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Pancreatic cancer (PC) is an aggressive malignancy with a poor prognosis. In 2022, 9,238 new cases 
of PC were expected to occur, and PC was ranked as the ninth leading primary site among the major 
cancers in Korea [1]. The incidence rates of PC have been on the rise and are predicted to increase 
over the next several decades, and PC is expected to be the fourth most common cause of cancer-re-
lated deaths by 2022 in Korea [1,2]. Curative surgical resection is the only chance for long-term sur-
vival; however, surgical resection is often limited due to many people being diagnosed at an ad-
vanced stage and the proximity of the pancreas to major vessels that cannot be replaced or removed. 

Although the role of radiotherapy (RT) in PC has been controversial, it has been consistently prov-
en that RT has a proven effect in controlling local disease [3,4]. Previous studies on PC showed that 
there were high rates of local recurrence or progression that led to the development of pain, gastro-
intestinal obstruction, bleeding, and other morbidities associated with the primary disease site, im-
pairing the quality of life with chemotherapy and/or surgery alone [3,5]. Therefore, improving local 
control remains an important aim of RT in patients with PC, regardless of distant disease control. 
Moreover, RT has become an important modality by better systemic control with an improved che-
motherapeutic regimen, and modern radiotherapy techniques with high-precision help local control 
in a multimodal setting with an acceptable side effect. 

Stereotactic body radiotherapy (SBRT) is a modern RT technique that has various benefits com-
pared with conventional RT and has been widely applied as a local therapy for the treatment of sev-
eral types of malignancies [6]. SBRT enables conformal delivery of high radiation during a short peri-
od with reduced irradiation to surrounding normal tissues over conventional RT, and SBRT is consid-
ered to have different tumoricidal mechanisms [7,8]. SBRT for PC has been vigorously applied during 
the last decade for definitive or neoadjuvant aims due to the short treatment duration with limited 
acute toxicity, which is less disruptive to effective systemic treatment than chemoradiation therapy 
(CRT) [9]. A previous study that compared conventional CRT with SBRT showed that SBRT could be a 
feasible alternative to CRT for the treatment of PC [10].  

In addition to these advantages of SBRT, it is worth noting that SBRT could promote antitumor 
immune response through various mechanisms, which could not be expected from conventional CRT 
[11-13]. However, because SBRT or immune checkpoint inhibitors (ICIs) alone is not sufficient to in-
duce an effective immune response in PC, it could be a novel strategy to combine ICIs with SBRT to 
overcome resistance to immunotherapy, which means a shift from this “cold tumor” to “hot tumor” 
[8,13-15]. In the current study to be mentioned in this editorial, Reddy et al. [16] analyzed 68 pa-
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tients with borderline resectable (BRPC) or locally advanced pan-
creatic cancer (LAPC) who received anti-programmed cell death-1 
(PD-1) antibody and 5-fraction SBRT after chemotherapy to inves-
tigate the role of pre- and post-SBRT neutrophil-to-lymphocyte 
ratio (NLR). 

After a median follow-up period of 10.7 months, the median 
overall survival (OS) after SBRT was 22.4 months, with a 2-year OS 
rate of 47.3%. The current study did not compare SBRT plus ICIs 
with SBRT alone, so the superiority of combination therapy with 
ICIs cannot be directly evaluated. However, given that most of the 
patients included in the current study had LAPC, the treatment 
outcome is considered promising compared to the previously re-
ported treatment results of SBRT for PC with a median OS of 17 
months from a meta-analysis [9]. In addition, one of the strengths 
of the present study is that all patients received standard multi-
agent chemotherapy, including FOLFIRINOX or gemcitabine/
nab-paclitaxel regimen prior to SBRT and ICIs, given that previous 
studies included patients who received various chemotherapeutic 
regimens that could be less effective than the current standard 
regimens [9]. 

Recently, the results of a randomized phase 2 trial of SBRT plus 
pembrolizumab and trametinib versus SBRT plus gemcitabine for 
locally recurrent PC were reported [17]. A total of 170 patients 
were enrolled, and after a median follow-up of 13 months, SBRT 
plus pembrolizumab and trametinib showed a superior median OS 
(14.9 months vs. 12.8 months, p =  0.021). The authors concluded 
that SBRT could be a novel immunostimulatory strategy, and SBRT 
plus pembrolizumab and trametinib could be a new potential 
treatment option for patients with locally recurrent PC. Although 
the efficacy of SBRT plus ICIs for PC is not clearly defined, and 
more evidence is still needed, there are ongoing clinical trials being 
conducted that aim to assess the feasibility of SBRT combined with 
immunotherapy [15]. 

Meanwhile, Reddy et al. [16] showed that the post-SBRT NLR 
was a significant prognostic factor associated with OS on multivar-
iate analysis. Patients with post-SBRT NLR ≥3.2 had a median OS 
of 15.6 months versus 27.6 months in patients with post-SBRT NLR 
<3.2. The authors suggested that the change in NLR was largely 
due to a decrease in lymphocyte counts after SBRT. The difference 
in absolute lymphocyte counts was statistically significant com-
pared to the pre-SBRT and post-SBRT values, but not for absolute 
neutrophil counts. Interestingly, a similar phenomenon has been 
reported in patients who receive CRT. Chadha et al. showed that 
post-CRT lymphopenia was associated with a poor prognosis in pa-
tients who received induction chemotherapy followed by CRT for 
LAPC [18]. 

There is a general consensus that multiple immune cell types ex-

ist in the tumor microenvironment (TME) and play an important 
role in cancer biology [19]. Neutrophils may act as tumor-promot-
ing leukocytes, leading to a negative correlation between neutro-
phil density and patient survival. However, lymphopenia is associ-
ated with immune escape of tumor cells from tumor-infiltrating 
lymphocytes [20]. Therefore, the NLR might be related to the bal-
ance between the inflammatory pathway and antitumor immune 
function, and a high circulating NLR could be a biomarker of poor 
prognosis in various cancers [19]. Although the potential role of 
NLR for PC as a prognostic and predictive marker remains to be de-
termined, NLR in PC could be a promising and convenient biomark-
er, as shown in a meta-analysis [21]. 

Reddy et al. [16] also showed that a larger target volume of 
SBRT correlated with a decreased lymphocyte count. In the present 
study, log10CTV (clinical target volume) had a negative correlation 
with the post-SBRT absolute lymphocyte count. The authors hy-
pothesized that some RT-related factors, such as target volume or 
planning, might affect the outcome of patients after RT. These re-
sults are in line with those of previous studies. Wild et al. [12] ana-
lyzed serial total lymphocyte counts in patients with LAPC who re-
ceived SBRT or CRT. They observed that SBRT was associated with 
significantly less lymphopenia than CRT after RT, implying that the 
RT technique could be associated with lymphopenia, which is relat-
ed to survival. In addition, Chadha et al. [18] demonstrated that 
higher splenic doses were associated with the risk of developing 
severe lymphopenia after CRT in the analysis of dose-volume histo-
gram parameters, including the mean splenic dose and percentage 
of the splenic volume received at least certain dose levels. These 
results may be related to the immunomodulatory effect of RT, but 
further studies are warranted to elucidate the precise mechanism. 

The current study does not provide a clear answer for the role of 
SBRT in the immunotherapy era in the treatment of PC. However, it 
is interesting in that it provides a number of possibilities and dis-
cusses the need for further research on this subject. In addition to 
the already proven role of SBRT in PC, further research on SBRT 
must be conducted to answer these unsolved questions regarding 
the optimal conditions for the immunomodulatory effect of SBRT 
in terms of the optimal candidate, dose, volume, fractionation 
scheme, and timing associated with ICIs. As long as these questions 
remain, we must hold the belief that there is still hope for the role 
of RT in the treatment of this devastating disease. 
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Introduction 

Myxoid liposarcoma (MLS) is the most common subtype of liposar-
coma and represents approximately 5% of all adult soft tissue sar-
comas (STS) [1,2]. Characteristics of MLS include a t(12:16) trans-
location and perhaps a more favorable prognosis compared to oth-
er liposarcomas despite an unusual predilection for extrapulmonary 
metastasis [3,4]. Intermediate- and high-grade STS, including MLS, 
are typically treated with combination surgery and radiotherapy 
(RT), which have been shown to improve local control when com-
pared to surgery alone. While RT for STS can be performed pre- and 

Purpose: While tumor volume reduction following radiation has been documented in myxoid liposar-
comas, it is unclear whether large tumors experience similar volume reduction to smaller tumors. 
Materials and Methods: MRI studies performed before and after completion of pre-operative radia-
tion therapy (RT) were examined. Tumor sizes were noted and categorized as large versus small based 
on size >10 cm. Tumor volumes were calculated, and operative duration and major wound complica-
tions were recorded. 
Results: The median largest tumor dimension was 12.4 cm before RT and 8.7 cm after RT. The median 
tumor volume was 298.9 cm3 before RT and 106.9 cm3 after RT. There was no significant difference in 
the mean percent tumor volume reduction between large tumors and small tumors (p = 0.11, 56.3% 
vs. 64.5%). Operative duration most strongly correlated to post-RT MRI volume (R2=0.674, p<0.001). 
Despite volume reduction, tumors that were large on presentation were more likely to experience 
major wound complications post-operatively. 
Conclusion: Radiation appears to be as effective at reducing myxoid liposarcoma tumor volume in 
large and small tumors. However, large tumors on presentation appear more likely to experience 
wound complications despite tumor volume reduction. Future studies should investigate disease-re-
lated outcomes as a factor of volume reduction in myxoid liposarcoma. 

Keywords: Myxoid liposarcoma, Soft tissue sarcoma, Radiotherapy, Neoadjuvant radiation  
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post-operatively, pre-operative RT has the advantages of fewer late 
complications and the potential to improve resectability prior to 
surgery, leading to a shift toward neoadjuvant RT in the treatment 
of STS in recent years [5–7]. 

Several historical studies have suggested that MLS may be more 
likely to respond to RT than other subtypes of STS, with high rates 
of regression and even reports of complete clinical response after 
RT [8–12]. However, older series are difficult to interpret due to in-
clusion of different subtypes of liposarcoma, changes in diagnostic 
criteria, and variations in radiation techniques. More recent studies 
have demonstrated an objective response of MLS to neoadjuvant 
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RT with substantial reductions in tumor volume and changes in tu-
mor morphology after RT as well as higher rates of local control af-
ter neoadjuvant RT and surgical resection when compared to other 
STS subtypes [13–15]. 

While the effects of RT in MLS have been previously described, 
the response of MLS to RT specifically based on initial tumor size 
has not been robustly evaluated. In STS, tumor size impacts ease of 
resection, rate of post-operative wound complications, and prog-
nosis [16]. The differential response to RT in MLS tumors of differ-
ent sizes has the potential to inform individualized treatment pro-
tocols as well as impact pre-operative planning, but studies specif-
ically examining this are lacking. Accordingly, the purpose of this 
study was to compare the response of large and small MLS tumors 
to a standardized protocol of neoadjuvant radiation therapy and to 
assess surgical complications in these patients. 

Materials and Methods 

Following Institutional Review Board of Rush University Medical 
Center approval (ORA No. 21101407-IRB01), our institutional sar-
coma database was retrospectively reviewed to identify all patients 
with MLS from 2000 to 2021. Initial query returned a total of 86 
patients. The following exclusion criteria were applied: those with 
limited information in the medical record (n =  21), those without 
histological confirmation of MLS (n =  6), those who presented 
with previous incomplete excisions from outside hospitals without 
tumor size information (n =  6), and those who were not primarily 
treated surgically for their MLS at our institution (n =  8). Patients 
were additionally excluded if magnetic resonance imaging (MRI) of 
their tumors were not available both within one month prior to 
initiation of radiotherapy (RT) and within one month after comple-
tion of RT (n =  21) (Fig. 1). After the above exclusion criteria were 
applied, the records of 24 patients were reviewed retrospectively. 

Basic patient and tumor variables were collected, including age, 
sex, race, and primary tumor location. The presence of a round cell 
component on the histological specimen was noted and recorded 
as a categorical variable. In two cases, information regarding pres-
ence of round cell component was unavailable and treated as 
missing data. Race was coded as a categorical variable defined as 
Caucasian and non-Caucasian. The majority of tumors were locat-
ed in the thigh (91.7%, n =  22) and the remaining two (8.3%) 
were located in the calf. Operative duration was recorded in min-
utes and major wound complications were defined as described by 
O’Sullivan et al [17]. These complications were defined as a sec-
ondary operation under anesthesia for wound repair or non-opera-
tive wound management involving invasive procedures, readmis-
sion for antibiotics or wound care, or persistent deep packing for 

120 days. Operative duration was unavailable in one patient. 
Tumor size measurements in craniocaudal, transverse, and an-

teroposterior dimensions were recorded from available radiologists’ 
reports. When a measurement was not noted in the report, one au-
thor (LL) recorded the missing size measurements. All pre-RT tumor 
sizes were recorded from MRI studies performed within one month 
prior to the initiation of RT. All post-RT tumor sizes were recorded 
from MRI studies performed within one month after completion of 
RT. Tumor volume was calculated using the ellipsoid formula:  

volume =  4/3 ×  π ×  a ×  b ×  c,  
where a, b, and c are the tumor dimensions in craniocaudal, trans-
verse, and anteroposterior dimensions. True tumor specimen size 
was recorded as the largest dimension on pathology after surgical 
resection. Percent tumor necrosis was recorded from corresponding 
pathology reports upon final surgical resection. All pathology spec-
imens were reviewed by board-certified, fellowship-trained muscu-
loskeletal pathologists with expertise in sarcoma. Tumor necrosis 
was estimated by the pathologists according to a departmental 
protocol which relies on the gross appearance and percentage of 
necrotic cells in various sections. In these irradiated tumors, necro-
sis percentage is used as an indicator of response to treatment; 
therefore, both necrosis and fibrosis are included. Tumor necrosis 
data was available in 22 of 24 patients. 

Fig. 1. Consort chart of patient selection process for those included 
for study.

Assessed for eligibility (n = 86)

Assessed for eligibility (n = 59)

Assessed for eligibility (n = 45)

Final cohort (n = 24)

Excluded: 
Limited information in medical record (n = 21)
No histologic confirmation (n = 6)

Excluded: 
Presented with incomplete (n = 6)
Not surgically treated at our institution (n = 8)

Excluded: 
Absence of MRI within one month prior to 

and following initiation and completion 
radiotherapy (n = 21)
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Large tumors were determined to be those with a largest dimen-
sion greater than 10 cm and small tumors were determined to be 
those with a largest dimension smaller than 10 cm. Tumors were 
categorized as large and small according to pre-RT MRI largest di-
mension, post-RT MRI largest dimension, and final tumor specimen 
size. While a tumor size cutoff of 5 cm is more commonly used for 
staging purposes, a tumor size of 5 cm typically does not impose 
significant operative challenges. Therefore, we focused on tumors 
greater than 10 cm in size as these cases may experience greater 
benefit from volume reduction for surgical complexity. 

All patients underwent wide, local excision of their MLS within 6 
weeks of completion of neoadjuvant RT and all margins were neg-
ative. All patients underwent neoadjuvant RT prior to surgery, re-
ceiving a cumulative 50 Gy over 25 fractions. Four patients under-
went interdigitated chemotherapy and radiation. The chemothera-
py regimen was a combination of doxorubicin and ifosfamide in all 
four patients. 

Categorical variables were described using frequencies and per-
centages and compared with chi-squared or Fisher exact test. Con-
tinuous data were reported as mean with range or median with in-

terquartile range (IQR) and compared using Mann-Whitney U Test 
or paired t-test. Linear regression analysis was performed to ana-
lyze the relationship between volume reduction and tumor necrosis 
as well as between various size and volume measurements with 
operative duration. Statistical significance was set to p <  0.05, and 
all analyses were performed on SPSS version 26.0 (IBM, Armonk, 
NY, USA) and RStudio version 1.4 (Integrated Development for R. 
RStudio; PBC, Boston, MA, USA). 

Results 

The median largest tumor dimension on pre-RT MRI was 12.4 cm 
(IQR 7, 16) and the median tumor volume prior to radiation for the 
entire cohort was 298.9 cm3 (IQR 71.4, 830.8). Both MLS size and 
volume were significantly reduced following preoperative RT in the 
entire group (both p <  0.001). After RT, the median largest tumor 
dimension on MRI was 8.7 cm (IQR 6.3, 14) and the median tumor 
volume was 106.9 cm3 (IQR 30.0, 362.6) (Fig. 2). Tumors with larg-
est dimension greater than 10 cm on pre-RT MRI had a mean vol-
ume of 829.8 cm3 (range, 220.2 to 2,813.4) whereas the smaller 

Fig. 2. Axial magnetic resonance imaging (MRI) of myxoid liposarcoma with (A) largest dimension of 16 cm on presentation and (B) largest di-
mension of 14 cm after radiotherapy (RT). Axial MRI of myxoid liposarcoma with (C) largest dimension of 5.5 cm on presentation and (D) larg-
est dimension of 2.1 cm after RT.
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tumor group had a mean volume of 76.2 cm3 (range 4.0 to 241.9 cm3)  
(p <  0.001). Patient age (p =  0.68), gender (p =  0.81), race (p =  
0.09), and presence of round cell component (p =  0.47) did not 
differ between the two groups. Pooled patient demographics and 
tumor characteristics can be seen in Table 1. 

The mean absolute volume reduction was 409.0 cm3 (range, 
112.5 to 1,100.2 cm3) in the large tumor group and 47.4 cm3 (range, 
-10.1 to 146.3 cm3) in the small tumor group. One tumor grew over 
the course of RT. There was no significant difference in the mean 
percent tumor volume reduction between the large tumor group 
and the small tumor group (p =  0.11). The mean percent tumor 
volume reduction in the large tumor group was 56.3% (range, 
22.4% to 90.9%) compared to 64.5% (range, -18.4% to 91.7%) in 
the small tumor group. Relative percent volume reduction did not 
correlate with percent tumor necrosis on final specimen evaluation 
(R2 =  0.07, p =  0.23). There was also no difference in tumor ne-

crosis seen in large tumors versus small tumors as determined by 
pre-RT MRI (p =  0.81). 

Operative duration did not differ when tumors were categorized 
as large and small based on pre-RT MRI largest dimension (p =  
0.07); however, operative duration was significantly greater when 
tumors were categorized based on post-RT MRI largest dimension 
(p =  0.006) as well as when categorized based on pathology tumor 
specimen size (p =  0.003) (Table 2). Linear regression analysis re-
vealed significant correlation between operative duration and pre-
RT MRI tumor volume (R2 =  0.606, p <  0.001), operative duration 
and post-RT MRI volume (R2 =  0.674, p <  0.001), and operative 
duration and tumor specimen size (R2 =  0.597, p <  0.001). 

Only one patient required non-primary wound closure and un-
derwent a flap reconstruction with a split thickness skin graft. 
There were six total major wound complications in the entire 
group. When tumors were categorized based on pre-RT MRI largest 
dimension, five of the six complications occurred in the large tumor 
group. When categorized based on post-RT MRI largest dimension, 
two of the six complications occurred in the large tumor group. 
And when categorized based on tumor specimen size, three of the 
six complications occurred in the large tumor group (Table 3). Low 

Table 1. Pooled patient demographics and tumor characteristics

Variable Value
Age (yr) 39.9 (14-84)
Sex
 Male 6 (25.0)
 Female 18 (75.0)
Race
 Caucasian 18 (75.0)
 Non-Caucasian 6 (25.0)
Round cell component
 Present 4 (16.7)
 Not present 18 (75.0)
 Unknown 2 (8.3)
MRI largest dimension (cm)
 Pre-RT 12.4 (7, 16)
 Post-RT 8.7 (6.3, 14)
Final tumor specimen size (cm) 8.3 (4.5, 12.8)
MRI volume (cm3)
 Pre-RT 298.9 (71.4, 830.8)
 Post-RT 106.9 (30.0, 362.6)
Tumor categorization
 Pre-RT MRI size
  Large, ≥10 cm 15 (62.5)
  Small, <10 cm 9 (37.5)
 Post-RT MRI size
  Large, ≥10 cm 11 (45.8)
  Small, <10 cm 13 (54.2)
 Final tumor specimen size
  Large, ≥10 cm 10 (41.7)
  Small, <10 cm 14 (58.3)

Values are presented as mean (range) or number (%) or median (inter-
quartile range Q1, Q3).
MRI, magnetic resonance imaging; RT, radiotherapy.

