
4 days after biopsy (range, 3 to 28 days). Time interval days between MR_initial and MR_adaptive were found average (min–max)
30.5 (28–38), median 29 days. A second MR scan for an adaptive
plan was taken on the 21 ± 1st fraction of the treatment. Target
volume expansion was noted in five patients (21%) and three of
these patients had a stereotactic biopsy, one had STR and one had
GTR. Target volume shrinkage was observed in 19 patients (79%),
one patient had biopsy, four patients underwent STR, and 14 had
GTR. In patients with shrinkage, mean GTV decrease was 26.39%
(8.46 mL) and in the group with expansion, mean GTV increase was
13.95% (5.3 mL). For all patients, mean GTV was 45.0 mL on initial
MR and 38.2 mL on adaptive MR. Expansion and shrinkage of GTV
resulted in CTV and PTV changes. Mean CTV were 122.3 mL and
107.3 mL on initial and adaptive CT scans, respectively. For patients
with shrinkage, mean CTV decrease was 17.7% (average, 21.8 mL)
while for the ones with volume expansion mean change in CTV increase was 22.4 % (average, 19.1 mL). Mean PTV were 153.1 mL
and 133.6 mL on initial and adaptive CT scans, respectively. Mean
change in PTV showed 17% decrease (average, 22.8 mL) and an
18.3% decrease (average, 20.1 mL).
Mean changes between the initial and adaptive GTV, CTV, and
PTV were statistically significant, with p-values of 0.003, 0.004,
and 0.001, respectively. The differences of GTV, CTV, and PTV on
initial and adaptive scans are shown in Table 1 and Fig. 1.
We generated sum plans with boost Plan_initial and Plan_adapt.
While PTV Dmean (p = 0.429), PTV D95 (p = 0.081), PTV Dmedian (p =
0.975) changes were not statistically significantly, PTV V95 (p =
0.01) differences were found to be statistically significant. Maximum dose differences for brainstem and optic chiasm were significant (p = 0.018, p = 0.019), while mean doses were not signifi11
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Table 1. Average GTV, CTV, PTV changes and differences on initial and adaptive CT scans
Target volume (mL)
Initial
Adapted
45.032 ± 27.56
38.225 ± 26.30
(-4.2 to -111.1)
(-1.8 to -111.5)
122.27 ± 59.50
107.29 ± 55.17
(-36.3 to -278.5)
(-32.6 to -287.4)
153.08 ± 68.50
133.62 ± 64.32
(-48.0 to -327.5)
(-43.4 to -338.3)

GTV
CTV
PTV

ΔTV (mL)

ΔTV (%)

p-value

6.80 ± 9.63
(-0.68 to -28.30)
14.98 ± 23.90
(-1.20 to -78.10)
19.40 ± 25.60
(0.04 to -84.90)

18.34 ± 23.01
(-1.30 to -60.00)
11.02 ± 20.12
(-0.75 to 53.06)
12.30 ± 16.60
(0 to -35.90)

0.003
0.004
0.001

Values are presented as mean ± standard deviation (min to max).
(-) values were indicative of target volume shrinkage on adaptive scan while (+) values were suggestive of target volume expansion.
GTV, gross tumor volume; CTV, clinical target volume; PTV, planning target volume; ΔTV, differences were calculated using GTVadapt – GTVInit, CTVadapt –
CTVInit, and PTVadapt – PTVInit.
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Fig. 1. The differences between gross tumor volume (GTV), clinical target volume (CTV), and planning target volume (PTV) values for each patient is shown on initial and adaptive simulation CT scans. Positive values are indicative of target volume expansion on adaptive scan while
negative values were suggestive of target volume shrinkage.

cant (p = 0.966, p = 0.415), respectively. Maximum ipsilateral optic nerve doses decreased significantly in the Plan_adapt when
compared to Plan_initial on sum plans (p = 0.014). Ipsilateral optic
nerve mean (p = 0.11), maximum and mean doses for ipsilateral
eye (p = 0.140, p = 0.59), contralateral eye (p = 0.721, p =
0.366) and maximum, mean doses for contralateral optic nerve (p
= 0.594, p = 0.867) did not show significant difference between
adaptive and non-adaptive plans sum. V10 for healthy brain tissue
was not found to significantly change in the adaptive plan (p =
0.193). When sum plans were compared, p-values for brainstem,
chiasm, contralateral and ipsilateral eye, and optic nerve maximum
and mean doses were found to be similar.
Although the p-value for V10 dose was significant for boost
adaptive plan, there was no difference when plan sums were compared. Difference for PTV V95 was borderline significant for the
adaptive boost plan. However, the difference was found to be sig12

nificant when plan sums were compared.
The p-values for differences in PTV Dmean, Dmedian, V95, D95, and OAR
maximum and mean doses for boost and plan sum are demonstrated in Tables 2 and 3.
Fig. 2A and 2B present GTV, CTV, and PTV expansion on MR_initial and MR_adaptive images, respectively. Fig. 3A shows Plan_initial dose distribution, Fig. 3B displays Plan_adapt dose distribution,
and Fig. 3C presents undercoverage of PTV V95 if the boost treatment was applied with Plan_initial instead of Plan_adapt.
Fig. 4A and 4B present GTV, CTV, and PTV shrinkage on MR_initial and MR_adaptive images, respectively. Fig. 5A shows Plan_initial dose distribution, Fig. 5B displays Plan_adapt dose distribution,
and Fig. 5C presents overcoverage of PTV V95 if the boost treatment
was applied with Plan_initial instead of Plan_adapt.
Gross total resection was found to be statistically correlated
with tumor shrinkage (p < 0.05). STR correlation with tumor volhttps://doi.org/10.3857/roj.2021.00542
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Table 2. Boost plan maximum and mean dose differences for OAR and PTV Dmean, Dmedian, V95, D95

Brainstem (cGy)

Max
Mean
Chiasm (cGy)
Max
Mean
Contralateral eye (cGy)
Max
Mean
Ipsilateral eye (cGy)
Max
Mean
Contralateral optic nerve (cGy) Max
Mean
Ipsilateral optic nerve (cGy)
Max
Mean
Healthy brain tissue V10 (mL)
PTV
Dmean (cGy)
Dmedian (cGy)
V95 (mL)
D95 (cGy)

Non-adaptive boost plan
Adaptive boost plan
p-value
Mean ± SD
Median (min-max)
Mean ± SD
Median (min-max)
799.5 ± 453.0
722.2 (915.8–1,468.3)
704.7 ± 437.6 587.1 (107.1–1,466.1) 0.005
±
233.1 135.9
211.2 (66.8–588.4)
235.4 ± 134.5 215.8 (21.7–463.0)
0.648
598.5 ± 358.2
568.6 (149.4–1,360.0) 488.5 ± 262.6 485.6 (105.8–973.0)
0.032
320.2 ± 144.4
301.4 (104.3–580.0)
305.2 ± 148.2 327.9 (74.2–663.8)
0.407
223.7 ± 143.5
181.4 (67.0–642.7)
218.4 ± 156.4 153.4 (58.5–737.4)
0.587
±
±
136.5 78.9
120.2 (41.6–386.2)
132.7 96.9
114.8 (36.0–506.8)
0.361
343.4 ± 239.5
328.2 (54.3–1,065.0)
376.3 ± 277.2 328.9 (67.1–1,097.9) 0.549
162.1 ± 94.5
148.4 (25.3–403.9)
182.3 ± 113.6 169.8 (25.3–421.5)
0.284
265.9 ± 174.1
219 (74.5–799.8)
263.0 ± 179.1 222.0 (48.7–823.5)
0.668
±
±
195.5 141.2
152.9 (50.5–632.1)
193.6 151.1 167.9 (41.0–694.2)
0.853
193.7 ± 151.1
167.8 (41.0–694.2)
455.8 ± 338.9 373.3 (48.3–1,134.8) < 0.001
296.1 ± 207.3
247.2 (56.1–814.7)
297.5 ± 204.6 275.0 (25.7–777.1)
0.587
75.2 ± 30.5
74.8 (23.2–141.6)
55.3 ± 26.5
48.8 (16.8–112.0)
0.004
±
±
1,402.0 30.8
1,406.5 (1,317–1,437) 1,416.1 20.6
1,409 (1,392–1,476)
0.053
1,419.0 ± 16.3
1,420.5 (1,389–1,452) 1,423.3 ± 19.8
1,417 (1,395–1,475)
0.401
176.9 ± 252.8
132.2 (43–337)
129.6 ± 63.6
133.8 (43–337)
0.365
1,299.7 ± 136.7
1,334 (812–1,417)
1,353.0 ± 31.7
1,335 (1,329–1,445)
0.056

OAR, organs-at-risk; PTV, planning target volume; SD, standard deviation.

Table 3. Sum plan maximum and mean dose differences for OAR and PTV Dmean, Dmedian, V95, D95

Brainstem (cGy)

Max
Mean
Chiasm (cGy)
Max
Mean
Contralateral eye (cGy)
Max
Mean
Ipsilateral eye (cGy)
Max
Mean
Contralateral optic nerve (cGy) Max
Mean
Ipsilateral optic nerve (cGy)
Max
Mean
Healthy brain tissue V10 (mL)
PTV
Dmean (cGy)
Dmedian (cGy)
V95 (mL)
D95 (cGy)

Non-adaptive boost plan
Mean ± SD
Median (min-max)
3,921.5 ± 1,790.9 4,105.5 (855–6,110)
1,463.4 ± 676.0
1,501 (330–2,557)
3,334.6 ± 1,641.0 2,945 (661–5,772)
2,266.3 ± 1,174.0 2,126 (528–5,299)
1,032.9 ± 631.5
951 (327–3,019)
±
626.9 347.4
604 (202–1,651)
1,692.8 ± 1,138.7 1,373 (113.8–4,526)
869.6 ± 439.2
856.5 (267–1,904)
1,397.4 ± 898.1
1,212 (290–4,486)
±
978.2 660.8
827.5 (257–3,220)
2,596.2 ± 1,616.8 2,180 (544–5,691)
1,699 ± 1,030.4 1,477.5 (380–3,817)
825.4 ± 205.0
841.5 (339.9–1,178)
±
6,041 78.3
6,030 (5,918–6,213)
6,075 ± 76.0
6,064 (5,967–6,228)
129.3 ± 61.5
133.5 (43.3–320)
5,786 ± 220.4
5,794 (5,164–6,095)

Adaptive boost plan
Mean ± SD
Median (min-max)
3,668.3 ± 1,789.7 33,910 (742–6,086)
1,423.9 ± 698.4
1,314 (289–2,667)
3,230.0 ± 1,581.0 2,953 (595–5,473)
2,250.0 ± 1,153.3 2,244 (486–4,909)
1035.9 ± 651.4
937.5 (327–3,158)
±
594.0 298.9
586 (202–1,555)
1,763.7 ± 1,129.4 1,421 (431–4,557)
837.5 ± 383.8
838 (262–1,724)
1,391.0 ± 908.0
1,217 (274–4,500)
976 ± 667.7
838 (248–3,284)
2,547 ± 1,585.9 2,091 (543–5,458)
1,679.5 ± 1,017.0 1,478.5 (388–3,757)
820.7 ± 206.7
839.5 (332–1,171)
±
6,049 69.2
6,041 (5,952–6,187)
6,075 ± 68.8
6,060 (5,955–6,193)
130.9 ± 61.9
135.5 (43.3–323.2)
5,836 ± 173.9
5,866 (5,375–6,088)

p-value
0.018
0.966
0.019
0.415
0.721
0.366
0.140
0.590
0.594
0.867
0.014
0.110
0.193
0.429
0.975
0.010
0.081

OAR, organs-at-risk; PTV, planning target volume; SD, standard deviation.

ume changes was not significant (p = 0.089). The effect of biopsy
on tumor expansion/shrinkage could not be analyzed because of
limited patient number.
At a median follow-up time of 14 months (range, 10 to 20
months), the progression-free survival was median 8 months
https://doi.org/10.3857/roj.2021.00542

(range, 1 to 20 months). Fifteen patients had in-field recurrences,
two patients had multifocal recurrences within and outside the
target volume. Six of them were treated with fractionated reirradiation with concurrent bevacizumab, while two had radiosurgery.
Median progression-free survival for five patients with tumor ex13
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A

B

Fig. 2. Gross tumor volume (GTV), clinical target volume (CTV), and planning target volume (PTV) expansions between MR_initial (A) and MR_
adaptive (B). Shown as orange GTV, blue CTV, and red PTV in pictures.

A

B

C

Fig. 3. Target volume expansion: comparison of Plan_
initial (A) and Plan_adapt (B). Undercoverage of PTV V95
if the boost treatment was applied with Plan_initial instead of Plan_adapt (C). PTV, planning target volume.
14
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A

B

Fig. 4. Gross tumor volume (GTV), clinical target volume (CTV), and planning target volume (PTV) shrinkage between MR_initial (A) and MR_
adaptive (B). Shown as orange GTV, blue CTV, and red PTV in pictures.

A

B

C

Fig. 5. Target volume shrinkage: comparison of Plan_
initial (A) and Plan_adapt (B). Overcoverage of PTV by
95% isodoseline, if the boost treatment was applied
with Plan_initial instead of Plan_adapt (C). PTV, planning target volume.

https://doi.org/10.3857/roj.2021.00542
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pansion was 3 months (range, 3 to 10 months).

Discussion and Conclusion
This study showed that the adaptive re-contouring of the boost
volume using T1 contrast sequences of an MR taken right before
the second phase of RT for GBM contributes to the target volume
coverage, as well as protection of normal tissue and adaptive boost
planning approach can be recommended when using limited CTV
margins.
This study revealed that five of 24 patients were found to have
target volume expansion in which case the target volumes were
not fully covered by treatment dose and geographic misses were
inevitable, if adaptive imaging and planning were not performed.
The remaining 19 patients demonstrated shrinkage of target volumes, therefore the normal tissue volumes within the treatment
dose coverage were reduced by adaptive planning. The statistically
significant target volume changes determined by initial and adaptive MR scans reveal the necessity of obtaining an adaptive MR to
boost target volume delineation.
Precise delivery of the planned treatment dose to the target volume depends on the accuracy of target delineation. Therefore, with
respect to our study results, a boost treatment plan optimized to
the adaptive boost volume will ensure adequate dose coverage.
Although it might not be possible to acquire adaptive MR imaging for each GBM patient, our study revealed that the patients who
underwent biopsy would benefit most from this approach, since
there was a trend (3 out of 4) for target volume expansion for this
patient group. Therefore, with respect to our study results an adaptive boost treatment planning can be recommended for patients
with biopsy when a limited-field RT approach is used otherwise
these patients might not be good candidates for limited margins.
Additionally, the patients who underwent GTR were inclined to
have decreased target volumes, most probably related to the
shrinkage of surgical cavities. Therefore, an adaptive MR and a
boost delineation based on this scan will ensure lower OAR doses
especially when these cavities are located in close proximity to
structures like optic chiasm, optic nerve, and brainstem. Our study
showed that this adaptive treatment planning strategy may especially be beneficial for reducing the maximum doses to these vulnerable structures. Also, the significant decrease observed in the
normal brain tissue receiving 10 Gy might provide better preservation of brain functions when patients are treated with an adaptive
plan [15-18].
Kim et al. [13] included only GBM patients with GTR in their
study and suggested that surgical cavity volume reduction following surgery and during RT would necessitate volume-adapted re16

planning to decrease the normal brain tissue volume exposed to
high radiation doses. They also emphasized the potential spatial
changes of the cavity. Our results also suggest that the patients
with GTR are more prone to shrinkage of surgical cavity volumes,
therefore the adaptive planning for boost approach aims to reduce
the irradiated normal tissue volume while undercoverage might be
a concern for patients with biopsy only or subtotal resection (STR).
Adaptive treatment planning compensated for these spatial and
volumetric changes in our study when compared to non-adaptive
planning.
Several previous studies have shown that cavity volume and
edema size change with the time elapsed after surgical resection.
Champ et al. [19] showed that 23 of 24 CTV1 decreased in size
within an average of 17 days between postoperative MR and treatment planning MR. This decrease in size can potentially spare proximal OARs and normal brain tissue from receiving the initial dose
of 46 Gy. In contrast, CTV2 increased in 16 of 24 patients, which
could lead to undercoverage of target volume if treated based on
postoperative MR scan. Therefore, Champ et al. [19] recommended
obtaining planning MR scans closer to the time of CT simulation,
as well as starting the treatment as soon as possible to reduce the
potential further volume changes that might negatively impact the
dose coverage.
Iuchi et al. [20] presented similar findings, revealing large variations in surgical cavities with both expansion and shrinkage occurring mostly within the first 2 weeks after craniotomy for HGG patients. Although this study showed a benefit with regards to normal brain tissue reduction within the RT field, it failed to demonstrate a possible local control benefit. Actually, they concluded that
it was unlikely to have a clinical benefit of decreased recurrence
since no failures were seen outside the target volumes defined on
immediate MRs. However, this study did not investigate the efficacy of boost MR scans for decreasing local recurrence.
Tsien et al. [21] study included 21 patients with high-grade glioma treated with three-dimensional conformal radiotherapy
(3D-CRT) with a median dose of 70 Gy. The median time interval
between surgical resection and pre-RT MR was 3.1 weeks (range, 2.1
to 3.8 weeks) and two additional scans were performed during radiotherapy (Weeks 1 and 3). More than half of the patients (57%)
underwent stereotactic biopsy only, while the remaining underwent
STR. They found that two cases had an objective decrease in GTV, 12
cases revealed a slight decrease in the rim enhancement or changes
in the cystic appearance of the GTV, two cases showed no change in
GTV, while three cases demonstrated an increase in tumor volume.
Their study demonstrated that changes in tumor volume of highgrade gliomas can occur as early as Weeks 1 to 3, and the use of
smaller margins in IMRT without routine imaging may lead to unhttps://doi.org/10.3857/roj.2021.00542

Adaptive radiotherapy for glioblastoma

derdosage of the target volume, although the clinical significance of
these risks was not further studied.
A study of Shukla et al. [22] showed that 12 out of 15 patients
with unifocal disease had tumor volume decrease on T2 weighted
MR at Week 5 of RT while the remaining had demonstrated target
volume increase. They recommended re-planning MR, to define
boost fields. Our study compared the contrast-enhancing and/or
postoperative cavity volumes on initial planning and 4th week (before 2nd phase of RT) T1 contrast MR sequences. T2 volume changes were not analyzed in our study since we aimed to observe boost
volume changes. Yang et al. [23] revealed that adaptive treatment
planning during RT led to decreased OAR D2% and D50% values and
healthy brain tissue given the GTV size that decreased throughout
the therapy. Our study was in accordance with the findings of Yang
et al. [23], with regards to adaptive planning providing better protection of normal brain tissue.
Mehta et al. [24] reported three patients treated with MR-guided RT, followed up by daily MR scans. All patients had a trend of
daily cavity volume reduction. One patient with baseline increased
edema initially had a trend for daily edema volume increase followed by a daily decrease. Their results suggest that daily MR could
be used for onboard resimulation and adaptive RT to compensate
for size fluctuation of tumor volumes, cavities, or cystic components, as well as limit the dose to healthy brain tissue.
Although our clinical protocol recommends personalized limited
RT margins for each patient depending on the extent of the tumor,
we did not observe any marginal misses. There is some concern
whether reducing the target volume to the shrinking MR visible tumor might impair tumor control, since the dissolving tumor might
leave behind microscopic disease. Therefore, one might argue that
adaptive reduction of the target volume when cavity shrinkage occurs might cause undercoverage of the microscopic disease, especially considering our smaller CTV margins. However, this was not
our experience given the recurrences were in-field, probably because these areas received the microscopic dose.
Previous research emphasized the importance of target volume
delineation and that it can translate into improved tumor control
and/or reduced radiation toxicity; therefore, any effort should be
made to identify the optimal imaging approach and appropriate
safety margins. Functional imaging techniques like MRS, SPECT,
and PET may allow more accurate delineation of the tumor volume
by providing information about edema versus diffuse tumor infiltration [25-28].
MR imaging is the gold standard for RT planning and treatment
response assessment of GBM patients. However, more detailed
functional imaging is needed during RT to identify whether the radiological tumor expansion is related to tumor progression or tuhttps://doi.org/10.3857/roj.2021.00542

mor necrosis. ACRIN 6686, a companion study to RTOG 0825 aimed
to evaluate the volumetric and radiological changes with serial MR
scans during the chemoradiotherapy and adjuvant chemotherapy
phases and their relation to overall survival [29]. They reported the
differences between postoperative MR scans and the ones taken
before the 4th cycle of temozolomide and suggested increasing T1
contrast-enhancing and FLAIR area size was significantly associated with worse survival.
According to our results gross total resection was significantly
associated with cavity shrinkage. Although the effect of biopsy on
tumor expansion/shrinkage could not be analyzed because of limited patient number, three out of five patients had tumor expansion.
Although this study’s main aim was not to investigate the relationship between radiological changes occurring during RT and
treatment outcomes, based on our observations limited to five patients with tumor volume expansion during treatment, we can
suggest that there seems to be an earlier time point than initial
follow-up MR scan at 4 weeks after RT where radiological changes
can be used to predict response to treatment.
Rapidly developing MR Linac systems might be the missing link
to better observe the volume and possible dosimetric changes occurring during RT for GBM. Since most studies show a dynamic
process during treatments, using these images in the light of radiomics can provide us with valuable biological data of these tumors
and also allow us to adjust the treatments in real-time while using
smaller margins to improve the therapeutic ratio. Whether these
daily targeting and planning optimization approaches provided by
MR Linac systems reflect on clinical outcomes is a subject for future studies. Ongoing, UNITED phase 2 trial is investigating the effects of reduced CTV margin for GBM with contrast enhanced
adaptive MR Linac based RT [30].
In conclusion, the results of this study confirm the occurrence of
target volume changes during treatment for GBM patients receiving radiotherapy. An adaptive plan based on a recent MR scan for
the boost phase of the RT can provide better normal tissue sparing
for patients with target shrinkage. Special consideration is required
when limited margins are used in order to avoid undercoverage of
treatment volumes in case of target volume expansion. The avoidance of this undercoverage might lead to better tumor control,
while treatment volume decrease might avoid neurotoxicity.
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Purpose: This study aimed to determine the correlation between protein induced by vitamin K absence or antagonist-II (PIVKA-II) and stereotactic body radiotherapy (SBRT) in patients with hepatocellular carcinoma (HCC).
Materials and Methods: Sixty-one patients received SBRT between 2015 and 2020 with a median
dose of 48 Gy (range, 39 to 60 Gy) with a median of 4 fractions. Changes in tumor markers before
and after SBRT were analyzed.
Results: The median follow-up period was 31 months (range, 12 to 64 months). The estimated 2-year
in-field failure-free survival, progression-free survival (PFS), and overall survival rates were 82.0%,
39.3%, and 96.7%, respectively. Patients with decreased PIVKA-II levels through SBRT had significantly few in-field failures (p = 0.005). Patients with PIVKA-II levels of ≤25 mAU/mL after SBRT had
significantly long PFS (p = 0.004).
Conclusion: PIVKA-II could be a useful surrogate marker for response or survival outcomes in patients
with localized HCC receiving SBRT.
Keywords: Stereotactic body radiotherapy, Hepatocellular carcinoma, PIVKA-II
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Introduction
Hepatocellular carcinoma (HCC) is the 6th common cancer in both
sexes, and has the 2nd most cancer mortality after lung cancer in
Korea in 2018 [1]. Curative resection is the optimal treatment for
patients with localized HCC. Several treatment options are available for patients who are ineligible for surgery, including transarterial chemoembolization (TACE), hepatic arterial infusion chemotherapy (HAIC), radiofrequency ablation (RFA), percutaneous ethanol injection therapy, and radiation therapy (RT). Selection of treatment modality depends on the tumor size, number, vascular invasion, and the patient’s performance status. In view of TACE, an ob-

jective response rate of 52.5% was reported in a systemic review
[2]. However, common problems with TACE are refractoriness/failure and liver damage caused by repeated use [3].
External beam radiotherapy (EBRT) can be performed in various
circumstances, from curative to palliative. Compared to conventional EBRT, stereotactic body radiotherapy (SBRT) delivers a highly
conformal dose with a lower dose to the normal liver and is included in the National Comprehensive Cancer Network guidelines as a
curative option [4]. SBRT for HCC has shown high rates of local
control, ranging from 87% to 100% at 1 to 3 years in prospective
clinical trials [5]. When evaluating the response to SBRT by an imaging study, we often have a difficult interpretation for differential
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diagnosis between response versus progression because of a focal
liver reaction or continued regression even until 12 months after
completion of SBRT. Therefore, we need another surrogate predictive marker for the evaluation of tumor response or survival after
SBRT in addition to imaging studies. The role of biomarkers, such as
alpha-fetoprotein (AFP) and protein induced by vitamin K absence
or antagonist-II (PIVKA-II) were investigated as prognostic factors
in the treatment of HCC [6-10]. However, there are several advantages of PIVKA-II as a tumor marker over AFP as follows; first, it
shows lower false-positive rate than AFP in the diagnosis of HCC
because its level dose not increase non-specifically in most liver
disease. Second, it could indicate earlier treatment response than
AFP because of a relatively shorter half-life. Third, it is more related
to the prognosis by reflecting biological characteristics of HCC such
as tumor extent and vascular invasion. [11]. However, few studies
have examined the role of biomarkers in predicting response or
survival in cases of HCC receiving SBRT. Therefore, we conducted a
study to determine the predictive role of AFP and PIVKA-II in SBRT
outcomes.

Materials and Methods
1. Patient eligibility
We retrospectively reviewed the medical records of 61 patients
with HCC who received SBRT between 2015 and 2020 at Chonnam
National University Hwasun Hospital, Korea. Patients with the
Eastern Cooperative Oncology Group performance score of ≤ 2,
preserved liver function of Child-Pugh score (CPS) 5 to 7, and no
prior history of radiotherapy were included. Exclusion criteria were
as follows: presence of an extrahepatic metastatic lesion, a history
of other malignancies, no regular imaging follow-up after SBRT,
and other locoregional therapy within 6 months after SBRT without any sign of disease progression. All patients provided signed informed consent for treatment, and this study was approved by our
Institutional Review Board of Chonnam National University
Hwasun Hospital (No. CNUHH-2015-130).

2. SBRT planning and treatment
Before SBRT, all patients underwent a respiratory-correlated
four-dimensional computed tomography (CT) simulation scan with
immobilization using a vacuum cushion and Real-time Patient
Management system (Varian Medical Systems, Palo Alto, CA, USA).
The gross tumor volume (GTV) was defined as the lesion volume including lipiodol uptake, arterial enhancement, and necrotic portion
using CT simulation images and pre-treatment triple-phase abdominal CT or magnetic resonance imaging (MRI). The internal tar-

https://doi.org/10.3857/roj.2021.00934

get volume was regarded as equal to the GTV because of window
images of 50%–60% gating phase. All organs-at-risk (OAR) were
contoured on the simulation CT, and various dose constraints were
prescribed in each OAR. The normal liver volume (whole liver volume minus GTV) receiving less than 15 Gy (rV15 Gy) in 3 fractions or
17 Gy (rV17 Gy) in 4 fractions should be spared over at least 700 mL
as possible. Maximum doses to the stomach, duodenum, small
bowel, colon, and spinal cord, etc., were limited depending on fraction numbers. The planning target volume (PTV) was defined as GTV
plus individualized margins (0.5 to 1 cm) to account for the movement of enhanced mass within the gated phases of respiration and
a set-up error. The total dose was prescribed to cover at least 95%
of the PTV (Fig. 1). SBRT was delivered in 3 or 4 fractions using 6
MV photons every other day to reduce nearby intestinal toxicity.
Dose fractionation was prescribed as equal to or greater than 80
Gy of biologically effective dose with an α/β ratio of 10 (BED10). All
patients underwent cone-beam CT to verify skeleton alignment and
On-Board Imager (Varian Medical Systems) for diaphragm matching in the anterior-posterior direction at the end-exhale phase on
each treatment day.

3. Patient follow-up and response assessment
After treatment, follow-up examinations including physical examinations, complete blood counts, biochemical profiles, tumor markers, and imaging studies were assessed at 1–3-month intervals. The
changes in the two tumor markers, AFP and PIVKA-II, were calculated as the difference between the level before SBRT and the lowest level within 6 months after SBRT. At 6 and 12 months after
SBRT, images were assessed according to modified Response Evaluation Criteria in Solid Tumors (mRECIST) [12]. In-field failure (IFF)
was defined as recurrence or increased volume of the treated lesion. In-field failure-free survival (IFFS) was estimated from the
date the start of SBRT to the date of IFF. Overall survival (OS) was
estimated from the date of the start of SBRT to the date of death
or the last follow-up. Progression-free survival (PFS) was estimated
from the date of the start of SBRT to the date of failure of any
kind, death of any cause, or the last follow-up.
Both univariate and multivariate analysis were performed with
the same variables for determining any prognostic factor. Kaplan-Meier models were used for the survival analysis of all potential factors that affected the treatment results and were tested using the log-rank test. A Cox proportional hazards model was used
for the multivariate analysis. For the statistical analysis, p-values
less than 0.05 were considered significant. All statistical analyses
were performed using SPSS version 25.0 (IBM, Armonk, NY, USA).
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Fig. 1. The treatment planning of stereotactic body radiotherapy for patient with hepatocellular carcinoma. The prescription dose was 51 Gy in
3 fractions in this case. The lowest isodose curve indicates 15 Gy and the normal liver volume (whole liver volume minus gross tumor volume)
receiving less than 15 Gy (rV15 Gy) was 1,178 mL.

