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Abstract

Purpose: There are limited reports on outcomes of three-dimensional image-guided brachytherapy (3D-IGBT)
for cervical adenocarcinoma in Asia. In a multi-institutional retrospective study, we assessed the clinical outcomes
of three-dimensional image-guided brachytherapy for cervical adenocarcinoma or adenosquamous carcinoma (CA/
CAC) in Asian countries.

Material and methods: Patients who had undergone definitive radiation therapy/concurrent chemoradiotherapy
for untreated cervical cancer between 2000 and 2016 were registered. Those who had undergone 3D-IGBT for histolog-
ically proven CA/CAC were included. Data on patients’ characteristics and treatment were collected, including tumor
reduction rate (defined as a percentage of reduction in tumor size before brachytherapy compared with that at diag-
nosis) and high-risk clinical target volume Dy,. Overall survival (OS), local control (LC), and progression-free survival
(PFS) rates were calculated using Kaplan-Meier method. Late toxicities were assessed using common terminology
criteria for adverse events version 4.0.

Results: Anonymized data of 498 patients were collected. Of the 498 patients, 36 patients met inclusion criteria.
The median follow-up period was 39 months. The 3-year OS, LC, and PFS rates were 68.4%, 68.5%, and 44.4%, respec-
tively. After treatment, five patients had tumor re-growth without complete disappearance of the tumor. Two patients
developed grade 3 vaginal toxicity or grade 4 rectal toxicity; none developed other severe late toxicities. A tumor re-
duction rate of > 26.3% was the only significant factor in multivariate analyses, and was associated with significantly
better OS (p = 0.018), LC (p = 0.022), and PFS (p = 0.013). There were no significant trends in local control or dose to
high-risk clinical target volume Dy,
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Conclusions: LC rate of CA/CAC was insufficient despite 3D-IGBT. Meanwhile, tumor reduction rate was associ-
ated with LC, OS, and PFS rates. Therefore, CA/CAC may require a different treatment strategy than that applied in

cervical squamous cell carcinoma.

J Contemp Brachytherapy 2022; 14, 4: 311-320
DOI: https://doi.org/10.5114/jc0.2022.11948]
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Purpose

Cervical cancer is one of the leading malignancies
worldwide, and the fourth most frequent cancer among
women in Asia [1]. Age-standardized incidence rates of
cervical cancer in 2020 were 13.3 per 100,000 globally and
17.8 per 100,000 in Southeast Asia [1]. Histologically, cer-
vical cancer can be roughly classified into squamous cell
carcinoma (SCC) and adenocarcinoma. Cervical adeno-
carcinoma (CA) accounts for only about 20% of all cases,
but its” incidence is increasing [2-4].

Radiation therapy (RT) plays a critical role in the treat-
ment of cervical cancer. Since the late 1990s, multiple meta-
analyses have shown that concurrent chemo-RT (CCRT)/
RT is the standard definitive treatment for stages IB3-IVA
of the disease [2]. RT for cervical cancer comprises two im-
portant components, including external beam RT (EBRT)
and brachytherapy. Recent innovations in brachytherapy
have led to the use of three-dimensional image-guided
brachytherapy (3D-IGBT) as the standard therapy for cervi-
cal cancer [5, 6]. Since the utilization of 3D-IGBT for cervical
cancer has been recognized, many studies have shown that
excellent tumor control can be achieved by administering
a sufficient dose to the target [7, 8].

The concept of 3D-IGBT allowed the quantification
of dose to the target, and made it possible to perform
more sophisticated procedures, including interstitial
brachytherapy. Interstitial approach is an advanced tech-
nique, in which multiple needles or catheters are inserted
into the tumor. Although the recent National Compre-
hensive Cancer Network guidelines note that interstitial
brachytherapy should only be performed by individuals
and institutions with appropriate experience and exper-
tise, the development of new applicators has made this
approach easier to undertake [9-11]. Several reports have
shown the efficacy and safety of the combination of in-
tra-cavitary and interstitial, so-called ‘hybrid brachyther-
apy’ (HBT) [12, 13]. For example, a recent prospective
multicenter study, EMBRACE-1, employed 3D-IGBT
with interstitial technique/HBT for cervical cancer, and
demonstrated that the actuarial overall 5-year local con-
trol (LC) rate was 92%, with limited severe toxicity in nor-
mal organs [14].