Table 2. Operative duration in large and small tumors

Tumor categorization Operative duration (min) p-value
Pre-RT MRI size 0.07
 Large, ≥10 cm 67 (46, 141)
 Small, <10 cm 46 (44, 55)
Post-RT MRI size 0.006
 Large, ≥10 cm 78 (52, 141)
 Small, <10 cm 45 (44, 55)
Final tumor specimen size 0.003
 Large, ≥10 cm 99 (62, 141)
 Small, <10 cm 46 (44, 52)

Values are presented as median (interquartile range Q1, Q3).
MRI, magnetic resonance imaging; RT, radiotherapy.

Table 3. Major wound complications in large and small tumors

Tumor categorization Major wound complications
Pre-RT MRI size
 Large, ≥10 cm 5
 Small, <10 cm 1
Post-RT MRI size
 Large, ≥10 cm 2
 Small, <10 cm 4
Final tumor specimen size
 Large, ≥10 cm 3
 Small, <10 cm 3

MRI, magnetic resonance imaging; RT, radiotherapy.
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overall numbers precluded a powered statistical analysis. Individual 
patient and tumor characteristics can be seen in Table 4. 

Discussion and Conclusion 

The sensitivity of MLS to radiation therapy was first documented 
more than 50 years ago, and more recent studies have provided 
objective evidence of MLS tumor response to RT [10,11]. In our se-
ries, there was a significant reduction in tumor size and volume af-
ter neoadjuvant RT, with a proportional reduction in median tumor 
volume of 64%. This finding is consistent with previous studies 
that examined MLS tumor size reduction after RT. Pitson et al. [13] 
observed a 59% reduction in tumor volume in MLS after RT and 
other studies have consistently demonstrated large decreases in 
tumor volume after RT, highlighting the radiosensitivity of MLS 
[2,13,14,18,19]. 

The principle aim of this study was to examine the response to 
neoadjuvant RT in MLS tumors of different sizes. In soft tissue sar-
coma, tumor size is an important prognostic factor and is associat-
ed with rates of local recurrence, post-operative wound complica-

tions, and overall survival [20–22]. It is important for clinicians to 
understand the effects of neoadjuvant RT in large versus small MLS 
tumors, as this has the potential to impact individualized treatment 
planning. To our knowledge, this is the first report to specifically 
examine the response to neoadjuvant RT in differently sized MLS 
tumors. In our study, there was no significant difference in mean 
percent volume reduction after RT between large and small MLS 
tumors. These results indicate that neoadjuvant RT is as effective at 
reducing the volume of large MLS tumors as small tumors. Large 
tumor size is associated with inferior disease-free survival and local 
control, and substantially decreased tumor size after RT likely con-
tributes to the excellent local control rates observed in MLS 
[15,23–25]. Reducing the volume of large tumors also has the po-
tential to facilitate surgical resection and reduce surgical morbidity, 
thereby improving functional outcomes without sacrificing local 
control. In this study, all resected tumor specimens had negative 
margins, even in very large tumors with greatest dimension greater 
than 20 cm at presentation. This indicates a benefit in terms of 
ease of resection after neoadjuvant RT which is important for 
treatment planning, especially for very large tumors or those in 

Table 4. Individual patient and tumor details of included cases

Case no. Age (yr) Sex Race Tumor
location

Pre-RT 
size (cm)

Pre-RT
volume (cm3)

Post-RT 
size (cm)

Post-RT
volume (cm3)

Percent volume 
reduction (%)

Specimen 
size (cm) Closure MWC

1 23 F C Calf 3.2 4.02 1.0 0.33 91.7 1.4 P No
2 17 F C Thigh 5.5 19.57 2.1 4.71 75.9 3.9 P No
3 30 F NC Thigh 6.1 54.75 8.6 64.81 -18.4 7.5 P No
4 47 F C Thigh 6.4 50.24 4.4 8.64 82.8 4.6 P No
5 84 F C Thigh 6.6 65.90 6.4 29.47 55.3 5.5 P No
6 40 M C Thigh 7.0 87.92 5.0 31.40 64.3 4.0 P Yes
7 65 F NC Thigh 7.0 63.71 6.2 12.27 80.7 4.4 P No
8 18 M NC Thigh 7.5 98.16 4.7 12.40 87.4 3.9 P No
9 52 F NC Calf 9.6 241.86 8.3 95.56 60.5 7.4 P No
10 33 F C Thigh 10.2 220.19 8.3 107.72 51.1 3.8 P Yes
11 41 M C Thigh 11.4 241.98 7.0 49.93 79.4 7.6 P Yes
12 14 F C Thigh 11.9 290.46 10.0 157.00 45.9 6.0 P No
13 21 F C Thigh 12.8 559.47 8.8 162.11 71.0 10.0 P No
14 47 F C Thigh 13.9 307.34 11.5 106.10 65.5 9.0 P No
15 54 F C Thigh 14.4 488.78 11.8 122.27 75.0 12.0 P No
16 30 M C Thigh 14.7 652.67 14.0 429.71 34.2 11.8 P No
17 34 F C Thigh 15.0 647.63 8.0 58.61 90.9 10.8 Non-P Yes
18 29 F C Thigh 16.0 837.33 12.3 172.77 79.4 9.5 P No
19 66 F C Thigh 16.0 1034.11 14.0 561.59 45.7 14.2 P No
20 33 F NC Thigh 18.0 1285.83 16.3 998.05 22.4 13.0 P Yes
21 47 F C Thigh 20.6 811.35 15.1 370.62 54.3 14.5 P No
22 47 M NC Thigh 22.8 891.80 21.0 338.49 62.0 19.5 P No
23 33 M C Thigh 23.5 1364.13 22.1 962.84 29.4 15.8 P No
24 54 F C Thigh 24.0 2813.44 21.0 1713.23 39.1 26.0 P Yes

C, Caucasian; NC, non-Caucasian; RT, radiotherapy; P, primary; MWC, major wound complication.
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critical locations which may otherwise not be as amenable to re-
section. In addition to decreased tumor volume, changes in MLS 
tumor histology with more mature lipoma-like areas observed after 
RT and increased distance of the tumor from the neurovascular 
bundle after RT, may also contribute to an increase in resectability 
[14,18]. Furthermore, tumors that are initially deemed not resect-
able due to large size or proximity to the neurovascular bundle may 
become resectable after RT due to reduction in tumor volume, 
though further studies are necessary to determine if these results 
are applicable in primary unresectable MLS. 

Our results also demonstrated no difference in tumor necrosis 
between large and small tumors after RT. This indicates that, in ad-
dition to a similar reduction in tumor volume after RT, the patho-
logical response to RT is similar between large and small MLS tu-
mors. Studies have suggested that rates of tumor necrosis correlate 
with clinical outcome, with a recent meta-analysis showing that 
rates of necrosis less than 90% are associated with increased re-
currence risk and inferior overall survival in STS patients [26]. Based 
on the results of our study, clinicians can expect rates of necrosis 
in large MLS tumors that are comparable to small tumors after RT, 
and this may positively impact outcomes in these patients. 

In this study, we observed significantly shorter operative times in 
the small tumor group when compared to the large tumor group. 
Smaller pre-RT size, post-RT size, and pathology specimen size 
were all correlated with shorter operative duration. However, the 
strongest correlation was with post-RT size, indicating that tumor 
size immediately prior to surgery is a more important factor than 
tumor size at presentation. Shrinking MLS tumors with neoadju-
vant RT may contribute to ease of resection and lead to shorter op-
erative times. Operative duration is an independent risk factor for 
surgical complications. A contemporary meta-analysis showed that 
the likelihood of developing a complication approximately doubled 
with operative times exceeding 2 hours and that there was a 14% 
increase in likelihood of complications for every 30 minutes of ad-
ditional operative time [27]. Reducing tumor volume with neoadju-
vant RT has the potential to reduce operative time and, in turn, re-
duce complications and costs associated with increased operative 
duration [28]. 

Despite advances in STS treatment, post-operative wound com-
plications remain a major source of morbidity and have been re-
ported in up to 56% of surgical cases [21]. There were six total 
major wound complications in our study with a rate of 25%, simi-
lar to prior reports. Previous studies have investigated factors that 
influence the risk for post-operative wound complications, includ-
ing tumor size and location, timing of radiation pre- or post-opera-
tive, and radiation field size [16,21,29]. Tumor size and tumor vol-
ume have been found in multiple studies to be predictors of 

post-operative wound complications, and a study by Ziegele et al. 
[21] demonstrated that tumor volume may be a stronger predictor 
of complication risk than tumor size based on largest diameter. 
Larger volume of resection contributes to development of wound 
complications by leading to larger soft tissue dead space with in-
creased potential for formation of seromas, hematomas, and infec-
tion. The significant reduction in both tumor volume and tumor 
size seen in our cohort after neoadjuvant RT has the potential to 
reduce post-operative wound complications in these patients. It is 
important to note that in our study, most wound complications oc-
curred in the large tumor group when this was assessed based on 
pre-RT size. However, when evaluating complications based on pa-
thology specimen size after resection, the number of complications 
in the large and small tumor groups were similar, though small 
numbers prevented statistical analysis. These results indicate that 
tumors that are large on presentation may still be more likely to 
have wound complications after resection, regardless of reduction 
in tumor size after RT. This is likely due to the larger radiation field 
size needed for neoadjuvant RT in larger tumors. The association 
between neoadjuvant RT and increased wound complications has 
been well documented, and the rate of complications increases 
with the magnitude of the radiated area [16,21,29]. It is important 
for clinicians to recognize that even if RT leads to reduced tumor 
size, tumors that are large prior to RT may still be more prone to 
post-operative wound complications. 

This study does have several limitations, principally, the retro-
spective nature of the study and the small sample size. STS are rare 
tumors and our sample size was further restricted by limiting our 
population to patients with MLS who had undergone neoadjuvant 
RT, though we note that our cohort is among the largest in similar 
studies. There is also potential error in MRI volume measurements, 
though all tumor volume measurements were reported by 
board-certified radiologists specially trained in musculoskeletal pa-
thology or performed by a single researcher to reduce interobserver 
variability. The use of neoadjuvant chemotherapy in some patients 
may also affect the ability to draw conclusions from histological 
evaluation of tumor response, as chemotherapy itself causes tumor 
necrosis. However, the identical protocol for neoadjuvant RT in all 
patients is a strength of the study. Finally, we did not examine 
long-term outcomes including disease-free and overall survival as 
this was outside the scope of this study. Further investigation with 
longer follow-up is necessary to determine the effect of RT on 
long-term outcomes in large versus small MLS tumors. 

Our results demonstrate a significant reduction in tumor volume 
and size seen after RT in MLS and support the use of neoadjuvant 
radiation therapy in these tumors. Based on our data, neoadjuvant 
RT is as effective at reducing tumor volume and generating tumor 
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necrosis in large tumors as in small tumors. Use of RT in large MLS 
tumors has the potential to increase ease of surgical resection as 
well as reduce operative time; however, large tumors on presenta-
tion seem more prone to major wound complications regardless of 
volume and size reduction. Additional studies are required to fur-
ther examine the effect of neoadjuvant RT on rates of complica-
tions and on oncologic outcomes in large MLS tumors so that clini-
cians may be as informed as possible when creating individualized 
treatment protocols for these patients.  
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Introduction 

Brachytherapy is one of the most important treatment modalities 
for gynecological cancers. The comprehensive global cancer statis-
tics from the International Agency for Research on Cancer indicate 
that gynecological cancers accounted for 19% of the 5.1 million 
estimated new cancer cases in the world [1]. As per GLOBOCAN 
2020 project data, breast cancer, cervical cancer, ovarian cancer, 
and uterine cancer are among the top-10 common cancers in fe-
males worldwide [2]. Gynecological cancers can be treated by var-

Purpose: Intracavitary brachytherapy is one of the important methods of gynecological cancer treat-
ment. The effect of attenuation is not considered in the dose calculation method released by the 
American Association of Physicists in Medicine Task Group No. 43 Report. In this study, the effect of 
high-dose rate brachytherapy applicators on dose distribution was measured using Gafchromic films 
and well-type ionization chamber. 
Materials and Methods: A plan created by the treatment planning system was first executed using a 
well-type ionization chamber with a water equivalent elasto-gel in place for charge collection. Again, 
same plan was executed using central tandems of various angulations with different diameters of 
vaginal cylinders and charge collection was measured. For in vitro dose measurements this plan was 
also executed on tandem and vaginal cylinder assembly with Gafchromic films fixed on the surface of 
vaginal cylinder. 
Results: The results show that the central tandem when used with different vaginal cylinders resulted 
in increase in effective attenuation of the beam. The central tandem of 300 angulations when used 
with a 35-mm diameter vaginal cylinder results in maximum attenuation whereas the 0º tandem 
when used with 20-mm diameter vaginal cylinder results in least attenuation of the beam. 
Conclusion: Due to the attenuation by various applicators used in brachytherapy for the treatment of 
gynecological cancers, it can be concluded that the difference between practical dose and the treat-
ment planning system calculated dose should be considered for the correct estimation of the dose to 
the target and the organs-at-risk. 
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ious treatment modalities and the most common treatment mo-
dalities are surgery, radiation therapy, chemotherapy, and targeted 
therapy. Surgery is one of the treatment options for the early 
stage of cervical carcinoma other than local radiotherapy in the 
form of brachytherapy. However, the majority of patients present 
with either bulky or locally advanced diseases, so these patients 
are treated by concurrent chemoradiation with external beam ra-
diotherapy followed by brachytherapy [3]. High-dose rate (HDR) 
brachytherapy was initially used for cervical cancers in many 
countries, but later on, it was integrated into treatment plans for 

180 www.e-roj.org

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

https://doi.org/10.3857/roj.2022.00199


vaginal cancers also [4]. 
In HDR brachytherapy, the dose optimization is done by the 

treatment planning system (TPS) to calculate the prescribed dose 
at the desired location and optimization is performed to reduce the 
dose to the nearby organs-at-risk (OAR). The prescribed dose is cal-
culated by the TPS at desired location by varying the dwell times 
and dwell positions of a radioactive source along specified applica-
tor paths. In intracavitary brachytherapy (ICBT) of cervical cancers, 
various types of applicators for HDR brachytherapy treatment are 
in use. The most common method for the ICBT treatment of cervi-
cal cancer is the Manchester system. The Manchester system-based 
ICBT approach is a more widely accepted method [5-9]. The Man-
chester system is characterized by doses to four points: Point A, 
Point B, bladder, and rectum. The duration of the implant is based 
on the dose rate at Point A, which is located 2 cm superior to the 
cervical os and 2 cm lateral to the cervical canal. Point B is defined 
as 3 cm laterally to Point A if the central canal is not displaced. If 
the tandem displaces the central canal, Point A moves with the ca-
nal, but Point B remains fixed at 5 cm from the midline. 

In HDR brachytherapy, the applicator is first inserted into the 
patient, then the patient undergoes a CT-scan with the applicator 
inside and the same CT-scan is then transferred to the TPS. With 
the help of these computerized TPSs, the desired patient plan is 
created. In brachytherapy, the algorithm mostly used in TPS for 
dose calculations is based on the formalism presented by the 
American Association of Physicists in Medicine (AAPM) Task Group 
No. 43 Report (TG-43). The dose distribution in this report around 
brachytherapy sources is calculated using a variety of factors which 
are obtained through measurement or Monte Carlo simulation 
methods in a uniform phantom [10,11]. The TG-43 does not take 
heterogeneity correction within the human body into account and 
this formalism considers a bare source in the center of water for 
calculations [12-15]. However, in practice, various types of metallic 
central tandems and vaginal cylinders are used for the brachyther-
apy treatment of gynecological cancers [16] and TG-43 formalism 
effectively ignores the attenuation caused by metallic applicators 
and vaginal cylinders, which might lead to under dosage of the tar-
get while overestimating the dose to the OAR. So when the appli-
cator geometry is not included in the TPS, there will be variation in 
the TPS calculated doses due to the different dosimetrical proper-
ties of these applicators [17]. 

The cervix applicator set studied in this study, consists of metal-
lic central tandem of various angulations and vaginal cylinders of 
different diameters as shown in Fig. 1. These are Varian CT compat-
ible applicators used in VariSource iX / VariSource 200/ Gamma-
Med Plus iX / GammaMed Plus afterloader (Varian Medical Sys-
tems, Palo Alto, CA, USA) having Catalog number GM11004040. 

Although various types of applicators are in use for the brachyther-
apy treatment of cervical cancer, however, the attenuation in dose 
caused by this type of applicator and the applicator material has 
not been yet investigated. The attenuation of these applicators has 
been measured so that an accurate dose to the target and the or-
gans at risk can be estimated when such applicators are used for 
cervical cancer treatment. In this study, the overestimation of dose 
by the BrachyVision TPS 11 (Varian Medical Systems) for these ap-
plicators was evaluated. The dose overestimation by TPS was ob-
tained for tandem and cylinder assembly by using EBT3 Gafchromic 
films. Furthermore, a novel method, that is, well-type ionization 
chamber was used to find the attenuation due to various applica-
tors used in gynecological brachytherapy, and the results obtained 
were compared with the results obtained by using Gafchromic films. 
In most of the other studies performed for such measurements, ei-
ther only film dosimetry was done or a 0.125-mL ion chamber was 
used for dose measurements. The use of a 0.125-mL ion chamber 
for brachytherapy is cumbersome whereas the use of well-type ion-
ization chamber for such measurements is relatively easy. 

Materials and Methods 

This study has been carried out in the tertiary care hospital and the 
hospital is equipped with various state of art radiotherapy equip-
ment. The HDR brachytherapy unit GammaMed Plus iX, has been 
used for this study. The GammaMed Plus iX is the 5th generation 
afterloader and has 24 channels. The GammaMed Plus iX after-
loader and control software is designed to be fully compatible with 
hospital networks and enhance HDR and pulsed-dose rate (PDR) 
brachytherapy treatments. The HDR unit is fully integrated with the 
BrachyVision (version 11) TPS and the ARIA oncology information. 
The 192Ir radioactive source is housed in this GammaMed Plus iX 
afterloader HDR unit. The GammaMed Plus iX 192Ir HDR source 
consists of a 3.50-mm-long 192Ir core with a diameter of 0.70 mm, 
enclosed in a 0.90-mm-diameter and 4.52-mm-length AISI 316 L 
stainless steel capsule (density of 7.8 g/cm3) [18-20]. The 192Ir 
source emits a wide spectrum of relatively low energies, mostly in 
the range of 201–884 keV with an average value of 360 keV. 

The unit is also provided with various applicators for brachyther-
apy treatment. The cervix applicators studied in this article include 
various vaginal cylinders and central metallic tandems. The vaginal 
cylinders are made up of polyetheretherketone (PEEK) having di-
ameters of 20 mm, 23 mm, 26 mm, 30 mm, and 35 mm, and three 
types of stainless steel central metallic tandems having angulations 
of 0°, 20°, and 30° as shown in Fig. 1. 

