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Abstract

Purpose: To evaluate treatment outcomes with image-guided brachytherapy (IGBT) for distal vaginal and vulvar
cancers.

Material and methods: Women treated for distal vaginal or vulvar malignancies utilizing IGBT were retrospective-
ly reviewed, and acute and late toxicities were retrospectively graded. Descriptive statistical analysis was performed.

Results: Eighteen patients were included, out of which, twelve patients (66.7%) were with primary disease of the
distal vagina and vulva, most commonly squamous cell carcinoma of the vulva (n =8, 66.7%), and six with recurrent
disease, most commonly recurrent endometrial carcinoma (1 = 5, 83.3%). All patients received external beam radiation
(EBRT) to a median dose of 45 Gy in 25 fractions, followed by IGBT (range of 15 to 27.5 Gy in 3 to 5 fractions). Mean
follow-up was 20.6 months. Mean dose to high-risk clinical target volume (HR-CTV) Dy, was 72.4 Gy. Mean D, for
the rectum, bladder, and urethra were 50 Gy, 50.6 Gy, and 62.9 Gy, respectively. Five patients (27.8%) recurred. Three
patients (16.7%) had local recurrence, 1 patient (5.6%) had distant recurrence only, and 1 patient (5.6%) had simultane-
ous regional and distant recurrence. Grade 3 acute toxicities included 1 (5.6%) vaginal stenosis, 6 (33.3%) dermatitis/
mucositis, 2 (11.1%) vaginal pain, and 1 (5.6%) vaginal/vulvar infection. Grade 3 late toxicities comprised 3 (17.7%)

cases of vaginal pain and 1 (5.9%) skin/vaginal necrosis. There were no grade 4 or higher toxicities.
Conclusions: Definitive radiation therapy in the form of EBRT and IGBT provides meaningful loco-regional control
in women with distal vaginal and vulvar cancers, with mainly skin and vaginal toxicity.
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Purpose

Vaginal and vulvar cancers, whether primary or sec-
ondary in nature, are uncommon malignancies [1-5].
Due to its rarity, the treatment of vaginal cancer has been
largely modeled on the treatment of cervical cancer [6]. As
such, both definitive and palliative radiation in the form
of brachytherapy with or without external beam radia-
tion, can play an important role in the treatment of vaginal
cancer. These same modalities have proven to be effective
in the treatment of vulvar cancer, particularly in patients
who are deemed poor surgical candidates [2, 7-9].

The use of image-guided brachytherapy (IGBT) in the
treatment of cervical cancer has improved local control of
disease, and has decreased both early and late toxicities
through better clinical target volume (CTV) and organ
at risk (OAR) delineation, while also allowing for dose
escalation [3, 6, 10]. Retrospective studies suggest the
same benefits may be true for the treatment of vaginal
and vulvar cancer [8, 9, 11, 12]. While there have been
studies examining the efficacy and toxicity of brachyther-

apy in the treatment of vaginal and vulvar cancer, no
study has focused on outcomes associated with the use of
brachytherapy particularly for distal vaginal and vulvar
malignancies.

The primary aim of this study was to examine the
short- and long-term toxicities as well as outcomes as-
sociated with the use of brachytherapy for patients with
distal vaginal and vulvar cancer, in the modern era of im-
age guidance.

Material and methods

All patients treated with IGBT for either primary or
secondary distal vaginal, defined as tumors originating
and confined to the distal third of the vagina, or vulvar
malignancies between 2012 and 2019 were retrospec-
tively reviewed. Data collected included patient demo-
graphics, pathology, radiation treatment, chemotherapy
details, and toxicity. This study received an institutional
review board (IRB) approval.
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Radiation