However, various recent studies have reported
a poorer clinical outcomes of cervical adenocarcinoma
or cervical adenosquamous carcinoma (CA/CAC) com-
pared with cervical SCC, even when 3D-IGBT is applied
[15, 16]. Minkoff et al. reported that CA/CAC histology
was associated with inferior LC and overall survival (OS)
in magnetic resonance imaging (MRI)-based 3D-IGBT
[15]. Another study that employed computed tomog-

raphy (CT)-based 3D-IGBT also identified CA/CAC as
a poor prognostic factor for LC and OS rates [16]. These
reports imply that a different treatment strategy may be
needed for CA/CAC. However, the absolute number of
patients with CA/CAC per institution is small, limiting
the ability to analyze the disease at a single institution.
Furthermore, there are very few reports on the outcomes
of 3D-IGBT for CA/CAC in Asia, including Japan. Thus,
we conducted a multi-institutional retrospective study on
3D-IGBT in cervical cancer in Asian countries. This study
aimed to investigate the clinical outcomes in patients
with CA/CAC treated with definitive RT/CCRT, with
a focus on 3D-IGBT. In addition, the prognostic factors
and the relationship between tumor control probability
and the dose to the target volume were assessed.

Material and methods
Patients

This was a multi-institutional retrospective and ob-
servational study conducted within the framework of gy-
necology tumor committee of the Japanese Radiation On-
cology Study Group. All institutions participating in the
study can perform radical RT, including 3D-IGBT, either
alone or in collaboration with other institutions. After
institutional review board (IRB) approval at the primary
institution (National Cancer Center Hospital, Japan; IRB
Number: 2018-245), IRB approval was obtained from all
participating institutions. The requirement for written in-
formed consent was waived owing to the retrospective
nature of the study. Instead, a document on the opt-out
policy, through which any patient and/or their family
could refuse to be included in this study, was uploaded
on the webpage of each institution. The study complied
with the Declaration of Helsinki.

Eligibility criteria

Patients who had undergone definitive RT/CCRT
for cervical cancer between 2000 and 2016 were includ-
ed in the study. The inclusion criteria were as follows:
1) Age > 20 years with previously untreated, histologi-
cally proven CA/CAGC; 2) History of having undergone
CT-based or MRI-based 3D-IGBT; and 3) History of hav-
ing an MRI-assessed initial maximal tumor size > 4 cm
before treatment. The exclusion criteria were as follows:
1) History of having received induction chemotherapy
or having undergone hysterectomy or pelvic irradiation;
2) History of having received any treatment for inva-
sive cancer within the last 5 years; 3) History of having
extra-pelvic disease extension, except for 1-3 para-aortic
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lymph node(s) (PALN); and 4) History of having un-
dergone palliative therapy (< 40 Gy of EBRT or received
< two times of brachytherapy).

Radiation therapy

All enrolled patients underwent definitive RT com-
prising EBRT and 3D-IGBT, as described in our previous
paper [16]. Most participating institutions in this study
used 3D conformal RT with central shield (CS) in the latter
part of pelvic irradiation, similar to traditional methods in
Japan and some parts of Asia [17-19]. CS has been used as
part of EBRT in antero-posterior/postero-anterior fields
to lower the irradiation dose to the bladder and rectum.
In principle, up to 45-50 Gy of radiation was delivered
to the whole pelvis (WP), with a daily fraction dose of
1.8 or 2.0 Gy. After 30 or 40 Gy of WP-EBRT, a 3 or 4 cm
wide CS was inserted. Then, boost EBRT of 6-10 Gy in
3-5 fractions was performed for patients with pelvic nodal
metastasis. For patients with PALN metastases, 40 Gy of
prophylactic EBRT to the para-aortic lymph node region
was administered, followed by 16-20 Gy in 8-10 fractions
of boost EBRT to the metastatic PALNs. While most insti-
tutions participating in this study used 3D conformal RT
with CS in the latter part of pelvic irradiation, some used
intensity-modulated radiation therapy (IMRT). In IMRT,
CTV included gross tumor volume, uterine body, uterine
cervix, parametrium, and upper part of the vagina. A plan-
ning target volume was created, adding adequate margins
to CTV to compensate for organ motion; meanwhile, no
CS-like IMRT plan was applied.