For the source strength verification of the GammMed Plus iX 
unit, HDR 1000 Plus well-type ionization chamber, and the elec-
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trometer with the appropriate source jig were used. The physical 
parameters of the HDR 1000 Plus well-type ionization chamber 
used in the hospital are given in Table 1 [21]. 

A total of 60 intracavitary brachytherapy insertions in 48 pa-
tients having a prescribed dose of 6 Gy at Point A, were studied 
for this article, four for each tandem and vaginal cylinder assem-
bly. For the ICBT treatment of gynecological cancers, the appro-
priate metallic central tandem along with a vaginal cylinder was 
first inserted into the patient and then the patient had to under-
go CT-scan. The CT data set was then transferred to the BrachyVi-
sion TPS. After segmentation of the target and OAR, i.e., bladder, 
rectum, and sigmoid, the reference points were defined (Refer-
ence Point A: left and right) and the dose of 6 Gy was prescribed 
at Point A [22] (Fig. 2). The dose optimization was done so that 
the OARs received the doses within the tolerance limit and the 
target receives the prescribed dose as per the standard guidelines. 
The plan, if found suitable was then approved by the radiation 
oncologist and then transferred to the control console wherein 
the various dwell positions with respective dwell times as pro-
grammed by the TPS are defined and the treatment was executed 
on the patient. 

1. Measurement of dose using Gafchromic films 
The approved patient treatment plan was delivered to a phantom 
mimicking patient set-up, with EBT3 Gafchromic film sheets, 1 cm 
×  1 cm in size, wrapped in thin, transparent polythene, and at-
tached to the vaginal cylinder’s surface as shown in Fig. 3. The 
films were adhered with tape on the surface of the vaginal appli-
cator in such a way that there was no air gap between the curved 
applicator surface and the films. The films were placed on the sur-

face of the vaginal cylinder at known distances from the distal end 
of the vaginal cylinder so that the same area could be easily repro-
duced on the TPS. The tandem and vaginal cylinder assembly were 
then wrapped in elasto-gel bolus (water-based gels with acrylic 
polymer) of density 1.02 g/cm3 and thickness of 5 cm to simulate 
the backscatter within the patient. 

For the accurate film dose measurements, the standard protocol 
was followed [23]. The EBT3 films were scanned using an EPSON 
scanner after initially being subjected to the known doses and the 
input data thus obtained was fed to OmniPro OmniPro software 
(IBA Dosimetry GmbH, Schwarzenbruck, Germany). The same EP-
SON scanner and OmniPro software were then used to measure the 
dose recorded on the exposed EBT3 films that were placed on the 
surface of vaginal cylinders. 

2. Measurement of dose using well-type ionization 
chamber 
A well-type ionization chamber is often used in brachytherapy for 
dosimetric purposes. The well-type ionization chamber is provided 
with a unique source holder for each brachytherapy source and is 
commonly referred to as a source jig. To obtain the attenuation due 
to the various cervix applicators, the source jig was replaced with 
water equivalent elasto-gel to mimic the various vaginal cylinder 
sizes, as shown in Fig. 4. Now the measurements were made first 
with elasto-gel and then with the applicator assembly. 

1) Case 1 
The plan which was created for the treatment of the patients was 
executed on HDR 1000 Plus well-type ionization chamber using 
elasto-gel of appropriate diameter as shown in Fig. 5A. The total 
charge collection by the electrometer was noted down. 

2) Case 2 
In the second case, again the same plan was executed using HDR 
1000 Plus a well-type ionization chamber but now instead of elas-
to-gel, the same tandem and vaginal cylinder assembly were used 

Table 1. Physical parameters of HDR 1000 Plus well-type ionization 
chamber

Parameter Specification
Active volume (mL) 245
Outer diameter (mm) 102
Height (mm) 156
Sensitivity (nA/Bq) 1.97 ×  1010

Range (Bq) 3.7 ×  104 to 74 ×  1010

Wall material Aluminum
Wall thickness (mm) 20

Fig. 1. The cervix applicator set including vaginal cylinders of diame-
ters 35 mm, 30 mm, 26 mm, 23 mm, and 20 mm (from left to right) 
and central metallic tandems of angulations 0º, 20º, and 30º (from 
bottom to top).
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Fig. 2. Representative dose in color wash for 6 Gy prescription to Point A in multiplanar view and three-dimensional view.

Fig. 3. (Top) Applicator surface taped with EBT3 Gafchromic films. 
(Bottom) Tandem and vaginal cylinder assembly wrapped in elas-
to-gel bolus.

was not used in calculations which ensured that the calibration 
factor will not affect the final results obtained. It was also ensured 
in both the above cases that the distal end of the tandem and vag-
inal cylinder assembly and the distal end of the elasto-gel was 
placed at the same position in the base of the well-type ionization 
chamber and both were 12 cm deep within the well of the cham-
ber. This ensured that the dwell positions of the 192Ir source in both 
the cases within the chamber were the same. Thus, in both cases, 
there was no difference in the comparative positions of the 192Ir 
source within the chamber. 

A similar procedure was repeated for other patients wherein the 
patient was first inserted with appropriate tandem and vaginal cyl-
inder assembly and then a plan was created on TPS and the same 
plan was executed with Gafchromic film taped on the surface of 
the applicator. Subsequently, the charge collection using a well-
type ionization chamber was also measured. In this way, the results 
were obtained for all the different combinations of tandem and 

and the charge collection was measured as shown in Fig. 5B. 
Pertinently in both the above cases, only the charge collection 

was measured and the calibration factor of the well-type chamber 

183https://doi.org/10.3857/roj.2022.00199

Dosimetry of  brachytherapy applicators

https://doi.org/10.3857/roj.2022.00199


vaginal cylinder assembly. 
The measured dose recorded by the Gafchromic films and the 

TPS calculated dose were compared using paired t-test, analyzed 
on the data editor of SPSS version 20 (IBM, Armonk, NY, USA). Also, 
the charge collected by well-type ionization chamber with elas-
to-gel and tandem-vaginal cylinder assembly was compared using 
the same test. A p-value less than 0.1 were considered significant. 

Results 

The dosimetric results were obtained both by using Gafchromic 
films and well-type ionization chamber. The mean overestimation 
of dose by the TPS was calculated for each tandem and vaginal 
cylinder assembly, using Gafchromic films. The results for 0°, 20°, 
and 30° angulated central tandems when used along with various 
diameters of vaginal cylinders are given in Tables 2–4, respectively. 
The mean percentage attenuation obtained by using a well-type 
ionization chamber due to 0°, 20°, and 30° central tandems when 

used along with various diameters of vaginal cylinders was also 
calculated and are given in Tables 5–7, respectively. Fig. 6 shows 
the mean overestimation of dose by the TPS for each tandem and 
vaginal cylinder assembly. The graphical representation of mean 
percentage attenuation for each tandem and vaginal cylinder as-
sembly obtained by using a well-type ionization chamber is shown 
in Fig. 7. 

It can be observed from the above tables that the maximum 
overestimation of dose by TPS is for 35-mm diameter vaginal cylin-
der when used along with 30º curvature central tandem and is 
7.47% and is least for 0º central tandem when used with 20-mm 
vaginal cylinder and is 4.78%. The percentage attenuation values 
obtained by using well-type ionization chambers also showed that 
the maximum attenuation was by 35-mm diameter vaginal cylin-
der when used along with 30º curvature central tandem and is 
6.82%, the least attenuation is for 0º central tandem when used 
with 20-mm vaginal cylinder and is 3.52%. 

The results of the statistical analysis in both Gafchromic mea-

Fig. 4. Vaginal cylinders with respective diameter of water equivalent elasto-gel: (A) 35 mm, (B) 30 mm, (C) 26 mm, (D) 23 mm, and (E) 20 mm.
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Fig. 5. (A) Setup used to obtain charge collection when water equiv-
alent elasto-gel. (B) Setup used to obtain charge collection when 
tandem and vaginal cylinder assemble was used.

surements and for well-type ionization chamber measurements 
showed that there is a significant decrease in dose when 30º angu-
lated central tandem is used with a 35-mm vaginal cylinder (p <  
0.10). However, for all other measurements, the difference was not 
significant (p >  0.10). 

Discussion and Conclusion 

In this study, the attenuation due to PEEK vaginal cylinders when 
used with stainless steel central tandems has been studied. The do-
simetric influence of various vaginal cylinders, when used with dif-
ferent types of central tandems in brachytherapy, has been ob-
tained using EBT3 Gafchromic films. In this study, a novel method 
that is the use of a well-type ionization chamber to find the atten-
uation due to various applicators used in brachytherapy was used 
and the results obtained were quite similar to the measurements 
using Gafchromic films. 

The dose at the surface of the tandem and vaginal cylinder as-
sembly was obtained by placing the Gafchromic films on the sur-
face of the applicator. The dose recorded on the films was mea-
sured by using an Epson scanner with IMRT OmniPro software. The 
effect of tandem and vaginal cylinder assembly on net charge col-
lection versus the charge collection with water equivalent elas-
to-gel was also studied using a well-type ionization chamber. The 
results obtained from these two methods gave effective attenua-

AA BB
tion due to tandem and vaginal cylinder assembly and the results 
in both the methods were analogous to each other with little vari-
ation. 

The heterogeneity of the medium is not taken into account by 
the TPSs using the TG-43 algorithm for dose calculations. The TG-
43 formalism effectively ignores the attenuation caused by vaginal 
cylinders and by metallic applicators, and thus the TPS calculated 
target, and OAR doses are overestimated and are presented in this 
study. 

The percentage overestimation of dose by TPS for various tan-
dem and vaginal cylinder assembly obtained in this study are 
shown in Tables 2–4. The percentage attenuation was also calcu-
lated for various tandems when used with different types of vagi-
nal cylinders in well-type ionization chamber and it also showed 
almost the same trend with little respective variation and can be 
seen in Tables 5–7. 

Sampath et al. [17] have studied the influence of central vaginal 
cylinders in HDR 192Ir brachy treatment with different diameter ap-
plicators. They have analyzed the dosimetric influence due to vari-
ous vaginal cylinders of diameters 2.0, 2.5, 3.0, and 3.5 cm. They 
measured the dose by using a 0.125-mL ion chamber and the On-
centra planning system (Elekta, Stockholm, Sweden) was used for 
the dose calculation. The dose measured with the ion chamber was 
compared with EDR2 radiographic films. The authors conclude that 
the difference in TPS calculated and a measured dose is significant 
when high-density vaginal cylinders are used in measurement, 
which is consistent with our study. Parsai et al. [24] have studied 
the dose attenuation around Fletcher-Suit-Delclos due to stainless 
steel tube for HDR brachytherapy by using Monte Carlo calculations. 
The authors conclude that the patients may be receiving less dose 
due to metallic applicators. The authors further added that the an-
isotropy function has a predominant influence on dose reduction, 
whereas the radial dose function does not fluctuate too much as a 
result of attenuation. The authors suggested that the anisotropic 
and radial dose function of source in water used in treatment plan-
ning systems based on TG-43 formalism may be replaced with cor-
responding parameters of source applicator assembly. 

In conclusion, this study is a step forward towards a better dose 
delivery in HDR ICBT treatment and evaluates the dose variation 
due to the brachytherapy TPS. The commercially available TPS used 
in brachytherapy calculates dose at various locations by using TG-
43 formalism. To verify the TPS calculated doses, in vitro dose mea-
surements of various tandems and vaginal cylinders by using EBT3 
Gafchromic films were performed and the percentage attenuation 
due to various tandems and vaginal cylinders was also calculated 
by using a well-type ionization chamber. 

The attenuation due to metallic central tandem and the vaginal 
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Table 2. Comparison of mean in vivo doses and calculated (TPS) doses in ICBT with 0º central tandem and vaginal cylinder assembly

Serial 
No.

Vaginal cylinder 
diameter (mm)

Angulation of 
central tandem (º)

Prescribed 
dose (Gy)

Mean dose at surface of applicator (Gy) Deviation (calculated–
measured) dose (Gy)

Overestimation of dose 
by TPS (%)Calculated (TPS) Measured (in vivo)a)

1 35 0 6.0 19.40 17.95 1.45 7.47
2 35 0 6.0 18.80 17.38 1.42 7.55
3 35 0 6.0 19.90 18.43 1.47 7.39
4 35 0 6.0 20.10 18.60 1.50 7.44

Mean 1.46 Mean 7.47
5 30 0 6.0 18.80 17.51 1.29 6.86
6 30 0 6.0 19.10 17.85 1.25 6.52
7 30 0 6.0 18.10 16.87 1.23 6.77
8 30 0 6.0 18.50 17.20 1.30 7.01

Mean 1.27 Mean 6.79
9 26 0 6.0 18.20 17.20 1.00 5.47
10 26 0 6.0 18.70 17.66 1.04 5.54
11 26 0 6.0 17.10 16.19 0.91 5.32
12 26 0 6.0 18.00 17.04 0.96 5.33

Mean 0.98 Mean 5.42
13 23 0 6.0 17.60 16.73 0.87 4.96
14 23 0 6.0 17.10 16.28 0.82 4.78
15 23 0 6.0 16.80 15.99 0.81 4.81
16 23 0 6.0 17.20 16.35 0.85 4.92

Mean 0.84 Mean 4.87
17 20 0 6.0 16.10 15.33 0.77 4.79
18 20 0 6.0 16.90 16.12 0.78 4.62
19 20 0 6.0 15.40 14.69. 0.71 4.58
20 20 0 6.0 16.90 16.10 0.80 4.71

Mean 0.77 Mean 4.68

TPS, treatment planning system; ICBT, intracavitary brachytherapy.
Percentage overestimation is calculated by using the following formula: 
a)Using Gafchromic films.

Table 3. Comparison of mean in vivo doses and calculated (TPS) doses in ICBT with 20º central tandem and vaginal cylinder assembly

Serial 
No.

Vaginal cylinder 
diameter (mm)

Angulation of 
central tandem (º)

Prescribed 
dose (Gy)

Mean dose at surface of applicator (Gy) Deviation (calculated–
measured) dose (Gy)

Overestimation of dose 
by TPS (%)Calculated (TPS) Measured (in vivo)a)

1 35 20 6.0 20.80 19.22 1.58 7.62
2 35 20 6.0 19.20 17.83 1.36 7.11
3 35 20 6.0 21.20 19.52 1.68 7.92
4 35 20 6.0 22.10 20.43 1.67 7.54

Mean 1.57 Mean 7.55
5 30 20 6.0 20.20 18.81 1.39 6.88
6 30 20 6.0 21.00 19.57 1.43 6.82
7 30 20 6.0 19.50 18.24 1.26 6.44
8 30 20 6.0 18.30 16.98 1.32 7.21

Mean 1.35 Mean 6.83
9 26 20 6.0 20.10 18.95 1.15 5.72
10 26 20 6.0 18.20 17.21 0.99 5.44
11 26 20 6.0 19.30 18.21 1.09 5.66
12 26 20 6.0 20.00 18.95 1.05 5.23

Mean 1.07 Mean 5.51

(Continued to the next page)

100− ×100.
Measured dose

Calculated dose

https://doi.org/10.3857/roj.2022.00199186

Aijaz A. Khan, et al.

https://doi.org/10.3857/roj.2022.00199


Table 4. Comparison of mean in vivo doses and calculated (TPS) doses in ICBT with 30º central tandem and vaginal cylinder assembly

Serial 
No.

Vaginal cylinder 
diameter (mm)

Angulation of 
central tandem (º)

Prescribed 
dose (Gy)

Mean dose at surface of applicator (Gy) Deviation (calculated–
measured) dose (Gy)

Overestimation of dose 
by TPS (%)Calculated (TPS) Measured (in vivo)a)

1 35 30 6.0 21.60 19.99 1.61 7.47
2 35 30 6.0 22.00 20.34 1.66 7.54
3 35 30 6.0 21.10 19.42 1.68 7.98
4 35 30 6.0 20.90 19.22 1.67 8.01

Mean 1.66 Mean 7.75
5 30 30 6.0 22.20 20.64 1.56 7.01
6 30 30 6.0 21.40 19.95 1.45 6.77
7 30 30 6.0 19.20 17.88 1.32 6.88
8 30 30 6.0 22.80 21.26 1.54 6.75

Mean 1.47 Mean 6.85
9 26 30 6.0 23.60 22.04 1.56 5.98
10 26 30 6.0 22.10 20.85 1.25 5.67
11 26 30 6.0 24.00 22.78 1.22 5.08
12 26 30 6.0 20.40 19.13 1.27 6.23

Mean 1.33 Mean 5.74
13 23 30 6.0 22.80 21.58 1.22 5.33
14 23 30 6.0 19.10 18.13 0.97 5.08
15 23 30 6.0 22.00 20.93 1.07 4.86
16 23 30 6.0 24.60 23.41 1.19 4.84

Mean 1.11 Mean 5.03
17 20 30 6.0 22.80 21.69 1.11 4.87
18 20 30 6.0 21.00 20.01 0.99 4.70
19 20 30 6.0 22.60 21.56 1.04 4.59
20 20 30 6.0 23.90 22.71 1.19 4.96

Mean 1.08 Mean 4.78

TPS, treatment planning system; ICBT, intracavitary brachytherapy.
Percentage overestimation is calculated by using the following formula: 
a)Using Gafchromic films.

Serial 
No.

Vaginal cylinder 
diameter (mm)

Angulation of 
central tandem (º)

Prescribed 
dose (Gy)

Mean dose at surface of applicator (Gy) Deviation (calculated–
measured) dose (Gy)

Overestimation of dose 
by TPS (%)Calculated (TPS) Measured (in vivo)a)

13 23 20 6.0 18.10 17.18 0.92 5.09
14 23 20 6.0 17.10 16.25 0.85 4.99
15 23 20 6.0 17.90 17.06 0.84 4.70
16 23 20 6.0 18.90 17.97 0.93 4.94

Mean 0.89 Mean 4.93
17 20 20 6.0 18.70 17.92 0.77 4.14
18 20 20 6.0 18.10 17.21 0.89 4.90
19 20 20 6.0 16.10 15.34 0.76 4.74
20 20 20 6.0 16.40 15.57 0.83 5.06

Mean 0.81 Mean 4.71

TPS, treatment planning system; ICBT, intracavitary brachytherapy.
Percentage overestimation is calculated by using the following formula:
a)Using Gafchromic films.

Table 3. Continued

100− ×100.
Measured dose

Calculated dose

100− ×100.
Measured dose

Calculated dose
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Table 5. Mean attenuation due to 0° central tandem when used with various vaginal cylinders

Serial 
No.

Diameter of vaginal cylinder 
or elasto-gel (mm)

Angulation of 
central tandem 

(°)

Prescribed 
dose (Gy)

Mean charge collected
Attenuation by tandem and 

vaginal cylinder assembly (%)Elasto-gel (nC1)
Tandem and vaginal 

cylinder (nC2)
1 35 0 6.0 7338.3 7865.3 6.70
2 35 0 6.0 7534.7 8046.5 6.36
3 35 0 6.0 7022.7 7496.5 6.32
4 35 0 6.0 8027.6 8558.2 6.20

Mean 6.40
5 30 0 6.0 7927.2 8345.3 5.01
6 30 0 6.0 7889.9 8295.6 4.89
7 30 0 6.0 7973.2 8389.3 4.96
8 30 0 6.0 7631.2 8065.1 5.38

Mean 5.06
9 26 0 6.0 8178.7 8535.5 4.18
10 26 0 6.0 8140.6 8502.8 4.26
11 26 0 6.0 8169.5 8522.3 4.14
12 26 0 6.0 8269.5 8633.8 4.22

Mean 4.20
13 23 0 6.0 8355.4 8698.1 3.94
14 23 0 6.0 8425.2 8765.3 3.88
15 23 0 6.0 8508.4 8852.8 3.89
16 23 0 6.0 8404.7 8746.7 3.91

Mean 3.91
17 20 0 6.0 8894.8 9219.3 3.52
18 20 0 6.0 9082.9 9403.6 3.41
19 20 0 6.0 8422.8 8738.2 3.61
20 20 0 6.0 8871.2 9197.7 3.55

Mean 3.52

Percentage attenuation by tandem and vaginal cylinder assembly is calculated by using the following formula:

Table 6. Mean attenuation due to 20° central tandem when used with various vaginal cylinders

Serial 
No.

