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This review is devoted to a rare in clinical practice, but promising phenomenon of regression distant
non-irradiated metastases in combination therapy of cancer patients. R. H. Mole in 1953 suggested
introducing the term “abscopal effect” to denote the effect of ionizing radiation “at a distance from
the irradiated volume but within the same organism.” Currently, it is a hypothesis in the treatment of
metastatic cancer, when there is a regression of untreated areas simultaneously with a decrease in
the tumor. After the discovery of immune checkpoint cases were increase with patients treated with
check-point blockade (especially lymphocyte associated protein 4, programmed cell death 1/programmed cell death 1 ligand 1) and which have an abscopal effect. This review systematizes works
covering the time period from 1969 to 2019, which give cases of the abscopal effect at different localizations. However, abscopal effect is a poorly understood phenomenon. In this review, the authors
tried to collect all information about the possible mechanisms of the abscopal effect, possible role in
antitumor response and frequency abscopal effect at radio/immunotherapy or combined both.
Keywords: Abscopal effect, Radiotherapy, Immunotherapy, Cancer

Introduction
Radiation therapy (RT) is used to reduce the risk of relapse after
surgery, as a means for reduction of tumor volume in palliative
care, or as the main method of treatment for some tumors. As a
rule, RT for cancer patients involves local irradiation of the tumor
node. However, the researchers have been observed cases of “distant” effects of radiotherapy, in particular regression of hematogenous metastases, with local irradiation of the primary tumor node
since the beginning of the 20th century.
The first complete regression of the tumor was noted in 1908
when the effect of radiation was studied on lymph nodes remote
from the main focus. Unfortunately, in this study there was no exact
description of the irradiation procedure, dose, and localization of
the irradiated lymph nodes, which cannot exclude the influence of
other factors on the reached effect [1]. In 1938, an “irregular reaction” (adrenal hypertrophy and atrophy of lymphoid organs) was
observed in unirradiated organs in animal model in vivo, when a tumor was irradiated 20–40 Gy [2]. Fifteen years later, in 1953, Mole

[3] suggested introducing the term “abscopal effect” to denote the
effect of ionizing radiation “at a distance from the irradiated volume
but within the same organism,” and then expanded to include distant effects on normal tissues [4]. Currently, it is a hypothesis in the
treatment of metastatic cancer, when there is a regression of untreated areas simultaneously with a decrease in the tumor. This
means that localized radiation initiated an antitumor response,
which kills cancer cells remote from the main target. Despite the
fact that the first recorded clinical cases of tumor regression after
chemotherapy and RT date back to the beginning of the 20th century, the abscopal effect is still quite rare in clinical practice [4].
It is important to note that cases of tumor regression were also
observed in cancer patients with various infectious diseases [5].
American surgeon Coley [6] was convinced that having a severe infection could cause tumor regression. His experiments showed that
the inactivated pathogens of Streptococcus pyogenes in the vaccinated patient could not cause an infectious disease, but nevertheless all the signs of inflammation developed, and the body began to
fight and the tumor disappeared. Interestingly, in experiments in
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vitro, bacterial strains did not affect tumor cells in any way. Therefore it was concluded that the infection did not directly impact on
the tumor, but activated the patient’s immunity, which led to the
regression of the tumor node.
Scientists have argued over the role of the immune system in the
antitumor response over a long period of time. More than 30 years
ago, Stone et al. [7] showed that there is a lack of tumor response
to RT with the deficiency of a normal pool of T cells. It is now well
known that tumor progression is associated with the development
of many immunosuppressive mechanisms that allow cancer cells to
escape immune control. Consider that RT also has an immunosuppressive effect and is not able to induce an effective antitumor immune response, which leads to the destruction of the tumor. However, in some cases, immunosuppression and the development of
an antitumor immune response as an abscopal effect. In this case,
stimulation of the patient’s immunity (through immunotherapy)
and/or overcoming of tumor-induced immunosuppression during
RT should provide an increase in the latter’s effectiveness and an
increase in the frequency of the abscopal effect.

Mechanism of the Abscopal Effect
It is believed that RT has an immunosuppressive effect, leads to the
suppression of co-stimulatory surface markers CD80 and CD86 on
native dendritic cells, thereby inhibiting the activation of T cells [8].
However, cell death caused by RT stimulates many immune responses and changes the tolerant tumor phenotype [9]. During radiation therapy, a special functional type of cell apoptosis can be
activated—immunogenic cell death (ICD), which is accompanied by
stimulation of antigen-specific adaptive immunity [10]. ICD leads

to many antitumor immune responses: the release of tumor antigens by irradiated tumor cells, the cross-presentation of antigens
originating from the tumor to T cells using antigen-presenting
cells, and the migration of effector T cells from lymph nodes to distant tumor [11]. In this regard, the number of studies on the effect
of RT on various immune responses (activation of antitumor immune responses) and the abscopal effect has increased. In a recent
review that covered the time period from 1969 to 2014, 46 cases
of the demonstration of an abscopal effect in patients after RT
were described [12]. Moreover, the frequency of occurrence of the
RT-induced abscopal effect is very low [13]. However, the documented occurrence of this effect in RT provides an incentive for a
more thorough further study.
At present, the following data on the mechanisms of the abscopal effect are available. When exposed to tumor cells in RT, the dying tumor cells have a huge number of changes and begin to actively express damage-associated molecular patterns (DAMP), calreticulin, adenosine triphosphate, high mobility group box 1
(HMGB1) protein, type I interferons, nucleic acids derived from
cancer cells, annexin A1, etc. [14], releasing a large number of tumor antigens (Fig. 1). Antigen-presenting cells, such as dendritic
cells and phagocytic cells, interact with the emerging tumor antigens and then migrate to the lymph nodes. The presentation of antigens occurs through the major histocompatibility complex (MHC),
through the T cell receptor (TCR) [15]. However, antigenic complex
interactions only through the TCR are not enough to activate T
cells. Other co-stimulating signals are needed, such as CD80, CD86,
and CD28 [16]. If activation by several T cell signals occurred (there
was no inhibition on the part of the tumor), then many types of T
cells and, especially, CD8+ T cells, which play the main role in the

Fig. 1. The mechanism of radiotherapy-induced abscopal effect combined with immunotherapy. PD-1, programmed cell death 1; PD-L1, programmed cell death 1 ligand 1; MHC, the major histocompatibility complex; CTLA4, cytotoxic T-lymphocyte associated protein 4.
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antitumor immune response, are activated and begin to reproduce.
As a result, activated effector T cells exit the lymph nodes, and interactions with TCR affect the primary tumor and unirradiated distant metastasis [16]. Presumably, such a mechanism can be used to
explain the abscopal effect in distant metastases with local tumor
irradiation. Preclinical studies also show a clear role for the immune system in the manifestation of the abscopal effect. Demaria
et al. [17] found that T cells mediate distant tumor inhibition
caused by RT. Work on a mouse model of breast cancer showed a
decrease in pulmonary metastases and improved survival only in
mice treated with RT in combination with cytotoxic T-lymphocyte
associated protein 4 (CTLA4) blockade.
Along with programmed cell death 1 ligand 1 (PD-L1) and programmed cell death 1 (PD-1), there is another inhibitory mechanism. Cytotoxic antigen, which associated with T lymphocytes
(CTLA4), can compete with CD80/86 and inhibit T cell activation
[18]. After that, PD1, which are expressed on the surface of T cells,

bind to PD-L1 and block immune responses. As a result, T cells do
not affect on the tumor and there is no objective response to treatment. Thus, tumor-associated immunosuppressive mechanisms
play a key role in blocking the abscopal effect of radiation therapy.
In 2018, James Ellison (USA) and Tasuku Honjo (Japan) received
the Nobel Prize for their revolutionary discovery in understanding
the mechanism of cancer immunotherapy and the development of
tumor immunotherapy. Both scientists in independent studies studied the same phenomenon, and found two different immune
checkpoints (control points)—mechanisms for inhibiting T cell activity and suppressing the overall immune response [19]. T cells interact with dendritic cells and form a complex system of many
proteins connecting to each other on membranes, or the immune
synapse. Some of these protein molecules are co-stimulants and
can contribute to enhanced activation of lymphocytes. The discovery of Ellison and Honjo concerned molecules of inhibitors of the T
cell response—CTLA-4 and PD-1. Drugs-inhibitors of immune

Table 1. Clinical cases of abscopal effect after RT with immunotherapy according to the search criteria
Study

Year

Wersall et al. [21]
Stamell et al. [22]
Postow et al. [23]
Hiniker et al. [24]

2006
2012
2012
2012

Golden et al. [25]
Kodama et al. [26]
Grimaldi et al. [27]

2013
2014
2014

Michot et al. [28]
Cong et al. [29]
Shi et al. [30]
LaPlant et al. [31]
Sato et al. [32]
Britschgi et al. [33]
Tsui et al. [34]
Zhao et al. [35]
Rodriguez-Ruiz et al. [36]

Age (yr)/Sex Primary tumor RT dose (Gy)

2016
2017
2017

64/F
67/M
33/F
57/M
57/M
64/M
74/M
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
33/M
64/F
67/F

Kidney
Melanoma
Melanoma
Melanoma
Melanoma
Lung
Lung
Melanoma
Melanoma
Melanoma
Melanoma
Melanoma
Melanoma
Melanoma
Melanoma
Melanoma
Melanoma
Melanoma
Lymphoma
Lung
Pancreatic

NA
24 × 3
28.5
54 × 3
54
30
58 × 29
30 × 10
30 × 10
50 × 25
20 × 5
30 × 10
30 × 10
30 × 10
30 × 10
24
20
24
30
37.5
45

2017
2017
2018
2018
2018
2018

24/F
54/M
47/M
65/F
65/M
68/M

Kidney
Stomach
Lung
Melanoma
Esophagus
Prostate

27
48
18
24
42
24

Time
(mo)
Interferon, interleukin-2
Lung
13
Ipilimumab
LN
NA
Ipilimumab
Lung
4
Ipilimumab
Liver, LN
6
Ipilimumab
Liver
4
Ipilimumab
Lung, liver, bones
NA
Bcg-vaccine
Lung
6
Ipilimumab
Liver
1
Ipilimumab
Pelvic
1
Ipilimumab
Liver, derma
4
Ipilimumab
Intestines, derma, lung, LN 1
Ipilimumab
Liver, ovary
1
Ipilimumab
Lung, derma, LN
3
Ipilimumab
Derma, sternum, LN
1
Ipilimumab
Lung
1
Ipilimumab
Derma
1
Ipilimumab
Liver
2
Ipilimumab
Lung
1
Pembrolizumab
LN
2
Dendritic cells, cytokine killers
Lung
10
Granulocyte-macrophage colony Liver
1
stimulating factor
Ipilimumab
Lung, LN
7
Т-cells, dendritic cells
Abdomen
2
Nivolumab
LN
3
Nivolumab
Lung
NA
Pembrolizumab
LN
2
Dendritic cells, hiltonol
Lung
3
Immunotherapy

Site of abscopal effect

RT, radiation therapy; LN, lymph node; NA, not applicable.
https://doi.org/10.3857/roj.2021.00115
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Table 2. Clinical cases of abscopal effect after RT according to the search criteria
Study
Ehlers and Fridman [37]
Kingsley [38]
Antoniades et al. [39]

Year
1973
1975
1977

Fairlamb [40]

1981

Rees and Ross [41]

1983

MacManus [42]
Sham [43]
Ohba et al. [44]
Nam et al. [45]
Golden et al. [25]

1994
1995
1998
2005
2006

Takaya et al. [46]

2007

Age (yr)/Sex
35/F
28/M
40/M
44/M
53/M
73/F
56/M
49/M
58/M
77/M
76/M
65/M
83/F
69/M
55/F
69/F

Nakanishi et al. [47]
Lakshmanagowda et al. [48]
Cotter et al. [49]
Okuma et al. [50]
Tubin et al. [51]
Ishiyama et al. [52]
Siva et al. [53]
Kuroda et al. [54]

2008
2009
2011
2011
2012
2012
2013
2019

79/M
65/F
70/M
63/M
72/M
61/M
78/F
76/F

Primary tumor
Thyroid
Melanoma
Lymphoma
Lymphoma
Kidney
Kidney
Lung
Esophagus
Kidney
Leukemia
Liver
Liver
Kidney
Kidney
Kidney
Cervix
Liver
Leukemia
Merkel's carcinoma
Liver
Thyroid
Kidney
Lung
Lung

RT dose (Gy)
40
14.4 × 12
30 × 20
30 × 20
21 × 3
40 × 15
35 × 10
20 × 20
20 × 10
32.4
36
30
8
15
8
50.8 × 27
24 × 4
48
24× 12
12× 2
60 × 27
30 × 3
18.4 × 8
26
60

Site of abscopal effect
Mediastinum
LN
LN
LN
Lung
Lung
Derma
Lung
Lung, LN
Bones
Bones, hepatocytes
Bones, hepatocytes
Lung
Lung
Lung
LN

Time (mo)
NA
2
1
1
12
12
1
6
6
1
10
10
24
3
5
NA

Liver
LN
Derma
Lung
LN
Lung, bones
Bones, adrenal glands
Lung

NA
1
1
1
1
1
12
3

RT, radiation therapy; LN, lymph node; NA, not applicable.

checkpoints have made it possible to achieve certain successes in
the immunotherapy of cancer patients. The checkpoint inhibitors
CTLA1, PD1, and PDL is rapidly becoming a promising therapeutic
area in RT, due to which it is proposed to increase antitumor immunity and increase the frequency of the abscopal effect [18]. The
combination of radiation and immune therapy can potentially help
overcome tumor-induced immunosuppression, which causes a lack
of activating effect of RT on tumor-specific T cells. RT, damaging
the DNA of tumor cells, leads to apoptosis, aging and cellular autophagy, induces immunogenic death of tumor cells. This is
cross-priming of tumor-specific T cells, the generation of various
inflammatory signals that contribute to the activation of dendritic
cells [20]. Immunotherapy removes the block from the activation
of tumor-specific T cells and leads to a significant antitumor effect
and an abscopal effect (Fig. 1).

Clinical Cases
The abscopal effect was shown in many malignant neoplasms, such
as renal cell carcinoma, melanoma, lymphoma, hepatocellular car250

cinoma and other types, but this is still a rare and poorly studied
phenomenon [12].
As a result of the literature analysis, 35 clinical studies were
found in the range from 1973 to 2019 (46 years), which describe
51 cases of the abscopal effect at various locations [21-54] (Tables
1, 2). It was found that in 33% (17/51 patients) of cases, the abscopal effect was recorded in melanoma. Also often the primary location of the tumor was the kidney (18%, 9/51 cases) and the lung
(14%, 7/51 cases). The most common localizations of metastases in
which the abscopal effect was recorded were the lung (41%),
lymph nodes (31%), and the liver (15.7%). It is also worth noting
that in only 13 out of 51 cases, multiple regression of tumor metastases was observed.
Nowadays, the literature data are very different regarding depending on the presence or absence of combined treatment (radiation + immunotherapy), so all studies were divided into two groups.
The first group included cases with a combination of radiation and
immunotherapy (27/51 studies) (Table 1). The second group consisted of patients only with RT (24/51 cases) (Table 2).
In 17 of 27 cases (63%) in patients of the first group, immunohttps://doi.org/10.3857/roj.2021.00115
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therapy was carried out with a CTLA4 inhibitor drug, which leads
to an increase in the T cell antitumor response, ipilimumab. The average time after which the abscopal effect was recorded is 3.3
months (from 1 to 13 months).
In patients of the second group, the abscopal effect was observed on average after 5.4 months (from 1 to 24 months) (Table 2).
In 29% (7/24 cases) of patients of the second group there was kidney cancer as primary localization, most often the abscopal effect
was detected with distant metastases in the lung and lymph nodes
(41% and 32%, respectively).
After a comparative analysis of the group of patients with the
presence of RT alone and the group with combined treatment, the
number of cases at the beginning of the 20th century significantly
increased with the advent of immunotherapy. Twenty-seven cases
were recruited in 13 years, while only with RT 24 cases were recruited in 46 years. Also, the time of manifestation of the abscopal
effect with regression of distant metastases was reduced from 5.4
to 3.3 months. The differences here are statistically insignificant (p
= 0.141, by Student’s criterion), but this can be attributed to the
small number of samples and the heterogeneity of the drugs used
for immunotherapy. Control point inhibitors and CTLA4 give a more
frequent abscopal effect (on average after 2.5 months), then other
immunotherapy methods.

Discussion and Conclusion
Despite the long history of the study, the abscopal effect is still a
rare and poorly studied phenomenon. However, with the advent of
new approaches to immunotherapy, which allows overcoming the
tumor associated immunosuppression in combination with RT, the
frequency of registration of cases of abscopal effect began to increase significantly. The same conclusion was reached by a number
of authors that after the start of using agents on CTLA-4 or the
PD-1/PD-L1 axis, the number of registered patients with an abscopal effect increased [55,56]. The study of the molecular mechanisms of the RT-induced antitumor immune response is becoming
a relevant topic. There is an opportunity to identify predictive
markers that allow you to consciously use the combined treatment
with the induction of an abscopal effect more consciously. Also
identify new targets for drug exposure in order to induce an abscopal effect.
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Purpose: Radiomic models elaborate geometric and texture features of tumors extracted from imaging to develop predictors for clinical outcomes. Stereotactic body radiation therapy (SBRT) has been
increasingly applied in the ablative treatment of thoracic tumors. This study aims to identify predictors of treatment responses in patients affected by early stage non-small cell lung cancer (NSCLC) or
pulmonary oligo-metastases treated with SBRT and to develop an accurate machine learning model
to predict radiological response to SBRT.
Materials and Methods: Computed tomography (CT) images of 85 tumors (stage I–II NSCLC and pulmonary oligo-metastases) from 69 patients treated with SBRT were analyzed. Gross tumor volumes
(GTV) were contoured on CT images. Patients that achieved complete response (CR) or partial response (PR) were defined as responders. One hundred ten radiomic features were extracted using
PyRadiomics module based on the GTV. The association of features with response to SBRT was evaluated. A model using support vector machine (SVM) was then trained to predict response based solely
on the extracted radiomics features. Receiver operating characteristic curves were constructed to
evaluate model performance of the identified radiomic predictors.
Results: Sixty-nine patients receiving thoracic SBRT from 2008 to 2018 were retrospectively enrolled.
Skewness and root mean squared were identified as radiomic predictors of response to SBRT. The
SVM machine learning model developed had an accuracy of 74.8%. The area under curves for CR, PR,
and non-responder prediction were 0.86 (95% confidence interval [CI], 0.794–0.921), 0.946 (95% CI,
0.873–0.978), and 0.857 (95% CI, 0.789–0.915), respectively.
Conclusion: Radiomic analysis of pre-treatment CT scan is a promising tool that can predict tumor
response to SBRT.
Keywords: Radiomics, Stereotactic body radiotherapy, CT, Predictor, Lung cancer, Lung metastasis

Introduction
Thoracic stereotactic body radiotherapy (SBRT) is applied for multiple
indications, including early-stage and metastatic lung cancer and
oligo-metastatic thoracic lesions from other tumors, allowing superi-

or local control compared with conventional radiotherapy [1-3].
However, some recent experiences reported a pathological complete response (CR) rate after thoracic SBRT of about 60%, which
is lower than previously estimated [4]. Moreover, although toxicity
profile of SBRT is usually fair, it is not devoid of side effects includ-
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ing pneumonitis, airway, vascular and chest wall complications
[5,6]. The possibility to predict the responders to thoracic SBRT
could thus allow a rational selection of the patients and optimize
the risk/benefit ratio.
Various studies have developed models to predict clinical outcomes after thoracic SBRT for both early-stage and oligo-metastatic cancer. These studies were based mainly on clinical or conventional radiological parameters. For example, in early primary
lung cancer size has been found to be a strong predictor of response [7].
Tanadini-Lang et al. [8] developed a nomogram that predicts
2-year overall survival for oligo-metastatic cancer patients that
underwent SBRT. The nomogram predicts survival based on primary
tumor, Karnofsky index, the control of primary, number of metastasis and tumor diameter with concordance index of 0.73. It was
found that factors such as performance status, site of primary, size
and number of metastases all play an important role in prognosis.
For example, metastatic stage non-small cell lung cancer (NSCLC)
or melanoma confers worse prognosis compared to other histologies [8]. On the other hand, smaller size, solitary metastasis and
good performance status correlate with better prognosis [9].
Despite significant advancement, further improvement of predictive performance is necessary to accurately inform treatment decisions. Other than clinical features, sophisticated radiological features have been suggested to have prognostic value. With the advent of radiomics, textual features of tumors can be extracted from
images such as computed tomography (CT), magnetic resonance
imaging (MRI) or positron emission tomography (PET) using mathematical algorithms. The extracted features allow a comprehensive
description of the radiological appearance of the lesion, identifying
also characteristics that are invisible to the naked eye. Radiomic
features could capture a comprehensive set of intra-tumor characteristic that may correlate with tumor aggressiveness, heterogeneity, tendency to originate metastasis and response to treatment
[10].
With the increased application of SBRT for early-stage NSCLC
and thoracic oligo-metastasis, enhanced predictive models based
on radiomic features could facilitate to distinguish treatment responsive and non-responsive tumors. In addition, such models
could be developed to be universally applicable, regardless of tumor
histology or primary site.
Hence, we planned this analysis to identify predictive universal
radiomic features that can predict radiological response after SBRT.
We also propose a machine learning model to predict radiological
response after SBRT based on radiomic features regardless of histology, primary site and staging.

https://doi.org/10.3857/roj.2021.00311

Materials and Methods
1. Patient selection
Patients receiving thoracic SBRT using active breathing control
(ABC) technique between January 2008 to December 2018 were
retrospectively analyzed. The study obtained the approval of the
Institutional Review Board of the University of Hong Kong/Hospital
Authority Hong Kong West Cluster (HKU/HA HKW) (No. UW 16522).
Inclusion criteria were stage I NSCLC (i.e., the American Joint
Committee on Cancer staged T1-2N0M0) and pulmonary oligo-metastases which had primary tumors surgically removed, had
5 or fewer lung metastases and stable systemic control.
Exclusion criteria were inability to tolerate the breath-hold required for ABC technique, and thoracic tumors within the no-fly
zone as defined by Timmerman et al. [11] or tumors which overlapped with mediastinal/chest wall structures. The above criteria
were chosen to avoid confounding factors which make interpretation of radiomic textual features inaccurate, such as tumors with
excessive movement, tumors treated with alternative SBRT dose
schedules and tumors overlapping with other structures.
A total of 69 patients were recruited. All patients received 45–60
Gy in 3–5 fractions on alternate days equivalent to BED10 > 100 Gy.
Clinical parameters of the patients were summarized in Table 1.
Patients’ breathings were actively controlled using ABC that employed a modified spirometer and occlusion valves. By closing both
valves at predefined lung volume, breathing was held at a definite
and stable expansion for 20 seconds while radiation beam was on.
Patient was then allowed to breathe freely until the next ABC cycle. CT simulation was performed using 3 mm slice thickness.
Treatment planning was carried out with the Eclipse radiotherapy planning system (Varian Medical Systems, Palo Alto, CA, USA).
The gross tumor volume (GTV) was delineated using lung windows
at width of 1,600 and level of -600. The planning target volume
(PTV) was defined as GTV plus 5 mm margin. A 10–20 Gy per fraction was prescribed at 80%–90% isodose level of PTV to a total of
45–60 Gy in 3–5 fractions over 2 weeks. Prescribed dose had to
cover 95% of PTV and 99% of PTV received > 90% of prescribed
dose. Treatment isocentre was verified before each fraction and
compared to center of the tumor on CT image.

2. Outcome assessment
The primary outcome of the study was local radiological response,
classified as radiological CR, partial response (PR), stable disease
(SD), and progressive disease (PD).
Other outcomes such as locoregional failure, distant metastasis
and overall survival were also studied. Survival time was calculated
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Table 1. Patient and treatment characteristics
Characteristic
Age (yr)
Sex
Male
Female
Initial stage
Metastatic
Non-metastatic
Primary site (overall/histology)
Lung
  Adenocarcinoma
  Squamous cell
  Small cell
Colorectal
  Adenocarcinoma
Others
  Hepatocellular carcinoma
   Head and neck squamous cell
Radiation dose (Gy)
Dose per fraction (Gy)
Radiological response
CR
PR
NR

All
73 (44–92)

Non-responder
72 (56–92)

Responder
76 (44–90)

42
27

21
14

21
13

40
29

22
11

18
18

p-value
0.456
0.959

0.1315

0.099
62
16
7
54 (45–60)
18 (10–20)
31
11
43

32
30
2
0
10
10
1
0
1
54 (45–54)
18 (12.5–18)
-

30
26
3
1
6
6
6
5
54 (50–60)
18 (10–20)

0.916
0.433

-

Values are presented as median (range) or total number.
CR, complete response; PR, partial response; NR, non-responders.

from time of initial irradiation.
Regular thorax CT with contrast at 3 months interval in the first
year and at 6 months interval from second year onward were performed for all patients in our tertiary institute. Additionally, PET/CT
could be performed as per clinician’s discretion. Tumor response
was assessed by independent senior radiologists according to the
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1
and Green’s criteria [12]. Tumors with stable or progressive disease
after SBRT were grouped together as non-responders while tumors
with CR and PR were grouped together as responders. Each category of response was analyzed using the best response achieved
throughout the entire follow-up period.
Progression of disease within the PTV was defined as local recurrence. Locoregional recurrence was defined as recurrence in the
lungs and or in regional lymph nodes. Distant metastasis was specifically defined according to the stage at diagnosis. For early-stage lung
cancers, it was defined as development of lesions to distant organs
or lymph nodes. For metastatic malignancies, it was defined as development of new metastases in addition to the original extent of
disease before SBRT. Patients were censored regularly at least every 3
months and also when new follow-up imaging was available.
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3. Radiomic and statistical analysis
The contoured CTs were analyzed using 3D-Slicer software. The
voxel spacing of the CTs was normalized to 1 mm × 1 mm × 1
mm. Bin width of 25 HU (Hounsfield unit) was applied to the images for radiomics feature extraction.
One hundred and ten radiomic features of the GTVs including
shape, statistical and textual features were extracted using PyRadiomics module [13] (Supplementary Table S1). The extracted features were subsequently analyzed using in-house software developed in MATLAB R2020a (MathWorks Inc., Natick, MA, USA). To
determine features predictive of non-responder, the receiver operating characteristic (ROC) curve was computed for individual radiomics features to distinguish non-responders (SD and PD) and
responders (PR and CR). The area under curve (AUC) was calculated
for each ROC curve. The significance of AUC values were evaluated
using z test with adjustment for multiple testing by Bonferroni adjustment [14]. Cox regression were also done to elucidate the clinical factors that affects overall survival.
A model using support vector machine (SVM) was trained to
predict treatment response based solely on the extracted radiomics
features in accordance with the TRIPOD statement [15]. The model
https://doi.org/10.3857/roj.2021.00311
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aimed to classify patients’ radiological response into three classes,
namely non-responder (PD and SD), PR, and CR.
In the present study, patients with NR outweighed those with PR
and CR. As the response grouping was unbalanced, adaptive synthetic sampling method (ADASYN) was used to up-sample minority
classes (PR and CR) to improve model performance. All extracted
radiomics features were included in the training of the SVM model
without prior selection to prevent bias. No clinical parameters were
included in order to assess the ability of the model to predict response solely based on radiomic features.
Gaussian SVM was used in this study with one versus one classification technique and lasso regularization. Hyperparameters such
as box constraint levels and kernel scale were optimized using
Bayesian optimization during training. The hyperparameters of the
best performing model would be selected. As radiomic features are
highly correlated and at time redundant, lasso regularization was
employed. During the process of training, weighting coefficients of
different features were computed with lasso regularization. As a
result, highly important features would have greater contribution
towards the final model while redundant and noisy features would
have little if any influence on the final model. Overfitting of SVM
model can limit the generalizability of model to external datasets.
Hence, internal validation through 10-fold cross-validation was
used to avoid overfitting while maintaining accuracy. ROC curves
were constructed with bootstrap resampling for 1,000 times. AUC
was used to evaluate model performance. Schematic representation of model training was presented in Fig. 1.
Statistical analyses were conducted by Statistical Package for
the Social Sciences (SPSS) version 25.0 (IBM, Armonk, NY, USA).
Statistical significance was tested using t-test for continuous variable and chi-squared test for categorical variables. Log rank test
was used for univariate analysis. A p-value less than 0.05 was considered significant.

Results
1. Clinical characteristics
Sixty-nine patients were recruited in total from 2008 to 2018. Median age was 73 years (range, 44 to 92 years). Forty-two patients
were male while 27 patients were female. Out of the 69 patients
included, 55 patients had lung primary while 14 patients had oligo-metastases to the thorax from other tumors. For the 55 patients
with lung primary, 29 patients had non-metastatic lung cancer, while
26 patients had metastatic lung cancer. Overall, 40 patients had
metastatic disease while 29 patients had non-metastatic disease.
As some patients had more than one irradiated tumor, a total of
85 lesions were analyzed, of which 31 achieved CR, 11 achieved PR,
https://doi.org/10.3857/roj.2021.00311

Target cuntouring

Feature extraction
Shape feature
Statistical feature
Textual feature

Upsampling of unbalanced outcome by ADASYN
Training of Gaussian SVM with lasso regularization

Hyperparameter tuning

10 fold cross validation

Model prediction and performance evaluation
Fig. 1. Radiomic workflow in the present study. Radiomic features
(including shape, statistical, and textual features) were extracted
from contoured tumor using PyRadiomics module. Under-represented
population (CR and PR) was up-sampled using ADASYN algorithm. A
Gaussian SVM model was then trained with lasso regularization. Hyperparameters were tuned using Bayesian optimization. Internal validation was done by 10-fold cross-validation. The performance of the
model was then evaluated and prediction generated. CR, complete
response; PR, partial response; ADASYN, adaptive synthetic sampling
method; SVM, support vector machine.

and 43 tumors were non-responders (NR). As 43 tumors out of 85
lesions were non-responders, the objective response rate was lower
than that reported in previous studies [11]. Most extra-thoracic
malignancies was colorectal in origin (16 tumors). Other extra-thoracic diseases included hepatocellular carcinoma, head and neck
and esophageal cancers. In terms of histology, the large majority
was represented by adenocarcinoma (72 tumors), while others
were squamous cell carcinomas (n = 7), hepatocellular carcinomas
(n = 5), and small cell carcinoma (n = 1).
Median follow-up time was 50.5 months (range, 1 to 132
months). Median overall survival post-SBRT was 32 months (range,
1 to 132 months; confidence interval [CI], 24.72–39.28).
Median local failure-free survival (LFS) was 31 months (range, 1 to
132 months; CI, 23.6–38.4). Median locoregional failure-free survival
(LRFS) was 22 months (range, 1 to 132 months; CI, 14.46–29.54).
Three-year local control rate was 87.15%, while 5-year local control
rate was 80.12%. Median distant metastasis-free survival (DMFS)
was 18 months (range, 1 to 132 months; CI, 10.46–25.54).
For NSCLC patient, overall survival was 38 months (range, 1 to
132 months; CI, 29.7–46.3), LFS was 37 months (range, 1 to 132
months; CI, 29.3–45.9), LRFS was 36 months (range, 1 to 132
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treated tumors received SBRT dose ranging from 45–60 Gy in 3–5
fractions, equivalent to BED10 > 100 Gy. SBRT dose across non-responding and responding groups were similar. Patient and tumor
characteristics were summarized in Table 1. All clinical characteristics including patient, disease and treatment features were not significantly different across groups.