Two to six (an average of four) fractions of 3D-IGBT
were administered after commencing CS irradiation
or completing IMRT-based EBRT, on a weekly basis.
3D-IGBT dose varied depending on treatment strategy of
each facility; however, usually 6-7 Gy was administered
for high-risk clinical target volume (HR-CTV) Dgy,. Most
patients underwent CT-based 3D-IGBT [20]. In institu-
tions where HBT was feasible, HBT was considered for
the following patients: 1) Tumor extended to the pelvic
wall on gynecological examination/ MRI findings prior
to 3D-IGBT; 2) Tumor remained unevenly distributed
on the bladder or side of the rectum; and 3) Insufficient
dosing or overdose of HR-CTV in organs at risk was ex-
pected.

Data collection

Any information that would identify a patient was an-
onymized under the philosophy of individual respect for
personality, and the collected data were securely stored
and handled according to regulations of each institution
and relevant government.

The following patient’s characteristics and treatment
information were collected: age, the International Federa-
tion of Gynecology and Obstetrics (FIGO) stage (2018) of
cancer, lymph node (N) stage of cancer, presence or ab-
sence of PALN, histological sub-types, tumor size (cm) at
diagnosis and before brachytherapy as assessed by MRI,
overall treatment time (days), EBRT (3D-conformal RT or
IMRT), presence or absence of concurrent chemotherapy,

WP irradiation dose (Gy), pelvic irradiation dose with
a central CS, 3D-IGBT (typical 3D-IGBT without inter-
stitial technique or HBT), and dosimetric parameters of
3D-IGBT (HR-CTV Dy, rectum D,., and bladder D,.).
Cumulative EBRT and brachytherapy doses were sum-
marized and normalized to a biological equivalent dose of
2 Gy per fraction (EQD,), using a linear-quadratic model
with an a/p of 10 Gy for HR-CTV, and 3 Gy for the rectum
and bladder. However, dose of pelvic irradiation with CS
from the dose analyses of EQD, for HR-CTV, rectum, and
bladder was excluded, as in previous studies [17-19]. This
was because it was difficult to accurately assess dose con-
tribution to the primary tumor, rectum, and bladder in
pelvic irradiation with CS [22]. Tumor reduction rate in
this study was calculated using the following equation:

Tumour reduction rate (%) =

_ (1 _ tumour size before brachytherapy ) % 100
tumour size at diagnosis

Overall survival, LC, progression-free survival (PFS)
periods, and late toxicities assessed by the common ter-
minology criteria for adverse events version 4.0 were col-
lected [23]. The OS period was calculated from the start
of treatment to the date when the patient was last seen,
or the date of death from any cause. The progression of
primary site was regarded as a local failure, and the LC
period was calculated from the start of treatment to the
date of local failure conformation. Primary sites includ-
ed the cervix, uterine body, parametrium, and vagina for
patients with initial vaginal invasion. The PFS period was
calculated from the start of treatment to the date of dis-
ease progression, or death from any cause.

Statistical analyses

Overall survival, LC, and PFS rates were calculated
using Kaplan-Meier method. Univariate analyses were
performed using log-rank test. Factors with p < 0.05 on
univariate analysis were included in multivariate analy-
sis. Multivariate analysis was performed with Cox pro-
portional-hazards regression model. Levene’s test was
applied to examine the equality of variances for com-
parisons between the two groups, followed by unpaired
t-test. In all tests, results were considered statistically sig-
nificant at a two-sided p-value of < 0.05. Statistical pack-
age for the social sciences (SPSS) for Macintosh, version
27.0 (IBM Inc., Armonk, NY, USA) was used for all statis-
tical analyses.

Results

Anonymized data of 498 patients from 13 institutions
in Japan, one in Korea, and one in Thailand were collect-
ed for the study. A total of 36 patients met the eligibility
criteria. Table 1 presents clinical characteristics of these
patients. The median age was 53 (range, 34-78) years.
The median follow-up periods for all patients and surviv-
ing patients were 39 (range, 9-83) and 44 (range, 15-83)
months, respectively. Twenty-eight patients had adenocar-
cinoma, and eight had adenosquamous carcinoma. Twenty
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Table 1. Patient and treatment characteristics. Summary of patient characteristics and details of treatment

Characteristics n =36
Age (years), range (median) 34-78 (53)
Follow-up period (months), range (median) 3-83 (39)
FIGO stage (2018)

