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ated gynecological malignancies are uncommon.
Standardized management of these cases is not well established. We aim to provide an in-depth
literature review and present current practice patterns among an international group of experienced
practitioners in the reirradiation setting of gynecologic cancers.
METHODS AND MATERIALS: An extensive literature search was performed and 35 articles
were selected based on preset criteria. A 20-question online survey of 10 experts regarding their
retreatment practices was also conducted.
RESULTS: The reviewed publications include a diverse group of patients, multiple treatment tech-
niques, a range of total doses, local control, overall survival, and toxicity outcomes. Overall, local
control ranged from 44% to 88% over 1e5 years with OS in the range of 39.5e82% at 2e5 years.
Late G3e4 toxicity varied very broadly from 0% to 42.9%, with most papers reporting serious tox-
icities greater than 15%. The most common reirradiation technique utilized was brachytherapy.
Some low-dose-rate data suggest improved outcomes with dosesO50 Gy. The high-dose-rate data
are more varied with some studies suggesting improved local control with dosesO40 Gy. In gen-
eral, a longer time interval between the first and second course of radiation as well as recurrences!
2e4 cm tend to have improved outcomes.
CONCLUSIONS: Reirradiation with brachytherapy results in relatively reasonable local control and
toxicities for women with recurrent gynecologic cancers. The appropriate dose for each case needs to be
individualized given the heterogeneity of cases. Multidisciplinary management is critical to develop
individualized plans and to clearly communicate potential side effects and expected treatment outcomes.
TAKE HOMEMESSAGE: Reirradiation with brachytherapy is an acceptable effective organ pre-
serving approach for recurrent gynecologic cancers with a reasonable local control and toxicity pro-
file. Each case requires multidisciplinary management to develop an individualized approach.
Monitoring for potential long-term toxicities is essential. � 2019 American Brachytherapy Society.
Published by Elsevier Inc. All rights reserved.
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Introduction

In the era of image-guided adaptive brachytherapy
(IGABT), local control is excellent in most gynecological
malignancies. However, local failures still occur in about
10% of cases after definitive chemoradiation in cervical
cancer and in under 5% of endometrial cancer cases after
surgery and adjuvant radiation (1e3). At the time of recur-
rence, 50e70% of patients are symptomatic with the most
common presenting symptoms being vaginal bleeding and
pelvic pain. In definitively treated cervical cancer, local re-
currences tend to be central, in the distal vagina below the
radiation field, and/or in the parametria/pelvic sidewall (4).
In postoperative endometrial cancer treated with adjuvant
radiation, about 75e80% of recurrences are at the apex
of the vagina or periurethral regions (5e9).

There is no Level 1 evidence to guide patient care and so
management of these cases is varied. Treatment options can
range from palliative measures to surgical exenteration. Re-
irradiation is also a reasonable treatment option that allows
for organ preservation, but consensus regarding patient se-
lection, dose, and technique are lacking.

The purpose of this article is to provide an in-depth liter-
ature review on reirradiation in the management of women
with recurrent gynecologic cancers as well as to present
current practice patterns among an international group of
experienced practitioners.
Fig. 1. Flow diagram outlining the paper selection process.
Methods

In May 2018, a literature search using Pubmed (Med-
line) and Cochrane (Embase) for articles in English was
performed on reirradiation for recurrent gynecologic malig-
nancies using various combinations of the following terms:
reirradiation, radiotherapy, recurrent, gynecology, cervix,
cancer, oncology, and/or uterine. Four review articles on re-
irradiation were identified and they were additionally
screened for articles pertinent to this topic (10e13). After
the initial search, 50 papers which addressed this topic
and were available in English were found. Many articles
combined patients with and without prior radiotherapy
(RT) in the setting of recurrence. So papers were excluded
if only a small number of patients were treated with irradi-
ation (n 5 5) and/or results for reirradiated patients were
not separately available (n 5 3). In addition, papers were
excluded if they were published over 20 years ago (n 5
7). This process resulted in a total of 35 articles (see Fig. 1).

Given the limited number of articles published on this
topic and the limited number of cases included in individual
publications (7e52 patients), an online survey of the 10 au-
thors with clinical expertise included in this article was also
completed. A link was provided to an online survey with 20
questions regarding their retreatment practices (see
Supplement). All responses were anonymized. Responses
were received from nine authors. The results were reviewed
with the authors on a phone call to provide further insight
into areas with variation in practice.