1.0
0.8
Survival

months; CI, 28.1–45.2), and DMFS was 35 months (range, 1 to 132
months; CI, 27.1–44.2). Further subdividing patient into metastatic
lung cancer and non-metastatic lung cancer. For metastatic lung
cancer patients, OS was 45 months (range, 9 to 116 months; CI,
33–65), LFS was 36 months (range, 9 to 116 months; CI, 29–62),
LRFS was 36 months (range, 9 to 116 months; CI, 29–62), and
DMFS was 36 months (range, 9 to 116 months; CI, 29–62). For
non-metastatic lung cancer patients, OS was 33 months (range, 1
to 132 months; CI, 35–62), LFS was 33 months (range, 1 to 132
months; CI, 35–62), LRFS was 33 months (1 to 132 months; CI, 35–
62), and DMFS was 33 months (range, 1 to 132 months; CI, 35–62).
Regarding non-NSCLC patients, OS was 48 months (range, 13 to
116 months; CI, 32.6–67.3), LFS was 36 months (range, 9 to 116
months; CI, 27.8–63.7), LRFS was 36 months (range, 9 to 116
months; CI, 27.8–63.7), and DMFS was 30 months (range, 13 to
116 months; CI, 14.4–45.6).
The median overall survival for responders and non-responders
to SBRT was 47 months (range, 9 to 132 months; CI, 36.3–57.3)
and 33 months (range, 1 to 93 months; CI, 23.93–42.07), respectively (Fig. 2) with trend towards improved survival for responders
(CR and PR) versus non-responders to SBRT (p = 0.059).
The trend towards improved overall survival in responders versus
non-responders to SBRT (p = 0.062) was confirmed by multivariate
Cox regression analysis. No significant relationship with overall survival were demonstrated for other clinical characteristics (Table 2).
This may be due to the small sample size in the present study. All

0.6
0.4

Non-responder
Responder

0.2
0.0
.00

25.00

50.00

75.00

100.00

125.00

Follow-up (mo)
Fig. 2. Kaplan-Meier curve demonstrating trend towards improved
overall survival in responders compared to non-responders to stereotactic body radiation therapy.

Table 2. Cox regression for overall survival
Variable
Radiological response (responder vs. non-responder)
Sex (male relative to female)
Age
Smoker (smoker relative to non-smoker)
Metastasis (metastatic vs. early)
GTV volume
Histology
Adenocarcinoma
Squamous cell carcinoma
Hepatocellular carcinoma
Primary site
Lung
Colon
Liver
Radiotherapy
BED10
Systemic therapy
Prior systemic therapy

p-value
0.062
0.450
0.895
0.422
0.262
0.211

HR
2.074
0.667
1.002
0.663
0.352
0.972

95% CI
0.965–4.458
0.233–1.910
0.966–1.040
0.243–1.809
0.057–2.180
0.926–1.016

0.601
0.874
0.371

1.608
1.239
2.822

0.271–9.561
0.086–17.794
0.291–27.365

0.536
0.175
0.742

0.412
0.133
0.584

0.025–6.849
0.007–2.450
0.024–14.254

0.133

0.985

0.965–1.005

0.990

0.997

0.630–1.577

HR, hazard ratio; CI, confidence interval; GTV, gross tumor volume; BED10, biologically effective dose.
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We first sought to determine radiomic features that can predict response to SBRT by univariate analysis. Tumors were divided into
non-responders (SD and PD) and responders (CR and PR). ROC
curves were constructed to predict tumor response.
Out of the 110 radiomic features, skewness and root-mean-square
(RMS) were identified as statistically significant markers of NR to
SBRT (AUC, 0.619–0.629; p < 0.05) (Table 3). Both features are first
order statistical features describing the statistical distribution of voxel intensities. Skewness is a statistical features describing the skewed
distribution of voxel intensities with the region of interest. Positive
skewness indicates an elongated tail to the right side of the mean on
voxel intensity histogram. RMS refers to the RMS of voxel intensities
within the region-of-interest (Table 3). All clinical parameters were
non-predictive of treatment response (p > 0.05).

3. Multivariate machine learning model
As the predictive accuracy of single radiomic parameter was unsatisfactory, contemporary multivariate machine learning models may
be able to improve prediction accuracy. After up-sampling the minority classes (PR and CR) using ADASYN, the SVM model was
trained to classify NR, PR, and CR using one versus all technique.
The overall accuracy of classification was 74.81%. F1 scores for CR,
PR, and NR were 0.71, 0.84, and 0.72, respectively. The AUC for CR,

Table 3. Significant radiomic features in univariate analysis
AUC (95% CI) p-value
Description
Skewness 0.625 ± 0.061 0.048 Asymmetry of voxel intensity
histogram
±
RMS
0.632 0.060 0.036 RMS value of voxel intensity
Values are presented as mean ± standard deviation.
AUC, area under curve; CI, confidence interval; RMS, root-mean-square.
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PR, and NR prediction was 0.86 (95% CI, 0.794–0.921; p < 0.05),
0.946 (95% CI, 0.873–0.978; p < 0.05), and 0.857 (95% CI, 0.789–
0.915; p < 0.05), respectively (Fig. 3).

Discussion and Conclusion
1. Use of radiomics to improve prognostication in SBRT
With the advent of precision medicine, more accurate clinical models have been devised for prognostication in oncology. Most tumors
are highly heterogeneous in nature in terms of its genomic expression, associated stroma and vasculature and this has profound implication on prognosis [16]. Variability in not only inter-individual,
but as well remarkable among different lesions within the same individual and in different areas of the same lesion, as in metastatic
tumors [17]. Hence, clinical features may not completely capture
the heterogeneity of tumors.
The advent of radiomics might partially overcome this limit, as
clinically undetectable features can be extracted to capture intra-tumoral and across tumor heterogeneity [10]. Hence, efforts
have been made to harness radiomics for prognostication.
Huynh et al. [18] demonstrated that radiomic features can be
prognostic for overall survival and distant metastasis in patients
with early-stage lung cancer receiving SBRT. Multi-objective models such as random forest were constructed subsequently to improve prognostication in early stage lung cancer [19].
Apart from lung cancer, radiomic driven models have been applied in various other malignancies such as colon, prostate and
breast cancer [20-22]. Both treatment outcomes and complications
have been accurately predicted for various primary sites [23-25].
Specific to SBRT, clinical outcomes such as overall survival, distant
metastasis or complications such as pneumonitis have been modelled using radiomics [26,27]. It was also applied in other imaging
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Fig. 3. Receiver operating characteristic curve for support vector machine prediction of radiological response: (A) complete response, (B) partial
response, (C) non-responders. AUC, area under curve.
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modalities such as PET/CT or MRI [28].
SBRT is commonly employed for early-stage lung cancer with
curative intent, and is increasingly used in patients with metastatic
lung cancer with oligo-progressive or oligo-metastatic disease, allowing high local control rates [29]. This approach can achieve superior local control compared to conventional radiotherapy [30,31].
However, a pathological series by Palma et al. [4] revealed a 60%
pCR rate after SBRT for early-stage NSCLC, which is lower than
previously hypothesized. The rate of local control may be lower in
other unfavorable histology or in more advanced disease [32]. The
choice of surgical treatment versus SBRT is at the discretion of the
clinician and should be based on patient’s characteristics, comorbidities and on clinical experience, preferentially in the context of a
multi-disciplinary team [33].
Therefore, pre-SBRT treatment outcome prediction has pragmatic implication in the optimal selection of treatment modalities. Recent radiomic models allowed accurate prediction of overall survival, DMFS, and progression-free survival for early-stage NSCLC receiving SBRT [18,34].
The population of this study included patients with both early
and metastatic disease as well as different primary site and histology, with the aim is to identify universal radiomic markers of radiological response to thoracic SBRT regardless of primary site and
histology.
It is of note that, despite including both metastatic and non-metastatic malignancies, there was a trend towards improved survival
for radiological responders compared to non-responders. As such, radiological response may be an important prognostic marker for thoracic SBRT that could reflect an impact on overall survival. Thus, anticipating radiological response prior to administrating SBRT could
play a relevant role in treatment decision.

2. Predictive radiomics features
To our knowledge, this is the first study recruiting patients receiving SBRT including both primary lung cancer and lung metastases
from extra-thoracic disease. Skewness and RMS were identified as
predictors of radiological non-responders. Interestingly, these two
features were also identified in previous radiomic studies on conventional thoracic radiotherapy. Coroller et al. [35] identified seven
features that were significantly associated with pathological gross
residual disease following chemo-irradiation in early-stage lung
cancer including skewness and RMS. These findings were confirmed by a study by Chong et al. [36] demonstrating that skewness
was predictive of pathological non-responders following chemo-irradiation in lung adenocarcinoma. Considering other primary tumors, skewness was as well found to be associated with poorer
prognosis in patients with colorectal cancer [37].
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Changes in skewness over time were also found to be informative; longitudinal decrease in skewness post treatment was demonstrated to be predictive of better overall survival in lung adenocarcinoma [38]. As increased skewness has been found to confer poor
prognosis in multiple radiomic studies across multiple tumor sites
and treatment modalities, it is possible that increased skewness
could be a universal negative radiomic prognostic factor. The possible underlying biological mechanisms are further discussed in the
subsequent section.
Although less data exists regarding the prognostic implication of
RMS, it was recently demonstrated that lower RMS was associated
with poorer survival in lung cancer patients [39].
Despite enrolling a small cohort, the present study is in accordance with previous radiomic studies. In addition, the findings were
confirmed in different studies utilizing different imaging and analysis protocols [35,36,39]. This suggests that skewness and RMS are
potentially important poor radiomic prognostic factor with generalizability.

3. Biological basis of radiomic features: radiogenomics
Increasing efforts have been made to uncover the biological basis
underlying radiomic features, as biological alterations may have
specific radiological appearance. Multiple radiogenomic studies
have since found associations between radiomic features and gene
expression, highlighting the possible link between biology and radiology [40].
Several studies indicated that skewness is associated with poorer
response to radiotherapy and radio-resistance in both lung cancer
and other tumor types [34,41,42]. Possible correlations between radiological skewness and tumor biology have been identified in previous studies. Positive skewness was found to be associated with
KRAS mutations in NSCLC [43]. Indeed, lung cancers with KRAS
mutations are characterized by poor prognosis and treatment resistance and same has been demonstrated in colorectal cancers as
well [44,45]. As KRAS is a common mutation in multiple malignancies, the poorer prognosis observed in skewed tumors may be at
least partially driven by KRAS mutation [46]. There are multiple
mechanisms in which KRAS mutation may lead to poor prognosis,
including the induction of a cancer stem cell like phenotype leading to radioresistance [47]. This may be a possible explanation for
diminished response towards SBRT in patients with positive skewness in the present study.
Low FOXF2 expression was a newly discovered as an adverse
prognostic factor for NSCLC [48]. FOXF2 inhibits proliferation, migration and invasion of tumor cells in vitro and was shown to enhance metastasis [49]. Perez-Morales et al. [39] demonstrated that
lung tumor RMS level was correlated with FOXF2 expression.
https://doi.org/10.3857/roj.2021.00311
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Hence, it is possible that radiological RMS level may reflect underlying FOXF2 expression in the tumor.
Such evidence reinforce the concept that tumor radiomic features might reflect associated underlying biological processes
which ultimately affects disease prognosis and radio-sensitivity.

tive ability of radiomic models can guide decisions to select tumors
that are likely responsive to SBRT while opting for alternative therapies for more radioresistant tumors. The optimization of dedicated
models could thus allow the introduction of radiomics in the clinical decision-making process.

4. Application of machine learning in radiomics

5. Limitations

Tumor textural analysis allows intralesional heterogeneity to be
represented by myriad of statistical representations. Thus, datasets
are typically high dimensional. In the present study, 110 radiomic
features were evaluated on 85 analyzed lesions. Hypothesis testing
through univariate models would necessitate multiple statistical
testing. This leads to higher type I error, hence, Bonferroni adjustment would be required. Furthermore, one particular radiomic feature may not be sufficient for good classification performance. This
is evident as the AUC of skewness and RMS were only 0.625 and
0.632, respectively. The optimal decision boundary may lie in higher
dimensional space which is better suited for multivariate modelling. SVM allows the decision boundary to lie within a hyperplane
in high-dimensional space, as such classification performance
would be significantly better [50]. SVM searches for a hyperplane
that can maximally separate the outcomes of interest. Multiple
studies have demonstrated the ability of SVM to classify high-dimensional clinical dataset for prediction of clinical outcomes such
as development of pneumonitis or overall survival following radiotherapy [51,52]. We have demonstrated in this study that SVM was
highly accurate in predicting tumor response following SBRT.
Clinical outcomes in this study were unbalanced, as patients
with CR (n = 31) and PR (n = 11) were less than NR (n = 43). Despite the unbalance dataset, we were still able to identify two radiomic features that are predictive of NR which are in accordance
with previous studies. In datasets with unbalanced class, the accuracy of minority class prediction is often sacrificed by the algorithm
to allow higher overall accuracy [53]. Hence while building the
SVM model, PR and CR were up-sampled using ADASYN to match
the NR class. This approach preserves the statistical distribution of
up-sampled class while increasing the statistical power [53]. Similar approach using the Synthetic Minority Oversampling Technique
(SMOTE) was demonstrated in previous radiomic studies to be beneficial toward overall classification performance [19].
The application of machine learning models could have great
potential in the field of radiomics and precision medicine. Machine
learning allows multiple factors to be accounted in a multi-dimensional model which can be useful in the age of precision medicine.
The application of radiomics and machine learning in clinical practice requires accurate and reproducible models. As radiological response to SBRT can potentially directly impact survival, the predic-

1) Here we present a hypothesis generating study aiming to elucidate prognostic radiomic features for future confirmation
Despite being a promising technique to provide additional prognostic
information, this study is characterized by several limitations. This
retrospective study enrolled a small and heterogeneous cohort which
may limit its generalizability. As the study was retrospectively conducted, some factors may not be adequately controlled for. As described previously, the outcomes in each category (CR, PR, and NR)
were unbalanced. Although ADASYN can compensate for the imbalance statistically, genuine data points are still more preferable.
Apart from that, we acknowledge that the proportion of patients
with NSCLC and non-lung tumors were unbalanced as well (55 vs.
14 patients). However, on a tumor level, there were 62 NSCLC lesions versus 23 non-lung tumors. The level of unbalance was also
reduced by ADASYN to a certain extent.
Planning and treatment variability also contribute to limitation
of this study. Excessive tumor movement during planning CT may
limit the accuracy of feature extraction. This was addressed by recruiting only patients irradiated using ABC technique to reduce tumor movement. It should also be noted that a few fractionation
schedules were used within in study which may lead to differential
tumor response.
This study had a strict patient selection criteria in which patients
with central tumors and patients that cannot tolerate ABC were
excluded. This improved the accuracy of the model but at the same
time limited its application in “real-world” clinical practice.
We acknowledge that different institutions utilize different imaging protocols and scanners. In addition, use of contrast or injection time may differ across institution. It has been shown that use
of contrast may affect certain radiomic features [54]. Non-contrast
CT thorax was employed in this study while other studies employed
contrast planning CT. This may limit the generalizability and sharing of radiomic models. As such, radiomic models application may
be limited to a single institution without the inclusion of multi-institutional data. A universal feature extraction protocol and feature
set were also lacking, which hinders inter-study comparison. This
can be overcome by data-sharing and cross-validation across different data sets which hopefully will result in more generalizable
models in the future.
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6. Conclusion
The present study provided a proof of concept, that radiomic features
can predict response to SBRT, irrespective of tumor histology, site of
primary and initial staging. We also demonstrated that skewness and
RMS are potential universal adverse predictive factors, in accordance
with multiple previous radiomic studies. It was also shown that there
was a trend towards improved overall survival tumors with a radiological response to SBRT. This validates the role of radiological response as a prognostic factor of overall survival.
The clinical implications of the definition of universal radiomic
predictive features require additional prospective analysis. Further
research is warranted to unravel the biological basis underlying radiomic features and treatment responsiveness.
Multivariate models such as SVM can improve classification performance allowing accurate outcome prediction. Radiomic analysis
using such models can potentially be applied for treatment selection. Data sharing and unified feature extraction and processing
procedures are eagerly awaited to generate more robust models in
the future.
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Purpose: Re-irradiation is a treatment option for recurrent esophageal cancer patients with a history
of radiotherapy, but there is a risk of severe late adverse effects. This study focused on the efficacy
and safety of re-irradiation using hyperfractionated radiotherapy.
Materials and Methods: Twenty-six patients who underwent re-irradiation by the hyperfraction
technique using twice-daily irradiation of 1.2 Gy per fraction for recurrent esophageal cancer were
retrospectively included in this study. The overall survival period after the start of secondary radiotherapy and the occurrence of late adverse effects were investigated.
Results: Of 26 patients, 21 (81%) received re-irradiation with definitive intention and 21 (81%) underwent concurrent chemotherapy. The median re-irradiation dose was 60 Gy in 50 fractions in 25
treatment days, and the median accumulated irradiation dose in equivalent dose in 2 Gy per fraction
was 85.4 Gy with an α/β value of 3. The median interval between two courses of radiotherapy was
21.0 months. The median overall survival period was 15.8 months and the 1-year and 3-year overall
survival rates were 64.3% and 28.3%, respectively. Higher dose of re-irradiation and concurrent chemotherapy significantly improved survival (p < 0.001 and p = 0.019, respectively). Severe late adverse
effects with the Common Terminology Criteria for Adverse Events grade 3 or higher were observed in
5 (19.2%) patients, and 2 (7.7%) of them developed a grade 5 late adverse effect.
Conclusion: High-dose re-irradiation using a hyperfractionated schedule with concurrent chemotherapy might be related to good prognosis, while the rate of late severe adverse effects is not high compared with the rates in past reports.
Keywords: Esophageal neoplasms, Radiotherapy, Re-irradiation, Chemoradiotherapy, Long term adverse effects

Introduction
Chemoradiotherapy is a standard therapy for locally advanced
esophageal cancer patients without surgical indication. It has been
reported that locoregional recurrences occurred in 40%–60% of
esophageal cancer patients who underwent chemoradiotherapy [1].
In such patients, it was shown that the survival rate of patients who
received re-irradiation was better than that of patients who did not
receive salvage radiotherapy [2]. However, re-irradiation to a region

with a history of radiotherapy has a high risk of severe adverse effects. Due to this high risk, it may be necessary to limit the dose of
re-irradiation or patients might even refuse re-irradiation [3].
Hyperfractionated (HF) radiotherapy is a method for radiation
dose fractionation in which patients undergo irradiation twice daily
with a dose of 1–1.2 Gy per fraction. Setting an interval (usually
6–8 hours) between two treatment sessions allows normal tissues
to repair their DNA damage, which is thought to result in better
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tolerance in terms of late adverse effects. HF radiotherapy has been
suggested to reduce late adverse effects in the setting of re-irradiation, but it has been reported that irradiation using HF radiotherapy does not improve tumor control or late adverse effects in head
and neck cancer patients with a history of radiotherapy [4]. There
have been few reports on re-irradiation using HF radiotherapy for
patients with recurrent esophageal cancer.
The aim of this study was to determine the effectiveness and
safety of re-irradiation using HF radiotherapy for esophageal cancer
patients.

Materials and Methods
The Institutional Review Board of Tohoku University Graduate
School of Medicine approved this retrospective study (No. 2019-1740). All procedures followed were in accordance with the Helsinki
Declaration of 1964 and later versions. Because this study was a
retrospective study, subscribed informed consent could not be obtained from all patients. All of the patients were provided with information on this study and were given the opportunity to decline
participating in this study.
We included recurrent esophageal cancer patients who underwent HF re-irradiation to the recurrent region in our institute
during the period from April 2011 to December 2018. Patients who
underwent re-irradiation with a fractionation other than 1.2 Gy per
fraction twice daily or whose irradiation field did not overlap the
past irradiation field were excluded. Information on treatment,
overall survival and adverse effects was obtained from hospital patient records. The overall survival period was from the day when
re-irradiation was started. Accumulated irradiated dose was calculated using prescription dose with total equivalent dose in a 2-Gy
fraction (EQD2). In calculating EQD2, α/β values of 4.9 and 3.0 were
used for tumor re-irradiation dose [5] and normal tissue cumulative dose, respectively. Adverse effects were interpreted according
to the Common Terminology Criteria for Adverse Events (CTCAE)
version 5.0. Survival curves were plotted using the Kaplan-Mayer
method. Wilcoxon test was used to evaluate the difference between two groups. Correlations between site of re-irradiation and
late adverse effects were tested by Fisher exact test. In each statistical test, p-value smaller than 0.05 was considered to be statistically significant.
The treatment policy of re-irradiation in our institution was as
follows. The gross tumor volume (GTV) was delineated using planning computed tomography (CT) image and other available data
including endoscopy images and 18F-fluorodeoxyglucose positron
emission tomography-computed tomography scan images. To minimize re-irradiated volume, the clinical target volume (CTV) was set
266

as the GTV plus a minimal margin of 0 to 5 mm. The planning target volume was set as the CTV plus a margin of 10 mm. Sixty Gy in
50 fractions was delivered using three-dimensional conformal radiotherapy (3D-CRT) method with 10-MV X-ray beam. Because of
the heterogeneity of the cases, modifications of target, treatment
dose and irradiation method were allowed. Some cases underwent
a reduced dose of re-irradiation considering the risk of esophageal
fistula. In this study, we defined a definitive therapy when all recurrent regions were irradiated, and the other cases were defined
as palliative therapy. Between definitive and palliative therapies,
there were no differences in treatment methods including margin
size and treatment dose.

Results
Twenty-six patients were included in this study. The characteristics
of the patients are shown in Table 1. Twenty-one patients (81%)
received definitive radiotherapy with all recurrent regions being irradiated and the other 5 patients (19%) received palliative radiotherapy. In the 21 patients who received definitive therapy, 18 patients (90%) received concurrent systemic chemotherapy. In the 5
Table 1. Patient characteristics and treatment
Characteristic
Sex
Female
Male
Age (yr)
Dose of previous radiotherapy (Gy)
Previous esophageal surgery
Yes
No
Recurrence site
Esophagus
Lymph node
  Mediastinum
  Abdomen
  Supraclavicular
Interval of radiotherapy (mo)
Intention of re-irradiation
Definitive
Palliative
Concurrent chemotherapy
Yes
No
Dose of re-irradiation (Gy)
Cumulative EQD2 (Gy)

Value
4 (15)
22 (85)
66 (50–86)
35 (30–70)
12 (46)
14 (54)
7 (27)
19 (73)
12 (46)
5 (19)
2 (8)
21 (2–177)
21 (81)
5 (19)
21 (81)
5 (19)
60 (42–60)
85.4 (70.3–20.4)

Values are presented as number (%) or median (range).
EQD2, equivalent dose in 2 Gy calculated with an α/β value of 3.
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Hyperfractionated re-irradiation for esophageal cancer

patients who received palliative therapy, 3 patients (60%) received
concurrent chemoradiotherapy.
The median dose of primary irradiation was 30 Gy (range, 30 to
70 Gy; all the patients received 2 Gy per fraction), which was mainly
used as a neoadjuvant chemoradiation in our institute at the time.
In secondary irradiation, 22 patients (84.6%) received 60 Gy in 50
fractions and 4 patients (15.4%) received irradiation less than 60 Gy
(range, 42 to 48 Gy). Thus, the median re-irradiation dose was 60 Gy
(range, 42 to 60 Gy; all the patients received 1.2 Gy per fraction)
and EQD2 were 53.0 Gy for tumor tissue (range, 37.1 to 53.0 Gy) and
50.4Gy for normal tissue (range, 35.3 to 50.4 Gy), respectively. Accumulated irradiation dose in EQD2 were 88.0 Gy for tumor tissue
(range, 72.4 to 123.0 Gy) and 85.4 Gy for normal tissue (range, 70.3
to 120.4 Gy). The most common pattern of primary and secondary
radiotherapy was 30 Gy in 15 fractions of neoadjuvant radiotherapy
followed by re-irradiation of 60 Gy in 50 fractions using the HF
method for the recurrent region, where accumulated dose in EQD2
were 83.0 Gy for tumor tissue and 80.4 Gy for normal tissue, respectively. The median interval between two courses of radiotherapy
was 21.0 months (range, 2.3 to 177.1 months).
Fig. 1A shows the overall survival curve. The median overall survival period was 15.8 months and the 1-year and 3-year overall
survival rates were 64.3% and 28.3%, respectively. Table 2 shows
univariate analysis using Wilcoxon test to evaluate the survival
rate. Higher dose of re-irradiation and the use of concurrent chemotherapy significantly improved survival (p < 0.001 and p =
0.019 with Wilcoxon test, respectively). Fig. 1B and 1C shows the
results of the two parameters.
Severe late adverse effects with CTCAE grade 3 or higher were
observed in 5 (19.2%) patients and 2 (7.7%) of them developed
grade 5 late adverse effects (Fig. 2A). Of the 5 patients, 3 had re-irradiation for local recurrent disease. In this study, total dose of irradiation did not predict severe late adverse effects (37.5% vs. 26.7%;
p = 0.78) (Fig. 2B). Patients who underwent re-irradiation for

0.8
0.6
0.4
0.2
0.0

0

12 24 36 48 60
Observation period (mo)

72

Discussion and Conclusion
We showed clinical outcomes of re-irradiation for recurrent esophageal cancer using the HF technique. Generally, radiotherapy for
recurrent esophageal cancer is difficult because past therapy inTable 2. Univariate analysis for overall survival
Parameter
Sex (female vs. male)
Age (≥ 66 vs. < 66 yr)
Dose of first radiotherapy (≥ 40 vs. < 40 Gy)
History of surgery (yes vs. no)
Recurrence site (esophagus vs. lymph node)
Dose of re-irradiation (60 vs. < 60 Gy)
Total dose in EQD2 (≥ 93 vs. < 93 Gy)
Concurrent chemotherapy (yes vs. no)

C

1.0

60 Gy
<60 Gy

0.8
0.6

p < 0.001

0.4
0.2
0.0

0

p-valuea)
0.47
0.08
0.71
0.85
0.66
< 0.001*
0.71
0.019*

EQD2, equivalent dose in 2 Gy calculated with an α/β value of 3.
a)
Wilcoxon test.
*p<0.05.

Overall survival

B

1.0

Overall survival

Overall survival

A

esophageal recurrence tended to show a higher rate of severe adverse effects than did patients who had re-irradiation for lymph
node metastasis (42.9% vs. 10.5%; p = 0.14) (Fig. 2C). Detailed data
for patients who had grade 3 or higher late adverse effects are
shown in Table 3. One patient died of massive hematemesis, which
was considered to be an aortic penetration based on a previous CT
scan. One patient developed severe radiation pneumonitis at 1
month after completion of radiation therapy. That patient received
steroid pulse therapy but died 2 weeks after the development of
pneumonitis. Two patients had esophageal fistulas. One of those
patients received stenting and the other patient was treated conservatively. One patient developed pericardial effusion with shortness
of breath after CRT with an interval of 54.2 months. That patient
underwent pericardial drainage, which revealed no evidence of recurrent cancer, and radiation pericarditis was therefore suspected.

12 24 36 48 60
Observation period (mo)

72

1.0

Yes
No

0.8
0.6

p = 0.019

0.4
0.2
0.0

0

12 24 36 48 60
Observation period (mo)

72

Fig. 1. Overall survival curves of (A) all patients, (B) dose of re-irradiation, and (C) concurrent chemotherapy. Each survival curve was plotted by
the Kaplan-Meyer method, and Wilcoxon test was used to evaluate difference of arms.
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0.8
0.6
0.4
0.2
0.0
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12 24 36 48 60
Observation period (mo)

≥90.4 Gy
<90.4 Gy

0.8
0.6

p = 0.78

0.4
0.2
0.0

72

C

1.0

Overall survival

B

1.0

Overall survival

Cumulative survival

A

0

12 24 36 48 60
Observation period (mo)

72

1.0

Esophageal legion
Lymph node legion

0.8
0.6

p = 0.14

0.4
0.2
0.0

0

12 24 36 48 60
Observation period (mo)

72

Fig. 2. Cumulative occurrence of late toxicity with CTCAE grade of 3 or higher in (A) all patients, (B) total irradiation dose in EQD2, and (C) site
of re-irradiation. Wilcoxon test was used to evaluate difference of arms. CTCAE, Common Terminology Criteria for Adverse Events; EQD2, equivalent dose in 2 Gy calculated with an α/β value of 3.
Table 3. Patients with late adverse effects of CTCAE grade 3 or higher
Patient# Age (yr)/Sex

Initial RT

Secondary RT

1

57/M

30 Gy/15 fx, neoadjuvant 60 Gy/50 fx, LN recurrence

2

65/M

30 Gy/15 fx, neoadjuvant 60 Gy/50 fx, LN recurrence

3

86/F

60 Gy/30 fx, definitive

42 Gy/35 fx, esophageal recurrence

4

50/F

60 Gy/30 fx, definitive

60 Gy/50 fx, esophageal recurrence

5

69/M

60 Gy/30 fx, definitive

42 Gy/35 fx, esophageal recurrence

Interval of
Late adverse effect
RTs (mo)
26.4
Fistula at 1 month after secondary
RT, treated with stenting
10.3
Fistula at 11 months after secondary RT, treated conservatively
36.8
Hematemesis at 2 months after
secondary RT
54.2
Pericardial effusion at 23 months
after secondary RT
19.9
Pneumonitis at 1 month after secondary RT, treated with steroid

CTCAE
grade
Grade 3
Grade 3
Grade 5
Grade 3
Grade 5

CTCAE, Common Terminology Criteria for Adverse Events; RT, radiotherapy; LN, lymph node.
Table 4. Existing reports on re-irradiation for recurrent esophageal cancer
Study, year

Number of
patients

Yamaguchi et al. [6], 2011

31

Zhou et al. [2], 2015

Median dose of re-irradiation

55a)

40 Gy (definitive)
36 Gy (palliative)
54 Gy

Chemotherapy: 27 (87%)
Hyperthermia: 14 (45%)
-

Fernandes et al. [7], 2015

14

54 Gy in RBE

Proton therapy: 14 (100%)

Jingu et al. [3], 2017

33

Hyperfractionation: 11 (33%)
Chemotherapy: 29 (88%)

Hong et al. [8], 2018
Present study

39a)
26

60 Gy (definitive)
40 Gy (postoperative)
36 Gy (preoperative)
50 Gy
60 Gy

Chemotherapy: 19 (49%)
Hyperfractionation: 26 (100%)
Chemotherapy: 21 (81%)

Median 3-year
OS period OS
Late AE ≥ Grade 3
(mo)
(%)
8
NA Esophageal AE: 6 (19.4%)
Radiation pneumonitis: 1 (3.2%)
4
8.5 Esophageal AE: 19 (34.5%)
Radiation pneumonitis: 3 (5.5%)
14
NA Gastrointestinal AE: 4 (26.7%)
Cardiovascular AE: 1 (7.1%)
10
17.8 Gastric hemorrhage: 1 (3.0%)

10
16.2

22.9 Radiation pneumonitis: 8b) (24.2%)
28.3 Esophageal fistula: 3 (11.5%)
Pericardial effusion: 1 (3.8%)
Radiation pneumonitis: 1 (3.8%)

OS, overall survival; AE, adverse effect; NA, not available; RBE, relative biological effectiveness.
a)
The number of patients who received re-irradiation in all of the subjects in the study.
b)
The result in propensity-matched patients’ subgroup.
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cluding surgery and radiotherapy make the risk of severe late adverse effects higher. Jingu et al. [3] analyzed recurrent esophageal
cancer patients with a history of various first-line therapies including surgery and radiotherapy who underwent radiotherapy as a
second-line treatment. They showed that patients with a history of
previous radiotherapy underwent second-line radiotherapy with a
smaller dose and had shorter overall survival than patients who
had surgery for the first-line therapy.
In this study, we focused on the effectiveness and safety of HF
irradiation in second radiotherapy. Past reports on re-irradiation to
esophageal cancer are shown in Table 4 [2,3,6-8]. Our study
showed better clinical outcomes without a higher risk of severe
late adverse effects, although patient characteristics and treatment
situations were not the same in the studies. The present study is
the first study focusing on the clinical usability of HF radiotherapy
in esophageal cancer patients with a history of past radiotherapy.
From the standpoint of radiation biology, a linear quadratic
model is useful for understanding different effects of HF radiotherapy on normal and tumor tissues. In the present study, the median
dose of second irradiation was 60 Gy in 50 fractions delivered in 25
treatment days. This corresponds to 50.4 Gy in EQD2 for a late effect in normal tissue with an α/β value of 3 and to 53.0 Gy for an
acute effect in tumor tissue with an α/β value of 4.9, which was
previously reported [5]. This indicates that HF irradiation can reduce late toxicity in normal tissues with a relatively preserved tumor control effect.
In clinical aspects, patients included in this study received not
only HF irradiation but also a higher mean dose of re-irradiation
and concurrent chemotherapy with a higher rate. HF irradiation
might have contributed to a low risk of severe adverse effects,
while re-irradiation at a higher dose and concurrent chemotherapy
might have contributed to better tumor control.
Although the rate of severe adverse effect in whole study population is not as high as the past reports, we recognize that the patients who received re-irradiation for the esophageal recurrent disease developed severe adverse effect with a high probability. Of 5
patients who received re-irradiation for the esophageal recurrent
disease, two developed grade 5 and one developed grade 3 late adverse effect, which is not an acceptable rate. We could not find a
clear reason for the high adverse effect rate but re-irradiation for
esophageal recurrent disease seems not to be recommended.
We recognize that this study has some limitations. First, the appropriateness of comparing clinical outcomes in this study and in
previous studies is limited because this study was a retrospective
study performed in a single institution. Second, treatment dose and
site were not uniform because of the study design. Some of the

https://doi.org/10.3857/roj.2021.00325

patients received 30 Gy in 15 fractions neoadjuvant radiotherapy
as an initial radiotherapy, which is not a common treatment strategy today. A prospective randomized trial in multiple institutions
with a uniform treatment strategy is needed to conclude the effectiveness and safety of re-irradiation using the HF technique.
In conclusion, we showed our clinical experience of re-irradiation to recurrent esophageal cancer using the HF technique. Highdose re-irradiation with an HF schedule with concurrent chemotherapy might be related to good prognosis, although re-irradiation
for esophageal recurrent disease might to be related with a high
probability of severe late adverse effects.
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Purpose: This study was performed to investigate the efficacy and safety of short-course radiation
therapy (SCRT) and sequential chemotherapy followed by delayed surgery in locally advancer rectal
cancer with subgroup analysis between the older and young patients.
Materials and Methods: In this single-arm phase II clinical trial, eligible patients with locally advanced rectal cancer (T3–4 and/or N1–2) were enrolled. All the patients received a median three sequential cycles of neoadjuvant CAPEOX (capecitabine + oxaliplatin) chemotherapy. A total dose of 25
Gy in five fractions during 1 week was prescribed to the gross tumor and regional lymph nodes. Surgery was performed about 8 weeks following radiotherapy. Pathologic complete response rate (pCR)
and grade 3–4 toxicity were compared between older patients (≥65 years) and younger patients (<65
years).
Results: Ninety-six patients with locally advanced rectal cancer were enrolled. There were 32 older
patients and 64 younger patients. Overall pCR was 20.8% for all the patients. Older patients achieved
similar pCR rate (18.7% vs. 21.8; p = 0.795) compared to younger patients. There was no statistically
significance in terms of the tumor and the node downstaging or treatment-related toxicity between
older patients and younger ones; however, the rate of sphincter-saving surgery was significantly more
frequent in younger patients (73% vs. 53%; p=0.047) compared to older ones. All treatment-related
toxicities were manageable and tolerable among older patients.
Conclusion: Neoadjuvant SCRT and sequential chemotherapy followed by delayed surgery was safe
and effective in older patients compared to young patients with locally advanced rectal cancer.
Keywords: Rectal neoplasms, Neoadjuvant therapy, Chemoradiotherapy, Colorectal surgery, Response
Evaluation Criteria in Solid Tumors
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Introduction
Rectal cancer is one of the most common cancers of the gastrointestinal tract with a high recurrence and mortality rate. Survival
rates for patients with rectal cancer have improved over the past
three decades due to early detection in the early stages, a reduction in postoperative mortality and successful treatment in stages I
and II of the disease [1]. However, locally advanced rectal cancer
remains a challenge because of the high recurrence rate following
surgery [2].
Neoadjuvant chemoradiation has been introduced and proven
effective to reduce locoregional recurrence of those patients in
randomized trials [3]. Radiotherapy can also be used to relieve local
tumor symptoms [4]. Many protocols of preoperative chemoradiation were investigated comparing a short course of radiotherapy
over a week to a longer course over five weeks [4-12]. The shorter
course of radiotherapy was attractive especially for older patients
with cancer because it reduced the need for daily transportation
and hospital visits especially in light of the coronavirus disease
2019 (COVID-19) pandemic. Older patients with cancer are at high
risk of dying if infected by the virus [13]. However, the safety and
efficacy of this shorter course of radiotherapy has not been investi-

Enrollment

gated in older patients with locally advanced cancer. Thus, we conducted this prospective study to investigate the feasibility of shortcourse radiation therapy (SCRT) in combination with neoadjuvant
preoperative chemotherapy for those patients.