IB3 1

IIA2-11B 8

11 23

IVA 4
Histological sub-types

Adenocarcinoma 28

Adenosquamous carcinoma 9
Pelvic LN metastasis

No 16

Yes 20
Para-aortic LN metastasis

No 30

Yes 6
Tumor size at diagnosis (cm), range (median) 4.0-14.5 (5.7)
Tumor size before brachytherapy (cm), range (median) 2.1-10.3 (4.1)
Overall treatment time (days), range (median) 38-69 (48)
Concurrent chemotherapy administrations

No 7

Yes 29
EBRT strategy

3D-CRT, WP + CS 30

3D-CRT, WP alone

IMRT

EBRT, EQD, (Gy), range (median)

EQD, (a/B = 10)

26.0-53.1 (30.1)

EQD, (/B =3)

26.0-51.8 (30.0)

3D-IGBT strategy

Typical 3D-IGBT 15

3D-IGBT with interstitial (hybrid) 21
Number of 3D-IGBT sessions

3 sessions 1

4 sessions 25

5 sessions 9

6 sessions 1
3D-IGBT, EQD, (a/B = 10) (Gy), range (median)

HR-CTV Dg 15.6-54.2 (40.6)

3D-IGBT, EQD, (a/B = 3) (Gy), range (median)

Rectum D, (median)

8.8-36.9 (25.5)

Bladder D,.. (median)

14.0-62.4 (39.3)

WP + 3D-IGBT, EQD, (a/B = 10) (Gy), range (median)?

HR-CTV Dy,

54.9-96.1 (74.7)

WP + 3D-IGBT, EQD, (a/B = 3) (Gy), range (median)}

Rectum D, (median)

41.2-79.5 (60.8)

Bladder D,,. (median)

57.2-94.8 (73.1)

FIGO — International Federation of Gynecology and Obstetrics; LN —lymph node; EBRT — external beam radiotherapy; 3D-CRT — three dimensional-conformal radlia-
tion therapy; WP — whole pelvic irradiation; CS — central shielding; IMRT — intensity-modulated radiotherapy; EQD, — equivalent dose of 2 Gy per fraction; 3D-IGBT
— three-dimensional image-guided brachytherapy; HR-CTV — high-risk clinical target volume; Dy, — dose to 90% of target volume; D,.. — minimum dose delivered to
the highest irradiated two cc area; ! due to the difficulty of accurate evaluation, the doses of pelvic irradiation with CS were not added to the EQD,
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patients were positive for pelvic lymph node metastases,
while six were positive for PALN metastases. At diagnosis
and before brachytherapy, the median tumor sizes were
5.7 cm (range, 4.0-14.5) and 4.1 cm (range, 2.1-10.3), re-
spectively. Twenty-nine patients received concurrent che-
motherapy. All patients underwent 3D-IGBT, 15 received
typical 3D-IGBT, and 21 underwent HBT.

The 3-year OS, LC, and PFS rates for all 36 patients
were 68.4% (95% confidence interval [CI]: 52.8-83.9%),
68.5% (95% CI: 53.0-83.9%), and 44.4% (95% CI: 28.2-
60.7%), respectively (Figure 1). At the last follow-up, lo-
cal tumor recurrence was observed in 11 of 36 patients,
whose details are shown in Supplementary Table 1. Of
these 11 patients, five had tumor re-growth without com-
plete disappearance of the tumor after treatment. Fur-
thermore, nine patients had a recurrence other than local
recurrence (lymph node recurrence or distant metastasis).

Table 2A summarizes the results of univariate analyses
for each clinical factor. The tumor reduction rate and con-
current chemotherapy were found to be associated with
0S. Using the median tumor reduction rate of 26.3% as the
cut-off, the 3-year OS for patients with a tumor reduction
rate of > 26.3% was 83.3%. The 3-year OS for patients who
underwent CCRT was 78.3%, while that for patients who
underwent RT alone was 28.6%. No significant differences
were observed in OS in terms of FIGO stage (IB3-1IB vs.
MI-IVA), N stage, histological sub-types (adenocarcinoma
vs. adenosquamous carcinoma), tumor size (at diagnosis
or before brachytherapy), or methods of brachytherapy.
The tumor reduction rate was also associated with LC or
PFS. The 3-year LC and PFS rates of patients with tumor re-
duction rates of >26.3% were 88.9% and 67.7%, respective-
ly. No statistically significant differences were observed
in LC or PFS in terms of other clinical factors, including
FIGO stage and method of brachytherapy. Table 2B shows
the results of multivariate analyses. A tumor reduction
rate of > 26.3% was associated with significantly improved
OS (p =0.018), LC (p = 0.022), and PFS (p = 0.013).