Diameter of vaginal cylinder 
or elasto-gel (mm)

Angulation of 
central tandem 

(°)

Prescribed 
dose (Gy)

Mean charge collected
Attenuation by tandem and 

vaginal cylinder assembly (%)Elasto-gel (nC1)
Tandem and vaginal 

cylinder (nC2)
1 35 20 6.0 7286.6 7796.5 6.54
2 35 20 6.0 7667.9 8231.8 6.85
3 35 20 6.0 7114.0 7626.5 6.72
4 35 20 6.0 7807.2 8348.2 6.48

Mean 6.65
5 30 20 6.0 7946.2 8381.2 5.19
6 30 20 6.0 7888.5 8318.6 5.17
7 30 20 6.0 7848.4 8289.4 5.32
8 30 20 6.0 7999.7 8445.6 5.28

Mean 5.24
9 26 20 6.0 8172.8 8562.4 4.55
10 26 20 6.0 8637.5 9011.5 4.15
11 26 20 6.0 8098.2 8469.2 4.38
12 26 20 6.0 8199.2 8569.4 4.32

Mean 4.35

(Continued to the next page)

100− ×100.
nC2

nC1
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Serial 
No.

Diameter of vaginal cylinder 
or elasto-gel (mm)

Angulation of 
central tandem 

(°)

Prescribed 
dose (Gy)

Mean charge collected
Attenuation by tandem and 

vaginal cylinder assembly (%)Elasto-gel (nC1)
Tandem and vaginal 

cylinder (nC2)
13 23 20 6.0 8452.0 8800.5 3.96
14 23 20 6.0 8571.8 8939.2 4.11
15 23 20 6.0 8251.1 8596.7 4.02
16 23 20 6.0 8205.2 8545.3 3.98

Mean 4.02
17 20 20 6.0 8823.6 9179.8 3.88
18 20 20 6.0 9056.7 9416.4 3.82
19 20 20 6.0 8805.8 9139.4 3.65
20 20 20 6.0 9142.2 9485.6 3.62

Mean 3.74

Percentage attenuation by tandem and vaginal cylinder assembly is calculated by using the following formula:

Table 7. Mean attenuation due to 30° central tandem when used with various vaginal cylinders

Serial 
No.

Diameter of vaginal cylinder 
or elasto-gel (mm)

Angulation of 
central tandem 

(°)

Prescribed 
dose (Gy)

Mean charge collected
Attenuation by tandem and 

vaginal cylinder assembly (%)Elasto-gel (nC1)
Tandem and vaginal 

cylinder (nC2)
1 35 30 6.0 6760.3 7252.8 6.79
2 35 30 6.0 7422.4 7959.7 6.75
3 35 30 6.0 6840.0 7346.1 6.89
4 35 30 6.0 6976.8 7488.2 6.83

Mean 6.82
5 30 30 6.0 8869.0 9380.2 5.45
6 30 30 6.0 8421.5 8898.5 5.36
7 30 30 6.0 7849.8 8299.6 5.42
8 30 30 6.0 8635.1 9119.3 5.31

Mean 5.39
9 26 30 6.0 8835.2 9255.4 4.54
10 26 30 6.0 8593.7 8994.9 4.46
11 26 30 6.0 8539.1 8940.5 4.49
12 26 30 6.0 9090.9 9516.3 4.47

Mean 4.49
13 23 30 6.0 8164.5 8524.2 4.22
14 23 30 6.0 7845.1 8179.6 4.09
15 23 30 6.0 8235.3 8591.9 4.15
16 23 30 6.0 8251.4 8611.4 4.18

Mean 4.16
17 20 30 6.0 8800.3 9148.9 3.81
18 20 30 6.0 8987.9 9354.6 3.92
19 20 30 6.0 9100.8 9468.2 3.88
20 20 30 6.0 8315.1 8642.7 3.79

Mean 3.85

Percentage attenuation by tandem and vaginal cylinder assembly is calculated by using the following formula:

Table 6. Continued

100− ×100.
nC2

nC1

100− ×100.
nC2

nC1
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cylinders used in brachytherapy treatment of gynecological cancers 
is more when compared to the attenuation due to water. Thus, the 
dose to the target as well as OAR is overestimated by the TPS in 
the HDR brachytherapy and should be taken into consideration 
while calculating the dose to the target and nearby organs at risk. 
The under dosage of the target if not considered may otherwise 
lead to treatment failures. 
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Introduction 

Worldwide, prostate cancer is the second most common cancer in 
men and the fifth leading cause of cancer-related deaths [1]. His-
torically, the treatment for metastatic prostate cancer has been 
androgen deprivation therapy (ADT) followed by systemic treatment 
when this failed. In addition, the use of docetaxel was a major 
milestone in increasing the overall survival (OS) and clinical re-
sponse rate in metastatic castration-resistant prostate cancer 
(mCRPC) [2]. Subsequently, the advent of androgen receptor-tar-
geted agents (ARTAs) has brought about a major breakthrough in 
this setting [3–6] as well as in metastatic hormone-sensitive pros-
tate cancer (mHSPC) [7–10].  

However, not all metastatic patients progress the same way. 

Purpose: Ablative treatment of oligometastases has shown survival benefit with certain tumors, al-
though these effects still are to be demonstrated in prostate cancer. 
Materials and Methods: We analysed the toxicity and clinical control results obtained in patients with 
bone-only oligometastatic prostate cancer treated with stereotactic ablative radiotherapy (SABR). Ret-
rospective study on patients with metachronous oligoprogression and synchronous de novo bone-only 
oligometastatic prostate cancer treated with SABR and androgen deprivation therapy. 
Results: Treatment schedules varied according to location and organs at risk, with biologically equiv-
alent dose (BED) ≥100 Gy. Fifty-five bone lesions (31 patients) were treated and evaluated for toxicity, 
local control, progression-free survival (PFS), and overall survival (OS). After a 41-month follow-up, 
there was minimal acute or chronic toxicity and no G3 toxicity. The local control at 3 and 5 years was 
100% and 87.1%, respectively. Median PFS and OS were 43 and 98 months, respectively. The best re-
sult in PFS was obtained with BED ≥230 Gy, delaying time to the next systemic therapy by 28.5 
months. 
Conclusion: The use of SABR in bone oligometastases of prostate cancer is safe with minimal toxicity 
and excellent results in local control and PFS, delaying the start of the next systemic therapy. 

Keywords: Stereotactic body radiotherapy, Bone oligometastases, Prostate cancer, Next systemic 
therapy
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There is a subgroup with a limited number of lesions with less ag-
gressive behaviour corresponding to the oligometastatic state, de-
fined by Hellman and Weischselbaum [11] as an intermediate state 
between a localised tumour and widespread metastatic disease. 

This patient profile may produce better results when non-inva-
sive and potentially immunogenic local treatment of metastases 
with stereotactic ablative radiotherapy (SABR) is added to their 
therapeutic regimens [12]. Furthermore, metastasis-directed thera-
py (MDT) with SABR in these patients is well tolerated with mini-
mal toxicity, delaying clinical progression with a potential benefit 
in both metastasis-free survival and new systemic therapy, as 
demonstrated in several retrospective studies and randomised 
phase II trials, such as ORIOLE [13] and STOMP [14]. Increasing the 
time to new systemic therapy could increase quality of life in these 
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patients [15,16]. 
In the case of prostate cancer, metastasis-targeted therapy has 

been evaluated in mHSPC and mCRPC, with good tolerance and 
promising results [17,18], although most studies include patients 
with nodal involvement and few focus on exclusive bone metasta-
ses, despite having a cancer-specific mortality 1.58 times higher 
than exclusive nodal metastases and being the sole site of metasta-
sis in 63.6% of metastatic patients [19]. Next-generation imaging 
(NGI) tests detect metastases with lower prostatic specific antigen 
(PSA) levels, allowing earlier diagnosis of these patients [20,21]. 

The aim of this study was to assess the clinical control and tox-
icity of SABR on exclusive bone metastases PCa, as well as the time 
to the next-line systemic treatment (NEST). 

Materials and Methods 

We retrospectively evaluated patients with ≤5 exclusively bone 
metastases from prostate cancer, treated at our centre with SABR 
in the context of oligometastatic disease. All the patients were 
evaluated by a multidisciplinary committee and signed informed 
consent for the treatment and for the anonymised use of their data 
for scientific purposes. Eight patients debuted with de novo oligo-
metastatic disease ("synchronous group") and the remaining 23 
presented with metachronous disease ("metachronous group"). In 
the first group, seven patients were treated with ADT, external 
beam radiation therapy (EBRT) for the primary tumour (doses of 76 
Gy/38 fractions, 70 Gy/28 fractions, or 62 Gy/20 fractions) and 
SABR for metastases, while the remaining one received ADT and 
SABR for metastases. In the other group, 15 patients were treated 
at diagnosis with EBRT ±  ADT and eight underwent surgery ±  
EBRT ±  ADT. The presence of metachronous bone metastases was 
diagnosed after confirming biochemical recurrence, following the 
Phoenix criteria [22] in cases treated with EBRT, and the European 
Association of Urology criteria [23], in surgical patients. After con-
firming biochemical progression, the imaging tests available at the 
centre were performed in each case, confirming the presence of 
metastases: computed tomography (CT) or whole-body magnetic 
resonance (WBMR) and bone scintigraphy and choline-PET-CT. All 
patients received ADT for 6 months (metachronous) or 24 months 
(synchronous) concurrent with irradiation. 

Prior to ablative treatment, a planning CT scan was performed 
using 3-mm thick slices. Each patient was treated with customised 
immobilization devices and in some cases a 4D-CT scan was per-
formed. The CT was co-registered with the available diagnostic 
tests for each patient. The planning target volume (PTV) was ob-
tained by adding a 5-mm margin to the bony lesion in all direc-
tions. For vertebral lesions, the recommendations published by the 

International Spine Radiosurgery Consortium [24] were followed. 
Dose to PTV was prescribed at 100% (complying D98% ≥100% and 
D2 ≤110% of the prescribed dose). Treatment was delivered by in-
tensity-modulated radiotherapy (IMRT) or volumetric modulated arc 
therapy (VMAT), flattening filter free to reduce delivery times on lin-
ear accelerator. A kilovoltage cone-beam CT (kV-CBCT) was per-
formed on all the patients prior to treatment to verify the position-
ing. Once the patient is positioned, a slow CBCT is performed, and 
the clinician manually adjusts the target for accuracy. We stratified 
the patients by the biologically equivalent doses (BED) received in 
the SABR treatment: the median BED (α/β: 1.5) was 230 Gy.  

Weekly clinical check-ups were carried out during the treatment 
and 15 days after its conclusion. After 3 months, a further fol-
low-up with PSA and the same imaging test used at diagnosis was 
performed to assess the patient's response. Thereafter, follow-ups 
were programmed every 6 months with an associated imaging test 
if progression was suspected. Acute and chronic toxicity was deter-
mined according to the Common Terminological Criteria for Ad-
verse Events (CTCAE) version 5 [25]. 

The statistical analyses were carried out with SPSS software 
(v24.0; IBM Corp., Armonk, NY, USA) and the following factors were 
evaluated: local progression-free survival (LPFS) understood as re-
lapses within the irradiation field (defined as an increase in the size 
or uptake of the treated lesions detected in the PET-CT together 
with an increase in the PSA values), PFS (defined as an increase in 
PSA >25% post-SABR or the appearance of a new lesion on imag-
ing tests), OS (defined as the time elapsed from the last day of 
SABR treatment to death from any cause or the last follow-up), 
and time to the NEST (defined as the time from the end of concur-
rent ADT treatment with SABR to progression and the start of the 
subsequent systemic treatment). 

Survival analyses were estimated by applying the Kaplan-Meier 
method, performing the log-rank test to assess differences between 
the different categories analysed. Cox regression was performed to 
assess variables that could impact survival. p-values ≤0.05 were 
considered statistically significant. 

Results 

At the time of diagnosis, the mean age was 65.7 years (range, 45 
to 77 years); 80.6% of patients were high or very high-risk, and the 
median PSA was 14 ng/mL (range, 4.5 to 70 ng/mL). The median 
time to progression for metachronous lesions was 71 months 
(range, 14 to 143 months). The median PSA at the time of progres-
sion (pPSA) prior to the procedure was 3.7 ng/mL (range, 0.3–97.0 
ng/mL). Fourteen lesions were synchronous, 41 were metachronous, 
and 81.8% were non-spinal. A total of 55 bone lesions were treat-
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ed in 31 patients (18 patients were treated with SABR on a single 
bone lesion, 5 patients on two bone lesions, 5 patients on three le-
sions, and 3 patients on four bone metastases). The baseline patient 
characteristics are shown in Table 1. 

The most frequent location of metastases was in the iliac bone 
(34.5%), followed by ribs (16.4%) and pubic bone (10.9%). The lo-
cation of the lesions is shown in Table 2. The dose and number of 
fractions administered varied depending on the location and re-
strictions of the organs at risk. The dose range received (BED1.5) was 
130–275 Gy and the most used treatment schedule was 30 Gy/3 
fractions (SABR characteristics are shown in Table 2). The treat-
ment was well tolerated and there were no cases of ≥G3 toxicity; 
43.6% of the cases presented acute G1 toxicity and 7.3% experi-
enced G2 toxicity (mainly urinary) due to the treatment of the pri-
mary tumour. There was no chronic toxicity in 63.6% of the cases 
and there was only one G2 case. 

The median follow-up time was 41 months (range, 1 to 160 
months). The LPFS rate was 94.5% and relapse was only observed 
in three lesions. Local control at 3 and 5 years was 100% and 

87.1%, respectively. BED ≥230 Gy had no impact on local control 
in the multivariate analysis (hazard ratio [HR] =  2.38; 95% confi-
dence interval [CI], 0.21–26.33; p =  0.47), probably due to the 
small number of events in our series. The other variables analysed 
showed no trend in the univariate or multivariate analysis, probably 
due to the limited number of events. 

The median PFS was 43 months (95% CI, 19.4–66.5), with 35.2% 
of patients currently free of disease. Furthermore, the PFS was 
higher when the BED was stratified (47.4 months vs. 25.5 months 
in BED ≥230 Gy vs. <230 Gy, respectively; p =  0.037). A trend in 
PFS was observed in synchronous versus metachronous lesions 
(52.4 months vs. 29.2 months; p =  0.053), while no differences 
were found according to the pPSA levels (p =  0.21), number of 
metastatic lesions (p =  0.44), Gleason index (p =  0.91), or risk 
group (p =  0.11). Moreover, BED remained a significant factor for 
PFS in the multivariate analysis (HR =  2.92; 95% CI, 1.18–8.41; p 

Table 1. Baseline characteristics

Characteristic Value
Number of patients 31
Number of metastases 55
Mean age at diagnosis (yr) 65.7
PSA at diagnosis (ng/mL) 14 (4.5–70)
Gleason score
 6 6 (19.4)
 3+4 5 (16.1)
 4+3 4 (12.9)
 8 6 (19.4)
 9–10 10 (32.3)
Risk group
 Very low risk 1 (3.2)
 Low risk 2 (6.4)
 Intermediate favorable risk 1 (3.2)
 Intermediate unfavorable risk 2 (6.4)
 High risk 8 (25.8)
 Very high risk 17 (54.8)
Primary tumor treatment
 Metachronous group
  RP + EBRT + ADT 8 (25.8)
  EBRT + ADT 15 (48.4)
 Synchronous group
  EBRT + ADT 7 (22.6)
  ADT 1 (3.2)

Values are presented as median (range) or number (%).
PSA, prostatic specific antigen; RP, radical prostatectomy; EBRT, external 
beam radiation therapy; ADT, androgen deprivation therapy.

Table 2. SABR characteristics

Characteristic Value
Type of lesions
 Synchronous 14 (25.5)
 Metachronous 41 (74.5)
Number of lesions
 1 18 (58.1)
 2 5 (16.1)
 3 5 (16.1)
 4 3 (9.7)
Location of lesions
 Non-spinal
  Iliac bone 19 (34.5)
  Rib 9 (16.4)
  Pubic bone 6 (10.9)
  Femur 4 (7.3)
  Scapula 3 (5.4)
  Ischium 3 (5.4)
  Tibia 1 (1.8)
 Spinal
  Lumbar spine 4 (7.3)
  Thoracic spine 3 (5.4)
  Cervical spine 3 (5.4)
SABR schedule (BED1.5)
 24 Gy/3 fx (152 Gy) 13 (23.6)
 27 Gy/3 fx (189 Gy) 7 (12.7)
 30 Gy/3 fx (230 Gy) 30 (54.5)
 33 Gy/3 fx (275 Gy) 1 (1.8)
 30 Gy/5 fx (150 Gy) 2 (3.6)
 30 Gy/6 fx (130 Gy) 2 (3.6)

Values are presented as number (%).
SABR, stereotactic ablative radiotherapy; fx, fraction; BED1.5, biologi-
cally equivalent dose with α/β ratio of 1.5 Gy.

https://doi.org/10.3857/roj.2022.00101194

Ángel L. Sánchez-Iglesias, et al.



=  0.046) (Fig. 1).  
The most frequent progression location was distant (30.9%), fol-

lowed by lymph nodes and mixed locations (5.5% each). The treat-
ments received were ARTA (22.58%), SABR (12.9%) and ADT 
(12.9%). Metastasis-free survival (MFS) was 61.8%, with a median 
of 48 months (95% CI, 32.3–63.6). At the time of analysis, 77.4% 
of the patients were still alive, with a median OS of 98 months 

(95% CI, 18.1–177.8). There were four cancer-specific deaths and 
the OS at 3 and 5 years was 82.6% and 77.4%, respectively. We did 
not find any significant differences in the OS when we considered 
the decrease in PSA after SABR (p =  0.77) (prognostic factors for 
LPFS, PFS and OS are shown in Table 3). 

Finally, in our results we observed a delay in the initiation of the 
NEST, at 28.5 months. 

Fig. 1. Kaplan-Meier curves of survival. (A) Local progression-free survival (LPFS). (B) Progression-free survival (PFS) and (C) Cox regression in 
patients with BED <230 Gy and ≥230 Gy. (D) PFS in patients with synchronous oligometastatic disease and metachronous oligorecurrent dis-
ease. BED, biologically equivalent dose; HR, hazard ratio; CI, confidence interval.
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Discussion and Conclusion 

In some solid tumour types, local SABR treatment of oligometa-
static patients has recently shown survival benefit in a phase II trial 
(SABR-COMET) [26]. In oligometastatic prostate cancer, the data 
we have so far show that MDT is safe for the patient, with a good 
tolerability profile and delaying clinical progression [13,14]. In this 
study, we assessed metastasis-targeted therapy with SABR and ADT 
in patients with bone-only oligometastatic prostate cancer, with 
satisfactory results in terms of toxicity, local control and time to 
the NEST. 