All patients were treated with a combination of exter-
nal beam radiation (EBRT) and IGBT. External beam ra-
diation was given first to the primary disease and grossly
involved lymph nodes, based on clinical exam and imag-
ing and nodal volumes at risk. EBRT was then followed
by IGBT, which was delivered in 3-5 fractions, based
on tumor location and size at the time of brachythera-
py to achieve adequate dose to the CTV, as defined be-
low. Syed applicators were the preferred applicators for
brachytherapy, but other applicators were used if clin-
ically appropriate. Other applicators utilized included
a Capri applicator and a custom multichannel applica-
tor. All patients who were treated with a Syed applicator
were treated with a single implant, and received their
first brachytherapy fraction on the day of implant place-
ment. They were then treated twice daily, until treatment
completion. Patients treated with the Capri applicator or
custom applicator were treated on non-consecutive days.
Computed tomography (CT) alone was obtained to ver-
ify applicator placement and for 3D-based treatment
planning prior to 2015. After 2015, magnetic resonance
imaging (MRI) pelvis following applicator placement
was routinely used in addition to CT for brachytherapy
treatment planning to maximize CTV and OAR delin-

eation [13]. After these images were obtained, CT and
MRI images were fused, if applicable, for contouring for
CTV and OARs. CTV for brachytherapy was generated
based on the initial extent of disease on pre-treatment
imaging, if available, and physical exam while taking
into account response to EBRT, as noted on imaging
utilized for IGBT and physical exam at that time. OARs
contoured included the bladder, urethra, and rectum,
as appropriate. Treatment planning was performed in
BrachyVision (Varian Medical Systems, Palo Alto, Cal-
ifornia, USA) to manually optimize CTV coverage while
obtaining acceptable OAR dose. Figures 1 and 2 show
representative axial images of contouring and planning
for brachytherapy for two separate patients. Treatment
was delivered via VariSource iridium-192 high-dose-rate
(HDR) remote afterloader (Varian Medical Systems, Palo
Alto, California, USA).

The goal was to achieve an EQD, for CTV Dy, of
70-75 Gy while minimizing the dose to surrounding
OARs. Goals for OARs were to achieve a total EQD, dose
to 2 cc (D, to the rectum of less than 75 Gy and less
than 90 Gy for the bladder [5]. The goal for the urethra for
EQD, dose to 0.1 cc (Dg ;) was less than 85 Gy [14]. The
vagina itself was not used as an avoidance structure or
OAR for treatment planning.

Fig. 1. T2-weighted axial MRI at the time of brachytherapy for a 55-year-old female with a primary FIGO stage II squamous cell

carcinoma of the vagina. On physical exam, a vaginal lesion was noted in the distal posterior and lateral walls, right worse than
left, extending 2-3 cm into the vagina, with no palpable disease under the urethra or in the anterior vagina. Prior to brachyther-
apy, she completed 45 Gy in 25 fractions to the pelvis. Brachytherapy was performed with a Syed applicator. The prescription
dose for brachytherapy was 25 Gy in 5 fractions. EQD, were as follows: high-risk CTV (HR-CTV) = 74.7 Gy, bladder = 51.2 Gy,
rectum = 64.0 Gy, sigmoid = 45.4 Gy, and urethra = 77 Gy. The patient is 21 months after completion of brachytherapy and is
currently without evidence of disease. Red = 100% isodose line, pink = HR-CTV, brown = rectum, magenta = urethra
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Fig. 2. T2-weighted axial MRI at the time of brachytherapy for a 64-year-old female with history of stage Il endometrioid adenocar-
cinoma s/p TAH-BSO, external beam radiation (EBRT) to 50.4 Gy, and vaginal brachytherapy boost of 6 Gy, who presented with
a recurrent disease. On physical exam, she was noted to have a palpable mass in the distal vagina at the introitus extending 2-3 cm
into the vagina, with palpable fullness along the vaginal walls, left greater than right, with no palpable disease under the urethra
or in the anterior vagina. She completed a course of EBRT to 30.6 Gy in 17 fractions prior to brachytherapy, which was performed
with a Syed applicator. The prescription dose for brachytherapy was 27.5 Gy in 5 fractions. EQD, were as follows: high-risk CTV
(HR-CTV) = 70.1 Gy, bladder = 29.4 Gy, rectum = 33.9 Gy, sigmoid = 29.4 Gy, and urethra = 35.5 Gy. The patient is 22 months
after completion of brachytherapy and is currently without evidence of disease. Red = 100% isodose line, pink = HR-CTV,