Even among the group of gynecologic specialists
included on this article, the number of reirradiation cases
that each person treats per year is low (five panelists treat
1e5, three treat 6e10, and one treatsO 10 cases per year
[Supplement Question # 20]). So the panelist’s current
practices are presented after each relevant literature review
to provide some perspective on what people are doing in
the reirradiation setting but not as a means of suggesting
that this should be taken as the standard of care.
Results

Patient selection and evaluation

The same general principles of evaluation in the defini-
tive setting apply in the recurrent setting. Patients are re-
staged with clinical examination and imaging which
should include evaluation of both local/regional as well
as distant disease. At least a computed tomography (CT)
of the chest, abdomen, and pelvis should be performed.
Positron emission tomography can also be helpful in char-
acterizing equivocal areas on CT, whereas magnetic reso-
nance imaging (MRI) can be useful in better defining the



Table 1

Reirradiation studies that used brachytherapy

Series Date Study type Patients (n)

Gyn

ReRT

(n)

Primary

site

Treatment

type HDR/LDR

Median ReRT dose

(dose range for each)

Median

followup Local control Overall survival Toxicity

Martinez-Monge,

et al. (15)

2014 Prospective 50 25 Mixed Interstitial HDR 38 Gy in 8 BID

(consecutive)

2.8 yrs 71.4% at 5 yrs 59.3% at 2 yr

39.5% at 5-yr

20% Grade 3þ
1 Grade 5

Badakh, et al. (16) 2009 Prospective 22 22 Cervix Interstitial HDR 25.8 Gy (12e45 Gy) NR NR Median OS 9.2 mo 4 Grade 4

Ling, et al. (17) 2019 Retrospective 22 22 Uterine IC/interstitial HDR Median HR-CTV D90

64.5 Gy (IQR:

49.6e75.8)

27.6 mo 66% @ 3 yrs 68% OS at 3 yrs No Grade $

3 acute or late

Umezawa, et al. (18) 2018 Retrospective 18 18 Cervix Interstitial HDR 62.6 Gy (48.6e82.5) 18 mo 51.3% at 2 yrs 60.8% at 2 yrs 2 Grade 3, 1 Grade 4

Ling et al. (17) 2019 Retrospective 22 22 Uterine IC/interstitial HDR Median HR-CTV

D90 64.5 Gy

27.6 mo 65.8%

At 3 yrs

68.1% at 3 yrs No Grade $3

acute or late

Kamran, et al. (19, 20) 2017 Retrospective 66 24 Uterine Interstitial HDR 45.2 Gy (27.2e67.9) 33 mo 71% at 3 yrs 54% at 3 yrs 33% Grade 3

Feddock, et al. (21) 2017 Retrospective 61 61 Mixed Interstitial LDR 45 (20e75) 16.3 mo 73% LC at death 52% OS at last f/u Grade $ 3 16.7%

Huang, et al. (22) 2016 Retrospective 40 16 Uterine Interstitial HDR 74 Gy (cumulative) 18 mo 53% at 2 yrs 67% at 2 yrs 4 Grade 3

Liu, et al. (23) 2016 Cohort 16 16 Cervix Interstitial HDR 52.5 Gy NR NR NR NR

Murakami, et al. (24) 2016 Retrospective 26 10 Cervix Interstitial HDR 68.4 Gy (48.4e94.2)* NR 45% at 3 yrs 51% at 3 yrs 1 Grade 4, 1 Grade 2

Amsbaugh, et al. (25) 2015 Retrospective 21 18 Mixed Interstitial both LDR 41.5; HDR 22.5 Gy 16.5 mo 71.5% at 1 yr 82% at 1 yr Grade 3: 28.5%

vaginal, 9.5% urinary,

19% rectal

Zolciak-Siwinska,

et al. (26)

2014 Retrospective 20 20 Mixed Interstitial/

Intracavitary

HDR 48.8 Gy (19e91 Gy) 31 mo 45% at 3 yrs 68% at 3 yrs 3 Grade 3 (15%)

Mahantshetty,

et al. (27)

2014 Retrospective 30 30 Cervix Interstitial HDR 42 Gy 25 mo 44% at 2 yrs 52% at 2 yrs 3 Grade 3 GU 3 Grade 3

GI (20%)