This study has some limitations, the first being its retrospective 
nature with a small patient cohort compared to other studies of 
metastasis-directed therapy, since it was a single-center study, 
with a small number of patients fulfilling the condition of exclu-
sively bone oligometastatic disease. Other limitations may be het-
erogeneity in terms of the imaging techniques used (the large ma-
jority of choline-PET and a small part conventional imaging tests) 
and the presence of a minority of synchronous lesions compared to 
metachronous lesions. On the other hand, a highlight of our study 
is that it only includes exclusive bone lesions compared to the 
higher frequency of both bone and lymph node lesions studies in 
the literature. 

Our work on oligometastatic bone disease exclusively treated 
with SABR shows that patients had excellent tolerance to the 

treatment with only low rates of acute or chronic G2 toxicity, and 
no cases of ≥G3 toxicity. There was only one case of acute G2 tox-
icity related to the treatment of the metastases, in the form of 
pain. These tolerance data correspond with those reported else-
where in the literature [27,28]. 

Ablative treatment of bone metastases offers excellent local 
control, as shown by Habl et al. [29] and Rogowski et al. [30], with 
the latter reporting a local failure rate of 1.7% at 24 months. Our 
data are consistent with these previous findings, with an LPFS of 
100% at 36 months. Of particular note, our analysis shows that the 
number of metastases, Gleason index, stage at diagnosis, or pPSA 
levels were not statistically significant predictive factors for surviv-
al. The PFS was higher when we stratified the patients according to 
the BED, which should therefore be considered an independent 
predictor of PFS after multivariate analysis. BED >100 Gy have 
been considered as ablative doses in different tumour primaries. 
Ost et al. [31] found a correlation between BED exceeding 100 Gy 
and PFS in cases of prostate oligometastases, and Hurmuz et al. 
[32] reported the same correlation in LPFS. Our data confirmed the 
correlation with PFS, but not with LPFS. There was a trend towards 
higher PFS in patients with synchronous lesions (p =  0.053); no 
differences were found in BED received (p =  0.78) or in lesions per 
patient (p =  0.60), finding a lower age (p =  0.019) and a lower 
percentage of toxic habits in the subgroup of synchronous patients. 

All our patients received ADT during the ablative treatment, but 

Table 3. Univariate analysis of prognostic factors

LPFS (mo) p-value PFS (mo) p-value OS (mo) p-value
Gleason score 0.18 0.91 0.57
 ≤7 95.0 40.9 121.4
 ≥8 56.8 34.5 76.6
Number of metastases 0.95 0.44 0.50
 1 88.8 43.1 98.9
 ≥2 70.9 34.8 56.4
Type of metastases 0.09 0.053 0.17
 Synchronous 93.2 52.4 98.0
 Metachronous 79.8 29.2 98.2
Dose BED1.5 (Gy) 0.45 0.037 0.51
 <230 88.4 25.5 90.9
 ≥230 91.1 47.4 80.2
pPSA (ng/mL) 0.39 0.21 0.80
 <3.7 91.3 46.1 78.0
 ≥3.7 87.9 28.8 91.5
PSA decline (%) 0.74 0.77 0.77
 <30 91.1 5.5 108.9
 ≥30 96.7 43.0 97.3

LPFS, local progression-free survival; PFS, progression-free survival; OS, overall survival; BED1.5, biologically equivalent dose with α/β ratio of 1.5 Gy; 
pPSA, PSA at the time of progression.
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we do not know its possible impact on the results. Some authors 
[29] did not observe differences if hormonal treatment was added, 
although Rogowski et al. [30] observed a benefit in patients who 
underwent ADT during SABR. This provides a possible form of study 
that would let us compare our series with another group receiving 
exclusively SABR.  

Radiation therapy to the primary tumour improved the OS in pa-
tients with metastatic prostate cancer with a low tumour burden, 
as seen in the HORRAD trial [33] and STAMPEDE trial [34]. Further-
more, a secondary analysis [35] of the STAMPEDE trial data re-
vealed that the number of bone metastases influenced the OS, with 
this metric being more relevant in patients with ≤3 lesions. There-
fore, in patients with bone oligometastases, adding ablative treat-
ment of metastases to radiotherapy of the primary tumour, we 
would likely achieve greater local control of the disease, which 
could lead to a benefit in terms of OS. Nonetheless, although the 
data we obtained in our series showed a trend (p =  0.172) in this 
subgroup of patients, we still lack randomized studies to support 
this assumption. 

Time to next systemic therapy is being used as an exploratory 
outcome in metastases directed therapies for different tumour 
types. In two studies of MDT in oligometastatic non-small cell lung 
cancer, SABR was reported to delay the time to the next systemic 
therapy [15,16]. Other studies have shown the synergistic action of 
sequential MDT and ADT in prolonging the castration-sensitivity 
time and delaying the time to NEST [36,37]. In our series, the time 
to the next systemic therapy time was 28.5 months and therefore 
represented promising data that may impact on the quality of life 
of these patients, who are elderly. 

Low PSA levels after SABR on metastases have been associated 
with a better prognosis [38]. In the setting of mCRPC, an early de-
crease in PSA levels 4 weeks after the onset of abiraterone acetate 
may function as a surrogate for OS and PFS [39,40]. However, in our 
work, we assessed the early decrease in PSA after SABR and did not 
obtain significant differences in PFS or OS in patients with a de-
crease in PSA by ≥30% at 1 month compared to lower decreases. 

In conclusion, our data allow us to conclude that ablative treat-
ment of bone metastases in patients with oligometastatic prostate 
cancer is a safe treatment that produces minimal toxicity and ex-
cellent results in terms of local control. Higher BEDs were associat-
ed with better PFS results, thereby delaying the start of the next 
systemic treatment. 
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Introduction 

Radiotherapy is established as a standard radical treatment for pa-
tients with localized prostate cancer. The results of prospective 
randomized studies confirmed that radiotherapy in low and inter-
mediate risk patients is as effective as a surgical treatment while 
providing a better safety profile [1]. Separate retrospective studies 
confirm that in male with high and very high-risk prostate cancer 

Purpose: To compare biochemical recurrence-free survival (BRFS) and toxicity outcomes of high dose 
rate brachytherapy (HDRB) and stereotactic body radiotherapy (SBRT) boost after elective nodal irra-
diation for high/very high-risk prostate cancer. 
Materials and Methods: A retrospective analysis was performed in 149 male patients. In 98 patients, 
the boost to the prostate was delivered by HDRB as 2 fractions of 10 Gy (EQD2 for α/β = 1.5; 66 Gy) 
or 1 fraction of 15 Gy (EQD2 for α/β = 1.5; 71 Gy). In 51 male patients, SBRT was used for the boost 
delivery (3 fractions of 7 Gy; EQD2 for α/β = 1.5; 51 Gy) because brachytherapy equipment was out of 
order. 
Results: In 98 patients that received HDRB boost, 3- and 5-year BRFS were 74.6% and 66.8%. Late 
grade-II genitourinary toxicity was detected in 27, grade-III in 1 case. Grade-II (maximum) rectal tox-
icity was diagnosed in nine patients. For 51 male patients that received SBRT boost, 3- and 5-year 
BRFS was 76.5% and 67.7%. Late grade-II (maximum) genitourinary toxicity was detected in five 
cases, late grade-II rectal toxicity in four cases. Other three patients developed late grade-III–IV rectal 
toxicity that required diverting colostomy. SBRT boost was associated with higher maximum dose to 
2 cm3 of anterior rectal wall (D2cm³rectum) compared to HDRB: 92% versus 55% of dose to prostate. Se-
vere rectal toxicity was negligible at EQD2 D2cm³rectum <85 Gy and EQD2 D5cm³ rectum <75 Gy. 
Conclusion: Our results indicate similar 3- and 5-year BRFS in patients with high/very high-risk pros-
tate cancer who received HDRB or SBRT boost, but SBRT boost is associated with higher rate of se-
vere late rectal toxicity. 
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surgery is associated with higher rates of overall and cancer specif-
ic survival compared to the external beam radiotherapy [2,3]. How-
ever, recently several doses escalated studies that utilized high dose 
rate brachytherapy (HDRB) boost in addition to pelvic irradiation 
outperformed surgical treatment and external beam radiotherapy 
in terms of biochemical control, distant metastatic free and/or can-
cer specific survival [4-7]. The studies mentioned above validate 
the use of brachytherapy as the standard method for prostate 
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boost as it allows delivery of highest total equivalent dose (EQD2 
>100 Gy) without a significant increase of radiation burden for 
normal tissues [5,6,8]. 

Accumulated clinical experience confirms that stereotactic abla-
tive body radiotherapy (SBRT) as well as brachytherapy is charac-
terized by highly accurate irradiation of the prostate with sharp 
dose gradient and efficient sparing of surrounding normal tissues 
[9,10]. This makes it possible to consider SBRT as a promising 
non-invasive method of boost delivery to the prostate. However, 
there are no clinical data with direct comparison of the efficacy 
and safety of HDRB versus SBRT boost in treatment of high and 
very high-risk prostate cancer. Therefore, in this single center retro-
spective study we analyzed our personal experience of using HDRB 
and SBRT for delivery of the boost to the prostate after elective 
pelvic nodal irradiation. 

Materials and Methods 

In the practice of the Institute, HDRB has been used since 2012 for 
monotherapy of low and intermediate risk prostate cancer, and as 
a routine technique for boost delivery after pelvic nodal irradiation 
in high and very high-risk groups. SBRT has been used since 2013 
for monotherapy of patients with low and intermediate risk pros-
tate cancer. Unfortunately, our brachytherapy equipment was out 
of order twice for periods of 145 and 55 days. At this time SBRT 
was the only modality for “boosting” the prostate (33 cases). In ad-
dition, since 2016 in patients with contraindications for spinal an-
esthesia and/or severe comorbidities we also have used SBRT for 
“boost” delivery (18 cases). 

Finally, 149 patients with high/very high-risk prostate cancer 
(clinical stage T3–4, Gleason >7, prostate specific antigen [PSA] 
>20 ng/mL) treated at N.N. Petrov National Medical Research Cen-
ter of Oncology between June 2012 and April 2018 were included in 
the analysis approved by the local Ethical Committee (No. 09/2020). 
Written informed consent was obtained from all participants before 
the start of the treatment. One-third (31.7%) of the patients had 
instrumental signs (MRI, PET-CT) of pelvic lymph node involvement. 
Staging was performed according to the American Joint Committee 
on Cancer (AJCC) 7th edition. All male patients had androgen depri-
vation therapy with subsequent pelvic lymph node irradiation initi-
ated 1–3 months after the start of hormonal treatment: in 93 pa-
tients as 3D conformal 4-field technique; in the remaining 56 male 
patients using volumetric modulated arc therapy (VMAT)—the pre-
scribed dose varied from 43 Gy to 50 Gy (Table 1). 

1. Brachytherapy boost 
From June 2012 to June 2017, 98 patients (average age, 65.1 years; 

range, 49 to 82 years) received brachytherapy boost delivered as 2 
fractions (2 implantations) of 10 Gy (81 males) or 1 fraction of 15 
Gy (17 males) 3–4 weeks after the end of pelvic irradiation. The 
mean intervals between fractions was 18.4 days (range, 14 to 24 
days) and never exceed 24 days. Total equivalent dose in 2 Gy frac-
tions (EQD2) of the boost were 66–71 Gy (EQD2 for α/β =  1.5) and 
52–71 Gy (EQD2 for α/β =  3). 

Implantation of the needles was performed under spinal anes-
thesia with transrectal ultrasound (TRUS) guidance. Pre- and 
post-implantation automatic 3D TRUS image acquisition was per-
formed for real-time intraoperative treatment planning with in-
verse and/or volumetric optimization algorithms using Oncentra 
Prostate planning system (Elekta, Stockholm, Sweden). The organs-
at-risk defined in every case were as follows: anterior rectal wall, 
urethra (catheter), bladder neck (catheter balloon). Gross tumour 
volume (GTV) was defined as the prostate and proximal 1/2–2/3 of 
seminal vesicles; clinical target volume (CTV) was created by 2–3 
mm expansion of GTV in all directions except posterior and in the 
direction of the bladder. The dose was prescribed to CTV with the 

Table 1. Patient and tumor characteristics

Characteristic HDRB group 
(n =  98)

SBRT group 
(n =  51)

Pretreatment PSA (ng/dL) 42.2 (4.1–189.0) 40.3 (5.6–303.0)
 <10 14 (14.3) 8 (15.6)
 10–20 28 (28.6) 14 (27.5)
 >20 56 (57.1) 29 (56.9)
Gleason score
 ≤7 51 (52) 27 (52.9)
 8 39 (39.8) 18 (35.3)
 9–10 8 (8.2) 6 (11.8)
Clinical stage
 ≤T2c 18 (18.4) 18 (35.3)
 T3a 30 (30.6) 8 (15.7)
 T3b 50 (51) 23 (45.1)
 T4 - 2 (3.9)
Lymph node status (clinical)
 N+ 32 (32.7) 15 (29.4)
 N- 66 (67.3) 36 (70.6)
Technique for pelvic lymph 
node irradiation
 VMAT (Gy) 18 38

48.6 (45.4–50.2) 47.1 (44.9–50.6)
 3D-CRT (Gy) 80 13

47.9 (43.2–50.8) 49.6 (42.8–50.2)

Values are presented as number (%) or mean (min–max).
HDRB, high dose rate brachytherapy; SBRT, stereotactic body radiother-
apy; PSA, prostate-specific antigen level; VMAT, volumetric modulated 
arc therapy; RT, radiotherapy; 3D-CRT: Three-dimensional conformal ra-
diotherapy

201https://doi.org/10.3857/roj.2022.00339

Brachytherapy versus SBRT prostate boost

https://doi.org/10.3857/roj.2022.00339


following objectives: CTV V100 >93%, CTV D90 >100%; urethra 
maximum dose <115% and urethra D10 <110%. A 2 cm3 maxi-
mum dose to the bladder neck and anterior rectal wall should be 
kept below 75% (D2cm3 <75%). 

2. SBRT boost 
From May 2015 to April 2018, 51 patients (mean age, 68.4 years; 
range, 51 to 76 years) received SBRT boost to the prostate: in 33 
cases as the substitute of HDRB because brachytherapy equipment 
was out of order, and in the remaining 18 patients because of con-
traindication for spinal anesthesia. Patient characteristics are pre-
sented in Table 1. The boost was delivered as 3 fractions of 7 Gy 
each (51 Gy EQD2 for α/β =  1.5 and 42 Gy EQD2 for α/β =  3). Gold 
fiducial markers (3 per patient) were transperineally inserted into 
the prostate under the TRUS guidance. Planning MRI and simula-
tion CT were performed with an empty rectum and a full (200–400 
mL) bladder 3–7 days after fiducial markers placement. GTV and 
CTV were the same as described earlier for HDRB boost, and plan-
ning target volume (PTV) was 3–5 mm in all directions and 1–3 
mm posteriorly. The dose was prescribed to 90% PTV. A total dose 
of 21 Gy in 3 daily fractions was delivered with TrueBeam or Nova-
lis (Varian Medical Systems, Palo Alto, CA, USA) linear accelerators. 
Cone-beam CT was used for treatment guidance before and after 
each VMAT session. In male with full rectum and/or empty bladder 
SBRT session was delayed and performed after adequate prepara-
tion of the patient. Spacers or rectal balloons were not used in pa-
tients included in the analysis. 

3. Patient follow-up and toxicity assessment 
According to our standard follow-up strategy, patients were evalu-
ated every 3 months for the first year and every 6 months thereaf-
ter. The primary endpoints of this analysis were biochemical dis-
ease-free survival and late toxicity. Acute toxicity and late toxicity 
were determined using Common Terminology Criteria for Adverse 
Events (CTCAE) version 5 [11]. For each person the highest CTCAE 
score recorded 6 and more months after the end of treatment was 
defined as maximum late toxicity. 

PSA was obtained at baseline, every 3 months for the first 2 
years and every 6 months thereafter. The PSA relapse was diag-
nosed as nadir after the end of treatment plus 2 ng/mL (Phoenix 
definition). PSA bounce was characterized by PSA raised above na-
dir with a subsequent decline to nadir level. 

The correlations of treatment (HDRB vs. SBRT) and dosimetric 
variables with the probability of severe late rectal complications 
were analyzed with χ2 test and t-test for independent variables. 
Biochemical relapse-free survival was evaluated using Kaplan-Mei-
er curves. A p-values below 0.05 were considered significant. 

Results 

The median follow-up in the group of HDRB boost was 87.7 
months (range, 42.1 to 102.0 months). The 3-year and 5-year BRFS 
were 75.6% and 66.8%, respectively (Fig. 1). 

During the follow-up period, one patient died of prostate cancer; 
three patients died of other reasons (cardiovascular decompensa-
tion, second tumor). Local recurrences in the prostate were detect-
ed in 3 (10.3%) of 29 patients with biochemical relapse. Pelvic 
nodes involvements were detected in 8 (27.6%) cases, retroperito-
neal lymph nodes above the bifurcation of aorta in other 11 
(37.9%) observations. Bone metastases were diagnosed in 11 
(37.9%) of 29 patients with biochemical relapse. 

Late grade III urinary toxicity was detected in 1 (1.1%) of 98 pa-
tients. It manifested by urethra stricture surgically treated with a 
good functional result. Grade II toxicity was mentioned in 28 
(28.6%) cases and in most observations (24 male) manifested by 
frequency and/or urgency that were successfully treated by an-
ti-inflammatory therapy and α-blockers. Grade II rectal toxicity was 
detected in 8 (8.2%) cases and manifested by episodes of rectal 
bleeding and/or painful defecation that were the cause of conser-
vative treatment. In one man, we diagnosed a subcompensated 
rectal stenosis treated conservatively and also estimated as grade II 
toxicity. 

In 51 patients who received SBRT boost, the median follow-up 
was 55.1 months (range, 31.1 to 69.1 months); two patients were 
lost for follow-up 38 and 43 months after the end of treatment. 
The 3-year biochemical relapse-free survival was 82.3%, 5-year 

Fig. 1. Biochemical relapse-free survival in patients with HDRB (blue) 
or SBRT (red) boost to the prostate. HDRB, high dose rate brachyther-
apy; SBRT, stereotactic body radiotherapy.
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was 67.7%. Biochemical relapses were diagnosed in 12 patients: in 
8 of 12 cases they manifested by bone metastases and were sub-
clinical in the remained four observations. 

Late grade II urinary complications (two cases of urinary urgency 
and/or frequency and three cases of retention treated by α-block-
ers) were detected in five patients (9.8%). We explained lower inci-
dents of grade II urinary toxicity after SBRT by non-invasive char-
acter of this technique that does not require catheterization of 
urethra and needle insertion. Late grade II rectal toxicity was de-
tected in four cases (8.6%) and in all observations was represented 
by rectal bleedings (2 males) that did not recur, and/or painful def-
ecation (2 males) that were the cause of conservative treatment. 

Late grade III–IV rectal toxicity was revealed in three cases 
(5.9%). In three patients with proctitis and clinically significant 
bleedings the conservative treatment by argon plasma coagulation 
and hemotransfusions was ineffective. In all three cases the pa-
tients underwent colostomy, one male patient that was on oral an-
ticoagulant after the coronary surgery, manifested by severe bleed-
ing and was treated in the intensive care unit (grade IV toxicity). 