Results
1. Patient characteristics and treatment
The characteristics of the patients, tumor, and treatment-related
factors are summarized in Table 1. Most patients were CPS class A,
and only two patients were CPS class B7. Vascular involvement was
observed in nine patients (14.8%). Fifty-seven patients (93.4%) underwent local therapies before SBRT. Five patients (8.1%) underwent curative resection before SBRT. Fifty-six patients (91.8%) underwent TACE (median 2; range, 1 to 13) prior to SBRT. Twenty-four
patients (39.3%) underwent RFA (median 1; range, 1 to 7) prior to
SBRT. Only one patient received HAIC. According to the target or
non-target lesions of SBRT, detailed breakdown of history of previous treatment was shown in Table 2. The median total doses of
SBRT and BED10 were 48 Gy (range, 39 to 60 Gy) and 112.5 Gy
(range, 80 to 180 Gy), respectively. The median levels of serum AFP
and PIVKA-II before SBRT were 9.23 (range, 1.35 to 2,446) and 31.5
(range, 11 to 15,352), respectively. All 61 patients had AFP tested
before SBRT, and 56 patients were tested for PIVKA-II. After SBRT,
AFP levels in 38 out of 61 patients and PIVKA-II levels in 45 out of
56 patients decreased. The median decrease in AFP level was -56%
(interquartile range, -87.1% to -21.4%) and that of PIVKA-II was
-34.5% (interquartile range, -80.7% to -11.4%). The median lowest
level was 4.31 (range, 1.19 to 3,055) and 21.5 (range, 10 to 49,812)
for AFP and PIVKA-II, respectively within 6 months after SBRT.

months). According to the mRECIST by imaging studies at 6 months,
there were 38 patients (62.3%) with complete response (CR), 6
(9.8%) achieved partial response (PR), and 17 (27.9%) achieved stable disease (SD). At 12 months, there were 45 patients (73.8%) with
CR, 3 (4.9%) achieved PR, 11 (18%) achieved SD, and 2 (3.3%) had
progressive disease. Patients with a lower level of PIVKA-II after
SBRT had a tendency to achieve a higher CR at 6 months. Of the 56
patients, 34 patients had PIVKA-II level of ≤25 mAU/mL after SBRT,
of which 25 patients (73.5%) achieved CR, while only 11 of 22 patients (50%) with a PIVKA-II level >25 mAU/mL achieved CR (p =
0.053). A low level of AFP after SBRT or changes in PIVKA-II or AFP
levels by SBRT had no statistically significant association with treatment responses.
At the time of the analysis, the median time to IFF was 12
months (range, 3 to 24 months), while the median PFS was 8
months. The estimated 2-year IFFS, PFS, and OS rates in all patients
were 82.0%, 39.3%, and 96.7%, respectively (Fig. 2). The survival
differences between response subgroups by mRECIST at 6 or 12
months did not show any statistical significance because we could
suppose that additional treatments were intervened according to
the response after SBRT or delayed response after 6 months. Of the
10 patients who achieved PR or SD at 6 months after SBRT, six
achieved delayed CR at 12 months without any additional treatment.

3. Prognostic factors for survivors
2. Treatment response and survival
The median follow-up time was 31 months (range, 12 to 64
22

In the univariate analysis, decreased changes in PIVKA-II levels after SBRT were significantly associated with better IFFS (p = 0.005).
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Characteristic
Age (yr)
Sex
Male
Female
ECOG performance status
0
1
Child-Pugh score
5
6
7
mUICC stage
I
II
III
Vascular involvement
No
Yes
Maximum diameter (cm)
GTV (mL)
NLV (mL)
Total dose (Gy)
BED10 (Gy)
AFP (IU/mL)
Before SBRT
After SBRT
AFP change
Decreased
Increased
PIVKA-II (mAU/mL)
Before SBRT
After SBRT
PIVKA-II change
Decreased
Increased

Table 2. History of previous treatments for hepatocellular carcinoma
Value
68 (46–86)
46 (75.4)
15 (24.6)
55 (90.2)
6 (9.8)
53 (86.9)
6 (9.8)
2 (3.3)
5 (8.2)
42 (68.8)
14 (23.0)

52 (85.2)
9 (14.8)
3.14 (1.31–8.05)
8.88 (0.65–188)
1,210.5 (672–1,928)
48 (39–60)
112.5 (80–180)
9.23 (1.35–2,446)
4.31 (1.19–3,055.67)
38 (62.3)
23 (37.7)

Treatment type before SBRT
Target lesions
No
TACE
RFA
HAIC
Non-target lesions
No
Surgery
TACE
RFA
HAIC

45 (80.4)
11 (19.6)

Values are presented as median (range) or number (%).
ECOG, Eastern Cooperative Oncology Group; mUICC, modified Union for
International Cancer Control; GTV, gross target volume; NLV, normal
liver volume; BED10, biologically effective dose with α/β ratio of 10; AFP,
alpha-fetoprotein; SBRT, stereotactic body radiotherapy; PIVKA-II, protein induced by vitamin K absence or antagonist-II.

6 (9.8)
54 (88.5)
8 (13.1)
1 (1.6)
26 (42.6)
5 (8.2)
30 (49.2)
20 (32.8)
1 (1.6)

In-field failure-free survival
Progression-free survival
Overall survival
100
80
60
40
20
0
0

31.5 (11–15,352)
21.5 (10–49,812)

n (%)

TACE, transarterial chemoembolization; RFA, radiofrequency ablation;
HAIC, hepatic arterial infusion chemotherapy.

Probability (%)

Table 1. Patient and treatment characteristics

12

24

36

48

60

Time (mo)
Fig. 2. In-field failure-free survival, progression-free survival, and
overall survival of entire patients.

a PIVKA-II level of ≤ 25 mAU/mL after SBRT was significantly associated with a good PFS (p = 0.006) (Table 4). Two-year PFS in the
post-SBRT PIVKA-II level of ≤ 25 mAU/mL group was 48.6% and
21.2% in the > 25 mAU/mL group (p = 0.004).

4. Failure patterns and toxicities
The PIVKA-II level of ≤ 31.5 mAU/mL before SBRT was significantly
associated with better PFS (p = 0.03). An AFP level of ≤ 4.5 IU/mL
after SBRT and a PIVKA-II level of ≤ 25 mAU/mL after SBRT were
found to be significantly associated with a high PFS (Table 3, Fig. 3).
In the multivariate analysis, a decreased change in PIVKA-II level
after SBRT was significantly associated with IFFS (p = 0.011), and
https://doi.org/10.3857/roj.2021.00934

Thirty-nine patients (63.9%) showed progression. Most of the first
progression occurred at the intrahepatic out-field site (28/39,
71.8%) (Fig. 4) and the level of PIVKA-II increased again in 26 out
of 39 patients (66.7%). Re-elevation of PIVKA-II level in these patients seemed to be more related to out-field failure rather than
IFF. Only four patients failed at the SBRT site as the first progression, and two of these had out-field failure simultaneously. Nine
23
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Table 3. Univariate analysis of clinical factors for outcomes
Variable
Age (yr)
≤ 68
> 68
Vascular invasion
No
Yes
BED10 (Gy)
≥ 100
< 100
GTV (mL)
≤ 8.88
> 8.88
NLV (mL)
≥ 1,210.5
< 1,210.5
mRECIST at 6 months
Complete response
Partial response
Stable disease
AFP before SBRT (IU/mL)
≤ 9.23
> 9.23
AFP after SBRT (IU/mL)
≤ 4.5
> 4.5
AFP change
Decreased
Increased
PIVKA-II before SBRT (mAU/mL)
≤ 31.5
> 31.5
PIVKA-II after SBRT (mAU/mL)
≤ 25
> 25
PIVKA-II change
Decreased
Increased

n

2-yr IFFS (%)

31
30

69.8
89.6

52
9

79.9
74.1

43
18

85.7
65.0

p-value
0.138

2-yr PFS (%)
28.4
48.7

0.753

0.481

31
30

82.5
76.2

38
6
17

75.1
83.3
87.4

31
30

81.0
77.0

34
27

79.6
79.6

41.0
35.3
0.393

0.369

34
22

74.5
86.4

0.250

0.009*

0.055
100
92.0

0.733
40.2
34.2

0.951
97.3
95.2

0.030*
47.1
27.8

0.608

0.061
100
92.3

0.004*
48.6
21.2

0.005*
85.2
38.8

0.091
100
92.9

48.3
25.9

0.552

45
11

0.669
94.6
100
100

41.2
35.1

0.072

74.7
84.2

0.709
96.2
96.7

40.8
16.7
41.2

0.748

33
28

0.597
92.9
100

34.4
42.0

0.658

86.4
67.9

0.838
97.6
94.4

0.794

0.809

38
23

0.359

0.970

0.843

0.061
97.1
94.4

0.095
46.4
0

p-value
0.070

98.0
87.5

41.5
33.3
0.791

81.8
76.6

2-yr OS (%)
93.2
100

41.3
22.2
0.296

31
30

p-value (%)
0.102

0.562
97.7
90.0

IFFS, in-field failure-free survival; PFS, progression-free survival; OS, overall survival; BED10, biologically effective dose with α/β ratio of 10; GTV, gross
target volume; NLV, normal liver volume; mUICC, modified Union for International Cancer Control; AFP, alpha-fetoprotein; SBRT, stereotactic body
radiotherapy; PIVKA-II, protein induced by vitamin K absence or antagonist-II.
*p < 0.05.

patients had disease progression at the extrahepatic site without
liver disease progression (Fig. 4), and the first sites of extrahepatic
failure were the lung (n = 4), lymph nodes (n = 3), and bone (n =
2). Three patients died, and all deaths were caused by disease progression. Eleven patients (18%) had IFF at the SBRT site, and their
characteristics are summarized in Table 5. Compared to the in-field
control group, all clinical, tumor, and treatment factors were not
24

statistically significantly different on Student t-test. However, the
median percent changes in AFP levels after SBRT in each group
showed a different trend: 36% and -22% in the IFF and in-field
control groups, respectively (p = 0.089). The median percent
changes in PIVKA-II levels after SBRT in each group also showed a
different trend: -5% and -26% in the IFF and in-field control
groups, respectively (p = 0.330).
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In-field failure-free survival (%)

100

B
In-field failure-free survival (%)

AFP change
Decreased
Increased

A
80
60
40
20

p = 0.072

PIVKA-II change
Decreased
Increased

100
80
60
40
20

p = 0.005

0

0
0

12

24

36

48

0

60

12

24

AFP after SBRT
≤4.5 IU/mL
>4.5 IU/mL

80

D
Progression-free survival (%)

Progression-free survival (%)

100

48

60

Time (mo)

Time (mo)

C

36

60
40
20
p = 0.009
0

100

PIVKA-II after
SBRT
≤25 IU/mL
>25 IU/mL

80
60
40
20

p = 0.004
0

0

12

24

36

48

0

60

12

24

36

48

60

Time (mo)

Time (mo)

Fig. 3. In-field failure-free survival according to AFP change (A) and PIVKA-II change (B), and progression-free survival according to serum AFP
after SBRT (C) and serum PIVKA-II after SBRT (D). AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonist-II; SBRT,
stereotactic body radiotherapy.
Table 4. Multivariate analysis of clinical factors for outcomes
IFFS

Variable
PIVKA-II after SBRT (mAU/mL)
≤ 25
> 25
PIVKA-II change
Decreased
Increased

PFS

HR (95% CI)

p-value

HR (95% CI)

p-value

Reference

NS

Reference
2.527 (1.297–4.925)

0.006

Reference
4.791 (1.432–16.024)

0.011

Reference

NS

IFFS, in-field failure-free survival; PFS, progression-free survival; PIVKA-II, protein induced by vitamin K absence or antagonist-II; HR, hazard ratio; CI,
confidence interval; NS, non-specific.
All other variables without significance except PIVKA-II were omitted.

None of the patients developed radiation-induced liver disease
(RILD) or non-classic RILD during the follow-up. Two patients experienced worsening of CPS class A to B. One patient had gastrointestinal toxicity of melena and underwent argon plasma coagulahttps://doi.org/10.3857/roj.2021.00934

tion at the gastric antrum. He received palliative RT of 40 Gy in 16
fractions for recurrent portocaval and para-aortic nodes, the field
of which overlapped partially with the previous SBRT field.
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Discussion and Conclusion
This study showed results comparable to those of historical studies
in terms of local control [5]. SBRT has been an effective local therapy for patients with Barcelona Clinic Liver Cancer staging A and
even for advanced C or with CPS class B or C in selected cases
[13,14]. Several studies have reported treatment outcomes and
prognostic factors for SBRT. Predictive factors, such as the tumor
size, multiplicity, and SBRT dose are associated with disease progression [15-17]. For OS, CPS class, portal vein thrombosis, and extrahepatic spread are prognostic factors [18].
AFP and PIVKA-II serve as tumor markers in the diagnosis of HCC

In-field failure

Intra-hepatic
outfield failure

Extra-hepatic
failure

Fig. 4. First failure patterns of all failure patients. Intra-hepatic outfield failure was defined as newly appeared or aggravation of lesion
within liver outside the treated lesion, and extra-hepatic failure was
defined as recurrent disease at any site outside the liver.

and as prognostic factors [19]. Clinical implication is different between both markers. The AFP indicates extent of local tumor burden while PIVKA-II shows close association with tumor invasiveness such as vascular invasion or metastases [11]. High AFP levels
are associated with lower local control after SBRT [16]. Uemoto et
al. [20] assessed appropriate CTV for SBRT and suggested that high
AFP levels may indicate microscopic invasion around the tumor, resulting in local failure. AFP levels before SBRT and changes in AFP
levels after SBRT were investigated. AFP normalization within 3
months after SBRT is a favorable prognostic factor for OS and PFS
[6]. In this study, AFP normalization was defined as an AFP level of
20 ng/ml or less. On the contrary, there is a report that transient
increases in AFP or PIVKA-II levels at 12 months follow-up after
proton therapy (PT) were not statistically significantly associated
with treatment response because tumor lysis, acute hepatitis, or
cell regeneration could induce elevation [8]. In a meta-analysis of
29 studies that were stratified by AFP response after treatment,
AFP response after various treatments could be a useful prognostic
factor for HCC patients [21].
In a Japanese SBRT study, serum the PIVKA-II level ( > 35 vs. < 35
mAU/mL) was a significant predictive factor for OS but not for PFS.
In the PIVKA-II level < 35 mAU/mL group, median survival was not
reached in the follow-up of 2,250 days [7]. In a retrospective study
of the outcomes of recurrent HCC patients undergoing TACE, PIVKA-II was measured immediately before TACE and approximately 1
month later. A significant correlation between PIVKA-II and treatment response was found, and an elevated PIVKA-II level was an
independent prognostic factor for poor survival [22]. In a recent
study, the prognostic role of AFP and PIVKA-II in HCC patients receiving anti-PD-1 immunotherapy was investigated. Serum levels
were measured 1 week before and 5–7 weeks after immunothera-

Table 5. Patient characteristics with in-field failure
Patient no.
1
2
3
4
5
6
7
8
9
10
11

Age (yr)

Sex

68
53
56
64
67
56
55
76
55
84
86

F
M
F
M
F
F
F
M
M
M
M

GTV (mL)
4.01
8.24
8.56
85.64
188
10.41
2.43
19.85
45.15
118.52
4.13

Total dose BED (Gy) AFP change PIVKA-II IFFS (mo)
10
(Gy)
(%)
change (%)
40
80
356
7,683
10
60
150
-99
-87
11
52
119.6
95
-12
4
40
80
-14
7
22
40
80
220
-56
18
40
80
7
-5
24
40
80
-97
17
23
60
150
39
27
3
45
112.5
-45
-62
9
48
105.6
78
-5
14
45
112.5
36
25
12

PFS (mo)

OS (mo)

Status

3
8
1
22
5
11
23
3
5
12
12

14
12
13
35
30
35
34
20
24
15
15

Dead
Dead
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive

GTV, gross target volume; BED10, biologically effective dose with α/β ratio of 10; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonist-II; IFFS, in-field failure-free survival; PFS, progression-free survival; OS, overall survival.
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py. Serum response was defined as a > 50% reduction in serum
concentration. PIVKA-II responders had a longer PFS of 10.9
months compared to 4.5 months in PIVKA-II non-responders [9].
No study has verified the usefulness of PIVKA-II for predicting
prognosis after SBRT. In our study, increased PIVKA-II levels after
SBRT were significantly associated with IFF, and PIVKA-II levels of
≤ 25 mAU/mL after SBRT were significantly associated with PFS.
There were several limitations to this retrospective study. First,
all patients were not tested for PIVKA-II before SBRT, and there
might be a bias in the selection of patients. However, most patients
underwent consecutive marker studies before and within 6 months
after SBRT. Second, we calculated the change in biomarker levels
by using the lowest value within 6 months without setting the
specific time point. Each time point of achieving the lowest level
would imply different treatment responses and tumor cell kinetics.
Further studies are needed to evaluate the role of markers at consistent time points after SBRT.
In conclusion, patients with a decreased change or a lower level
of PIVKA-II after SBRT showed good tumor control and survival.
PIVKA-II could be a useful surrogate marker for response or survival
outcomes in patients with localized HCC receiving SBRT.
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Purpose: Meningiomas are tumors originating from arachnoid cap cells on the surface of the brain or
spinal cord. Treatment differs by grade but can consist of observation, surgery, radiation therapy or
both. We utilized the National Cancer Database (NCDB) to compare trends in the use stereotactic radiosurgery (SRS) and external beam radiation therapy (EBRT) in the management of meningioma.
Materials and Methods: We queried the NCDB from 2004–2015 for meningioma patients (grade 1–3)
treated with radiation therapy, either SRS or EBRT. Multivariable logistic regression was used to identify predictors of each treatment and to generate a propensity score. Propensity adjusted Kaplan-Meier survival curve analysis and multivariable Cox hazards ratios were used to identify predictors of survival.
Results: We identified 5,406 patients with meningioma meeting above criteria with 45%, 44%, and
11% having World Health Organization (WHO) grade 1, 2, and 3 disease, respectively. Median follow
up was 43 months. Predictors for SRS were grade 1 disease, distance from treatment facility, and histology. The only predictor of EBRT was grade 3 disease. Treatment year, histology, race and female sex
were associated with improved survival. Five- and 10-year survival rates were 89.2% versus 72.6% (p
< 0.0001) and 80.3% versus 61.4% (p = 0.29) for SRS and EBRT respectively. After propensity matching 226 pairs were generated. For SRS, 5-year survival was not significantly improved at 88.2% compared with EBRT (p = 0.056).
Conclusion: In the present analysis, predictors of SRS utilization in management of meningioma include WHO grade 1 disease, distance from treatment facility and histology whereas conventional
EBRT utilization was associated with grade 2 and 3 disease. Future studies need to be performed in
order to optimize management of atypical and malignant meningioma.
Keywords: Meningioma, Radiotherapy, Radiosurgery

Introduction
Meningioma is the most frequent primary central nervous system
(CNS) tumor, accounting for 36% of all CNS tumors and 53% of
non-malignant CNS tumors [1]. Since the work of Dr. Simpson in
the 1950’s [2], observation or maximal safe surgical resection has
been the historically accepted management approach for meningiomas. More recently, radiation therapy including fractionated external beam radiation therapy (EBRT) and stereotactic radiosurgery

(SRS) have been shown to provide durable local control either
alone or in the postoperative setting [3]. Utilization of single fraction SRS has been increasing employed in the treatment of small
to medium size meningiomas. Although multi-fraction SRS regimens are used, only one prospective trial examining this has been
performed, for which long-term results have not yet been published [4]. Other studies using the National Cancer Database
(NCDB) and Surveillance, Epidemiology, and End Results (SEER) databases have been performed recently to analyze trends in treat-

Copyright © 2022 The Korean Society for Radiation Oncology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

www.e-roj.org

29

Hirsch Matani, et al.

ment and outcomes for the disease entity as a whole, however
none have done this with a focus on radiotherapy and the use of
SRS [5-7]. Keeping in mind that radiation treatment and techniques differ by grade and the known clinicopathologic data, we
utilized the NCDB to examine trends in the use of radiation therapy
for meningioma and assessed factors that led to the use of radiation as well as predictors of survival in these patients.

Methods and Materials
We queried the most recent NCDB dataset, which was from 2004–
2015, for patients with a diagnosis of meningioma who were treated with radiation therapy alone or in conjunction with surgery. The
NCDB dataset contains de-identified retrospective data; thus is exempt from the Institutional Review Board oversight. The NCDB is
maintained and managed by the American College of Surgeons and
the Commission on Cancer. The dataset incudes patients age 18
and above, and records clinicopathologic and treatment data in
approximately 70% of newly diagnosed cancer patients each year
across 1,500 centers in the United States. It includes the World
Health Organization (WHO) grade at initial diagnosis and treatment details including: surgery, radiation, hormonal therapy, and
systemic therapy (including immunotherapy or chemotherapy).
Note that for systemic therapy, there are no details on type of chemotherapy or number of cycles received.
In terms of recorded radiation data, treatment technique, total
dose, number of fractions, and anatomic target are all reported
variables. We included patients treated with EBRT or SRS at doses
between 12 Gy and 70 Gy to exclude treatment values that are not
widely accepted. We then stratified treatment received by WHO
grade and examined whether chemotherapy or surgery was used in
conjunction with radiation therapy (Fig. 1).
The NCDB also includes various socioeconomic data points including race (Caucasian, African American, other), location (metropolitan, urban, rural), distance to treatment facility, and comorbidities—categorized using Charlson/Deyo index [8]. In addition, median household income and percentage of population with less than
a high school education are reported based upon the patient’s recorded zip code. Insurance data is also recorded and was categorized as none, private, or governmental (Medicare/Medicaid). Lastly,
facility type was also recorded and is categorized as community
cancer center, comprehensive community cancer center, or academic/research program as defined by the American College of
Surgeons/Commission on Cancer.
Statistical analysis was performed using MedCalc version 18.0
(MedCalc Software, Ostend, Belgium). Median follow-up was recorded from time of diagnosis to last follow-up or death. Multi30

variable Cox regression was completed to identify predictors of
overall survival [9]. Multivariable logistic regression was used to
identify predictors of both EBRT and SRS and to calculate a propensity score identifying the likelihood of being treated with a SRS
[10]. The propensity score was then used to create a matched set,
upon which a Kaplan-Meier analysis was performed [11]. We repeated propensity score generation, matching, and Kaplan-Meier
analysis for those patients with WHO grade 2 disease and WHO
grade 3 disease who were treated with SRS. As required by the
American College of Surgeons, we state that they have not verified
and are not responsible for the analytic or statistical methodology
employed, or the conclusions drawn from these data.

Results
Using the previously described selection criteria, we identified
5,406 meningioma patients, of which, 45% had WHO grade 1 tumors, 44% had grade 2 tumors, and 11% had grade 3 disease. The
median age was 57 years (range, 18 to 90 years).
Thirty-eight percent of patients were male and 62% were female. Seventy 9% were Caucasian and the median size of treated
tumors was 50 mm (interquartile range [IQR], 35 to 72 mm). Refer
to Table 1 for a comprehensive description of patient characteris-

Assessed for eligibility (n = 247,983)
patients age 18 and over with
meningioma listed in the NCDB

Excluded (n = 231,814)
· Did not receive radiation therapy
(n = 222,076)
· Received radiation doses under 12 Gy or
above 70 Gy (n = 7,769)
· Less than 3 months follow-up (n = 1,969)

Remaining (n = 16,169)

Excluded (n = 10,763)
· WHO grade unknown

Evaluated (n = 5,406)
Fig. 1. Consort diagram of patients included in the analysis. NCDB,
National Cancer Database; WHO, World Health Organization.
https://doi.org/10.3857/roj.2021.00563
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tics. Regarding treatment details, 21.7% of patients received SRS
with a median dose of 19 Gy (IQR, 14 to 25 Gy). Out of these, 674
(54.8%) received 1 fraction, 126 (10.3%) received 3 fractions, and
385 (31.4%) received 5 fractions. Median dose for EBRT patients
was 54 Gy (IQR, 45 to 59 Gy) delivered over 30 fractions. Gross total resection occurred in 21.4% of patients, while 46.9% had a
partial or gross total resection. A total of 90 patients (1.66%) received chemotherapy, 64% of which had WHO grade 3 tumors.
Thirty-five percent of WHO grade 1 patients and 12% of WHO
grade 2 patients received SRS. On multivariable logistic regression,
the only predictor of EBRT was WHO grade 3 disease, although
there is a strong trend toward EBRT with larger tumors ( > 4 cm)
(Table 2). Predictors of SRS were age under 57, increased distance
to treatment facility, and having private insurance.
The median follow-up was 43 months (range, 3 to 165 months);

4,798 patients (88.7%) had follow-up over 12 months, 3,123 patients (57.8%) had follow-up greater than 3 years, and 1,846
(34.1%) patients had follow-up greater than 5 years (Supplementary Fig. S1). We utilized a Kaplan-Meier analysis to assess overall
survival in patients receiving SRS or EBRT versus no radiotherapy.
In the unmatched cohort of patients, median survival was 156
months (p = 0.286) for the EBRT group and median survival was
not reached for the SRS group (p < 0.0001) (Figs. 2, 3). Five- and
10-year survival rates were 89.2% versus 72.6% and 80.3% versus
61.4% for SRS and EBRT, respectively. A multivariable logistic regression was then used, as explained in the methods section, to
generate a propensity score which indicates the likelihood of being
treated with SRS. A total of 226 pairs were created and median
survival was again not reached, although there was a strong trend
toward a survival benefit with SRS (p = 0.056). Survival in this

Table 1. Baseline patient characteristics (n = 5,406)
Characteristics
Race
White
African American
Other
Sex
Male
Female
Comorbidity score
0
1
2
WHO grade
1
2
3
Insurance
Not insured
Private payer
Government
Unrecorded
Education (%)
≥ 29
20–28.9
14–19.9
< 14
Not recorded
Treatment facility type
Community cancer program
Comprehensive community cancer program
Academic/research program
Not recorded
Treatment facility location
Metro

No. (%)
4,279 (79)
782 (14)
345 (6)
2,049 (38)
3,357 (62)
4,156 (77)
867 (16)
383 (7)
2,407 (45)
2,383 (44)
616 (11)
267 (5)
2,856 (53)
2,210 (41)
73 (1)
894 (17)
1,326 (25)
1,772 (33)
1,398 (26)
16 (0)
147 (3)
1,159 (21)
3,428 (63)
672 (12)
4,439 (82)

Characteristics
No. (%)
Urban
716 (13)
Rural
95 (2)
Not recorded
156 (3)
Income (US dollars)
< 30,000
902 (17)
30,000–35,000
1,180 (22)
35,000–45,999
1,534 (28)
> 46,000
1,771 (33)
Not recorded
19 (0)
Distance to treatment facility (miles)
≤ 14.2
2,714 (50)
> 14.2
2,692 (50)
Age distribution (yr)
≤ 57
2,770 (51)
> 57
2,636 (49)
Type of radiation
SRS
1,175 (22)
EBRT
5,023 (93)
Tumor size (cm)
0–1.49
155 (3)
1.5–2.49
410 (8)
2.5–3.99
1,397 (26)
> 4.0
2,443 (45)
Not recorded
1,001 (19)
Systemic therapy (hormonal and/or chemotherapy and/or IO)
No
5,316 (98)
Yes
90 (2)
Surgical extent
No surgery
191 (4)
Biopsy
665 (12)
Partial resection
1,375 (25)
Complete resection
1,160 (21)
Not recorded
2,015 (37)

WHO, World Health Organization; SRS, stereotactic radiosurgery; EBRT, external beam radiation therapy; IO, immunotherapy.
https://doi.org/10.3857/roj.2021.00563
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Table 2. Multivariable logistic regression
Variable
Age (yr)
≤ 57
> 57
Systemic therapy
No
Yes
Comorbidity score
0
1
2
Distance (miles)
≤ 14.2
> 14.2
Facility type
Community cancer center
Comprehensive community cancer center
Academic/research program
WHO grade
1
2
3
Education (% w/o high school diploma)
≥ 29
20–28.9
14.0–19.9
< 14
Income (US dollars)
< 30,000
30,001–35,000
35,001–45,999
> 46,000
Insurance
None
Private
Government
Sex
Male
Female
Location
Metropolitan
Urban
Rural
Tumor size (cm)
< 1.49
1.5–2.49
2.5–3.99
> 4.0
Race
Caucasian
African American
Other

Predict EBRT
OR (95% CI)
p-value

Predict SRS
OR (95% CI)

p-value

Reference
1.14 (0.79–1.66)

0.48

Reference
1.44 (1.13–1.82)

0.0027*

Reference
3.77 × E8 (NR)

0.99

Reference
2.92 (0.78–10.9)

0.11

Reference
0.70 (0.46–1.06)
1.26 (0.62–2.56)

0.09
0.53

Reference
1.01 (0.76–1.34)
1.08 (0.73–1.60)

0.97
0.70

Reference
0.97 (0.67–1.39)

0.86

Reference
1.44 (1.14–1.81)

0.002*

Reference
0.52 (0.12–2.30)
0.52 (0.12–2.24)

0.39
0.38

Reference
1.30 (0.62–2.70)
1.36 (0.66–2.80)

0.48
0.40

Reference
1.45 (0.85–2.46)
3.60 (1.24–10.46)

0.17
0.019*

Reference
0.35 (0.24–0.51)
0.19 (0.08–0.42)

< 0.0001*
< 0.0001*

Reference
1.16 (0.65–2.05)
1.12 (0.61–2.04)
1.09 (0.55–2.16)

0.62
0.72
0.80

Reference
0.97 (0.68–1.38)
1.00 (0.69–1.46)
1.31 (0.85–2.01)

0.85
0.98
0.22

Reference
0.96 (0.52–1.76)
0.84 (0.45–1.57)
0.65 (0.32–1.30)

0.90
0.58
0.22

Reference
1.29 (0.89–1.87)
0.95 (0.64–1.41)
1.04 (0.67–1.63)

0.18
0.80
0.85

Reference
0.58 (0.22–1.56)
0.64 (0.23–1.73)

0.28
0.37

Reference
1.95 (1.02–3.74)
1.71 (0.88–3.31)

0.044*
0.11

Reference
0.93 (0.65–1.34)

0.70

Reference
1.22 (0.98–1.54)

0.08

Reference
0.82 (0.47–1.43)
1.79 (0.40–8.13)

0.49
0.45

Reference
1.06 (0.75–1.49)
0.97 (0.46–2.08)

0.74
0.94

Reference
2.16 (0.97–4.84)
1.42 (0.73–2.74)
2.03 (0.97–4.25)

0.06
0.30
0.06

Reference
1.62 (0.92–2.84)
1.37 (0.82–2.29)
1.03 (0.60–1.77)

0.09
0.23
0.92

Reference
0.82 (0.50–1.35)
1.76 (0.78–3.97)

0.44
0.17

Reference
0.68 (0.48–0.98)
1.04 (0.69–1.56)

0.037*
0.86

(Continued to the next page)
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Table 2. Continued
Predict EBRT
OR (95% CI)
p-value

Variable

Predict SRS

p-value
Surgical extent
None
Reference
Reference
Biopsy
0.84 (0.29–2.42)
0.75
2.19 (0.99–4.86)
0.054
Partial resection
0.87 (0.30–2.56)
0.80
2.05 (0.92–4.58)
0.078
Complete resection
0.69 (0.22–2.19)
0.53
1.81 (0.79–4.19)
0.16
EBRT, external beam radiation therapy; SRS, stereotactic radiosurgery; WHO, World Health Organization; OR, odds ratio; CI, confidence interval; NR,
not recorded.
*p < 0.05.
EBRT
SRS
No
No
Yes
Yes
100
100
90

80

80
Survival (%)

Survival (%)

OR (95% CI)

60
40

70
60
50
40

20

30

0

20
0

50

100
Time (mo)

150

200

0

Number at risk
Group: No
383

172

39

1

0

Number at risk
Group: No
4,231

Group: Yes
5,023

2,179

490

31

0

Group: Yes
1,175

50

100
Time (mo)

150

200

1,761

378

224

0

590

151

8

0

Fig. 2. Overall survival for patients with meningioma receiving external beam radiation therapy (EBRT).