brown = rectum, cyan = urethra

Toxicity

Acute and late toxicity outcomes were obtained
from review of the patients’ records. If not given a grade
by the treating radiation oncologist at the time of the
original encounter, toxicities were retrospectively grad-
ed using the common terminology criteria for adverse
events (CTCAE), version 5.0 (2017). Toxicities, which
developed more than 30 days after treatment comple-
tion were categorized as late/chronic. One patient was
excluded from chronic toxicity assessment due to inad-
equate follow-up.

Statistical analysis

When assessing descriptive variables, categorical
variables were described using Pearson’s chi-squared
test or Fisher’s exact test, as applicable. Continuous vari-
ables were described using Student’s f-test or Wilcoxon
rank-sum test. Multivariable regression analyses was
performed to determine the independent association of
clinical outcomes while adjusting for confounding vari-
ables. Logistic regression analyses was performed to de-
termine any predictors of binary outcomes while adjust-

ing for confounding variables. Cox proportional hazards
analysis and Kaplan-Meier curves were used to assess
time-to-event data.

Results
Patient and tumor characteristics

Clinical and pathologic characteristics for the 18 pa-
tients included in this study are summarized in Table 1.
The majority of patients (n =12, 66.7%) had a primary dis-
ease of the distal vagina or vulva, and had FIGO stage II
disease (1 =8, 66.7%). Six patients (33.3%) presented with
secondary or recurrent cancer, most commonly endome-
trial in origin. The most common location for primary
malignancy was the vulva, representing 66.7% (n = 8/12)
of patients with primary disease. In contrast, only 50%
(n = 3/6) of those presenting with disease recurrence
were classified as vulvar. Of all patients treated for vul-
var disease, 7 were located either close to the urethra or at
the vaginal introitus, 2 originated in the Bartholin gland,
1 involved the posterior fourchette and perianal area,
and 1 patient had recurrent disease of the vulva treated
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with prior EBRT. With all patients considered, the most
common histology was squamous cell carcinoma. Three
patients (16.7%) in total, all of whom had secondary/
recurrent disease, had received prior pelvic radiation.
Two patients (11.1%), both with primary disease, had un-
dergone lymph node dissection prior to radiation. Both
patients were found to have lymph node involvement at
the time of surgery. The remaining 4 patients with lymph
node involvement were diagnosed radiographically.

Treatment planning and delivery

Table 2 portrays radiation treatment details. All the
patients completed EBRT, with a median dose of 45 Gy in
25 fractions, most frequently delivered through intensity
modulated radiation therapy (IMRT) or volumetric mod-
ulated arc therapy (VMAT). This was followed by IGBT.
The majority of patients (1 = 15, 83.3%) had MRI guid-
ance for treatment planning, while the remaining patients
(n =3,16.7%) had CT guidance alone. The patients were

Table 1. Patient and disease characteristics, n = 18

Variable Median Interquartile

treated with IGBT to a median dose of 20.50 Gy (range,
15.0-27.5 Gy) in 3.5 fractions (range, 3-5 fx.). The most
common fractionation for IGBT was 21 Gy in 3 fractions
(n =3,16.7%). IGBT was delivered with a Syed applica-
tor in 14 patients (77.8%), a Capri applicator in 3 patients
(16.7%), and a custom multichannel cylinder applicator in
1 patient (5.6%). Fourteen patients (77.8%) had systemic
therapy applied for their treatment, all concurrent with
radiation.