Taking into account significantly higher risk of grade III–IV rectal 
toxicity in patients who received SBRT boost to the prostate (p =  
0.038), we performed dosimetric comparison of HDRB and SBRT 
treatment plans (Table 2, Fig. 2). The presented data demonstrated 
two important dosimetric differences between HDRB and SBRT 
boost: significantly lower dose to the anterior rectum wall (p <  
0.0001) and higher mean prostate dose (p <  0.001) in patients 
who received HDRB boost. In patients who received SBRT boost, we 
separately analyzed the correlation between doses absorbed by an-

terior rectum wall (D2cm3 and D5cm3) and probability of severe rectal 
toxicity (Tables 3, 4). According to our data, the risk of severe late 
rectal toxicity is negligible when D2cm3 and D5cm3 (α/β =  3) are be-
low 85 Gy and 75 Gy, respectively. The probability of late rectal 
complication becomes unacceptable when D2cm3 and D5cm3 (α/β =  3) 
are above 90 Gy and 81 Gy. 

Discussion and Conclusion 

The performed retrospective analysis demonstrates a similar effica-
cy of HDRB and SBRT when used as a prostate boost after regional 
lymph node irradiation in combination with hormonal therapy: 
3-year and 5-year biochemical relapse-free survival was 74.6% 
versus 76.5% and 66.8% versus 67.7%, respectively. Literature data 
demonstrated a substantial variability of BRFS rates for patients 
with high and/or very high-risk prostate cancer. Some authors re-

Table 2. Dosimetric parameter comparison

Organ
Treatment modality

HDRB SBRT
Target (prostate)
 V100% (%) 94.9±3.6 97.9±2.1
 D90% (%) 103.6±4.0 99.8±3.4
Rectum
 D0.1cm3 (Gy) 75.8±5.0 98.5±5.3
 D2cm3 (Gy) 60.8±4.5 88.8±6.9
Urethra
 D10% (%) 106.2±4.1 102.2±3.1

Values are presented as mean ± standard deviation. Doses represented 
as the percent of the prescription dose.
HDRB, high dose rate brachytherapy; SBRT, stereotactic body radiother-
apy; V100%, volume of the prostate (gross tumor volume) receiving 100% 
of the prescription dose; D90%, radiation dose delivered to 90% of the 
prostate (gross tumor volume); D0.1cm3, maximum dose received by 0.1 
cm3 of the anterior rectal wall; D2cm3, maximum dose received by 2 cm3 
of the anterior rectal wall; D10%, dose received by 10% of the urethra 
volume.

Fig. 2. Axial views of the US-based trans-rectal HDRBT and SBRT plans 
with overlaid dose distribution. (A) Axial view of the US-based HDRB 
plan. Red line indicates contour of prostate; dark blue line, contour of 
anterior rectal wall; yellow line, 100% isodose; light cyan line, 80% 
isodose (white arrow); dark cyan line, 50% isodose (yellow arrow). Only 
50% isodose cross small volume of anterior rectal wall. (B) Axial CT-
MRI fused image of the prostate with one visualized fiducial in the 
right lobe. Treatment plan of the prostate SBRT. Red line indicates 
prostate and CTV contours; magenta line, contour of the rectum; green 
line, 100% isodose; dark blue line, 80% isodose (white arrow); cyan 
line, 50% isodose (yellow arrow). Half of the rectum volume is covered 
by 50% isodose, the whole anterior rectum wall is covered by 80% 
isodose, 100% isodose “touch” anterior rectal wall. SBRT, stereotactic 
body radiotherapy; HDRB, high dose rate brachytherapy; US, ultra-
sound; CT, computerized tomography; MRI, magnetic resonance to-
mography.
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ported that it was in the range of 81%–91% even after the mono-
therapy with HDRB or SBRT [12,13]. These data corresponded to 
our previous findings of 78% of BRFS after HDRB of patients with 
high-risk prostate cancer [14]. On the other hand, the prospective 
multicenter trials and some retrospective reports pointed out that 
5-year BRFS in mixed population of high and very high-risk pros-
tate cancer patients varied from 47% to 67% [6,15,16]. Taking into 
account the predominance of very high-risk patients in both HDRB 
and SBRT boost groups of our study and considering that most of 
relapses were represented by generalization with bone and/or “out 
of fields” lymph node metastases, the presented rates of BRFS seem 
acceptable. It is also important to mention very high rates of a 
5-year locoregional control that exceeded 90% in HDRB group, 
and was equal to 100% after a 3-year follow-up in male who un-
derwent SBRT boost. 

The biggest surprise of this study was the high level of severe 
late rectal toxicity after SBRT boost. Our previous experience with 
HDRB, SBRT monotherapy and HDRB boost in more than 900 pa-
tients with prostate cancer indicates excellent safety profile for 
both procedures with grade III rectal toxicity below 1%. In patients 
who received HDRB boost, we did not mentioned grade III rectal 
toxicity, and late grade II toxicity was detected only in 8.2% cases. 
The dosimetric analysis gives some explanations to the observed 
differences: D0.1cm3 and D2cm3 for anterior rectal wall was about 
22%–28% higher with SBRT boost. These dosimetric differences in 
the dose to the anterior rectal wall were already mentioned in the 
literature [17-19]. In particular, in the study of Frohlich et al. [19], 
D2cm3 to the rectum was 1.8 higher with SBRT compared to HDRB. 
Literature analysis clearly demonstrated that these differences 
transformed into important clinical consequences. For instance, it 
was shown that low and high dose rate brachytherapy was associ-
ated with significant reduction of grade III rectal toxicity when 
compared to external beam radiotherapy [4,20,21], SBRT [22] as 
monotherapy treatment and SBRT as a boost [18,23]. It is interest-
ing that in all of these studies brachytherapy manifested by maxi-
mum grade II rectal toxicity that matches our data. Conversely, 

grade III rectal late toxicity varied in most of these studies around 
2.5%-5% [4,18,22,23]. Parzen et al. [21] analyzed rectal toxicity in 
2,863 patients with prostate cancer and mentioned that compared 
to external beam radiotherapy HDRB was associated with the de-
creased rates of chronic rectal grade ≥  II bleeding (1.3% vs. 8.7%). 

Dose escalation to the primary tumor in high/very high-risk pros-
tate cancer is an important factor associated with high rates of 
long-term relapse free and overall survival [24,25]. On the other 
hand, reduction of radiation dose to the anterior rectal wall below 
its tolerance minimized the risk of severe functional impairments 
[26,27]. When choosing the technique of SBRT boost (total dose 
and fractionation scheme), we were guided by numerous reports 
on maximum tolerant doses to the anterior rectal wall that corre-
spond to acceptable (≤1%–2%) severe (grade ≥  III) rectal toxicity 
in monotherapy [27-29] or boost [30-32] trials. In SBRT studies it 
was shown that the EQD2 for α/β =  3 to 2 cm3 of anterior rectal 
wall in the range of 83.5–92.5 Gy was associated with minimal se-
vere toxicity [22,23,28-30]. A comprehensive analysis of rectal tox-
icity in dose escalation study was performed by Kim et al. [26], and 
the authors concluded that delayed severe rectal injury occurs 
when >3 cm3 of continues rectal wall received 50 Gy (EQD2 for α/
β =  3 ≥130 Gy). The authors also postulated three main mecha-
nisms of rectal toxicity: direct stem cell inactivation, disrupted 
stem cell migration and vascular/stroma damage which is closely 
correlated with the delayed rectal wall tolerance [26]. 

Our practice with SBRT boost indicated a significantly lower 
threshold dose in terms of late rectal toxicity. In particular, we 
found out that it is possible to minimize the probability of severe 
late rectal toxicity when D2cm3 and D5cm3 (α/β =  3) are below 85 Gy 
and 75 Gy. Probably, such differences in tolerance doses can be ex-
plained by a more aggressive treatment of our patients—they re-
ceived a combination of pelvic lymph node irradiation with SBRT. 
In this case, the whole circumfluence of the rectum received 46–50 
Gy with additional dose to the anterior rectal wall during the deliv-
ery of the boost. Another possible explanation is the aggressive lo-
cal treatment of the rectal bleeding—all three males with grade III 

Table 3. Late gastrointestinal toxicity in accordance with the maxi-
mum dose to the 2 cm3 of anterior rectal wall

Late toxicity grade
Rectum D2cm3 equivalent dose

<85 Gy 85-90 Gy 91–93 Gy
Grade 0–I 25 (100) 14 (88) 7 (70)
Grade II - 1 (6) 1 (10)
Grade III–IV - 1 (6) 2 (20)
Overall 25 (100) 16 (100) 10 (100)

Values are presented as number (%).
D2cm3, maximum dose received by 2 cm3 of the anterior rectal wall.

Table 4. Late gastrointestinal toxicity in accordance with the maxi-
mum dose to the 5 cm3 of anterior rectal wall

Late toxicity grade
Rectum D5cm3 equivalent dose

<75 Gy 75–80 Gy 81–83 Gy
Grade 0–I 25 (96.3) 11 (92) 9 (76)
Grade II 1 (3.7) - 1 (8)
Grade III–IV - 1 (8) 2 (16)
Overall 27 (100) 12 (100) 12 (100)

Values are presented as number (%).
D5cm3, maximum dose received by 5 cm3 of the anterior rectal wall.

https://doi.org/10.3857/roj.2022.00339204

Sergey Nikolaevich Novikov, et al.

https://doi.org/10.3857/roj.2022.00339


rectal toxicity underwent endoscopic invasive local interventions in 
non-oncologic outpatient clinics. 

To our knowledge, this is the first study that directly compares 
HDRB and SBRT when used as a boost in combination with a stan-
dard elective pelvic nodal irradiation, but our results have several 
important limitations. The main two are a relatively short follow-up 
period, especially in SBRT boost group, and the absence of the true 
randomization. It is well known that even in patients with high and 
very high prostate cancer many biochemical and clinical relapses 
can manifest after 5–10 years of follow-up. On the other hand, 
most events related to late toxicity become evident during the first 
3 years after the treatment, and it can be proposed that the obser-
vation time was sufficient to capture most of the late treatment 
complications. The retrospective nature of this analysis compromis-
es the comparison of two boost techniques. On the other hand, 
taking into account that indications for combined treatment in 
both groups were identical, and the choice of boost technique was 
driven only by the availability of HDRB equipment, it seems that 
the presented results objectively reflect the differences in efficacy 
and safety of both boost strategies. 

In conclusion, our results indicate similar 3-year and 5-year bio-
chemical control in patients with high/very high-risk prostate can-
cer who received elective pelvic irradiation with HDRB or SBRT 
boost. We also found out that SBRT boost was associated with 
higher late rectal toxicity than HDRB boost. The dosimetric com-
parison of SBRT and HDRB demonstrates that HDRB can deliver the 
prescribed dose to the prostate with a significantly lower exposure 
(28% lower D2cm3) to the anterior rectal wall. Our data show that in 
patients who received SBRT boost, the risk of severe late toxicity 
occurs when the dose absorbed by anterior rectal wall exceeds 
D2cm3 (α/β =  3) >  85 Gy and/or D5cm3 (α/β =  3) >75 Gy.  
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Introduction 

Primary malignancies of the lung are very rare in the pediatric pop-
ulation, accounting for <1% of all pediatric malignancies [1]. Even 
rarer are the primary malignancies of the trachea-bronchial tree in 
this population. Mucoepidermoid carcinoma (MEC) is uncommon in 
lungs constituting only 0.1%–0.2% of the primary lung malignan-
cies [2]. In the pediatric age group, it represents 9%–10% of all ma-
lignant primary lung tumors [1]. MEC is mainly the tumor of salivary 
glands and was initially described by Smetana et al. [3] in 1952. Pe-
diatric cases of MEC of the trachea are mainly limited to fewer 
than 10 cases reported in literature so far and are often clubbed 
with MEC of the whole tracheobronchial tree. 

Here, we report a case of 9-year-old male with MEC of the tra-

Mucoepidermoid carcinoma (MEC) is the most common malignancy of minor salivary glands in 
adults. Pulmonary MEC is extremely uncommon, comprising only 0.1–0.2% of the primary lung ma-
lignancies and <1% of primary bronchial tumors. It is even rarer in children, and literature is limited 
to a few case reports only. Here we present a case report of a 9-year-old boy diagnosed with primary 
MEC of the trachea along with a review of the literature. A 9-year-old male child presented with 
complaint of dry cough for two years which was later associated with shortness of breath after one 
year. Bronchoscopic examination revealed a growth arising from right lateral wall of carina occluding 
50% of the lumen and detailed histopathological examination revealed it to be a MEC of the trachea. 
The patient underwent local excision of the tumor with primary anastomosis. Because of positive 
margin, adjuvant radiotherapy of 60 Gy in 30 fractions was given to the tumor bed. The patient toler-
ated the treatment well and is disease free at 6 months follow-up. Experience with MEC of the tra-
chea in children is limited, and optimal treatment protocols have not been defined, with current 
treatment mainly extrapolated from MEC of the salivary glands.
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chea treated with surgery and postoperative radiotherapy. Till now, 
only fewer than ten cases of primary MEC of trachea has been re-
ported in children. Rarity of the disease may often lead to delayed 
diagnosis or misdiagnosis.  

Case Report 

A 9-year-old male child presented with complaint of dry cough for 
2 years which was later associated with shortness of breath after 1 
year. There was no seasonal variation. In view of overlapping spe-
cific symptoms patient was earlier diagnosed as case of asthma 
and took treatment for the same but to no relief [4]. 

A bronchoscopy was done which revealed growth from right lat-
eral wall of carina occluding 50% of the lumen. Positron emission 
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tomography (PET) scan showed a heterogeneous enhancing non 
fluorodeoxyglucose (FDG) avid lesion in right lateral wall of trachea 
2.5 cm above the carina. Patient underwent excision of the mass 
and primary anastomosis. On pathological examination of the 
specimen, grossly the tumor showed both exophytic and endophyt-
ic growth which was extending and eroding tracheal ring cartilage. 

Microscopically (Fig. 1A–1F) it revealed ill-defined tumor within 
the sub-epithelium giving polypoidal appearance to overlying mu-
cosa. It seemed to be arising from the submucosal glands and 
eroding hyaline cartilage at places. Tumor cells were predominantly 
composed of intermediate cells and were arranged in the form of 
nests, islands, trabeculae and at places solid sheets. Mitosis was in-
frequent. There were no areas showing cystic degeneration, signifi-
cant nuclear atypia or necrosis. Circumferential resection margin 
was close and distal and proximal resection margins were involved 
by the tumor. In consideration of the above findings final diagnosis 
was of tracheal MEC of intermediate grade. 

In view of positive margins he was given adjuvant radiotherapy 
with a dose of 60 Gy in 30 fractions in 6 weeks with volumetric 
modulated arc therapy (VMAT) on a 6-MV linear accelerator. The 
VMAT was planned using two arcs. A 95% of the prescribed dose 

was delivered to 98% of the PTV. The dose constraints to the or-
gans-at-risk were well respected. The Dmax of the spinal cord was 
44 Gy. V5 of B/L lungs was 25.6%, V20 was 13.3% and V30 was 4.7%. 
Dmean received by heart was 0.89 Gy. Esophagus received a Dmean of 
22 Gy and Dmean of thyroid gland was 45 Gy. 

During the course of radiotherapy, the patient developed grade 1 
skin reactions and grade 2 esophagitis which were managed con-
servatively without requiring any treatment gap. The patient toler-
ated the treatment well and is presently asymptomatic and is dis-
ease free both clinically and radiologically at 6 months of fol-
low-up. Dose distribution of the final plan of radiotherapy is shown 
in Fig. 2. 

Discussion 

MECs of tracheobronchial tree is extremely rare neoplasm in pedi-
atric population. MEC represents 0.2% of all lung tumors [2,5]. So 
far fewer than ten patients have been reported in literature in chil-
dren less than 10 years of age. Table 1 summarizes the cases of 
MEC of trachea in children less than 10 years of age. All the pa-
tients mentioned in the table were managed with surgical resec-

Fig. 1. (A) Squamous cells (black arrow, large cells having round pyknotic nuclei and abundant cytoplasm) and intermediate cells (blue arrow, 
small cells with high nuclear to cytoplasmic ratio and less cytoplasm). (B) Intermediate cells (blue arrow). (C) Mucus/vacuolated cells (red arrow, 
cells with abundant intracytoplasmic mucinous vacuoles) and respiratory lining (black arrow). (D) Higher power of previous image to appreciate 
mucus/vacuolated cells. (E) Periodic Acid-Schiff (PAS) stain and Alcian blue stain highlighting the intracytoplasmic mucin in the mucus/vacuo-
lated cells in blue color (black arrow). (F) P63 nuclear positivity in squamous and intermediate cells.
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Fig. 2. Dose distribution of the final radiotherapy plan.

Table 1. Summary of the cases of mucoepidermoid carcinoma trachea

Study Year Age (yr) Sex Site and grade of tumor Treatment Adjuvant 
treatment Survival Status

Papiashvilli et al. [5] 2012 9 Male Trachea Surgery No 24 months Tumor free
Noda et al [15] 1998 7 Male Trachea, intermediate grade Surgery No 16 months Tumor free
Desai et al. [14] 1998 4 Female Trachea, low grade Surgery No 8 weeks Tumor free
Romao et al. [12] 2009 8 Female Trachea, low grade Surgery No 3 years Tumor free

9 Female Trachea Surgery No 1 year Tumor free
Kim et al. [16] 1998 9 Male Trachea, low grade Surgery No 15 months Tumor free
Chan et al. [13] 2005 4 Male Trachea Surgery No 1 year Tumor free
Lin et al. [4] 2016 12 Male Trachea Surgery No 12 months Tumor free

tion and none of them received any adjuvant treatment. MEC of 
the lung presents in wide range of age groups however, younger 

patients are rare. In a cohort of 18 patients age range from 29-86 
years was reported by Rapidis et al. [6]. Ozawa et al. [7] reported 
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age range of 22–86 years in a cohort of 43 patients and an age 
range of 33–70 years in a cohort of 30 patients. Reports in involv-
ing pediatric age group of less than 10 years is very rare. 

Due to its rarity and overlapping symptoms with bronchial asth-
ma the diagnosis is often delayed in a child presenting with recur-
rent upper respiratory tract symptoms. Diagnosis delay for up to 20 
months has been reported in literature. Children with MEC of the 
tracheobronchial tree presents most commonly with coughing, 
wheezing, bronchitis, fever, chest pain and dyspnoea due later 
stage of the disease. Coughing, haemoptysis, fever, wheezing and 
recurrent pneumonia were the most common signs in patients in 
studies by Tsuchiya et al. [8] and Dinopoulos et al. [9]. In the pres-
ent report the patient developed dry cough for about 2 years dura-
tion which was later accompanied by shortness of breath due to 
tracheal luminal compromise. During the course the patient was 
initially a diagnosed as a case of bronchial asthma and thus there 
was a diagnosis delay of approximately 2 years. 

The investigation often begins with chest X-ray and CT-scan of 
the chest. The tumors usually presents as a lobulated exophytic lu-
minal mass. Bronchoscopy is indicated for better visualisation of 
the tumors and to take biopsy for confirmatory diagnosis. 

MEC of the tracheobronchial tree is histologically similar to MEC 
of salivary glands and these are categorised into low-, intermedi-
ate-, and high-grade tumors based on nuclear pleomorphism, ne-
crosis, type of cell (mucous, intermediate, and epidermoid), and de-
gree of mitotic activity [10]. Low-grade tumors are slow growing 
and are generally managed by surgery alone whereas high-grade 
tumors have poor prognosis due to greater chance of recurrences 
and metastasis and often require multimodality treatment [10]. In 
a study by Heitmiller et al. [11] on 18 patients, patients with high-
grade tumors did much worse with all of them dying within one 
and half years. However, all patients with low-grade tumors were 
reportedly alive at 4.7 years. 