Fig. 3. Overall survival for patients with meningioma receiving stereotactic radiosurgery (SRS).

matched group was also analyzed for patients with WHO grade 2
and 3 meningioma and revealed no significant effect on survival.
On multivariable Cox regression, predictors of survival for all patients were treatment in a more recent year, non-Caucasian or African-American race, female sex and higher education rate. Patient
age over 57, receipt of chemotherapy and WHO grade 2 or 3 disease predicted for worse survival (Table 3).

grade 3 disease. Per NCCN guidelines [12], both SRS and EBRT are
reasonable treatment approaches for WHO grade 1 tumors. As
such, it is conceivable that patient related factors (i.e., convenience,
access to care) may play a larger role in treatment related decisions
when clinicians and patients have multiple efficacious options to
select from. On the other hand, management options for WHO
grade 3 meningiomas are often more limited (EBRT alone or surgery followed by EBRT) due to the extensive, infiltrative nature of
the disease. Regarding predictors of improved overall survival,
treatment in a more recent year, non-Caucasian or African-American race, female sex and higher education rate were all associated
with improved outcomes. Receipt of chemotherapy and WHO grade
2 or 3 disease predicted for worse survival. These poor survival outcomes may be a consequence of higher grade tumors having more
aggressive biology as shown in prior studies [13]. As stated above,
a small number (1.66%) of patients in our study received chemotherapy, of which nearly two-thirds had WHO grade 3 tumors.

Discussion and Conclusion
Radiotherapy utilization in the management of meningioma is dependent on a number of factors including those related to the tumor (grade, size, location, prior surgery), as well as the patient. In
our large series of meningioma patients treated with radiotherapy,
predictors of SRS appear to be more closely associated with patient
specific factors (i.e., distance from treatment facility, age under 57
and private insurance), whereas EBRT was associated with WHO
https://doi.org/10.3857/roj.2021.00563
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Table 3. Multivariable Cox regression for predictors of survival
Variable
Age (yr)
≤ 57
> 57
Systemic therapy
No
Yes
Year of diagnosis
2004–2006
2013–2015
WHO grade
1
2
3
Education (% w/o high school diploma)
≥ 29
20–28.9
14.1–19.9
< 14
Income (US dollars)
< 30,000
30,001–35,000
35,001–45,999
> 46,000
Race
Caucasian
African American
Other
Sex
Male
Female

HR (95% CI)

p-value

Reference
1.75 (1.31–2.33)

0.0001

Reference
1.78 (1.07–2.95)

0.0265

Reference
0.31 (0.24–0.39) < 0.0001
Reference
1.49 (1.04–2.14)
0.03
3.84 (2.61–5.66) < 0.0001
Reference
1.08 (0.77–1.50)
0.73 (0.51–1.04)
0.49 (0.32–0.75)

0.663
0.0825
0.001

Reference
1.25 (0.86–1.81)
1.54 (1.06–2.25)
1.34 (0.87–2.06)

0.2399
0.025
0.189

Reference
0.99 (0.73–1.35)
0.56 (0.32–0.97)

0.956
0.037

Reference
0.73 (0.59–0.91)

0.005

WHO, World Health Organization; HR, hazards ratio; CI, confidence interval.

Chemotherapy in this study was associated with worse overall survival, although this is likely a consequence of effect modification,
as a majority of patients receiving chemotherapy had grade 3 disease, which portends a worse prognosis.
SRS and EBRT have advantages in distinct clinical scenarios. Factors that may impact the clinical decision to treat with SRS versus
EBRT include tumor size, location, and prior radiation/surgery. For
example, SRS may not be feasible in cases of larger tumors or in
situations where the tumor is located near critical structures. In the
aforementioned scenarios, EBRT is advantageous as smaller doses
per fraction may help in reducing peritumoral edema and limiting
toxicity. In contrast, SRS is typically favored in cases of smaller tumors or those in surgically inaccessible locations. Apart from practical advantages including shorter total treatment length, SRS al34

lows for a smaller tumor treatment volume, a steep radiation falloff that limits radiation dose to adjacent structures, and provides
potential radiobiologic advantages (i.e., vascular damage and indirect cell death) over EBRT [14]. When dose constraints cannot be
met with single fraction SRS, hypofractionated SRS can be considered, which has benefits including a shorter treatment course compared to EBRT, while still providing some of the same advantages
of SRS. One prior study has shown statistically significant association between development of post-treatment peritumoral edema
and single-fraction SRS versus hypofractionated SRS courses [15].
In addition, hypofractionated SRS is preferred over SRS for tumors
larger than 10 cm3 and multiple studies have shown excellent outcomes with low toxicity (less than 5%) [16].
While maximal safe resection remains the objective of treatment, management of meningioma and radiation modalities indicated differ by WHO grade. If total excision is achieved, WHO grade
1 meningioma can be managed by surgery alone, with a cause specific survival (CSS) of 93%, 80%, and 76% and 5, 10, and 15 years
[17]. Outcomes with subtotal excision alone are significantly worse.
About one-third of meningiomas are not completely resectable due
to difficult locations, with significantly lower rates of complete excision, and thus, there is often a need for radiation in an adjuvant
or definitive setting [18]. EBRT and SRS are acceptable radiation
modalities for WHO grade 1 meningioma patients in these settings.
Reported local control rates are comparable to that of surgery (approximately 90%) [19]. One study out of the Mayo Clinic compared
patients with benign meningioma under 35 mm in average diameter [20]. At 3 and 7 years, actuarial progression-free survival was
found not to be statistically different between SRS and Simpson
grade 1 resection, respectively, 100% and 95% versus 100% and
96%. EBRT has been shown to provide similar control with one
study out of University of Florida showing a 92% rate of local control at 10 and 15 years, including 66 patients who received radiation alone and 35 patients who received radiation after subtotal
resection [21].
WHO grade 2 and 3 tumors tend to be larger and more aggressive, leading to a higher risk of recurrence and therefore more intensive treatment, often a multimodality approach is indicated.
Based on the results of RTOG 0539, excellent local control can be
achieved for patients with intermediate risk WHO grade 2 meningioma defined as those with recurrent tumors or subtotal resection,
who received EBRT to a dose of 54 Gy in 30 fractions with a 3-year
local failure rate of 4.1% [22]. WHO grade 3 patients were included in the RTOG 0539 high-risk cohort and after being treated with
IMRT to 60 Gy in 30 fractions were found to have a 3-year local
failure rate of 31.1%. The primary endpoint of this study, progression-free survival, was 58.8% at 3 years [23]. Multiple studies have
https://doi.org/10.3857/roj.2021.00563
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looked at the use of SRS in WHO grade 2 patients; however there
are no prospective trials assessing this treatment modality. One
study out of Northwestern University reviewed records of 97 patients with WHO grade 2 meningioma treated postoperatively with
Gamma Knife radiosurgery from 1998–2014 [24]. Three- and
5-year actuarial local control rates were 68.9% and 55.7%, respectively. Something notable from this study is that a range of doses
was given, and that treating with doses > 14 Gy may increase tumor control. Another retrospective study by Aboukais et al. [25] examined 27 patients with WHO grade 2 meningioma who received
SRS as well with a range of doses from 12–21 Gy. At 12, 24, and 36
months, local control was 75%, 52%, and 40%, respectively. Regional control for the same follow-up was 75%, 48%, and 33%.
SRS for WHO grade 3 meningioma has been poorly studied and the
performed studies have small numbers of patients, making it hard
to draw definite conclusions. One study by Pollock et al. [26] analyzed a total of 50 patients with WHO grade 2 or 3 meningioma
who underwent SRS from 1990 to 2008. The median number of
prior resections was one, and 20 patients had enlarging tumors despite prior EBRT. Disease specific survival at 1 year and 5 years for
the WHO grade III group was 69% and 27% compared with 97%
and 80% for the WHO grade 2 group.
Some strengths of this study are that in a disease entity such as
meningioma, where there are many options for therapy and upfront treatment is often observation or surgery, we have analyzed
this dataset with a focus on outcomes, specifically after radiation
therapy. SRS is used with good outcomes in early stage disease,
and although some studies have looked at the use of SRS in more
aggressive disease, we have analyzed outcomes for this population
using a population-based set of patients, which can help to drive
new hypotheses and trials in the future. Given that details regarding some important variables were not available, propensity
matching was performed to limit potential biases, which confirmed
a trend toward improvement in survival with SRS [27]. On the other hand, As this study is done retrospectively, there are limitations
that we must keep in mind including an inherent selection bias due
to the availability of SRS/EBRT treatment to patients depending on
where they live and/or their socioeconomic status [28]. In addition,
these patients likely have better overall access to care which could
impact their survival. Other limitations of the study include lack of
availability of speficic data that could affect interpretation of results, such as total treatment volume and exact radiation treatment location/treatment plan. In addition, the study was not designed specifically to assess survival and due to potential confounding of results, survival outcomes should be assessed with
scrutiny.
In conclusion, the management of WHO grade 1 meningioma is
https://doi.org/10.3857/roj.2021.00563

well-defined and has excellent outcomes with the use of SRS or
EBRT. For higher grade tumors, multi-modality treatment is often
indicated, taking into account the availability of different treatment modalities and tumor location. Further research needs to be
performed to optimize management and improve outcomes, including local control and overall survival.
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Purpose: This study aimed to identify the clinical parameters having the beneficial effect of postoperative radiotherapy (PORT) in pathologic N2 (pN2) non-small cell lung cancer (NSCLC) using the
Surveillance, Epidemiology, and End Results (SEER) data.
Materials and Methods: Among non-metastatic NSCLC patients in the SEER data, we included patients who diagnosed after 2002, who confirmed as pN2 after lobectomy or pneumonectomy, and
who coded as underwent PORT or observation. Patients who survived less than 4 months of diagnosis
were excluded in consideration of the perioperative mortality. After performing propensity score
matching (PSM) on the selected patients, we compared PORT group with surgery alone group. We
also performed exploratory subgroup analysis to find patients who could benefit from PORT.
Results: Among the selected 4,456 patients, 1,729 patients received PORT, and 2,727 patients did
not. There was no survival benefit of PORT in all patients with pN2 disease (hazard ratio [HR] = 1.03,
p = 0.5). In subgroup analyses, the patients with a positive lymph node (LN) ratio of 60%–80%
showed the significant benefit of PORT (HR = 0.71, p = 0.002).
Conclusion: PORT did not show the significant survival benefit in patients with pN2 disease after
correcting the confoundedness in the SEER data. However, a specific range of LN ratios can be a potential indicator maximizing the survival benefit of PORT.
Keywords: Non-small cell lung carcinoma, Adjuvant radiotherapy, Lymph node ratio, SEER program

Introduction
The use of postoperative radiotherapy (PORT) in patients with
pathologic N2 (pN2) non-small cell lung cancer (NSCLC) is controversial. A retrospective study published in 2006 by analyzing the
Surveillance, Epidemiology, and End Results (SEER) data found that
PORT improved survival in pN2 NSCLC patients [1]. However, a similar recent study, updated in 2019, found that PORT did not play a
significant role in improving survival [2]. Evidence-based clinical

practice guidelines published in 2015 suggest that the use of PORT
in pN2 NSCLC patients does not improve survival, but it recommends PORT in terms of enhancing local control [3]. The PORT meta-analysis published in 2016 found no clear evidence of a worse
outcome with PORT in pN2 patients [4]. The results of a 3-year
analysis published in 2020 by the European multicenter randomized phase 3 study conducted in pN2 NSCLC patients (LungART)
showed that disease-free survival was high but not significant in
the PORT group compared with the no-PORT group [5]. The phase
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3 randomized clinical trial results published in 2021 in China also
showed that PORT did not improve DFS [6].
As described above, the effectiveness of PORT has not currently
been validated in pN2 patients. However, we hypothesized that
there is a more specific subgroup maximizing the benefit of PORT.
This study aimed to identify the potential clinical factors showing
the survival benefit of PORT using the SEER data with the method
of propensity score matching (PSM).

Materials and Methods
Within the SEER data, we selected NSCLC patients with pN2 disease over 21 years of age diagnosed between 2003–2014. We excluded patients who underwent anything other than lobectomy or
pneumonectomy. We also excluded patients with M1 stage or receiving RT other than PORT or having incomplete tumors information (primary tumor size, tumor location and laterality, number of
lymph nodes involved, and number of lymph nodes sampled). In
addition, to reduce the effect on perioperative mortality, we excluded patients who died within three months of diagnosis. A total
of 4,456 patients were selected for analysis by inclusion and exclusion criteria (Fig. 1).

Adult (≥21 years) diagnosed with pN2 NSCLC after 2002
n = 94,412

No other previous cancer, non-metastatic disease
n = 35,594

Either lobectomy or pneumonectomy
n = 6,991

Either never received radiotherapy or received only PORT
n = 5,934

Complete information about primary tumor, lymph node,
cause of death
n = 4,804

Survival of at least 4 months
n = 4,456
Fig. 1. Selection of patients in the Surveillance, Epidemiology, and
End Results (SEER). NSCLC, non-small cell lung cancer; PORT, postoperative radiation therapy.
38

Continuous variables were converted to categoric variables and
analyzed: Age at diagnosis ( < 50, 50–69, or ≥ 70 years), primary
tumor size ( ≤ 3.0, 3.1–5.0, or > 5.0 cm), the number of lymph
nodes involved (1, 2, 3, 4, 5, 6, 7–9, or ≥ 10), the number of lymph
nodes sampled (1–5, 6–10, or ≥ 10), the ratio of lymph nodes (LN
ratio) involved to lymph nodes sampled (0%–20%, 20%–40%,
40%–60%, 60%–80%, 80%–100%). We could not analyze surgical
margin status, performance status, timing and regimen of chemotherapy, and radiation therapy techniques (dose, fraction, beam energy, etc.), which are missing in the SEER data.
Overall survival was the primary study endpoint. We implemented the method of PSM to correct the bias of clinical characteristics
between the groups with and without PORT. Baseline patient characteristics were evaluated before and after PSM and compared. The
Pearson chi-squared test was used to determine unadjusted associations between PORT use and categoric variables of interest. The
effect of specific variables on overall survival was analyzed using
the Kaplan-Meier method, and significance was evaluated using
the log-rank test. Multivariable analysis was performed using Cox
proportional hazards models. All data were analyzed using the R
version 4.1.1 (https://cran.r-project.org/). Results were assessed as
statistically significant when p < 0.05.

Results
Of the 4,456 pN2 NSCLC patients, 2,727 (61%) did not receive
PORT, and 1,729 (39%) received PORT. When the entire patient
group was grouped by PORT use, there was an imbalance in patient
baseline characteristics (Table 1). The PORT group tended to be
younger (p < 0.001), and a higher proportion of marriages (p =
0.001). The PORT group tended to be a higher proportion of primary
lesions on the right side (p = 0.002) and a higher proportion of tumors other than the lower lobe (p = 0.010). In the PORT group, the
number of affected nodes was high (p < 0.001), the LN ratio was
high (p < 0.001), the ratio of lobectomy was high (p = 0.028), and
the ratio of chemotherapy was high (p < 0.001). However, after
PSM, all baseline characteristics except the LN ratio were well-balanced.
The 5-year overall survival rate for all pN2 NSCLC patients was
36.6%. Prior to PSM, there was no significant difference in overall
survival when stratified with PORT use (hazard ratio [HR] = 0.96;
95% confidence interval [CI], 0.89–1.04; p = 0.281) (Fig. 2A). After
PSM, there was no significant difference in overall survival when
stratified with PORT use (HR = 1.03; 95% CI, 0.95–1.13; p =
0.459) (Fig. 2B).
Univariable and multivariable analyzes were performed on variables considered clinically effective (Table 2). Older age, male genhttps://doi.org/10.3857/roj.2021.00969
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Table 1. Baseline patient characteristics

Age at diagnosis (yr)
< 50
50–69
≥ 70
Sex
Female
Male
Race
White
Black
Other
Marital status
Married
Unmarried
Unknown
Primary tumor size (cm)
≤ 3.0
3.1–5.0
> 5.0
Laterality
Right
Left
Location
Main bronchus
Upper lobe
Middle lobe
Lower lobe
Histology
Adenocarcinoma
Adenocarcinoma with mixed subtype
Squamous cell carcinoma
Bronchoalveolar carcinoma
Large cell carcinoma
Stage
IIIA
IIIB
Tumor stage
1
2
3
4
Number of nodes involved
1
2
3
4
5
6
7-9
≥ 10

Surgery alone
(n = 2,727)

Before PSM
PORT
(n = 1,729)

154 (5.6)
1,458 (53.5)
1,115 (40.9)

130 (7.5)
1,093 (63.2)
506 (29.3)

1,437 (52.7)
1,290 (47.3)

886 (51.2)
843 (48.8)

2,231 (81.8)
262 (9.6)
234 (8.6)

1,404 (81.2)
160 (9.3)
165 (9.5)

1,593 (58.4)
1,064 (39.0)
70 (2.6)

1,103 (63.8)
593 (34.3)
33 (1.9)

1,235 (45.3)
897 (32.9)
595 (21.8)

766 (44.3)
608 (35.2)
355 (20.5)

1,418 (52.0)
1,309 (48.0)

983 (56.9)
746 (43.1)

29 (1.1)
1,583 (58.0)
105 (3.9)
1,010 (37.0)

23 (1.3)
1,039 (60.1)
93 (5.4)
574 (33.2)

1,479 (54.2)
408 (15.0)
636 (23.3)
111 (4.1)
93 (3.4)

997 (57.7)
258 (14.9)
365 (21.1)
57 (3.3)
52 (3.0)

2,415 (88.6)
312 (11.4)

1,509 (87.3)
220 (12.7)

741 (27.2)
1,534 (56.3)
140 (5.1)
312 (11.4)

436 (25.2)
962 (55.6)
111 (6.4)
220 (12.7)

820 (30.1)
554 (20.3)
408 (15.0)
259 (9.5)
195 (7.2)
133 (4.9)
207 (7.6)
151 (5.5)

401 (23.2)
327 (18.9)
272 (15.7)
190 (11.0)
150 (8.7)
91 (5.3)
171 (9.9)
127 (7.3)

p-value

Surgery alone
(n = 1,729)

After PSM
PORT
(n = 1,729)

122 (7.1)
1,048 (60.6)
559 (32.3)

130 (7.5)
1,093 (63.2)
506 (29.3)

904 (52.3)
825 (47.7)

886 (51.2)
843 (48.8)

1,416 (81.9)
163 (9.4)
150 (8.7)

1,404 (81.2)
160 (9.3)
165 (9.5)

1,082 (62.6)
614 (35.5)
33 (1.9)

1,103 (63.8)
593 (34.3)
33 (1.9)

768 (44.4)
600 (34.7)
361 (20.9)

766 (44.3)
608 (35.2)
355 (20.5)

938 (54.3)
791 (45.7)

983 (56.9)
746 (43.1)

21 (1.2)
1,044 (60.4)
73 (4.2)
591 (34.2)

23 (1.3)
1,039 (60.1)
93 (5.4)
574 (33.2)

993 (57.4)
269 (15.6)
361 (20.9)
55 (3.2)
51 (2.9)

997 (57.7)
258 (14.9)
365 (21.1)
57 (3.3)
52 (3.0)

1,516 (87.7)
213 (12.3)

1,509 (87.3)
220 (12.7)

457 (26.4)
964 (55.8)
95 (5.5)
213 (12.3)

436 (25.2)
962 (55.6)
111 (6.4)
220 (12.7)

449 (26.0)
339 (19.6)
257 (14.9)
179 (10.4)
133 (7.7)
101 (5.8)
148 (8.6)
123 (7.1)

401 (23.2)
327 (18.9)
272 (15.7)
190 (11.0)
150 (8.7)
91 (5.3)
171 (9.9)
127 (7.3)

< 0.001

p-value
0.147

0.360

0.563

0.718

0.850

0.001

0.753

0.264

0.948

0.002

0.132

0.010

0.430

0.150

0.989

0.215

0.758

0.104

0.604

< 0.001

0.435

(Continued to the next page)
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Table 1. Continued
Surgery alone
(n = 2,727)

Before PSM
PORT
(n = 1,729)

p-value

Number of nodes sampled
1–7
861 (31.6)
588 (34.0)
8–14
1,008 (37.0)
614 (35.5)
≥ 15
858 (31.5)
527 (30.5)
% of positive nodes to sampled nodes
< 20
977 (35.8)
438 (25.3)
≥ 20 and < 40
836 (30.7)
551 (31.9)
≥ 40 and < 60
439 (16.1)
319 (18.4)
≥ 60 and < 80
234 (8.6)
223 (12.9)
≥ 80
241 (8.8)
198 (11.5)
Type of surgery
Lobectomy
2,422 (88.8)
1,572 (90.9)
Pneumonectomy
305 (11.2)
157 (9.1)
Chemotherapy
No/unknown
1,088 (39.9)
219 (12.7)
Yes
1,639 (60.1)
1,510 (87.3)
Values are presented as number (%)
PSM, propensity score matching; PORT, postoperative radiation therapy.

A

539 (31.2)
655 (37.9)
535 (30.9)

588 (34.0)
614 (35.5)
527 (30.5)

523 (30.2)
560 (32.4)
308 (17.8)
175 (10.1)
163 (9.4)

438 (25.3)
551 (31.9)
319 (18.4)
223 (12.9)
198 (11.5)

1,560 (90.2)
169 (9.8)

1,572 (90.9)
157 (9.1)

220 (12.7)
1,509 (87.3)

219 (12.7)
1,510 (87.3)

p-value
0.172

< 0.001

0.002

0.028

0.522

< 0.001

1

After PSM
1.0

1.0
0.8

0.8

p = 0.281

0.6

Survival

Survival

After PSM
PORT
(n = 1,729)

0.238

B

Before PSM

Surgery alone
(n = 1,729)

0.4

0.6
0.4

0.2

0.2

0.0

0.0
0

10

Number at risk
2,727 2,320
1,729 1,479
0

10

20
1,737
1,088
20

30
40
Time (mo)
1,309
808

1,029
603

30
40
Time (mo)

50

60

777
467

611
349

50

60

p = 0.459

0

10

Number at risk
1,729 1,490
1,729 1,479
0

10

20
1,123
1,088
20

30
40
Time (mo)

50

60

668
603

501
467

394
349

30
40
Time (mo)

50

60

854
808

Fig. 2. Overall survival for pN2 NSCLC patients stratified by PORT use (A) before PSM and (B) after PSM. NSCLC, non-small cell lung cancer;
PORT, postoperative radiation therapy; PSM, propensity score matching.

der, larger primary tumor size, higher LN ratio, and use of pneumonectomy, and no use of chemotherapy were significantly associated
with worse prognosis.
The exploratory subgroup analyses were performed after PSM
(Fig. 3). Survival improvement after PORT was found in the patient
group with the LN ratio of 60%–80% (HR = 0.71; 95% CI, 0.56–
40

0.91; p = 0.006). There were 234 no-PORT patients and 223 PORT
patients in this subgroup. Additional survival analyses were performed for this group and the results confirmed that PORT has a
survival benefit for this group, both before (HR = 0.70; 95% CI,
0.56–0.87; p = 0.001) (Fig. 4A) and after PSM (HR = 0.71; 95% CI,
0.56–0.88; p = 0.002) (Fig. 4B).
https://doi.org/10.3857/roj.2021.00969
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Table 2. Univariable and multivariable analyses
Univariate
HR
Age at diagnosis (yr)
< 50
–
50–69
1.23 (1.03–1.47)
≥ 70
1.84 (1.53–2.22)
Sex
Female
–
Male
1.26 (1.16–1.38)
Race
White
–
Black
0.93 (0.80–1.09)
Other
0.74 (0.63–0.87)
Marital status
Married
–
Unmarried
1.07 (0.98–1.17)
Primary tumor size (cm)
≤ 3.0
–
3.1–5.0
1.18 (1.07–1.30)
> 5.0
1.60 (1.43–1.79)
Laterality
Right
–
Left
0.98 (0.90–1.07)
Location
Lower lobe
–
Middle lobe
0.97 (0.78–1.20)
Upper lobe
0.89 (0.81–0.97)
Main bronchus
0.97 (0.66–1.43)
Histology
Adenocarcinoma
–
Adenocarcinoma with mixed subtype
1.05 (0.92–1.19)
Squamous cell carcinoma
1.21 (1.08–1.35)
Bronchoalveolar carcinoma
1.06 (0.85–1.33)
Large cell carcinoma
1.08 (0.84–1.38)
Number of nodes sampled
1–7
–
8–14
0.95 (0.86–1.05)
≥ 15
0.92 (0.83–1.03)
% of positive nodes to sampled nodes
< 20
–
≥ 20 and < 40
1.23 (1.09–1.38)
≥ 40 and < 60
1.39 (1.22–1.59)
≥ 60 and < 80
1.76 (1.52–2.04)
≥ 80
1.90 (1.63–2.21)
Type of surgery
Lobectomy
–
Pneumonectomy
1.26 (1.10–1.45)
Chemotherapy
No/unknown
–
Yes
0.67 (0.60–0.76)
PORT
No
–
Yes
1.03 (0.95–1.13)
HR, hazard ratio; PORT, postoperative radiation therapy.
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Multivariate
p-value

HR

p-value

0.025
< 0.001

–
1.22 (1.01–1.46)
1.79 (1.48–2.17)

0.036
< 0.001

< 0.001

–
1.23 (1.12–1.35)

< 0.001

0.378
< 0.001

–
0.95 (0.81–1.11)
0.78 (0.66–0.92)

0.490
0.003

0.144

–
1.09 (0.99–1.20)

0.077

0.001
< 0.001

–
1.13 (1.02–1.25)
1.52 (1.35–1.71)

0.024
< 0.001

0.710

–
0.97 (0.88–1.06)

0.454

0.785
0.013
0.884

–
1.13 (0.91–1.41)
0.97 (0.88–1.07)
0.90 (0.60–1.36)

0.260
0.556
0.627

0.468
0.001
0.607
0.569

–
1.04 (0.91–1.18)
1.08 (0.96–1.21)
1.05 (0.84–1.32)
1.05 (0.81–1.35)

0.600
0.203
0.668
0.710

0.330
0.146

–
1.07 (0.96–1.19)
1.11 (0.98–1.25)

0.226
0.101

0.001
< 0.001
< 0.001
< 0.001

–
1.23 (1.09–1.39)
1.42 (1.24–1.63)
1.77 (1.52–2.06)
1.92 (1.65–2.24)

0.001
< 0.001
< 0.001
< 0.001

0.001

–
1.23 (1.05–1.43)

0.009

< 0.001

–
0.74 (0.66–0.84)

< 0.001

0.458

–
1.01 (0.92–1.10)

0.869
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Subgroup analyzed

Hazard ratio (95% CI, p value)

Age at diagnosis (yr)
< 50
50–69
≥ 70
Sex
Female
Male
Race
White
Black
Other
Marital status
Married
Unmarried
Primary tumor size (cm)
≤ 3.0
3.1–5.0
> 5.0
Laterality
Right
Left
Location
Lower lobe
Middle lobe
Upper lobe
Main bronchus
Histology
Adenocarcinoma
Adenocarcinoma with mixed subtype
Squamous cell carcinoma
Bronchoalveolar carcinoma
Large cell carcinoma
Number of nodes sampled
1–7
8–14
≥ 15
% of positive nodes to sampled nodes
< 20
≥ 20 and < 40
≥ 40 and < 60
≥ 60 and < 80
≥ 80
Type of surgery
Lobectomy
Pneumonectomy
Chemotherapy
No/unknown
Yes

1.29 (0.91–0.82, p = 0.154)
1.08 (0.97–1.21, p = 0.176)
0.94 (0.81–1.09, p = 0.386)
1.11 (0.98–1.26, p = 0.104)
1.95 (0.84–1.08, p = 0.443)
1.02 (0.93–1.13, p = 0.614)
1.12 (0.83–1.50, p = 0.459)
1.08 (0.79–1.48, p = 0.626)
1.03 (0.93–1.15, p = 0.561)
1.03 (0.89–1.20, p = 0.654)
1.01 (0.88–1.16, p = 0.877)
1.03 (0.89–1.19, p = 0.724)
1.07 (0.90–1.29, p = 0.435)
1.00 (0.89–1.12, p = 0.966)
1.08 (0.95–1.23, p = 0.250)
1.37 (0.64–2.93, p =
1.10 (0.99–1.24, p =
1.10 (0.74–1.66, p =
1.90 (0.77–1.04, p =

0.414)
0.089)
0.631)
0.144)

1.02 (0.91–1.14, p =
1.06 (0.84–1.34, p =
1.10 (0.96–1.38, p =
1.94 (0.61–1.44, p =
1.65 (0.39–1.06, p =

0.769)
0.603)
0.140)
0.761)
0.084)

1.07 (0.92–1.24, p = 0.357)
1.03 (0.89–1.19, p = 0.720)
1.99 (0.85–1.17, p = 0.950)
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Fig. 3. Exploratory subgroup analysis of patient-, tumor-, and treatment-related characteristics after propensity score matching. PORT, postoperative radiation therapy; CI, confidence interval.
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Fig. 4. Overall survival for LN ratio 60%–80% pN2 NSCLC patients stratified by PORT use (A) before PSM and (B) after PSM. LN, lymph node;
NSCLC, non-small cell lung cancer; PORT, postoperative radiation therapy; PSM, propensity score matching.