Dosimetry

All patients had dosimetric data available. Medi-
an high-risk clinical target volume (HR-CTV) Dy, was
73.7 Gy. Fourteen patients (77.8%) had HR-CTV Dy,
> 70 Gy, and of those 4 had Dy, > 75 Gy. The remaining
4 patients had HR-CTV Dy, < 70 Gy, with a range of
53.4-69.6 Gy. The patient with HR-CTV Dy, of 53.4 Gy was
treated to a lower dose due to a history of prior radiation.
There was no association between HR-CTV Dy, and can-
cer control (HR = 1.023, p = 0.81). The median EQD, for
the bladder, rectum, and urethra were 47.8 Gy, 52.3 Gy,
and 69.8 Gy, respectively. All the patients met EQD, con-
straints for the bladder, rectum, and urethra. EQD, for

fange the contoured OARs was not associated with any acute

Age (years) 62.0 554-67.6 or chronic toxicity.

Weight (kg) 83.6 741943

BMI (kg/m?) 309 27.436.2 Acute and chronic toxicities

n % Overall rates of acute and chronic toxicities associat-

Locations of all patients ed with the treatment were low and were predominately

: - vulvar-, vaginal-, or skin-related. Grade 3 (G3) or high-
Uiz Gegine 7 e er acute toxicities included 1 (5.6%) G3 vaginal stenosis,
Vulvar 11 611 6 (33.3%) G3 dermatitis/mucositis, 2 (11.1%) G3 vaginal
Location of those with primary 12 66.7 pain, and 1 (5.6%) G3 vaginal/vulvar infection. Grade 3
malignancy or higher late toxicities included 3 (17.7%) G3 vaginal pain
: : and 1 (5.9%) G3 skin/vaginal necrosis. One instance of G3
Distal vaginal 4 333 . . . . .
vaginal pain resolved over time. The instance of G3 skin/
Vulvar 8 66.7 vaginal necrosis resolved after the surgery for recurrent

Recurrent malignancy type 6 33.3 disease. There were no instances of vaginal perforation,

[ —— 5 833 fistula formation, dyspareunia, urethral stricture, or G4 or
G5 toxicities reported. All the patients with HR-CTV Dy,
Vulvar 1 16.7

FIGO stage for patients with primary

malignancy Table 2. Radiation treatment details
Il 8 66.7 Radiation treatment n %

I 3 25.0 External beam radiation therapy (EBRT) details
v 1 8.3 Dose (cGy)

Histology < 4500 2 11.1
Squamous cell 12 66.7 4500 12 66.7
Endometrioid 5 27.8 > 4500 4 22.2
Poorly differentiated 1 5.6 EBRT type

Lymph node involvement IMRT/VMAT 17 94.4
Yes 6 333 3D conformal 1 5.6
No 12 66.7 Brachytherapy treatment details

Smoking history Planning type
Yes 9 50.0 cT 3 16.7
No 9 50.0 MRI 15 83.3
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Table 3. Follow-up and recurrence

Follow-up (months)

Mean (SD) Median Min. Max.
20.6 15.61 4.2-39.0 0.93 54
Recurrence n %
Total number of recurrences 5 27.8
Local recurrence 3 16.7
Distant recurrence 1 5.6
Simultaneous regional and distant recurrence 1 5.6

>75Gy had atleast 1 G3 toxicity. One patient suffered from
G3 acute dermatitis/ mucositis, chronic vaginal pain, and
chronic vaginal/skin necrosis. One patient had G3 acute
vaginal pain and acute dermatitis/ mucositis. One patient
suffered from G3 acute dermatitis/ mucositis alone, and
one patient had G3 acute vaginal stenosis alone.

Follow-up, recurrence, and survival

Follow-up and recurrence data are described in Ta-
ble 3. At a median follow-up of 15.6 months, there were
a total of 5 recurrences. Of these recurrences, 3 (16.7%)
were local recurrences alone, 1 (5.6%) was a distant re-
currence alone, and 1 (5.6%) was a simultaneous region-
al and distant recurrence. All 3 local recurrences were in
patients who originally presented with primary vulvar
disease. Of these, two were periurethral or at the vaginal
introitus, and one was in a patient with a posterior four-
chette/ perianal tumor; however, in the latter case, the re-
currence was outside of the brachytherapy volume. Two
had CT-guided brachytherapy (BT) alone. One patient
had a lower HR-CTV Dy of 69.6 Gy. One- and two-year
progression-free survival were 93.8% and 75.0%, respec-
tively. Figure 3 depicts overall survival. One- and two-
year overall survival were 83.9% and 73.4%, respectively.
Stepwise selection test for association with recurrence of
any type and overall survival was unremarkable.

