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Dose-response relationship between volume ==
base dose and tumor local control in definitive
radiotherapy for vaginal cancer

Zhigiang Wang'", Xin Guo'" and Hongfu Zhao""

Abstract

Objective This study aimed to establish the dose-response relationship between volume base dose and tumor local
control for vaginal cancer, including primary vaginal cancer and recurrent gynecologic malignancies in the vagina.

Materials and methods We identified studies that reported volume base dose and local control by searching the
PubMed, the Web of Science, and the Cochrane Library Database through August 12, 2023. The regression analyses
were performed using probit model between volume based dose versus clinical outcomes. Subgroup analyses
were performed according to stratification: publication year, country, inclusion time of patients, patients with prior
radiotherapy, age, primaries or recurrent, tumor size, concurrent chemoradiotherapy proportion, dose rate, image
modality for planning, and interstitial proportion.

Results A total of 879 patients with vaginal cancer were identified from 18 studies. Among them, 293 cases were
primary vaginal cancer, 573 cases were recurrent cancer in the vagina, and 13 cases were unknown. The probit model
showed a significant relationship between the HR-CTV (or CTV) D90 versus the 2-year and 3-year local control, P
values were 0.013 and 0.014, respectively. The D90 corresponding to probabilities of 90% 2-year local control were
79.0 Gyeapa 10 (95% Cl: 75.3-96.6 Gyeap) 10)-

Conclusions A significant dependence of 2-year or 3-year local control on HR-CTV (or CTV) D90 was found. Our
research findings encourage further validation of the dose-response relationship of radical radiotherapy for vaginal
cancer through protocol based multicenter clinical trials.
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Introduction

Primary vaginal cancer is a rare cancer, with an estimated
17,600 new cases and 8,062 deaths worldwide in 2020
[1]. Due to the relative rarity of primary vaginal cancer,
prospective evaluation of its management is difficult.
Fortunately, retrospective studies have demonstrated suc-
cessful treatment of primary vaginal cancer with defini-
tive radiotherapy, including external beam radiotherapy
(EBRT) followed by image-guided brachytherapy (IGBT)
[2-5]. For patients with early gynecological malignancies,
such as cervical cancer and endometrial cancer, etc., radi-
cal hysterectomy achieved excellent cure rates. Radio-
therapy is an important treatment option for medically
inoperable endometrial cancer and locally advanced cer-
vical cancer [6, 7]. However, after radical hysterectomy or
radiotherapy, 10-20% of patients experience recurrence,
with the majority still limited to the pelvis [8, 9]. The
vagina is an important site of recurrence. Vaginal recur-
rences from gynecological malignancies pose clinical
challenges. Organ-preserving approaches with EBRT and
IGBT play an important roles in the treatment of vaginal
recurrence from endometrial cancer and cervical can-
cer [10-13]. It has been shown that brachytherapy (BT)
can improve survival and is an important component of
definitive radiotherapy in vaginal cancer [14, 15].

Since 2005, GEC-ESTRO has released recommenda-
tions for three-dimensional brachytherapy of cervical
cancer, which not only had a profound impact on the
brachytherapy of cervical cancer, but also its methods
have been borrowed by vaginal cancers [16—-19]. The
consensuses on target volume delineation for primary
vaginal cancer [20] and recurrent endometrial and cer-
vical tumors in the vagina [10] have only recently been
reached. The high risk clinical target volume (HR-CTV)
includes the residual gross tumor volume (GTV) and
areas on imaging and/or clinical examination that are
concerning for harboring macroscopic pathologic dis-
ease. It is admirable that before reaching these consen-
suses, many medical institutions had already started
image-guided vaginal cancer brachytherapy and reported
volume related doses. Although some researchers did not
use names like HR-CTV and only used clinical target vol-
ume (CTV), the two names point to similar definitions.
After analyzing the data of 91 cases of primary squamous
cell carcinoma (SCCA) of the vagina treated with defini-
tive radiotherapy, Hiniker et al. concluded that the opti-
mal dose for definitive treatment of SCCA of the vagina
lies between 70 and 80 Gy [21]. Nevertheless, the optimal
volume based dose and fractionation plans have not been
well-known up till now.