Mabuchi, et al. (28) 2013 Retrospective 52 52 Cervix Interstitial HDR 42 Gy/7 BID fractions 55.6 mo 77% Median 32 mo 25% Grade 3 or 4

Wooten, et al. (29) 2013 Retrospective 14 7 Mixed Interstitial LDR

(Cs 131)

78.25 Gy (Cs131

median 27.5 Gy)*

12 mo* 88% at 1 yr* Median 12 mo* 1 Grade 3*

Yoshida, et al. (30) 2013 Retrospective 114 14 Cervix Interstitial HDR 42e51 Gy in 7e8 BID fx 41 mo NR NR 1 fistula; vaginal Grade

0/1/2: 29%/57%/14%

Weitmann, et al. (14) 2006 Retrospective 23 23 Mixed Interstitial HDR 64 Gy 64 mo 47% at 5 yrs 43% DSS at 5 yrs 5 Grade 3 (22%)

Gupta, et al. (31) 1999 Retrospective 69 15 Mixed Interstitial HDR 35 Gy (25e55) 4.7 yrs 49% at 3 yrs NR 14% Grade 4*

HR-CTV 5 high-risk clinical target volume; HDR 5 High-dose-rate; LDR 5 low-dose-rate; NR 5 not reported; DSS 5 disease specific survival; GU 5 genitourinary; GI 5 gastrointestinal; LC 5 local

control; OS 5 overall survival.

Only included studies published within the past 20 years. Some studies did not report results separately for patients receiving reirradiation (indicated with *).
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local extent of disease. Some centers perform rectosigmoi-
doscopy and cystoscopy as part of their evaluation in previ-
ously irradiated patients (14). In the setting of pelvic MRI,
the main purpose of rectosigmoidoscopy and cystoscopy is
not to identify bladder and/or rectal invasion but to provide
a visual assessment of the mucosa of these organs to rule
out preexisting mucosal damage from the previous radia-
tion (i.e., telangiectasia, ulcers). There is, however, no liter-
ature proving this approach should be routinely used.
Finally, a biopsy should be performed to confirm recurrent
disease. In general, metastatic disease precludes proceeding
with curative intent reirradiation unless patients are symp-
tomatic and treatment is considered with palliative intent.

Reirradiation of recurrences in gynecological
malignancies

Tables 1 and 2 provide a summary of the selected reirra-
diation studies. They include a variety of reirradiation treat-
ment modalities: interstitial brachytherapy (ISBT) either as
an adjunct to external beam radiotherapy (EBRT) or as a
stand-alone treatment option and EBRT, mainly in the form
of stereotactic body radiation therapy (SBRT).

Brachytherapy

High-dose-rate (HDR) brachytherapy

Literature review. When just looking at recurrent endome-
trial cancer series (Table 1), three in particular are worth
highlighting because of their size, use of IGABT, and
differing approaches to dose selection. Kamran et al. (19)
reported on a total of 24 patients with endometrial cancer
who were reirradiated using IGABT. The authors delivered
a dose of radiation which they felt was necessary to control
the tumor even if this meant exceeding the standard organ
at risk (OAR) tissue tolerances. The mean cumulative radi-
ation dose to the high-risk clinical target volume (HR-
CTV) (including prior treatment) was 89.2 Gy (range
52.5e106.6). Eight patients received previous treatment
with a vaginal cylinder only (equivalent dose in 2 Gy
[EQD2] ~30 Gy), had a mean time between first and second
course of radiation of 34 months, and had a mean reirradia-
tion EQD2 dose of ~51 Gy. Their 3-year local control was
80% and two patients developed G3 toxicity. Four patients
received prior treatment with EBRT (EQD2 ~44 Gy), had a
median time between first and second course of radiation of
42 months, and had a mean reirradiation EQD2 dose of
~42 Gy. Their 3-year local control was 100% and one pa-
tient developed G3 toxicity. Finally, 12 patients received
prior EBRT and brachytherapy (EQD2 ~60 Gy), had a
mean time of 39 months between first and second course
of radiation, and had a mean reirradiation EQD2 dose of
~40 Gy. Their local control was 60% and five patients
developed G3 toxicities.