Regarding late rectal toxicities, four patients devel-
oped grade 1 rectal toxicity, none developed grade 2 or
3 toxicity, and one developed grade 4 rectal toxicity. Con-
sidering late bladder toxicities, two patients developed
grade 2 bladder toxicity, and none developed grade 3 or
worse bladder toxicity. Finally, regarding late vaginal
toxicities, seven patients developed grade 1 vaginal toxic-
ity, and one patient each developed grade 2 and grade 3
vaginal toxicities. The patient who developed grade 3
vaginal toxicity initially presented with massive tumor
invasion of the vagina. For the patient who developed
grade 4 rectal toxicity, rectal fistula initially presented
with tumor invasion of the bladder, parametrium, and
vagina. Therefore, the incidence of late adverse events of
grade 23 was 5.6% (2 out of 36 patients).

The present study also assessed the relationship be-
tween dose-volume histogram parameters and onco-
logic outcomes (Table 3). No significant difference was
found between the cumulative dose of HR-CTV Dy, in
brachytherapy-treated patients without and with local
recurrence (mean * standard deviation [SD]: 40.0 +6.8 Gy
EQD,, and 36.2 £12.1 Gy EQD,, respectively; p = 0.534).

Follow-up period (median)

Lor 9-83 (39) months for
all patients
15-83 (44) months for
08 surviving patients
n=3
g 0.6
8
I
o
204t
s}
0.2 3-year (95% CI)
OS: 68.4% (52.8-83.9%
LC: 68.5% §53‘0—83‘9%g
0k PFS: 44.4% (28.2-60.7 %)
1 1 1 i 1 1
0 12 24 36 48 60
Months after treatment
No. at risk
— OS 36 32 29 22 9 4
—LC 36 28 24 20 8 4
— PFS 36 22 18 16 6 3

Fig. 1. Kaplan-Meier survival curves of 36 patients. In each
of the three Kaplan-Meier curves, red indicates overall
survival (OS), blue indicates local control (LC), and green
indicates progression-free survival (PFS)

The mean doses of combined brachytherapy and EBRT
in patients without and with local recurrence were 76.4
7.5 Gy EQD, and 71.1 £9.1 Gy EQD,, respectively. Al-
though the dose was slightly higher in the group without
local recurrence, no statistically significant difference was
observed (p = 0.294) (Table 3A).

Regarding the cumulative dose of rectal D,., the
mean brachytherapy doses in patients without and
with toxicity were 24.6 +8.0 Gy EQD, and 27.5 +3.5 Gy
EQD,, respectively. Doses of brachytherapy alone and
brachytherapy plus WP in the patient with grade 4 rectal
toxicity were 31.1 and 79.5 Gy EQD,, respectively, higher
than the overall average. However, there were no signifi-
cant differences in the mean dose of rectum D, . between
patients with and without toxicity in brachytherapy, WP,
or brachytherapy plus WP (Table 3B).

Regarding the cumulative dose of bladder D, the
mean doses of brachytherapy in patients without and
with toxicity were 38.2 £9.8 Gy EQD, and 41.8 +9.4 Gy
EQD.,, respectively. There were no statistically significant
differences in the mean dose of bladder D, . between pa-
tients with and without toxicity in brachytherapy, WP, or
brachytherapy plus WP (Table 3C).

Figure 2A shows the relationship between dose of HR-
CTV Dy, and tumor size at diagnosis. No specific trends
in the dose of HR-CTV Dy, and LC were observed in
typical 3D-IGBT or HBT groups. Figure 2B demonstrates
the relationship between dose of HR-CTV Dy and tumor
size during brachytherapy. The mean tumor diameters in
the typical 3D-IGBT and HBT groups were 3.8 £1.2 cm
and 4.7 1.7 cm, respectively. The tumor size was more
extensive in the HBT group, although no statistically sig-
nificant difference was observed (p = 0.087).