For cervical cancer, we have previously analyzed the
dose-response relationships in image-guided BT [22],
three-dimensional intracavitary combined with inter-
stitial BT [23], and four-dimensional adaptive BT [24],
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and obtained results consistent with current consensus
of dose constraints [25]. The purpose of this study is to
identify articles that reported volume base dose and
local control in definitive radiotherapy for vaginal cancer
through systematic literature screening, and to conduct
probit model analysis in an attempt to find the optimal
dose for definitive radiotherapy for vaginal cancer.

Materials and methods

Data sources and search strategy

We performed a comprehensive literature search using
the PubMed, the Web of Science, and the Cochrane
Library Database to identify full articles reported the
volume base dose and local control of brachytherapy in
patients with vaginal cancer, including primary vaginal
cancer and vaginal recurrence from gynecologic malig-
nancies. The last search of this systematic search was
performed on August 12, 2023. We searched MeSH
terms “Vaginal Neoplasms” and “brachytherapy” or their
all Entry terms in the title or abstract, and the search was
restricted for English-language, see Supplemental Table
1. References from system reviews, guidelines, or recom-
mendations are also included in the literature screening
and eligibility process. We contacted the corresponding
authors when full-text articles were not available.

Inclusion criteria were as follows

1. Original articles reported EBRT with or without
concurrent chemotherapy and IGBT for patients
with vaginal cancer, including primary vaginal
cancer and vaginal recurrence from gynecologic
malignancies;

2. Articles reported sufficient data for probit regression
analysis, including equivalent dose in 2 Gy per
fraction (EQD2), using the linear quadratic model,
with a/B =10 Gy, for minimum doses delivered to
90% (D90) of HR-CTYV (or CTV) and local control
rate;

3. There was no limitation on nationality, race, age,
stage.

Exclusion criteria were as follows

1. Conference abstracts without full-text;

2. Review articles, articles about recommendations,
consensuses or guidelines;

3. Irrelevant literature or literature focused on
technique, dosimetry, side effect, quality of life etc.;

4. Insufficient data;
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Data extraction

Two authors screened the titles, abstracts and full-texts
independently. Data in all enrolled studies were extracted
according to the following procedures: (1) study infor-
mation: first author, publication year and country; (2)
patients characteristics: inclusion time of patients,
sample size, patients number with prior radiotherapy
and median age; (3) tumors characteristics: primary or
recurrent, median tumor size prior to BT; (4) treatment
characteristics: technique of EBRT, concurrent chemo-
therapy proportion, dose rate, fractionation, applicator,
image modality for planning, interstitial proportion; (5)
dose-volume histogram (DVH) parameters: EBRT dose,
HR-CTV or CTV D90; (6) clinical outcomes: median
follow-up, local control rate, disease-free survival (DFS)
rate, and overall survival (OS) rate. Data were indepen-
dently extracted by two authors from all eligible studies
following the inclusion criteria and the exclusion criteria.
Discrepancies were resolved by consultation with a third
author.

Data analysis

The regression analyses between volume based dose and
clinical outcomes were performed using probit model
by XLSTAT 2016 (Addinsoft, Paris, France). Mean or
median value was selected as the quantitative dose. The
number of patients reported was selected as an Observa-
tion Weight to consider the influence of sample size. Sta-
tistical significance set at the P<0.05 level.

Subgroup analyses were performed according to strati-
fication: publication year, country, inclusion time of
patients, patients with prior radiotherapy, age, primaries
or recurrent, tumor size, concurrent chemoradiotherapy
proportion, dose rate, image modality, and interstitial
proportion.