Ling et al. (17) reported on 22 patients with recurrent
endometrial cancer where the retreatment dose was
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determined based on treating until not exceeding a cumula-
tive rectosigmoid and bladder D2cc (EQD2) dose of 75 Gy
and 90 Gy, respectively. Twelve patients received prior
vaginal brachytherapy only with most receiving 21 Gy in
three fractions, five patients received prior EBRT to a me-
dian dose of 45 Gy, and five received prior EBRT þ vaginal
brachytherapy. The median time interval between the first
and second course of radiation was 26.6 months. The me-
dian D90 HR-CTV EQD2 (including prior dose) was
65 Gy. The 3-year local control was 66%, and one late
G3 ureteral toxicity was noted.

Huang et al. (22) reported on 16 patients with recurrent
endometrial cancer who were reirradiated. The retreatment
dose was individualized based on incorporating the
following factors: dose needed to achieve a reasonable
chance of controlling the disease, time from prior radiation,
prior radiation dose, and location of recurrence in the va-
gina. The median cumulative EQD2 was 71.1 Gy (63e
105.8 Gy). Patients received brachytherapy alone if the
pelvis had previously been treated or with 45 Gy EBRT fol-
lowed by a brachytherapy boost in the setting of a previ-
ously untreated pelvis. Local control at 2 years was 53%.
Four patients experienced any late G1e4 toxicity but the
rate of Grade 3e4 toxicity was not specified.

When just looking at retreatment studies of patients with
cervical cancer, there were three series that were note-
worthy. Mahantshetty et al. (27) reported on 30 patients
with cervical cancer who were retreated. Twenty had a
recurrence at the vaginal cuff after prior surgery and radia-
tion while four had a central recurrence after prior defini-
tive treatment with radiation. The median time between
courses of radiation was 25 months. All patients were re-
treated with brachytherapy alone (24 interstitial and 6 with
a Vienna applicator). The median brachytherapy dose deliv-
ered was EQD2 42 Gy. Two-year local control was 44%.
Local control seemed to be higher in patients
receiving O EQD2 40 Gy (52% vs. 34%, p 5 0.05).
Two-year G3 toxicity (rectal, bladder, or vaginal) was seen
in 23%. Umezawa et al. (18) retreated 18 patients with cer-
vical cancer of which 14 had previously received surgery
followed by radiation while four had received definitive ra-
diation. The median interval between treatments was
14.9 months. The median CTV D90 was 62.6 Gy (range
48.6e82.5 Gy). Two-year local control was 51.3%. Late
Grade 3 or higher toxicity was seen in three patients
(16.6%). On univariate analysis, hemoglobin level and
maximum tumor diameter were significantly associated
with local control but dose was not. There was a correlation
seen between a higher volume of the 100% and 200%
isodose volumes outside the CTV with $ Grade 2 toxic-
ities. Finally, Mabuchi et al. (28) retreated 52 patients with
cervical cancer of which 17 had previously been treated
with definitive intent and 35 in the postoperative setting.
Patients were treated with 6 Gy � 7 BID (EQD2 56 Gy).
Twelve patients underwent 3D planning, whereas the rest
underwent 2D planning. Median time between first and
second radiation treatments was 13 months. Local control
was reported based on a 2-month posttreatment assessment
with a 77% response rate complete response and partial
response. With a median followup of 55.6 months, 13 pa-
tients (25%) developed Grade 3/4 toxicities.

Low-dose-rate (LDR) brachytherapy

Literature review. Low-dose-rate (LDR) is also an effective
technique to deliver permanent interstitial brachytherapy
(PIB). PIB has the unique advantage over temporary im-
plants in that dosing is calculated based on permanent
decay and a curative dose can be delivered in a single pro-
cedure. Several published series now support the capability
to yield long-term control rates of approximately 70e85%
in well-selected patients (21, 29, 31, 40e43). In the series
by Randall et al. (42), 13 patients with recurrent gyneco-
logic disease were treated with either permanent or intersti-
tial brachytherapy, mostly using 198Au. A complete
response was seen in 69% of patients and nearly half were
still alive 4 years later with very few complications being
identified. The average size of tumors in this series was
12 cm2, and there appeared to be a relatively clear dose-
response for improved outcomes when doses of 50 Gy or
higher were delivered. The importance of small tumor size,
prescription doseO50 Gy, and the use of PIB for reirradia-
tion have also been identified as significant predictors for
success in at least two other series by Brabham et al. and
Wooten et al. (29, 43). In the largest series of PIB published
to date, Feddock et al. (21) presented 42 patients being
treated using 131Cs as monotherapy for recurrent pelvic dis-
ease and identified a 2 year control rate of 81%, and a me-
dian time to failure was not met, identifying that PIB using
LDR sources can be a potentially curative approach for re-
irradiation in well-selected patients.