The mean dose of HR-CTV Dy, of brachytherapy
and EBRT in the typical 3D-IGBT and HBT groups was
74.7 £9.4 Gy EQD, and 74.8 £7.6 Gy EQD,, respectively
(p = 0.973). Thus, HBT could deliver a dose comparable
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Table 2. The results of univariate analyses and multivariate analysis. A) The results of univariate analyses for
each clinical factor. B) The result of the assessment of prognostic factors with multivariate analyses

A. The univariate analyses

Factor No. of (0 LC PFS
patients 3-year (%) p-value 3-year (%) p-value 3-year (%) p-value

FIGO stage (2018) 0.262 0.878 0.589
IB3-1IB 9 77.8 62.5 55.6
[1-IVA 27 65.4 70.2 40.7

N stage 0.922 0.497 0.802
NO 16 60.0 60.0 43.8
N1 20 75.0 74.7 45.0

Histological sub-types 0.641 0.815 0.406
Ad 28 66.3 66.3 393
Adsq 8 75.0 75.0 62.5

Tumor size at diagnosis (cm) 0.219 0.407 0.304
<57 17 56.3 62.7 353
>57 19 78.6 73.7 52.6

Tumor size before BT (cm) 0.666 0.362 0.76.8
<41 18 60.2 77.8 44.4
241 18 76.3 59.0 44.4

Tumor reduction ratio® 0.006 0.007 0.004
<26.3% 18 51.6 46.3 22.2
> 26.3% 18 83.3 88.9 67.7

Hybrid brachytherapy 0.297 0.756 0.898
No 15 72.7 66.7 46.7
Yes 21 65.0 71.1 42.9

Concurrent chemotherapy 0.001 0.370 0.126
No 7 28.6 53.6 14.3
Yes 29 78.3 71.6 51.7

No. —number; OS —overall survival; LC —local control; PFS — disease-free survival; FIGO — International Federation of Gynecology and Obstetrics; Ad — adenocarcinoma;
tumour size before brachytherapy

Adsq — adenosquamous carcinoma; Tumour reduction rate (%)= | 1—

x 100

tumour size at diagnosis

B. Multivariate analysis
Factor 0S

LC PFS

p-value HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl)
Tumor reduction ratio? 0.018 0.241 (0.075-0.780) 0.022 0.162 (0.034-0.765) 0.013 0.304 (0.119-0.779)
Concurrent chemotherapy 0.053 0.259 (0.066-1.015) 0.691 0.762 (0.119-2.912) 0.402 0.659 (0.248-1.749)

No. — number; OS —overall survival; LC —local control; PFS — disease-free survival; HR — hazard ratio; Cl — confidence interval;

tumour size before brachytherapy
TTumour reduction rate (%) ={1— x 100
tumour size at diagnosis

to typical 3D-IGBT, even in large-sized tumors. However,
there were no significant trends noted between LC and
dose of HR-CTV Dy,.

Discussion

To the best of our knowledge, this is the first multi-na-
tional, multi-institutional, retrospective study to examine
the significance of 3D-IGBT for CA/CAC in Asia. Many
single-institutional studies have demonstrated the ef-
ficacy of 3D-IGBT for cervical cancer. The EMBRACE-1

study, a multicenter prospective cohort study, had also
validated its’ efficacy [14]. In EMBRACE-1, the 5-year LC
rate was 92%, and excellent LC rates of approximately
90% have been reported even in advanced stage of the
disease. However, most of these studies comprised data
of patients with cervical SCC; studies focusing on CA/
CAC are still rare. As shown in Table 4, previous studies
focused on CA/CAC used conventional 2D brachyther-
apy or a combination of 3D-IGBT and conventional 2D
brachytherapy [24-29]. In this context, our study pres-
ents the current status of treatment using 3D-IGBT for

Journal of Contemporary Brachytherapy (2022/volume 14/number 4)



Image-guided brachytherapy in cervical adenocarcinoma

317

Table 3. Relationship between dose and local control/late adverse events. A) The relationship between high-
risk clinical target volume Dgy, dose and local control. B, C) The relationships between doses of rectum and

bladder D, and late toxicities, respectively

A. HR-CTV Dy, dose and local control

Factor HR-CTV Dy, (EQD,): mean +SD
BT (Gy) WP (Gy) BT + WP (Gy)
Local controlled (n = 25) 40.0 6.8 36.4 +8.1 76.4 £7.5
Local recurrence (n = 11) 36.2 +12.1 349475 71.1+9.1
p-value 0.534 0.745 0.294
B. Rectum D, dose and late rectal toxicity
Factor Rectum D, (EQD,): mean +SD
BT (Gy) WP (Gy) BT + WP (Gy)
Rectum grade O (n = 31) 24.6 +8.0 3494+7.2 59.5+9.2
Rectum grade >1 (n = 5) 27.5 £3.5 39.7 £9.6 67.1+9.1
p-value 0.143 0.361 0.179
C. Bladder D, dose and late bladder toxicity
Factor Bladder D, (EQD,): mean +SD
BT (Gy) WP (Gy) BT + WP (Gy)
Rectum grade O (n = 34) 38.2+9.8 353 +7.3 73.5+9.6
Rectum grade > 1 (n = 2) 41.8+9.4 39.7 +14.6 81.5 £5.2
p-value 0.625 0.463 0.266