Results

Description of the included studies

After comprehensive searching, no published regression
analyses on dose-response relationship between dose and
local control was identified. We used the systematic liter-
ature search strategy, and 1,232 potentially relevant stud-
ies were identified.

Prior to screening the title and abstract and reviewing
the full-text, duplications were checked, 18 studies were
enrolled in the dose-response analysis, see Supplemental
Fig. 1.

Probit analyses

One of the 18 included studies in our analysis was a mul-
ticenter study from Denmark, France, the Netherland,
and Vienna [5]. Besides, the others studies were from 7
countries, with most publications being from the United
States of American (#=10) [11, 26-34], followed by the
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India (n=2) [12, 13], Austria [35], Canada [3], Denmark
[36], France [4], and Japan [37] (one each). The main
characteristics of the 18 included studies are presented in
Tables 1 and 2.

The mean or median of HR-CTV D90 or CTV D90
were reported from 59.8 to 86.0 Gygqgpy,1o, and actuarial
or crude 2-year, 3-year, and 5-year local control rates
were reported to be 61.0-100.0%, 65.8—100.0%, and
82.0-95.5%, respectively. The probit model showed sig-
nificant relationships between the HR-CTV (or CTV)
D90 versus the 2-year and 3-year local control, P value
were 0.013 and 0.014, respectively (Figs. 1 and 2). Accord-
ing to this model, the D90 corresponding to probabilities
of 80%, 90%, and 95% local control were 65.1 Gygqpy, 1o
(95% confidence interval (CI): 28.9-70.2 Gygqpy,i0)s
79.0 Gypqpa1o (95% CL: 75.3-96.6 Gypgpa,0) and 90.5
GYeqpa,io0 (95% CL: 83.0-149.1 Gyggpy,10)s respectively.
The prescribed dose to HR-CTV (CTV) D90 of 75 and 80
GYgqpa,10 Would in theory warrant a 2-year local control
rate of 87.1% (95% CIL: 91.8% —90.0%) and 90.4%, (95%
CI: 83.7 —93.0%), respectively. There was no significant
dose response relationship between HR-CTV or CTV
D90 versus DFS and OS probability, P values were 0.167
and 0.788, respectively (Table 3). The results of subgroup
analysis based on stratification are shown in Table 4.

Discussion

Definitive radiotherapy is one of important treatment
options for vaginal cancer, whether primary or recurrent,
as it can preserve organ function and improve quality of
life. However, so far, there is no consensus on the optimal
prescription dose of definitive radiotherapy for vaginal
cancer. Our study fills the gap in this regard. The studies
of the dose toxicity relationship of the vagina as a normal
tissue have provided dose constraints for clinical practice
[38—40]. Combined with the results of this study, radia-
tion oncologists can seek an optimal window for achiev-
ing high local tumor control while maintaining low side
effects for OARs.

Our study demonstrated that two-year tumor con-
trol probability of >90% can be expected at doses>79.0
GYgqpa,10- This result is consistent with previous study
by Hiniker et al [21]. After retrospectively analyzed the
data of 91 patients with primary squamous cell carci-
noma (SCCA), Hiniker et al. concluded that the opti-
mal dose for definitive treatment of SCCA of the vagina
lies between 70 and 80 Gy. In their study, a total radia-
tion dose of >70 Gy was associated with improved local
disease control and a trend towards improved OS. It is
worth noting that the dose used in their study is the pre-
scription dose, which is the dose at depth of 5 mm or at
vaginal mucosa, while the dose used in our study is vol-
ume based dose, which is D90. However, there was no
significant dose-response relationship observed in our
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Table 1 Characteristics of the included studies: study information, patient’s characteristics, tumors characteristics, and external beam