Discussion and Conclusion
In this SEER analysis, we found that the use of PORT did not affect
survival in patients with pN2 disease. However, through exploratory
subgroup analysis, the results showed that PORT could improve the
survival rate in patients with an LN ratio of 60%–80%.
Previous SEER analysis studies have investigated the relationship
between the LN ratio and the PORT effect in pN2 NSCLC patients.
One study found that PORT improved survival in patients with LN
ratio of 0.5 or higher (HR = 0.91; 95% CI, 0.84–0.97; p = 0.01) [7].
Another study divided the LN ratio into four groups ( < 12.5%,
12.5%–24.9%, 25%–49.9%, ≥ 50%) and found that PORT improved survival in patients with an LN ratio greater than 50% (HR
= 0.78; 95% CI, 0.67–0.90; p = 0.001) [8]. In this study, we also
performed an analysis of the effects of PORT in patients with an LN
ratio ≥ 50% (Supplementary Fig. S1). PORT has a survival benefit
for this group, both before (HR = 0.83; 95% CI, 0.72–0.94; p =
0.004) (Supplementary Fig. S1A) and after PSM (HR = 0.86; 95%
CI, 0.75–0.98; p = 0.030) (Supplementary Fig. S1B). However, by
analyzing the LN ratio by dividing it into 20% units without following the previous studies, more useful information about the relationship between the LN ratio and PORT effect was provided
compared to previous studies. We also performed survival analysis
on patients with an LN ratio of 0%–60% and LN ratio > 80%
(Supplementary Figs. S2, S3), and found that only patients with an
https://doi.org/10.3857/roj.2021.00969

LN ratio of 60%–80% had a survival benefit of PORT.
As confirmed by the multivariable analysis of this study, the
higher the LN ratio, the lower the survival rate. However, in this
study, the effect of PORT did not increase as the LN ratio increased.
In 0%–60%, PORT had no survival benefit, whereas PORT had a
survival benefit in 60%–80%. But at 80%–100%, the survival benefit of PORT disappeared again. We can explain these results in
terms of the risk and benefit of PORT. A previous meta-analysis
study showed that PORT enhances local control in NSCLC [9,10],
but cardiopulmonary toxicity of PORT is also evident [11,12]. The
LN ratio correlates with locoregional tumor burden. Therefore, the
local control effect can increase as the LN ratio increases. At low
LN ratios, the local control effect of PORT is not more significant
than cardiopulmonary toxicity due to PORT, and it can lead to no
survival benefit of PORT. However, at a moderately high LN ratio,
the local control effect of PORT is much higher than toxicity, and it
can lead to an increase in the survival rate. At very high LN ratios,
local control effects beyond toxicity may occur due to PORT but do
not lead to survival benefits. These findings implied that local PORT
was not helpful when the disease had already entered the systemic
stage. A prospective study is warranted to prove the relationship
between the LN ratio and the benefit of PORT.
Limitations of this study are retrospective characteristics and
lack of information. SEER data does not provide patient characteristics such as surgical margin status, performance status, and de43
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tailed information of dissected lymph nodes (location, size, and
characteristics), radiation therapy (dose and technique), chemotherapy (regimen, treatment implementation method [neoadjuvant,
adjuvant] and sequence information with RT [sequential, concurrent]). The difference from several previous SEER studies on pN2
NSCLC [1,2,13,14] is that this study selected only more recent patients to reflect the results of developed diagnosis and treatment
techniques and applied the PSM to complement the limitations of
retrospective studies.
In conclusion, our study found PORT had no significant effect on
survival in all pN2 NSCLC patients. However, PORT improves survival in patients with a positive to sampled lymph node ratio of 60%–
80%. A prospective study that can prove the relationship between
the LN ratio and the PORT effect is warranted.
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Purpose: Reports on results of radiation therapy (RT) for Kasabach-Merritt syndrome (KMS) are limited. We performed a retrospective study to evaluate the response rates and late complications and to
determine the adequate RT dose for patients with KMS patients.
Materials and Methods: We studied 11 patients who received RT between October 1988 and September 2008 for KMS refractory to pharmacologic therapy. All patients had external hemangiomas
and received the diagnosis of KMS within 12 months of birth. All 11 patients received steroids as the
first-line therapy; eight patients additionally received interferon-α therapy, and one patient underwent surgery. Nine patients underwent single-course RT with a total dose of 4.5–8 Gy (1.5–2 Gy/
fraction). Two patients received multiple courses of RT, with a cumulative total dose of 12 Gy (2 Gy/
fraction) and 18 Gy (1.5 Gy/fraction), respectively.
Results: The median follow-up period was 156 months (interquartile range [IQR], 75 to 226 months).
The median total dose of RT was 6 Gy, and all patients maintained complete remission until the last
follow-up. An additional course of RT was performed for refractory cases or cases of local relapse after initial RT. Rapid platelet count increase after RT was seen in most patients, which returned to normalcy in a median of 20 days (IQR, 5 to 178 days). However, seven patients experienced radiation-related long-term complications.
Conclusion: Low-dose RT is effective and yields rapid response in patients with KMS. However, given
growth-related late complications, RT should be carefully considered.
Keywords: Kasabach-Merritt syndrome, Radiotherapy, Hemangioma, Thrombocytopenia, Treatment
outcome, Adverse effect

Introduction
Kasabach-Merritt syndrome (KMS) is a rare disease usually occurring in infants or young children that manifests rapidly growing
vascular tumors, thrombocytopenia or consumptive coagulopathy
[1]. KMS typically presents 2 types of hemangiomas: tufted angiomas (TA) and kaposiform hemangioendotheliomas (KHEs) [2–4].
KMS was first reported by Kasabach and Merritt [1] in 1940.
However, its incidence remains low, accounting for 0.3%–1% of all
vascular tumors [5]. Hemangiomas in KMS typically develop in the
upper and lower extremities, trunk, perineum, and the head and

neck region [6]. In particular, the mortality rate increases up to
10%–37% cases where the primary lesion is located on vital organs or where treatment response is poor [7,8].
Treatment options for KMS include pharmacologic therapy (steroids, interferon [IFN]-α, vincristine, sirolimus, propranolol), radiation therapy (RT), surgery, and embolization. Although the most effective treatment option remains unclear, pharmacologic treatment
is frequently used to avoid late toxicities [9]. Steroid can often be a
mainstay for first-line therapy, while vincristine and sirolimus can
also be combined in the first-line [10]. Surgical excision is mainly
used only for small, localized lesions owing to the hemorrhage risk
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associated with vascular tumors [11].
Several case reports indicate that RT yields effective therapeutic
response in KMS [8,12-16]. However, RT is often deferred as the
salvage option owing to substantial concerns regarding late toxicities in younger patients with KMS [8,13,14]. However, only few
studies have evaluated response rates or late toxicities and the adequate RT dose through serial observation. Therefore, this study
aimed to assess the response rates and late complications with RT
and determine the optimal dose of RT in patients with KMS.

Materials and Methods
1. Patients
We retrospectively reviewed the medical records of 11 patients
with KMS who received RT at our institution between October
1988 and September 2008. The Institutional Review Board of Seoul
National University Hospital (IRB No. 2109-007-1250) approved
the study and waived the requirement for informed consent.
Table 1 summarizes the patient characteristics. Of the 11 patients, five were boys and six were girls. All patients had tumors located externally as follows: the head and neck (n = 5); extremities
(n = 3); flank (n = 1), buttock and inguinal (n = 1), axilla, and
chest and lip (n = 1). KMS was diagnosed based on a rapidly growing hemangioma and accompanying thrombocytopenia (platelet
count < 150,000/mm3) or consumptive coagulopathy. Hemangioma
was typically diagnosed based on gross appearance or imaging
studies (ultrasonography, magnetic resonance imaging, and/or
computed tomography). KMS was diagnosed by the age of 12
months in all patients. Only 3 patients underwent biopsy; it was
not routinely performed for diagnosis.

2. Treatment
At our institution, combination therapy is preferred for KMS. We
consider total resection if the patient has small and localized tumors at diagnosis or after pharmacologic treatment. Otherwise,
steroid therapy (prednisone: 2 mg/kg body weight) is initiated for 2
weeks. Response to steroid therapy was evaluated using hematology tests and physical examination or imaging studies. IFN-α (300
× 104 IU/m2 per day) and/or RT was additionally performed in patients with no significant reduction in hemangioma size and with
sustained thrombocytopenia or with persistent coagulopathy. Although combination therapy is the preferred treatment at our institution, individualized treatment was offered according to the
patient’s tumor size, tumor location, age at diagnosis, and hematology status.
Table 2 summarizes the treatment characteristics of all patients
who were treated with RT. All patients received steroids as the
first-line therapy; eight patients received additional IFN-α therapy
and one patient underwent mass excision. The median steroid therapy duration was 7 months (interquartile range [IQR], 2 to 11
months); it was continued after RT for all patients except one (patient #2).
With regard to RT, nine patients received a single course of RT,
and the total dose was 4.5–8 Gy (1.5–2 Gy/fraction). Multiple
courses of RT were performed for two patients—total cumulative
doses: 12 Gy (2 Gy/fraction) and 18 Gy (1.5 Gy/fraction). In total,
two patients were treated with 60Co γ-rays, six patients with a 4–6
MV photon beam, and three patients with a 6–12 MeV electron
beam. The RT target volume only included hemangioma, excluding
skin lesions such as purpura or ecchymosis around the tumor. RT
was delivered using a two-dimensional radiotherapy (2D) technique for most patients, and intensity-modulated radiotherapy

Table 1. Summary of the characteristics of 11 patients with Kasabach-Merritt syndrome
Age at
Case no. Sex diagnosis
1
M 7 months
2
M 2 months
3
M 9 months
4
F 9 days
5
M 3 months
6
F 1 month
7
F 9 months
8
F 2 months
9
F 3 months
10
F 9 months
11
M 4 months

Initial platelet
count (× 103/mm3)
Lt. cheek
Mass with DIC, respiration difficulty
ND
20
Rt. flank
Mass with thrombocytopenia
ND
13
Lt. thigh
Mass with DIC
ND
13
Lt. lower leg
Mass with thrombocytopenia
Hemangioendothelioma
6
Lt. buttock and inguinal Mass with thrombocytopenia
Tufted angioma
28
Rt. face and neck
Mass with DIC, vomiting, hematuria
ND
9
Lt. temporal bone area Mass with thrombocytopenia
Hemangioendothelioma
97
Rt. neck and shoulder Mass with DIC
ND
16
Rt. arm
Mass with DIC
ND
13
Lt. axilla, chest, and lip Mass with thrombocytopenia, respiration difficulty ND
9
Lt. occipital area
Mass with thrombocytopenia, hematochezia
ND
35
Tumor location

Presentation

Histology

DIC, disseminated intravascular coagulation; ND, biopsy was not done.
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Table 2. Summary of the treatment characteristics
Case no.
1
2

Irradiation site
Lt. face
Rt. flank

3
4
5

Lt. thigh
Lt. lower leg
Lt. buttock and inguinal

6
7
8
9
10
11

Lt. hip
Rt. jaw to neck
Lt. temporal bone area
Rt. neck
Rt. arm
Lt. axilla
Lt. occipital bone area

Radiation therapy
Dose fractionations
8 Gy/4 fx
1st RT: 6 Gy/3 fx
2nd RT: 6 Gy/3 fx (1 month after 1st RT)
8 Gy/4 fx
6 Gy/4 fx
1st RT: 6 Gy/4 fx
2nd RT: 6 Gy/4 fx (7 months after 1st RT)
3rd RT: 6 Gy/4 fx (29 months after 1st RT)
6 Gy/3 fx
6 Gy/4 fx
6 Gy/4 fx
6 Gy/4 fx
8 Gy/4 fx
4.5 Gy/3 fx

Energy
Co
9 MeV
9 MeV
60
Co
4 MV
4 MV
4 MV
6 MV
4 MV
12 MeV
4 MV
4 MV
4 MV
6 MeV
60

Technique
2D
2D
2D
2D
2D
2D
IMRT
IMRT
2D
2D
2D
2D
2D
2D

Other treatments (duration)
Steroid (10 months)
Steroid (1 month)
Steroid (4 months)
Steroid, IFN-α (2 months)
Steroid, IFN-α (69 months), surgery

Steroid, IFN-α (8 months)
Steroid, IFN-α (17 months)
Steroid, IFN-α (4 months)
Steroid, IFN-α (7 months)
Steroid, IFN-α (11 months)
Steroid, IFN-α (2 months)

RT, radiation therapy; 2D, two-dimensional; IMRT, intensity-modulated radiotherapy; IFN-α, interferon-α.
Table 3. Summary of the treatment outcomes for 11 patients
treatment RT response
Case no. Pre-RT
response

Tumor size (cm2)
Pre-RT

Symptom
response

Post-RT

Resolved

Recurrence
(recurrence-free
Sequelae
duration)
No (276 months) Lt. mandible hypoplasia,
malocclusion
No (226 months) Leg-length discrepancy, hip to
thigh pain
No (279 months) None
No (161 months) None
Local (8 months) Leg-length discrepancy, hip
ankylosis

1

Partial

CR

15.8 × 7.2

No residual tumor

2

No

PR→SD

Not evaluable

Nearly disappeared Improved

3
4
5

No
No
Wax and wane

CR
CR
CR

25 × 15.5
No residual tumor
8.5 × 6.5
No residual tumor
4.0 × 1.8 (buttock) No residual tumor

6
7

No
Partial

PR→SD
PR→SD

2.5 × 1.5 (inguinal)
7.5 × 5.8
Nearly disappeared Improved
7.2 × 2.1
5.7 × 1.3
Improved

No (46 months)
No (51 months)

8
9
10

Progression
Stable
Progression

CR
CR
CR

10.5 × 8.0
5.7 × 3.3
6.4 × 4.6

No residual tumor
No residual tumor
No residual tumor

Resolved
Resolved
Improved

No (190 months)
No (156 months)
No (132 months)

11

Partial

CR

11.0 × 4.0

No residual tumor

Resolved

No (132 months)

Resolved
Resolved
Improved

None
Trismus, temporomandibular
ankylosis
Rt. shoulder muscle atrophy
Rt. upper arm hypoplasia
Lt. shoulder range of motion
impairment
None

RT, radiation therapy; CR, complete remission; PR, partial response; SD, stable disease.

(IMRT) was applied additionally for one patient (patient #5) who
received multiple courses of RT.

Results
The median follow-up duration was 156 months (IQR, 75 to 226
months). Table 3 summarizes the treatment outcomes of 11 patients. Fig. 1 shows the change in platelet counts after RT. No sighttps://doi.org/10.3857/roj.2021.00983

nificant treatment response was observed after first-line pharmacologic therapy in any patient. Four patients did not show any response to treatment, and two patients showed disease progression
even after combination therapy with steroids and IFN-α.
Before RT, the size of the hemangiomas ranged from 2.5 cm to
25 cm in diameter. Of patients who underwent single-course RT,
seven achieved complete remission from the hemangioma (Fig. 2);
the tumor nearly disappeared on imaging in one patient (patient
47
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Fig. 1. Changes in platelet counts after (A) single course and (B) multiple courses radiotherapy (RT).

#6), and in one patient, although residual tumor remained, its size
decreased (patient #7). Two patients underwent multiple courses
of RT: one patient (patient #2) had refractory disease to initial RT
and one (patient #5) had local recurrences after complete remission and underwent two additional RTs. One patient (patients #5)
showed marked tumor regression after the second RT and underwent mass excision. However, the second local recurrence occurred
3 months after surgery. Additional RT was performed, and complete
remission was achieved 2 months after the third RT.
A total of 11 patients achieved normal platelet counts after RT.
The median time to achieving a normal platelet count was 20 days
(IQR, 5 to 178 days). Eight patients (72.7%) had a significantly elevated platelet count within 1 month after the first course of RT.
Furthermore, all patients with coagulopathy showed complete hematologic remission after RT. Patient #4 showed a relatively late
48

response; however, the platelet count gradually increased and normalized 2 years after RT. Patient #2 had no significant response after the first course of RT with regard to both platelet count and tumor size. This patient underwent RT 1 month later, which successfully increased the platelet count to the normal range, and the
hemangioma significantly reduced in size. Patient #5 showed complete remission from the tumor after the first RT and the platelet
count normalized; however, the platelet count decreased at each
local recurrence of hemangioma. The platelet count showed an increasing trend with each additional RT and normalized after the
third RT.
Radiation-related long-term complications were identified in
seven patients. Of all patients with sequelae, leg-length discrepancy was observed in two patients who were treated with multiple
courses of RT (Fig. 3). Among patients with leg-length discrepancy,
https://doi.org/10.3857/roj.2021.00983
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A

B

C

Fig. 2. Photograph of patient #9. (A) Large hemangioma in the right arm at the initiation of radiotherapy. (B) Residual pigmented induration on
the right arm 15 months after radiotherapy. (C) Complete remission status 5 years after radiotherapy.

A

B

Fig. 3. (A) X-ray and (B) magnetic resonance imaging findings in the lower extremities and pelvis 5 years after radiotherapy for patients #5:
limb-length discrepancy with left hip dislocation.

one patient (patient #5) underwent orthopedic surgery for correction, and the other patient (patient #2) refused surgery. The other
complications observed were as follows: hypoplasia (n = 2), muscle atrophy (n = 1), ankylosis (n = 1), and shoulder range of motion impairment (n = 1). The remaining four patients showed no
sequelae during the follow-up period after RT.

https://doi.org/10.3857/roj.2021.00983

Discussion and Conclusion
Hemangioma is the most common congenital lesion, with an incidence of 5% among infants [17]. Typically, infantile hemangioma is
a benign tumor that develops during the first few weeks of age and
shows characteristic growth patterns and spontaneous regression.
Most infantile hemangiomas do not require treatment. However,
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functional abnormalities or life-threatening conditions caused by
hemangioma require treatment [18]. KMS is a hemangioma-related
disease that requires treatment. Hematologic abnormalities associated with KMS, including severe thrombocytopenia, can be potentially life-threatening. In particular, KMS has been reported to be associated with specific hemangiomas (KHE and TA) and not common
infantile hemangiomas [19,20]. In the present study, among the
three patients who underwent biopsy, two had KHE, and one had TA.
Although several treatment options exist for KMS, evaluating the
effectiveness of each treatment modality is challenging because
most studies reported treatment outcomes using combination
therapy [12,13]. In this study, all patients were treated with a combination therapy including RT.
Steroids are the most commonly used first-line therapy for
hemangiomas and play an important role in their treatment. Although the mechanism underlying the therapeutic effect of steroids
is not fully understood, they are known to contribute to the inhibition of angiogenesis and fibrinolysis. Although the response rate
with steroids against common hemangiomas is excellent (90%), it is
inferior (30%–50%) in KMS [14,21]. Treatment response onset occurs typically within 1–2 weeks after steroid therapy starts. In case
of no response or KMS relapse, a second-line agent should be considered. In our study, all patients received steroids as the first-line
treatment, and eight patients received steroids combined with
IFN-α 1–2 weeks after steroid therapy was started.
According to previous studies, IFN-α is an effective second-line or
combination agent for KMS [12,14,22-24]. IFN-α exerts its anti-angiogenic effect by inhibiting endothelial cell and fibroblast proliferation [25]. Hesselmann et al. [14] reported successful therapeutic
outcomes using a combination therapy with IFN-α and RT for a patient with a life-threatening condition non-responsive to steroids.
However, not all patients respond to IFN-α, and IFN-α also poses a
risk of neurological toxicities. Greinwald et al. [26] reported complete remission in 42% and no response in 16% of 24 patients with
massive or life-threatening hemangiomas treated with IFN-α. In addition, they observed neurological toxicities in 26% of the patients.
Vincristine and sirolimus are emerging as new alternative firstline treatments for KMS. With regard to the mechanism of action,
vincristine is known to promote apoptosis of endothelial cells, and
vincristine is generally used in combination with systemic steroids
[27]. Several recent studies have reported excellent therapeutic efficacy of vincristine for KMS [28–30]. Wang et al. [30] reported
clinical outcomes from 17 patients with KMS treated with combination therapy, and treatment responses to steroid and vincristine
were observed in 35.5% and 80% of patients, respectively. Sirolimus, which functions by inhibiting endothelial proliferation and promoting vascular stability, presents a treatment option for compli50

cated vascular malformations and hemangiomas, including KMS
[31,32]. A prospective study comparing the treatment outcomes of
vincristine and sirolimus in KHE and high-risk vascular tumors is
currently in progress.
Complete surgical resection, if possible, is the most effective
method to resolve hematologic abnormalities caused by hemangiomas. However, surgery presents a significant risk of bleeding associated with the highly vascular and infiltrative characteristics of
KMS. Therefore, surgical intervention can be selectively performed
for localized tumors that have decreased in size at the initial diagnosis or after pharmacologic therapy [11,33].
Radiosensitivity of hemangiomas has been reported since 1940.
Historically, RT has been used as the most effective treatment for
hemangiomas. In the first case report of KMS by Kasabach and
Merritt [1], the patient was treated with RT and showed excellent
treatment response. Several studies have demonstrated an excellent response of KMS to RT (60%–100%) [8,12-16]. Shin et al. [12]
reported their outcomes with 37 patients treated using a stepwise
multimodal approach. The steroid-only group had an 11% response
rate, and the steroid and RT combination group had a 75% response rate. In addition, Leong and Bydder [16] reported successful
treatment of two patients with life-threatening KMS non-responsive to other treatments, with RT. These results show that RT could
be an attractive treatment option for KMS refractory to other
treatments.
The platelet counts can indicate tumor regression in KMS and
could be a useful surrogate for surveillance after treatment in KMS
[8,13]. Previous studies have reported three cases of RT wherein the
platelet counts increased rapidly after RT and normalized after
7–40 days [8,16]. This study included 11 patients, whose platelet
counts were closely associated with the course of the disease and
returned to normalcy in a median time of 20 days after RT. RT response evaluation using platelet counts can be recommended approximately 1 month after treatment. Furthermore, after remission
of coagulopathy, RT achieved long-term disease control with complete response basis tumor size and platelet counts.
The optimal radiation dose described for KMS treatment varies in
the literature. The reported total cumulative dose ranges from
5–41.2 Gy [8,13]. Schild et al. [34] reported a higher rate of complete response in patients with large hemangiomas treated with
cumulative doses of 25–30 Gy, as compared to lower doses. Other
studies have recommended a maximum total dose of 10 Gy to
minimize long-term complications [13]. In the present study, the
median total dose for patients who achieved a complete response
was 6 Gy (range, 4.5 to 18 Gy). All nine patients who underwent
single-course RT received a total dose of less than 6–8 Gy. These
results suggest that 6–8 Gy could be an adequate dose for patients
https://doi.org/10.3857/roj.2021.00983
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responding to initial RT.
However, several studies have reported late adverse effects of RT
in infants [8,13,14]. These concerns have led many physicians to
overlook RT as a treatment option for KMS. Mitsuhashi et al. [13]
reported the treatment outcomes of combination therapy, including RT in seven patients with KMS. Of those, three patients were
treated with a single-course RT, with the remainder being treated
with multiple courses of RT. All patients had complete remission;
however, extremity shortening was observed in three of the patients who received multiple courses of RT. In our study, RT showed
excellent response in all patients, but long-term sequelae were
identified in 63.6% of the patients (n = 7). Five patients with sequelae received a cumulative dose of < 10 Gy, with the minimum
total dose being 6 Gy. Although a low dose is sufficient to manage
KMS, concerns regarding the late toxicities of RT remain. In our
study, all patients underwent 2D-RT with a large irradiated field to
cover the hemangioma entirely. However, this approach is now
outdated, and we expect that using the current RT techniques can
help spare normal tissues. Modern imaging modalities and IMRT
will contribute to accurate target definition and reduce the organ
at risk dose by achieving better conformity, respectively. For example, helical tomotherapy or volumetric modulated arc therapy may
enable long bone-sparing holo-limb radiotherapy to reduce the radiation dose for long bones and achieve homogeneous dosing on
surrounding soft tissues [35]. Furthermore, adding vincristine and
sirolimus to KMS treatment will enable tumor size reduction and
subsequently, irradiation volume reduction to minimize late complications of RT. Hence, a review of late complications of RT using
current treatment modalities is needed through follow-up studies.
This study has several limitations. First, it was a retrospective,
single-institutional study; treatment response and toxicities were
not fully evaluated owing to a lack of medical record data. Particularly, assessing the gross tumor reduction rate on time was challenging because the tumor size was not repeatedly measured using
imaging at each follow-up. However, physicians confirmed the final
response status after long-term follow-up through a physical examination or imaging. Second, the standard treatment for KMS remains unestablished and differs among patients. Finally, this study
included a small number of patients given the rarity of KMS.
In conclusion, RT is an effective treatment modality for patients
with KMS non-responsive to other treatments. Furthermore, lowdose RT (6–10 Gy) yields excellent and rapid disease control. However, RT could contribute to growth-related long-term complications. Therefore, RT for the treatment of KMS should be carefully
considered.
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Purpose: This study aims to investigate the effect of splenectomy on radiation-mediated growth inhibition and immune modulation in lung cancer xenograft models.
Materials and Methods: Human non-small cell lung cancer H1299 cells and murine Lewis lung carcinoma LL/2-luc cells were injected into the right hind leg of BALB/c-nude mice and C57BL/6 mice,
respectively. Splenectomy or sham operation was performed prior to tumor cell injection or before
and after irradiation during tumor growth. Irradiation was delivered with 2–3 fractions of 6 Gy X-ray
using a linear accelerator. Flow cytometry analysis was performed for immune cell profiling.
Results: Splenectomy prior to tumor injection or at early stage inhibited growth of LL/2-luc tumors
but not that of H1299 tumors; however, it did not enhance the antitumor effect of radiation regardless of intervention timing. Flow cytometry analysis showed monocytic myeloid-derived suppressor
cells (MDSCs) and activated CD8+ T cells increased after irradiation in the tumors of splenectomized
mice, compared to those of sham-operated mice. Administration of anti-PD-1 (programmed death-1)
antibodies improved the ability of splenectomy to attenuate the growth of irradiated tumors.
Conclusion: Splenectomy has paradoxical effects on radiation-induced tumor growth inhibition, depending on tumor types and intervention timing, but it has an immune-modulating effect when
combined with radiation.
Keywords: Radiotherapy, Myeloid-derived suppressor cells, Splenectomy, Lung neoplasms

Introduction
Radiation therapy (RT), a major local treatment modality for cancer,
exerts an array of immune modulatory effects [1-3]. Myeloid-derived suppressor cells (MDSCs) are suggested to be one of the
RT-induced immune suppression mechanisms, thereby contributing
to radioresistance [4,5]. MDSCs are a heterogeneous group of immature myeloid lineage, and two major subsets of MDSCs have
been identified: polymorphonuclear (PMN)-MDSCs and monocytic
(M)-MDSCs. M-MDSCs differentiate into mature macrophages (tumor-associated macrophage [TAM]) and dendritic cells, and
PMN-MDSCs share phenotypical characteristics with neutrophils
(tumor-associated neutrophil [TAN]), respectively [6]. TANs have

been classified as anti-tumor N1 TANs and pro-tumor N2 TANs,
and TANs, likely N2 type, have been associated with the poor prognosis in many cancers [7-9]. Therefore, MDSCs or TANs can be
therapeutic targets to overcome the resistance against cancer
treatments including RT [10-12].
The spleen, the largest secondary lymphoid organ, is a major site
of extramedullary hematopoiesis and of MDSCs accumulation in
cancers [13]. Thus, splenectomy, a physical removal of the spleen,
has been investigated as a therapeutic option to deplete MDSCs
and enhance tumor control [5,14,15], but the effects of splenectomy on tumor growth in mouse models are controversial and context-dependent [14-19]. Even though MDSCs modify efficacy of RT
[12,20], it remains unclear whether splenectomy has additional ef-
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fects on RT. The goal of this study is to explore the effect of splenectomy on radiation-mediated tumor growth inhibition and immune modulation. We hypothesized that splenectomy leads to a
decrease in tumor-infiltrating MDSCs, resulting in enhancement of
RT effect. To prove this, we determined the effect of splenectomy
on the growth of lung cancer xenografts receiving RT and on the
distribution of immune cells, including MDSCs and T lymphocytes
by performing immunophenotyping. Then, we further investigated
several strategies for optimizing splenectomy to enhance the effect
of RT.