Brachytherapy dose

Literature review. Dose is delivered most commonly using
a high-dose-rate (HDR) or an LDR approach. Many centers
use twice daily (BID) HDR fractionation with a median
dose prescription per fraction of 4e6 Gy (range 2.3e
8 Gy) and a median number of fractions between 5 and
10 (range 3e15). Only a few centers reported on once a
day or weekly fractionation schemes: 3 Gy � 10e15 frac-
tions daily or 5e7 Gy � 4e6 fractions
weekly � hyperthermia (26) and 7 Gy � 2e3 fractions
weekly (14, 23). Dosing with LDR is dependent on the
isotope being used and is not standardized. In the largest se-
ries from Feddock et al. (21) that used 131Cs gave doses
ranging from 22 to 75 Gy.

Brachytherapy insertion technique
ISBT is well suited for the management of central and

paracentral lesions because (1) there is access through a
transperineal approach, (2) it achieves better conformality
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than EBRT techniques, and (3) its surface/depth dose pro-
file is better than that of intracavitary brachytherapy. Intra-
cavitary brachytherapy may be appropriate for
reirradiation; however, in most cases, the extent of disease
isO 0.5 cm in depth and so it is less commonly used.
Panelist’s current practice
The panelists were presented with four different clinical

scenarios and asked a series of questions regarding how
they would manage them. The first three clinical scenarios
all had the same clinical presentation of a patient with an
endometrial cancer recurrence in the vaginal vault. The
three different scenarios just changed the adjuvant treat-
ment the patient received (external beam radiation therapy
only, external beam radiation therapy and vaginal cuff
brachytherapy boost, and vaginal cuff brachytherapy only).
In the setting of prior EBRT only, 9/9 panelists would offer
retreatment with brachytherapy alone with curative intent
(Supplement Question # 1). In the setting of prior EBRT
plus vaginal cuff brachytherapy boost, 7/9 panelists would
offer retreatment with brachytherapy alone with curative
intent, whereas one would consider retreatment with
brachytherapy with palliative intent and another would
consider EBRT with palliative intent (Supplement
Question # 2). In the setting of prior vaginal cuff brachy-
therapy only, 9/9 panelists would consider retreatment with
curative intent with 7/9 considering a combination of EBRT
followed by a brachytherapy boost (Supplement Question #
3). No additional questions were asked about EBRT in the
survey, but when discussed on the conference call, some
physicians stated that for the EBRT, they would limit the
EBRT dose to the vaginal area where there was prior
brachytherapy to somewhere in the dose range of 30e
36 Gy. The rationale for this was to limit the overlap of
the prior radiation dose so that there would be more room
for the brachytherapy boost. Other physicians just deliver
45 Gy to a standard pelvic field. The fourth clinical sce-
nario presented a woman with cervical cancer treated with
surgery followed by adjuvant EBRT who develops a side-
wall recurrence. In this case, 8/9 panelists would treat this
patient with curative intent but there was a range of tech-
niques that people would use. Four would consider using
brachytherapy alone, four would consider using non-
SBRT EBRT, and one would consider using SBRT
(Supplement Question # 4).

When using brachytherapy alone with curative intent in
the retreatment setting for a patient with prior EBRT, 6/9
would treat with a dose O40 Gy (Supplement Question #
5). If the patient had received prior EBRT and vaginal cuff
brachytherapy, 5/9 would treat with a brachytherapy dose
O40 Gy when treating with curative intent (Supplement
Question # 8). If the patient had received vaginal cuff
brachytherapy, only then 8/9 would treat with a dose
O40 Gy when treating with curative intent (Supplement
Question # 10).
Perioperative brachytherapy