HR-CTV — high-risk clinical target volume; EQD, — equivalent dose of 2 Gy per fraction; BT — brachytherapy; WP — whole pelvic irradiation; SD — standard deviation

CA/CAC. The 3-year LC rate in the present study was
68.5%. In these previous reports, the 3-year LC rates were
approximately 60-70% [24-29]. OS and PFS were also far
from satisfactory, probably due to the highly metastatic
nature of CA/CAC [27]. Although direct comparison is
inappropriate due to differences in research design and
population, our results and those of previous studies
suggest that 3D-IGBT does not markedly improve the LC
rate of CA/CAC, and that CA/CAC has a worse progno-
sis than cervical SCC.

There is no doubt that 3D-IGBT is advantageous in
optimizing tumor dose while reducing the dose deliv-
ered to normal tissues. However, our results indicated
that CA/CAC might not be curable even at a dose usual-
ly sufficient for treating cervical SCC. It should be noted
that in comparing HR-CTV Dy, doses, our study exclud-
ed the dose of pelvic irradiation with CS. Among studies
that analyzed HR-CTV Dy, and LC rates using the same
calculation method for EQD2 as in our study, Ohno et al.
reported that an LC rate > 90% was achieved in SCC > 6 cm
when the total dose of WP and 3D-IGBT exceeded
66.5 Gy EQD, [18]. Murakami et al. applied the same eval-
uation method, and demonstrated that the LC rate was
significantly favorable in patients with HR-CTV Dy, of
> 60 Gy EQD, [19]. However, in the present study, local
recurrence was observed in patients in whom a mean
dose of 71.1 Gy EQD, was administered. As can be seen
from Figure 2, tumors recurred even when sufficient dos-
es were administered. To date, CA/CAC has been treated
using the same strategy as cervical SCC [2]. Taken togeth-

er, CA/CAC may require a more individualized strategy
other than the conventional strategy of increasing dose
to tumor. Recently, a multi-institutional retrospective
analysis of carbon-ion RT for locally advanced CA/CAC
was reported [30]. With a median follow-up period of
67 months, this study showed that the 5-year LC and OS
rates were 65.2% and 68.6%, respectively. These values
seem to be equal to or better than those achieved using
conventional treatment for CA/CAC. Furthermore, car-
bon-ion beams have a biological advantage owing to high
linear energy transfer in the Bragg peak [31]. Therefore,
carbon-ion RT may be considered as a new treatment strat-
egy for CA/CAC. Regarding evaluation of rectal and blad-
der toxicities, no statistically significant differences were
observed in mean doses of D, between patients with and
without toxicity in any classification. This may be due to
the small number of patients with rectal or bladder toxici-
ties in this study. To date, a limited number of papers have
discussed the relationship between late bladder and rectal
toxicities and EQD, in studies, including pelvic irradiation
with CS. Thus, further studies using a larger number of
patients that would clarify the dose-volume relationship
for late rectal or bladder toxicities in treatment strategy, in-
cluding pelvic irradiation with CS, are required.

Notably, FIGO staging did not affect LC or PFS in
this study. Minkoff et al. identified the adenocarcinoma
sub-type and larger GTV in 3D-IGBT as predictors of lo-
cal failure [15]. Interestingly, in their study, GTV at the
time of 3D-IGBT was a more potent risk factor for local
recurrence, any recurrence, or death than GTV at the start
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Fig. 2. Relationship between dose of HR-CTV Dy, and tumor diameter in each case. A) Relationship between HR-CTV Dy, dose
and tumor size at diagnosis. B) Relationship between HR-CTV Dy, dose and tumor size during brachytherapy
3D-IGBT — three-dimensional image-guided brachytherapy; HBT — hybrid brachytherapy; PFS — progression-free survival

Table 4. Relevant literature and the present study. Comparison with previous studies on definitive radiation
therapy for adenocarcinoma/adenosquamous carcinoma of the uterine cervix

Authors Study No.  Stage I-Il/ IGBT Median LC (01 PFS AE grade

(year) design -1v follow-up >3
(months)

Niibe Y Multi, 61 0%/100% Non-IGBT N.R. 3y: 60%, 3y: 24%, 3y:17%, 13.1%

(2010) Retro (stage 1) 5y:36% 5y:20% 5y:13%  (grade>2)

Rose PG Pooled, 182 75%/25% Non-IGBT N.R. N.R. 3y: 49%, N.R. N.R.