Discussion

Radiation plays a critical role in the treatment of vagi-
nal and vulvar cancer, either as definitive treatment or as
part of a multimodal approach to management [7, 13, 15-
18]. A recent retrospective study by Yang et al. including
124 patients with vaginal cancers of varying stages was
conducted to analyze clinical characteristics and surviv-
al of patients with primary vaginal cancers treated with
various modalities, and demonstrated no difference in
progression-free survival or disease-specific survival for
patients treated with primary radiation compared to pri-
mary surgery for stage I-IVA disease [13]. It is important
to note that given the proximity of the vagina to the blad-
der, rectum, and urethra, surgical intervention is often
associated with significant morbidity [19, 20]. As such, al-
though the study by Yang et al. reported similar outcomes
with the use of primary surgery or radiation, definitive
radiation, either with or without chemotherapy, is often
pursued in an attempt to avoid the toxicity associated
with surgery. Within radiation treatments available, the

inclusion of BT has been associated with improved out-
comes in several studies [15, 21-23].

Several studies have been performed on the use of
IGBT in vaginal cancers with promising results [8, 11, 24-
26]. A study by Manuel ef al. examining the use of IGBT
compared to BT withoutimage-guidance for the treatment
of vaginal cancer, showed improved 2-year local control
(93% vs. 71%, p = 0.03) and disease-free interval (86% vs.
54%, p = 0.04) with IGBT. This study also demonstrated
a statistically significant decrease in G3 genitourinary
toxicity (0% vs. 22%, p = 0.002) in IGBT group compared
to patients treated without IGBT [11]. A separate study
by Beriwal et al. evaluating clinical outcomes of thirty
patients with vaginal cancer, treated with image-guided
interstitial brachytherapy showed 1- and 2-year locore-
gional control of 84.4% and 78.8%, respectively, with no
G3 or higher gastrointestinal complications, and only
2 patients with G3 vaginal ulceration and G4 vaginal ne-
crosis [3]. Another study by Dimopoulos et al. investigat-
ing the feasibility of MRI-guided BT for 13 patients with
locally advanced vaginal cancer, demonstrated 3-year
local control of 92% with 2 patients developing a fistula,
1 case of periurethral necrosis, and 1 patient suffering
from vaginal obliteration [16].

Although studies on the use of IGBT for the treatment
of vaginal cancer have been performed, most have low
numbers of patients with distal vaginal cancers, and no
study has focused on the treatment of distal vaginal can-
cers alone. It is possible that this is in part because distal
cancers are scarce, as vaginal cancers most commonly
arise in the proximal one third of this organ [27]. For ex-
ample, the cohort of patients with distal vaginal cancers
included in the Manuel study represented only 19.4% of

100

80

Overall survival (%)

O T T T
0 12 24 36 48
Months

Fig. 3. Overall survival (n = 18)
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the entire patient population [11]. Only 11% of patients in
a separate study by Lee ef al. examining the clinical out-
comes of 44 women with vaginal recurrence of endome-
trial cancer treated with IGBT had distal vaginal tumors
[25]. The relative lack of distal vaginal cancers included
in these studies is of particular importance because it is
thought that the distal vagina is more sensitive to radi-
ation compared to the more proximal vagina and, there-
fore, could be at higher risk for toxicity with brachyther-
apy [28]. This is evident in a recent retrospective review
by Goodman et al., in which 33.9% of the included 67 pa-
tients had tumors located in the lower vagina alone. This
study demonstrated a 10.4% rate of G3/4 genitourinary
and gastrointestinal toxicity, including four cases of vagi-
nal fistula formation and four instances of vaginal necro-
sis. At a median follow-up of 2.68 years, 11.9% of patients
(n = 8) experienced local recurrence, either in isolation or
in combination with both regional or distant recurrence,
similar to the current study [29].