Literature review
One of the largest experiences using perioperative

brachytherapy was published by Martinez-Monge et al.
(15). It included 50 patients with locally advanced and
recurrent gynecologic cancers of which 25 were previously
irradiated. Reirradiation patients were treated with surgery
followed by perioperative HDR (32 Gy in eight fractions
for negative margins and 40 Gy in 10 fractions for close/
positive margins). With a median followup of 10.1 years,
14-year local control was 60%, whereas 5-year disease-
free survival and 15-year overall survival were 16% and
19%, respectively. 10 of 25 (40%) patients developed
Grade $ 3 adverse events. This included four patients
who died of pelvic bleeding between 7 and 12 months. Af-
ter these events, the dose was changed to 24 Gy in six treat-
ments and no Grade $3 adverse events have been observed
since. Based on these observations, the group now recom-
mends a maximal dose of 24 Gy, a time to loading not
longer than 4 days, and an implant treated volume (TV)
100 not greater than 45 cm3 (TV150 below 20 cm3). The
group also tries to use a transperineal approach rather than
an abdominal route when possible and routinely interposes
a layer of 2e3 mm of tissue (omentum flap) between the
vascular structures and the catheters.

In a second large experience, 48 patients with gyneco-
logic cancer with pelvic sidewall recurrences after prior pri-
mary or adjuvant pelvic radiation were treated with
perioperative brachytherapy (44). Treatment was delivered
with HDR and the dose was 24e36 Gy given twice a week
(6 Gy per fraction) if prior radiation had been given less
than 4 weeks prior and the dose was increased to 48e
54 Gy if more than 6 months had passed since the previous
RT. With a median followup of 33 months, the 5-year over-
all survival was 44%. Local control in the first 20 patients
was 60% and in the latter 28 patients with a more aggres-
sive surgical technique was 85%. On multivariate analysis,
R1 vs. R2 resection and age over 40 years were significant
for tumor progression. Overall local control was 68% and
85% in the last 25 patients in the series. Five-year overall
severe complications were 33% (most were seen in the first
20 patients).
Panelist’s current practice
No specific questions regarding perioperative brachy-

therapy were asked of the panelists.
External beam radiation therapy

Literature review. Reirradiation series with EBRT for pel-
vic recurrences of various malignancies have typically been
performed with palliative intent (20, 41, 45). There are no
clear selection criteria for EBRT candidates and target vol-
umes, but in general, in the previously irradiated pelvis, if
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EBRT is used, the target just encompasses the tumor with a
variable margin (14, 18, 26).

When used with curative intent, it is most commonly in
the setting of a patient with a prior history of vaginal cuff
brachytherapy only. In these cases, most centers will deliver
a microscopic dose to the pelvic lymph nodes to 45e
52.2 Gy with dose fractionation between 1.6 and 2 Gy
(14, 17, 20, 22, 25). In one center, the EBRT dose to the
central structures, including the vaginal and paravaginal
disease, was limited to 30.6 Gy to allow safe delivery of
an additional dose of around 30 Gy in 2-Gy equivalents
with brachytherapy (17). Involved nodes have been treated
with either a sequential or an integrated boost to approxi-
mately 60 Gy.

Panelist’s current practice
The panelists were given a clinical scenario of a patient

with a history of endometrial cancer treated with surgery
followed by adjuvant vaginal cuff brachytherapy alone
(7 Gy � 3 to 0.5 mm depth, upper 4 cm of vagina) who de-
velops an in-field recurrence and asked how they would
manage this. In this case, all panelists would offer retreat-
ment with curative intent and 7/9 would retreat with a
course of EBRT followed by brachytherapy. As discussed
previously, many retreat the pelvis to 45 Gy using a stan-
dard pelvic field, whereas others try to limit the retreatment
dose to the area of prior brachytherapy to somewhere be-
tween 30 and 36 Gy while treating the rest of the pelvis
to 45 Gy.

Panelists were also asked about a scenario of a patient
with prior EBRT to the pelvis with 45 Gy with an in-field
recurrence located in the pelvic sidewall who was going
to be treated with curative intent with EBRT and what frac-
tionation they would choose. Four of the nine would use
SBRT, 1/9 hyperfractionation, 1 standard fractionation,
and three would not treat with curative intent
(Supplement Question # 6).