radiotherapy
First Author  Country Inclusion Sam- Patients Median Primaryor  Median Tumor Technique of EBRT Dose (Gy)
& Publication Time of ple  N.with  Agel(y) recurrent Size Prior EBRT
Year Patients  Size  Prior RT to BT
Beriwal 2012 USA 2000-2010 30 5 66 (44-89) 17 primaries, 39.3+25.7 cc; NR 45 (24-504) Gy in
[26] 13 recurrent  3.3(1.3-8.0)cm 12-28
Dimopoulos Austria 1999-2006 13 0 59(33-80) NR 10.2 (2.0-43.2)  4-field 3D-CRT, 45-504 Gy,
2012 [35] cC 25 MV LA 1.8-2.0 Gy/f, 10-15 Gy
boost to node
Lee 2013 [27]  USA 2003-2011 (@31 @O0 66 (49-88) (a) 31 2.1 (0-7) cm NR 45 Gy (40-504), 18 Gy
(b)13 (b)13 recurrent boost to node
(b) 13
recurrent
Fokdal 2014 Denmark  2006-2013 43 0 71(38-83) 43 recurrent 18 (0-91) cc 28 3D-CRT, 15 45-50 Gy in 25-30f,
[36] IMRT SIB 60 Gy to node
Vargo 2014 USA 2004-2013 41 0 66 (33-81)  41recurrent 2.6 (0-7.5) cm 36 IMRT 45-504 Gy in 25-28f,
[28] SIB 55 Gy to node
Vargo 2015 USA 2011-2014 41 0 67 (35-87) 10 primaries, 24.21QR 41 IMRT 44-504 Gy, 1.8-2 Gy/f,
[29] 31recurrent  126cc; 2.0 SIB 55 Gy to node
(0.5-5.7) cm
Chapman USA 2000-2010 30 0 73 (57-94)  30recurrent 289 (17.6-76.6) NR 1.8 Gy/f, 25 (25-28) f
2017 [30] cc for13 avail-
able plans
Kamran 2017  USA (@) (@18 (@9 (a) 68.0 (@18 (@ 39% >4cm  (a) 7 IMRT, (a) 44.3 (30.1-50.0)
[11] 2005-2016 (b)48 (b) 15 (41.2-81.2)  recurrent (b) 15% >4 cm 7 3D-CRT, 4 (b) 44.3 (20.6-46.0)
(b) (b) 636 (b) 48 others
2011-2016 (34.7-83.7)  recurrent (b) 11 IMRT,
24 3D-CRT, 13
others
Gebhardt 2018 USA 2011-2016 60 0 66 (35-87) 16 primaries, 2.0 (0.5-5.8) 57 IMRT 44-504 Gy, 1.8-2 Gy/f,
[31] 44 recurrent  cm, 244 1QR SIB 55 Gy to node
14.1 cc
Huertas 2018  France 2004-2017 27 0 56 (23-75) 27 primaries  16.1 (0.6-71.5) 7 IMRT, 20 45 Gy in 25f,60 Gy to
[4] cc 3D-CRT node
Ling 2019 [32]  USA NR 2 2 71(79-90)  22recurrent 232 (IQR 11 EBRT 450 (30.6-504) Gy in
13.0-30.6) cc 251,60 Gy boost or
55 Gy SIB to node
Chopra 2020 India 2011-2016 50 0 47 (35-65)  50recurrent  38(12-85)cc  3D-CRTor 50 Gy/25f, 54-55 Gy
[13] IMRT SIB to node
Patel 2020 [33] USA 2014-2020 13 3 58(30-83) 3 primaries,  0.71(0-6.16) NR 444 Gy in 24f,SIB 594
10 recurrent  cm (56.3-62.5) Gy to node
Alban 2021 USA 2004-2017 62 0 64.6 62 recurrent  2.5(0.3-8)cm” 3D-CRTor 45 (44-504) Gy, 63
[34] (35.9-85.1) IMRT (54-70) Gy boost to
node
Goodman Canada 2002-2017 67 0 68 (IQR 67 primaries  4.1+£1.5cmfor  3D-CRT or 45 Gy in 25f
2021 [3] 56-75) 55 patients VMAT
Murofushi Japan 2010-2015 22 0 63 (33-78)  22recurrent 17 (0-45) mm 17 3D-CRT 30.0-50.0 Gy in 15-25
2021 [37] f+30.0-50.0 Gy with
MB
Westerveld Multi- 2014-2017 148 0 63 148 primaries  17.6 (IQR 90 3D-CRT; 55  45.0-504 Gy in
2021 [5] center (IQR54-73) 6.8-32.1) cc IMRT/VMAT 1.7-2.0 Gy/f, 60-64 Gy
to node
Engineer 2022 India 2008-2014 90 0 50 90 recurrent 46 patients 90 50 (46-50) Gy/25
2] >4.cm Tomotherapy — (23-25) f, 55-60 Gy SIB
to node