While few studies exist on the use of IGBT for vagi-
nal cancers, even fewer exist on the treatment of vulvar
malignancies, likely because surgery is currently the
standard of care for early-stage disease, with primary
radiation traditionally reserved for those deemed medi-
cally inoperable or unresectable, or those with recurrent
disease [30]. The studies that do exist evaluating the use
of IGBT for vulvar cancers have demonstrated mixed
results. One single-institution experience, including
14 women with locally advanced or recurrent vulvar can-
cer, treated with high-dose-rate (HDR)-BT with or with-
out EBRT, showed that while arrest of cancer growth or
tumor regression was achieved in all patients, 8 patients
(57.1%) experienced a relapse. One-year progression-free
survival was only 33%. In this retrospective study, only
two patients (14.3%) experienced G3 toxicity [8]. In con-
trast to the high-rate of recurrence in this study, an expe-
rience by Mahantshetty et al. including 38 patients, treat-
ed with HDR-BT as a part of definitive radiation (76.3%),
adjuvant (15.8%), or salvage (7.9%) therapy, demonstrat-
ed a 5-year local control of 77% [31]. A separate study
by Thibault et al. on the use of HDR-BT for Bartholin’s
gland carcinoma included 5 patients total, three treated
with adjuvant radiation and two treated with definitive
chemoradiation. Similar to the current study, all patients
received EBRT. While the Thibault’s study demonstrated
100% local control at a median follow-up of 78 months,
60% of patients suffered G3 or greater toxicity [32].

The current study is the first to focus on the clinical
outcomes associated with the use of IGBT for the treat-
ment of distal vaginal and vulvar cancers. The majority
of the patients included in the study had primary vulvar
cancer that were treated with definitive chemoradiation
due to tumor location, for which surgery was likely to
result in excess morbidity due to proximity to the urethra
and anus. The patients with vulvar cancer were treated
with brachytherapy, as opposed to dose-escalated EBRT,
because it was assumed to be able to spare OARs, partic-
ularly the urethra, better than higher dose EBRT based
on location as described above. This study demonstrated
clinically meaningful local control, with low rates of both

acute and late genitourinary and gastrointestinal toxicity,
with only 16.7% of patients experiencing local recurrence
at a median follow-up of 15.61 months. All local recur-
rences were observed in patients who presented with pri-
mary vulvar cancers. It is important to note that, given
the rare nature of vulvar cancer itself, there is currently
a paucity of data on the use of BT in the treatment of vul-
var cancers. As such, no standardized guidelines exist for
the optimal utilization of BT in the treatment of this dis-
ease. The relatively high rates of local recurrence for vul-
var cancers treated with IGBT in both the current study
and the study by Kellas—éleczka, calls into question the
need for dose escalation in the treatment of vulvar can-
cer; although this would almost certainly increase toxicity
associated with treatment, even in the era of IGBT, given
the relatively high-rate of G3 skin and vaginal toxicity ob-
served in the current study.

This study was limited by a small number of patients
treated at a single-institution, with a relatively low num-
ber of events, thus limiting its power. A second limitation
was the heterogeneity of BT dosing utilized, which could
be difficult to apply to a wide array of patients. A final
limitation was its retrospective nature, with toxicities
graded based on physician description of toxicity, if not
explicitly graded by the treating radiation oncologist at
the time of treatment or follow-up. However, given the
rarity of distal vaginal and vulvar malignancies, it is im-
perative that there are data demonstrating the efficacy
and safety of radiotherapy for their treatment. This pa-
tients” population would likely benefit from a prospec-
tive trial to further address these questions and potential-
ly maximize treatment-related outcomes.

Conclusions

In summary, the results of this study indicate that
women with distal vaginal and vulvar cancers, either
primary or recurrent in nature, can be treated with high-
dose-rate interstitial brachytherapy and external beam
radiation, achieving meaningful cancer control.
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