Stereotactic body radiation therapy

Literature review. At this time, there is some literature uti-
lizing SBRT for reirradiation but it is limited (Table 2)
(35e42). One of the larger studies is from Seo Y. et al.
(34) who retrospectively looked at 17 patients with cervical
cancer with isolated pelvic sidewall recurrences all with a
prior history of pelvic radiation. The prior radiation dose
received was not reported but the average GTV treated
was 59 cc. Patients received an average dose of 12 Gy �
3 fractions and 16 patients received adjuvant chemotherapy.
With a median followup of 15 months, there were six local
failures and three patients developed rectovaginal fistulas.
In another series, Yazici C et al. (36) treated 16 patients
with recurrent gynecologic cancer with SBRT of which
11 received prior radiation (median dose of 50.4 Gy). Nine
of the reirradiation patients had a central pelvic recurrence
and two had pelvic sidewall recurrences. Before SBRT, four
patients received chemotherapy and four underwent salvage
surgeries. The mean GTV at the time of recurrence was
111 cc. The mean prescribed dose was 26.6 Gy in 3e5 frac-
tions. Median followup for the whole cohort of 16 patients
was 12 months with 1-year overall survival of 60% and
progression-free survival of 59%. Six of 16 patients showed
a complete radiographic response. Three patients developed
Grade 4 complications and three patients developed G2e3
proctitis. Pontoriero et al. (33) also retreated five patients
with recurrent cervical cancer who had previously received
45 Gy external beam plus 15 Gy in three fractions of
brachytherapy. Patients were retreated with 15e20 Gy in
3e4 fractions. The median cumulative EQD2 was 85 Gy
and median tumor volume was 20 cc. Six months after
treatment, a biopsy was performed showing three patients
with a complete response (absence of neoplastic cells with
the presence of inflammatory cells) and two patients with a
partial response (persistence of neoplastic cells). At a me-
dian followup of 12 months, no Grade 3 or higher toxicities
were noted. Other small series have included patients with
gynecologic cancer treated with SBRT retreatment but un-
fortunately the results for the gynecologic patients is not re-
ported out separately (37, 38).
The role of chemotherapy as additive to radiotherapy

Literature review
While concurrent chemotherapy can safely be delivered

with brachytherapy in the definitive setting, its safety/effec-
tiveness in the retreatment setting has not been formally
evaluated (46). Data from Kamran et al. (19) suggest that
the receipt of any chemotherapy was significant on multi-
variable analysis for improved local control. This study
did not investigate whether there was a relationship be-
tween toxicity and chemotherapy. In another retrospective
study of HDR interstitial reirradiation of cervical cancer
pelvic recurrences, 5/7 patients treated with chemotherapy
before HDR developed fistulas, whereas 2/6 treated with
concurrent sensitizing chemotherapy developed fistulas
(8). The role of chemotherapy in the retreatment setting
is an area worthy of further investigation with insufficient
data to make definitive conclusions.
Panelist’s current practice
The survey did not ask any formal questions regarding

the role of chemotherapy in the reirradiation setting. How-
ever, in the comments section of the survey, this question
was raised. This topic was discussed among those able to
make the conference call and there was no consensus
among the participants regarding the role of chemotherapy.
The most commonly cited consideration of using chemo-
therapy was in the setting of a large tumor where additional
external beam could not be given but the physician wanted
to see if the tumor could be reduced in size before proceed-
ing with brachytherapy. There was no agreed-on
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chemotherapy regimen or number of cycles when using
chemotherapy in this clinical context.
Target delineation and organ-at-risk constraints

Literature review
In series that utilized image-guided brachytherapy, there

is variation in their target contour delineation. Most have
extrapolated the GEC ESTRO or ABS recommendations
from definitive cervical cancer target delineation (47, 48).
Most have defined their HR-CTV, whether using CT,
MRI, ultrasound, or some combination, as the gross disease
on imaging and clinical examination. Some also include
gray zones if contouring on MRI. The utilization and defi-
nition of an IR-CTV is more variable. Some groups treat the
HR-CTV without any additional margin (14), whereas
others place variable margins around the HR-CTV (26,
28). In other papers, there is a somewhat ‘‘hybrid’’ defini-
tion of what was contoured that spans somewhere between
an HR-CTV and IR-CTV. In the paper by Ling et al. (17),
for example, the HR-CTV was defined by treating the pre-
EBRT GTV superior and inferior extent but only the post-
EBRT residual thickness. For disease limited to one wall,
the circumferential wall of the vaginal surface at that level
was included in the HR-CTV. Uninvolved vagina was not
included in the brachytherapy treatment volume, and no
intermediate-risk CTV was used.
Panelist’s current practice
9/9 panelists define the HR-CTV in the reirradiation