Materials and Methods
1. Cell lines
Murine lung carcinoma LL/2-Red-FLuc (LL/2-luc) cells were obtained from PerkinElmer (Waltham, MA, USA) and cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum (FBS), 100 U/mL penicillin, 100 g/mL streptomycin, 2 mM L-glutamine, and 25 mM HEPES. Cultures were maintained in a humidified atmosphere of 95% air/5% CO2 at 37°C.
Human non-small cell lung cancer (NSCLC) H1299 cells were obtained from the American Type Culture Collection (Manassas, VA,
USA) and cultured in RPMI-1640 medium (Gibco, Carlsbad, CA,
USA) supplemented with 10% FBS, 100 U/mL penicillin, 100 g/mL
streptomycin, 2 mM L-glutamine, and 25 mM HEPES.

2. Animal models
All animal experiments were performed and approved in accordance with the Institutional Animal Care and Use Committee (IACUC) of Samsung Biomedical Research Institute (No. 20180
625002, Approval date 2018-07-03; No. 20190926001, Approval
date 2019-10-18). The animal study was carried out in compliance
with the ARRIVE guidelines [21]. Male BALB/c-nude or C57BL/6
mice, 4–5 weeks old, were purchased from Orient Bio (Gapyeong,
Korea).
In BALB/c-nude mice, splenectomy or sham operation was performed prior to tumor cell injection. H1299 cells were harvested
and suspended in a 1:1 ratio of phosphate-buffered saline (PBS)
and Matrigel (Corning Inc., Tewksbury, MA, USA), and 1 × 106
cells/20 µL cells were injected subcutaneously into the right hind
leg. Tumor volumes were calculated every 3 days with calipers according to the following formula:

Width2 × Length
Volume=
2
When the mean tumor volume reached 500 mm3, tumors were
irradiated with 2 fractions of 6 Gy X-ray on consecutive days (total
dose of 12 Gy) to the right hind leg.
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A LL/2-luc tumor model was generated by subcutaneously injecting LL/2-luc cells (1 × 106 cells/20 µL in 50% Matrigel) into
the right hind leg in C57BL/6 mice. Splenectomy or sham operation
was performed prior to tumor injection, at an early stage of tumor
development (mean tumor volume of 200 mm3), or at an advanced
stage of tumor growth (mean tumor volume of 1,000 mm3). Tumor
irradiation began from the 7th day after tumor injection. Irradiation was given as 3 fractions of 6 Gy X-ray on consecutive days
(total dose of 18 Gy). Mice in the treatment groups were intraperitoneally treated with anti-PD-1 (programmed death-1) antibody
(2.5 mg/kg; Bio X Cell, Lebanon, NH, USA) on days 7, 9, 12, and 16.

3. Irradiation experiments
Tumors implanted into mouse hind legs were irradiated as previously described [22]. Briefly, 6 MV photon beams were delivered at
a dose rate of 3.96 Gy/min using a Varian Clinac 6EX linear accelerator (Varian Medical System, Palo Alto, CA, USA). Prior to irradiation, mice were fixed by anesthetizing with intraperitoneal injections of 30 mg/kg zolazepam/tiletamine and 10 mg/kg xylazine.
Tumor-beading hind legs were placed inside the radiation field (30
cm × 7 cm) and covered by a 2-cm-thick water-equivalent bolus
with a source-to-surface distance of 100 cm. The TG-51 protocol
was used for calibration of the absolute dose.

4. Splenectomy and sham surgeries
Splenectomy or sham operation was performed under anesthesia
induced by a sufficient amount of isoflurane using a liquid chamber for the vaporizer. Splenectomy was performed via a 0.5-cm skin
incision made in the lateral abdomen and a midline fascia incision
of the same length. The spleen was separated from the stomach
and removed outside of the incision. The midline fascial incision
was sutured with 4–0 thread and the skin incision was closed using
6–0 thread. The sham operation was performed by a skin incision
and a midline fascia incision, in the same way as the splenectomy.
However, the spleen remained inside the incision wound and the
incision was closed. When surgeries were completed, mice were
placed under a heat lamp and antibiotics (Baytril 50 inj., 5 mg/kg;
Bayer, Leverkusen, Germany) and antiphlogistic drugs (Metacam
2%, 1 mg/kg; Boehringer Ingelheim, Ingelheim am Rhein, Germany)
were injected intramuscularly for 3 days.

5. Flow cytometry analysis
Tumors were harvested from the right hind leg, cut into small pieces, minced into a single-cell suspension, and mashed through a 70μm cell strainer. Red blood cells were lysed with red blood cell lysing buffer (BD Bioscience, Franklin Lakes, NJ, USA).
Cell suspensions were stained with fluorescence-conjugated anhttps://doi.org/10.3857/roj.2021.00885
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tibodies specific for CD45, CD11b, Ly6G, Ly6C, CD3, CD4, CD8, CD25
(BD Bioscience), and PD-L1 (eBioscience Inc., San Diego, CA, USA).
For intracellular staining, cells were fixed with Fixation/Permeabilization buffer (eBioscience Inc.) and stained with anti-Foxp3 and
anti-IFNγ (BD Bioscience) antibodies. Stained cells were analyzed
by flow cytometry using a BD FACSVerse (BD Bioscience) and data
analysis was performed using FlowJo software (BD Bioscience).

6. Immunohistochemistry
Tumors harvested were placed immediately into 10% neutral-buffered formalin (NBF). Tissues embedded in paraffin were sectioned
at 4 μm. The tissue sections were stained with hematoxylin and
eosin (H&E) for routine histological evaluation, and immunohistochemistry (IHC) was performed using the primary antibodies
against CD3 (1:100 dilution), CD4 (1:1000 dilution), CD8 (1:2000
dilution; Abcam, Cambridge, UK) and Gr-1 (Ly6G/Ly6C, 1:100 dilution; Bio X Cell). Slides were digitally scanned with a digital pathology scanning system (Aperio ScanScope XT; Leica Biosystems, Buffalo Grove, IL, USA) and analyzed by using the ImageScope software (Leica Biosystems).

7. Statistics
Statistical analyses were performed using GraphPad Prism 7
(Graphpad Software, San Diego, CA, USA). The significance of differences between experimental groups was calculated using oneway analysis of variance with Bonferroni’s test. The p-values < 0.05
were considered statistically significant.

Results
1. Radiation modulates splenic immune cells in
syngeneic mice harboring LL/2 tumors
To understand a role of spleen, the largest lymphatic organ, in anti-tumor activity of radiation, LL/2 tumor-bearing legs were irradiated with a single fraction of 12 Gy or three fractions of 6 Gy (total
18 Gy), and spleens were collected either a day or 15 days after irradiation (Fig. 1A). Radiation significantly inhibited tumor growth (p
< 0.001), but little difference between two irradiation conditions
was observed (Fig. 1B). The immunophenotyping results showed
that splenic neutrophils (Ly6G+CD11b+), M-MDSCs (CD45+CD11b+Ly6G-Ly6C+) and PMN-MDSCs (CD45+CD11b+Ly6G+Ly6Clow)
were significantly reduced by tumor irradiation 15 days after irradiation but not a day after irradiation (Fig. 2A). Regarding T cells,
three fractions of 6 Gy but not a single 12 Gy significantly reduced
splenic CD8+ T cells and increased exhausted PD1+CD8+ T cells one
day after irradiation (Fig. 2B). In contrast, populations of CD4+ and
CD8+ T cells along with exhausted CD8+ T cells significantly inhttps://doi.org/10.3857/roj.2021.00885

creased in the spleens from mice received three fractions of 6 Gy
(Fig. 2B). Regulatory T cells (CD4+CD25+Foxp3+; Treg) increased only
in the spleens of mice received a single 12 Gy of X-ray. These data
suggest local radiation to tumor sites modulates distribution of immune cells residing in spleens.

2. Splenectomy inhibits tumor growth but does not
enhance the antitumor effect of radiotherapy in a
syngeneic LL/2 model
To evaluate how splenectomy affects radiation-induced tumor
growth delay in a syngeneic LL/2 tumor model, splenectomy in
C57BL/6 mice was performed prior to tumor injection (Fig. 3A). Tumor-bearing legs were irradiated with three fractions of 6 Gy because this treatment regimen was more effective than a single 12
Gy in terms of modulation of splenic immune cells (Fig. 2A, 2B). In
the LL/2-luc mouse model, tumor growth was significantly delayed
by either irradiation (42.3% tumor growth inhibition; p = 0.0056)
or splenectomy (46% growth inhibition; p = 0.0062). The combination treatment did not show any additive effect (Fig. 3B, 3C).
These results suggest that splenectomy prior to tumor injection inhibits tumor growth but does not enhance the anti-tumor effect of
RT in the syngeneic LL/2 tumor model.
Flow cytometric analyses revealed that there was no difference
in the populations of neutrophils and M-MDSCs between splenectomized mice and sham-operated mice (upper panels in Fig. 4A). A
trend towards an increase in PMN-MDSC populations was seen by
irradiation (p = 0.3605) and a significant increase was seen with
splenectomy (p = 0.0361; right upper in Fig. 4). M-MDSC populations significantly increased in the combination group compared to
the irradiation group (p = 0.0045) (middle upper in Fig. 4A). We
also observed an increase in CD3+, CD8+, and CD4+ T cell populations in both the radiation and splenectomy groups compared to
the sham group (upper panel in Fig. 4B). In the combination group,
compared to the irradiation group, IFNγ-releasing activated CD8+ T
cells (IFNγ+CD8+) significantly increased (27.8% vs. 43.6%; p =
0.001) (lower left in Fig. 4B). The Treg cells increased after irradiation but decreased after the combination treatment (1.56% vs.
0.92%; p = 0.1512) (lower right in Fig. 4B).

3. Splenectomy has limited antitumor effect in a
human H1299 lung cancer xenograft model
To evaluate the effect of splenectomy on human lung tumor
growth in immune-compromised mice, human NSCLC H1299 cells
were implanted into hind legs of splenectomized BALB/c nude
mice. H1299-tumor-bearing hind legs were irradiated with a total
of 12 Gy of X-rays in two fractions (Fig. 5A). As expected, irradiation attenuated tumor growth significantly (sham vs. sham + IR:
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41.7% reduction, p = 0.0006; splenectomy vs. splenectomy + IR,
35.2% reduction, p = 0.0014). Although not statistically significant, there was a trend that splenectomy prior to tumor injection
slightly reduced tumor growth in the H1299 xenograft mouse
model (Fig. 5B, 5C).
Populations of neutrophils and PMN-MDSCs were not changed
by radiation, splenectomy, or combination (Fig. 5D, 5F). The M-MDSC population significantly increased in the combination group
(sham + irradiation vs. splenectomy + irradiation, p < 0.0001) (Fig.
5E). Irradiation had a tendency to slightly increase populations of
myeloid cells, such as MDSCs and neutrophils, although no statistical significance was seen. Expression of PD-L1 on M-MDSCs was
also induced in the combination group, compared to splenectomy

group (Fig. 5E).

4. Splenectomy decreases infiltration of Gr-1 positive
cells to tumors received radiation in both LL/2 and
H1299 tumor models
IHC analysis of Gr-1 (also Ly6C/Ly6G) showed that splenectomy
significantly decreased Gr-1 positive cells in H1299 tumors with or
without radiation (Fig. 6A, 6B). In a LL/2-luc syngeneic tumor model, radiation markedly increased Gr-1 positive cells (p < 0.01),
which was suppressed by splenectomy (p < 0.05) (Fig. 6C, 6D). Radiation increased infiltration of CD3+ and CD8+ cells to LL/2-luc tumors (Fig. 6C, 6D), which is consistent with the flow cytometric
immunophenotyping results (Fig. 4B).

A

Endpoint
sacrifice

B

Days after tumor injection

Fig. 1. Radiation inhibits growth of LL/2-luc tumors in a syngenic mouse model. (A) Experimental scheme. Murine Lewis lung carcinoma LL/2
cells were implanted into hind legs of C57BL/6 mice. The tumors were irradiated with either a single fraction of 12 Gy or 3 fractions of 6 Gy of
X-rays. Splenectomy was performed one day or 15 days after irradiation (IR). (B) Tumor growth curves of LL/2 in mice. Radiation significantly
reduced tumor growth, but there was little difference between two irradiation conditions. Data are presented as the mean ± standard error of
the mean (n ≥ 4). All statistical analysis was performed using one-way analysis of variations (ANOVA) with a Bonferroni’s multiple comparisons
test at the 5% level. ***p < 0.001, ****p < 0.0001.
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Fig. 2. Radiation modulates distribution of immune cells within the spleen of mice harboring LL/2-luc tumors. (A) Flow cytomtry analysis of
neutrophils, M-MDSC, and PMN-MDSC in the spleens harvested one day or 15 days after irradiation (IR) to tumor sites. (B) Flow cytometry
analysis of T lymphocytes in the spleens. Percentage of splenic CD4+ T cells, CD8+ T cells, regulatory T cells, and exhausted T cells was analyzed.
Data are presented as the mean ± standard error of the mean (n ≥ 4). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. MDSC, myeloid-derived
suppressor cells; M, monocytic; PMN, polymorphonuclear.
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C

Fig. 3. Splenectomy prior to tumor injection delayed tumor growth in a syngeneic LL/2-luc tumor model. (A) Experimental scheme. Splenectomy or sham operation was performed prior to tumor injection in C57BL/6 mice. The tumor-bearing mice were irradiated with 3 fractions of 6
Gy (tumor volume of 500 mm3). (B) Tumor growth curves of murine LL/2-luc cells in mice and (C) tumor volume at day 20 after tumor inoculation. In the splenectomy group, the tumor volume was decreased on day 20. Data are presented as the mean ± standard error of the mean (n ≥
4). IR, irradiation. *p < 0.05, **p < 0.01.

5. Antitumor effect of splenectomy depends on its
timing in the syngeneic lung cancer model
Splenectomy was performed at two different time points after the
injection of LL/2-luc tumors in C57BL/6 mice; at an early stage of
tumor growth (mean tumor volume of 200 mm3), or at an advanced
stage (mean tumor volume of 1,000 mm3) (Fig. 7A). As shown in
previous experiments, fractionated irradiation significantly inhibited
tumor growth in all groups (Fig. 7B, 7C). We observed that splenectomy at the advanced stage had no inhibitory effect on tumor
growth compared with sham operation on day 20 after tumor injection (sham vs. 2nd splenectomy, 2,291.9 mm3 vs. 2,034.2 mm3). In
contrast, splenectomy at the early stage significantly suppressed tumor growth (sham vs. 1st splenectomy, 2,291.9 mm3 vs. 1,387.6
mm3; p = 0.0349) (Fig. 7B, 7C). However, splenectomy after tumor
injection did not enhance radiation-induced tumor growth delay regardless of timing of splenectomy relative to radiation.
On the basis of the results that the combination of splenectomy
and radiation increased tumor infiltration of PD-L1+ MDSCs (Fig.
4A), we further examined the effect of anti-PD-L1 antibodies on
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growth of tumors in mice received radiation or splenectomy (Fig.
8A). Administration of anti-PD-L1 antibodies led to a significant
delay in LL/2-luc tumor growth (Fig. 8B, 8C). Radiation alone decreased tumor growth, which was not enhanced by splenectomy as
shown in Fig. 8B. However, triple combination of radiation, anti-PD-1, and splenectomy showed the strongest inhibitory effect
on LL/2 tumor growth (Fig. 8B, 8C).

Discussion
In the present study, we aimed to investigate the effect of splenectomy on radiation-mediated tumor growth inhibition and immune
modulation in a variety of settings. Radiation significantly decreased tumor burden in the syngeneic mouse model of lung cancer (Fig. 1). Immunophenotyping results of splenic immune cells after tumor irradiation showed that radiation-induced tumor growth
inhibition affected immune cell populations in the spleen (Fig. 2).
CD4+ and CD8+ T cells but not MDSCs decreased in the spleen excised a day after irradiation, which may be related to sensitivity to
https://doi.org/10.3857/roj.2021.00885
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Fig. 4. Splenectomy enhanced the activation of tumor-infiltrating T lymphocytes in a LL/2-luc tumor model. Flow cytometry analysis of tumor-infiltrating (A) MDSCs and (B) T lymphocytes in a LL/2-luc tumor model. (A) M-MDSCs were increased in splenectomized mice with fractionated irradiation (IR). The population of PD-L1+ cells was also increased by irradiation. (B) IFNγ-releasing active CD8+ T cells were increased
and Treg were decreased in splenectomized mice when combined with IR. Data are presented as the mean ± standard error of the mean (n = 4).
MDSC, myeloid-derived suppressor cell; M, monocytic; PMN, polymorphonuclear; PD-L1, programmed death-ligand 1; INF, interferon. *p < 0.05,
**p < 0.01, ***p < 0.001, ****p < 0.0001.
https://doi.org/10.3857/roj.2021.00885
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Fig. 5. Splenectomy prior to tumor injection had the limited effect on tumor growth in a human H1299 xenograft model. (A) Experimental
scheme. Splenectomy or sham operation was performed prior to tumor injection in BALB/c-nude mice. H1299 tumor-bearing mice were irradiated with 2 fractions of 6 Gy (tumor volume of 500 mm3). (B) Tumor growth curves of H1299 in mice and (C) tumor volume at day 45 after tumor inoculation. Fractionated irradiation (IR) delayed tumor growth. Flow cytometry analysis of (D) neutrophils, (E) M-MDSC, and (F) PMN-MDSC frequency in tumors. M-MDSC are increased in splenectomized mice with fractionated IR. The percentage of PD-L1+ cells are also presented.
Data are presented as the mean ± standard error of the mean (n ≥ 4). MDSC, myeloid-derived suppressor cell; M, monocytic; PMN, polymorphonuclear; PD-L1, programmed death-ligand 1. *p < 0.05, **p < 0.01, ****p < 0.0001.

irradiation. After 15 days, decreased tumor burden may reduce
proliferation of splenic MDSCs and increased that of splenic CD4+
and CD8+ T cells (Fig. 2A, 2B). An increase in PD-1+ CD8+ T cells
may be related to T cell exhaustion.
Our findings using splenectomized mice revealed that the anti-tumor effect of splenectomy is complex and context-dependent,
as previously described by Prehn [16]. Firstly, splenectomy prior to
tumor injection exerted a significant anti-tumor effect in immune-competent mice (Fig. 3) but not in immune-compromised
mice (Fig. 5), suggesting a potential role of T cells in splenectomized
mice. Splenectomy showed an additional inhibitory effect on mice
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who underwent irradiation, although the difference was not statistically significant. The anti-tumor effect of splenectomy after tumor
injection depended on the timing relative to radiation (Fig. 7). Mice
receiving splenectomy prior to irradiation had smaller tumors compared to mice that were splenectomized after irradiation.
Immunophenotyping showed that intratumoral M-MDSCs increased after combination treatment with irradiation and splenectomy in both LL/2-luc and H1299 xenograft tumor models, although the anti-tumor effect of splenectomy in the two experiments was different (Figs. 3, 5). Furthermore, there was a tendency
of increased PD-L1 expression in neutrophils, M-MDSCs, and
https://doi.org/10.3857/roj.2021.00885
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Fig. 6. Splenectomy modulated the infiltration of immune cells to tumor in H1299 and LL/2-luc tumor models. (A) Representative immunohistochemistry (IHC) images of Gr-1 in H1299 tumor tissues and (B) quantification. The mice bearing H1299 tumors were treated as described in
Fig. 5A. (C) Representative IHC images of CD3, CD8, CD4 and Gr-1 in LL/2-luc tumor tissues and (D) quantification. The mice bearing LL/2-luc
tumors were treated as described in Fig. 3A. Data are presented as the mean ± standard error of the mean (n = 15). IR, irradiation. *p < 0.05, **p
< 0.01, ***p < 0.001, ****p < 0.0001.

PMN-MDSCs after irradiation or splenectomy, compared to that in
sham control, in the immune-competent mouse model (Fig. 4). An
increase in intratumoral MDSCs and PD-L1 expression following irradiation is one of the well-known immunomodulatory effects of
local irradiation [23-25], and our results are consistent with these
phenomena. Combined treatment of splenectomy and irradiation
increased the population of IFNγ-expressing active CD8+ T cells
with a decrease in Treg cells (Fig. 4), which may lead to the strong
inhibition of LL/2-luc tumor growth.
A previous study using murine NSCLC cells by Levy et al. [15]
demonstrated that splenectomy in immune-compromised mice did
not show anti-tumor activity, which is consistent with our results
(Fig. 1). The study also showed that in several syngeneic models,
splenectomy performed at an advanced stage of tumor growth
(mean tumor volume of 500 mm3), but not prior to tumor injection
or at an early stage of tumors growth, had a strong inhibitory effect on tumor growth with reduced circulating and infiltrating
M-MDSCs. Unlike the previous data, our results showed that tumor
infiltrating MDSCs were not reduced by splenectomy, and rather,
https://doi.org/10.3857/roj.2021.00885

they were increased by a combination of radiation and splenectomy, suggesting that bone marrow but not spleen may be a major
supplier in our experimental settings. However, IHC staining of
Gr-1 showed that splenectomy suppressed infiltration of Gr-1-positive myeloid cells into H1299 and LL/2-luc tumors received radiation, without affecting CD3/CD4/CD8 cells (Fig. 8). Thus, more sophisticated analysis on MDSC subsets may be necessary. Targeting
MDSC recruitment is a way to improve the efficacy of RT in various
preclinical models [5,26,27]. Colony stimulating factor 1 receptor
(CSF1R) blockade has been shown to inhibit radiation-induced
MDSC infiltration in prostate cancer [26]. The knockout of C-C
chemokine receptor type 2 (CCR2) or administration of anti-CCR2
antibodies has also resulted in the inhibition of radiation-induced
MDSC infiltration [27]. Mabuchi et al. [5] showed that granulocyte
colony-stimulating factor (G-CSF)high tumor-bearing mice exhibited
splenomegaly and radioresistance compared to G-CSF low tumor-bearing mice. MDSC depletion with an anti-Gr-1 antibody or
splenectomy has also been shown to enhance the efficacy of RT
against G-CSFhigh tumors but not G-CSFlow tumors. These data, as
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Fig. 7. Splenectomy performed at an early stage of tumor growth had a tendency to inhibit tumor growth. (A) Experimental scheme. Splenectomy was performed at an early stage of tumor growth (tumor volume of 200 mm3) before irradiation (IR) or at an advanced stage (tumor volume of 1,000 mm3) after irradiation. (B) Tumor growth curves of LL/2-luc in mice and (C) tumor volume at day 20 after tumor inoculation.
Splenectomy at an early stage (1st) but not that at the advanced stage (2nd) had a significant inhibitory effect on tumor growth. Data are presented as the mean ± standard error of the mean (n ≥ 4). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

well as ours, suggest the effect of splenectomy could be maximized
for RT in a situation when the spleen serves as a major reservoir of
MDSCs. However, the splenectomy could not be widely applicable
in clinical setting. Then, non-invasive approach targeting MDSC
should be considered.
Synergistic antitumor effect of combined RT and anti-PD-L1
treatment has been well known, and reduced accumulation of MDSCs are also observed following this combination [23,28]. As combined RT and immune checkpoint inhibitors has been incorporated
into treatment of locally advanced NSCLC [29,30], therapeutic approach to enhance the efficacy of this combination is needed in
future directions. A growing body of evidence suggests MDSCs as a
predictive marker in immune checkpoint inhibitors [31-33], and a
variety of strategies targeting MDSCs, including histone deacetylase (HDAC) inhibitors, have been applied to enhance the effect of
anti-PD-1 or PD-L1 treatment [34-37]. A recent study by Lan et al.
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[38] showed that ablative hypofractionated RT (AHFRT) reduced
the recruitment of MDSC by inhibiting VEGF signaling, resulting in
greater efficacy in tumor control when combined with anti-PD-L1,
compared to conventional fractionated RT (CFRT). The total radiation dose used for AHFRT in that study was 23 Gy in 2 fractions,
which is higher than ours (18 Gy in 3 fractions), possibly leading to
the opposite effect on the PD-L1+MDSC population. As there was
an increase in the populations of intratumoral PD-L1+MDSCs and
splenic PD-1+ CD8+ T cells in the radiation groups, targeting PD-1/
PD-L1 signaling boosted anti-tumor effect of radiation in our experimental settings.
Our study has several limitations. The number of mice used was
small, and flow cytometric analysis was performed at a single time
point. Serial measurements of immune cell populations in more tumors at different time points might have given us more information regarding immunomodulatory effect of RT with or without
https://doi.org/10.3857/roj.2021.00885
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Fig. 8. Administration of anti-PD-1 antibodies enhanced antitumor activity of IR in splenectomized mice. (A) Experimental scheme. Splenectomy was performed at an early stage of tumor growth. The LL/2-luc-tumor-bearing mice were irradiated with 3 fractions of 6 Gy and treated
with an anti-PD-1 antibody on day 7, 9, 12, and 16. (B) Tumor growth curves of LL/2-luc in mice and (C) tumor volume at day 23 after tumor
inoculation. Data are presented as the mean ± standard error of the mean (n ≥ 4). PD-1, programmed death-1; IR, irradiation. *p < 0.05, **p <
0.01, ****p < 0.0001.