Materials and Methods
1. Patient eligibility
In this phase II prospective clinical trial, eligible patients with locally advanced rectal cancer (T3–4 and/or N1–2) were enrolled between 2019 and 2020. Inclusion criteria included all adult patients
( ≥ 18 years) with newly diagnosed rectal cancer (up to 15 cm distance from the anal verge); histologically confirmed adenocarcinoma; clinical stage of T3 or T4 and/or N1–2; the Eastern Cooperative
Oncology Group (ECOG) performance status < 2; adequate bone
marrow, hepatic, and renal functions.
Exclusion criteria included all patients with pregnancy; other
primary malignancies; any type of distant metastasis; serious medical conditions (including severe cardiovascular, renal and/or hepatic failure); previous pelvic radiation therapy; hypersensitivity reaction to fluorouracil, oxaliplatin or capecitabine; patients’ refusal to
participate in the study (Fig. 1).

Assessed for eligibility (n=114)
Excluded (n=18)
· Not meeting inclusion criteria (n=10)
· Declined to participate (n=7)
· Previous pelvic radiotherapy (n=1)

Allocation

Allocated (n=96)

Neoadjuvant
Treatment

Allocated to neoadjuvant treatment (n=96)
· Received neoadjuvant SCRT (n=96)
· Received neoadjuvant ChT (n=96)

Surgery

Allocated to surgery treatment (n=96)
· Underwent surgery (n=96)

Analysis

Allocated to analysis (n=96)
· Analyzed (n=96)

Fig. 1. CONSORT flow chart study. SCRT, short-course radiation therapy; ChT, chemotheraphy.
https://doi.org/10.3857/roj.2021.00654
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2. Preliminary evaluation
Demographic and clinical characteristics of eligible patients such
as age, sex, medical and surgical history, and physical examination
were recorded using a data collection form. All participants were
asked for any history of cardiac, liver, or kidney dysfunction and allergic reactions to the drug. All the patients underwent colonoscopy by a gastroenterologist and the site and characteristics of the
tumor and its distance from the anal verge were assessed. The diagnosis of rectal adenocarcinoma was verified by pathologic examination of the biopsy specimen. Before starting treatment, all the
patients underwent digital rectal examination (DRE), abdominal
and pelvic computed tomography (CT) scans, and pelvic magnetic
resonance imaging (MRI). Clinical staging of the tumor was performed using TNM classification according to the 8th edition of the
American Joint Committee on Cancer (AJCC) staging system and
completed based on MRI and CT scan images. Performance status
was assessed according to ECOG criteria. Complete blood cell
count, liver function test, renal function test, electrolytes, and carcinoembryonic antigen was recorded.

3. Treatment
All the patients received a cycle of neoadjuvant chemotherapy before SCRT and two cycles of chemotherapy after SCRT and before
surgery. Based on our previous study and literature finding [14], induction chemotherapy can shrink the tumor and alleviate tumor-related symptoms such as pain and bleeding; therefore, this
strategy can enhance tumor response and facilitate patients’ compliance. Chemotherapy was administered with either the CAPEOX
(capecitabine + oxaliplatin) regimen (80%) or oral capecitabine
alone (20%). The CAPEOX regimen consisted of oxaliplatin 130 mg/
m2 (day 1) followed by oral capecitabine 1,000 mg/m2 PO bid (day
1–14). During COVID-19 pandemic, according to the European Society for Medical Oncology (ESMO) guideline adapted treatment
recommendation in COVID-19 era, we had to do some modification
in chemotherapy regimen to decline the risk of coronavirus infection and its morbidity and mortality. Therefore, most participant
particularly older patients received capecitabine alone rather than
CAPEOX regimen. Three weeks after the day 1 of the first chemotherapy cycle, all the patients underwent SCRT. Subsequently, 2
weeks after the completion of SCRT, the patients received two
more cycles of chemotherapy with the same regimen. Three weeks
later, they underwent surgery with an average interval of 8 weeks
from the end of neoadjuvant radiation therapy. Fig. 2 shows study
protocol diagram.

4. short-course radiation therapy
The patients underwent a CT scan with SOMATOM Definition AS
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Siemens scanner (Siemens Healthcare GmbH, Erlangen, Germany),
and the images were transferred to the treatment planning system
(TPS) through a DICOM network (INFINITT Healthcare, Seoul, Korea). The target volumes were contoured based on the RTOG anorectal contouring atlas [15]. Accordingly, gross tumor volume (GTV)
included all primary gross diseases and all visible and suspicious
perirectal and iliac nodes. Clinical target volume (CTV) included the
GTV plus 1.5–2 cm margin; as well as, the entire rectum, mesorectum, and presacral space. Internal iliac nodes were included in the
CTV for all cases; however, external iliac nodes were covered for
cases with T4 tumors. Planning target volume (PTV) was created by
expanding CTV plus 0.5–1 cm margin. Treatment planning was performed using Prowess Panther software version 5.4 (Prowess Inc.,
Concord, CA, USA) and the minimum, maximum, and mean doses
for target volumes as well as organs-at-risk (OARs) such as the
bladder and the right and left femoral heads were evaluated on a
dose-volume histogram (DVH). Subsequently, the patients underwent SCRT with a total dose of 25 Gy in 5 fraction within 5 consecutive days with three fields (one posterior field and two lateral
fields) or four-field technique (anteroposterior-posteroanterior parallel opposed fields and two lateral opposed fields) for PTV coverage with 95% isodose (according to the International Commission
on Radiation Units and Measurements [ICRU] Report 62 protocol)
with 18 MV photon beam using the ONCOR linear accelerator (Siemens Healthcare GmbH). All the patients were treated in a single
phase and no boost dose was delivered.
Acute gastrointestinal, urinary and hematologic side effects of
radiation therapy were scored according the National Cancer Institute’s Common Terminology Criteria for Side Effects (CTCAE) version 5.0 (grades 1 to 5) [5].

5. Surgery
A standard radical surgery such as low anterior resection (LAR) or
abdominoperineal resection (APR) was performed for all the patients. The type of surgery (APR vs. LAR) was usually selected at diagnosis and before neoadjuvant therapies based on many factors
such as tumor location, adequacy of anal sphincter function, and
patient choice. However, in some patients whose tumor location
was borderline (4–5 cm above anal verge), and unknown sphincter
SCRT
ChT

Rest

ChT

ChT

Surgery

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time (wk)
Fig. 2. Study protocol diagram. SCRT, short-course radiation therapy;
ChT, chemotheraphy.
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function the choice of surgical technique was postponed until neoadjuvant treatment was completed.

were used. The significance level for all tests was considered 0.05.

9. Ethics statement
6. Pathologic response evaluation
The postoperative pathological examination provided a microscopic
description of the specimen with at least four paraffin blocks and
an additional larger block. If no tumor was visible, slides were
re-taken from the entire suspected area and a more accurate assessment was performed. Circumferential resection margin was
defined as involved if the tumor was microscopically located less
than 1 mm from the radial resection margin. Pathologic response
was graded based on pathologist evaluation of the sample obtained from surgical resection. Downstaging was defined as any
stage reduction following neoadjuvant treatments from stage III to
stage 0–II, and stage II to stage 0–I confirmed in the pathological
specimens [16]. PCR was defined as the absence of tumor cells at
the primary site and lymph nodes. A nonresponsive tumor was defined as less than 30% tumor shrinkage following neoadjuvant
treatments [6]. In this study, we used the four AJCC tumor regression grading (TRG) classifications for evaluating. Based on this
scoring system, the tumor regression is categorized as complete regression (no viable cancer cells, TRG = 0), near complete regression
(residual single or small groups of tumor cells, TRG = 1), moderate
regression (residual cancer outgrown by fibrosis, TRG = 2) and finally, minimal or no regression (minimal or no tumor cells killed,
TRG = 3) [17].

7. Study endpoints
The primary endpoint of the study was pCR and the secondary endpoint was adverse events. Patients were monitored weekly for
acute toxicity and treatment compliance.

8. Statistical analysis
We calculated the study sample size based on the guidance and
formula provided by Khan et al [18]. Accordingly, to improve a 10%
in pCR in the present study (P1 = 20%) compared to a study by
Faria et al. [19] (P0 = 10%), and determined α = 5% (exact α =
4.53%) and power = 80% (exact power = 80.81%), the number
of 87 was estimated. All statistical analysis was performed using
SPSS version 24 (IBM, Armonk, NY, USA). The frequency of the variables was presented by the numbers and percentages. A mean ±
standard deviation was used for continuous variables. The normality of data distribution was tested by Kolmogorov-Smirnov. Chisquare test (χ2) was applied to compare the pCR rate among the
subgroups, and to compare the severity of treatment-related side
effects at different times, Friedman test, and comparison of laboratory parameters in three times of visits, repeated-measures ANOVA
https://doi.org/10.3857/roj.2021.00654

The study protocol was approved by the Ethics Committee of Shiraz
University of Medical Sciences in accordance with the code of ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving humans (No. IR.SUMS.MED.REC.1397.437).
All patients signed informed consents prior to enrollment. The clinical trial was registered in the Iranian Registry of Clinical Trials (No.
IRCT20190119042415N1) and all patients’ data have remained
confidentially.

Results
1. Participants
Ninety-six patients with rectal cancer underwent SCRT and chemotherapy followed by delayed surgery. Response to treatment was
assessed by pathologic examination on postoperative specimens
(Fig. 1).

2. Baseline characteristics and treatment
The median age of all patients was 59 years (range, 29 to 97 years).
Sixty-four cases (66.7%) were younger than 65 years (median, 53
years), and 32 cases (33.3%) were 65 years or older (median, 75
years). In terms of sex, 59 subjects (64.1%) were male, and 24 subjects (35.9%) were female. All the patients completed their planned
SCRT with similar dose, technique and scheduled. The number of
chemotherapy cycles in both group was comparable; however, the
CAPEOX regimen was more frequently administered in younger patients compared to older patients who were less tolerated oxaliplatin-based chemotherapy (69% vs. 86%; p = 0.046). Table 1 summarizes patient characteristics.
Overall, APR was performed for 32 (33%) rectal cancers and LAR
in 64 (67%) patients in whom the cancer was close to or involved
the anal canal. Sphincter-sparing surgery was more frequent
among younger patients compared to the older patients (73% vs.
53%; p = 0.047). The reason of higher rate of APR in older patient
was more due to the higher rate of impaired anal sphincter in tonometry or fecal incontinency at diagnosis, as well the patient and
the surgeon preference rather than a surgical technique problem. It
is believed that older patients have lower quality of life following
LAR due to fecal incontinency and higher rate of LAR syndrome
compared to younger patients. No serious postoperative side effects such as massive hemorrhage, infection or wound dehiscence,
and leakage at the anastomosis site were observed. In terms of delay in surgery, the median time interval between SCRT and surgery
was 8 weeks (range, 6 to 12 weeks). This interval was less than 8
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Table 1. Clinical characteristics of the tumor in patients with rectal
cancer underwent SCRT and chemotherapy followed by delayed surgery
Characteristic
Distance from AV (cm)
cTumor size (cm)
Categorized distance to AV (cm)
≤5
5–10
≥ 10
cTstage
T2
T3
T4
cNstage
N0
N1
N2
cStage
II
III
Time interval between RT and
surgery (wk)
<8
≥8
Chemotherapy regimen
CAPEOX
Capecitabine
Chemotherapy cycles
1–2
3–5
Type of surgery
APR
Sphincter surgery

Age group
< 65 yr
≥ 65 yr
(n = 64) (n = 32)
6.3 ± 3.8 6.4 ± 3.4
4.7 ± 2.2 5.4 ± 2.5
30 (47)
26 (41)
8 (12)

14 (44)
15 (47)
3 (9)

14 (22)
42 (66)
8 (12)

6 (19)
23 (72)
3 (9)

8 (13)
31 (48)
25 (39)

3 (9)
20 (63)
9 (28)

8 (12)
56 (88)

3 (9)
29 (91)

p-value
0.938
0.204
0.810

0.817

0.428

0.747

0.772
28 (44)
36 (56)

15 (47)
17 (53)

55 (86)
9 (14)

22 (69)
10 (31)

0.046

1.000
24 (38)
40 (62)

12 (38)
20 (62)

17 (27)
47 (73)

15 (47)
17 (53)

0.047

Values are presented as mean ± standard deviation or number (%).
SCRT, short-course radiation therapy; AV, anal verge; RT, radiotherapy;
CAPEOX, capecitabine + oxaliplatin; APR, abdominoperineal resection.

weeks in 44 cases (46%), and was more than or equal to 8 weeks
in 52 cases (54%). There was no difference regarding the time interval between older and younger patients.

3. Response rates
Overall, partial and complete tumor response was seen in 82 patients (85.4%). Evaluation of the primary outcome of the study
showed that 20 patients (20.8%) achieved pCR, 62 cases (64.6%)
partial pathologic response, and 14 patients (14.6%) were nonresponsive. Table 2 summarizes the pathological response following
surgery. There was no statistically significant difference between
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Table 2. Distribution and comparison of pathologic characteristics
among the older and younger patients with locally advanced rectal
cancer treated by neoadjuvant SCRT and chemotherapy followed by
delayed surgery
Characteristic
pTumor size (cm)
pTstage
T0-2
T3-4
pNstage
No
N1-2
pCR
Yes
No
TRG
0
1
2
3
Downstaging
Yes
No
Tumor grade
I
II
III
Surgical margin status
Involved
Free
LVI
Present
Absent
PNI
Present
Absent
KRAS status
Mutated
Wild type
Unknown

Age group
< 65 yr
≥ 65 yr
2.2 ± 2.2
2.4 ± 2.0
43 (67)
21 (33)

24 (75)
8 (25)

35 (55)
29 (45)

22 (69)
10 (31)

14 (22)
50 (78)

6 (19)
26 (81)

p-value
0.642
0.487

0.270

0.795

0.890
14 (22)
4 (6)
35 (55)
11 (17)

6 (19)
2 (6)
20 (62)
4 (13)

52 (81)
12 (19)

29 (91)
3 (9)

0.372

0.824
40 (63)
20 (31)
4 (6)

18 (56)
12 (38)
2 (6)
0.683

4 (6)
60 (94)

3 (9)
29 (91)

18 (28)
46 (72)

6 (19)
26 (81)

14 (22)
50 (78)

2 (6)
30 (94)

0.454

0.080

0.617
13 (20)
5 (8)
46 (72)

8 (25)
1 (3)
23 (72)

Values are presented as mean ± standard deviation or number (%).
SCRT, short-course radiation therapy; pCR, pathologic complete response; TRG, tumor regression grade; LVI, lymphovascular invasion; PNI,
perineural invasion.

the younger and older patients in terms of pCR rate (18.7% vs.
21.8%; p = 0.795) and as well as other pathologic characteristics
(Table 2). However, the lack of lymphovascular invasion (p =
0.020), lower tumor grade (p = 0.036), larger tumor size (p =
0.005), and the time interval more than 8 weeks between neoadjuhttps://doi.org/10.3857/roj.2021.00654
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Table 3. Correlation of pCR rates and clinical characteristics and the
treatments
pCR

Characteristic
Age (yr)
< 65
≥ 65
Sex
Male
Female
Distance from AV (cm)
cTumor size (cm)
cTstage
T2
T3
T4
cNstage
N0
N1
N2
cStage
II
III
LVI
Yes
No
PNI
Yes
No
Tumor grade
I
II
III
Chemotherapy regimen
CAPEOX
Capecitabine
Chemotherapy cycles
1–2
3–5
Time interval between RT and
surgery (wk)
<8
≥8

Yes

No

14 (22)
6 (19)

50 (78)
26 (81)

13 (22)
7 (19)
5.9 ± 2.9
3.7 ± 1.4

47 (78)
29 (81)
6.5 ± 3.8
5.3 ± 2.3

8 (40)
10 (15)
2 (18)

12 (60)
55 (85)
9 (82)

3 (27)
13 (25)
4 (12)

8 (73)
38 (75)
30 (88)

p-value
0.795

0.795

0.546
0.005
0.059

0.267

0.747
3 (27)
17 (20)

8 (73)
68 (80)

Table 4. Frequency severity of treatment-related toxicity in patients
with rectal cancer underwent SCRT and chemotherapy
Complications
Diarrhea
Grade 1–2
Grade 3–4
Proctitis
Grade 1–2
Grade 3–4
Noninfectious cystitis
Grade 1–2
Grade 3–4
Neutropenia
Grade 1–2
Grade 3–4
Anemia
Grade 1–2
Grade 3–4
Thrombocytopenia
Grade 1–2
Grade 3–4

Age group
< 65 yr
≥ 65 yr

p-value
0.833

55
9

28
4

49
15

25
7

0.864

0.794
59
5

29
3

57
7

29
3

50
14

25
6

55
9

28
4

1.000

0.778

0.833

SCRT, short-course radiation therapy.
0.020

1 (5)
19 (26)

23 (95)
53 (74)
0.369

2 (12)
18 (22)

14 (88)
62 (78)

17 (29)
3 (9)
0 (0)

41 (71)
29 (91)
6 (100)

0.036

16 (21)
4 (21)

61 (79)
15 (79)

7 (19)
13 (22)

29 (81)
47 (78)

0.979

0.049
38 (88)
38 (72)

Values are presented as number (%) or mean ± standard deviation.
pCR, pathologic complete response; AV, anal verge; LVI, lymphovascular
invasion; PNI, perineural invasion; CAPEOX, capecitabine + oxaliplatin;
RT, radiotherapy.

vant SCRT and surgery (p = 0.049) was correlated with higher rate
of pCR (Table 3).

https://doi.org/10.3857/roj.2021.00654

There was no statistically significance in terms of treatment-related side effects including gastrointestinal, urinary and hematologic
toxicities between older patients and younger ones (Table 4).

Discussion and Conclusion

0.795

5 (12)
15 (28)

4. Adverse events

Despite the decline in the incidence and mortality of colorectal
cancer in the last decade, it accounts the second leading cause of
death in older patients. Rectal cancer consists of about 30%–40%
of all colorectal cancers [20]. Rectal cancer in older patient tends
to be missed and diagnosed in locally advanced stage, particularly
in developing countries [8,9]. Given the higher rate of underling
comorbidities, lower performance status and lower compliance to
the treatment, older patients with rectal cancer are frequently undertreated. Therefore, most older patients are spared from many
clinical trials and neoadjuvant chemotherapy, and only be treated
by SCRT or long-course chemoradiation alone. This modified neoadjuvant therapies may cause lower rate of pCR, as well lower survival rates [10].
In the current clinical trial, we hypnotized that the adding sequential chemotherapy with CAPEOX regimen to SCRT is feasible
and tolerable in older patients compared to younger ones. The majority (69%) of older patients received and tolerated well a median
275

Alimohammad Bananzadeh et al.

three cycles of CAPEOX with acceptable toxicity. In addition, another advantage of CAPEOX regimen, particularly in the COVID-19 era
is outpatient administration, reduced hospital visit and limited exposure to the coronavirus that may decline the morbidity and mortality related to COVID-19 infection. According to the ESMO guideline, capecitabine alone or combination of capecitabine and oxaliplatin (such as CAPEOX) is suggested as treatment adapted recommendation in the COVID-19 era for the stage III rectal cancer [11].
In the present study, we found a comparable pCR, downstaging
rate, R0 resection, and treatment-related toxicity in older patients
compared to younger patients; however, sphincter-sparing surgery
was more frequent among younger patients compared to the older
patients. The reason of higher rate of APR in older patient was
more due to the higher rate of impaired anal sphincter in tonometry or fecal incontinency at diagnosis, as well the patient and the
surgeon preference rather than a surgical technique problem. It is
believed that older patients have lower quality of life after LAR due
to fecal incontinency and higher rate of LAR syndrome compared
to younger patients [21]. LAR syndrome has been poorly defined as
a set of complaints, including fecal frequency, urgency, and incontinency, or a feeling of rectal fullness despite defecation. This syndrome causes a considerable impact on the patient’s quality of life
and leads many patients to select a permanent colostomy to prevent these symptoms [22]. In agreement with our results, Partl et
al. [23] and Temple et al. [24] found age as an independent predictive factor for sphincter-preserving surgery following neoadjuvant
treatments in patients with rectal cancer. They found a higher rate
of sphincter-preserving surgery in younger patients compared to
older ones.
In the current study, the rate of pCR was 20.8% (20 of 96) for all
enrolled patients. This pCR rate is compatible with the results of a
systematic review and meta-analysis in which the estimated
pooled pCR rate was 17.5% (95% confidence interval, 15.7–19.4)
in long-course chemoradiation studies; as well as, 11.8% in SCRT
with delay surgery in in the randomized Stockholm III trial [25,26].
In the present study, we found a significantly higher rate of pCR in
patients who underwent surgery with a delay time of at least 8
weeks; therefore, it seems that the time interval plays a crucial role
in the rate of pCR to neoadjuvant SCRT and this effect will be more
remarkable compared to early surgery. Our finding is in consistent
with the several reports and systematic review that confirmed the
impact of time interval between SCRT, as well as chemoradiation
and surgery on the rate of pCR [12]. Previous studies evaluated and
confirmed the efficacy and safety of adding induction chemotherapy to chemoradiation in locally advanced rectal cancer [27]; however, there is paucity and very limited data in the literature regard-
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ing the feasibility and the safety of neoadjuvant chemotherapy
combined with SCRT in older patients with rectal cancer [28]. In a
phase II clinical study, Aghili et al. [27] showed that the adding
concurrent chemotherapy to SCRT and with delay surgery can provide an enhanced pCR (30.8%) with acceptable and manageable
toxicity. In another randomized controlled trial, they also showed
this treatment strategy could provide similar pCR rate compared to
long course chemoradiation [9]. However, a phase 2 multicenter
study found short-course concurrent CRT followed by delayed surgery in patients with rectal cancer was associated with poor pCR
associated with significant toxicity despite using advanced radiotherapy technique [29]. In a large multicenter randomized clinical
trial (RAPIDO), sequential neoadjuvant SCRT and chemotherapy
followed by surgery was associated lower disease-related treatment failure compared to standard neoadjuvant long-course
chemoradiation followed by surgery followed by adjuvant chemotherapy [30]. In the current study, we used SCRT with sequential
chemotherapy rather than concurrent chemotherapy. This treatment strategy was less toxic particularly in older patients. In addition, by this treatment strategy, we achieved a good pCR and acceptable toxicity comparable with previous reports in which patients were treated by combined neoadjuvant chemotherapy and
chemoradiation or SCRT [30].
In this clinical trial, we used three-dimensional conformal radiotherapy for delivering SCRT; therefore, by using new radiotherapy
techniques such as intensity-modulated radiotherapy that provide
radiation dose escalation, more improvement in the pCR will be
expected.
Facing the COVID-19 pandemic was the most important limitation of the study. Continuation of the study based on the initially
designed protocol, particularly potentially life-threatening chemotherapy regimen that could decrease immunity and increase the
risk of infection was the main challenging issue in elderly patients.
Therefore, we had to change the initial chemotherapy regimen
(CAPEOX) to capecitabine alone to decrease social exposure of
some older patients.
In conclusion, neoadjuvant SCRT and sequential chemotherapy
followed by delayed surgery was safe and effective in older patients
with locally advanced rectal cancer. A prospective randomized
study should be performed to confirm this hypothesis.
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Purpose: To investigate the efficacy and safety of intensity-modulated radiotherapy (IMRT)-based
re-irradiation (reRT) for recurrent or second primary head and neck cancer (HNC).
Materials and Methods: Patients who underwent IMRT-based reRT for recurrent or second primary
HNC between 2007 and 2019 at two institutions were included. Medical records and dosimetric data
were retrospectively reviewed. Overall survival (OS), progression-free survival (PFS), severe late toxicities, and clinicopathological prognostic factors were analyzed.
Results: A total of 42 patients were analyzed. With a median follow-up of 15.1 months (range, 3.7 to
85.8 months), the median OS was 28.9 months with a 2-year OS rate of 54.6%. The median PFS and
2-year PFS rates were 10.0 months and 30.9%, respectively. Multivariate analysis showed that good
performance (Eastern Cooperative Oncology Group [ECOG] 0 or 1), a longer time interval (≥24
months) between radiotherapy courses, and higher reRT dose (>60 Gy) were significantly favorable
factors for OS (all p < 0.05). Higher reRT dose and salvage surgery were significantly associated with
improved PFS (all p < 0.05). Regarding the Multi-Institution Reirradiation (MIRI) Collaborative RPA
classification, the 2-year OS rates of each class were 87.5% in class I, 51.8% in class II, and 0% in
class III (p = 0.008). Grade ≥3 late toxicity was reported in 10 (23.8%) patients. There was no significant factor associated with increased late toxicities.
Conclusion: IMRT-based reRT should be considered as a treatment option for patients with recurrent
or second primary HNC. Further trials are needed to establish a subset of patients who may benefit
from reRT without severe late toxicity.
Keywords: Head and neck cancer, Re-irradiation, Intensity-modulated radiotherapy, Overall survival,
Progression-free survival, Toxicity
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Introduction
Despite multimodality treatments for head and neck cancer
(HNC), almost half of the patients still experience locoregional
recurrence or second primary cancer [1–3]. Recurrent or second
primary HNC not only affects prognosis but also decreases the
quality of life. Salvage surgery for locoregional recurrence is considered a primary curative treatment, with a 5-year survival rate
approaching 40% [4]. However, radical resection is not possible
in most patients, and it could be accompanied by substantial
complications and worsen the quality of life. Re-irradiation (ReRT)
has been considered as another curative treatment option for recurrent or second primary HNC; however, increased risk of severe
or life-threatening treatment-related toxicity and tumor radioresistance pose challenges to reRT.
For the last decade, intensity-modulated radiotherapy (IMRT) has
become the standard radiation technique for the treatment of patients with HNC. IMRT has demonstrated the ability to reduce toxicity and improve disease control, compared with conventional radiotherapy (RT) and three-dimensional conformal radiotherapy
(3D-CRT) [5,6]. IMRT-based reRT has led to the expectation that
the efficacy and safety after reRT would be improved, and has contributed to an increasing application of reRT in clinical practice. Although several studies have reported the outcomes of IMRT-based
reRT for HNC, the exact role of reRT remains unclear.
In this study, we evaluated the treatment outcomes, toxicities,
and prognostic factors in patients who received IMRT-based reRT
for recurrent or second primary HNC in two affiliated institutions.