MEC of the tracheobronchial tree in children should be consid-
ered potentially malignant. However due to slow growing nature of 
these tumors a prompt diagnosis and early surgical treatment is 
necessary. Complete surgical resection with en-bloc removal of 
tracheal rings and reconstruction of the trachea is the primary 
treatment [12-16]. Long-term cure has been achieved with com-
plete resection in low grade MEC patients in most of the studies. 
However, due to scarcity of the literature available, the role of ad-
juvant treatment is still unclear especially in intermediate grade 
histology. 

MECs of the salivary glands have been treated successfully with 
radiotherapy in the adjuvant setting. Studies have shown benefit of 
postoperative radiotherapy in patients with positive surgical mar-
gins, high-grade histology and recurrences in MECs of salivary 

glands [6]. Adequate local control in salivary gland MECs with pos-
itive margins have been achieved with dose of 55 Gy or more of 
adjuvant radiotherapy [17]. With the scarcity of literature available 
for adjuvant treatment in tracheobronchial MECs and extrapolating 
the role of radiotherapy in salivary gland MECs, adjuvant radiother-
apy with a dose of 60 Gy was delivered to the patient in our report. 
Adjuvant treatment have been used in cases of R2 resection or in 
case of high-grade tumors or a recurrence. Fauroux et al. [18] re-
ported a child who had recurrence after 3 years of initial resection. 
Benefit of combined chemotherapy and radiotherapy has been 
shown in few studies in high grade MEC and in recurrences. Risk/
benefit ratio of adjuvant treatment should be explained to patients 
and guardians. In the index case, as the mean dose to thyroid gland 
was 45 Gy, parents have been counselled regarding the potential 
risk of hypothyroidism in long term and frequent monitoring with 
thyroid function test. Patient should also be counselled and moni-
tored for any possible risk of radiation induced cancers especially in 
pediatric population. 

There have been few reports studying the role of targeted thera-
py in treatment of MEC of tracheobronchial tree. MECs of the sali-
vary gland are known to frequently overexpress epidermal growth 
factor receptor (EGFR). Specimens of pulmonary origin MECs were 
also tested for EGFR mutations by Han et al. [19], EGFR overexpres-
sion has been reported in few cases of high-grade MEC. Tyrosine 
kinase inhibitors (TKIs) are a known treatment option in adjuvant 
setting in EGFR mutation positive non-small-cell lung cancer. Par-
tial response has been seen in some of the patients with high grade 
MECs with the use of EGFR tyrosine kinase [19]. Prospective ran-
domized studies are needed to further investigate the role of EGFR 
TKIs in tracheal MEC.  

Childhood MECs of the tracheobronchial tree tend to do better 
compared to those in adults. In a study of Chin et al. [10], 1-year 
survival of only 20% in high-grade MEC in adult patients and 80% 
for low- and intermediate-grade MEC was found. However, in pae-
diatric patients of MEC the 5-year and 10-year overall survival and 
disease-free survival was found to be 100% in study done by Nev-
ille et al. [20]. 

MEC of the tracheobronchial tree is extremely rare in pediatric 
and is often overlooked while considering in the differential diag-
nosis for patients with signs of upper respiratory tract obstruction. 
Complete surgical resection is the primary treatment modality for 
low-grade MEC. However, high-grade and recurrent MECs of tra-
cheobronchial tree in adults have been managed with radiotherapy 
and chemotherapy in the adjuvant setting [18]. Role of radiothera-
py is also important in tracheal tumors where symptomatic control 
from luminal compromise by the tumors is required. Prospective 
studies are required for better defining treatment strategies of this 
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malignancy. 
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Instructions for Authors

The Radiation Oncology Journal (ROJ) is a peer-reviewed publication 
of the Korean Society for Radiation Oncology. The ROJ is published 
quarterly on the last day of March, June, September, and December, 
one volume per year. Any physicians or researchers throughout the 
world can submit a manuscript if the scope of the manuscript is ap-
propriate. Articles in the following categories will be published: origi-
nal articles, invited review articles, case reports, editorials, and letters 
to the Editor related to basic or clinical radiation oncology.

Manuscripts for submission to ROJ should be prepared according to 
the following instructions. ROJ follows the Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals: Writing and Editing for 
Biomedical Publication (http://www.icmje.org/urm_main.html), com-
monly known as “the Vancouver style,” if not otherwise described below.

1. RESEARCH AND PUBLICATION ETHICS

For the research and publication ethics policies not stated on this site, 
Good Publication Practice Guidelines for Medical Journals or Guide-
lines on Good Publication can be applied.

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

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

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

(2) Statement of Informed Consent and Institutional Review 
Board Approval
Authors should have obtained written informed consent from all partic-
ipants prior to inclusion in the study, and copies of written informed 
consent should be kept for studies on human subjects. For clinical stud-
ies of human subjects, a certificate, agreement, or approval by the Insti-
tutional Review Board (IRB) of the author’s institution is required. If 
necessary, the editor or reviewers may request copies of these docu-
ments to resolve questions about IRB approval and study conduct.

The statement should be included in the Materials and Methods sec-
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tion after the IRB approval. Identifying details of the participants should 
not be published in written descriptions and photographs. In cases 
where identifying details are essential for scientific purposes, the par-
ticipant should have given written informed consent for the identifying 
information to be published, and it should be stated separately.

Waiver of the informed consent can only be granted by the appropri-
ate IRB and/or national research ethics committee in compliance with 
the current laws of the country in which the study was performed, and 
this should be separately stated. It should be noted that manuscripts 
that do not contain statements on IRB approval and patient informed 
consent can be returned to the authors before the review process.

(3) Statement of Human and Animal Rights
All studies on human subjects must be conducted according to the 
principles expressed in the World Medical Association Declaration of 
Helsinki. Clinical studies that do not meet the Helsinki Declaration 
will not be considered for publication. The name or initials of the pa-
tient should not be displayed, and the patient’s identity should not be 
known when submitting photographs related to the patient. If there 
is a possibility that the patient’s identity may be exposed, it should be 
stated that the patient has given written consent.

All studies involving animals must state that the guidelines for the 
use and care of laboratory animals of the authors’ institution, or any 
national law, were followed.

All studies dealing with clinical trials should be registered on the 
primary national clinical trial registration site, such as Korea Clinical 
Research Information Service (CRiS, http://cris.nih.go.kr), other prima-
ry national registry sites accredited by World Health Organization or 
ClinicalTrials.gov (http://clinicaltrials.gov), a service of the US National 
Institutes of Health.

(4) How the journal will handle complaints and appeals
When the Journal faces suspected cases of research and publication 
misconduct such as a redundant (duplicate) publication, plagiarism, 
fabricated data, changes in authorship, undisclosed conflicts of inter-
est, 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 inap-
propriately influence or bias their actions. Such relationships are also 
known as dual commitments, competing interests, or competing loy-
alties. These relationships vary from being negligible to having great 
potential to influence 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 their scientific judgment. Financial relation-
ships 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 jour-
nal, the authors, or 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, the authors should disclose them 
in the manuscript. The conflicts of interest may occur during the re-
search 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 de-
positing 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 IC-
MJE journals that report the results of interventional clinical trials 
must contain a data sharing statement as described below. Clinical tri-
als that begin enrolling participants on or after January 1, 2019, must 
include a data sharing plan in the trial’s registration. The ICMJE’s poli-
cy regarding trial registration is explained at http://www.icmje.org/
recommendations/browse/publishing-and-editorial-issues/clinical-tri-
al-registration.html. If the data sharing plan changes after registration, 
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this should be reflected in the statement submitted and published 
with the manuscript and updated in the registry record. All the authors 
of research articles that deal with interventional clinical trials must 
submit data sharing plan. Based on the degree of sharing plan, authors 
should deposit their data after deidentification and report the DOI of 
the data and the registered site.

(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 inter-
est, an ethical problem discovered with the submitted manuscript, a 
reviewer who has appropriated an author’s idea or data, complaints 
against editors, and other issues, the resolving process will follow the 
flowchart provided by the Committee on Publication Ethics (http://
publicationethics.org/resources/flowcharts). The Editorial Board will 
discuss the suspected cases and reach a decision. We will not hesitate 
to publish errata, corrigenda, clarifications, retractions, and apologies 
when needed.

The Research Ethics Committee of the Korean Society for Radiation 
Oncology covers ethical issues involved with research and publication. 
This committee is composed of one chairperson and the members of 
the committee. The director of the ethics committee acts as the 
chairperson of this committee. The members of the Research Ethics 
Committee include the vice president, the auditor, the directors of 
general affairs, research, and publication committees, and two direc-
tors without a portfolio of the society become ex officio. The mem-
bers of this committee serve for a term of two years, and they may be 
reappointed.

If presented with convincing evidence of dual publication, frag-
mentation, plagiarism, fabrication, or theft of intellectual property in 
journals, the committee meeting will be held immediately for investi-
gation. If evidence becomes available that the regulation has been 
breached, publication of the corresponding manuscript is immediately 
canceled and all authors, including the corresponding author, are 
banned from any publication in the ROJ published for the next three 
years. The investigation results of the committee meeting must be 
notified for immediate disciplinary measures and reported to the 
board of directors. Other issues that are not specified in this regula-
tion abide by the decisions made by board members of the society, 
which conform with the Ethics Code of Science Technology set forth 
by the Korean Federation of Science Technology Societies.

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

are owned by the Korean Society for Radiation Oncology.

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

(10) Journal’s policy on preprint
A preprint can be defined as a version of a scholarly paper that pre-
cedes formal peer review and publication in a peer-reviewed scholarly 
journal. ROJ allows authors to submit the preprint to the journal. It is 
not treated as duplicate submission or duplicate publication. ROJ rec-
ommends authors to disclose it with DOI in the letter to the editor 
during the submission process. Otherwise, it may be screened from 
the plagiarism check program — Similarity Check (Crosscheck). Pre-
print submission will be processed through the same peer-review 
process as a usual submission. If the preprint is accepted for publica-
tion, authors are recommended to update the information at the pre-
print with a link to the published article in ROJ, including DOI at ROJ. 
It is strongly recommended that authors cite the article in ROJ in-
stead of the preprint at their next submission to journals.

2. ELECTRONIC SUBMISSION OF MANUSCRIPT

Manuscript submission is only available through the online submission 
site at https://submit.e-roj.org. Submission instructions are available on 
the website. All articles submitted to the ROJ must comply with these 
instructions. Failure to do so will result in the return of the manuscript 
and a possible delay in publication. For assistance, please contact us via 
E-mail (rojeditor@gmail.com), telephone (+82-2-743-6574).

3. PEER REVIEW PROCESS

The acceptance criteria for all papers are based on the quality and 
originality of the research and its clinical and scientific significance. 
Original Articles are generally reviewed at least by two peer review-
ers. The Editor-in-Chief is responsible for final decisions regarding the 
acceptance of a peer-reviewed paper. An initial decision will normally 
be made within four weeks of receiving a manuscript, and the re-
viewers’ comments are sent to the corresponding authors by E-mail. 
Revised manuscripts must be submitted online by the corresponding 
author. The corresponding author must indicate the alterations that 
have been made in response to the referees’ comments item by item. 
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Failure to resubmit the revised manuscript within 12 weeks of the 
editorial decision is regarded as a withdrawal.

4. MANUSCRIPT PREPARATION

(1) General Guideline
Authors are required to submit their manuscripts after reading the 
following instructions. Any manuscript that does not conform to the 
following requirements will be considered inappropriate and may be 
returned. When a manuscript is received for consideration, the editors 
assume that no similar paper has been or will be submitted for publi-
cation elsewhere. The main document with manuscript text and ta-
bles should be prepared with an MS-word program
· The manuscript should be written in 11-point font with double-line 

spacing on A4-sized (21.0×29.7 cm) paper with 25 mm margins on 
the top, bottom, right and left.

· All manuscript pages are to be numbered at the middle of the bot-
tom consecutively.

(2) Language
Manuscripts must be written succinctly in clear, grammatical English. 
All manuscripts originating from non-English speaking countries must 
be revised by a professional linguistic reviewer. Medical terminology 
should be written based on the most recent edition of Dorland’s Illus-
trated Medical Dictionary or the most recent edition of English-Kore-
an Korean-English Medical Terminology, published by the Korean 
Medical Association. The use of acronyms and abbreviations is dis-
couraged and should be kept to a minimum. When used, they are to 
be defined where first used, followed by the acronym or abbreviation 
in parentheses. Drug and chemical names should be stated in stan-
dard chemical or generic nomenclature. Units of measure should be 
presented according to the SI units (e.g., Gy, Sv, Bq, m, kg, L).

(3) Reporting Guidelines for Specific Study Designs
For the specific study design, such as randomized control studies, 
studies of diagnostic accuracy, meta-analyses, observational studies, 
and non-randomized studies, it is recommended that the authors fol-
low the reporting guidelines listed in the following table.

ORIGINAL ARTICLES
Original articles are reports of basic or clinical investigations. The 
manuscript for an original article should be organized on a separate 
page in the following sequence: title page, abstract and keywords, 
text (introduction, materials and methods, results, discussion, and 
conclusion), statements, references, tables, and figure legends.

1) Title page
The title Page should carry the following information.
· The title should be short, informative, and contain the major key-

words (no more than 15 words). It is not necessary to lead with ex-
pressions like “clinical research on -” or “the study on -.”

· Each author’s name (first name, middle name, and surname) fol-
lowed by the highest academic degree (e.g., Gil Dong Hong, MD).

· The name of the department (s) and institution (s) where the work 
was conducted. If the authors’ affiliation is different, indicate indi-
vidual departments and institutions by inserting a superscript letter 
immediately after the author’s name, and the same letter in front of 
the appropriate institution.

· Running title of fewer than 60 characters.
· Source(s) of support in the form of grants, equipment, drugs, or all 

of these.
· Complete mailing address, telephone, and E-mail for correspondence 

and reprints.

2) Abstract and Keywords
The abstract should be no more than 250 words, and described con-
cisely, in a paragraph, Purpose, Materials and Methods, Results, and 
Conclusion. Up to six keywords should be listed below the abstract. 
For selecting keywords, refer to the Medical Subject Headings; if suit-
able MeSH terms are not yet available for recently introduced terms, 
present terms may be used.

3) Text
Text should be arranged in the following order: Introduction, Materi-
als and Methods, Results, Discussion, and Conclusion.

Initiative Type of study Source

CONSORT Randomized controlled trials http://www.consort-statement.org

STARD Studies of diagnostic accuracy http://www.stard-statement.org

PRISMA Preferred reporting items of systematic reviews and meta-analyses http://www.prisma-statement.org

STROBE Observational studies inepidemiology http://www.strobe-statement.org
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Introduction
Introduction section should contain 1) the background and rationale 
of the study and 2) the objective of the study. The former part should 
state background information and references that inform the reader 
as to why the study was performed. Please avoid an extensive review 
of the literature. The final paragraph of the introduction should clear-
ly state the hypothesis and the objective of the study.

Materials and Methods
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 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). Identify and 
provide references for all the statistical methods used. Statistical 
methods should be described meticulously. Software used for the sta-
tistical analysis should be stated with the name, manufacturer, and 
version. For studies using human subjects, the detail of IRB approval 
and patient informed consent should be stated. For animal experi-
ments, a statement of approval by the institutional animal care com-
mittee or appropriate substitute should be provided.

Results
Present the results in logical sequence in the text, along with tables 
and figures. Do not repeat data that are already covered in the tables 
and/or figures; summarize only important observations. Do not illus-
trate minor details if their message is adequately conveyed by simple 
descriptive text. Make sure to give results for all items evaluated as 
mentioned in Materials and Methods section. State the statistical 
significance of the results.

Discussion and Conclusion
Emphasize the advances in knowledge provided by the study and the 
conclusions that follow from them. Do not repeat in detail the data 
given in the Results section. Include in the Discussion the implications 
of the findings and their limitations. Relate the observations to other 
relevant studies. Link the conclusions with the goals of the study, but 
avoid unqualified statements and conclusions not supported by the 
data.

4) Statements
All manuscripts must contain the following statements after the main 
text and before the reference list.

Statement of Ethics
In the manuscript, the authors should state that subjects have given 
their written informed consent and that the study protocol was ap-
proved by the institute’s committee on human research.
(1) Study approval statement: Provide name and affiliation of the 

committee who approved the study and the decision reference 
number like as “This study protocol was reviewed and approved 
by [committee name, affiliation, and approval number].” If ethics 
approval was not required, or if the study has been granted an 
exemption from requiring ethics approval, this should also be 
stated, including the name of the ethics committee who made 
that decision.

(2) Consent to participate statement: For studies using human sub-
jects, state whether written informed consent was obtained from 
participants to participate in the study. If written informed con-
sent was not required, or if the study has been granted an ex-
emption from requiring written informed consent, this should 
also be stated, including the name of the ethics committee who 
made that decision.

Conflicts of Interest Statement
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 oth-
er corporations whose products or services are related to the subject 
matter of the article. Such relationships include, but are not limited 
to, employment by an industrial concern, ownership of stock, mem-
bership on a standing advisory council or committee, being on the 
board of directors, or being publicly associated with the company or 
its products. 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 corpo-
rations. Also, the nonfinancial relationships (personal, political, or 
professional) that may potentially influence the writing of the manu-
script should be declared. Please state “The authors have no conflicts 
of interest to declare” if no conflicts exist.

Acknowledgement (optional)
If necessary, persons who have made substantial contributions, but 
who have not met the criteria for authorship, are acknowledged here. 
An exception is where funding was provided, which should be includ-
ed in Financial Support.

Financial Support
Authors must give full details about the funding of any research rele-
vant to the study, including the name of the funding agency, country 
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and the number of the grant provided by the funding agency.

Author Contributions
In the Author Contributions section, a short statement detailing the 
contributions of each person named as an author should be included. 
Contributors to the paper who do not fulfil the ICMJE criteria for au-
thorship should be credited in the Acknowledgement section.

Data Availability Statement
Authors are required to provide a Data Availability Statement in their 
article that details whether data are available and where they can be 
found. The journal’s data sharing policy strongly encourages authors 
to make all datasets on which the conclusions of the paper rely avail-
able to editors, reviewers, and readers without unnecessary restriction 
wherever possible. In cases where research data are not publicly 
available on legal or ethical grounds, this should be clearly stated in 
the Data Availability Statement along with any conditions for access-
ing the data.

Examples of Data Availability Statements:
· The data that support the findings of this study are openly available 

in [repository name e.g “figshare”] at http://doi.org/[doi], reference 
number [reference number]

· Publicly available datasets were used in this study. These can be 
found in [repository name e.g “figshare”] at http://doi.org/[doi], ref-
erence number [reference number]

· All data generated or analyzed during this study are included in this 
article [and/or] its supplementary material files. Further enquiries 
can be directed to the corresponding author.

· The data that support the findings of this study are not publicly 
available due to [REASON WHY DATA ARE NOT PUBLIC e.g., their 
containing information that could compromise the privacy of re-
search participants] but are available from [e.g., the corresponding 
author [author initials] OR Data sharing committee [PROVIDE CON-
TACT DETAILS including email address] upon reasonable request]

· The data in this study was obtained from [third party source] where 
[RESTRICTIONS/LICENCE] may apply. Such a dataset may be re-
quested from [source contact information].

5) References
In the text, references should be cited with Arabic numerals in brack-
ets, numbered in the order cited. In the references section, the refer-
ences should be numbered in order of appearance in the text and 
listed in English. List all authors if there are less than or equal to six 
authors. List the first three authors followed by “et al.” if there are 
more than three authors. If an article has been published online, but 

has not yet been given an issue or pages, the digital object identifier 
(DOI) should be supplied. Journal titles should be abbreviated in the 
style used in Medline. Other types of references not described below 
should follow Citing Medicine: The NLM Style Guide for Authors, Edi-
tors, and Publishers.