splenectomy. Total dose of 18 Gy significantly attenuated tumor
growth in all experimental conditions, which may make addition of
splenectomy less effective. Thus, a further study is warranted to
test the radiation dose-dependent effect on splenectomy.
Taken together, our data demonstrate that anti-tumor effect of
splenectomy in tumor-bearing mice treated with radiation may be
complex, depending on tumor types and intervention timing in
lung cancer mouse models. These may be due to the extreme complexity of tumor-immune cell interactions within the microenvironment of different experimental settings. Our findings provide
insight into the mechanism of immunomodulatory function of
splenectomy during RT, such as an increase in activated T cells and
PD-L1+ MDSC in tumors. Thus, our future studies will be directed to
assess different non-invasive approaches to modulate the immuhttps://doi.org/10.3857/roj.2021.00885

nosuppressive effect of MDSCs and find optimal strategies of
MDSC modulation to enhance radiotherapeutic or radio-immunotherapeutic effects.
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Purpose: DNA polymerase β (Polβ) acts in the base excision repair (BER) pathway. Mutations in DNA
polymerase β (Polβ) are associated with different cancers. A variant of Polβ with a 97 amino acid deletion (PolβΔ), in heterozygous conditions with wild-type Polβ, was identified in sporadic ovarian tumor samples. This study aims to evaluate the gamma radiation sensitivity of PolβΔ for possible target
therapy in ovarian cancer treatment.
Materials and Methods: PolβΔ cDNA was cloned in a GFP vector and transfected in PA1 cells. Stable
cells (PA1PolβΔ) were treated with 60Co sourced gamma-ray (0–15 Gy) to investigate their radiation
sensitivity. The affinity of PolβΔ with DNA evaluated by DNA protein in silico docking experiments.
Results: The result showed a statistically significant (p < 0.05) higher sensitivity towards radiation at
different doses (0–15 Gy) and time-point (48–72 hours) for PA1PolβΔ cells in comparison with normal PA1 cells. Ten Gy of gamma radiation was found to be the optimal dose. Significantly more PA1PolβΔ cells were killed at this dose than PA1 cells after 48 hours of treatment via an apoptotic
pathway. The in silico docking experiments revealed that PolβΔ has more substantial binding potential
towards the dsDNA than wild-type Polβ, suggesting a possible failure of BER pathway that results in
cell death.
Conclusion: Our study showed that the PA1PolβΔ cells were more susceptible than PA1 cells to gamma radiation. In the future, the potentiality of ionizing radiation to treat this type of cancer will be
checked in animal models.
Keywords: DNA polymerase β, DNA repair, Ovarian epithelial carcinoma, Radiotherapy, Molecular
docking simulation

Introduction
Ovarian cancer is the third deadliest gynaecological cancer among
women. It is considered to be one of the most challenging conditions of all the gynaecological malignancies due to its poor prognosis at the early stage and its strong resistance to the standard
chemotherapeutic treatment regimen. The 80%–90% of all ovarian
tumors are sporadic; the rest are hereditary. In the absence of
proper detection and treatment, the 5-year survival rate of the
sporadic ovarian cancer patient is estimated to be around 25%. If

diagnosed and treated in time, the 5-year survival rate can go up
to 95%, while cancer has still not shown metastasis outside the
ovary [1]. The treatment procedure for this type of cancer is generally the application of platinum-based common chemotherapeutic
agents like carboplatin, or another type of chemotherapy, called a
taxane, such as paclitaxel, that however, may not be successful
since it often develops resistance against the agents in the patients. It has been reported that up to 25% of patients without tumor and a further 50%–60% with tumors may acquire “platinum
resistance” at some point during treatment [2].
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Strategies for overcoming chemo-resistance in ovarian cancer
include a combination of chemotherapeutic agents, platinum analogues, novel cytotoxic agents, alternative anti-microtubule agents,
alternative target, modulation of apoptotic signaling, etc., however,
with their pros and cons [3,4]. In recent years, targeting the DNA
repair system and protein has become promising in cancer treatment [5,6].
Base excision repair (BER) is one of the several repair pathways
responsible for removing small, non-helix-distorting base lesions
from the genome and repairing damaged DNA throughout the cell
cycle [7]. The DNA polymerase β (Polβ) is the smallest enzyme of
the BER pathway. Several enzymes involved in the BER pathway
interact with Polβ like DNA glycosylase, APE, PKNP, FEN1, PARP,
XRCC1, [8] etc. In our previous study, we reported an ovarian cancer-specific mutation in the DNA Polβ, with the deletion in exon
number 11–13, which could be detectable at an earlier stage of
cancer [9]. This mutation was found in the catalytic part of the
Polβ. Exon 11 had 29 amino acids in 208–236 nucleotide positions,
exon 12 consisted of 21 amino acids in the region of 237–258, and
exon 13 had 45 amino acids in position 259–304 nucleotides [10].
Ionizing radiation (IR) induces an array of DNA lesions, approximately 10,000 damaged bases, 1,000 single-strand breaks (SSBs)
and 40 double-strand breaks (DSBs) are produced per Gy per cell
[11,12]. Oxidative damage induced by IR is commonly corrected by
the BER pathway. If such lesions are not corrected, it results in cell
death by mitotic catastrophe and apoptosis [13-18].
Radiation therapy (RT) uses beams of intense energy to kill cancer cells to shrink tumors. Linear accelerators, which produce
megavoltage X-rays, are often used in modern days, but protons or
other types of energy can also be used. Radiation from the radioisotope 60Co produces stable, dichromatic beams of 1.17 and 1.33
MeV, resulting in average beam energy of 1.25 MeV that plays a
useful role in certain applications like Gamma Knife and is still used
worldwide [19]. RT is used at different stages of cancer treatment
and for different outcomes. It can be used (1) to alleviate symptoms in advanced, late-stage cancer (2) as the primary treatment
for cancer (3) in conjunction with other cancer treatments (4) to
shrink a tumor before surgery, or (5) to kill any cancer cells still remaining there even after surgery [20-22].
The exact molecular mechanism between IR and cells is unclear
[23]. Low doses of radiation generate reactive oxygen species (ROS)
like hydrogen peroxide (H2O2), hydroxyl radical (-OH), etc. [24].
These substances can enter the cell membrane and organelles, destroy protein, membrane phospholipid, and nucleic acid, resulting
in cell death or apoptosis. ROS is related to IR damage [25], which
endorses radiation damage to a certain extent. Low-dose of IR is
associated with low risk [26]. Higher doses of IR mostly caused cell
https://doi.org/10.3857/roj.2021.00689

death due to DNA damage by photons or charged particles [27]. IR
also results in indirect ionization, and it happens due to the ionization of water, as the principal constituent of the cell. The other organic molecules in the cell, which forms free radicals, such as hydroxyl (HO•) and alkoxy (RO2•), subsequently damage the DNA
[28,29]. Apart from the damages caused by water radiolysis products, cellular damage might involve reactive nitrogen species (RNS)
and other species [30].
In this backdrop, the mutation was mimicked in the PA1 cell line
(derived from ovarian teratocarcinoma cells) along with wild type
maintaining heterozygous condition. The effect of IR was studied
by evaluating their growth kinetics, ability to form colonies after
gamma (γ) radiation treatment, detecting the redox state of the
cells after treatment, assessment of cell cycle arrest, and finally
quantifying the number of the apoptotic cells. Further, in silico molecular docking study was performed to map the mechanism of anti-cancer property of IR.

Material and Methods
1. Preparation of stable cell line
1) Cloning of mutant Polβ (PolβΔ) into GFP vector
PolβΔ cDNA was cloned into a GFP vector in HindIII and BamHI
site. The insertion of the cDNA was confirmed by restriction digestion and sequencing.

2) Cell line
PA1 cells were obtained from the National Centre for Cell Science,
Pune, India. The stability of the cell line was confirmed by the short
tandem repeat (STR) profile by the supplier. Sixteen STR loci were
amplified. The STR profile of the tested cell line was found to 100%
match with the ATCC STR profile database.

3) Transfection of PolβΔ in PA1 cells and preparation of stable
cell line
PA1 cells were cultured in DMEM medium with 10% fetal calf serum (Gibco) and 100 U/mL penicillin and 100 U/mL streptomycin at
37°C in a humidified atmosphere with 5% CO2. Cells were plated at
24 well cell culture plate with 2 × 105 number of cells in each well
and allowed to attach for 24 hours before transfection. Five hundred ng of plasmid was transfected to each well using Lipofectamine 2000 reagent (Cat# 11668030; Thermo Fisher, Waltham,
MA, USA) as per instruction given in the kit. Transfected cells were
selected by G418 (500 μg/mL) containing medium.
Initially, a selective medium was changed a week thrice for 2–3
weeks to remove the debris of the dead cell and allow it to grow
transfected cells. The expression of the mutated Polβ protein was
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confirmed by western blot analysis using anti-Polβ primary antibody (1:3000 dilution; Novus Biologicals, Centennial, CO, USA). The
transfected cell line will be denoted as PA1PolβΔ hereafter.

2. γ-irradiation

Proliferating cells (1 × 106) were irradiated with 60Co γ-irradiator
(dose rate of 6.85 kGy/hr) at UGC-DAE Consortium for Scientific
Research facility, Kolkata Centre, with various doses (0 Gy, 5 Gy, 10
Gy, and 15 Gy).

3. Cell growth analysis
Both healthy PA1 and PA1PolβΔ cells were seeded at a density of
106 cells in a T25 flask and allowed to grow overnight. The next
day, cells were irradiated after 4 hours of serum starvation at mentioned doses. Cells were incubated for 24–72 hours with a complete DMEM medium with 10% FBS, and live cells were counted by
the trypan blue dye exclusion method [31]. Results are expressed as
mean ± standard deviation (SD) of three individual experiments.

for 24, 48, and 72 hours. After the incubation period, the culture
medium was removed and washed twice with PBS. The cells were
then fixed with 4% paraformaldehyde, stained with 300 nM DAPI
stain solution, incubated in the dark for 5 minutes, and observed
under fluorescence microscopy. The images were analyzed by ImageJ software.

7. Detection of ROS
Intracellular ROS generation upon exposure to γ-radiation in PA1
and PA1PolβΔ cells was quantitated using oxidized DCFDA and
flow-cytometry [35]. The cells were harvested after 2 hours of
treatment and re-suspended in PBS. The cells were stained with 20
μM DCFDA and incubated for 30 minutes at 37°C in the dark. The
samples were analyzed using a flow cytometer (BD FACSCalibur;
BD Biosciences, Erembodegem, Belgium). Approximately 20,000
events were recorded from each sample, and the result was expressed as mean fluorescence intensity (%) over control [36].

8. Cell cycle analysis by flow-cytometry
4. Colony-forming assay
Cells were irradiated, as mentioned earlier. After treatment, the
cells were plated in a six well plate with complete media at a density of 200 cells per well. The cells were allowed to grow for 21
days, and the medium was changed at a frequency of twice per
week. The number of colonies was counted by Giemsa dye after
fixing colonies [32]. Results are expressed as mean ± SD of three
individual experiments.

5. Acridine orange and propidium iodide dual staining
PA1 and PA1PolβΔ cells were plated at a density of 5 × 104 in 24
well plates, incubated overnight at 37°C in a CO2 incubator. Cells
were treated with the desired dose of γ-radiations after 4 hours of
serum starvation and incubated at 37°C for 24, 48, and 72 hours.
After incubation, the culture medium was aspirated, and cells were
washed with 1X phosphate-buffered saline (PBS) for twice. The
cells were stained with equal volumes of acridine orange (AO) and
propidium iodide (PI) (20 μM, AO-PI 1:1). The stained cells were
kept in the dark for 30 minutes. The cells were washed once with
1X PBS and observed under fluorescence microscopy [33]. The images were analyzed by ImageJ software (https://imagej.nih.gov/ij/
index.html).

6. Nuclear morphology study
After RT, the nuclear morphology changes of PA1 and PA1PolβΔ
were studied by 4ʹ,6-diamidino-2-phenylindole (DAPI) staining assay [34] with modifications. In brief, treated cells were allowed to
grow in six-well plates in complete media and incubated at 37°C
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The cells were treated with γ-radiation and incubated at 37°C in a
CO2 incubator for 48 hours with 5% CO2. Then the cells were harvested (2 × 106 cells) and re-suspended in 1 mL ice-cold PBS, and
fixed in 70% ethanol (for 500 µL cell suspension, 4.5 mL of 70%
ethanol was used). Next, the cells were incubated at -20°C over the
night, and then centrifuged carefully at 200 × g for 15 minutes in
order to remove ethanol. Cells were washed with cold PBS for
twice, and treated with 20 µL of RNAse (10 mg/mL) for the overnight. Finally, 5 µL of PI (2 mg/mL) was added, and the cells were
analyzed in flow-cytometer [37,38] (BD FACSCalibur) with the help
of the given software.

9. Apoptosis analysis
The number of apoptotic cells was quantified using Annexin V FITC/
PI kit by flow-cytometry. Briefly, the cells were treated with γ-radiation and incubated for 48 hours 37°C in a CO2 incubator. After 48
hours, the cells were harvested, washed with cold PBS, adjusted to 1
× 106 cells/mL in 1X binding buffer and stained with Annexin V FITC
and PI solution for 15 minutes at room temperature in the dark. Finally, the stained cells were analyzed by flow-cytometry [39].

10. Protein structure modelling
Nucleotide sequences of the Polβ and PolβΔ were used from our
previously published literature [9], provided in Supplementary Table
S1. The nucleotide sequences of Polβ and PolβΔ were translated in
silico by using the Expasy translate tool (https:// www.expasy.org/),
and sequences were aligned by Clustal Omega (https://www.ebi.
ac.uk/Tools/msa/clustalo/) online server. Further, three-dimensional
https://doi.org/10.3857/roj.2021.00689
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structures of the Polβ and PolβΔ (deletion in amino acid residues
208–301) were modeled in the SWISS MODEL server (https://swissmodel.expasy.org/) by using the translated amino acid residues
based on the templates PDB ids 1TV9 (human DNA polymerase
beta, 2.00 Å, X-ray diffraction) and 6CR3 (ternary complex crystal
structure of DNA polymerase beta, 1.95 Å, X-ray diffraction). SWISS
MODEL relies on four principal steps to model a protein structure
from the available template of the library, namely structural template(s) identification, target sequence and template structure(s)
alignment, model-building, and quality evaluation of the built
model. It computes the model structure by using an in-house comparative modeling engine ProMod3 [40]. ProMod3 extracts structural information from library templates and models the input amino acid sequence by several advanced tools such as mean force
scoring, Monte Carlo, graph-based TreePack algorithm and SCWRL4
techniques. Further, ProMod3 uses the CHARMM22/CMAP force
field for parameterization. The quality evaluation of the modeled
structures was done by MolProbity, Ramachandran plot, and
QMEAN quality estimates.

11. Preparation of ligand proteins
Three-dimensional structures of proteins, namely human apurinic/
apyrimidinic endonuclease-1 (PDB id 1DE8, 2.95 Å, X-ray diffraction), human 8-oxoguanine glycosylase (PDB id 1EBM, 2.10 Å,
X-Ray Diffraction), human endonuclease VIII-like 1 (PDB id 1TDH,
2.10 Å, X-ray diffraction), human T-protein of glycine cleavage system (PDB id 1WSR, 2.00 Å, X-ray diffraction), SSB repair protein
XRCC1-N-terminal domain (PDB id 1XNA, Solution NMR), FHA domain of human polynucleotide kinase 3’-phosphatase (PDB id 2BRF,
1.40 Å, X-ray diffraction), human ADP-ribosylhydrolase 3 (PDB id
2FOZ, 1.60 Å, X-ray diffraction), PARP1 (PDB id 2RCW, 2.80 Å,
X-ray diffraction), human flap endonuclease FEN1 (PDB id 3Q8K,
2.20 Å, X-ray diffraction) and PARP2 (PDB id 4ZZY, 2.20 Å, X-ray
diffraction) from RCSB Protein Data Bank (PDB) (https://www.rcsb.
org/). Downloaded protein structures were optimized for docking
by using UCSF Chimera (https://www.cgl.ucsf.edu/chimera/).

12. Protein-protein docking
For protein-protein docking ClusPro 2.0 (https://cluspro.bu.edu/)
was used [41]. ClusPro rotates ligands with 70,000 rotations. Each
of the rotations is being translated into x,y,z relative to the receptor
on a grid. We rotate the ligand with 70,000 rotations. For each rotation, we translate the ligand in x,y,z relative to the receptor on a
grid. We choose the translation with the best score from each rotation. Eventually, the best ligand position within 9 Å radius is chosen as the best docking pose. DNA polymerase β wild (WT) & mutant types were used as receptors, and other proteins downloaded
https://doi.org/10.3857/roj.2021.00689

from RCSB PDB were used as ligands.

13. Protein-nucleic acid docking
HDOCK is an open-source server (http://hdock.phys.hust.edu.cn/)
[42] that supports protein–RNA/DNA docking with an intrinsic
scoring function. It automatically predicts interactions between receptor-ligand based on template-based and template-free hybrid
algorithm. In the present work, initially, the nucleic acid (DNA) sequence ‘GCTACAGATCG’ was synthesized and geometrically optimized in silico by using Biovia Discovery studio software (Dassault
Systèmes, Vélizy-Villacoublay, France). Further, a complementary
strand was also computed. Both the single-strand and double-stranded DNAs were docked with Polβ and PolβΔ by using
HDOCK. Protein-nucleic acid interactions were studied by using
DNAproDB web server (https://dnaprodb.usc.edu/index.html).

14. Statistical analyses
The result was expressed as mean ± SD of three individual experiments. The results for PA1PolβΔ cells were compared against wildtype PA1 cells by unpaired t-test. p-values of less than 0.05 were
considered as statistically significant.

Results
After preparation of stable PA1PolβΔ cell line (Supplementary Fig.
S1), growth kinetics of PA1PolβΔ cells were determined against
different doses of γ-irradiations and results were compared with
normal PA1 cells, which contained only wild type DNA Polβ protein.
Cell growth analysis results showed (Fig. 1) that PA1PolβΔ cells
are more susceptible to radiation than normal PA1 cells, which
contained only wild type Polβ protein. In case of the control cells (0
Gy), no significant difference was obtained between PA1 and PA1PolβΔ cells after 72 hours of incubation (Fig. 1A). Whereas at a
low dose (5 Gy), a significant change in cell growth between PA1
and PA1PolβΔ cells was obtained at 72 hours (Fig. 1B). At higher
doses (10 Gy and 15 Gy), the growth of PA1PolβΔ cells was significantly decreased than PA1 cells within 48 hours (Fig. 1A, 1B).
The colony-forming assay results (Fig. 2) also reflected the more
susceptibility of PA1PolβΔ cells against radiation than normal PA1
cells. At a higher dose (10 Gy and 15 Gy), significantly less colonies
were obtained in the case of PA1PolβΔ cells than the normal one.
AO/PI dual staining assay was performed to assess the cell viability. After treating the cells with 10 Gy of γ-radiation, we observed characteristic morphological changes in the cell nuclei with
time, which relate to apoptosis fluorescing orange to red (Fig. 3).
The cell bearing green fluorescence after 24 hours in PA1 normal
cells which contain wild type Polβ protein, whereas in case of PA69
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Fig. 1. Cell growth analysis at different irradiation doses by trypan blue dye exclusion method. The irradiation dose is (A) 0 Gy, (B) low dose (5
Gy), (C) higher dose (10 Gy), and (D) higher dose (15 Gy), respectively. The results expressed as mean ± standard deviation of three individual
experiments (n = 3), and p < 0.05 considered significant results (*p < 0.05, ** p < 0.001).

1PolβΔ cells which contain both WT Polβ and PolβΔ mutant protein is fluorescing less uniformly than normal PA1 cells. With increasing incubation time (48 hours, 72 hours) after treatment,
more cells were turned orange in the case of the PA1PolβΔ cell.
However, after the same incubation time, it was found that fewer
PA1 cells were turned into an orange indicating PA1 cells are less
susceptible to γ-radiation than PA1PolβΔ cells.
DAPI staining was performed after treating the cells at 10 Gy of
radiation to monitor the nuclear morphology changes (Fig. 4A).
Untreated cells show homogeneous nuclear staining as they comprise live healthy cells with uniformly light blue nuclei. In the case
of PA1PolβΔ cells, nuclear blebbing was observed after 24 hours of
treatment. After 48 hours, chromatin condensation was observed
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in most of the cells, along with a few apoptotic bodies. With increasing incubation time (72 hours), more nuclei were fragmented,
and apoptotic bodies were observed, indicating the late apoptosis
[43] (Fig. 4B). In the case of PA1 normal cells, fewer apoptotic cells
were observed than PA1PolβΔ cells, which indicated that PA1 cells
were less sensitive to radiation than PA1PolβΔ cells (Fig. 4A).
In the present study, intracellular ROS production was detected
using a DCFDA probe in both PA1 and PA1PolβΔ cells. Following
the γ-radiation treatment, the flow cytometry revealed that ROS
generation was increased in both PA1 and PA1PolβΔ cells at 5 Gy
and 10 Gy of doses (Fig. 5). In the case of PA1 cells, the mean fluorescence was increased over non-treated cells (control) by 169.0%
± 8.2%, and 191.9% ± 11.5% for 5 Gy, and 10 Gy of γ-radiation,
https://doi.org/10.3857/roj.2021.00689
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Fig. 2. Colony-forming assay at different doses of γ-irradiations. The
number of colonies is gradually decreased in higher doses. Significantly less colonies were formed in PA1PolβΔ cells (n = 3; * p < 0.05,
** p < 0.001).

respectively. The PA1PolβΔ cells showed 173.7% ± 13.4% increase
in mean fluorescence intensity over respective control cells at 5 Gy
and 134.5% ± 9.1% at 10 Gy of γ-radiation treatment.
Flow-cytometry was used to test effect of the γ-radiation of cell
cycle arrest (Fig. 6). For both cells, a significantly higher amount of
cells was found in G2/M phase with an increase dose of radiations.
However, in the case of PA1 cells, at the dose of 5 Gy no significant
difference was observed in G2/M phase with respect to the control
cells. At higher doses significantly more cells were arrested in G2/
M phase. 57.8% ± 1.1%, and 62.0% ± 1.1% at 10 Gy and 15 Gy,
respectively, whereas only 36.6% ± 0.4% cells were arrested in
G2/M phase in control cells. For PA1PolβΔ cells, 46.2% ± 6.4%,
56.4% ± 5.0%, and 44.1% ± 2.2% cells were arrested in G2/M
phase at 5 Gy, 10 Gy, and 15 Gy, respectively. Only 16.2% ± 0.8%
of non-treated cells were arrested in G2/M phase, which are significantly lower than all treated cells.
Annexin V-FITC/PI staining is widely used to identify apoptotic
cells. Live cells neither stain with Annexin V-FITC, nor with PI. Early
apoptotic cells stain with only Annexin V-FITC, late apoptotic cells
both stain with Annexin V-FITC and PI as cell membrane lost its integrity. Necrotic cells only stain with PI. In an earlier analysis, we
found PA1PolβΔ cells were more susceptible to γ-radiation than
PA1 cells. In this experiment, we quantified the % of apoptotic
cells (Fig. 7). At 5 Gy, 20.9% ± 0.9% PA1PolβΔ cells were in the
early apoptotic (EA) stage, which is significantly higher than PA1
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72 hr

48 hr

24 hr
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PA1PolβΔ

Fig. 3. Acridine orange/propidium iodide dual staining assay for cell viability study at 10 Gy at different time after radiation.
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Fig. 4. (A) Nuclear morphology study by DAPI staining at 10 Gy in different time after radiation. (B) Nuclear morphology study of PA1PolβΔ
cells (i) untreated cells (control) after 24 hours, and (ii–iv) treated cells after 24, 48, and 72 hours, respectively, (ii) cytoplasmic blebbing, (iii)
chromatin fragmentation, (iv) apoptotic bodies. DAPI, 4',6-diamidino-2-phenylindole.

cells (0.5% ± 0.3%). At 10 Gy of radiations, 31.2% ± 0.2% PA1PolβΔ cells were in the early apoptotic stage, and 16.5% ± 1.2%
cells were in the late apoptotic (LA) phase, which is significantly
higher in comparison to PA1 cells (EA, 0.6% ± 0.1%; LA, 2.1% ±
0.3%). At this dose, 58.5% ± 1.9% PA1 cells survived, whereas
only 11.3% ± 0.9% of PA1PolβΔ cells were survived, which is significantly less. At 15 Gy of γ-radiation, both cells were found in the
apoptotic phase, although PA1PolβΔ cells were significantly higher
in the LA phase than PA1 cells.
In the model quality assessment, both the structures from the
translated amino acid sequences showed > 96% favorable regions
in the Ramachandran plots, with the QMEAN score < 0.90 ( > 0.6),
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as determined by the MolProbility tool of the SWISS MODEL. In the
overlaid structures of the wild and mutant proteins (Fig. 8C), the
mutant Polβ showed the partial deletion of nucleotidyl and dNTP
selection domains (from amino acid residues 211–339) (Fig. 8D).
In general, molecular docking interaction of selected proteins—8-oxoguanine glycosylase, aminomethyltransferase, DNA repair protein XRCC1, polynucleotide kinase 3’-phosphatase,
poly(ADP-ribose) glycohydrolase, poly(ADP-ribose)polymerase 1
(PARP 1), flap endonuclease 1, and poly(ADP-ribose)polymerase 2
(PARP 2)—with wild and mutant proteins did not yield any major
differences in results (Supplementary Table S2), indicating that sequence deletion might not impact the binding interactions behttps://doi.org/10.3857/roj.2021.00689
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tween the proteins. However, endonuclease 8-like 1 protein
showed strong binding potential with the DEL (Δ) (-12.4 kcal/mol)
than the wild type (-9.7 kcal/mol) protein (Supplementary Fig. S2).
The BER reaction is started after cleaving bases damaged by ROS
with endonuclease VIII-like 1 glycosylase [44]. Polβ comes into action after cleaving AP site by APE1 [18]. Relatively strong binding
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Fig. 5. Generation of reactive oxygen species after 2 hours of γ-radiation treatment. Error bar indicating standard deviation of three individual experiments.
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200

potentiality of the PolβΔ with endonuclease 8-like 1 might lead to
higher binding probability PolβΔ than wild type Polβ.
In protein-nucleic acid docking study, we observed that mutant
Polβ could strongly bind with double-strand DNA (-303.64 kcal/
mol) when compared with the wild type (-245.74 kcal/mol). The
interaction between amino acid residues and nucleic acid bases (A/
T/G/C) for DEL type protein was found as Lys27C-G, Ser104C/
His135C-A, Asp190C-T/C, Met191C-C/G, Asp192C-C/G, Val193C-G
[5´GCTACAGATCG3´ strand] and Ile33C-G, Pro108C-T, Gly105C-C,
His135C-T, Lys206C-G, Leu194C/Leu195C-C, Asp192C/Val193C-C
[3´CGATGTCTAGC5´ strand]. Further, the interaction of wild type
protein amino acid residues and DNA bases were found as
Tyr296C-T/A/G, Asn294C-C/T, Arg283C/Tyr271C/Lys280C-G [5´GCTACAGATCG3´ strand] and Glu295C/Tyr271C-C [3´CGATGTCTAGC5´
strand] (Fig. 9). Docking interaction energies with both the proteins
and single-strand DNA were found as similar (-285.44 and -272.65
kcal/mol) (Supplementary Fig. S2). PolβΔ has a large deletion of 97
amino acids in the catalytic part of amino acids residues 208–304,
which belongs in exons 11–13. Exon 11 has nucleotidyl selection
activity; exons 12 and 13 have dNTPs selection activity [45]. Hence
deletion of this part may affect polymerizing activity, but single-strand binding and double-strand binding activity are presumed to have remained the same. PolβΔ has better binding potential with dsDNA, probably due to its small size [34].
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Fig. 6. Cell cycle analysis by flow-cytometry. (A) Analysis of the cell cycle of PA1 cells after 48 hours of γ-radiation treatment. Cells were arrested in the G2/M phase with increasing doses of radiation. (B) The graph showed significantly more cells were arrested in the G2/M phase in
the case of 10 Gy and 15 Gy of radiations (n = 3; ** p < 0.001). (C) PA1PolβΔ cells after 48 hours of γ-radiation treatment. (D) In the case of the
PA1PolβΔ cell cycle, the G2/M phase was arrested in significantly more cells in every dose of radiations (n = 3; ** p < 0.001).
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Fig. 7. Apoptosis analysis by Annexin V-FITC/PI using flow-cytometry after 48 hours of treatment. All results are expressed as mean ± standard
deviation three individual experiments, and error bar indicating standard deviation (* p < 0.05, ** p < 0.001). (A) Control cells, i.e., non-treated
cells, are mostly live cells. (B) PA1 and PA1PolβΔ cells were treated with a 5 Gy dose. (C) PA1 and PA1PolβΔ cells were treated with a 10 Gy
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Discussion and Conclusion
In our previous study, we found an ovarian cancer-specific mutation in the DNA Polβ, with the deletion in the catalytic domain [9].
This mutated protein (PolβΔ) was co-expressed with wild-type Polβ
in heterozygous conditions. Our earlier study also showed that
PolβΔ is more sensitive to alkylating agents [46]. In this study, our
objective was to find possible use of IR to kill this type of cells selectively by targeting PolβΔ.
PolβΔ has a deletion of 97 amino acids in its catalytic domains,
although its double-strand binding site remains intact. DNA PolβΔ
lacks one of the three aspartates at position 256 (Asp190, Asp192,
and Asp256) necessary for catalysis reaction, which is located at
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exon 12 [47-49]. Amino acids Tyr271, Phe272, Asn 279, and
Arg283 are located in the catalytic domain that has a role in minor
groove interaction; thus, maintaining the fidelity of the polymerization are also missing. The fidelity of polymerization will also be
affected due to the deletion of exon 13 [50-52]. Each cell has two
copies of the Polβ gene. The result of dsDNA Polβ/PolβΔ binding
activity showed that PolβΔ has significantly more binding affinity
to dsDNA than wild type PolβΔ protein. PolβΔ acts as dominant-negative with wild type Polβ in heterozygous conditions, as
the PolβΔ is relatively small in size than wild type Polβ [53]. Polβ is
the key enzyme of the BER pathway. As the PolβΔ has double
strand binding activity without any catalytic activity, cells containing the PolβΔ leads to failure of BER activity.
https://doi.org/10.3857/roj.2021.00689
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A

B

Fig. 8. (A) Superimposed three-dimensional structures of wild Polβ (“A”) and mutant Polβ (“B”) proteins as rendered by UCSF Chimera showing
various domains. (B) Amino acid sequence alignment of wild and mutant Polβ proteins.