(2014) Retro 5vy: 45%

Chen JL Single, 35 74%/26% Non-IGBT 59 3y: 64%, 3y: 66%, 3y:39%, 22.8%

(2014) Retro 5y: 64% 5y:45% 5y:30%

Yin KC Single, 30 67%/33% Non-IGBT 40 3y: 70%, 3y: 63%, 3y:43%, 3.3%

(2018) PSM, Retro 5y: 70% 5Yy: 46% 5Y:43%

MiyasakaY — Mult, 71  51%/49% Mixed 37 3y: 64%, 3y: 63%, 3y: 40%, N.R.

(2020) Retro 5y: 62% 5y: 50% 5y:36%

Zhang ) Pooled, 331  66%/34% Mixed 55 N.R. 3y:52%, N.R. N.R.

(2020) PSM, Retro 5y: 43%

Present Multi, 36 25%/75% IGBT 39 3y: 69% 3y: 68% 3y: 44% 5.6%

study Retro

IGBT — image-guided brachytherapy; LC — local control; OS — overall survival; PFS — progression-free survival; AE — adverse event; Multi — multi-institutional study;
Retro — retrospective study; N.R. — not reported; Pooled — pooled analysis; Single — single-institutional study; PSM — propensity score matching
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of EBRT. Kusada et al. pointed out that tumor size in the
transverse axis in 3D-IGBT was an independent parame-
ter for predicting LC [17]. This suggests the need for a risk
assessment of local recurrence different from convention-
al staging in RT for uterine CA/CAC, especially in RT in-
volving 3D-IGBT. In this context, the results of our study
that showed tumor reduction rate to be associated with
LC, PFS, and OS are noteworthy. A recent multi-institu-
tional study for carbon-ion RT for locally advanced CA/
CAC also indicated that tumor shrinkage was significant-
ly associated with LC, PFS, and OS [30]. The simple eval-
uation method of tumor reduction rate would be easily
adaptable in actual clinical setting. In terms of analyses of
tumor size reduction, Jastaniyah et al. proposed six group
classifications based on the extent of tumor before treat-
ment and its” shrinkage [32]. In addition, Yoshida et al.
morphologically classified pre-treatment tumors into two
categories, such as expansive and infiltrative types, and
compared the degree of shrinkage [33]. These classifica-
tions are not specific to adenocarcinoma and have not yet
been analyzed in terms of clinical outcomes. Further anal-
yses based on tumor volume may validate our findings.
The present study has several limitations, including
its” retrospective nature, various treatment regimens used,
small number of patients, and time-based differences in
patient care. Also, it may be insufficient in assessing treat-
ment efficacy and toxicity over a longer period, although
the median follow-up period exceeded three years. More-
over, the reason for the tumor reduction rate being asso-
ciated with not only LC, but also OS and PFS, could not
be clarified in the present study. A possible explanation is
that the early disappearance of the tumor would reduce the
risk of micro-metastasis. Another reason may be related
to the immune response. Miyasaka et al. reported that pa-
tients with CA/CAC with CD8-positive tumor-infiltrating
Iymphocytes (CD8* TILs) in tumor nests had significantly
better OS than those without CD8* TILs in tumor nests [28].
Although they did not mention the relationship between
CD8* TILs and LC in their study, and tumor immunogenic-
ity may be related to LC and OS [34]. Therefore, prospective
observational studies of RT/CCRT for CA/CAC, including
immunogenicity evaluation, are warranted.

Conclusions

In conclusion, we reported a multi-national, multi-
institutional, retrospective study examining the signifi-
cance of 3D-IGBT in CA in Asia. Our results suggested
that the LC rate of CA/CAC was insufficient even with
3D-IGBT. There was no clear dose-dependent response
observed between the LC rate and the dose of HR-CTV
Dy,. Meanwhile, the tumor reduction rate was associat-
ed with the LC, OS, and PFS rates. Therefore, a different
treatment strategy from that applied to cervical SCC may
be needed for CA/CAC.
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