Materials and Methods
We retrospectively reviewed patients who received IMRT-based
reRT for recurrent or second primary HNC between January 2007
and December 2019 at two institutions: Seoul National University
Hospital and Seoul National University Bundang Hospital. The inclusion criteria were as follows: (1) adult patients aged ≥ 18 years
who had locoregional recurrent or second primary HNC and completed IMRT-based reRT as planned; (2) the overlapping volume
that received ≥ 45 Gy for initial irradiation also received ≥ 45 Gy
for reRT; and (3) availability of a medical record and dosimetric
data related to both initial and secondary radiation profiles. No
limit was placed on the time interval between the RT courses. Patients treated with stereotactic body RT or those initially diagnosed
with distant metastasis or other malignancies were excluded. Patients may have received salvage surgery or chemotherapy, as indicated. Finally, 42 patients with recurrent (n = 35) or second primary (n = 7) HNC were included. We classified as a second primary
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cancer if the recurrent tumor occurred ≥ 5 years after initial diagnosis or histologically different despite the overlapping volume.
This study was approved by the Institutional Review Board of Seoul
Nataional University Hospital and Seoul National University Bundang Hospital (No. H-1803-106-932). The requirement for informed consent was waived. We carried out this research according
to the principles expressed in the Declaration of Helsinki.
All patients received IMRT-based reRT at 1.8 to 3 Gy per fraction,
once daily, and five times a week. The treatment protocol was as
follows: 67.5 Gy in 30 fractions for curative aim, 63 Gy in 28 fractions for postoperative aim. The total dose of reRT was lowered if
the cumulative dose of organ-at-risk (such as brainstem, optic chiasm/nerve, or spinal cord) exceeded dose contraints, or the patient
had poor performance status to tolerate the full dose. Dose constraints of organs at risk were a maximum of 45 Gy for the spinal
cord, 54 Gy for the brainstem, optic chiasm and optic nerve, and
V20 < 50% for the parotid gland, with an assumption of 50% dose
tolerance recovery for a retreatment interval ≥ 12 months.
Overall survival (OS) was defined as the time from the start date
of reRT to the date of death or the last date of clinical follow-up.
Progression-free survival (PFS) was defined as the time from the
start date of reRT to any documented recurrence at the local site,
regional lymph node, or distant site. Acute and late toxicities were
graded using the Common Terminology Criteria for Adverse Events
version 4.0. Acute toxicity was defined as toxicity observed during
the RT period or within 6 months from the end date of reRT. Late
toxicity was defined as toxicity developing more than 6 months after the end date of reRT. Events developing after disease progression were considered disease-related symptoms and were not included in the toxicity events. Additionally, we divided patients into
three prognostic subgroups using the recursive partitioning analysis
(RPA) defined by the Multi-Institution Reirradiation (MIRI) Collaborative: class I included patients > 2 years from their initial course
of RT with resected tumors; class II included patients > 2 years
with unresected tumors or those ≤ 2 years and without organ dysfunction (feeding tube or tracheostomy dependence), and the remaining patients formed class III. We assessed survival outcomes of
each RPA class [7].
The OS and PFS rates were estimated using the Kaplan-Meier
method, with differences assessed using the log-rank test. Potential
prognostic factors associated with OS and PFS were investigated
using univariate and multivariate Cox proportional hazards models.
Logistic regression analyses were employed to determine the associations between prognostic factors and late toxicities. Statistical
significance for hypothesis testing was assumed to be 0.05. All statistical analyses were performed by STATA version 16.0. (StataCorp,
College Station, TX, USA).
https://doi.org/10.3857/roj.2021.00640
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Results
1. Patients and treatment characteristics
Between January 2007 and December 2019, 42 patients from two
institutions were included. Table 1 presents the patients, disease,
and treatment characteristics of the study population. The median
age at initial RT was 57 years (range, 26 to 76 years) and 61 years
(range, 28 to 80 years) at reRT. Thirty-four patients (81.0%) had
squamous cell carcinoma, and 29 (69.0%) had stage III–IV disease
at initial diagnosis. The most common primary subsite was the nasopharynx (35.7%), followed by the sinonasal cavity (21.4%).
Salvage surgery preceded reRT in 17 (40.5%) patients. Of the

postoperative patients, seven (41.2%) underwent R0 resection and
10 (58.8%) underwent R1-2 resection. Simultaneous chemotherapy
was administered to 25 patients (59.5%) with cisplatin as the most
commonly used systemic agent (n = 18; 72%). Twenty patients
(47.6%) underwent reRT with curative aim, 17 patients (40.5%)
with postoperative aim, and five (11.9%) with palliative aim. Thirty-three patients (78.6%) received reRT to the involved field, defined as the gross tumor or surgical bed plus a margin of 0.5–1.0
cm, and nine patients (21.4%) received reRT to an elective field encompassing the gross tumor or surgical bed with an elective nodal
area. The median interval between initial and secondary RT courses
was 24.1 months (range, 4.6 to 116.6 months). Regarding RPA

Table 1. Baseline characteristics (n = 42)
Characteristic
Initial presentation

Age (yr)
Sex
Male
Female
Performance status (ECOG)
0-1
2-3
Histology
SqCC
Non-SqCC
Primary subsite
Nasopharynx
Sinonasal
Oral cavity
Larynx
Hypopharynx
Salivary gland
Oropharynx
Initial treatment
Surgery
No
Yes
Chemotherapy
No
Yes
RT dose (Gy)
RT fractional dose (Gy)
Second presentation Age (yr)
< 60
≥ 60
Performance status (ECOG)
0–1
2–3

Value
57 (26–76)
31 (73.8)
11 (26.2)
39 (92.8)
3 (7.2)
34 (81.0)
8 (19.0)
15 (35.7)
9 (21.4)
4 (9.5)
4 (9.5)
4 (9.5)
4 (9.5)
2 (4.8)
26 (61.9)
16 (38.1)
16 (38.1)
26 (61.9)
67.5 (54–72)
2.25 (1.8–2.7)
61 (28–80)
18 (42.9)
24 (57.1)
34 (81.0)
8 (19.0)

Characteristic
Value
Second presentation Presentation type
Recurrent
35 (83.3)
Second primary
7 (16.7)
Failure type
Local failure
21 (50.0)
Regional failure
5 (11.9)
Locoregional failure
9 (21.4)
Recurrent tumor size (cm)
<3
26 (61.9)
≥3
16 (38.1)
RPA class
Class I
10 (23.8)
Class II
28 (66.7)
Class III
4 (9.5)
Second treatment
Surgery
No
25 (59.5)
Yes
17 (40.5)
Chemotherapy
No
17 (40.5)
Yes
25 (59.5)
ReRT dose (Gy)
63 (45–67.5)
≤ 60
18 (42.9)
> 60
24 (57.1)
ReRT fractional dose (Gy)
2.25 (1.8–3.0)
Treatment volume of reRT
Involved field
33 (78.6)
Elective field
9 (21.4)
Cumulative RT dose (Gy)
128.4 (104.4–139.5)
The interval between RT
24.1 (4.6–116.6)
courses (mo)
< 24
21 (50.0)
≥ 24
21 (50.0)

Values are presented as median (range) or number (%).
ECOG, Eastern Cooperative Oncology Group; SqCC, squamous cell carcinoma; RT, radiotherapy; RPA, recursive partitioning analysis; reRT, re-irradiation.
https://doi.org/10.3857/roj.2021.00640
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classes, classes I, II, and III accounted for 23.8%, 66.7%, and 9.5%,
respectively.

2. Overall survival and prognostic factors
The median follow-up time from the start date of reRT was 15.1
months for all patients (range, 3.7 to 85.8 months) and 21.2 months
for survivors (range, 7.6 to 64.8 months). Seventeen patients (40.5%)
remained alive at the time of the last observation. The median OS
was 28.9 months (range, 3.7 to 85.8 months). The 1-year and 2-year
OS rates were 63.3% (95% confidence interval [CI], 46.6%–65.1%)
and 54.6% (95% CI, 37.8%–68.7%), respectively. The 2-year OS rate
was 75.1% (95% CI, 46.3%–89.9%) for patients who received postoperative RT and 33.3% (95% CI, 14.3%–53.7%) for patients who
received definitive RT. Among postoperative patients, the 2-year OS
rate was 85.7% (95% CI, 33.4%–97.8%) in patients undergoing R0
resection, and 66.7% (95% CI, 27.2%–88.2%) in patients undergoing R1 or R2 resection. Fig. 1A presents OS stratified by salvage surgery for recurrent tumors.
Table 2 presents the univariate and multivariate Cox proportional
hazards models for OS. On univariate analysis, good performance
(Eastern Cooperative Oncology Group [ECOG] 0 or 1), the longer
time interval between RT courses ( ≥ 24 months), higher reRT dose
( > 60 Gy), and salvage surgery were associated with improved OS.
Of these, good performance status, the longer time interval between RT courses, and higher reRT dose were significantly associated with the improved OS on multivariate analysis (all p < 0.05).

3. Progression-free survival and prognostic factors
The median PFS was 10.0 months (range, 1.3 to 85.8 months). The

1- and 2-year PFS rates were 40.9% (95% CI, 25.6%– 55.6%) and
30.9% (95% CI, 16.6%–46.3%), respectively. The 1-year PFS rate
was 70.6% for postoperative patients (95% CI, 43.2%–86.5%) and
17.0% (95% CI, 4.6%–36.0%) for definitive patients. Fig. 1B presents PFS stratified by salvage surgery for recurrent tumors. During
the follow-up period, a total of 27 patients (64.3%) showed disease
progression, of which 17 (40.5%), 8 (19.0%), and 7 (16.7%) had local, regional, and distant failures, respectively. Two patients (4.8%)
had mucosal recurrence. The 1- and 2-year local control (LC) rates
were 57.5% (95% CI, 39.8%–71.7%) and 41.8% (95% CI, 24.2%–
58.6%), respectively.
In our Cox proportional hazards model for PFS, a longer time interval between RT courses, higher reRT dose, and salvage surgery
exhibited significant associations on univariate analysis. On multivariate analysis, higher reRT dose and salvage surgery were significantly associated with improved PFS (all p < 0.05).

4. Survival validation according to MIRI-RPA classes
All patients were classified into three RPA classes defined by MIRI
collaboration according to the time interval between RT courses,
salvage surgery, and organ dysfunction, as follows: those with interval > 2 years between RT courses with resected tumors (class I,
n = 10), those with interval > 2 years between RT courses with
unresected tumors or with interval ≤ 2 years between RT courses
without organ dysfunction (class II, n = 28), and those with interval ≤ 2 years between RT courses with organ dysfunction (class III,
n = 4). Fig. 2 presents the Kaplan-Meier curves stratified by the
RPA class. The 2-year OS rates were 87.5% in class I, 51.8% in class
II, and 0% in class III (p = 0.008).
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Fig. 1. Kaplan-Meier curve of overall survival (A) and progression-free survival (B) according to salvage surgery.
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Table 2. Univariate and multivariate analysis affecting overall survival
Variable
Age at reRT (yr)
< 60
≥ 60
Sex
Male
Female
Performance status (ECOG)
0–1
2–3
Histology
SqCC
Non-SqCC
Primary subsite
Nasopharynx
Sinonasal
Oral cavity
Larynx
Hypopharynx
Salivary gland
Oropharynx
Presentation type
Recurrent
Second primary
Failure type
Local failure
Regional failure
Locoregional failure
Recurrent or second primary tumor size (cm)
<3
≥3
The interval between RT courses (mo)
< 24
≥ 24
ReRT dose (Gy)
≤ 60
> 60
Treatment volume of reRT
Involved field
Elective field
Salvage surgery
No
Yes
Chemotherapy
No
Yes
MIRI RPA class
Class I
Class II
Class III

HR

Univariate
95% CI

p-value

HR

Multivariate
95% CI

p-value

1.000
1.322

0.592–2.949

0.495

1.000
1.809

0.770–4.251

0.189

1.000
2.947

1.236–7.021

0.022

1.000
1.857

0.700–4.919

0.005

1.000
0.730

0.246–2.163

0.557

1.000
2.698
14.616
0.820
2.811
2.361
5.988

0.833–8.733
3.597–59.387
0.097–6.889
0.528–14.974
0.572–9.741
1.108–32.359

1.000
0.328

0.076–1.404

0.080

1.000
2.475
1.755

0.764–8.013
0.654–4.711

0.130
0.264

1.000
1.291

0.573–2.909

0.539

1.000
0.304

0.128–0.717

0.005

1.000
0.333

0.124–0.892

0.029

1.000
0.161

0.063–0.412

0.000

1.000
0.194

0.064–0.587

0.004

1.000
1.166

0.433–3.132

0.764

1.000
0.359

0.141–0.910

0.021

1.000
0.569

0.217–1.490

0.251

1.000
1.263

0.550–2.896

0.581

1.000
4.531
11.794

1.044–19.659
2.065–67.346

0.044
0.006

0.098
< 0.001
0.855
0.226
0.235
0.038

ECOG, Eastern Cooperative Oncology Group; SqCC, squamous cell carcinoma; RT, radiotherapy; reRT, re-irradiation; MIRI, Multi-Institution Reirradiation; RPA, recursive partitioning analysis; HR, hazard ratio; CI, confidence interval.
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5. Toxicity
The severe late toxicity related to reRT is presented in Table 3. There
was no grade ≥ 3 acute toxicity. Grade ≥ 3 late toxicity was observed in 10 patients (23.8%), which consisted of osteonecrosis (n
= 4), severe bleeding (n = 2), dysphagia (n = 1), cellulitis (n = 1),
laryngitis (n = 1), and airway stricture (n = 1). All patients with
grade ≥ 3 late toxicity were hospitalized, and five patients (11.9%)
underwent surgical treatment to repair toxicity. One patient (2.4%)
with an airway stricture was intubated and later died from aspiration pneumonia. There was no significant factor associated with
increased grade ≥ 3 late toxicity in logistic regression analysis.

Discussion and Conclusion
In this study, we evaluated the treatment outcomes and toxicities

Overall survival

1.00

of IMRT-based reRT for recurrent or second primary HNC. IMRT-based reRT, which enables accurate targeting of irregularly
shaped tumors and minimizing dose exposure to the surrounding
normal tissues, has been reported to have more favorable outcomes
compared to conventional RT or 3D-CRT. The two landmark prospective reRT trials in the pre-IMRT era, namely, Radiation Therapy
Oncology Group (RTOG) 9610 and RTOG 9911 trials, reported 2-year
OS rates of 15% and 25%, respectively [8,9]. Among recent studies
in the IMRT era, the 2-year OS rate ranged from 33% to 59% and
the 2-year LC rate ranged from 36% to 65% [10–14]. We also
demonstrated similar results with 2-year OS and LC rates of 54.6%
and 41.8%, respectively. The treatment outcomes and toxicity data
of recent studies are summarized in Table 4 [7,10–13,15–18].
Our study supports salvage surgery as a standard modality for
recurrent or second primary HNC, with a 2-year OS rate of 75.1%
for postoperative patients and 33.3% for definitive patients. Although most patients who received definitive RT had the advanced
irresectable disease or were unfit for surgery, there was a signifi-

0.75
Table 3. Incidence of severe late toxicity following IMRT-based reirradiation
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Fig. 2. Kaplan-Meier curve of overall survival according to the recursive partitioning analysis classes defined by the Multi-Institution Reirradiation (MIRI)-Collaborative.

Variable
Grade ≥ 3 late toxicity
Grade 3
Osteoradionecrosis
Bleeding
Dysphagia
Cellulitis
Laryngitis
Grade 5
Airway stricture

No. (%)
10 (8.5)
4 (9.5)
2 (4.7)
1 (2.3)
1 (2.3)
1 (2.3)
1 (2.3)

IMRT, intensity-modulated radiotherapy.

Table 4. Summary of head and neck re-irradiation (reRT) in recent studies
Study

n

Median
follow-up (mo)

ReRT dose
(Gy)

Takiar et al. [13]
Curtis et al. [15]

227
81

24.7
78.1

Lee et al. [16]
Velez et al. [17]
Ohnleiter et al. [18]
Choi et al. [11]
Awan et al. [12]
Ward et al. [7]

66
78
50
73
45
412

23
27.2
13.6
28
16
10.4

66
69.6 (def)
60 (postop)
70
60
66
60
60
60

Lee et al. [10]

118

18.5

59.4

Overall survival
Resection
rate (%) Median (mo) 2-yr (%)
50.5
NR
57.0
51.8
22.2
50.0

Local control
Median (mo) 2-yr (%)
NR
65.0
NR
60.0

37.9
40.8
80.0
38.4
73.3
47.3

22
NR
15.7
33
NR
16.5

49.0
51.0
33.9
58
45.3
40.0

19.8
NR
8.3
23
NR
NR

40.7

20.1

43.1

28.9

42.0
36.8
35.9
36.0
NR
54 (def)
60 (postop)
53.5

Grade ≥ 3
late toxicity (%)
35.4
NR
26.7
32.8
28.0
22.2
17.4
14.2
8.5

def, definitive radiotherapy; postop, postoperative radiotherapy; NR, not reported.
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cant difference between the two groups. MIRI collaborative reported a 2-year OS rate of 45% for postoperative patients and 36% for
definitive patients [7]. Bots et al. [14] reported a 2-year OS rate of
48% and 17% for postoperative and definitive patients, respectively. A meta-analysis of 17 studies reported that the most commonly
reported LC predictor was surgical resection, and the rate of salvage surgery significantly influenced the 2-year LC rate (58.5% vs.
45.9%; p = 0.011) [19]. In our multivariate analysis, salvage surgery exhibited a significant association with PFS, but not OS. Salvage surgery is an important factor considering that recurrent HNC
is generated from radioresistant clonogens after initial RT [20].
However, surgical resection with clear margins is challenging and
must be balanced with the morbidity of the procedure, the functional consequences of organ mutilation, and the likelihood of success [21]. Therefore, salvage surgery should be offered as the standard approach when medically safe and reasonable functional
deficits are expected.
Several studies have reported a relationship between higher reRT
dose and improved outcomes in patients with recurrent HNC
[22,23]. Since radioresistance might be induced in recurrent HNC,
higher reRT doses or radiosensitizing agents are required to achieve
adequate tumor control rates [24,25]. In our multivariate analysis,
a higher reRT dose ( > 60 Gy) was a significant prognostic factor for
both OS and PFS, but not for late toxicity. It is recommended to
deliver sufficient reRT dose for recurrent or second primary HNC;
however, a balance between adequate tumor control and minimal
severe toxicity should be considered.
The appropriate time interval between RT courses has not been
established; however, many studies have reported that a longer interval between RT courses is associated with improved survival
outcomes [7,17,26]. In this study, patients who received reRT with
a time interval longer than 24 months showed significantly improved OS. The fact that it might be reluctant to provide sufficient
reRT dose to patients with a short time interval may have adverse
effects on tumor control. In addition, patients with recurrent tumors presenting within a very short interval from initial treatment
were considered to have persistent disease. Some authors have
proposed a threshold of up to 2 years for resected tumors [27,28].
The time interval between RT courses also reflects the biological
aggressiveness of HNC. Thus, the time interval between RT courses
appears to affect prognosis; however, it should be noted that most
relapses are observed within the first 24 months.
Additionally, several other factors correlated with treatment outcomes. The primary site of HNC is an important prognostic factor.
Good prognosis has been observed in nasopharyngeal and laryngeal
cancer, whereas oral cavity and hypopharyngeal cancers have a
relatively poor prognosis [1]. We found that patients with nasophahttps://doi.org/10.3857/roj.2021.00640

ryngeal and laryngeal cancer achieved superior OS, whereas patients with oral cavity cancer showed the worst survival outcomes,
followed by hypopharyngeal cancer. The nasopharynx was the most
common primary site in our cohort; this probably had a positive effect on the outcomes. Chemotherapy was not associated with
treatment outcomes or late toxicity in our analysis. As it is a retrospective analysis, the omission of chemotherapy in unfit patients
and the presence of risk factors in patients receiving chemotherapy
may bias the results of chemotherapy.
The major concern for head and neck reRT is life-threatening late
toxicity. In our study, 10 patients (23.8%) experienced severe late
toxicities and one (2.4%) died of toxicity. Severe late toxicity has
been reported to be between 8% and 50% in previous studies [19].
However, these rates may have been underestimated as many patients were censored for disease progression or death. Most patients with local progression in our population had severe dysphagia, pain, or necrosis, which might have been affected by both disease progression and treatment. We evaluated several prognostic
factors using logistic regression analyses, and none showed a significant association with severe late toxicity. Ward et al. [29] reported a competing risk nomogram that predicted severe late toxicity after reRT for recurrent or second primary HNC. The nomogram model included initial RT dose, tumor site, organ dysfunction,
any surgery, and patient’s age. Notably, modifiable treatment-related variables such as the reRT dose or regimen, reRT field, and the
use of systemic therapy were not major determinants of late toxicity, which is consistent with our results. Due to the moderate rates
of severe toxicity, all patients should be well informed about the
benefits and risks of reRT before proceeding.
It is still challenging to identify patients who would benefit most
from reRT. The MIRI collaborative suggested the RPA classification
according to the time interval between RT courses, salvage surgery,
and organ dysfunction [7]. In the report of MIRI collaboration, the
2-year OS rate was 61.9% in RPA class I, 40.0% in RPA class II, and
16.8% in RPA class III. Several studies validated the MIRI-RPA classification, and it was also applicable to our patient population (2year OS rate, 87.5% vs. 51.8% vs. 0% in each class; p = 0.008).
The MIRI-RPA classification could be a useful tool for selecting
suitable patients for reRT in clinical practice.
There were some limitations to our study. Our sample was small
and heterogeneous, with diversity in primary locations, histology,
tumor stage, and treatments. Additionally, as this was a retrospective study, the events and toxicities could have been underestimated
due to incomplete medical records. Nevertheless, despite these limitations, the current analysis suggested the role of reRT as a treatment option for patients with recurrent or second primary HNC.
In conclusion, IMRT-based reRT for recurrent or second primary
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HNC exhibited improved survival outcomes and moderate severe
toxicity. Salvage surgery, sufficient reRT dose, and the longer time
interval between RT courses could contribute to more favorable
outcomes. Careful patient selection for reRT is important, and MIRI-RPA classification might be a useful tool. Further trials are
needed to determine the subset of patients who may benefit from
reRT without severe late toxicity.
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Purpose: Pulmonary large cell neuroendocrine carcinoma (LCNEC) is a high-grade lung neuroendocrine tumor with a poor prognosis, similar to small cell lung cancer (SCLC). However, it remains unclear whether to treat LCNEC as non-small-cell lung cancer (NSCLC) or as SCLC. We reviewed our experiences to suggest appropriate treatment strategy for resected pulmonary LCNEC.
Materials and Methods: Forty-four patients were treated for pathologically diagnosed pulmonary
LCNEC during 2005–2018. We considered curative surgery first in early-stage or some locally advanced tumors, unless medically inoperable. Adjuvant treatments were decided considering patient’s
clinical and pathological features. After excluding two stage I tumors with radiotherapy alone and
three stage III tumors with upfront chemotherapy, we analyzed 39 patients with stage I–III pulmonary LCNEC, who underwent curative resection first.
Results: Adjuvant chemotherapy (NSCLC-based 91%, SCLC-based 9%) was performed in 62%, and
adjuvant radiotherapy was done in three patients for pN2 or positive margin. None received prophylactic cranial irradiation (PCI). With a median follow-up of 30 months, the 2- and 5-year overall survival (OS) rates were 68% and 51%, and the 2- and 5-year recurrence-free survival (RFS) rates were
49% and 43%, respectively. Aged ≥67 years and SCLC-mixed pathology were significant poor prognostic factors for OS or RFS (p < 0.05). Among 17 recurrences, regional failures were most common (n
= 6), and there were five brain metastases.
Conclusions: Surgery and adjuvant treatment (without PCI) could achieve favorable outcomes in pulmonary LCNEC, which was more similar to NSCLC, although some factors worsened the prognosis.
The importance of intensified adjuvant therapies with multidisciplinary approach remains high.
Keywords: Neuroendocrine tumors, Lung neoplasms, Prognosis, Small cell lung carcinoma, Cranial irradiation

Introduction
Pulmonary large cell neuroendocrine carcinoma (LCNEC) is a rare
malignancy of the lung, accounting for 1%‒3% of all lung cancers
[1]. Traditionally, LCNEC was recognized as a variant of large cell
carcinoma, which is a type of non-small-cell lung cancer (NSCLC) in
the World Health Organization (WHO) classification [2-4]. In the

2015 WHO classification, based on wider use of immunochemistry,
it was re-classified as one of the neuroendocrine tumors along with
three other main types: typical carcinoids, atypical carcinoids (lowgrade tumors), and small-cell lung cancer (SCLC) [5]. The current
WHO classification defines LCNEC as a morphological NSCLC with
histopathological features of neuroendocrine cancer and immunohistochemical expression of neuroendocrine markers. However, the

Copyright © 2021 The Korean Society for Radiation Oncology
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survival prognosis is poor, with a high rate of lymph node involvement and distant metastasis, making it more similar to SCLC [4].
Due to its low incidence, and the consequent lack of relevant
clinical trial data, understanding of the biological characteristics of
pulmonary LCNEC is incomplete, and a standard of treatment has
not yet been established. The primary recommended treatment for
patients with early-stage, resectable pulmonary LCNEC is radical
surgery (lobectomy or anatomic resection + mediastinal node dissection) [6]. Chemotherapy can be considered after surgery or instead of surgery in cases of advanced disease [7]. However, the
most appropriate regimen (whether to follow the NSCLC-regimen
or SCLC regimen) and the schedule of them are still not established, independently of the clinical stage of LCNEC [8]. Furthermore, the role of radiotherapy as post-operative treatment of local
or advanced pulmonary LCNEC remains unclear, but some have
suggested its use in the locally advanced disease setting [9,10].
Some researchers have recently proposed the need for prophylactic
cranial irradiation (PCI) for this disease entity, based on its dismal
prognosis and its high rate of brain metastasis, similar to SCLC, but
a consensus has yet to be reached [10].
In this study, we reviewed our institutional treatment experience
of pulmonary LCNEC, particularly in patients who underwent surgery and received adjuvant therapies after multidisciplinary discussion, with an objective to suggest the most appropriate direction
for adjuvant treatment in each patient with resectable pulmonary
LCNEC.

Materials and Methods
1. Study design and patient selection
First, 67 patients who were pathologically diagnosed with pulmonary LCNEC between January 2005 and December 2018 were retrospectively identified from our institutional database. Patients
were included if they were diagnosed with this disease entity
during this period and completed the entire session of the first
treatment in our institution. Patients with distant metastasis at diagnosis (n = 19), without definite pathological confirmation of
LCNEC (n = 2), or who did not receive any cancer treatments any
cancer treatments (n = 2) were excluded from this study. Finally,
44 patients with localized pulmonary LCNEC were identified. This
study was approved by the Institutional Review Board of the Yonsei
University Health System (No. 9-2021-0011) and the informed
consent was waived.

2. Treatment
In our institution, treatment policies for patients with pulmonary
LCNEC generally coincide with those for NSCLC. The TNM stage is
https://doi.org/10.3857/roj.2021.00423

classified based on the 8th edition of the American Joint Committee on Cancer (AJCC) cancer staging system. In early stage (I/II) tumors, as well as in some localized stage III tumors, surgery is considered first, unless there are medical contraindications. For tumors
in a locally advanced stage, definitive concurrent chemoradiotherapy (CCRT) is considered first. After surgery, observation or adjuvant
treatment comprising chemotherapy and/or radiotherapy is followed depending on pathological reports and stage. The chemotherapy regimen is usually planned according to treatment guidelines for NSCLC (e.g., platinum + gemcitabine/paclitaxel [TP] or
platinum + vinorelbine [NP]). For radiotherapy, 45‒54 Gy is prescribed for adjuvant cases, and 60‒66 Gy is prescribed for definitive
cases. Elective nodal irradiation or PCI is not usually performed in
our institution.

3. Statistical analyses
Overall survival (OS) and recurrence-free survival (RFS) were calculated from the date of pathological diagnosis of pulmonary LCNEC
to the date for each end point. Locoregional failure was defined as
recurrence in the same lung or lymph nodes in the hilum, mediastinum, or supraclavicular fossa. Distant failure was defined as failure
at another site. Brain metastasis-free survival was defined as the
interval between the date of pathological diagnosis and the date of
an imaging study (brain magnetic resonance imaging [MRI]) showing evidence of brain metastasis. To compare the brain metastasis
rate of LCNEC with that of SCLC, patients diagnosed as limited
stage SCLC during the same period in our institution were selected
as a control group. We estimated the brain metastasis-free survival
rate of patients with LCNEC and patients with SCLC ( ± PCI), and
compared the survival rates to evaluate the need for PCI in LCNEC
patients. Survival outcomes were analyzed using the Kaplan-Meier
method and log-rank tests. Univariate analysis and multivariate
analysis were performed by using Cox regression models. p-values
< 0.05 were considered significant. Statistical analyses were performed using SPSS statistical software version 25.0 (IBM Corp., Armonk, NY, USA).

Results
1. Patient and treatment characteristics
Of the 44 patients with pathologic diagnosed and received curative
treatments in our institution, 20 patients had stage I, 13 had stage
II, and 11 had stage III disease. As our institutional policy, surgical
resection was indicated when feasible for each patient with localized LCNEC. Among the 20 patients with stage I tumors, only two
patients received definitive radiotherapy alone due to inoperable
medical conditions. Among 13 patients with stage II tumors, all re289
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ceived upfront surgery ( ± adjuvant therapy). Among 11 patients
with stage III tumors, three patients received definitive CCRT for
N3 stage node metastases. The treatment flow diagram is shown in
Fig. 1. Thus, 39 patients with stage I‒III LCNEC (I = 18, II = 13, III
= 8) first underwent curative resection of the primary tumor; the
treatment outcomes of these patients were analyzed in this study.
Among 44 patients with localized pulmonary LCNEC, 39 patients
who underwent curative tumor resection first were included in this
study. Baseline clinical characteristics of patients and tumors, and
treatment data are shown in Table 1. According to the AJCC cancer
staging system, there were 18, 13, and eight patients with tumors
at stage I, II, or III, respectively. Most patients (36/39) underwent
primary lobectomy with or without mediastinal lymph node dissection, while two underwent wedge resection, and one underwent
pneumonectomy. A clear resection margin was achieved in 35 (90%)
patients. Among four patients with R1-resected disease, two patients received adjuvant chemotherapy only, one received adjuvant
chemotherapy and radiotherapy sequentially (50 Gy in 25 fractions),
and one received adjuvant CCRT (51.6 Gy in 24 fractions).
In other R0-resected patients, whether to add adjuvant treatments or which regimen to choose were determined considering
the patients’ condition and tumor stage after multidisciplinary discussion. For patients with stage IA tumors (pT1N0, n = 12), most (n
= 10; 83%) did not receive any adjuvant therapy, while 67% of
patients with stage IB tumors (pT2N0, n = 6) received adjuvant
chemotherapy (all NSCLC-based treatment). In patients with stage

IIA (n = 1) or IIB (n = 12) tumors, most patients (n = 11; 85%)
received adjuvant chemotherapy, which mostly consisted of an NSCLC-based regimen, excluding two patients in whom an SCLCbased EP regimen was used. In patients with stage IIIA (n = 7) or
IIIB (n = 1) tumors, all except one received adjuvant therapy. Adjuvant chemotherapy with or without sequential radiotherapy was
performed in six patients with stage IIIA tumors, and adjuvant
CCRT was given to one patient with stage IIIB disease. The chemotherapy regimen was all NSCLC-based for stage IIIA disease, and
was SCLC-based for stage IIB disease. One patient did not receive
any adjuvant therapy for a clearly resected tumor at pT3N1 (IIIA)
stage, because cytotoxic chemotherapy was intolerable due to the
patient’s poor condition. This patient experienced early recurrence
only 4 months after surgery. Adjuvant radiotherapy was performed
in three patients with stage III tumors, and a median dose of 50 Gy
(range, 45 to 54 Gy) was delivered for pN2 disease (n = 1) or a positive resection margin (n = 2). No patient received PCI. Details of
adjuvant therapy according to the tumor stage are shown in Fig. 1.