“ Tumor size at EBRT
" The Netherland, Vienna, France, Denmark

N. = number; RT=Radiotherapy; y=year; EBRT=external beam radiotherapy; USA=United States of American; NR=not reported; 3D-CRT=three-dimensional
conformal radiotherapy; LA=linear accelerator; IMRT =intensity modulated radiotherapy; IQR=interquartile range; VMAT =volumetric modulated arc therapy
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Fig. 1 The probit model for the relationship between HR-CTV (or CTV)
D90 and two-year local control. The blue dots represent the values of D90
and the two-year local control for each study

patients with a history of radiotherapy can accept the
prescribed dose obtained from the probit model analy-
sis? In terms of tumor control, newly grown tumors after
previous radiotherapy have not been exposed to previous
radiation, so the recurrent vaginal cancer patients with
a history of radiotherapy should accept the optimized
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Fig. 2 The probit model for the relationship between HR-CTV (or CTV)
D90 and three-year local control. The blue dots represent the values of
D90 and the three-year local control for each study

prescribed dose. However, the surrounding OARs were
severely hit by both two courses of radiotherapy. When
evaluating the risk of side effects, a comprehensive
consideration should be given to the cumulative dose
from two courses of radiotherapy and the interval time
between two courses of radiotherapy to avoid serious side

Table 3 The probit model results between volume base dose and clinical outcome

Clinical outcome Studies Patients ED90 (95% Cl) (GYeqpy,10) SE Chi-square P
Local control
2-year 14 772 79.0 (75.3,96.6) 0013 6.190 0.013
3-year 9 313 76.3 (73.1,90.0) 0.023 5.982 0.014
S5-year 5 312 63.0(,-) 0.021 1.024 0312
Disease-free survival
2-year 12 684 1186 (-,-) 0.011 1914 0.167
3-year 7 394 1633 (-, - 0.015 0.385 0.535
5-year 5 312 370(,-) 0.018 1.591 0.208
Overall survival
2-year 14 724 1938 (- -) 0012 0.073 0.788
3-year 9 313 107.0(-,-) 0.019 0.591 0.444
S5-year 5 312 483 (-,-) 0018 2371 0.124

ED90=estimated dose at 90%, Cl=confidence interval, SE=standard error

P-value in bold represents that the probit model has statistical significance
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Table 4 The probit model for subgroup between HR-CTV or CTV D90 and 2-year local control
Parameter Studies Patients ED90 (95% Cl) (GYeqpa,10) SE Chi-square p
Publication year

2012-2017 7 224 78.1(74.2,88.3) 0.020 7.698 0.006

2018-2022 9 548 82.1(--) 0.016 0.943 0.331
Country

USA 9 325 76.2(73.7,80.5) 0.018 15.265 <0.0001

Others 7 447 65.6 (-, -) 0.018 0.275 0.600
Inclusion time of patients

Before 2015 7 270 74.7 (694, 87.9) 0.020 5574 0.018

After 2010 6 369 86.5(--) 0.024 0.394 0.530
Patients with prior radiotherapy

<10% 11 641 729(,-) 0.018 0.207 0.649

>10% 5 131 82.3(75.8,156.9) 0.021 5123 0.024
Median age

<65 7 447 684 (-,-) 0.021 1.029 0310

>65 9 325 75.8(73.0,79.9) 0.016 16.288 <0.0001
Primary vaginal cancer

<20% 1 466 75.2(72.3,81.7) 0.017 9445 0.002

>20% 5 306 849 (--) 0.037 0.310 0578
Tumor size "