Fig. 9. (A1) Wild Polβ protein and double-strand (DS) DNA complex as rendered by UCSF Chimera. (A2) Interaction sites of amino acids of wild
Polβ protein and DS DNA as rendered by DNAproDB. (B1) Mutant Polβ protein and DS DNA complex as rendered by UCSF Chimera. (B2) Interaction sites of amino acids of mutant Polβ protein and DS DNA as rendered by DNAproDB.
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IR caused various DNA damages like damaged bases, SSBs, and
DSBs are produced per gray per cell [11,12]. Such lesions are corrected by different repair pathways. DSBs are produced directly and indirectly by IR, which are the most lethal in nature to the cells. Although DSBs occur in low proportion, one single unrepaired DSB results in cell death [54]. The DSBs can directly trigger cell death or activate DDR, inducing cell cycle arrest and favoring DNA repair. This
repair is either error-free, allowing the cell to survive; or be error-prone, leading to cell death [55]. As both PA1 and PA1PolβΔ are
similar except PA1PolβΔ expressed both wild type Polβ and PolβΔ
protein, it is assumed that both handled DSBs in a similar manner.
Damaged bases induced by oxidative stress following IR are repaired by the BER pathway [13-18]. In BER, damaged bases are excised by DNA glycosylases, resulting in apurinic/apyrimidinic (AP)
sites. Subsequently, these AP sites are cleaved by apurinic endonuclease 1 (APE1) or an AP lyase activity, leading to SSBs. SSBs are
repaired by the part of the BER pathway called SSB repair [56,57].
XRCC1 comes in the latter step, where it complexes with DNA ligase III. Interaction of XRCC1 and Polβ is required for efficient BER
[58]. Long-patch SSB repair involves the removal of a larger DNA
segment, which requires several DNA replication factors such as
proliferating cell nuclear antigen (PCNA), Pol δ/ǫ, flap endonuclease 1 (FEN1), and DNA ligase I. Concerning SSBs detection, poly-ADP-ribose polymerase (PARP1 or PARP2) is required [16,59-63].
In this study, we found a significant increase in ROS generation
in both cells after treatment. IRs cause DNA damage directly or by
an indirect effect like generations of ROS [29]. During the cell cycle, the fidelity of DNA replication is ensured by regulated pathways that oversee progression from one phase of the cycle into the
next, dependent on DNA damage sensing. Cells must pass two
checkpoints during interphase. G1 checkpoint allows entry into
chromosomal replication from G1, and G2 checkpoint allows entry
into mitosis from G2. Cell cycle analysis results revealed a significant increase in DNA in the G2/M phase for the PA1PolβΔ cells
than PA1 cells, indicating a cell cycle arrest in the G2 phase [64].
Cell assesses the integrity of its genome before undergoing division
at a cell cycle checkpoint. Damage DNA must be undergoing a DNA
repair process. Upon the successful DNA repair, the cell cycle can
continue; in case of irreparable errors, cells may undergo apoptosis.
As PA1PolβΔ lacks BER function due to the presence of PolβΔ, cell
cycle was arrested in G2 checkpoint and finally resulted in cell
death via apoptosis.
In conclusion, we found that 10 Gy of γ-radiation is the optimal
dose, as it killed significantly more PA1PolβΔ cells than PA1 after
48 hours of treatment. We also found that at this dose PA1PolβΔ
cells are undergoing an apoptotic pathway. Similar types of PolβΔ
mutations are reported in ovarian and other cancers, where mutat76

ed Polβ expressed with wild type Polβ in heterozygous conditions.
This in-vitro study of the ionization radiation may have possibility
to use as a treatment option of this type of cancer that will be
checked in the animal model.
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A 26-year-old female presented recurrent painful, carbuncles at both axillae for 10 years. It caused
offensive odor and scar. Tissue diagnosis was chronic hidradenitis suppurativa. She was treated using antibiotics followed by multiple excisions with drainage but showed no improvement. Isotretinoin provided no benefit. She was socially isolated and experienced lower quality of life. Consequently, she was sent for radiation therapy. Computed tomography simulation was performed revealing an ulcer with deep chronic pus tracts at her axilla. Three-dimensional conformal radiation
therapy was provided with 6 MV photon (7.5 Gy in 3 fractions) covering all ulcers and pus tracts. On
the last day of radiation therapy, carbuncles and wounds at the left axilla exhibited much improvement without pus. Three months follow-up showed much improvement of the lesions. The skin was
smoother without pus or odor. Radiation therapy was confirmed one treatment option for chronic
hidradenitis suppurativa.
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Introduction
Hidradenitis suppurativa, also known as acne inversa or Verneuil’s
disease, is a chronic inflammatory skin disease caused by recurring
chronic, painful and suppurative lesions. Symptoms of chronic hidradenitis suppurativa manifest as painful, deep-seated, inflamed
lesions, represented in nodules, sinus tracts, and no comedone abscesses in the flexural regions, i.e., the axillae, inframammary folds,
and inguinal, perineal and intergluteal areas, etc. Some symptoms
like stinging, burning, pain, pruritus, hyperhidrosis and heat may
appear before developing nodule lesions. The diagnosis of hidradenitis suppurativa is generally made clinically. A delayed diagnosis is
common, because the disease is often mistaken for other infections. One study showed a median delay of about 12 years [1].
On physical examination, inflamed and noninflamed nodules, sinus tracts and abscesses in the axillary, inguinal, and anogenital

regions may be found. The lesions may extend beyond these areas
and appear around the anus, on the buttocks, or on the breasts
among females. In atypical or refractory cases, additional investigations may be helpful. Biopsies and bacterial cultures are performed. Routine bacterial cultures from the lesions in hidradenitis
suppurativa are frequently negative; nevertheless, the flares are
occasionally associated with superinfection involving a range of
bacteria, including Staphylococcus aureus [2]. Ultrasonography
may help in assessing whether the extensive surgery is planned, by
identifying subclinical extension of the lesions [3].
Hidradenitis suppurativa is divided in three categories using the
Hurley staging system [4]. Stage I consists of solitary or multiple
isolated abscesses without scarring or sinus tract formation. Stage
II is characterized by single or multiple recurrent abscesses with
widely separated lesions and sinus tract formation. Stage III is
characterized by diffuse involvement across a region with multiple
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interconnected sinus tracts and abscesses [5] (Fig. 1). Treatment in
hidradenitis suppurativa is categorized as preventive, pharmacologic, surgical, local therapies or psychological.
This case report provides the individualized effective treatment
using radiation therapy in a patient with recurrent hidradenitis
suppurativa where other treatments fail.

Case Report
A 26-year-old female without any chronic disease, presented recurrent painful, pus filled carbuncles at both axillae for 5 years. Because the symptoms were sporadic and firstly subsided by themselves, she did not seek any medical care. She experienced this
condition for about one year. The disease condition worsened so
she decided to seek medical treatment. The diagnosis was Hurley

A

Stage I

B

Stage II

C

Stage III

Fig. 1. Hurley stage. (A) Stage I consists of solitary or multiple isolated abscesses without scarring or sinus tract formation. (B) Stage II is
characterized by single or multiple recurrent abscesses with widely
separated lesions and sinus tract formation. (C) Stage III is characterized by diffuse involvement across a region with multiple interconnected sinus tracts and abscesses.
80

stage III hidradenitis suppurativa at the left axilla (Fig. 2) and stage
II at the right axilla (Fig. 3). All author declare that written informed consent was obtained from the patient for publication of
this case report and accompanying image.

1. Previous treatments
In both axillae, she was treated using topical antibiotics (clindamycin lotion 1%) and oral antibiotics (rifampicin and clindamycin). Her symptoms worsened and spread beyond those regions.
Pain and infections also worsened causing offensive odors from
the lesions.
Injecting triamcinolone acetonide in the hidradenitis suppurativa
lesions has been used combined with oral antibiotics and oral
isotretinoin. After treatment, her inflammation and pain slightly
subsided. Unfortunately, the purulent nodules recurred in 2 months.
Excision with drainage was designed as the next treatment of her
both axillae, and intravenous antibiotics were used during the admission for surgery.
At postoperative follow-up, the right axilla showed only scar formation without any infection. The left axilla revealed some improvement but with frequent recurrence. Multiple wide excisions
were performed thereafter at the left axilla indicating similar
pathologic findings of chronic inflammation. Isotretinoin was still
provided but proved to be less effective.
At this moment, her quality of life worsened. Some carbuncles
slightly increased with infected ulcers at the left axilla. She socially
isolated herself because of embarrassment from her disease. Because the disease continued to worsen, she was referred for radiation therapy (Fig. 2).

Fig. 2. Hurley stage III at left axilla (pre radiation therapy). There
were multiple interconnected sinus tracts and abscesses with foul
odor at left axilla. She suffered from the pain at this area.
https://doi.org/10.3857/roj.2021.00570
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A

B

Fig. 4. Computed tomography (CT) simulation: (A) axial view and (B)
coronal view. The CT simulation scan found ulcers, pus cavities and
deep chronic pus tracts at her left axilla (arrow).

Fig. 3. Hurley stage II at right axilla. There are previously multiple recurrent abscesses with widely separated lesions and sinus tract formation at right axilla. She had both medical and surgical treatment
at right axilla. The scar formation was seen after treatment. There
were no any abscess or pus tract.

2. Radiation therapy
Computed tomography (CT) simulation was performed in the supine position. Adduction of the left arm was performed. The CT
scan found ulcers, pus cavities and deep chronic pus tracts at her
left axilla (Fig. 4), and metal wire was used to localize the boundary
of disease.
CT images were imported to Eclipse to define the targets and organ-at-risk. Ulcer, pus cavities, pus tracts and axillar skin were all
contoured in the gross target volume (GTV) to guide the radiation
therapy field. A 1-cm margin was added in all directions from the
GTV to the planning target volume (PTV). Eclipse treatment planning system (TPS) version 15.6 (Varian Medical Systems, Palo Alto,
CA, USA) was used.
Radiation therapy was provided by three-dimensional conformal
radiation therapy using 6 MV photons with opposing anterior-posterior fields, 7.5 Gy in 3 fractions (2.5 Gy/fraction). Maximum availhttps://doi.org/10.3857/roj.2021.00570

able dose rate was 400 MU/min. Dose distribution was calculated
by the anisotropic analytical algorithm. Each field was shaped by
conforming the multi-leaf collimator to the PTV. A 1-cm thickness
skin bolus was placed covering all radiation therapy areas during
every fraction. Treatment plans included a single isocenter placed
at the center of the PTV. The 3 fractions of radiation therapy were
provided on November 7, 9, and 10, 2020 (Fig. 5).
In treatment room, patient was set similar to the simulation position. The MV portal for standard planar imaging with Elekta Synergy Platform (Elekta AB, Stockholm, Sweden) was used as image
guided radiation therapy in every fraction before radiation therapy
treatment.

3. Treatment results
Evaluating on the last day (3rd fraction) of radiation therapy, the
carbuncles and wounds at the axilla had much improved. The pus
subsided, pain was relieved, and less odor from the lesions was perceived. No erythematous skin or wound after radiation therapy was
noted (Fig. 6).
At 3-month follow-up in March 2021, the skin of the axilla was
smoother and dry. No pus or carbuncles were detected. Some granulation tissue was seen at her left axilla without foul odor (Fig. 6).

Discussion
Hidradenitis suppurativa most commonly presents after puberty. In
81

Pitchaya Sakyanun et al.

Fig. 5. Total radiation dose in three-dimensional conformal radiation therapy planning of 7.5 Gy in 3 fractions at left axilla lesion. Green line
represented gross target volume coverage (maximum dose, 8.1 Gy; mean dose, 7.8 Gy). Orange line represented planning target volume coverage (maximum dose, 8.1 Gy; mean dose, 7.7 Gy).

most patients, flares are accompanied by increasing pain symptoms
and suppuration at varying periods, often occurring among premenstrual women. When untreated, flares may subside within 7 to
10 days.
The prevalence of this disease from a French community-based
study [6] showed 1% occurrence over 1 year. Some studies, including young adults (18 to 33 years of age) related to sexually transmitted diseases, have shown a point prevalence of up to 4% [7].
Women are more frequently affected than men (3:1), and this disease commonly develops in the early 20s. Nevertheless, the onset
of this condition may develop in prepubertal children and postmenopausal women as well [6].
Autosomal dominant inheritance relates to one-third of patients
with hidradenitis suppurativa. Some patients present severe acne
and perifolliculitis capitis which has been linked to chromosome
1p21.1–1q25.3 and mutations of the γ-secretase complex [8].
Arthritis (rheumatoid factor negative and HLA-B27 negative),
usually occurring at the peripheral joints, appears more frequent
among patients with hidradenitis suppurativa than that in general
population [9].
Other dermatologic and non-dermatologic conditions such as
inflammatory bowel disease, SAPHO syndrome (synovitis, acne,
palmoplantar pustulosis, hyperostosis, osteitis), pyoderma gangrenosum, Adamantiades-Behçet disease, spondyloarthropathy, keratitis-ichthyosis-deafness syndrome, Down’s syndrome, squamous cell
carcinoma, adenocarcinoma, acne conglobata, severe acne and pi82

lonidal cysts are all associated with hidradenitis suppurativa [9].
Smoking and obesity are risk factors for developing hidradenitis
suppurativa and disease severity [10].
This disease has a substantial negative impact on the quality of
life of the patients compared with that in the general population.
Higher sick leaves from work and low scores on the self-reported
level of health status scales were reported among these patients
[11].

1. Etiology, pathogenesis
The etiology of hidradenitis suppurativa remains unclear. Hidradenitis suppurativa is a disease of the hair follicles. One study suggested that it constitutes a multifocal disease, in which atrophy of
the sebaceous glands occurs followed by early lymphocytic inflammation and hyperkeratosis of the pilosebaceous unit. Hair follicle
destruction and granuloma formation subsequently occurred [12].
Scarring and sinus tract formation stem from the healing process.
Some studies have suggested that the interleukin-12 to interleukin-23 pathway and tumor necrosis factor α (TNF-α) are involved
in the pathogenesis of hidradenitis suppurativa, supporting the
proposition that it comprises an immune or inflammatory disorder
[13,14]

2. Treatments
Treatment in hidradenitis suppurativa is categorized as preventive,
pharmacologic, surgical, or psychological. Preventive treatment inhttps://doi.org/10.3857/roj.2021.00570
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Fig. 6. Post-treatment outcome of left axilla compared between pretreatment, immediate post-treatment (3rd fraction), and 3 months
post-treatment. Immediate post-treatment (at 3rd fraction), the carbuncles and wound at the axilla had much improvement. The pus subsided.
The pain was relieved. Less odor from the lesions was noticed. There is no erythematous skin or wound after radiation therapy. The 3 months
post-radiation therapy, the skin of the axilla was smoother and dry. No pus or carbuncles were detected. Some granulation tissue was seen at
her left axilla. There is no foul odor.

volves losing weight, ceasing smoking, avoiding shaving, avoiding
tight clothing, managing stress, and using warm compresses. No
clear guidelines are available on conservative management, but it
may be used in the early stage I hidradenitis suppurativa [10].
Pharmacologic therapy includes topical antibiotics (i.e., topical
clindamycin, etc.), systemic antibiotics (i.e., rifampicin, clindamycin,
etc.), intralesional corticosteroids, hormonal therapy, retinoids, immunosuppressants (i.e., cyclosporine, TNF inhibitors, etc.), and biologic agents [15]. Surgical intervention is preferred as a last option
for unresponsive lesions. Patients with stage I and II hidradenitis
suppurativa do not need surgical interventions. Wide excision of all
hair-bearing areas in the affected region provides much higher
benefits compared with excision of just the inflamed lesions [16].
Local therapies include cryotherapy, neodymium: yttrium-alumihttps://doi.org/10.3857/roj.2021.00570

num-garnet laser therapy, and radiation therapy may be applied.
Newer therapies such as carbon dioxide laser and the use of anti-inflammatory drugs such as infliximab combined with surgery
have shown the good outcomes [17]. However, in this study, some
patients needed to be treated under general or local anesthesia
which presented some difficulty in performing. Apart from that,
axillary scar contracture complication was observed in two patients
limiting the patients’ movement. Moreover, only some centers
could provide these treatments. Therefore, from these treatment
options of hidradenitis suppurativa, some limited knowledge of effectiveness and complications remain.
This study comprises a case report regarding radiation therapy in
hidradenitis suppurativa, Hurley stage III in the left axillary site.
Other case report studies of radiation therapy in hidradenitis sup83
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purativa all used electron beam therapy with varied radiation doses. Trombetta et al. [18] reported on patients with axillary and inguinal hidradenitis suppurativa without details of disease staging.
The results showed good response to electron beam radiation therapy with no evidence of recurrence at 2.75 years or evidence of
toxicity [18]. In other series such as from Frohlich et al. [19] of 231
German patients treated with radiation therapy without site-specific data, the complete response rate was 89 (38.5%), whereas 92
(39.8%) showed some improvement in symptoms. Therefore, it remains unclear whether any different response rate was found between the different sites. However, in the site using only axillary
radiation therapy, the study suggested the effectiveness of using
radiation therapy [18].
Various dose fractionations were reported in many studies. The
optimal dose fractionation scheme remains unclear and may differ
at different sites. According to Trombetta et al. [18], the most common dose reported with good local control of disease in many
studies was 7.5 Gy in 3 fractions using electron therapy. It remains
unclear whether escalating or reducing dose would result in optimal response rates. Evaluation in a prospective design is needed to
determine optimal fraction schedules.
Concerning the reduced inflammation effects after radiation
therapy, some studies have supported using radiation therapy to
inhibit the proinflammatory pathway (NF-kB, STAT). It could possibly decrease inflammation in this case [20].
Our case report study showed a good outcome using photon
beam radiation therapy in hidradenitis suppurativa. An early response was observed in the third fraction of radiation therapy
helping to relieve many symptoms. Long-term disease control was
the other benefit. We used CT simulation to evaluate the extension
of disease. We observed that apart from the physical exam, some
obscure diseases were deeply seated inside. For example, some long
sinus tracts might easily not have been covered in the radiation
field. Thus, CT simulation proved a helpful tool in defining the entire disease burden. We used 6 MV photon therapy instead of electron therapy because of the awareness of the need to cover the
deep-seated lesions. In the photon planning we contoured all of
the disease extensions and observed all the plan coverage. No
acute toxicity occurred during radiation therapy or post-treatment
with short follow-up. Nevertheless, one important issue to discuss
with the patient was the stochastic effects of radiation, including
carcinogenic effects when using low doses of radiation therapy in
benign disease.
However, radiation therapy may play a role in chronic hidradenitis suppurativa, especially among patients with axillary disease or
cases of refractory hidradenitis suppurativa. A prospective study is
necessary to further evaluate the disease response, optimal dose
84

fractionations, and the risk of long-term toxicity.
In conclusion, apart from other common treatment modalities in
hidradenitis suppurativa, Hurley stage III, radiation therapy using
photon beam, 7.5 Gy in 3 fractions (2.5 Gy/fraction) proved effective treatment. Radiation therapy showed early treatment response
and good disease control improving patient quality of life and
served as one treatment option of this disease.
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We first want to congratulate Pevzner et al. [1] for providing a complete yet succinct overview of the
general understanding of the abscopal effect. As mentioned by the authors, while this phenomenon
has been described for decades, the underlying molecular mechanisms allowing localized radiation to
exert a disseminated anti-tumoral effect remains profoundly opaque. Although a multiplicity of
pathways, effectors and mediators have been described, little work yielded results which could allow
the clinical instrumentalization of this effect.
In this review, the authors report the proposed unifying mechanism allowing distant effect of localized radiation therapy, which hinges on the activation of local CD8+ T lymphocytes. These effector
cells are exposed and primed to tumoral antigens and then exported to distant lesion sites, where
they operate their cytolytic effect. The authors also mention that the generation of a large amount
of de novo tumor antigens is responsible for robust immunogenicity, which is required to achieve potent activation of local leukocytes, as confirmed by others [2].
We do agree that tumor mutational burden (TMB) is usually considered as the primary predictor of
neoantigen load, which is itself ontologically associated with tumoral immunoreactivity [3]. However,
as underlined in pancreatic cancer [4] as well as other organ systems, distinct orthogonal signatures,
like chemokine expression, can be used as robust, complementary proxies of the degree of tumoral
T-cell infiltration and activation, even in the absence of high TMB or neoantigens. Alternatively, a variety of molecular signatures characteristic of T cell-inflamed phenotypes have been identified, with
high T-cell infiltration generally predictive of good immunotherapeutic response. This, in turn, provides a plausibly robust prognosticator of response to immune checkpoint inhibitors [5]. In essence, it
is suggested that tumoral immunogenicity, and response to immunotherapy, are not solely contingent on neoantigens and, by extension, TMB. Indeed, recent analysis of the phase 2 pan-cancer study
(CA209-538) demonstrated no predictive value of TMB to response to combined PD-1/CTLA-4 (programmed cell death protein-1/cytotoxic T lymphocyte antigen-4) checkpoint inhibition [6]. Rather,
tumor infiltration by competent lymphocytes, which appears to be associated with different immunobiologically relevant signatures, could be a complementary, powerful metric of predicted therapeutic sensitivity to both radio and immunotherapies.
We agree with the authors that identifying lesions most likely to generate systemic response to lo-
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calized radiotherapy, either when used singly or in combination
with immune checkpoint inhibitors, is a crucial endeavour for radiotherapeutic research. Therefore, we’d like to suggest that tumors
with T cell-inflamed phenotypes could, potentially, be good candidates for abscopal investigations. Additionally, we believe that
these tumors should not be identified only on the basis of their
TMB, but also by using specific signatures indicative of tumor lymphocytic infiltration. Such characterization efforts should be undertaken in the context of radiotherapy in order to better identify
tumors that would benefit from synergistic interventions integrating both radiations and immune checkpoint inhibitors. Considerate
investigations of the molecular underpinning of these phenomena
will potentially allow clinicians to effectively leverage the abscopal
effect, allowing systemic efficacy of a fundamentally localized
therapeutic strategy.
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· The data that support the findings of this study are not publicly available due to [REASON WHY DATA ARE NOT PUBLIC e.g., their containing information that could compromise the privacy of research participants] but are available from [e.g., the corresponding author [author initials] OR Data sharing committee [PROVIDE CONTACT DETAILS
including email address] upon reasonable request]
· The data in this study was obtained from [third party source] where
[RESTRICTIONS/LICENCE] may apply. Such a dataset may be requested from [source contact information].
5) References
In the text, references should be cited with Arabic numerals in brackets, numbered in the order cited. In the references section, the references should be numbered in order of appearance in the text and listed in English. List all authors if there are less than or equal to six authors. List the first three authors followed by “et al.” if there are more
than three authors. If an article has been published online, but has not
yet been given an issue or pages, the digital object identifier (DOI)
should be supplied. Journal titles should be abbreviated in the style
used in Medline. Other types of references not described below should
follow Citing Medicine: The NLM Style Guide for Authors, Editors, and
Publishers.
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Journal articles:
1. Yu JI, Park HC, Choi DH, et al. Prospective phase II trial of regional
hyperthermia and whole liver irradiation for numerous chemorefractory liver metastases from colorectal cancer. Radiat Oncol J
2016;34:34-44.
2. Childs SK, Kozak KR, Friedmann AM, et al. Proton radiotherapy for
parameningeal rhabdomyosarcoma: clinical outcomes and late effects. Int J Radiat Oncol Biol Phys. 2011 Mar 4 [Epub]. http://dx.doi.
org/10.1016/j.ijrobp.2010.11.048.
Book:
3. Abeloff MD, Armitage JO, Niederhuber JE, Kastan MB, McKenna WG.
Abeloff’s clinical oncology. 4th ed. Philadelphia, PA: Churchill Livingstone; 2008.
4. Jain RK, Kozak KR. Molecular pathophysiology of tumors. In: Halperin EC, Perez CA, Brady LW, editors. Perez and Brady’s principles and
practice of radiation oncology. 5th ed. Philadelphia, PA: Lippincott
Williams & Wilkins; 2008. p. 126-41.
Conference paper:
5. Medin PM, Foster RD, von der Kogel, Sayre J, Solberg TD. Spinal cord
tolerance to reirradiation with radiosurgery: a swine model. In: 52th
ASTRO Annual Meeting; 2010 Oct 31 - Nov 11; San Diego, CA, USA.
Farifax, VA: ASTRO; 2010.
Online sources:
6. American Cancer Society. Cancer facts & figures [Internet]. Atlanta,
GA: American Cancer Society; c2011 [cited 2011 Feb 20]. Available
from: http://www.cancer.org/Research/CancerFactsFigures/index.
7. National Cancer Information Center. Cancer incidence [Internet].
Goyang (KR): National Cancer Information Center; c2011 [cited 2011
Oct 20]. Available from: http://www.cancer.go.kr/cms/statics.
6) Tables
Each table should be typed in the separate sheet. The title of the table
should be on top-placed, and the first letter of all words (except articles, conjunctions, prepositions) should be capitalized. Tables are numbered in order of citation in the text. Lower case letters in superscripts
a) b) c)
, , ... should be used for special remarks. Within a table, if a
non-standard abbreviation is used or description may be necessary,
then list them under annotation below. The statistical significance of
observed differences in the data should be indicated by the appropriate statistical analysis.
7) Figures
Upload each figure as a separate image file. The figure images should
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be provided in PowerPoint file, TIFF, JPEG, GIF, or EPS format with high
resolution (preferably 300 dpi for figures and 600 dpi for line art and
graph). The figures should be sized to column width (8.5 cm or 17.5
cm). If figures are not original, the author must contact each publisher
to request permission, and this should be remarked on the footnote of
the figure. Figures should be numbered, using Arabic numerals, in the
order in which they are cited. All figures should be cited in the text
(e.g., Fig. 1, Fig. 1A-C, Figs. 1 and 2). In the case of multiple prints bearing the same number, use capital letters after the numerals to indicate
the correct order (e.g., Fig. 1A, Fig. 1B). A figure legend should be in
English and a one-sentence description rather than a phrase or a paragraph. Capitalize the first letter of the first word. A legend for each
light microscopic photograph should include the name of stain and
magnification. Electron microscopic photographs should have an internal scale marker.

REVIEWS
Reviews should be comprehensive analyses of specific topics. They are
organized as follows: title page, abstract and keywords, introduction,
body text, conclusion, conflicts of interest, acknowledgments (if necessary), references, tables, and figure legends. Upload each figure as a
separate image file. There should be an unstructured abstract equal to
or less than 200 words. References should be obviously related to documents and should not exceed 50.

LETTERS TO THE EDITOR
Letters to the Editor should include brief constructive comments that
concern previously published papers. Letters to the Editor should be no
more than two pages. It should have maximum five references, 1 table,
and 1 figure. Letters could be edited by the Editorial Board. Responses
by the author of the subject paper may be provided in the same issue
or next issue of the Journal

5. COMMUNICATIONS TO THE PUBLISHER
We invite inquiries to the editorial office at any time during the editorial process. For all matters concerning presubmission, editorial policies, procedures, business inquiries, subscription information, orders, or
changes of address, please contact the editorial office.
Editorial Committee Office
Department of Radiation Oncology, Seoul National University Hospital,Hamchun Hall, 6F, 95 Daehak-ro, Jongno-gu, Seoul 03082, Republic
of Korea
Tel : +82-2-743-6574
E-mail: rojeditor@gmail.com ,roj@kosro.or.kr

6. ADDITIONAL INFORMATION
(1) Copyright

CASE REPORTS
Case reports will be published only in exceptional circumstances, when
they illustrate a rare occurrence of clinical importance. The manuscript
for a case report should be organized in the following sequence: title
page, abstract and keywords, introduction, case report(s), discussion,
conflicts of interest, acknowledgments (if necessary), references, tables,
and figure legends. Upload each figure as a separate image file. The abstract should be unstructured, and its length should not exceed 150
words. References should be obviously related to documents and
should not exceed 20. It is not necessary to use the word “introduction.”

EDITORIAL
Editorials should be commentaries on articles published recently in the
journal. Editorial topics could include active areas of research, fresh insights, and debates. Editorials should be no more than four to five
pages in length, including references, tables, and figures.

All published papers become the permanent property of The Korean
Society for Radiation Oncology. Upon acceptance of the manuscript,
the authors will be required to sign a statement confirming that the
manuscript contains no material the publication of which violates any
copyright or other personal or proprietary right of any person or entity.