2. Survival outcomes and prognostic factors
The median follow-up time was 30 months (range, 2 to 161
months) from the first diagnosis. In all patients, the 2- and 5-year
OS rates were 67.5% and 51.1%, and the 2- and 5-year RFS rates
were 49.4% and 42.9%, respectively (Fig. 2A). Two-year OS rates
were 76.5%, 57.5%, and 62.5% in stage I, stage II, and stage III,
respectively (Fig. 2B), while the 2-year RFS rates were 76.5%,

Institutional policy for pulmonary LCNEC
: Usually determined following NSCLC's

Localized pulmonary LCNEC
(2005–2018, n=44)
Stage I (n=20)

· Resectable tumors: Upfront surgery
· Unresectable tumors: RT or CCRT
· Adjuvant therapies: In high risk patients (NSCLC regimen-preferred)
1

Definitive RT (n=2)

Op only (n=12)
Op + Adjuvant CTx (n=6)
Stage II (n=13)

Op only (n=2)
Op + Adjuvant CTx (n=11)

Stage III (n=11)

39 Patients
(Included in this study)

Op + Adjuvant CTx (n=4)
Op + Adjuvant CCRT (n=3)

1

: Medically inoperable
2
: N3 stage

Op only (n=1)
2

Definitive CCRT or CTx (n=3)

Fig. 1. Treatment flow diagram for eligible patients with localized pulmonary large cell neuroendocrine carcinoma. LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small-cell lung cancer; RT, radiotherapy; CCRT, concurrent chemo-radiotherapy; CTx, chemotherapy.
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Table 1. Patient and tumor characteristics
Characteristic
Sex
Male
Female
Age (yr)
Smoking history
Yes
No
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
N3
AJCC stage
IA/IB
IIA/IIB
IIIA/IIIB
Surgery (primary thoracic surgery)
Wedge resection
Lobectomy
Pneumonectomy
Histology
Pure LCNEC
NSCLC-mixed
SCLC-mixed
Lymphovascular invasion
Perineural invasion
Resection status
R0
R1
R2
Adjuvant radiotherapy
Dose (Gy)
Radiotherapy technique
  3D-CRT
  IMRT
Adjuvant chemotherapy
Chemotherapy regimen
  NSCLC-based
   Navelbine + Cisplatin
   Genexol + Neoplatin
  SCLC-based
   Etoposide + Cisplatin

Value
35 (90)
4 (10)
67 (46–74)
28 (72)
11 (28)
17 (43)
14 (36)
8 (21)
0 (0)
25 (64)
7 (18)
7 (18)
0 (0)
18 (46)
13 (33)
8 (21)
2 (5)
36 (92)
1 (3)
30 (77)
7 (18)
2 (5)
20 (51)
3 (8)
35 (90)
4 (10)
0 (0)
3 (8)
50 (45–54)
2
1
24 (62)
21 (53)
19
2
3 (8)
3

Values are presented as number (%) or median (range).
AJCC, American Joint Committee on Cancer; LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small cell lung cancer; SCLC, small cell
lung cancer; 3D-CRT, three-dimensional conformal radiotherapy; IMRT,
intensity-modulated radiotherapy.
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57.5%, and 62.5%, respectively (Fig. 2C).
In both univariate and multivariate analyses for OS, age ( ≥67
years) and pathological subtype (SCLC-mixed) were identified as independently significant prognostic factors (p = 0.036; hazard ratio
[HR] = 2.805; 95% confidence interval [CI], 1.068‒7.365 and p =
0.003; HR = 16.125; 95% CI, 2.615‒99.434; respectively) (Table 2).
In patients aged ≥ 67 years, the 2- and 5-year OS rates were
53.6% and 21.4%, respectively (Fig. 3A). Patients with LCNEC
mixed with SCLC (n = 2) died within a year, while 1-year OS rates
in patients with pure LCNEC (n = 30) and LCNEC mixed with NSCLC (n = 7) were 93.1% and 85.7%, respectively (Fig. 3B). Two patients (pT3N0 and pT3N2) had SCLC-mixed type tumors, and both
received EP chemotherapy. They died at a median of 7.4 months:
one due to encephalitis during adjuvant CCRT and another due to
interstitial lung disease that was aggravated after four cycles of
chemotherapy. In univariate and multivariate analyses for RFS,
pathological subtype was also the only significant factor (p =
0.033; HR = 5.533; 95% CI, 1.150‒26.615).

3. Pattern of failure
Disease recurrence was observed in 17 (43%) patients at a median
of 11.5 months (range, 2 to 111 months) after diagnosis: seven patients (35%) with stage I tumors, seven patients (54%) with stage
II tumors, and three patients (27%) with stage III tumors. Most
cases were locoregional failures (13/17; 76%) with five simultaneously diagnosed distant failures. Among eight isolated locoregional
failures, regional failures were more common (n = 6) than local
failures (n = 2). Among four isolated distant failures, three patients
experienced brain metastases as a first failure, without any intra-thoracic recurrences (Supplementary Fig. S1).
For the location of locoregional failures, only two cases (15%)
recurred within the resection margin or in the same lobe of the
lung, while the other 11 cases (85%) were regional node metastasis. The most common site of regional failures was mediastinal
lymph nodes (n = 7), followed by supraclavicular fossa lymph
nodes (n = 5) and hilar lymph nodes (n = 5). All except one patient had received salvage treatment, but only two are currently
alive with disease. Details of patients who underwent any recurrence are shown in Table 3.

4. Brain metastasis-free survival
The 2- and 5-year brain metastasis-free survival rates were 65.1%
and 46.3%, respectively, and median survival was 58.8 months.
There were five cases of brain metastases that developed as first
failure with (n = 2) or without (n = 3) other types of recurrence,
and one case that developed 5 months after isolated locoregional
recurrence. The rate of brain metastasis development was 15% in
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Fig. 2. (A) Kaplan-Meier curves for overall survival (OS) and recurrence-free survival (RFS) in all patients, (B) Kaplan-Meier curves for OS rate
based on tumor stage, and (C) RFS rate based on tumor stage.
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B

≥ 67 years old
< 67 years old
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Survival probability (%)

Survival probability (%)

A

60
40
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0

100
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SCLC-mixed vs. Pure LCNEC, *p < 0.001
SCLC-mixed vs. NSCLC-mixed, **p = 0.018
Pure LCNEC vs. NSCLC-mixed, p = 0.749

20

p = 0.017
12

Pure LCNEC
NSCLC-mixed
SCLC-mixed

0

72

p < 0.001
12

Time (mo)

24

36

48

60

72

Time (mo)

Fig. 3. Kaplan-Meier curves for overall survival stratified according to (A) age and (B) pathological subtype. Patients’ age is divided into ≥67
years and <67 years, and pathological subtype is divided into three: pure LCNEC, LCNEC mixed with NSCLC, and LCNEC mixed with SCLC. LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer.
Table 2. Prognostic factors for overall survivals in patients with resected pulmonary LCNEC

Age ( ≥ 67 yr)
Sex (male)
Stage I
Stage II
Stage III
Adjuvant chemotherapy
Mixed pathology (pure LCNEC)
Mixed with NSCLC
Mixed with SCLC

Univariate analysis
HR (95% CI)
p-value
2.992 (1.166–7.678)
0.023*
0.483 (0.064–3.617)
0.479
0.78
1.254 (0.473–3.327)
0.649
0.812 (0.253–2.602)
0.726
0.962 (0.397–2.329)
0.932
0.005*
1.193 (0.391–3.638)
0.756
21.061 (3.414–129.935)
0.001*

Multivariate analysis
HR (95% CI)
p-value
2.805 (1.068–7.365)
0.036*
0.011*
1.348 (0.439–4.144)
0.602
16.125 (2.615–99.434)
0.003

LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; HR, hazard ration; CI, confidence interval.
*p < 0.05.

all patients, and was significantly higher in stage II or III than in
stage I tumors—stage I, 6% (1/18); stage II, 23% (3/13); stage III,
25% (2/8). In these six patients, brain metastases developed at a
median of 8.5 months after the first diagnosis. In the three cases in
which brain metastasis occurred as an isolated first failure, the interval was a median of 6.2 months, which was shorter than in the
292

rest of the patients (median 10.8 months). However, with salvage
treatments, including surgery and adjuvant radiotherapy, the survival time of these patients after the diagnosis of brain metastasis
was longer than that of the rest of the patients (median 7.5 vs. 5.4
months) (Table 3).
The brain metastasis rate between LCNEC and corresponding
https://doi.org/10.3857/roj.2021.00423
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IIB
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IB
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IA

IA

RUL

RML

RUL

RUL

LCNEC

LCNEC

LCNEC

LCNEC

Negative

RML/RLL + N2a) LN
Positive

Negative

RUL

Negative

LLL + N1 LN

Negative

LUL + N2a) LN

a)

NSCLC-mixed RML + N1 LN

a)

Negative

Negative

Negative

Negative

LUL/LLL

Negative

RML + N1a) LN

Negative

Negative

Negative

Negative

Negative

Negative

Negative
Mediastinal/SCF LN

Brain

Multiple lung, Multiple bone

Recurrence site

RLL
Mediastinal LN

Pleural seeding

Hilar/Mediastinal/SCF LN
Brain

LUL, Hilar/Mediastinal LN, Brain

CTx (TP)

Hematogenous lung metastasis

CTx (NP) RLL

CTx (NP) Brain
+ RT

-

CTx (NP) LUL, Hilar/Mediastinal/SCF LN

CTx (NP) RLL, Brain

CTx (EP)

CTx (NP) Hilar/Mediastinal LN

CTx (EP)

CTx (NP) Bronchus, Liver

CTx (TP)

-

-

CTx (NP) LLL, Mediastinal/Hilar/SCF LN

-

-

-

Resection Adjuvant
margin status treatment

LUL + N1 LN

RLL

NSCLC-mixed RUL + N1a) LN

LCNEC

LCNEC

LCNEC

LCNEC

LCNEC

RLL

NSCLC-mixed RUL

LCNEC
a)

Primary site

NSCLC-mixed RUL

LCNEC

LCNEC

LCNEC

Pathology

N

Y

N

Y

N

N

N

N

N

N

N

N

N

N

N

N

N

17

4

12

4

24

11

6

9

12

15

21

7

3

113

26

4

10

N

N

Y

Y

N

Y

Y

Y

N

N

N

N

N

N

N

Y

N

Local
Recurrence
Brain
recurrence interval (m) metastasis

14

15

24

30

26

12

10

121

41

7

15

-

Salvage CCRT

Surgery + postop RT

CTx + RT

CTx

17

15

75

14

40

AWD

DOD

DOD

DOD

AWD

DOD

AWD

DOD

DOD

DOD

DOD

DOD

DOD

DOD

DOD

DOD

DOD

OS Current
(m) status

Surgery + postop RT, CTx 16

GKS/CTx

Salvage CCRT

CTx

CTx + salvage RT

Surgery

CTx

CTx

CTx

CTx

Surgery

-

Salvage
treatment

LCNEC, large cell neuroendocrine carcinoma; NSCLC, non-small-cell lung cancer; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; LN, lymph
node, SCF, supraclavicular fossa; CTx, chemotherapy; CCRT, concurrent chemo-radiotherapy; RT, radiotherapy, GKS, Gamma Knife surgery; DOD, died of disease; AWD, alive with disease; NP, Vinorelbine +
Platinum; TP, Paclitaxel + Platinum; EP, Etoposide + Platinum; OS, overall survival.
a)
All tumors were staged according to the 8th American Joint Committee on Cancer (AJCC) cancer staging system (N1, metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, including involvement by direct extension; N2, metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)).

M/72

1

Patients Sex/Age Stagea)
no.
(yr)

Table 3. Characteristics of patients who experienced any disease recurrences after surgery (n = 16)
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SCLC cohorts are available in Supplementary Table S1 and Fig. S2.
The overall brain recurrence rates were 15.4 % (LCENC cohort, n =
39) and 24.1 % (SCLC cohort, n = 108). The 2-year and 5-year
brain metastasis-free survival rates were 62.1% and 46.3% and
51.2% and 21.4%, respectively. The brain metastasis-free survival
rate was significantly better in the LCNEC cohort than in the SCLC
cohorts (p = 0.028). In subgroup analysis, the brain metastasis-free
survival rate was significantly better in LCNEC patients than in
SCLC patients with or without PCI (p = 0.028) (LCNEC vs. SCLC
without PCI, p = 0.010; LCNEC vs. SCLC with PCI, p = 0.130; and
SCLC with PCI vs. SCLC without PCI, p = 0.068) (Supplementary
Fig. S2).

Discussion and Conclusion
In this study, we achieved favorable survival outcomes with surgical resection and appropriate adjuvant therapies in keeping with
NSCLC protocols. Survival outcomes were comparable or better
than those of previous studies [4,9,11,12] (Table 4). Despite smaller
study populations, some factors, such as older age and mixed histology, were significantly associated with prognosis. Brain metastasis rate and brain metastasis-free survival rate were significantly
better than those for SCLC, with or without PCI. Notwithstanding,
older age, primary location (main bronchus), and no adjuvant chemotherapy have been shown to exhibit significant associations
with poor prognosis in previous studies [7,10].
LCNEC has been regarded as a disease entity that shows features
of both NSCLC and SCLC. As reported in SEER data, the 1-, 2-, and
4-year OS rate in patients with resectable pulmonary LCNEC was
76%, 56%, and 41%, respectively, which were similar to that of
other types of large cell carcinoma and was different from SCLC [4].
In our study, the 2- and 5-year OS rates were 68% and 51%, respectively, which were slightly better than that reported before.
According to recent studies, the clinical presentation of LCNEC appears to be similar to that of another high-grade neuroendocrine
pulmonary tumor, SCLC, with some exceptions. Primary LCNECs
tend to be located peripherally rather than centrally, and presentaTable 4. Comparison of overall survival rates with previous studies

Our study
SEER database [11]
Jin et al. [9]
Varlotto et al. [4] (pT1N0)
Kinslow et al. [12]

1 yr
92.2
74.5
NA
90
NA

Overall survival (%)
2 yr
3 yr
5 yr
67.5 58.3 51.1
55.8 46.7
NA
NA
50.7 41.2
76
60
NA
61
NA
NA

SEER, Surveillance, Epidemiology, and End Results; NA, not available.
294

tion of LCNECs with early-stage (I/II) disease is more common than
for SCLC (25% vs. < 5%) [13]. Thus, patients with LCNEC more
commonly undergo resection. In the US SEER database [4], clinical,
histopathological, and biological features as well as survival rates
of patients with resected LCNEC are more similar to those of other
large cell carcinomas than to those of SCLC. On the other hand,
according to recent population-based studies [12,14], it has been
suggested that LCNEC, particularly in the advanced stage, may behave more similarly to SCLC. These observations should be taken
into account when deciding on a treatment regimen.
Due to the rarity of LCNEC, there are no large randomized trials
that define an optimal treatment approach [15]. Treatment recommendations are based on extrapolation from approaches used in
patients with SCLC and NSCLC and the established literature, which
is primarily retrospective in nature. Surgical resection is usually indicated, when feasible, for patients with early-stage LCNEC, and CCRT
followed by additional cycles of chemotherapy can be considered,
similar to limited stage SCLC, for patients with positive mediastinal
nodes after resection and for those with unresectable stage III disease. Because of poor prognosis after surgery, extensive adjuvant
therapies may be indicated in LCNEC. While additional adjuvant
chemotherapy might contribute to improved survival [15-19], the
role of adjuvant radiotherapy remains unclear [9]. Optimal systemic
treatment has not been adequately established [20]. Moreover, in
the American Society of Clinical Oncology guidelines, either the
SCLC regimen or the same regimen as for NSCLC is advised for LCNEC. However, SCLC-type chemotherapy is considered by expert
opinion to be most appropriate [21], as LCNEC appears to respond
similarly to SCLC according to several observational and genomic
studies [22-24]. Notwithstanding, recent studies have reported a
low response rate or higher resistance to SCLC-type chemotherapy
[1,25-28]. To date, with no standard regimen, although SCLC regimens can be considered in advanced diseases, NSCLC regimens
may also be reasonable alternatives.
Patterns of failure in our patients were distinguishable from
those of NSCLC [29,30]. Regarding recurrence location, a few cases
(13%) involved recurrence at resection margins or the same lobe of
the lung. A high rate of recurrence (approximately 50%) occurred
at the surgical stump in NSCLC, even though all of the patients had
a clear resection margin. All cases of regional lymph node recurrence included the mediastinal lymph node area (with or without
hilar lymph nodes), and supraclavicular lymph node recurrence was
also more common than that in NSCLC (29.4% vs. 8%–10%). Contralateral lung metastasis, distant metastasis, and brain metastasis
even as a first recurrence were common in our LCNEC cohort. Our
results for patterns of failure in LCNEC patients highlight difficulties with salvage treatments and the need for intensified adjuvant
https://doi.org/10.3857/roj.2021.00423
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treatment strategies, even after clear resection.
A significant difference in the management of LCNEC and SCLC
is that PCI is recommended for many patients with SCLC, but not
for those with LCNEC. Multiple large meta-analyses have shown an
increase in survival as well as a decrease in brain metastases in patients with limited-stage SCLC receiving PCI. However, there are
still controversies about the application of PCI for pulmonary LCNEC [15]. In our study, the rate of brain metastasis was 15%, and
was higher for stage II/III tumors than for stage I disease. It was
lower than that previously reported for patients with SCLC [31].
Even in our sub-analyses, the brain metastasis-free survival rate
was significantly higher in LCNEC patients than in SCLC patients,
regardless of the use of PCI (p = 0.028). On the other hand, in other population studies, the rates of brain metastases were higher in
LCNEC than in SCLC (increasing in stage IV disease), suggesting the
need for PCI in LCNEC. One possible contribution to this discrepancy is that our study only included relatively early-stage tumors for
which surgery was indicated. Therefore, the brain metastasis rate
was low, and the metastatic brain lesions could be treated locally,
without a critical effect on prognosis.
There were some limitations to our study. Although our patients
were followed-up for a long period, the number of patients was insufficient to arrive at a definite conclusion. In particular, there have
been some discrepancies in the chemotherapy regimen in our institution. Except that the SCLC-based regimen was selected in a few
patients with SCLC-mixed pathology, the NSCLC-based regimen
was generally chosen. Second, the prognosis of stage II and III disease were reversed in some points. This might be due to the exclusion of stage III patients who had supraclavicular lymph nodes at
diagnosis (and were thus expected to show a poor prognosis) and
received CCRT instead of surgery. A follow-up study of a larger
number of patients would be helpful.
Despite these limitations, our study had several strengths. In our
study, the 2- and 5-year OS rates were favorable, compared to
available data. This may be due to curative resection of localized
pulmonary LCNEC and sufficient adjuvant therapies after multidisciplinary discussion. Furthermore, our data suggest that patients
with mixed histology with SCLC are expected to have poor prognosis. In general, a pathology indicating combined SCLC has been reported to show a poor prognosis, similar to SCLC, as well as chemo-resistance [32]. Also, SCLC-based chemotherapy might be too
toxic without contributing to survival improvement. Although more
studies including a larger number of patients are needed, our findings suggest that SCLC-based chemotherapy might not necessarily
be a good alternative for pulmonary LCNEC.
In conclusion, treatment outcomes for patients with LCNEC that
underwent surgical resection were more favorable than those rehttps://doi.org/10.3857/roj.2021.00423

ported in historical data of limited stage SCLC and similar to those
of NSCLC. However, the importance of using intensified adjuvant
therapies remains high, because failure patterns mostly involved
regional failure or distant metastasis at the first recurrence, rather
than local failure. New chemotherapy regimens or mediastinal radiotherapy might be alternatives, although SCLC-type chemotherapy remains questionable, according to our results. Early application
of PCI did not appear to be necessary. Although further studies in a
larger number of patients with resectable, as well as unresectable
LCNEC, are warranted, our findings yield insight into suitable treatment approaches for LCNEC.
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Purpose: To evaluate the prognostic value of the pretreatment maximum standardized uptake value
(SUVmax) for locoregional control (LRC) of early glottic cancer treated with primary radiotherapy.
Materials and Methods: We retrospectively reviewed the medical records of 101 patients with T1T2N0 glottic cancer treated with helical tomotherapy between 2013 and 2016. The clinical T-stages
were T1 in 87 (86.1%) and T2 in 14 (13.9%) patients. The median total dose was 63 Gy (63–67.5 Gy)
in 2.25 Gy per fraction. The survival outcomes were plotted using Kaplan-Meier curves. Receiver operating characteristic curves were used to assess the optimal SUVmax cut-off value for predicting locoregional recurrence.
Results: The median follow-up period was 58 months (range, 11 to 90 months). The 5-year overall
survival (OS) and locoregional recurrence-free survival rates were 96.8% and 85.4%, respectively. The
median pretreatment SUVmax of the primary tumor for all 101 patients was 2.3 (range, 1.1 to 9.1).
The best cut-off value for SUVmax for predicting LRC was 3.3, with a sensitivity of 78.6% and specificity of 73.6%. Univariate analysis showed that T-stage, overall treatment time (≥43 days), and high
SUVmax (≥3.3) were significant predictors of LRC. Multivariate analysis showed that LRC was independently affected by a high SUVmax (≥3.3) (hazard ratio = 5.505, p = 0.020).
Conclusion: High pretreatment SUVmax (≥3.3) is a negative prognostic factor for LRC in early glottic
cancer patients treated with primary radiotherapy.
Keywords: Laryngeal neoplasm, Radiotherapy, SUVmax

Introduction
High rates of local control and laryngeal preservation can be
achieved with transoral laser stripping, partial laryngectomy, or radiotherapy (RT) for early glottic cancer [1]. The incidence of lymph
node or distant metastases is very low in early-stage laryngeal
cancers due to poor lymphatic drainage in the glottis [2,3]. Primary
RT of the larynx without elective nodal irradiation facilitates a high
cure rate and preservation of the larynx [4]. RT also provides a
comparable local control rate and voice quality for T1a cases and a
better cure rate for T1b cases than transoral laser excision [5,6].

The outcomes of salvage partial laryngectomy after RT failure are
similar to those of primary partial laryngectomy [7]. Thus, primary
RT is usually prescribed for early glottic cancers to protect normal
tissues.
Several prognostic factors for local control of early glottic carcinoma after definitive RT have been reported, including T-stage, anterior commissure (AC) involvement, tumor size, dose per fraction,
and overall treatment time (OTT) [8,9]. Tumor bulk has been proposed as an important prognostic factor for local control of RT by
several studies, but there is a limit to the objective measurement of
tumor size using direct laryngoscopy or radiologic imaging studies

© 2021 The Korean Society for Radiation Oncology
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[10,11]. There have been reports that primary tumor size has a statistically significant correlation with the maximum standardized
uptake value (SUVmax) of 18F-fluorodeoxyglucose positron emission tomography (FDG-PET) for non-small-cell lung and breast
cancers [12,13]. Recently, the SUVmax of primary tumors has also
been suggested as an adverse prognostic marker for laryngeal cancer [14,15]. Therefore, the aim of this study was to investigate the
prognostic value of SUVmax for locoregional control (LRC) in early
glottic cancer patients treated with primary RT.

Materials and Methods
1. Patients and radiotherapy
Early glottic cancer patients who received primary RT between January 2013 and December 2016 were retrospectively evaluated. The
109 patients with biopsy-proven T1-2N0M0 squamous cell carcinoma of the glottis were treated at our institution. Among them,
101 patients who underwent pretreatment FDG-PET imaging were
included in this study. All patients were treated with the helical tomotherapy technique. The larynx was delineated as the clinical target volume (CTV) to include both false and true vocal cords, anterior and posterior commissures, arytenoids, and aryepiglottic folds,
as well as the subglottic region. The planning target volume (PTV)
was created by adding a 5-mm margin to the CTV in all directions,
except for 3 mm posteriorly. A radiation dose of 63 Gy in 28 fractions (2.25 Gy) was prescribed for PTV. Flexible fiberoptic laryngoscopy was performed weekly during RT to evaluate tumor response
in all patients. Response adaptive radiation dose escalation (65.25
or 67.5 Gy) was applied when a persistent gross lesion was observed during the laryngoscope examination after 56.25 Gy. This
study was approved by the Institutional Review Board of Pusan National University Hospital (No. 2106-031-104). The informed consent
was waived.

2. FDG-PET study
FDG-PET was prescribed after a confirmed pathologic diagnosis of
glottic cancer. FDG-PET scans were acquired after a minimum of 4
hours of fasting. In addition, 4.0 MBq/kg of FDG was administered
intravenously 1 hour before imaging. Skull to mid-thigh PET images
were acquired using a 3D acquisition mode at 3 minutes per bed
position. The PET scans were reconstructed using computed tomography (CT) attenuation maps. The SUV was calculated as follows:
Measured activity concentration (MBq/mL)
SUV = 				
Injected activity (MBq) / Body weight (g)
After all hypermetabolic tumor foci were segmented, the software calculated the SUVmax, which was defined as the highest
298

pixel value of the SUV within the region of interest.

3. Statistical analysis
The primary endpoint was LRC. Locoregional recurrence-free survival (LRFS) was measured from the first day of radiotherapy to the
date of histologic confirmation of local and/or regional disease recurrence. Overall survival (OS) was defined as the duration between
the initiation of RT and the date of death from any cause. Receiver
operating characteristic (ROC) curve analysis was used to determine the optimal cut-off value for SUVmax for LRC. The Kaplan-Meier method was used to analyze the LRC and OS rates. The
log-rank test was used for univariate analysis to compare the clinical variables. The Cox proportional hazards model was used for the
multivariate analysis. Statistical significance was defined as a
p-value of < 0.05. SPSS version 25.0 (IBM Corp. Armonk, NY, USA)
was used for all the statistical analyses.

Results
1. Clinical characteristics
The clinical characteristics of the patients are summarized in Table 1.
Table 1. Patient and treatment characteristics
Characteristic
n (%)
Age (yr)
≥ 65
56 (55.4)
< 65
45 (44.6)
Sex
Male
99 (98.0)
Female
2 (2.0)
T-stage
T1a
61 (60.4)
T1b
26 (25.7)
T2
14 (13.9)
AC involvement
Negative
59 (58.4)
Positive
42 (41.6)
Visible mass on CT
Negative
64 (64.2)
Positive
37 (35.8)
FDG uptake (SUVmax)
< 3.3
67 (66.3)
≥ 3.3
34 (33.7)
Total dose (Gy)
< 64.0
64 (63.4)
≥ 64.0
37 (36.6)
Overall treatment time (day)
< 43
75 (74.3)
≥ 43
26 (25.7)
AC, anterior commissure; CT, computed tomography; FDG, 18F-fluorodeoxyglucose.
https://doi.org/10.3857/roj.2021.00507
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The causes of the deaths of the other three patients were secondary primary colon cancer (one patient) and pneumonia (two patients), respectively, during a period of no evidence of laryngeal
cancer. Disease failure was observed in 14 patients (13.9%), and all
relapses were confirmed by biopsy. Thirteen patients (12.9%) experienced local recurrence, and one patient had a regional lymph
node recurrence without local failure. After recurrence, they underwent salvage surgery including 10 total laryngectomies, two laser
cordectomies, one supracricoid partial laryngectomy for local recurrence, and one modified radical neck dissection for regional re-

1.0

ROC curve

0.8

Sensitivity

The median age was 66 years (range, 43 to 82 years), and the median follow-up period was 58 months (range, 11 to 90 months). The
clinical T stages were T1 in 87 (86.1%) patients and T2 in 14
(13.9%) patients. Laryngeal masses were detected on CT images of
37 patients (35.8%), which were reconstructed with 2.0 mm section thickness. AC involvement was present in 41.6% of patients.
Thirty-seven patients (36.6%) received a dose above 64.0 Gy of
irradiation, and five of them were treated with 67.5 Gy/30 fractions. The median OTT was 39 days (range, 37 to 52 days); 75 patients (74.3%) completed treatment within 43 days. The two
non-compliant patients were treated for a long period (50 and 52
days, respectively). They frequently missed treatment fractions voluntarily and received 65.25 Gy in 29 fractions, resulting in a prolonged OTT.
The median pretreatment SUVmax of the primary tumor for all
101 patients was 2.3 (range, 1.1 to 9.1). ROC curve analysis showed
that the area under the curve (AUC) for LRC was 0.785 (95% confidence interval, 0.673-0.897; p = 0.001). The best cut-off value of
SUVmax was 3.3, and the sensitivity and specificity were 78.6%
and 73.6%, respectively (Fig. 1). Thirty-four patients (33.7%) had a
high SUVmax ( ≥ 3.3). The median duration between laryngeal biopsy and PET scanning was 12 days (range, 1 to 35 days). There was
no significant correlation between the biopsy interval to PET and
SUVmax (p = 0.797), and FDG uptake was not affected by the laryngeal biopsy.