Journal articles:
1. Yu JI, Park HC, Choi DH, et al. Prospective phase II trial of regional 

hyperthermia and whole liver irradiation for numerous chemore-
fractory liver metastases from colorectal cancer. Radiat Oncol J 
2016;34:34-44.

2. Childs SK, Kozak KR, Friedmann AM, et al. Proton radiotherapy for 
parameningeal rhabdomyosarcoma: clinical outcomes and late ef-
fects. Int J Radiat Oncol Biol Phys. 2011 Mar 4 [Epub]. http://dx.doi.
org/10.1016/j.ijrobp.2010.11.048.

Book:
3. Abeloff MD, Armitage JO, Niederhuber JE, Kastan MB, McKenna 

WG. Abeloff’s clinical oncology. 4th ed. Philadelphia, PA: Churchill 
Livingstone; 2008.

4. Jain RK, Kozak KR. Molecular pathophysiology of tumors. In: Halp-
erin EC, Perez CA, Brady LW, editors. Perez and Brady’s principles 
and practice of radiation oncology. 5th ed. Philadelphia, PA: Lippin-
cott Williams & Wilkins; 2008. p. 126-41.

Conference paper:
5. Medin PM, Foster RD, von der Kogel, Sayre J, Solberg TD. Spinal 

cord tolerance to reirradiation with radiosurgery: a swine model. 
In: 52th ASTRO Annual Meeting; 2010 Oct 31 - Nov 11; San Diego, 
CA, USA. Farifax, VA: ASTRO; 2010.

Online sources:
6. American Cancer Society. Cancer facts & figures [Internet]. Atlanta, 

GA: American Cancer Society; c2011 [cited 2011 Feb 20]. Available 
from: http://www.cancer.org/Research/CancerFactsFigures/index.

7. National Cancer Information Center. Cancer incidence [Internet]. 
Goyang (KR): National Cancer Information Center; c2011 [cited 
2011 Oct 20]. Available from: http://www.cancer.go.kr/cms/statics.

6) Tables
Each table should be typed in the separate sheet. The title of the table 
should be on top-placed, and the first letter of all words (except arti-
cles, conjunctions, prepositions) should be capitalized. Tables are 
numbered in order of citation in the text. Lower case letters in super-
scripts a), b), c) ... should be used for special remarks. Within a table, if a 
non-standard abbreviation is used or description may be necessary, 
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then list them under annotation below. The statistical significance of 
observed differences in the data should be indicated by the appropri-
ate statistical analysis.

7) Figures
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 resolution (preferably 300 dpi for figures and 600 dpi for line art 
and graph). The figures should be sized to column width (8.5 cm or 
17.5 cm). If figures are not original, the author must contact each 
publisher to request permission, and this should be remarked on the 
footnote of the figure. Figures should be numbered, using Arabic nu-
merals, in the order in which they are cited. All figures should be cited 
in the text (e.g., Fig. 1, Fig. 1A-C, Figs. 1 and 2). In the case of multiple 
prints bearing the same number, use capital letters after the numerals 
to indicate the correct order (e.g., Fig. 1A, Fig. 1B). A figure legend 
should be in English and a one-sentence description rather than a 
phrase or a paragraph. Capitalize the first letter of the first word. A 
legend for each light microscopic photograph should include the 
name of stain and magnification. Electron microscopic photographs 
should have an internal scale marker.

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

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

EDITORIAL
Editorials should be commentaries on articles published recently in 
the journal. Editorial topics could include active areas of research, 

fresh insights, and debates. Editorials should be no more than four to 
five pages in length, including references, tables, and figures.

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

5. COMMUNICATIONS TO THE PUBLISHER

We invite inquiries to the editorial office at any time during the edi-
torial process. For all matters concerning presubmission, editorial pol-
icies, procedures, business inquiries, subscription information, orders, 
or changes of address, please contact the editorial office.

Editorial Committee Office
Department of Radiation Oncology, Seoul National University Hospi-
tal,Hamchun Hall, 6F, 95 Daehak-ro, Jongno-gu, Seoul 03082, Republic 
of Korea
Tel : +82-2-743-6574
E-mail: rojeditor@gmail.com ,roj@kosro.or.kr

6. ADDITIONAL INFORMATION

(1) Copyright
All published papers become the permanent property of The Korean So-
ciety for Radiation Oncology. Upon acceptance of the manuscript, the 
authors will be required to sign a statement confirming that the manu-
script contains no material the publication of which violates any copy-
right or other personal or proprietary right of any person or entity.

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

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

NOTICE: These recently revised instructions for authors will be ap-
plied beginning with the June 2022 issue.
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Research and 
Publication Ethics

For the research and publication ethics policies not stated on this site, 
Good Publication Practice Guidelines for Medical Journals or Guide-
lines on Good Publication can be applied.

1. Journal policies on authorship and 
contributorship

1) Authorship
Authorship credit should be based on 1) substantial contributions to 
conception and design, acquisition of data, or analysis and interpreta-
tion of data; 2) drafting the article or revising it critically for import-
ant intellectual content; 3) final approval of the version to be pub-
lished; and 4) agreeing to be accountable for all aspects of the work 
in ensuring that the questions related to the accuracy or integrity of 
any part of the work are appropriately investigated and resolved. Au-
thors should meet these four conditions.

For any persons who do not meet the above four criteria, they may 
be placed as contributors in the Acknowledgments section. Descrip-
tion of co-first authors or co-corresponding authors is also accepted 
if the corresponding author believes that their roles are equally con-
tributed.

After the initial submission of a manuscript, any changes in author-
ship must be explained by a letter to the Editor-in-Chief from the au-
thors concerned. This letter must be signed by all authors of the paper. 
Copyright transfer and conflict of interest disclosure forms must be 
completed by every author. ROJ does not correct authorship after 
publication unless a mistake has been made by the editorial staff.

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

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

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

2. Statement of Informed Consent

Authors should have obtained written informed consent from all par-
ticipants prior to inclusion in the study, and copies of written in-
formed consent should be kept for studies on human subjects. For 
clinical studies of human subjects, a certificate, agreement, or approv-
al by the Institutional Review Board (IRB) of the author’s institution is 
required. If necessary, the editor or reviewers may request copies of 
these documents to resolve questions about IRB approval and study 
conduct.

The statement should be included in the Materials and Methods 
section after the IRB approval. Identifying details of the participants 
should not be published in written descriptions and photographs. In 
cases where identifying details are essential for scientific purposes, 
the participant should have given written informed consent for the 
identifying information to be published, and it should be stated sepa-
rately.

Waiver of the informed consent can only be granted by the appro-
priate IRB and/or national research ethics committee in compliance 
with the current laws of the country in which the study was per-
formed, and this should be separately stated. It should be noted that 
manuscripts that do not contain statements on IRB approval and pa-
tient informed consent can be returned to the authors before the re-
view process.
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3. Statement of Human and Animal Rights

All studies on human subjects must be conducted according to the 
principles expressed in the World Medical Association Declaration of 
Helsinki. Clinical studies that do not meet the Helsinki Declaration 
will not be considered for publication. The name or initials of the pa-
tient should not be displayed, and the patient’s identity should not be 
known when submitting photographs related to the patient. If there 
is a possibility that the patient’s identity may be exposed, it should be 
stated that the patient has given written consent.

All studies involving animals must state that the guidelines for the 
use and care of laboratory animals of the authors’ institution, or any 
national law, were followed.

All studies dealing with clinical trials should be registered on the 
primary national clinical trial registration site, such as Korea Clinical 
Research Information Service (CRiS, http://cris.nih.go.kr), other prima-
ry national registry sites accredited by World Health Organization or 
ClinicalTrials.gov (http://clinicaltrials.gov), a service of the US National 
Institutes of Health.

4. How the journal will handle complaints and 
appeals

When the Journal faces suspected cases of research and publication 
misconduct such as a redundant (duplicate) publication, plagiarism, 
fabricated data, changes in authorship, undisclosed conflicts of inter-
est, 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 inap-
propriately influence or bias his or her actions. Such relationships are 
also known as dual commitments, competing interests, or competing 
loyalties. These relationships vary from being negligible to having 
great a potential for influencing judgment. Not all relationships rep-
resent true conflict of interest. On the other hand, the potential for 
conflict of interest can exist regardless of whether an individual be-
lieves that the relationship affects his or her scientific judgment. Fi-

nancial relationships such as employment, consultancies, stock own-
ership, honoraria, and paid expert testimony are the most easily iden-
tifiable 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, au-
thors should disclose them in the manuscript. The conflicts of interest 
may occur during the research process as well; however, it is import-
ant to provide disclosure. If there is a disclosure, editors, reviewers, 
and reader can approach the manuscript after understanding the sit-
uation and background for the completed research. The correspond-
ing author must inform the editor of any potential conflicts of inter-
est 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 de-
positing data or waiver of data sharing, authors should contact the 
editorial office.

2) Clinical data sharing policy
This journal follows the data sharing policy described in “Data Sharing 
Statements for Clinical Trials: A Requirement of the International 
Committee of Medical Journal Editors” (https://doi.org/10.3346/jkms. 
2017.32.7.1051). As of July 1, 2018, manuscripts submitted to ICMJE 
journals that report the results of interventional clinical trials must 
contain a data sharing statement as described below. Clinical trials 
that begin enrolling participants on or after January 1, 2019, must in-
clude a data sharing plan in the trial’s registration. The ICMJE’s policy 
regarding trial registration is explained at http://www.icmje.org/rec-
ommendations/browse/publishing-and-editorial-issues/clinical-tri-
al-registration.html. If the data sharing plan changes after registra-
tion, this should be reflected in the statement submitted and pub-
lished with the manuscript and updated in the registry record. All the 
authors of research articles that deal with interventional clinical trials 
must submit data sharing plan. Based on the degree of sharing plan, 
authors should deposit their data after deidentification and report the 
DOI of the data and the registered site.
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7. Journal’s policy on ethical oversight

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

The Research Ethics Committee of the Korean Society for Radiation 
Oncology covers ethical issues involved with research and publication. 
This committee is composed of one chairperson and the members of 
the committee. The director of the ethics committee acts as the 
chairperson of this committee. The members of the Research Ethics 
Committee include the vice president, the auditor, the directors of 
general affairs, research, and publication committees, and two direc-
tors without a portfolio of the society become ex officio. The mem-
bers of this committee serve for a term of two years, and they may be 
reappointed.

If presented with convincing evidence of dual publication, frag-
mentation, plagiarism, fabrication, or theft of intellectual property in 
journals, the committee meeting will be held immediately for investi-
gation. If evidence becomes available that the regulation has been 
breached, publication of the corresponding manuscript is immediately 
canceled and all authors, including the corresponding author, are 
banned from any publication in the ROJ published for the next three 
years. The investigation results of the committee meeting must be 
notified for immediate disciplinary measures and reported to the 
board of directors. Other issues that are not specified in this regula-
tion abide by the decisions made by board members of the society, 

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

8. Journal’s policy on intellectual property

All published papers become the permanent property of the Korean 
Society for Radiation Oncology. Copyrights of all published materials 
are owned by the Korean Society for Radiation Oncology.

9. Journal’s options for post-publication 
discussions and corrections

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

10. Journal’s policy on preprint

A preprint can be defined as a version of a scholarly paper that pre-
cedes formal peer review and publication in a peer-reviewed scholarly 
journal. ROJ allows authors to submit the preprint to the journal. It is 
not treated as duplicate submission or duplicate publication. ROJ rec-
ommends authors to disclose it with DOI in the letter to the editor 
during the submission process. Otherwise, it may be screened from 
the plagiarism check program — Similarity Check (Crosscheck). Pre-
print submission will be processed through the same peer-review 
process as a usual submission. If the preprint is accepted for publica-
tion, authors are recommended to update the information at the pre-
print with a link to the published article in ROJ, including DOI at ROJ. 
It is strongly recommended that authors cite the article in ROJ in-
stead of the preprint at their next submission to journals.
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Checklist

1. Copyright transfer form has been signed by all authors.

2. Ethics disclosure form has been signed by corresponding author.

3. The manuscript shall be written by Microsoft Office Word or HWP processing programs.

4. A title page including author details and a manuscript without author details of the original file of the article should be submitted separately.

5. The original file of the article should not include the affiliations and names of the authors.

6. Standard abbreviations are defined in a key at their first appearance in the manuscript, and are consistent throughout the text.

7. Generic names are used for all drugs. Trade names are avoided.

8. Normal laboratory values are provided in parentheses when first used.

9. Research or project support/funding is noted in cover letter.

10. Internal review board approval of study is indicated in cover letter.

11. References are accurate, complete and in numerical order as they appear in the text, only the first 3 authors are listed.

12. No more than 50 references are cited in review article.

13. No more than 55 references are cited in original article.

14. No more than 20 references are cited in case report.

15. A corresponding author and complete address, telephone number and e-mail address are provided in cover letter.

16. Written permission from publishers to reproduce or adapt previously published illustrations or tables is included.

17. Informed consent forms for identifiable patient descriptions, photographs and pedigrees are included.
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Copyright Transfer Form

This form applies to manuscripts submitted for the possible publication 

Manuscript Title:                                                                                                                                                                                                                                                                                              

Date (MM/DD/YYYY):                                                                                                                                                                                                                                                                                                

Manuscripts will not be processed until the Radiation Oncology Journal Editorial Office has received this signed form. Please upload the com-
pleted form when you submit a manuscript on the E-Submission website (submit.e-roj.org).

The copyright to this article is transferred to the Radiation Oncology Journal (ROJ) effective if and when the article titled above is accepted for 
publication. If the article has more than two authors, each author must individually transfer his or her right in the article to the ROJ by signing 
this form. If the article is not published in the ROJ, this form is void and will not take effect. If it is signed and the article is published, the 
copyright transfer covers the exclusive right to reproduce and distribute the article, including reprints, translation, photographic reproduction, 
microfilm, electronic form (offline, online) or any other reproductions of similar feature.An author or authors may store it in his or her archive 
an author-made version of his/her article on his/her own website and his/her affiliated institution’s depository library, including his/her final 
version; however he/she may not use the ROJ’s PDF version which is posted on its own website. Provided permission is given to the author/au-
thors by ROJ, he/she may only post his/her version of the article and a link to the original source of publication is inserted to the published ar-
ticle on the ROJ’s website.Please use the exact and correct DOI for the article to ensure appropriate linking between sites. Articles listed on the 
ROJ’s website are indexed, abstracted, and referenced by many indexing services and consortia such as SCIE, EMBASE, Google Scholar and 
KMCI.Each author guarantees that this contribution is original and that he/she has full responsibility to make this grant. The author signs for 
and accepts full responsibility for releasing this content. The author should declare that, to the best of his/her knowledge and belief, this man-
uscript does not infringe on the copyright or other proprietary rights of any third party. The author should understand that his/her submission 
of this manuscript does not guarantee publication in the ROJ. If there are multiple authors, names will appear in the ROJ in the order in which 
you listed them during the online submission and on this sheet. Therefore, please be sure to list names according the order you want to see in 
the final version. Each author should sign on the following, as appropriate.
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보건의료전문가용

임핀지TM는 PACIFIC 연구에서 

5년 전체생존율(OS rate) 42.9%로, 

장기적인 생존개선 이점을 나타냈습니다.2

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

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. 
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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.

Following cCRT
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28% REDUCTION                                       
in risk of death

(HR=0.72; 95% CI, 0.59-0.89)

MEDIAN OS 47.5 months
(vs. 29.1 months with placebo)
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42.9%

UPDATED 5-YEARS OVERALL SURVIVAL IN THE ITT POPULATION

THE STANDARD OF 
CARE1 FOR STAGE III 
UNRESECTABLE NSCLC

PRESCRIBING INFORMATION

 임핀지(durvalumab) 보험 적용 적응증3,4

급여 인정 기간 최대 12개월 cCRT 치료 종료(마지막 방사선 요법 

기준) 이후 42일 이내 투여할 경우

유도화학요법과 동시적 항암화학방사

선요법의 항암요법 종류가 동일할 경우

방사선 요법은 54 Gy 이상, 항암화학요법은 

weekly regimen 기준 4주기 이상 또는 3주기 

regimen 기준 2주기 이상 투여할 경우

PD-L1 발현 양성(발현 비율 ≧ 1%)이면서 백금 기반 동시적 항암화학 방사선요법 2주기 이상 투여 후 질병진행이 없는 안정병변 이상의 절제 불가능한 국소 진행성(stage III) 

비소세포폐암 환자로 cCRT 치료 종료 이후 42일 내에 투여하는 경우 ※ 이전 PD-1 inhibitor 등 면역관문억제제 치료를 받지 않은 경우에 한함

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

이상사례 중증도 (CTCAE v4.03a) 용법 조절 코르티코스테로이드 요법 및 그 외b

면역 매개 폐염증/
간질성 폐질환

2등급 투여 보류c 1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량3 또는 4등급 투여 중단 

면역 매개 간염 2등급이고, 알라닌 아미노전이효소 (ALT) 또는 아스파르트산 아미노전이
효소 (AST)가 정상상한치의 3~5배를 초과하거나 총 빌리루빈이 정상상
한치의 1.5~3배를 초과

투여 보류c 

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

3등급이고, ALT 또는 AST가 정상상한치의 5배 초과, 8배 이하 또는 총 빌리
루빈이 정상상한치의 3배 초과, 5배 이하
3등급이고, ALT 또는 AST가 정상상한치의 8배를 초과 또는 총 빌리루빈이 
정상상한치의 5배를 초과

투여 중단 

다른 요인은 없으며, ALT 또는 AST가 정상상한치의 3배를 초과하고 총 빌리
루빈이 정상상한치의 2배를 초과하는 경우

면역 매개 대장염
또는 설사

2 또는 3등급 투여 보류c 1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량4등급 투여 중단 

면역 매개 내분비병:
갑상선 기능 항진증, 갑상선염

2~4등급 임상적으로 안정할 때
까지 투여 보류 대증적 관리 

면역 매개 내분비병: 갑상선 기능 저하증: 2~4등급 변경하지 않음 임상 지시대로 갑상선 호르몬 대체 개시
면역 매개 내분비병: 부신 기능 부전, 
뇌하수체염/뇌하수체 저하증

2~4등급 임상적으로 안정할 때
까지 투여 보류

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 
용량 감량 및 임상 지시대로 호르몬 대체 개시

면역 매개 내분비병: 제1형 당뇨병 2~4등급 변경하지 않음 임상 지시대로 인슐린 치료 개시 
면역 매개 신장염 2등급이고, 혈청 크레아티닌이 정상상한치 또는 기저치의 1.5~3배를 초과 투여 보류c 

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량3등급이고 혈청 크레아티닌이 기저치의 3배를 초과 또는 정상상한치의 3~6

배를 초과하거나, 4등급이고 혈청 크레아티닌이 정상상한치의 6배를 초과
투여 중단 

면역 매개 발진 또는
피부염 (유사 천포창 포함)

2등급으로 1주일 초과 또는 3등급 투여 보류c 1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량4등급 투여 중단 

면역 매개 심근염 2~4등급 투여 중단 2~4 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량d

면역 매개 근육염/
다발근육염

2 또는 3등급 투여 보류c,e 1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량 4등급 투여 중단 

주입 관련 반응 1 또는 2등급 주입을 중단하거나 
느리게 주입 후속 주입 반응의 예방을 위해 사전 약물 치료를 고려할 수 있음

3 또는 4등급 투여 중단 -
중증 근육 무력증 2등급 투여 보류c

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량 3 또는 4등급, 또는 호흡 부전이나 자율 신경 실조증의 징후가 

있는 모든 등급 
투여 중단 

기타 면역 매개 이상사례f 3등급 투여 보류c 1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량 4등급 투여 중단 

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