(2) Page Proofs
Corresponding authors are provided with page proofs and are asked to
carefully review them for data and typesetting errors. When proofs are
available, the corresponding author will receive a notification. Corrections to proofs must be returned via e-mail within 48 hours. Publication
may be delayed if proofs are not returned by the publisher’s deadline.

(3) Charges
There are no charges for submission and publication.

NOTICE : These recently revised instructions for authors will be applied
beginning with the June 2022 issue.
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Research and
Publication Ethics
For the research and publication ethics policies not stated on this site,
Good Publication Practice Guidelines for Medical Journals or Guidelines on Good Publication can be applied.

1. Journal policies on authorship and
contributorship
1) Authorship
Authorship credit should be based on 1) substantial contributions to
conception and design, acquisition of data, or analysis and interpretation of data; 2) drafting the article or revising it critically for important intellectual content; 3) final approval of the version to be published; and 4) agreeing to be accountable for all aspects of the work
in ensuring that the questions related to the accuracy or integrity of
any part of the work are appropriately investigated and resolved. Authors should meet these four conditions.
For any persons who do not meet the above four criteria, they may
be placed as contributors in the Acknowledgments section. Description of co-first authors or co-corresponding authors is also accepted
if the corresponding author believes that their roles are equally contributed.
After the initial submission of a manuscript, any changes in authorship must be explained by a letter to the Editor-in-Chief from the authors concerned. This letter must be signed by all authors of the paper.
Copyright transfer and conflict of interest disclosure forms must be
completed by every author. ROJ does not correct authorship after
publication unless a mistake has been made by the editorial staff.

2) Originality and Duplicate Publication
All submitted manuscripts should be original and should not be considered by other scientific journals for publication at the same time.
Any part of the accepted manuscript should not be duplicated in any
other scientific journal without the permission of the editorial board.
Submitted manuscripts are screened for possible duplicate publication
by Similarity Check upon arrival. If duplicate publication related to the
papers of this journal is detected, the authors will be announced in
the journal, and their institutes will be informed, and there will also
be penalties for the authors.

3) Secondary Publication
It is possible to republish manuscripts if the manuscripts satisfy the
viii

conditions of secondary publication of the Uniform Requirements for
Manuscripts Submitted to Biomedical Journals. ROJ maintains a zero-tolerance policy when addressing allegations of plagiarism, duplicate publication (self-publication), data falsification, and scientific
misconduct. Articles will be retracted if ethics violations are substantiated. Plagiarism is defined by the World Association for Medical Editors (WAME) as the “use of others’ published and unpublished ideas or
words (or other intellectual property) without attribution or permission and presenting them as new and original rather than derived
from an existing source.” ROJ participates in the Crosscheck/iThenticate program to investigate incidents of possible plagiarism. Manipulating data through fabrication, omission, or intentional distortion is
unacceptable. Authors should be prepared to provide original data to
editors if there is a question of authenticity. Claims of scientific misconduct are investigated and addressed, guided by the Committee of
Publication Ethics (COPE) Code of Conduct.

2. Statement of Informed Consent
Authors should have obtained written informed consent from all participants prior to inclusion in the study, and copies of written informed consent should be kept for studies on human subjects. For
clinical studies of human subjects, a certificate, agreement, or approval by the Institutional Review Board (IRB) of the author’s institution is
required. If necessary, the editor or reviewers may request copies of
these documents to resolve questions about IRB approval and study
conduct.
The statement should be included in the Materials and Methods
section after the IRB approval. Identifying details of the participants
should not be published in written descriptions and photographs. In
cases where identifying details are essential for scientific purposes,
the participant should have given written informed consent for the
identifying information to be published, and it should be stated separately.
Waiver of the informed consent can only be granted by the appropriate IRB and/or national research ethics committee in compliance
with the current laws of the country in which the study was performed, and this should be separately stated. It should be noted that
manuscripts that do not contain statements on IRB approval and patient informed consent can be returned to the authors before the review process.
www.e-roj.org

3. Statement of Human and Animal Rights
All studies on human subjects must be conducted according to the
principles expressed in the World Medical Association Declaration of
Helsinki. Clinical studies that do not meet the Helsinki Declaration
will not be considered for publication. The name or initials of the patient should not be displayed, and the patient’s identity should not be
known when submitting photographs related to the patient. If there
is a possibility that the patient’s identity may be exposed, it should be
stated that the patient has given written consent.
All studies involving animals must state that the guidelines for the
use and care of laboratory animals of the authors’ institution, or any
national law, were followed.
All studies dealing with clinical trials should be registered on the
primary national clinical trial registration site, such as Korea Clinical
Research Information Service (CRiS, http://cris.nih.go.kr), other primary national registry sites accredited by World Health Organization or
ClinicalTrials.gov (http://clinicaltrials.gov), a service of the US National
Institutes of Health.

4. How the journal will handle complaints and
appeals
When the Journal faces suspected cases of research and publication
misconduct such as a redundant (duplicate) publication, plagiarism,
fabricated data, changes in authorship, undisclosed conflicts of interest, an ethical problem discovered with the submitted manuscript, a
reviewer who has appropriated an author’s idea or data, complaints
against editors, and other issues, the resolving process will follow the
flowchart provided by the Committee on Publication Ethics (http://
publicationethics.org/resources/flowcharts). The Editorial Board of
ROJ will discuss the suspected cases and reach a decision. ROJ will
not hesitate to publish errata, corrigenda, clarifications, retractions,
and apologies when needed.

5. Journal policies on conflicts of interest/
competing interests
Conflict of interest exists when an author or the author’s institution,
reviewer, or editor has financial or personal relationships that inappropriately influence or bias his or her actions. Such relationships are
also known as dual commitments, competing interests, or competing
loyalties. These relationships vary from being negligible to having
great a potential for influencing judgment. Not all relationships represent true conflict of interest. On the other hand, the potential for
conflict of interest can exist regardless of whether an individual believes that the relationship affects his or her scientific judgment. Fiwww.e-roj.org

nancial relationships such as employment, consultancies, stock ownership, honoraria, and paid expert testimony are the most easily identifiable conflicts of interest and the most likely to undermine the
credibility of the journal, the authors, or of the science itself. Conflicts
can occur for other reasons as well, such as personal relationships,
academic competition, and intellectual passion (http://www.icmje.
org/conflicts-of-interest/). If there are any conflicts of interest, authors should disclose them in the manuscript. The conflicts of interest
may occur during the research process as well; however, it is important to provide disclosure. If there is a disclosure, editors, reviewers,
and reader can approach the manuscript after understanding the situation and background for the completed research. The corresponding author must inform the editor of any potential conflicts of interest that could influence the authors’ interpretation of the data.

6. Journal policies on data sharing and
reproducibility
1) Open data policy
For clarification on result accuracy and reproducibility of the results,
raw data or analysis data will be deposited to a public repository after
acceptance of the manuscript. Therefore, submission of the raw data
or analysis data is mandatory. If the data is already a public one, its
URL site or sources should be disclosed. If data cannot be publicized,
it can be negotiated with the editor. If there are any inquiries on depositing data or waiver of data sharing, authors should contact the
editorial office.

2) Clinical data sharing policy
This journal follows the data sharing policy described in “Data Sharing
Statements for Clinical Trials: A Requirement of the International
Committee of Medical Journal Editors” (https://doi.org/10.3346/jkms.
2017.32.7.1051). As of July 1, 2018, manuscripts submitted to ICMJE
journals that report the results of interventional clinical trials must
contain a data sharing statement as described below. Clinical trials
that begin enrolling participants on or after January 1, 2019, must include a data sharing plan in the trial’s registration. The ICMJE’s policy
regarding trial registration is explained at http://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinical-trial-registration.html. If the data sharing plan changes after registration, this should be reflected in the statement submitted and published with the manuscript and updated in the registry record. All the
authors of research articles that deal with interventional clinical trials
must submit data sharing plan. Based on the degree of sharing plan,
authors should deposit their data after deidentification and report the
DOI of the data and the registered site.
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7. Journal’s policy on ethical oversight
When the Journal faces suspected cases of research and publication
misconduct such as a redundant (duplicate) publication, plagiarism,
fabricated data, changes in authorship, undisclosed conflicts of interest, an ethical problem discovered with the submitted manuscript, a
reviewer who has appropriated an author’s idea or data, complaints
against editors, and other issues, the resolving process will follow the
flowchart provided by the Committee on Publication Ethics (http://
publicationethics.org/resources/flowcharts). The Editorial Board will
discuss the suspected cases and reach a decision. We will not hesitate
to publish errata, corrigenda, clarifications, retractions, and apologies
when needed.
The Research Ethics Committee of the Korean Society for Radiation
Oncology covers ethical issues involved with research and publication.
This committee is composed of one chairperson and the members of
the committee. The director of the ethics committee acts as the
chairperson of this committee. The members of the Research Ethics
Committee include the vice president, the auditor, the directors of
general affairs, research, and publication committees, and two directors without a portfolio of the society become ex officio. The members of this committee serve for a term of two years, and they may be
reappointed.
If presented with convincing evidence of dual publication, fragmentation, plagiarism, fabrication, or theft of intellectual property in
journals, the committee meeting will be held immediately for investigation. If evidence becomes available that the regulation has been
breached, publication of the corresponding manuscript is immediately
canceled and all authors, including the corresponding author, are
banned from any publication in the ROJ published for the next three
years. The investigation results of the committee meeting must be
notified for immediate disciplinary measures and reported to the
board of directors. Other issues that are not specified in this regulation abide by the decisions made by board members of the society,

x

which conform with the Ethics Code of Science Technology set forth
by the Korean Federation of Science Technology Societies.

8. Journal’s policy on intellectual property
All published papers become the permanent property of the Korean
Society for Radiation Oncology. Copyrights of all published materials
are owned by the Korean Society for Radiation Oncology.

9. Journal’s options for post-publication
discussions and corrections
The post-publication discussion is available through a letter to the
editor. If any readers have a concern on any articles published, they
can submit a letter to the editor on the articles. If there founds any
errors or mistakes in the article, it can be corrected through errata,
corrigenda, or retraction.

10. Journal’s policy on preprint
A preprint can be defined as a version of a scholarly paper that precedes formal peer review and publication in a peer-reviewed scholarly
journal. ROJ allows authors to submit the preprint to the journal. It is
not treated as duplicate submission or duplicate publication. ROJ recommends authors to disclose it with DOI in the letter to the editor
during the submission process. Otherwise, it may be screened from
the plagiarism check program — Similarity Check (Crosscheck). Preprint submission will be processed through the same peer-review
process as a usual submission. If the preprint is accepted for publication, authors are recommended to update the information at the preprint with a link to the published article in ROJ, including DOI at ROJ.
It is strongly recommended that authors cite the article in ROJ instead of the preprint at their next submission to journals.
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Checklist
1. Copyright transfer form has been signed by all authors.
2. Ethics disclosure form has been signed by corresponding author.
3. The manuscript shall be written by Microsoft Office Word or HWP processing programs.
4. A title page including author details and a manuscript without author details of the original file of the article should be submitted separately.
5. The original file of the article should not include the affiliations and names of the authors.
6. Standard abbreviations are defined in a key at their first appearance in the manuscript, and are consistent throughout the text.
7. Generic names are used for all drugs. Trade names are avoided.
8. Normal laboratory values are provided in parentheses when first used.
9. Research or project support/funding is noted in cover letter.
10. Internal review board approval of study is indicated in cover letter.
11. References are accurate, complete and in numerical order as they appear in the text, only the first 3 authors are listed.
12. No more than 50 references are cited in review article.
13. No more than 55 references are cited in original article.
14. No more than 20 references are cited in case report.
15. A corresponding author and complete address, telephone number and e-mail address are provided in cover letter.
16. Written permission from publishers to reproduce or adapt previously published illustrations or tables is included.
17. Informed consent forms for identifiable patient descriptions, photographs and pedigrees are included.
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Copyright Transfer Form
This form applies to manuscripts submitted for the possible publication

Manuscript Title:
Date (MM/DD/YYYY):

Manuscripts will not be processed until the Radiation Oncology Journal Editorial Office has received this signed form. Please upload the completed form when you submit a manuscript on the E-Submission website (submit.e-roj.org).
The copyright to this article is transferred to the Radiation Oncology Journal (ROJ) effective if and when the article titled above is accepted for
publication. If the article has more than two authors, each author must individually transfer his or her right in the article to the ROJ by signing
this form. If the article is not published in the ROJ, this form is void and will not take effect. If it is signed and the article is published, the
copyright transfer covers the exclusive right to reproduce and distribute the article, including reprints, translation, photographic reproduction,
microfilm, electronic form (offline, online) or any other reproductions of similar feature.An author or authors may store it in his or her archive
an author-made version of his/her article on his/her own website and his/her affiliated institution’s depository library, including his/her final
version; however he/she may not use the ROJ’s PDF version which is posted on its own website. Provided permission is given to the author/authors by ROJ, he/she may only post his/her version of the article and a link to the original source of publication is inserted to the published article on the ROJ’s website.Please use the exact and correct DOI for the article to ensure appropriate linking between sites. Articles listed on the
ROJ’s website are indexed, abstracted, and referenced by many indexing services and consortia such as SCIE, EMBASE, Google Scholar and
KMCI.Each author guarantees that this contribution is original and that he/she has full responsibility to make this grant. The author signs for
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of this manuscript does not guarantee publication in the ROJ. If there are multiple authors, names will appear in the ROJ in the order in which
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the final version. Each author should sign on the following, as appropriate.
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THE SKIN BARRIER
점착성투명창상피복재, 화상, 건조 피부 등 피부장벽이
파괴된 부위에 보호를 위해 사용하는 창상피복재

한국의료기기
안정정보원
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의료기기

*건조함과 가려움증 개선
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Ref. 한국보건산업진흥원 주관 2018 국산 의료기기 사용자 테스트
(서울대학교병원, 분당서울대학교병원 임상시험 결과보고서)
연구목적 : 이지듀MD의 유효성 및 안전성 평가 연구

보건의료전문가용

THE STANDARD OF
CARE1 FOR STAGE III
UNRESECTABLE NSCLC
Following cCRT

임핀지TM는 PACIFIC 연구에서
5년 전체생존율(OS rate) 42.9%로,
장기적인 생존개선 이점을 나타냈습니다.2
28% REDUCTION
in risk of death
(HR=0.72; 95% CI, 0.59-0.89)

UPDATED 5-YEARS OVERALL SURVIVAL IN THE ITT POPULATION
1.0

MEDIAN OS 47.5 months

83.1%

(vs. 29.1 months with placebo)

Probability of OS

0.8

66.3%

74.6%

56.7%

0.6

0.4

42.9%

49.7%

55.3%

IMFINZI®
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임핀지(durvalumab) 보험 적용 적응증 3,4
PD-L1 발현 양성(발현 비율 ≧ 1%)이면서 백금 기반 동시적 항암화학 방사선요법 2주기 이상 투여 후 질병진행이 없는 안정병변 이상의 절제 불가능한 국소 진행성(stage III)
비소세포폐암 환자로 cCRT 치료 종료 이후 42일 내에 투여하는 경우 ※ 이전 PD-1 inhibitor 등 면역관문억제제 치료를 받지 않은 경우에 한함
급여 인정 기간 최대 12개월

cCRT 치료 종료(마지막 방사선 요법
기준) 이후 42일 이내 투여할 경우

유도화학요법과 동시적 항암화학방사
선요법의 항암요법 종류가 동일할 경우

방사선 요법은 54 Gy 이상, 항암화학요법은
weekly regimen 기준 4주기 이상 또는 3주기
regimen 기준 2주기 이상 투여할 경우

STUDY DESIGN The PACIFIC study design, eligibility criteria and assessments have been fully described previously. Eligible patients had histologically and/or cytologically documented Stage III, unresectable NSCLC, with a WHO performance score of 0 or
1. Patients had to have received at least two cycles of platinum-based chemotherapy concurrently with definitive radiation therapy without progression, and the last radiation dose was 1–42 days before randomization. Tumor tissue collection was not a
prerequisite for inclusion in PACIFIC and enrollment was notrestricted to any threshold levels for PD-L1 expression. Patients were randomized 2:1 to durvalumab 10 mg/kg intravenously or placebo every two weeks for up to 12 months or until confirmed
disease progression, initiation of alternative cancer therapy, unacceptable toxicity, or consent withdrawal. Randomization was stratified by age of the patient (<65 years vs ≥65 years), sex, and smoking history (current or former vs never smoked). The
primary end points were progression free survival (as assessed by blinded independent central review) and overall survival.
NSCLC, nonsmall-cell lung cancer; cCRT, concurrent chemoradiation therapy; OS, overall survival; ITT, intent-to-treat; HR, hazard ratio; CI, confidence interval; PD-L1, programmed cell death-ligand 1; PD-1, programmed cell death protein-1.

Reference 1. Botticella A, et al. Durvalumab for stage III non-small-cell lung cancer patients: clinical evidence and real-world experience. Ther Adv Respir Dis. 2019 Jan-Dec;13:1753466619885530; 2. Spigel DR, et al. Five-Year Survival Outcomes From the PACIFIC
Trial: Durvalumab After Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer. J Clin Oncol. 2022 Feb 2. doi: 10.1200/JCO.21.01308; 3. 건강보험심사평가원 공고 제2020-81호(시행일: 2020년 4월 1일); 4. 건강보험심사평가원. 암질환 사용약제 및 요법: FAQ ‘Durvalumab (품명: 임핀지주)’ 급여기준(공고) 관련 질의 응답[Accessed 20 Feb 2022]. Available from: https://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA030023080000&brdScnBltNo=4&brdBltNo=45645&pageIndex=1
PRESCRIBING INFORMATION

임핀지주 (더발루맙) [효능•효과] 국소 진행성 비소세포폐암: 백금 기반 동시적 항암화학방사선요법 이후 질병이 진행되지 않은 절제불가능한 국소 진행성 비소세포폐암 환자의 치료 소세포폐암: 확장
병기 소세포폐암 환자의 1차 치료로서 에토포시드 및 카보플라틴 또는 시스플라틴과의 병용 요법 [용법•용량] 이 약은 1시간에 걸쳐 정맥 점적 주입한다. 국소 진행성 비소세포폐암: 권장 용량은 이 약
10mg/kg을 2주 간격으로 투여하는 것이며, 질환이 진행되거나 허용 불가능한 독성 발생 전까지 투여한다. 소세포폐암: 권장 용량은 이 약 1500 mg을 화학요법과 병용하여 3주 간격으로 4주기 동안
투여한 뒤, 이 약 1500 mg 단독요법을 4주 간격으로 투여하는 것이며, 질환이 진행되거나 허용 불가능한 독성 발생 전까지 투여한다. 체중 30 kg 이하의 환자는 체중에 따라 이 약 20 mg/kg을
화학요법과 병용하여 3주 간격으로 4주기 동안 투여한 뒤, 이 약 20 mg/kg을 단독요법으로서 4주 간격으로 체중이 30 kg을 초과할 때까지 투여한다. 이 약을 화학요법과 병용할 때에는 에토포시드 및
카보플라틴 또는 시스플라틴의 허가된 용법•용량 정보를 참조한다. 화학요법과 같은 날 투여하는 경우 이 약을 먼저 투여한다. 용법조절: 이 약의 용량 증가나 감소는 권장되지 않는다. 일반적으로 중증
(3등급) 면역 매개 이상사례의 경우 이약의 투여를 보류한다. 생명을 위협하는 (4등급) 면역 매개 이상사례와, 전신 면역 억제 치료가 필요하거나 코르티코스테로이트 시작 12주 이내에 프레드니손 또는
등가량 하루 10 mg 이하로 감량할 수 없는 중증 (3등급) 면역 매개 이상사례의 경우 이 약의 투여를 중단한다. 면역 매개 이상사례가 다음 표에 요약되어 있다. [이 약의 용법 조절 및 관리 권장 사항]
이상사례
면역 매개 폐염증/
간질성 폐질환
면역 매개 간염

용법 조절
투여 보류c
투여 중단
투여 보류c

투여 중단

면역 매개 발진 또는
피부염 (유사 천포창 포함)
면역 매개 심근염

투여 보류c
투여 중단
임상적으로 안정할 때
까지 투여 보류
2~4등급
변경하지 않음
2~4등급
임상적으로 안정할 때
까지 투여 보류
2~4등급
변경하지 않음
2등급이고, 혈청 크레아티닌이 정상상한치 또는 기저치의 1.5~3배를 초과
투여 보류c
3등급이고 혈청 크레아티닌이 기저치의 3배를 초과 또는 정상상한치의 3~6 투여 중단
배를 초과하거나, 4등급이고 혈청 크레아티닌이 정상상한치의 6배를 초과
2등급으로 1주일 초과 또는 3등급
투여 보류c
4등급
투여 중단
2~4등급
투여 중단

면역 매개 근육염/
다발근육염
주입 관련 반응

2 또는 3등급
4등급
1 또는 2등급

중증 근육 무력증

기타 면역 매개 이상사례f

3 또는 4등급
2등급
3 또는 4등급, 또는 호흡 부전이나 자율 신경 실조증의 징후가
있는 모든 등급
3등급
4등급

투여 보류c,e
투여 중단
주입을 중단하거나
느리게 주입
투여 중단
투여 보류c
투여 중단
투여 보류c
투여 중단

코르티코스테로이드 요법 및 그 외b
1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량
대증적 관리
임상 지시대로 갑상선 호르몬 대체 개시
1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후
용량 감량 및 임상 지시대로 호르몬 대체 개시
임상 지시대로 인슐린 치료 개시
1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량
1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량
2~4 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량d
1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량
후속 주입 반응의 예방을 위해 사전 약물 치료를 고려할 수 있음
1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량
1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량
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면역 매개 대장염
또는 설사
면역 매개 내분비병:
갑상선 기능 항진증, 갑상선염
면역 매개 내분비병: 갑상선 기능 저하증:
면역 매개 내분비병: 부신 기능 부전,
뇌하수체염/뇌하수체 저하증
면역 매개 내분비병: 제1형 당뇨병
면역 매개 신장염

중증도 (CTCAE v4.03a)
2등급
3 또는 4등급
2등급이고, 알라닌 아미노전이효소 (ALT) 또는 아스파르트산 아미노전이
효소 (AST)가 정상상한치의 3~5배를 초과하거나 총 빌리루빈이 정상상
한치의 1.5~3배를 초과
3등급이고, ALT 또는 AST가 정상상한치의 5배 초과, 8배 이하 또는 총 빌리
루빈이 정상상한치의 3배 초과, 5배 이하
3등급이고, ALT 또는 AST가 정상상한치의 8배를 초과 또는 총 빌리루빈이
정상상한치의 5배를 초과
다른 요인은 없으며, ALT 또는 AST가 정상상한치의 3배를 초과하고 총 빌리
루빈이 정상상한치의 2배를 초과하는 경우
2 또는 3등급
4등급
2~4등급

이상사례 표준 용어기준 (Common Te�minology C�ite�ia fo� Adve�se Events; CTCAE), 버전 4.03 b 1등급 이하로 개선되면, 코르티코스테로이드의 감량을 시작하여 최소 1개월 간 지속하여야
한다. 악화되거나 개선이 없다면, 코르티코스테로이드의 용량 증가 및/또는 다른 전신 면역 억제제 사용을 고려한다. c 투여 보류 후, 1등급 이하로 개선되고 코르티코스테로이드 용량이 일일 10mg
전문의약품
프레드니손 또는 등가량 이하로 감소되었을 경우, 12주 이내에서 이 약의 투여를 다시 시작할 수 있다. 3등급 이상사례 재발의 경우 이 약을 중단한다. d 코르티코스테로이드 투여에도 불구하고 2~3
일 이내에 개선이 없다면, 신속히 추가적인 면역억제 치료를 시작한다. 회복(0등급)되면, 코르티코스테로이드의 감량을 시작하고 최소 1개월 간 지속한다. e 이상사례가 30일 이내에 1등급 이하로
회복되지 않거나 호흡기 기능부전의 징후가 있는 경우에는 이 약 투여를 중단한다. f 면역 혈소판 감소증, 뇌염 포함 의심되는 면역 매개 이상사례에 대해, 병인 확인 또는 대체 병인을 배제하기 위한
적절한 평가가 수행되어야 한다. 비-면역 매개 이상사례에 대해, 2등급과 3등급 이상사례의 경우 1등급 이하가 될 때까지 이 약의 투여를 보류한다. 4등급 이상사례의 경우 이 약 투여를 중단한다
(예외적으로 4등급 실험실 검사수치 이상의 경우, 수반된 임상 징후 및 임상적 판단에 근거하여 투여 중단을 결정한다). 이 약은 경등도 간장애 환자에서는 용량 조절이 권장되지 않으며, 중등도
또는 중증 간장애 환자에서는 연구되지 않았다. 투여방법 투여 전 이 의약품의 희석에 대한 지시 사항은 사용상의 주의사항, ‘13. 취급상의 주의사항’을 참고한다. 멸균된 저 단백질 결합 0.2 또는
0.22 마이크로미터 인라인 필터(in-line filte�)를 포함하는 정맥 주사 라인을 통해 1시간에 걸쳐 주사액을 정맥 내 투여한다. 같은 주입 라인으로 다른 약물을 동시 투여하지 않는다. 사용하고 남은
약물이나 물품은 관련 규정에 따라 폐기되어야 한다. [사용상의 주의사항] 1.다음 환자에는 투여하지 말 것 이 약의 주성분 또는 첨가제에 과민증 병력이 있는 환자. 2.다음 환자에는 신중히 투여할
것 자가면역질환 또는 자가면역질환 병력이 있는 환자 3.약물이상반응 1) 임상시험에서 보고된 이상사례 이상사례는 MedDRA의 기관계 분류에 따라 기재되었다. 각 기관계 분류에서, 이상사례는
빈도가 높은 순으로 표기되었다. 각 빈도 군에서, 이상사례는 중증도가 높은 순으로 표기되었다. 또한, 각 이상사례의 해당 빈도 분류는 CIOMS III 협의에 따르며 다음과 같이 정의된다: 매우 흔하게
(≥1/10); 흔하게 (≥1/100 ~ <1/10); 흔하지 않게 (≥1/1,000 ~ <1/100); 드물게 (≥1/10,000 ~ <1/1,000); 매우 드물게 (<1/10,000); 빈도 불명, 즉 이용 가능한 자료로부터 추정될 수 없음. 국소
진행성 비소세포폐암 - PACIFIC 연구 PACIFIC 연구 (475명)에서 국소 진행성 절제 불가능한 비소세포폐암 환자로 이 연구 시작 전 1~42일 내에 2주기 이상의 항암화학방사선요법을 완료한
환자들을 대상으로 이 약(10 mg/kg)의 안전성이 평가되었다. 이 환자 집단에서 가장 흔한 이상사례는 기침 (40.2%, 위약군 30.3%), 상부 호흡기 감염 (26.1%, 위약군 11.5%) 및 발진 (21.7%,
위약군 12.0%)이었다. 3 또는 4등급 이상사례의 발생률은 이 약 투여군에서 12.8%, 위약군에서 9.8%이었다. 가장 흔한 3 또는 4등급 이상사례는 폐렴 (6.5%, 위약군 5.6%)이었다. 이 약 투여군의
8.2% 및 위약군의 5.6%에서 이상사례로 인해 투약을 중단하였다. 이 약의 투약 중단으로 이어진 가장 흔한 이상사례는 폐염증 (4.8%)이었다. 중대한 이상사례는 이 약 투여군 12.8% 및 위약군
11.1%의 환자에서 발생하였다. 가장 흔한 중대한 약물이상반응은 2% 이상의 환자에서 보고된 폐염증과 폐렴이었다. 치명적인 폐염증과 치명적인 폐렴은 이 약 투여군과 위약군 간에 유사하게 1%
미만의 환자에서 보고되었다. 확장 병기 소세포폐암 - CASPIAN 연구 CASPIAN 연구에서 이전에 치료받지 않은 확장 병기 소세포폐암 환자에게 이 약과 에토포시드 및 카보플라틴 또는
시스플라틴을 병용투여 했을 때의 안전성이 평가되었다 (265명). 이 약과 화학요법을 병용 시의 안전성 프로파일은 이 약 단독요법 및 화학요법의 알려진 프로파일과 일관되게 나타났다. 이
임상연구에서 보고되지 않았더라도, 이 약 또는 화학요법 단독으로 발생한다고 알려진 이상사례는 병용요법 중에도 발생할 수 있다. [저장방법] 밀봉용기, 2-8℃에서 차광하여 보관 [포장단위]
2.4 mL × 1 바이알 / 박스, 10 mL × 1 바이알 / 박스 ※ 만약 구입시 사용기한이 경과되었거나 변질, 변패 또는 오손된 제품인 경우에는 구입처를 통하여 교환하여 드리며, 공정거래위원회 고시 “
소비자분쟁해결기준” 에 의거 소비자의 정당한 피해는 보상하여 드립니다. 의약품 부작용 발생 시 한국의약품안전관리원에 피해구제를 신청하실 수 있습니다. 문헌개정연월일: 2022년 03월 04일
수입(수입자): 한국아스트라제네카 서울시 강남구 영동대로517 아셈타워 21층, 전화 02-2188-0800 *보다 자세한 사항은 제품설명서 전문을 참고하시기 바랍니다. aIFZ20220310
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