0.6

0.4

0.2

0.0

2. Survival analysis
The 5-year OS and LRFS rates were 96.9% and 85.4%, respectively
(Fig. 2). Four patients expired during the follow-up. Only one patient died of recurrent glottic cancer 13 months after treatment.
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Fig. 1. Receiver operating characteristic (ROC) curve for the relationship of pretreatment SUVmax with the locoregional control.
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Fig. 2. (A) Overall survival curve and (B) locoregional recurrence-free survival curves.
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This study evaluated the prognostic value of the SUVmax of glottic
lesions for local control in early glottic cancer. Pretreatment SUVmax was the only significant independent prognostic factor for recurrence in RT for early glottic cancer (p < 0.001) (Fig. 3B). This is
consistent with a report that showed that SUVmax of > 3.4 was a
significant prognostic factor in patients with T1 and T2 glottic cancers treated by RT [14]. The 18F-FDG-PET scan was analyzed to determine its prognostic value for various head and neck cancer subtypes. A previous study reported that PET imaging has no clinical
benefit for laryngeal cancer [16]; however, several previous reports
have shown that high FDG uptake (SUVmax > 3.4–10.0) is significantly associated with local recurrence in head and neck cancers
[14,17,18]. The results of this study suggest that a higher SUVmax
is associated with a more aggressive nature and lower RT response
rate [17]. Kitajima et al. [18] showed that a high nodal SUVmax
( ≥ 4.0) was a significant factor for progression-free survival (PFS) in
patients with laryngeal cancer, including advanced stages treated
with RT with or without chemotherapy. They demonstrated that
the high primary tumor SUVmax was not correlated with PFS.
The tumor bulk has been considered an important tumor-related
prognostic factor in laryngeal cancer and has been proposed to be
included in the current staging systems for laryngeal cancer
[19,20]. A previous study reported that disease recurrence increased dramatically up to 26% when the laryngeal mass size was
more than 15 mm [21]. However, there is concern about the reli300
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currence. Twelve patients (85.7%) were alive and had no evidence
of disease after salvage treatment.
The mean LRFS time was 86.5 months for patients with low SUVmax ( < 3.3) and 62.0 months for patients with high SUVmax
( ≥ 3.3) (p < 0.001). Univariate analysis revealed that the significant
prognostic factors for LRC were clinical T-stage (p = 0.005), high
SUVmax ( ≥ 3.3) (p < 0.001), and OTT ( ≥ 43 days) (p = 0.004). The
Kaplan-Meier survival curves for these prognostic factors are
shown in Fig. 3. The visible mass on CT images and total treatment
dose had marginal correlation with LRC (p = 0.081 and p = 0.091,
respectively). Multivariate analysis showed that high SUVmax
( ≥ 3.3) was an independent negative prognostic factor (hazard ratio = 5.505, p = 0.020) (Table 2).
T-stage was the only significant prognostic factor in the univariate analysis for overall survival (p = 0.032). The 5-year OS rates
were 97.4% and 92.9% for patients with T1 and T2 disease, respectively (Fig. 4A). There was no significant difference in OS between
the two groups: patients with SUVmax of ≥ 3.3 and those with SUVmax of < 3.3 (p = 0.829) (Fig. 4B).
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Fig. 3. Locoregional recurrence-free survival curves according to (A)
T-stage, (B) pretreatment SUVmax of 18F-fluorodeoxyglucose positron
emission tomography (FDG-PET) and (C) overall treatment time (OTT).

ability of objectively measuring tumor volume. Several reports have
shown significant intra- and interobserver variabilities in laryngeal
https://doi.org/10.3857/roj.2021.00507
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Table 2. Univariate and multivariate analysis of factors associated with locoregional recurrence-free survival
Univariate
5-yr rate (%)

Variable
Age (yr)
< 65
≥ 65
Sex
Male
Female
T-stage
T1
T2
AC involvement
Negative
Positive
Visible mass on CT
Negative
Positive
FDG uptake (SUVmax)
< 3.3
≥ 3.3
Total dose (Gy)
< 64
≥ 64
Overall treatment time (day)
< 43
≥ 43

Multivariate
HR (95% CI)

p-value

83.3
87.3

0.712

-

85.0
100

0.570

-

88.7
64.3

0.005*

1.858 (0.586–5.890)
-

88.7
81.0

0.190

-

90.5
76.2

0.081

-

95.4
65.4

< 0.001*

5.505 (1.315–23.054)
-

90.4
76.5

0.091

-

91.9
67.5

0.004*

1.819 (0.573–5.776)
-

p-value

0.292

0.020*

0.310

AC, anterior commissure; CT, computed tomography; FDG, 18F-fluorodeoxyglucose; HR, hazard ratio; CI, confidence interval.
*p < 0.05.
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Fig. 4. Overall survival curves according to (A) T-stage and (B) pretreatment SUVmax of 18F-fluorodeoxyglucose positron emission tomography
(FDG-PET).

tumor volume measurements based on CT images [22,23]. They
suggested that reliable tumor volume measurements could be obtained by a single trained reader. There are still limitations related
https://doi.org/10.3857/roj.2021.00507

to reproducibility across the measurements by various observers
from different institutions. In our study, laryngeal masses observed
on CT images did not help predict the outcome of RT (p = 0.081).
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Univariate analysis showed a significant correlation between the
T-stage and local control (p = 0.005); however, multivariate analysis showed no significant prognostic value (p = 0.292). Of the 14
patients with T2 stages, 10 (71.4%) had a greater SUVmax ( ≥ 3.3),
which showed that SUVmax rather than the T-stage was correlated
with lower tumor control rates in these patients. Based on an evaluation of a larger number of T2 stage patients, the T-stage may
have independent prognostic values for LRC. There was a significant correlation between T-stage and OS, but only one patient with
T2 stage died of recurrent cancer. A much longer follow-up is required for better reliability on this result.
Patients with an OTT of 43 days or more also showed significantly lower LRC rates in the univariate analysis (p = 0.004). This
is in agreement with previous reports [9,24]. A shorter OTT using
hypofractionation with 2.25 Gy per fraction was associated with
higher local control rates [9]. In the present study, all patients
were treated with a daily fraction size of 2.25 Gy. Multivariate
analysis showed no significant correlation between the OTT and
DFS (p = 0.310).
A higher total dose showed a borderline significant association
with a lower LRC rate in the univariate analysis (p = 0.091). Patients with a lower radiation response of the tumor were prescribed
a higher radiation dose because we increased the prescription dose
above 65 Gy when the gross lesion had remained until the end of
treatment. There was a significant correlation between a higher
SUVmax and a higher radiation dose (p = 0.002). Of the 34 patients with higher SUVmax ( ≥ 3.3), 20 (58.8%) required higher radiation doses. On the other hand, only 14 of 67 patients (20.9%)
with lower SUVmax ( < 3.3) received doses above 65 Gy.
Anterior commissure infiltration was reported to be an adverse
prognostic factor for early glottic cancer [25]. However, there are
various conflicting reports on this [26,27]. AC is considered a weak
point for tumor spread because of the lack of thyroid cartilage
perichondrium to resist tumor invasion [28]. Another suggestion is
that the air-tissue interface of AC is associated with the risk of underdosing, which may lead to poor coverage by the prescribed dose
[29]. However, the negative impact of AC involvement could be
overcome by delivering a fraction dose of more than 2.0 Gy [30].
Our study that used 2.25 Gy per fraction also showed no significant
relationship between AC invasion and LRC (p = 0.190).
This study was limited by its retrospective design performed at a
single institution and the varied time intervals between the laryngeal biopsy and PET scan. Further prospective controlled studies
with more patients are needed to confirm the results of this study.
Nevertheless, our results suggest that a high SUVmax ( ≥ 3.3) in patients with early glottic cancer treated with primary RT showed a
lower disease control rate. Therefore, alternative treatment strate302

gies such as concurrent chemoradiotherapy should be considered
for these patients.
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Purpose: The purpose of this study was to determine if somatic mutations are associated with clinical
and pathologic outcomes in patients with borderline resectable pancreatic cancer (BRPC) or locally
advanced pancreatic cancer (LAPC) who were treated with neoadjuvant chemotherapy and stereotactic body radiotherapy (SBRT).
Materials and Methods: Patients treated with neoadjuvant chemotherapy and SBRT followed by surgical resection from August 2016 to January 2019 and who underwent next generation sequencing
of their primary tumor were included in the study. Next-generation sequencing was performed either
in-house with a Solid Tumor Panel or with FoundationOne CDx. Univariate (UVA) and multivariable
analyses (MVA) were performed to determine associations between somatic mutations and pathologic and clinical outcomes.
Results: Thirty-five patients were included in the study. Chemotherapy consisted of modified FOLFIRINOX, gemcitabine and nab-paclitaxel, or gemcitabine and capecitabine. Patients were treated with
SBRT in 33 Gy in 5 fractions. On UVA and MVA, tumors with KRAS G12V mutation demonstrated better pathologic tumor regression grade (TRG) to neoadjuvant therapy when compared to tumors with
other KRAS mutations (odds ratio = 0.087; 95% confidence interval [CI], 0.009–0.860; p = 0.036). On
UVA and MVA, mutations in NOTCH1/2 were associated with worse overall survival (hazard ratio [HR]
= 4.15; 95% CI, 1.57– 10.95; p = 0.004) and progression-free survival (HR = 3.61; 95% CI, 1.41–9.28;
p = 0.008). On UVA, only mutations in NOTCH1/2 were associated with inferior distant metastasis-free survival (HR = 3.38; 95% CI, 1.25–9.16; p = 0.017).
Conclusion: In BRPC and LAPC, the KRAS G12V mutation was associated with better TRG following
chemotherapy and SBRT. Additionally, NOTCH1/2 mutations were associated with worse overall survival, distant metastasis-free survival, and progression-free survival.
Keywords: Pancreatic cancer, Stereotactic body radiotherapy, Mutations, Notch proteins, KRAS genes
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Introduction
Pancreatic cancer is the third most common cause of cancer related deaths in the United States and accounts for roughly 47,000
deaths each year [1]. At time of diagnosis, 10% are resectable, 40%
are borderline resectable pancreatic cancer (BRPC) or locally advanced pancreatic cancer (LAPC), and 50% are metastatic. Treatment of pancreatic cancer depends on disease extent and includes
a combination of chemotherapy, radiation therapy, and surgical resection [2]. Unfortunately, even with modern treatment, prognosis
of BRPC and LAPC is poor with 5-year overall survival (OS) of less
than 15% [1,3].
The management of BRPC and LAPC is complex with the majority of patients treated with upfront chemotherapy followed by surgery if technically feasible. Radiation therapy can be administered
with the goal of margin sterilization and local recurrence risk reduction in the neoadjuvant setting and local progression-free survival benefit in the unresectable setting, but its role remains controversial [4-9]. Indeed, several large randomized control studies
have investigated the use radiation therapy in BRPC and LAPC with
mixed results, which may in part be related to variable radiosensitivity due to molecularly heterogeneous disease biology [5-9]. Certainly, tools that could better predict therapeutic response in this
group of patients would be helpful.
In recent years, there has been an increased role of molecular testing in pancreatic cancer. The National Comprehensive Cancer Network (NCCN) guidelines now recommend somatic mutation testing
for all metastatic and locally advanced disease [2]. It is thought that
the poor prognosis of pancreatic cancer may in part be due to tumor
heterogeneity at the molecular level, with a wide variety of mutations present [10-14]. Studies have shown that mutational status is
associated with clinical outcomes and that targeted therapy may
improve prognosis [15-20]. However, many of these reports included
heterogeneous patient populations who were treated with various
local and systemic therapies. Furthermore, these studies do not report on pathologic tumor response. As such, we herein explore the
impact of somatic mutations on clinical and pathologic outcomes in
a cohort of BRPC and LAPC patients treated with stereotactic body
radiotherapy (SBRT) after upfront chemotherapy, reporting on both
pathologic tumor response to neoadjuvant chemotherapy and radiation as well as on survival outcomes.

Materials and Methods
1. Study design
This is a single institution retrospective review of patients with localized pancreatic cancer who were treated from August 2016 to
https://doi.org/10.3857/roj.2021.00815

January 2019 with chemotherapy, SBRT, and surgical resection and
who underwent next-generation sequencing (NGS) of the primary
tumor specimen. This study was approved by the Institutional Review Board of Johns Hopkins University School of Medicine (No.
IRB00270193). The informed consent was waived given that this
was a retrospective study and no human experimentation/interaction was performed. Patients were included in the study if they met
the following criteria: (1) biopsy proven diagnosis of pancreatic
cancer; (2) BRPC and LAPC as defined by NCCN guidelines [2]; (3)
treatment with neoadjuvant chemotherapy and SBRT followed by
surgical resection; (4) adequate follow-up defined as > 3 clinical
encounters following treatment; and (5) NGS of tumor specimen.
Routine follow-up consisted of clinic visits at approximately
3-month intervals and pancreatic protocol imaging performed at
3–6 months intervals. As part of follow-up, patients had cancer
antigen 19-9 (CA19-9) levels drawn. The frequency of imaging and
blood work were at the discretion of the clinical team.

2. Treatment details
Patients were treated with upfront chemotherapy with modified
FOLFIRINOX (mFFX), gemcitabine and nab-paclitaxel (GnP), or
gemcitabine and capecitabine. During chemotherapy, patients
had pancreatic protocol computed tomography (CT) scans every 3
months to assess treatment response. After completion of chemotherapy, patients were recommended for SBRT. Historically, at
our institution, all patients with BRPC/LAPC who have responding
or stable disease after upfront systemic therapy have been offered SBRT to 33 Gy in 5 fractions. Patients were subsequently
restaged after SBRT, and a decision was made regarding surgical
exploration. In general, all technically BRPC patients were explored if no medical contraindications and no evidence of progression after SBRT [21]. This has similarly been true for the LAPC
patients, with the exception of a small minority of LAPC patients
for whom local extent of disease was too extensive to offer a
reasonable pathway for complete surgical resection [22]. Of note,
presence of duodenal invasion on endoscopy has been the primary contraindication to SBRT, for which conventional chemoradiation has been recommended instead. More recently, we have also
considered dose-escalated IMRT for the minority of LAPC patients
that fit into the category above of too locally extensive disease to
allow a reasonable pathway for complete resection [23], but
these patients were excluded from this analysis given potential
impact on clinical outcomes.
Prior to simulation and SBRT, all patients underwent ultrasound-guided endoscopic gold fiducial placement for the purpose
of daily image guidance. At time of simulation, patients were positioned supine with arms above head in a Vac-lok (CIVCO Medical
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Solutions, Coralville, IA, USA) for immobilization. Thin-sliced CT
scans with intravenous contrast were obtained for radiation treatment planning. Motion management with active breathing control
(ABC; Elekta, Stockholm, Sweden) was performed in the majority of
patients. Patients who could not tolerate breath-hold were treated
under free-breathing conditions, with an internal target volume
(ITV) generated from the peak inspiratory and expiratory phases
from a four-dimensional CT scan. The clinical target volume (CTV)
and organs-at-risk were contoured using Pinnacle treatment planning system (Philips Radiation Oncology Systems, Fitchburg, WI,
USA). The CTV included gross disease seen on imaging and areas at
risk for microscopic disease, namely the full circumference of involved vasculature. The planning target volume was generated by
adding a 2-mm isotropic expansion to the CTV for breath-hold
cases and to the ITV for free-breathing cases. Daily image guidance
with pre-treatment and intrafractional cone-beam CT scans was
performed to ensure proper setup. Patients were aligned to spine
and then shifted to align to fiducials. All patients were treated on
an Elekta Synergy-S unit with HexaPOD evo RT system.
Approximately 4 weeks after completion of SBRT, patients were
restaged with imaging, with surgical resection shortly thereafter.
Adjuvant or maintenance chemotherapy was initiated at the discretion of the treating medical oncologist.

3. Molecular testing
Genomic information was acquired from formalin-fixed paraffin-embedded tissue from surgical specimens. NGS was performed
either in-house using a Clinical Laboratory Improvement Amendments certified Johns Hopkins Molecular Lab with a Solid Tumor
Panel (STP) [24] or with FoundationOne CDx. The in-house Solid
Tumor Panel and FoundationOne CDx included testing for mutations in genes of interest such as KRAS, NOTCH1, NOTCH2, CDKN2A, BRCA1, BRCA2, SMAD4, ATM, as well as in over 300 other
genes [25,26]. Genes were considered mutated if they had substitutions, insertions-deletions, or copy-number alterations. Genes
that did not harbor these alterations were considered wild-type.
Tumor content within extracted samples was > 10% for STP and
> 20% for FoundationOne CDx. Mean sequencing depth was 700 ×
for STP and 894 × for FoundationOne CDx.

4. Classification of pathologic response
At our institution, tumor response to neoadjuvant therapy was
graded per the American Joint Committee on Cancer/College of
American Pathologist tumor regression grade (TRG) system [27]. No
residual tumor or complete response is considered TRG 0, while
poor response/no response is considered TRG 3. Marked response
with minimal residual cancer with single cells is considered TRG 1,
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and moderate response with residual cancer outgrown by fibrosis is
considered TRG 2.

5. Clinical outcomes
Clinical outcomes included OS, local progression-free survival
(LPFS), distant metastasis-free survival (DMFS), and progression-free survival (PFS). OS was defined as time from surgery to
death. LPFS and DMFS were defined as time from surgery to locoregional progression or distant progression, respectively. PFS was
defined as time from surgery to death or any radiographic evidence
of progression.

6. Statistics
Baseline demographic, tumor, and treatment characteristics were recorded including age, sex, performance status, tumor size, tumor
grade, chemotherapy regimen, SBRT dose/fractionation, resection
status, and mutational status. Univariate Cox analysis was performed
identify variables associated with clinical outcomes from time of surgery. Variables with p < 0.2 on univariate Cox analysis were entered
into multivariable Cox analysis and subsequently removed if p-value
rose to above 0.2. Kaplan-Meier analysis was performed for time to
event outcomes, and log-rank test was used assess significance between groups. Univariate logistic regression was performed to determine associations between variables and TRG. Variables with p < 0.2
on univariate nominal logistic regression were entered into multinomial logistic regression and were subsequently removed if p-value
rose to above 0.2. All statistical analyses were performed with JMP
version 14.0 (SAS Institute, Cary, NC, USA).

Results
1. Patient and disease characteristics
From August 2016 to January 2019, 35 patients were treated with
neoadjuvant chemotherapy and SBRT followed by surgical resection
and underwent NGS of their tumor specimen. Patient and disease
characteristics are described in Table 1. Patients underwent NGS of

Table 1. Patient, treatment, and tumor characteristics (n = 35)
Characteristic
Age (yr)
Sex
Male
Female
KPS
90–100
70–80

Value
67 (46–80)
20 (57)
15 (43)
30 (86)
5 (14)
(Continued to the next page)
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Table 1. Continued
Characteristic
Histology
Adenocarcinoma
Acinar cell
Undifferentiated carcinoma
Location of primary tumor
Head
Other
Tumor size (cm)
Disease extent
Borderline resectable
Locally advanced
Baseline CA19-9 (U/mL)
Neoadjuvant chemotherapy
mFFX
GnP
mFFX and GnP
mFFX and gemcitabine
Gemcitabine and capecitabine
Total dose (Gy)
Number of fractions
Adjuvant or maintenance chemotherapy
Yes
No
Mutational status
KRAS wild type
KRAS mutant
  G12V
  G12D
  G12R
  Q61H
  Unknown
TP53
  Wild type
  Mutant
NOTCH1/2
  Wild type
  Mutant
CDK2NA
  Wild type
  Mutant
BRCA 1/2
  Wild type
  Mutant
SMAD4
  Wild type
  Mutant
ATM
  Wild type
  Mutant

Value
33 (94)
1 (3)
1 (3)
15 (44)
19 (56)
3.6 (1.4–6.7)
20 (57)
15 (43)
148.6 (16–5,545)
23 (66)
5 (14)
5 (14)
1 (3)
1 (3)
33
5
26 (74)
9 (26)
2 (6)
33 (94)
14 (42)
13 (39)
3 (9)
2 (6)
1 (3)
14 (40)
21 (60)
27 (77)
8 (23)
29 (83)
6 (17)
31 (89)
4 (11)
33 (94)
2 (6)
33 (94)
2 (6)

Values are presented as median (range) or number (%).
KPS, Karnofsky Performance Score; CA19-9, cancer antigen 19-9; mFFX,
modified FOLFIRINOX; GnP, gemcitabine and nab-paclitaxel.
https://doi.org/10.3857/roj.2021.00815

their tumor specimen either in-house with a STP (29/35, 83%) or
with FoundationOne CDx (6/35, 17%). The median age at diagnosis
was 67 years (range, 46 to 80 years). Borderline resectable disease
was seen in 20 patients (57%) and LAPC in 15 patients (43%). Location of the tumor was in the pancreatic head in 15 patients
(44%). Median tumor size was 3.6 cm (range, 1.4 to 6.7 cm). Median baseline CA19-9 was 148.6 U/mL (range, 16 to 5,545 U/mL).

2. Treatment characteristics
Upfront chemotherapy regimens consisted of mFFX (23/35, 66%),
GnP (5/35 14%), mFFX followed by GnP (5/35 14%), mFFX followed
by gemcitabine alone (1/35, 3%), and gemcitabine and capecitabine (1/35, 3%). Median duration of upfront chemotherapy was 4
months (range, 2 to 12 months). Following chemotherapy, all patients were treated with SBRT to 33 Gy in 5 fractions. Median time
from SBRT to surgical resection was 6.9 weeks (range, 3.1 to 25.3
weeks). Surgical margins were negative in 32 patients (91%).
Pathologically involved lymph nodes were found in 17/35 patients
(49%). Whipple procedure was performed in 20 patients (57%),
distal pancreatectomy in 14 patients (40%), and total pancreatectomy in one patient (3%). Adjuvant or maintenance chemotherapy
was initiated in 26 patients (74%) for a median time of 2 months
(range, 1 to 4 months).

3. Frequency of mutations
Fig. 1 displays the frequencies of common mutations and KRAS
mutation subtypes. Mutations in KRAS were the most common,
present in 33 of 35 patients (94%). KRAS mutations were most
frequent at codon 12 (37/41, 90%), with the following subtype frequencies: G12V (14/33, 42%), G12D (13/33, 39%), G12R (3/33,
9%), Q61H (2/33, 6%), and unknown (1/33, 3%). The next most
common mutations were in TP53 (21/35, 60%), NOTCH1/2 (8/35,
23%), and CDKN2A (6/35, 17%). Less common mutations included
SMAD4 (2/35, 6%), BRCA 1/2 (4/35, 11%), and ATM (2/35, 6%).

4. Clinical outcomes
The median follow-up time from SBRT was 20.4 months (range, 3.5
to 45.4 months). At time of last follow-up, nine of 35 patients
(26%) were alive. Median OS from surgery was 24.5 months, with
1-, 2-, and 3-year OS rates of 76.6%, 52.7%, and 10.1%, respectively. The median LPFS, DMFS, and PFS from surgery were 20.2
(range, 2.8 to 44.0 months), 12.2 months (range, 0.5 to 38.1
months), 11.3 months (range, 0.5 to 38.1 months), respectively. The
majority of patients (26/35, 74%) had distant disease at time of
last follow-up. Local failure was observed in 19 patients (54%), including isolated local failure in two patients (6%). Of the 17 patients who developed local and distant failure, pattern of first fail307
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Fig. 1. (A) Box chart showing frequency of common mutations and (B) pie chart showing frequency of KRAS mutation subtypes.

Table 2. Univariate and multivariable analyses of overall survival
Variable
Sex (male vs. female)
Age ( ≥ 65 vs. < 65 yr)
KPS (90–100 vs. 70–80)
Disease extent (BRPC vs. LAPC)
Tumor location (head vs. other)
Tumor size ( > 3.6 vs. < 3.6 cm)
Baseline CA19-9 ( > 148 vs. < 148 U/mL)
Chemotherapy duration (> 4 vs. < 4 mo)
PNI (absent vs. present)
LVI (absent vs. present)
Adjuvant/maintenance chemotherapy (yes vs. no)
KRAS (mutant vs. wild type)
TP53 (mutant vs. wild type)
NOTCH1/2 (mutant vs. wild type)
CDKN2A (mutant vs. wild type)

Univariate analysis
HR (95% CI)
p-value
1.19 (0.54–2.65)
0.66
0.84 (0.38–1.89)
0.68
2.09 (0.68–6.42)
0.20
0.75 (0.33–1.68)
0.48
1.16 (0.53–2.55)
0.72
0.74 (0.34–1.60)
0.44
1.17 (0.35–3.88)
0.80
1.32 (0.60–2.93)
0.55
1.01 (0.42–2.42)
0.99
0.54 (0.23–1.25)
0.15
0.57 (0.24–1.38)
0.22
1.40 (0.19–10.57)
0.74
0.88 (0.40–1.93)
0.76
3.93 (1.52–10.20)
0.005*
0.51 (0.15–1.69)
0.27

Multivariate analysis
HR (95% CI)
p-value

0.56 (0.24–1.30)

0.17

4.15 (1.57–10.95)

0.004*

KPS, Karnofsky Performance Score; BRPC, borderline resectable pancreatic cancer; LAPC, locally advanced pancreatic cancer; CA19-9, cancer antigen
19-9; PNI, perineural invasion; LVI, lymphovascular invasion; HR, hazard ratio; CI, confidence interval.
*p < 0.05.

ure included distant in 5/17 patients (29.4%), local in 5/17 patients
(29.4%), and synchronous local and distant in 7/17 patients
(41.2%). Radiographic response following neoadjuvant chemotherapy and SBRT was determined by CT imaging just prior to surgery.
Eleven patients (31%) had partial response, while 24 patients (69%)
had stable disease. There were no cases of radiographic disease
progression.
On univariate (UVA) and multivariable (MVA) analyses, only mutations in NOTCH1/2, were associated with OS (hazard ratio [HR] =
4.15; 95% confidence interval [CI], 1.57–10.95; p = 0.004) (Table 2).
Patients with NOTCH1/2 mutations had a median OS of 13.9
308

months versus 27.6 months in NOTCH1/2 wild-type patients (logrank, p = 0.003) (Fig. 2A). On UVA, only mutations in NOTCH1/2
were associated with DMFS (HR = 3.38; 95% CI, 1.25–9.16; p =
0.017) (Table 3). No other variables were associated with DMFS.
Patients with NOTCH1/2 mutations had a median DMFS of 7.1
months versus 15.9 months in NOTCH1/2 wild-type patients (logrank, p = 0.011) (Fig. 2B). Similarly, on UVA and MVA, only mutations in NOTCH1/2 were associated with PFS (HR = 3.61; 95% CI,
1.41–9.28; p = 0.008) (Table 4). Patients with NOTCH1/2 2 mutations had a median PFS of 7.1 months versus 12.6 months in
NOTCH1/2 wild-type patients (log-rank, p = 0.003) (Fig. 2C). No
https://doi.org/10.3857/roj.2021.00815
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Fig. 2. Kaplan-Meier curves of (A) overall survival, (B) distant metastasis-free survival, and (C) progression-free survival based on NOTCH1/2
mutation status.
Table 3. Univariate and multivariable analyses of distant metastasis-free survival
Variable
Sex (male vs. female)
Age ( ≥ 65 vs. < 65 yr)
KPS (90–100 vs. 70–80)
Disease extent (BRPC vs. LAPC)
Tumor location (head vs. other)
Tumor size ( > 3.6 vs. < 3.6 cm)
Baseline CA19-9 ( > 148 vs. < 148 U/mL)
Chemotherapy duration (> 4 vs. < 4 mo)
PNI (absent vs. present)
LVI (absent vs. present)
Adjuvant/maintenance chemotherapy (yes vs. no)
KRAS (mutant vs. wild type)
TP53 (mutant vs. wild type)
NOTCH1/2 (mutant vs. wild type)
CDKN2A (mutant vs. wild type)

Univariate analysis
HR (95% CI)
p-value
1.05 (0.48–2.33)
0.90
0.76 (0.60–2.93)
0.49
1.24 (0.56–2.73)
0.59
1.11 (0.33–3.75)
0.87
0.92 (0.42–2.02)
0.84
0.97 (0.45–2.09)
0.93
1.11 (0.30–4.15)
0.88
0.92 (0.42–2.03)
0.92
1.12 (0.47–2.67)
0.80
0.71 (0.31–1.60)
0.41
0.93 (0.37–2.36)
0.88
1.22 (0.16–9.09)
0.85
1.58 (0.70–3.59)
0.27
3.38 (1.25–9.16)
0.017*
0.55 (0.19–1.63)
0.28

Multivariate analysis
HR (95% CI)
p-value

KPS, Karnofsky Performance Score; BRPC, borderline resectable pancreatic cancer; LAPC, locally advanced pancreatic cancer; CA19-9, cancer antigen
19-9; PNI, perineural invasion; LVI, lymphovascular invasion; HR, hazard ratio; CI, confidence interval.
*p < 0.05.
https://doi.org/10.3857/roj.2021.00815
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Table 4. Univariate and multivariable analyses of progression-free survival
Variable
Sex (male vs. female)
Age ( ≥ 65 vs. < 65 yr)
KPS (90–100 vs. 70–80)
Disease extent (BRPC vs. LAPC)
Tumor location (head vs. other)
Tumor size ( > 3.6 vs. < 3.6 cm)
Baseline CA19-9 ( > 148 vs. < 148 U/mL)
Chemotherapy duration (> 4 vs. < 4 mo)
PNI (absent vs. present)
LVI (absent vs. present)
Adjuvant/maintenance chemotherapy (yes vs. no)
KRAS (mutant vs. wild type)
TP53 (mutant vs. wild type)
NOTCH1/2 (mutant vs. wild type)
CDKN2A (mutant vs. wild type)

Univariate analysis
HR (95% CI)
p-value
1.43 (0.66–3.14)
0.37
0.89 (0.42–1.90)
0.77
0.89 (0.27–2.96)
0.85
0.85 (0.40–1.81)
0.68
1.41 (0.66–3.01)
0.38
1.14 (0.53–2.44)
0.74
1.65 (0.48–5.66)
0.42
1.36 (0.64–2.89)
0.43
0.84 (0.37–1.92)
0.69
0.61 (0.28–1.32)
0.21
0.64 (0.27–1.52)
0.31
1.69 (0.23–12.50)
0.61
1.21 (0.56–2.60)
0.62
3.73 (1.45–9.61)
0.006*
0.40 (1.14–1.18)
0.10

Multivariate analysis
HR (95% CI)
p-value

3.61 (1.41–9.28)
0.40 (0.14–1.17)

0.008*
0.094

KPS, Karnofsky Performance Score; BRPC, borderline resectable pancreatic cancer; LAPC, locally advanced pancreatic cancer; CA19-9, cancer antigen
19-9; PNI, perineural invasion; LVI, lymphovascular invasion; HR, hazard ratio; CI, confidence interval.
*p < 0.05.
Table 5. Univariate and multivariable analyses of tumor regression grade 0-1 vs. 2-3
Variable
Sex (male vs. female)
Age ( ≥ 65 vs. < 65 yr)
KPS (90–100 vs. 70–80)
Disease extent (BRPC vs. LAPC)
Tumor location (head vs. other)
Tumor size ( > 3.6 vs. < 3.6 cm)
Baseline CA19-9 ( > 148 vs. < 148 U/mL)
Chemotherapy duration (> 4 vs. < 4 mo)
PNI (absent vs. present)
LVI (absent vs. present)
KRAS (mutant vs. wild type)
KRAS subtype (G12V vs. all other mutations)
TP53 (mutant vs. wild type)
NOTCH1/2 (mutant vs. wild type)
CDKN2A (mutant vs. wild type)

Univariate analysis
HR (95% CI)
p-value
0.33 (0.056–1.97)
0.23
1.08 (0.22–5.33)
0.92
0.39 (0.053–2.90)
0.36
5.67 (0.94–34.03)
0.058
0.98 (0.18–5.28)
0.98
0.70 (0.14–3.56)
0.67
0.29(0.023–3.52)
0.33
1.04 (0.20–5.34)
0.96
0.37 (0.072–1.89)
0.96
5.00 (0.53–47.29)
0.16
–
0.99
0.16 (0.026–0.96)
0.045*
0.96 (0.19–4.92)
0.96
0.40 (0.070–2.24)
0.30
0.22 (0.034–1.41)
0.11

Multivariate analysis
HR (95% CI)
p-value

0.087 (0.009–0.86)

0.036*

0.10 (0.008–1.23)

0.072

KPS, Karnofsky Performance Score; BRPC, borderline resectable pancreatic cancer; LAPC, locally advanced pancreatic cancer; CA19-9, cancer antigen
19-9; PNI, perineural invasion; LVI, lymphovascular invasion; HR, hazard ratio; CI, confidence interval.
*p < 0.05.

variables were associated with LPFS (Supplementary Table S1).
Tumor regression following chemotherapy and SBRT was evaluated with respect to various variables, including mutational status
(Table 5). One patient did not have TRG information available for
review. Tumor regression grade 0 was seen in 1/34 patients (3%),
TRG 1 in 7/34 patients (21%), TRG 2 in 20/34 patients (59%), and
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TRG 3 in 6/34 patients (18%). On univariate and multinomial logistic regression, only KRAS G12V mutational status was associated
with TRG. Tumors with KRAS G12V mutation were more likely to
demonstrate a marked to complete response (TRG 0–1) to chemotherapy and SBRT when compared to all other KRAS mutations
(odds ratio = 0.087; 95% CI, 0.009–0.860; p = 0.036) (Table 5).
https://doi.org/10.3857/roj.2021.00815
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Among patients with the KRAS G12V mutation, 6/14 patient (43%)
achieved a marked to complete tumor response (TRG 0–1) compared to just 2/19 patients (11%) with KRAS non-G12V mutations
(Pearson chi-square, p = 0.031) (Table 6). Only one patient in the
entire cohort demonstrated a complete response (TRG 0) to chemotherapy and SBRT, and this patient’s tumor harbored the KRAS
G12V mutation. Of the 14 patients with KRAS G12V mutations,
TRG 0 was achieved in one patient (7%), TRG 1 in five patients
(36%), and TRG 2 in eight patients (57%). No tumors with KRAS
G12V mutation demonstrated no/poor response (TRG 3). Table 6
shows TRG for KRAS G12V and non-G12V subtypes.