<30mm 6 229 73.1(67.7,77.9) 0.022 7.963 0.005

>30mm 10 543 84.6(--) 0.015 1.803 0.179
CCRT proportion

<50% 9 319 76.1(73.0,81.5) 0.016 12.922 <0.0001

>50% 7 453 65.8 (-, -) 0.022 0.392 0.531
Dose rate

HDR >80% 13 554 75.0(72.7,79.5) 0.017 11.325 0.001
Image modality for planning

CT>50% 7 296 77.1 () 0.024 2.832 0.096

MRI>50% 7 359 80.1(76.0,97.1) 0.018 5557 0.018
Interstitial proportion

>50% 13 649 83.2 () 0.014 0323 0.250

" The tumor volume reported were converted to tumor diameter using the spherical volume formula

ED90=estimated dose at 90%, Cl=confidence interval, SE=standard error, USA=the United States of American, CCRT=concurrent chemoradiotherapy, HDR=high
dose rate, CT=computed tomography, MRI=magnetic resonance imaging. P-value in bold represents that the probit model has statistical significance

effects. Zolciak-Siwinska et al. [46] found that a cumula-
tive EQD2 of approximately 100 Gy was safely delivered
to D2cc of the bladder and the rectum. Ling et al's study
once again confirmed that re-irradiation with 3D con-
formal brachytherapy for vaginal recurrence was feasible
and safe as long as cumulative dose to surrounding nor-
mal organs was limited [32] 0. A recent multicenter sur-
vey from Japan showed that a higher cumulative EQD2
was significantly associated with severe complications
[47]. In term of interval time, Paradis et al. [48] proposed
a systematic approach to the re-irradiation special medi-
cal physics consult process, which provided a previous
dose discount related to interval time. Taking the bladder
and rectum as an example, interval time of <3 months,
3 months —6 months, 6 months —1 year, and 1 year —3
years correspond to previous dose discount 0%, 10%,
25%, and 50%, respectively.

In radiotherapy, dose-response relationships were
objective and widely recognized. Before the establish-
ment of the dose-response curve, the optimal prescrip-
tion dose for the target volumes was unclear, and it was
more or less influenced by the dose constraints of the
OARs. Our study derived significant dose-response rela-
tionships between volume based dose and local control
based on published research results. The establishment of
this dose-response relationship clears the fog for future
clinical practice, striving to achieve the optimal dose
recommended by the dose-response relationship while
maintaining a controllable risk of OARs. Although our
results are preliminary, to our knowledge, it is the first
dose-response relationship study for radical radiotherapy
of vaginal cancer.

Like many other studies, this study has some limita-
tions. Firstly, there were certain differences in the delin-
eation and naming of target volumes for included studies,
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which was due to the consensuses had only been reached
in recent years regarding the delineation of target vol-
umes for vaginal cancer [10, 20]. Secondly, the total num-
ber of patients included in the probit analysis was not
high due to the relative rarity of vaginal cancer, and they
were all observational studies. Finally, the heterogeneity
of the data remains an important limitation of this study,
as previously stated [22-24].

In conclusion, a significant dependence of 2-year or
3-year local control on HR-CTV (or CTV) D90 was
found. Two-year tumor control probability of >90% can
be expected at doses>79.0 Gyggp,,o based on meta-
regression analysis. Our research findings encourage
further validation of the dose-response relationship of
radical radiotherapy for vaginal cancer through protocol
based multicenter clinical trials.
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