Discussion and Conclusion
To our knowledge, this is the first study to report on the impact of
somatic mutations in a cohort of BRPC and LAPC patients treated
with SBRT after upfront chemotherapy. We show that mutational
status is an important predictor of clinical and pathologic outcomes. Specifically, the KRAS G12V mutation was associated with
more favorable TRG following chemotherapy and SBRT when compared to other KRAS mutations. Additionally, mutations in
NOTCH1/2 were associated with inferior OS, DMFS, and PFS.
Localized pancreatic cancer has a high rate of distant failure after surgical resection, highlighting the need for more effective systemic therapy [28]. However, local failure is not insignificant with
approximately 30% of patients developing isolated local failure
without distant disease after resection [28,29]. In fact, up to 30%
of LAPC patients die from locally destructive disease [30]. Therefore, more effective local therapy such as radiation is needed.
However, the use of radiation therapy in BRPC and LAPC remains
contentious [5-9]. A phase II/III study from Korea demonstrated
that neoadjuvant chemoradiation was associated with improved
R0 resection rate and 2-year OS when compared to upfront surgery
in BRPC [5]. The PREOPANC trial showed similar findings, with
higher rates of R0 resection with neoadjuvant chemoradiation
compared to upfront surgery [6]. However, the more recent ALLIANCE 021501 trial demonstrated contradictory findings, with lower
Table 6. Tumor regression grade based on KRAS G12V mutational
status
Parameter
TRG 0
TRG 1
TRG 2
TRG 3
TRG 0–1

G12V (n = 14) Non-G12V (n = 19)
1 (7)
0 (0)
5 (36)
2 (10)
8 (57)
11 (58)
0 (0)
6 (32)
6/14 (43)
2/19 (11)

Values are presented as number (%).
* p < 0.05, Pearson chi-square test.
https://doi.org/10.3857/roj.2021.00815

p-value

0.031*

R0 rates and worse 18-month OS in BRPC treated with neoadjuvant chemoradiation versus neoadjuvant chemotherapy alone [7].
Mixed findings are also seen in LAPC, with the LAP07 trial showing
no OS benefit but an improvement in local control with consolidative chemoradiation compared to consolidative chemotherapy
alone [8]. These varied findings may in part be due to the heterogeneous molecular biology of pancreatic cancer [10-14].
Somatic mutations in pancreatic cancer are more prevalent and
diverse than previously realized [10-14]. Over 95% of pancreatic
cancer have genetic alterations including translocations, frameshifts, deletions, insertions, and substitutions [11]. In fact, the
NCCN guidelines now recommend somatic gene profiling for all
patients with LAPC or metastatic disease who are candidates for
systemic therapy [2]. Of most interest are actionable mutations including BRAF, BRCA 1/2, HER2, KRAS, and PALB2, which can dictate response to systemic therapy. In other cancer types, specific
mutations can also predict radiosensitivity [31]. Certainly, it would
be of value to identify mutations associated with radiosensitivity in
BRPC and LAPC.
Although it is impossible to differentiate the relative contribution of chemotherapy versus SBRT to pathologic response, TRG may
nonetheless serve as a marker of sensitivity to both chemotherapy
and radiation. Our data suggest that BRPC and LAPC with the KRAS
G12V mutation are more likely to achieve a marked to complete
response (TRG 0–1) to chemotherapy and SBRT when compared to
tumors with other KRAS mutations. This is consistent with data
from early stage non-small-cell lung carcinoma (NSCLC) treated
with surgery alone and from advanced stage NSCLC treated with
platinum-based chemotherapy, with G12V tumors performing better in both studies [32,33]. However, our finding is contradictory to
a report on rectal cancer patients treated with preoperative
chemoradiation, with G12V associated with lower rates of tumor
regression, although not statistically significant [34]. This discrepancy may be attributed to differences in radiation dose fractionation, systemic therapy, and tumor biology. If the variation in TRG
response based on KRAS mutational subtype is driven by variation
in radiosensitivity, our findings may have implications on selection
of radiation dose based on KRAS mutation subtype. Recent data
has highlighted the importance of radiation dose in LAPC, with biologically effective doses > 70 Gy leading to improved OS [35]. It
may follow therefore that patients who are less likely to achieve
adequate pathologic response, such as those with KRAS non-G12V
mutations in our study, may be ideal candidates for radiation dose
escalation strategies to improve outcomes. Conversely, patients
who are more likely to achieve a good pathologic response may be
able to be spared from the potential side effects of increased radiation dose. Certainly, further studies are warranted in determining
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the impact of KRAS mutational subtype on local response to SBRT
and chemotherapy in localized pancreatic cancer.
Notch proteins are a group of highly conserved transmembrane
receptors responsible cellular proliferation, differentiation, and
apoptosis [36-38]. Aberrant Notch signaling leads to a wide range
of disorders including cancer [39]. Rossi et al. [40] showed that
NOTCH1 mutations are an independent predictor of worse OS in
chronic lymphocytic leukemia (median OS, 3.5 vs. 13.9 months; p
< 0.05). Similar results were reported by Zhu et al. [41] in adult
T-cell acute lymphoblastic patients with NOTCH1 mutations (3-year
OS, 31.8% vs. 71.7%; p < 0.05). Notch expression has been implicated in pancreatic adenocarcinoma, with increased expression
leading to poor survival [42]. This is consistent with studies showing that Notch signaling is required for the progression of pancreatic intraepithelial neoplasia to pancreatic adenocarcinoma and
that alterations in this pathway can lead to malignancy [40,43].
Notch signaling has also been associated with radio-resistance and
radiation-induced epithelial-mesenchymal transition, a process
crucial in tumorigenesis [44-46]. Here, we demonstrate that BRPC
and LAPC with NOTCH1/2 mutations have worse OS and DMFS
when compared to NOTCH1/2 wild-type tumors. These findings
suggest that patients with NOTCH1/2 mutations may derive greater
benefit from optimization of systemic therapy, as opposed to local
therapy such as radiation and surgery, given their high risk of developing distant progression. In fact, several phase I/II studies have
investigated the use of γ-secretase inhibitors, novel molecules that
inhibit Notch signaling, in both metastatic and locally advanced
pancreatic cancer [47,48]. Additional studies are needed to further
define the mechanism of NOTCH1/2 signaling and how such information can be incorporated into clinical decision-making
Lastly, although not the focus of our study, it is interesting note
that 54% of patients developed locoregional failure (LF). Even more
interesting was that this rate of LF occurred despite with a 91% R0
resection. Our findings are consistent with a phase II trial by Kharofa et al. [50], who investigated the use of neoadjuvant chemotherapy and SBRT in resectable and BRPC. Locoregional failure occurred
in 50% of patients despite R0 resection in 92%. In their study,
treatment volumes included gross disease and adjacent vasculature
but not elective nodal regions. All LFs occurred out-of-field, which
is relevant given recent data highlighting the importance of elective nodal irradiation [51]. Similarly, we did not perform elective
nodal irradiation in our patients, which likely contributed to higher
LF rates. Indeed, target volume delineation remains highly variable
for patients with pancreatic cancer, and more data regarding patterns of local failure are needed to determine optimal field design
[51]. Certainly, optimal dose is equally uncertain, given recent data
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supporting the value of dose-escalation [23].
There are several limitations of this study including its retrospective design and small sample size of 35 patients. This certainly impacts the strength of the findings and precluded us from identifying other potential associations between mutational status and
outcomes. For example, although NOTCH1/2 status was associated
with clinical outcomes, it was not predictive of pathologic response. Furthermore, prior studies show that KRAS mutations are
associated with poor clinical outcomes, but we were unable to detect this relationship as only two patients were KRAS wild-type in
our cohort [52,53]. Although we demonstrate that the KRAS G12V
mutation predicted for better TRG, there was no association with
local control, which may be a better marker of radiation efficacy.
We are also unable to comment on whether pathologic response
was due to the effect of SBRT, chemotherapy or a combination of
both. Additionally, the detection of specific mutations may have
been limited by heterogeneity of tumor content in the extracted
samples. Finally, we selected for BRPC/LAPC patients who were
able to undergo resection, which certainly may present selection
biases. Ultimately, prospective validation within and across stage
groupings should be pursued. Therefore, these findings should be
interpreted with caution and should be validated in a larger cohort
of patients. Nonetheless, the results provide valuable information
regarding the effect of somatic mutations in pancreatic cancer and
is consistent with findings from other studies.
This is the first series to report on the impact of somatic mutations in cohort of BRPC and LAPC treated with SBRT after upfront
chemotherapy. We show that the KRAS G12V mutation is associated with better TRG after preoperative chemotherapy and SBRT and
that mutations in NOTCH1/2 are independently associated with inferior OS, DMFS, and PFS. These findings suggest that the mutational landscape of pancreatic cancer is important in stratifying
patients, and as a result, may help clinicians in choosing targeted
therapy.
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Purpose: Radiotherapy is essential for the treatment of breast cancer (BC). However, adverse effects
may occur in healthy tissue, during treatment and even after several months. Although it is known
that this clinical radiosensitivity is multifactorial, the factors involved are unknown yet. In this study,
we evaluated the effect of these factors on the development of radiodermatitis in patients undergoing radiotherapy.
Materials and Methods: Demographic and lifestyle data collected during face-to-face interviews of
122 BC patients and data from clinical records were investigated. Most patients underwent conventional three-dimensional radiotherapy treatment. A total dose of 50 Gy was administered (2 Gy/day),
followed by a boost in a tumor bed with a total dose of 18 Gy (2 Gy/day). Radiotoxicity was evaluated
weekly using the Radiation Therapy Oncology Group classification system (range, 0 to 4, according to
the severity).
Results: In the present study, 75.4% of patients presented acute skin toxic effects with different degrees of severity. In 25% of cases, these effects manifested at the end of the fourth week at a cumulative dose of 40 Gy. The association of grade ≥2 acute skin reactions with body mass index (BMI) and
breast size and between grade 3–4 and age was positive compared with controls. However, the role
of the other factors could not be confirmed.
Conclusion: Analysis of the factors related to individual radiosensitivity suggests that age, BMI and
breast size play an important role in the development of acute skin toxicity during treatment. Particular attention to patients who present these characteristics would help to control treatment effectiveness and therefore optimize their quality of life.
Keywords: Radiotherapy, Breast neoplasms, Radiation injuries, Radiodermatitis

Introduction
Although the quality of life of the patient is an essential component when considering cancer therapies, there are not many studies on the adverse effects of radiotherapy (RT) [1,2]. While ionizing
radiation is an important tool for the treatment of several tumors,
it usually induces pathological effects on healthy tissue, which limit the therapeutic dose. Since tissue radiosensitivity depends on cell

proliferation, tissues with a greater regenerative capacity, such as
the skin, will be more affected by irradiation [3]. In this way, it is
understood that radiodermatitis is the most significant side effect
of RT for breast cancer (BC) and responsible for the physical and
emotional discomfort of the patient that interferes with the treatment [1,2,4].
These side effects of RT respond to a dynamic process that may
include lesions of increasing complexity [5,6] and are classified ac-

Copyright © 2021 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

315

Elisa Eugenia Córdoba et al.

cording to their time of onset. Acute or early effects occur during
the course of treatment or up to 6 months later and are generally
reversible [7]. They manifest as erythema, dermatitis, wet or dry
scaling, depilation, and ulceration [7-9]. On the other hand, late
effects occur from 6 months to years after the end of the treatment, due to irreparable damage to the dermis. They include atrophy, fibrosis, telangiectasia, and pigmentation abnormalities
[3,10,11].
Recent studies have emphasized the role of the RT-induced inflammatory response in the pathogenesis of normal tissue. Cellular
injury resulting from oxidative stress produces infiltration of lymphocytes and macrophages with the release of various pro-inflammatory cytokines and fibroblast stimulation. This, in turn, leads to
the production of reactive oxygen species (ROS) and generates a
cyclical response that is perpetuated over time [12,13]. This inflammation process could be responsible for dermal edema and
skin erythema due to permeability and capillary dilation. Furthermore, dryness and hair removal are the result of the destruction of
sebaceous glands and hair follicles in the dermal layer. Hyperpigmented skin occurs by stimulation of epidermal melanocytes. Dry
desquamation develops when stem cells from the basal layer are
depleted in the treated area, while wet desquamation occurs
when all stem cells are eradicated from the basal layer and are
distinguished by exposure of the dermis and serous exudation.
Some patients may also experience fatigue [14-16].
Despite the use of uniform protocols, this patient response
ranges from mild to severe toxicity based on individual radiosensitivity [8,17,18]. Although genetic factors are elementary in their
establishment and the main signaling pathways have been identified by radiogenomics, numerous elements must be considered
when addressing this multifactorial trait. These are mainly related
to physics (radiation dose, dose rate, inhomogeneity of dose and
treatment volume), treatment (interaction with other therapies
such as surgery, chemotherapy and hormonal therapy) and the patient (age, hemoglobin levels, smoking, comorbidities such as diabetes, obesity and vascular diseases) [10,18,19].
Understanding that beyond the technological advances that
made it possible to improve the administration of radiation, the
development of radiotoxicity in normal tissue is always possible,
understanding the individual differences in this response, can allow the adaptation of medical care to the needs of each patient
and thus achieve a better therapeutic result [2,20,21]. Bearing in
mind the prevalence of BC in our region, the objective of this
study was to expand our knowledge of the factors involved in radiotoxicity, given the profound impact that this trait can have for
some patients.
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Materials and Methods
1. Study sample
Patients with BC from the city of La Plata and its surroundings undergoing RT at the Instituto de Terapia Radiante, Centro Integrado
de Oncología (CIO), La Plata, Argentina, were studied. The sample
included 122 individuals receiving conservative treatment/
post-mastectomy therapy. None of the patients had previously received RT.
Face-to-face interviews were used for patient data collection on
personal, demographic and lifestyle data: age, place of birth, ethnicity, smoking habit, alcohol consumption, weight, height, size of
the breast, comorbidities such as diabetes, hypertension and anemia, and family history of BC or any other type of neoplasia. Other
relevant information was collected from patient clinical records.

2. Ethical considerations
The study was conducted exclusively with patients who gave their
consent. Each patient was informed about the protocol of the
study, both verbally and in writing in accordance with the Declaration of Helsinki, promulgated by the World Medical Association.
The main project of the present study was approved by the Ad-hoc
Committee of Ethics of the Human Genetics Association of the city
of Mar del Plata, Buenos Aires, Argentina.

3. Radiation therapy
Most BC patients (98/122) underwent three-dimensional (3D) conservative treatment, after quadrantectomy. Whole-breast RT was
delivered with a linear accelerator of 4 or 6 MV photons (Clinac;
Varian Medical Systems, Palo Alto, CA, USA) in conventional 50 Gy
doses fractionated in daily 2 Gy doses. The treatment was followed
by a 12–18 Gy boost to the tumor bed in fractionated doses of 2
Gy/day in 85.7% of cases (84/98). Besides hypofractionated RT
treatment was administered to 9/122 BC patients (after quadrantectomy) over age 60 years and at an early tumor stage in 42.56 Gy
doses, fractionated at 2.66 Gy/day and without boost. Standard RT
was delivered to the costal wall of 12/122 post-mastectomy patients using tangential fields as daily 1.8–2 Gy doses, up to a total
dose of 50 Gy. In most cases, the axillary-supraclavicular cavity
was also treated. Finally, two patients without surgical intervention
were the exception: one with a conventional treatment palliative
60 Gy plus 50.4 Gy in the axillo-supraclavicular cavity and another
as a pre-surgical treatment in 50 Gy doses.

4. Radiotoxicity evaluation
Acute radiotoxicity was analyzed by the team of radio-oncologists
at CIO-La Plata, who weekly recorded the clinical evolution of
https://doi.org/10.3857/roj.2020.00395
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5. Statistical analysis
The association of each variable with radiodermatitis was analyzed
using the χ2 test. Relative risk was estimated by calculating the
odds ratio (OR) with 95% and 99% confidence intervals. Multivariate analysis was carried out using principal component analysis
(PCA) [23]. The SPSS program version 22 (IBM SPSS, Armonk, NY,
USA) was used for data analysis.

Results
The demographic and clinical characteristics of the study sample
are shown in Table 2. Mean BC patient age was 59.6 ± 12.5 years
(range, 26 to 85 years; mode, 52 and 62 years; median, 61.5 years).
Analysis of BC family history showed that 38% of patients had
first- and second-degree relatives with BC, while 30% reported no
history of any type of oncological pathology. Ancestry data analysis
revealed that 60% of patients reported a European origin, mostly
Italian (33%) and Spanish (18%), followed by Amerindians (39%)
and other ethnic groups (1%).
Information about the clinical manifestations of radiotoxicity recorded by radiological oncologists demonstrated that 75.4% of patients (92/122) presented acute cutaneous toxic effects with dif-

ferent degrees of severity, while 24.6% of women (30/122) remained without skin changes (Fig. 1). On the other hand, these side
effects could be seen in 8.69% of patients (8/92) after the end of
the first week of treatment together with erythema and pruritus, at
a cumulative dose of 10 Gy. In 25% of cases (23/92), these effects
manifested at the end of the fourth week of treatment at a dose of
40 Gy, showing a decreasing trend (9.78%, 9/92) towards the seventh week at 70 Gy. These results showed the normal distribution
of this quantitative trait (Fig. 2).
The association analysis of the most relevant clinical variables
and radiosensitivity showed that the age range of 46.8% of patients with grade ≥ 2 acute radiodermatitis was 56–70 years. When
we analyze the patients by degree of radiodermatitis and age,
young patients ( < 59.6 years) and older patients ( ≥ 59.6 years), it
was observed that there is a tendency to develop more severe effects with increasing to age (Fig. 3). However, it was not significant.
The association of grade ≥ 2 acute skin reactions with body mass
index (BMI) and breast size was positive (OR = 2.87, p = 0.026
and OR = 4.62, p = 0.005, respectively). Patients with medium
and large breasts showed 4.62 times higher risk of developing radiodermatitis than those with small breast. Likewise, 69% of patients
who developed grade ≥ 2 radiodermatitis were overweight or obese
(BMI > 25). Obese patients presented 2.87 times more risk of man-

Percentage (%)

treatment. To control the appearance of radio-induced side effects,
moisturizing cream with vitamin A was prescribed. The classification system of the Radiation Therapy Oncology Group (RTOG) was
used to evaluate the severity of acute skin reactions [22] (Table 1).
The development of grade ≥ 2 acute side effects was indicative of
patients with greater sensitivity, while individuals with minimal or
no skin reaction (Grades 0 and 1) were included in the control
group. The occurrence and severity of acute skin reactions were
determined during and after the RT treatment, taking into account
the highest degree of radiotoxicity for the statistical analysis. In
case of pruritus or eczema, corticosteroids or allantoin were prescribed and sodium borate diluted 6:1000 was indicated to treat
moist dermatitis.

40
35
30
25
20
15
10
5
0

Asymptomatic Grade 1

Grade 2

Grade 3

Grade 4

Fig. 1. Percentage of breast cancer patients with radiodermatitis developed during treatment.

Table 1. Severity of acute skin reactions according to the EORTC/RTOG criteria
Grade 0
Grade 1
No changes are observed Follicular, mild diffuse erythema
Epilation
Pruritus
Dry desquamation
Decreased sweating

Acute radiodermatitis
Grade 2
Marked erythema
Moist desquamation in
circumscribed foci
Moderate edema

Grade 3
Confluent moist desquamation
Severe edema

Grade 4
Haemorrhages
Ulceration
Necrosis

RTOG, Radiation Therapy Group; EORTC, European Organization for Research and Treatment of Cancer.
Adapted from Cox et al. [22].
https://doi.org/10.3857/roj.2020.00395
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30

Characteristic
Age (yr)
Sex
Female
Tumour location
Left breast
Right breast
Histological type of tumor
DCIS
LCIS
IDC
ILC
IDLC
Metaplastic
ITC
Neo-adjuvant chemotherapy
Yes
No
Tamoxifen
Yes
No
Diabetes
Yes
No
Hypertension
Yes
No
Smoking
Yes
No
Alcohol consumptiona)
Yes
No
BMI (kg/m2)
< 25 (normal)
≥ 25 (overweight and obesity)
Breast sizeb)
Small
Medium
Large

25

Value
59.6 ± 12.5 (26–85)
122 (100)
74 (60.7)
48 (39.3)
12 (10)
4 (3)
85 (71)
10 (8)
6 (5)
2 (2)
1 (1)
35 (31)
78 (69)
68 (69)
30 (31)
14 (12)
103 (88)
42 (36)
75 (64)
32 (28)
81 (72)
10 (9)
103 (91)
46 (41)
67 (59)
26 (24)
49 (46)
32 (30)

Values are presented as median (range) or number (%).
BMI, body mass index; DCIS, ductal carcinoma in situ; LCIS, lobular carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; IDLC, invasive ductal-lobular carcinoma; ITC, invasive tubular
carcinoma.
a)
Alcohol consumption refers to consumption during meals.
b)
The size of the breast was measured by direct visual evaluation.
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Number of patients

Table 2. Clinical characteristics of breast cancer patients
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Fig. 2. Radiodermatitis associated to the dose absorbed. A large
number of patients developed radiodermatitis to the approximately
40 Gy dose during the fourth week of treatment.

ifesting radiodermatitis than patients with a normal BMI (Table 3).
Regarding the association of smoking habit, alcohol consumption, multivitamin intake, anemia, hypertension, diabetes, skin color, chemotherapy, tamoxifen and type of planning with development of acute radiodermatitis, no significant differences were observed between both groups of patients (p < 0.05). The PCA performed with some of these variables showed that BMI and breast
size contributed to the development of acute skin radiotoxicity
during RT treatment, while the contribution of the other factors
could not be confirmed (Fig. 4).

Discussion and Conclusion
Individual radiosensitivity is a complex trait with multifactorial and
polygenic inheritance. Therefore, the influence of the environment
on its phenotypic expression is fundamental. Radiosensitivity refers
to the level of toxicity in healthy tissue of individuals subjected to
RT, since the development of adverse effects in patients undergoing
similar protocols is variable [8,18]. This could be attributed to cell
depletion and inhibition of cell repopulation in rapidly renewing
tissues, such as the skin [24,25].
Although significant efforts have been made to evaluate radiodermatitis in BC patients, evidence in the literature is scarce compared with that on other symptoms related to side effects and
quality of life [26], probably because most RT medical centers do
not usually carry out registry of toxicity as a routine [18]. Therefore, our attention should be focused more on obtaining detailed,
accurate and complete information about study participants during
a more appropriate follow-up period in order to maximize the
chances of finding an association between RT-induced toxicity and
its determining factors [10]. Understanding the impact of radiodermatitis on patient quality of life is essential not only for the correct
management of cutaneous reactions but also for the development
https://doi.org/10.3857/roj.2020.00395
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Fig. 3. Percentage of old and young patients (above and below the mean age) according to the different degrees of radiodermatitis.
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Fig. 4. Principal component analysis. There was a close relationship
between patient breast size and body mass index (BMI) with radiodermatitis grade ≥2 developed during the radiotherapy treatment.

of trials that can predict them.
Our results are in agreement with those of Khanna et al. [27],
who showed that radiodermatitis was the most commonly observed side effect during RT. Three quarters of the population analyzed presented skin toxicity, with a higher incidence of grades 1
and 2 (85%) compared with the more severe grades 3 and 4. Similarly, Schnur et al. [26] argued that most BC patients (74%) could
experience radiodermatitis during the course of RT at high doses.
Meanwhile, De Langhe et al. [28] estimated that 10% of cases sufhttps://doi.org/10.3857/roj.2020.00395

fered more severe effects such as moist desquamation or skin ulceration, and Pignol et al. [29] reported higher percentages of severe dermatitis (20%–25%).
The results obtained by our group showed that pruritus and erythema events occurred towards the end of the fourth week with 40
Gy doses in 25% of cases. However, these skin injuries progressed
towards the first week in 8.69% of highly sensitive individuals with
cumulative doses that reached 10 Gy (left side of the curve in Fig.
2). In the most tolerant individuals (9.78%), these effects were detected at doses greater than 70 Gy (right side of the curve in Fig. 2).
Thus, individual radiosensitivity had a normal distribution and coincided with the theoretical description presented by Burnet et al.
[30] and Barnett et al. [10].
In terms of development of RT-induced injuries, age is usually
considered a risk factor [7]. However, there is contradictory evidence about its influence on the prevalence and severity of this
feature [31-33]. In the present study, median age was not significantly different in patients with grade ≥ 2 radiotoxicity and asymptomatic patients with grade 1 radiotoxicity, arguing in favor of
reports suggesting that RT is well tolerated in elderly patients
[31,32]. However, when the analysis was performed in asymptomatic patients and grades 3 and 4 radiotoxicity, women older than
59 years had a higher tendency to present severe radiotoxicity (OR
= 6.6; p = 0.02). Generally, advanced age is associated with a
greater risk of toxicity due to the lower tolerance of healthy tissue
as a result of the reduction in blood flow and DNA repair. In this
regard, Lilla et al. [34] reported that the progressive reduction of
functional reserves due to the depletion of tissue stem cells could
319
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Table 3. Association of potential risk factors with skin radiotoxicity
n
Diabetes
No
Yes
Hypertension
No
Yes
Breast size
Small
Medium
Large
Medium-large
BMI
Normal
Overweight
Obesity
Skin color
Brown
Medium
Light
Medium-light
Chemotherapy
No
Yes
Type of treatment
2D
3D
Alcohol
No
Yes
Smoking
No
Yes

Radiodermatitis
Grade 0–1
Grade ≥ 2

OR

CI

p-value

103
14

64
9

39
5

1
0.91

0.28–2.91

0.87

75
42

50
23

25
19

1
1.2

0.76–3.58

0.20

26
49
32
81

22
28
16
44

4
21
16
37

1
4.1
5.5
4.62

1.23–13.48
1.54–19.60
1.46–14.63

0.016*
0.005*
0.005*

46
35
32

33
22
15

13
13
17

1
1.5
2.87

0.58–3.83
1.11–7.40

0.39
0.026*

74
31
8
39

4
21
44
65

4
10
30
40

1
0.68
0.68
0.61

1.69–2.88
0.15–2.94
0.14–2.59

0.42
0.60
0.50

80
35

53
19

27
16

1
1.65

0.73–3.71

0.22

9
113

6
69

3
44

1
1.27

0.30–5.36

0.73

103
10

65
5

38
5

1
1.71

0.46–6.29

0.41

81
32

50
20

31
12

1
0.96

0.41–2.25

0.93

BMI, body mass index; 2D, two-dimensional; 3D, three-dimensional; OR, odds ratio; CI, confidence interval.
*p < 0.05.

increase tissue damage and the risk of complications.
Breast size was one of the first characteristics known to influence acute skin toxicity. Several studies report that it interferes
with the incidence and severity of radiation of these effects [35].
Larger breasts require the application of higher radiation doses to
reach the desired dose in deeper structures [32,36]. In addition, it
has also been shown that BMI is associated with the development
of individual radiosensitivity [9]. In this study, breast size and BMI
were associated with an increased risk of developing radiodermatitis (OR = 4.62, p = 0.005 and OR = 2.87, p = 0.026, respectively).
In agreement with other studies [35,37], our results corroborate
that patients with medium and large breasts showed more severe
320

skin reactions. With respect to BMI, Twardella et al. [38] reported
that overweight/obesity (BMI ≥ 25) increased the likelihood of
acute radiotoxicity. This was also seen in the current study, since
obese women had 2.87 times increased risk compared with normonourished individuals, probably attributable to a lower healing
efficiency due to poor vascularization of adipose tissue that compromises healing [39]. Obesity can also cause excessive wear of the
skin through increased friction in movement, which would cause
abrasion.
The association between smoking and radiodermatitis was not
significant, probably due to the low incidence of smokers in this
study (28%, 32/81). However, there is evidence that smoking inhttps://doi.org/10.3857/roj.2020.00395
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creases clinical radiosensitivity in breast as well as in pelvic and
head and neck cancer [35,36]. Furthermore, smoking may exacerbate radiodermatitis by impairing wound healing [40].
A study of 348 BC patients who underwent RT showed a decrease in acute skin toxicity in individuals who reported regular
consumption of wine before starting treatment [41]. Our results
could not corroborate such information because only 9% of the
surveyed patients (10/103) drank alcohol during meals.
Among systemic diseases, diabetes mellitus and hypertension
could be associated with a low tolerance to RT [18]. In the present
study, despite 36% of women (42/117) were hypertensive, the severity of skin reactions was not significant. With regard to diabetes,
only 12% of patients (14/117) had this condition. As reported in
other studies, diabetes has not been shown to be a predisposing
factor for adverse skin reactions [7,32]. In agreement with this report, Terrazzino et al. [36] indicated that there is no firm evidence
that diabetes mellitus and hypertension represent predisposing
factors for acute radiosensitivity [7,31].
In relation to elements concerned with RT treatment, chemotherapeutic agents are considered to enhance the effect of radiation and may increase the risk of secondary effects [42]. Although
the use of RT in combination with chemotherapy improves overall
survival, an increase in both acute and late toxicity is often observed. Many randomized controlled trials of chemoradiotherapy
versus RT alone have shown increased acute, but not late, toxicity
with the addition of chemotherapy [43]. Some drugs such as doxorubicin, actinomycin D, cisplatin, fluorouracil, apart from their own
characteristic spectrum of side effects, may sensitize normal tissues
to radiation damage. Such radiosensitization can occur even when
chemotherapy is administered before or after the course of fractionated RT. Previous studies have shown a worse cosmetic result
and higher late toxicity when chemotherapy is administered, and
this seems to be more pronounced when administered simultaneously with RT [44]. In this study, despite some patients (31%,
35/113) performed neoadjuvant chemotherapy in addition to the
radiant treatment, they did not present increased radiosensitivity
compared with those only on RT.
Finally, the findings of this study should be considered in light of
some limitations, such as, the small number of patients, and partial
data obtained from other variables—estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER2/neu), the use of multivitamins, or certain chemotherapy drugs such as Herceptin—that were not fully available and
therefore were not included in this study.
In conclusion, although it would be interesting to be able to
strengthen the sampling, not only to validate the associations
found but also to corroborate some suggestions made, this particuhttps://doi.org/10.3857/roj.2020.00395

lar analysis of factors related to individual radiosensitivity suggests
that age, BMI, and breast size play an important role in the development of acute skin toxicity during RT treatment. In consequence,
the particular attention paid to these patients would help to better
control treatment effectiveness and therefore optimize quality of
life in oncology patients.
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Purpose: Although the conventional gamma ray brachytherapy has been successful in treating endometrioid endometrial adenocarcinoma (EC), the molecular and cellular mechanisms of this anti-tumorigenic response remain unclear. Therefore, we investigated whether gamma ray irradiation induces
changes in the number of FoxP3+ T-regulatory lymphocytes (Tregs), CD56+ natural killer cells (NK),
and the expression of progesterone receptor membrane component 1 (PGRMC1) in the tumor microenvironment (TME).
Materials and Methods: According to the inclusion criteria, 127 cases were selected and grouped
into irradiation-treated (Rad+) and control (underwent surgery) groups and analyzed using immunohistochemistry. Predictive prognostic values were analyzed using Mann-Whitney U test, ROC analysis,
relative risk, log-rank, Spearman rank tests and multivariate Cox’s regression.
Results: We observed significant differences (p < 0.001) between the radiation-treated patients and
the control groups in FoxP3+ Tregs numbers, CD56+ NK cells and PGRMC1 expression. Gamma ray induced a 3.71- and 3.39-fold increase in the infiltration of FoxP3+ cells, CD56+ NK cells, respectively
and 0.0034-fold change in PGRMC1 expression. Univariate and multivariate analyses revealed predictive role of the parameters. In the irradiated patients’ group, inverted correlations between clinical
unfavorable outcome, FoxP3+ Tregs and CD56+ NK cells were observed.
Conclusion: Our results suggest an immune-modulating role, specifically by increasing immune cell
infiltration, of gamma radiation in the TME which may potentially be utilized as biomarkers in prognostic values.
Keywords: Gamma rays, CD56, FoxP3, PGRMC1, Tumor microenvironment, Endometrioid endometrial
carcinoma
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Introduction
The most common type of endometrial cancer is endometrioid endometrial carcinoma (EC), an estrogen-dependent neoplasm that
accounts for 80%–85% of all cases, including the non-estrogen-dependent tumors [1]. The EC is frequently associated with
obesity, diabetes, hypertension, nulliparity, early menarche, and late
menopause which are known to increase plasma levels of estrogen
and decrease in progesterone levels [1-4]. Due to the altered physiology, the tumor microenvironment (TME) plays a major role in
promoting survival and progression of the growing tumor. The TME
consists of extracellular matrix, stromal cells such as fibroblasts,
mesenchymal stromal cells, pericytes, occasional adipocytes, blood
and lymphatic vascular networks, and immune cells [5]. This complex crosstalk between these cellular and molecular pathways, particularly the immune cells, within the TME creates obstacles to effective treatments. However, radiation therapy has shown promise
in penetrating the solid TME and remains the gold standard of endometrial cancer treatment [6]. With increasing knowledge of the
role of tumor-infiltrated immune cells and hormonal signaling, interest in the mechanisms and the effect of brachytherapy on the
TME is growing [7].
Forkhead box P3 (FoxP3) is a key transcription factor in the development and function of T regulatory cells (Tregs) that is considered to be the most specific Tregs marker to date [8]. In physiology,
FoxP3+ Tregs suppress antitumor responses and thereby, maintain
immunological tolerance to host tissues [9]. Shang et al. reported
that high FoxP3+ Tregs infiltration was associated with significantly
longer cancer-specific survival in endometrial cancer [10]. However, there is controversial data about the role of FoxP3 cells in prognosis in endometrial cancer. For instance, FoxP3+ T-lymphocytes
were shown to be associated with decreased survival [11].
Another group of tumor-infiltrated immune cells, natural killer
(NK) lymphocytes, belong to the innate immune system which acts
by lysing cells lacking major-histocompatibility-complex (MHC)
proteins and secreting cytokines [12]. Although the majority of NK
cells are found in peripheral blood, spleen and bone marrow, they
can also reside in lymph nodes, gut, liver and uterus [13], and have
been shown to be impacted by radiotherapy. The indirect effects of
radiotherapy on NK cells can be divided into three categories: the
modulation of activating and inhibitory NK ligands, the release of
damage- associated molecular patterns (DAMPs), and the enhancement of NK cell migration to the tumor. Multiple irradiated cancer
cell lines showed an increased expression of the intracellular adhesion molecule 1 (ICAM1), which was described to enhance NK
cell-mediated killing by increasing cell-to-cell adhesion, and the
Fas receptor, possibly indicating higher susceptibility to NK
https://doi.org/10.3857/roj.2021.00472

cell-mediated apoptosis [14]. NK cells directly interact with tumor
cells and also influence the function of other innate and adaptive
immune cells in the TME [15]. Experimental data of irradiation of
co-cultivated human blood NK cells and various cancer cell lines
revealed that NK cells sensitize tumor cells to radiation and radiation sensitizes tumor cells to NK cell attack, resulting in an increased tumor cell killing [16].
EC is a hormone-dependent disease where the expression of progesterone receptors has been associated with histological tumor
differentiation, response to radiotherapy and metastatic potential
[17]. However, the same non-canonical progesterone receptors
such as progesterone receptor membrane component 1 (PGRMC1)
shows immunosuppressive effect at the TME of breast and hepatocellular carcinoma [18,19]. PGRMC1 is a heme-containing protein
that interacts with epidermal growth factor receptor (EGFR) and
cytochromes P450 in cancer cells [20]. PGRMC1 is induced in different types of cancers such as tumors of the lung, thyroid and colon [21] and plays a causative role in cancer progression. For instance, in vitro, PGRMC1 induces tumor cell proliferation, chemotherapy resistance and invasion, and in vitro, it increases tumor
growth, induces angiogenesis and aids metastasis [22].
Although no report is available describing possible mechanisms
between these cells, tumor infiltrated FoxP3+ Tregs, NK cells and
PGRMC1 play important roles in and may potentially contribute to
the remodeling of the TME post-intracavitary gamma-ray
brachytherapy by modulating immune response to cancer and inhibiting signaling pathways. Thus, we investigate whether gamma
ray irradiation leads to the modulation of the TME in EC by inducing immunogenic changes in NK, FoxP3 cells infiltration and
PGRMC1 expression. Additionally, we examine a potential association between expressions of these markers. Moreover, we suggest
that such parameters of TME could be potential clinical biomarkers
for ECs that are resistant to gamma-ray brachytherapy irradiation
and prognostic factor for disease-free survival (DFS).

Materials and Methods
1. Patients
This prospective study involved women with EC who were treated
between 2014 and 2017 in two clinical oncological centers in Belarus. We considered the following as inclusion criteria: a presence
of EC, clinical stage I–III (by the International Federation of Gynecology and Obstetrics [FIGO], 2009), an absence of malignant tumors of other localizations during life, an absence of autoimmune
diseases and immunodeficiency syndromes. The exclusion criteria
were non-endometrioid carcinoma, clinical IV stage, a presence of
synchronous and metachronous malignancies, presence of autoim325
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mune diseases and immunodeficiency syndromes. According to our
inclusion criteria, a total of 127 EC out of 617 cases of endometrial
carcinomas were eligible for the study (Fig. 1).
All patients were divided into two groups: patients who received
preoperative gamma-ray irradiation (Rad+ group, 59 cases) and patients who underwent surgical procedures only (control group, 68
cases). Preoperative intracavitary brachytherapy in Rad+ group was
performed 48 hours before hysterectomy. The 60Co source was
placed in the uterine cavity and a total boost dose of 13.5 Gy gamma-ray irradiation was administered in these patients. All patients
included in this research received treatment according to the Ministry of Healthcare Protocols of Diagnostics and Treatment of Oncological Diseases (Republic of Belarus). Patients were consented in
this study and an ethical approval was obtained and reviewed by
the Institutional Review Board, Gomel, Belarus (No. 15.05.2020).
The clinical characteristics of patients are presented in Table 1.

2. Immunohistochemistry
Sections (3–4 µm) were prepared from paraffin blocks and mounted on Thermo Super-Frost poly-L-lysine coated slides (Thermo Fisher Scientific GmbH, Schwerte, Germany). The slides were placed in
Tris pH 9.0 retrieval buffer. Antigen retrieval was performed using a
microwave oven, without boiling the buffer solution. After cooling
of the slides at room temperature, endogenous peroxidase was

Table 1. Clinical characteristics of the patients
Characteristic
Age (yr)
FIGO stage
I
II
III
Tumor grade
G1
G2
G3
Postoperative chemotherapy
Present
Absent
Postoperative radiotherapy
Present
Absent
Outcome
Progression
No progression

Irradiated
group
(n = 59)
64.8 ± 1.1

Control group p-value
(n = 68)
64.9 ± 1.2

33
20
6

0.998a)
0.085b)

50
10
8
0.239b)

20
23
16

23
38
7
0.182c)

23
36

18
50
0.831c)

12
47

15
53
0.209c)

30
29

26
42

Values are presented as mean ± standard deviation.
a)
Mann-Whitney U test.
b)
Kruskal-Wallis test.
c)
Fisher exact test.

617 cases
of endometrial cancer
Non-endometrioid
carcinomas
298 cases of endometrioid
endometrial carcinoma
IV clinical stage
(n=63)
235 cases of endometrioid
carcinoma I-III clinical stage
Synchronous and
metachronous malignances
(n=42)
Autoimmune diseases
and immunodeficiency
syndromes
(n=66)

193 cases of endometrioid
carcinoma I-III clinical stage
127 cases of endometrioid
carcinoma I-III clinical stage

Fig. 1. A flow chart of patients who met inclusion and exclusion criteria.
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blocked with 5% hydrogen peroxide. A 5% goat serum was used
for blocking of the nonspecific antibody binding. Sections were
washed by phosphate buffer solution (pH 7.4) after every step of
staining. The following primary antibodies were added: FoxP3
(1:100; Abcam, Bristol, UK), CD56 (ready-to-use; Diagnostic Biosystems, URM) and PGRMC1 (1:150; Abcam) and the slides were incubated in a moist chamber at room temperature. Next, these
slides were rinsed in wash buffer and incubated with secondary
anti-mouse/rabbit antibodies. The visualization of product reaction
was performed using 3,3-diaminobenzidine (DAB) chromogen, followed by Mayer’s hematoxylin counterstaining [23].

3. Morphometrical analysis
The morphometrical analysis was carried out using ImageJ (https://
imagej.nih.gov/ij/) and HumaScope Premium LED (HUMAN Diagnostic, Wiesbaden, Germany) in 10 non-overlapping × 400 magnification power fields of area of cancer invasion in stroma. The
number of FoxP3+ cells after count was inverted into number of
cells/mm2 by formula:

FoxP3 =

X foxp3 × 1000000
72208.864

where, FoxP3 is number of FoxP3+ cells in 1 mm2; X foxp3 is mean
of FoxP3+ cells in 1 mm2; and 72208.864 is area of one high power
field (HPF) × 400 (µ2).
Number of CD56+ cells after count were inverted in number of
cells/mm2 by formula:

Xnk × 1000000
NK =
72208.864
where, NK is number of CD56+ cells in 1 mm2; X nk is mean of
CD56+ cells in 1 mm2; and 72208.864 is area of one HPF × 400 (µ2).
Expression of PGRMC1 was presented as number of positive cells
to total number of the cells in 10 non-overlapping HPFs.

4. Statistical analysis
The power analysis (power = 80%, α = 0.05) from our pilot study
(unpublished) on three cases with preoperative irradiation and five
without in five HPFs, revealed that the minimum number of subjects
is 58. Data was presented by the median lower and upper quartiles.
Mann-Whitney U test was used for comparing of the study groups.
ROC analysis was used to evaluate the threshold criterion, including
area under the curve (AUC). A relative risk (RR) analysis was performed using Fisher two-tail test. According to the threshold criteria, the log-rank test and multivariate Cox proportional hazards regression analyses were employed for Rad+ group to determine differences in DFS and hazard ratio (HR). Next, correlations between
https://doi.org/10.3857/roj.2021.00472

groups of cases were assessed using a Spearman correlation test. All
data analyses and visualization were performed using GraphPad
Prism v.8.4.3 (GraphPad Software Inc., San Diego, CA, USA) and R
Software v4.0.5 (R Foundation for Statistical Computing, Vienna,
Austria) and packages dplyr 1.0.5, corrplot 0.89 and Hmisc 4.5-0.

Results
1. FoxP3+ Treg cells
In the Rad+ group, FoxP3+ expression was significantly higher (p <
0.0001) in the stroma of the tumor near the glands (Fig. 2A) (median, 110.8 cells/mm2; range 55.4 to 213.5 cells/mm2) compared to
the control group (median, 41.5 cells/mm2; range, 13.6 to 55.4
cells/mm2) (Figs. 2B, 3A). A threshold for the total number of Treg
cells of 67.4 cells/mm2 was adopted as the best differentiating value between patients with or without gamma-ray preoperative
brachytherapy, with 86.8% specificity and 69.5% sensitivity (AUC
= 0.76; p < 0.0001). The gamma ray irradiation increased the likelihood of the presence of FoxP3+ cells by 3.71 times over the
threshold criteria (RR = 3.71; 95% confidence interval [CI], 2.92 to
5.78; p < 0.0001). In DFS analysis of cases with a focus on FoxP3+
cells/mm2, it was found that the survival rate was statistically lower (p < 0.0001) in patients whose tumors had less than < 67.6
cells/mm2 (HR = 6.199; 95% CI, 2.650 to 14.500), compared with
the control group (Fig. 3B).

2. NK cells
CD56+ cells predominantly form medium density diffuse infiltrates
in the in the cancer stroma (Fig. 2C) in the Rad+ group compared to
the control group with fewer CD56+ cells infiltrating the EC glands
(Fig. 2D). Median of CD56+ NK cells in the Rad+ group and the control group was 87.4 cells/mm2 (range, 55.4 to 138.5 cells/mm2) and
-34.5 cells/mm2 (range, 13.8 to 55.4 cells/mm2), respectively. The
number of CD56+ cells was significantly higher (p < 0.001) in Rad+
group compared to the control group (Fig. 3C) The AUC was 0.81 (p
< 0.0001). The sensitivity, specificity, and threshold criteria were
67.8%, 91.2%, and 67.3 cells/mm2, respectively. The irradiation of
the tumor increases the probability of infiltration of CD56+ cells
which is 3.39 times higher than the threshold criteria (RR = 3.39;
95% CI, 2.27 to 5.61; p < 0.0001). The study of the DFS of EC cases
showed that the survival rate was statistically lower (p = 0.0239) in
patients whose number of CD56+ NK cells in tumors was fewer than
67.4 cells/mm2 (HR = 2.625; 95% CI, 1.136 to 6.060) (Fig. 3D).

3. PGRMC1 expression
Our microscopic analysis with Rad+ sections revealed that the intensity of PGRMC1 expression was weaker in the cancer stroma
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A

C

E

B

D

F

Fig. 2. (A) Dense FoxP3+ cells (red arrows) infiltration of cancer stroma in irradiated group. (B) FoxP3+ Treg lymphocytes (red arrows) infiltrating
stroma in area of invasion in control group. (C) A group of CD56+ NK cells (red arrows) in cancer glands in the irradiated group. (D) CD56+ NK
lymphocytes infiltrates cancer glands in control group. (E) Few stromal cells with weak PGRMC1 expression (red arrows) in irradiated patients
group. (F) Intensive expression of PGRMC1 by stroma (red arrows) in control group (magnification, ×200). FoxP3, forkhead box P3; Tregs, T regulatory cells; NK, natural killer; PGRMC1, progesterone receptor membrane component 1.

(Fig. 2E), whereas in the control group this expression was high in
both glands and stroma (Fig. 2F). We observed a loss of PGRMC1
expression with a median 34.2% (range, 23.5% to 45.5%) in the
Rad+ patients, compared with the control group -74.7% (range,
47.1% to 79.4%). PGRMC1 expressions were significantly lower (p
< 0.001) in the Rad+ group compared to control (Fig. 3E). The AUC
from ROC analysis of PGRMC1 expression was 0.85 (p < 0.0001).
The sensitivity, specificity, and threshold criteria were 60.3%,
98.5%, and 67.8%, respectively. The PGRMC1 expression in the
Rad+ group after gamma ray irradiation was 29.4 times lower than
the threshold criteria (RR = 0.034; 95% CI, 0.006 to 0.187; p <
0.0001). The DFS was statistically lower (p < 0.0001) in patients
whose PGRMC1 expression in the TME was more than 67.8% (HR
= 0.027; 95% CI, 0.006 to 0.1154), as expected (Fig. 3F).

(p < 0.001; r = 0.42). Additionally, a correlation was also revealed
between the age of the patients and the FIGO stage (p < 0.001; r
= 0.34) in this group (Fig. 4A). Furthermore, PGRMC1 expression
positively correlated with EC grades (p < 0.001; r = 0.42) in the
control group (Fig. 4A). In further analysis of the control group, the
number of CD56 cells inversely correlated with the age of the patients (p < 0.001; r = -0.75) and clinical unfavorable outcome (p
< 0.001; r = -0.59) (Fig. 4A). Additionally, an inverse correlation
was revealed between the number of FoxP3 cells and PGRMC1 expression (p < 0.001; r = -0.69) (Fig. 4A).
In the Rad+ group (Fig. 4B), a positive correlation was observed
between the age of the patients and clinical unfavorable outcome
of EC (p < 0.001; r = 0.30). The number of CD56+ cells inversely
correlated with patients’ age (p < 0.001; r = -0.37) and clinical unfavorable outcome of EC (p < 0.001; r = -0.39) (Fig. 4B). Additional

4. Multivariate analysis
A multivariate Cox regression analysis revealed that all three parameters are independent prognostic factors of DFS of patients
with EC (Table 2).

5. Correlation analysis
We differentially analyzed correlations between each group. In the
control group (Fig. 4A), the clinical unfavorable outcome of the patients correlated with their age (p < 0.001; r = 0.61) and the FIGO
328

Table 2. Multivariate Cox proportional hazard model analysis of EC
TME parameters
Parameter
FoxP3+ Tregs
CD56+ NK-lymphocytes
PGRMC1 expression

p-value
< 0.0001
0.007
0.027

Hazard ratio
0.889
0.990
0.986

95% CI
0.883–0.895
0.982–0.997
0.974–0.998

EC, endometrial carcinoma; TME, tumor microenvironment; FoxP3, forkhead box P3; PGRMC1, progesteronereceptor membrane component 1;
CI, confidential interval.
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Fig. 3. Box plot showing the number of FoxP3+ Tregs (A), CD56+ NK lymphocytes (C), and PGRMC1 (E) in Rad+ and control groups. The Kaplan-Mayer curves of FoxP3+ Tregs (B), CD56+ NK lymphocytes (D), and PGRMC1 (F) according to the threshold criteria. FoxP3, forkhead box P3;
Tregs, T regulatory cells; NK, natural killer; PGRMC1, progesterone receptor membrane component 1.

correlation analysis revealed the following; an inverse correlation
between the FIGO stage and the grade of the EC (p < 0.001; r =
-0.41), and the number of FoxP3+ cells and clinical unfavorable outcome (p < 0.001; r = -0.71) in these patients (Fig. 4B).

Discussion and Conclusion
A presence of immune cells in the TME is considered indicative of
the host immune response against the growing cancer. Due to the
https://doi.org/10.3857/roj.2021.00472

potential anti-tumor role of immune cells, efforts have been in
place to dissect and understand the various cellular cross-talks of
tumor-immune infiltrates in the cancer stroma [24]. PGRMC1 is a
protein with multiple functions such as prosurvival, anti-apoptosis,
cell cycle progression, and TME modulation [25]. It was thought
that radiation induced a suppressive effect on the immune system
due to the radiosensitive nature of the tumor-infiltrated lymphocytes. The current understanding is that radiation can stimulate the
immune system [26,27]. The present study investigates gamma ray
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of Gynecology and Obstetrics (2009); grade, grade of the endometrial carcinoma; unfavorable outcome, clinical unfavorable outcome (progression of endometrial carcinoma).

irradiation-induced changes of host immunity and PGRMC1 expression in the zone of tumor invasion of the corpus uteri in EC.
According to Devaud et al. [28], FoxP3-expressing Tregs can be
manifested in discrepant roles in cancer. For instance, they may
suppress the effector immune response and help the tumor grow,
whilst downregulating inflammation and thereby protecting the
host from tumor progression [28]. Beauford et al. [29] revealed that
human Tregs from healthy donors are more resistant to radiation-induced death than other immune cells. An increase in FoxP3
cell numbers in the TME is possibly induced by two mechanisms;
post-radiation transforming growth factor-β1 (TGF-β1) secretion
by cells in the cancer stroma and radioresistance of tumor-infiltrated Tregs. Irradiation is known to provoke an increase in the levels of TGF-β1, a cytokine involved in the Treg maturation [30]. An
increased Tregs accumulation was observed in the tumor tissues
after irradiation in bladder, breast and head and neck cancers
[31,32]. Interestingly, we found an increase in the number of
FoxP3+ cells in the EC TME compared to non-irradiated EC cancers.
Furthermore, we demonstrate that gamma ray irradiation causes
an increase in the probable FoxP3+ Treg cells infiltration that is
over 3.71 times higher than the threshold criteria. This may indicate
a role for irradiation-induced TGF-β which may lead to an increase
in migration of FoxP3+ Tregs to the TME. Possible role of FoxP3+
cells of favorable DFS could be associated with the fact that FoxP3+
Tregs kill macrophages and monocytes and suppress their pro-tumorigenic effect. As a result, the positive impact of FoxP3+ Tregs may
partially attribute to downregulate an unresolved inflammatory response which could promote tumor progression [33].
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NK cells have been characterized as effector cells of the innate
immune system with potent cytotoxic activity. As the first line of
defense against tumor cells and viruses, NK lymphocytes are innately programmed to kill, without prior pre-activation, through
patterned recognition of target ligands [34]. Tumor-infiltrating NK
cells are associated with better DFS prognosis in patients with nonsmall cell lung cancer, clear cell renal cell carcinomas and colorectal cancer [35]. NK cells induce killing of tumor cells both by direct
cytolytic activity and producing cytokines such as interferon-gamma (IFNγ) [36]. Tumor cells which were exposed to irradiation
demonstrated an increased expression of the surface proteins MHC
class I chain-related protein A and B (MIC-A/B) and human cytomegalovirus UL16-binding proteins (ULBP1-3), which are ligands
for NK cell migration [37]. Yoon and colleagues revealed that irradiation in therapeutic doses generate large numbers of highly cytotoxic NK cells and the effective migration of expanded NK cells to
target cancer cells [38]. In our study we show that gamma ray irradiation increases CD56+ NK cells infiltration of EC by 3.39 times
higher than the threshold criteria. This was an interesting observation as the number of NK cells has been shown to be reduced in
the TME of endometrial carcinoma [39].
PGRMC1 is a 195-residue protein which remains bound to cell
membrane and contains a short luminal peptide, a single N-terminal transmembrane domain, and a C-terminal cytochrome b5-related heme-binding domain [40]. PGRMC1 is a non-classical progestin receptor [41]. This protein is found to be overexpressed to
promote tumor growth in several cancers, including ovarian, endometrial, breast, lung and colorectal cancer [42]. Ahmed et al. [43]
https://doi.org/10.3857/roj.2021.00472
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reported that PGRMC1 co-localizes with EGFR in cytoplasmic vesicles and regulates expression of EGFR. Interestingly, brachytherapy
causes a downregulation of EGFR overexpression in cancer cells
[44]. Our results show that gamma ray irradiation significantly decreases PGRMC1 expression by 29.4 times (compared to the
threshold criteria) in EC, suggesting a co-inhibitory effect on both
EGFR and PGRMC1 co-localization.
The results of univariate, multivariate survival and relative risk
analyses suggest that an increased number of FoxP3+ and CD56+
cells and a reduction of PGRMC1 expression post-preoperative
brachytherapy predict higher DFS of the patients with EC by modulating the tumor microenvironment. We show that the expression
of FoxP3+ Tregs is higher in patients receiving radiation than the
threshold criteria which was associated with longer DFS. Our data
agrees with the data of Shang et al. [10] who showed that high
FoxP3+ Tregs infiltration was associated with significantly longer
cancer-specific survival in endometrial cancer (odds ratio = 0.42;
95% CI, 0.24 to 0.73, p = 0.002). Our study also showed that increased CD56+ NK cells infiltration predicts favorable prognosis of
patients with EC, agreeing with a previous report where a high
number of NK-lymphocytes was shown to predict better survival
for solid tumors [45]. A low expression of PGRMC1 in our study
correlated with favorable prognosis, which is an interesting observation as high PGRMC1 expression has been known to play a role
in the activation of vascular endothelial growth factor involved in
angiogenesis, tumor growth and metastasis [46].
Correlations between clinical parameters presented in our study
are well known and were described before. In the control group,
high grade tumors demonstrate more aggressive potential and a
poor prognosis, so correlation between the grade of EC and
PGRMC1 expression could be associated with it as has been shown
in breast cancer by Ruan, and colleagues [47]. The number of
FoxP3+ Tregs inversely correlate with PGRMC1; we suppose that
this interaction is an indirect indication of the immune suppressive
function of PGRMC1 during FoxP3+ Tregs infiltration in EC [47].
Not surprising that in both groups we observed an inverse correlation between the number of CD56+ NK cells and the age of the patients. However, this correlation was smaller in the Rad+ group,
suggesting that gamma ray irradiation moderately increases the
number of CD56+ NK cells in the cancer stroma possibly by increasing its migration to the TME [39,48].
Gamma radiation further induces changes in the TME of the EC in
Rad+ group. For example, an inverse correlation is observed between
the number of CD56+ NK cells and clinical unfavorable outcome of
patients which indicates that gamma radiation enhances local immune response by increasing the number of CD56+ NK cells in the
TME. A similar observation is found between the number of FoxP3+
https://doi.org/10.3857/roj.2021.00472

cells and clinical unfavorable outcome, suggesting a good prognostic value of this type of Tregs in the survival of patients with EC.
In conclusion, this study presents changes in the number of
FoxP3+, CD56+ cells, expression of PGRMC1 and their interactions in
the EC TME after gamma ray irradiation. We also show that an association of this immunomodulation with disease free survival. The
threshold criteria for these factors may have predictive values for
clinical brachytherapy treatment and therefore, should be considered for the development of a combination therapy of brachytherapy and immunotherapy for EC. However, a large cohort study should
be performed to further confirm our findings.
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and non-randomized studies, it is recommended that the authors follow the reporting guidelines listed in the following table.

Initiative
CONSORT
STARD
PRISMA
STROBE
MOOSE
www.e-roj.org

Text should be arranged in following order: Introduction, Materials and
Methods, Results, Discussion and Conclusion. Materials and Methods
section should include sufficient details of the research design, subjects, and methods. Sufficient details need to be addressed in the
methodology section of an experimental study so that it can be further

Type of study
Randomized controlled trials
Studies of diagnostic accuracy
Preferred reporting items of systematic reviews and meta-analyses
Observational studies inepidemiology
Observational studies in epidemiology

Source
http://www.consort-statement.org
http://www.stard-statement.org
http://www.prisma-statement.org
http://www.prisma-statement.org
http://www.strobe-statement.org
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replicated by others. The sources of special chemicals or reagents
should be given along with the source location (name of the company,
city, state/province, and country). If needed, information on the institutional review board/ethics committee approval or waiver and informed consent are included. Methods of statistical analysis and criteria for statistical significance should be described.
4) Conflicts of Interest
All potential conflicts of interest must be stated within the text of the
manuscript, under this heading. This pertains to relationships with
pharmaceutical companies, biomedical device manufacturers, or other
corporations whose products or services are related to the subject
matter of the article. Such relationships include, but are not limited to,
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Other areas of real or perceived conflict of interest could include receiving honoraria or consulting fees or receiving grants or funds from
such corporations or individuals representing such corporations. Please
state “None” if no conflicts exist.
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Upload each figure as a separate image file. The figure images should
be provided in PowerPoint file, TIFF, JPEG, GIF or EPS format with high
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contributorship

2. Statement of Informed Consent

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
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will be informed, and there will also be penalties for the authors.

3) Secondary Publication
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Copies of written informed consent and Institutional Review Board
(IRB) approval for clinical research should be kept. If necessary, the
editor or reviewers may request copies of these documents to resolve
questions about IRB approval and study conduct.

3. Statement of Human and Animal Rights
All human investigations must be conducted according to the principles expressed in the Declaration of Helsinki. All studies involving
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4. How the journal will handle complaints and
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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
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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. Financial 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
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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 https://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 of 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.

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.

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 letter to editor.
If any readers have a concern on any articles published, they can
submit letter to editor on the articles. If there founds any errors or
mistakes in the article, it can be corrected through errata, corrigenda, or retraction.
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보건의료전문가용

1

Following CCRT

임핀지TM는 PACIFIC 연구에서 4년 전체생존율(OS rate) 49.6%로,
장기적인 생존개선 이점을 나타냈습니다.2
UPDATED 4-YEARS OVERALL SURVIVAL IN THE ITT POPULATION
1.0

83.1%

0.9
0.8

Probability of OS

66.3%

74.6%

0.7

29% REDUCTION
in risk of death
(HR=0.71; 95% CI, 0.57-0.88)

0.6

55.3%

0.5

MEDIAN OS:

56.7%

49.6%

43.6%

0.4

47.5 months with durvalumab vs.
29.1 months with placebo
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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

급여 인정 기간 최대 12개월

※ 이전 PD-1 inhibitor 등 면역관문억제제 치료를 받지 않은 경우에 한함

4주기 이상 또는 3주기 regimen 기준 2주기 이상 투여할 경우

CCRT 치료 종료(마지막 방사선 요법 기준) 이후 42일 이내 투여할 경우
유도화학요법과 동시적 항암화학방사선요법의 항암요법 종류가 동일할 경우
방사선 요법은 54 Gy 이상, 항암화학요법은 weekly regimen 기준

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. Faivre-Finn C, et al. Four-year survival with
durvalumab after chemoradiotherapy in Stage III NSCLC – an update from the PACIFIC trial. J Thorac Oncol. 2021. doi: 10.1016/j.jtho.2020.12.015; 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 04 Dec 2020]. Available from: http://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA030023080000&brdScnBltNo=4&brdBltNo=45645&pageIndex=1
PRESCRIBING INFORMATION
[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 진행
되거나 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, 질
환이 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 4
주 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 먼
저 투여한다. 용법조절: 용량 증가나 감소는 권장되지 않는다. 개인의 안전성과 내약성에 따라 투여 보류 또는 중단이 필요할 수 있다. 면역 매개 이상사례의 관리에 대한 가이드라인은 다음과 같다. 추가 모니터링 및 평
가 정보는 사용상의 주의사항을 참조한다.
[이 약의 용법‧ 조절 및 관리 권장 사항]
이상사례
면역 매개 폐렴/ 간질성 폐질환

중증도 (CTCAE v4.03a)
2등급
3 또는 4등급
2등급이고, 알라닌 아미노전이효소 (ALT) 또는 아스파르트산 아미노전이효소 (AST)가
정상상한치의 3~5배를 초과하거나 총 빌리루빈이 정상상한치의 1.5~3배를 초과

면역 매개 간염

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

면역 매개 발진 또는 피부염 (유사 천포창 포함)
면역 매개 심근염
면역 매개 근육염/다발근육염
주입 관련 반응
기타 면역 매개 이상사례

3등급이고, ALT 또는 AST가 정상상한치의 5배 초과, 8배 이하 또는 총 빌리루빈이
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 빌리루빈이
정상상한치의 2배를 초과하는 경우
2등급
3 또는 4등급
2~4등급
2~4등급

용법 조절
투여 보류b
투여 중단b

투여 보류

b

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량
투여 중단b
투여 보류b
투여 중단b
임상적으로 안정할 때 까지 투여 보류
변경하지 않음

2~4등급

임상적으로 안정할 때 까지 투여 보류

2~4등급

임상적으로 안정할 때 까지 투여 보류

2등급이고, 혈청 크레아티닌이 정상상한치 또는 기저치의 1.5~3배를 초과

투여 보류b

3등급이고 혈청 크레아티닌이 기저치의 3배를 초과 또는 정상상한치의 3~6배를
초과하거나, 4등급이고 혈청 크레아티닌이 정상상한치의 6배를 초과
2등급으로 1주일 초과
3등급
4등급
2등급
3 또는 4등급, 또는 양성 생검을 동반한 모든 등급
2 또는 3등급
4등급
1 또는 2등급
3 또는 4등급
3등급
4등급

코르티코스테로이드 요법 및 그 외
1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량
1~4 mg/kg/일의 프레드니손 또는 등가량의 투여 후 용량 감량

투여 중단b
투여 보류b
투여 중단b
투여 보류c
투여 중단
투여 보류b,d
투여 중단b
주입을 중단하거나 느리게 주입
투여 중단
투여 보류e
투여 중단

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

이상사례 표준 용어기준 (Common Terminology Criteria for Adverse Events; CTCAE), 버전 4.03
b
악화되거나 개선이 없다면, 코르티코스테로이드의 용량 증가 및/또는 다른 전신 면역 억제제 사용을 고려한다. 1등급 이하로 개선되면, 코르티코스테로이드의 감량을 시작하여 최소 1개월 간 지속하여야 한다. 투여 보
류 후, 1등급 이하로 개선되고 코르티코스테로이드 용량이 일일 10mg 프레드니손 또는 등가량 이하로 감소되었을 경우, 12주 이내에서 이 약의 투여를 다시 시작할 수 있다. 3등급 또는 4등급(중증 또는 생명을 위협하
는) 이상사례 재발의 경우 이 약을 중단한다.
c
코르티코스테로이드 투여에도 불구하고 3~5일 이내에 개선이 없다면, 신속히 추가적인 면역억제 치료를 시작한다. 회복(0등급)되면, 코르티코스테로이드의 감량을 시작하여 하고 최소 1개월 간 지속한 후 임상적 판
단에 따라 이 약의 투여를 다시 시작할 수 있다.
d
이상사례가 30일 이내에 1등급 이하로 회복되지 않거나 호흡기 기능부전의 징후가 있는 경우에는 이 약 투여를 중단한다.
e
이상사례가 30일 이내에 1등급 이하로 회복되지 않거나 호흡기 기능부전의 징후가 있는 경우 또는 이런 징후와 함께 중증 근육 무력증에 대해 자율 신경 부전의 징후가 있는 경우 등에는 이 약 투여를 중단한다.

a

의심되는 면역 매개 이상사례에 대해, 병인 확인 또는 대체 병인을 배제하기 위한 적절한 평가가 수행되어야 한다. 기타 면역 매개 이상사례에 대해, 4등급 이상사례의 경우 이 약의 투여를 중단하여야 한다. 임상적 판단으
로 투여 중단이 필요한 경우 외에는 3등급 면역 매개 이상사례의 경우 이 약의 투여 보류를 고려하여야 한다. 전신 코르티코스테로이드 요법을 고려하여야 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 결정한
다). 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 주
의사항’을 참고한다. 멸균된 저 단백질 결합 0.2 또는 0.22 마이크로미터 인라인 필터(in-line filter)를 포함하는 정맥 주사 라인을 통해 1시간에 걸쳐 주사액을 정맥 내 투여한다. 같은 주입 라인으로 다른 약물을 동시 투여
하지 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 투
여할 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 순으
로 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); 흔하
지 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 국
소 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 이상사
례는 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 또
는 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. 중대
한 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 위
약군 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 시스플라
틴을 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 발
생 시 한국의약품안전관리원에 피해구제를 신청하실 수 있습니다. 문헌개정연월일: 2020년 12월 30일 수입(수입자): 한국아스트라제네카 서울시 강남구 영동대로517 아셈타워 21층, 전화 02-2188-0800 *보다 자세
한 사항은 제품설명서 전문을 참고하시기 바랍니다. aIFZ20210208

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량
2~4 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량
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2~4 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량
후속 주입 반응의 예방을 위해 사전 약물 치료를 고려할 수 있음
1~4 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량

한국아스트라제네카 서울시 강남구 영동대로 517 아셈타워 21층 전화: (02) 2188-0800

팩스: (02) 2188-0852