setting as gross disease on MRI/CT and clinical examina-
tion only with one of the panelists also considering gray
zones seen on MRI (Supplement Question # 12). Four of
nine panelists use an IR-CTV in the reirradiation setting
which includes a variable amount of vagina to a lower dose
level than the HR-CTV (Supplement Question # 13). Addi-
tional planning considerations were not asked in the survey
or discussed among the panelists but the ability to just treat
a portion of the vagina will be dependent on the type of cyl-
inder used (single vs. multichannel) and how heavily the
central channel in the cylinder is weighted compared with
the peripheral channels or interstitial needles.
Dose constraints for organs at risk

Literature review
In reviewing the available literature, there are two

differing approaches to determining appropriate OAR dose
constraints in the reirradiation setting. Some physicians
choose to intentionally exceed normal tissue tolerance to
achieve an intended dose to the tumor, whereas others utilize
standard OAR dose constraints. In series when standard
OAR dose constraints are exceeded, most studies
report $ G3 toxicities over 15% (26). There is a wide range
of toxicities reported but some of the more common ones
can include rectal bleeding, necrosis, fistula, cystitis, ureter
stenosis, vaginal ulcers, and pain.

An alternative to exceeding OAR constraints is to keep
them below standard OAR tolerances. This was the approach
taken by Ling D. et al. (17), where the cumulative rectosig-
moid and bladder D2cc (EQD2) was limited to! 75 Gy and
!90 Gy. Twenty-two patients were retreated and with a me-
dian followup of 27.6 months there were no $ G3 acute or
late gastrointestinal or genitourinary complications.

Another paper suggested the urethra D0.1cc predicted for
Grade 2 or higher urinary toxicity (25). Reports on vaginal
toxicity have been limited and inconsistent and may depend
on the location of the vagina that receives the reirradiation
dose with the distal vagina more radiation sensitive than the
proximal vagina. Murakami et al. (24) found D2cc to be pre-
dictive of toxicity with a cut-point of 145 Gy EQD2. Pa-
tients over this cutoff had a 23.5% risk of vaginal ulcer.
Yoshida et al. (30) reported G4 fistula at 127.6 Gy. Ams-
baugh et al. (25) did a similar analysis but was not able
to confirm a relationship between the vaginal D2cc and
toxicity. Volume-based dose constraints for the vagina are
an area needing further investigation.

Panelist’s current practice
There was no consensus regarding a minimum required

time between a person’s prior radiation and proceeding with
retreatment (two panelists require at least 6e12 months,
3 O 1 year, and three do not consider time) (Supplement
Question # 14). When asked whether panelists have a ‘‘rule
of thumb’’ for how much dose they would forgive based on
the duration of time that has passed from an initial course
of radiation, there was also no consensus with a wide range
of responses from not forgiving any dose to responses like
10% per year (Supplement Question # 15). In the reirradiation
setting, 7/9 panelists said they would exceed the tolerance of
the rectum, after appropriately informing and consenting the
patient about appropriate risks, to achieve the dose that they
want to the tumor (Supplement Question # 16). As a followup
question, panelists were asked if they had a hard constraint for
the rectum in the retreatment setting and 6/9 reported a D2cc

EQD2 range of 75e90 Gy (Supplement Question # 17). In
the reirradiation setting, 8/9 panelists said they would exceed
the tolerance of the bladder, after appropriately informing and
consenting the patient about appropriate risks, to achieve the
dose that they want to the tumor (Supplement Question #
18). As a followup question, panelist were asked if they had
a hard constraint for the bladder in the retreatment setting
and 6/9 reported a D2cc EQD2 range of 90e100 Gy
(Supplement Question # 19). No questions were asked about
constraints to the vagina or other OARs.

Is there a role for hydrogels for OAR displacement in the
retreatment setting?

One of the challenges of retreatment is trying to strike an
appropriate balance between adequate dose to the tumor
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while limiting the overlap of dose to surrounding OARs. In
an effort to reduce the amount of normal tissue that is re-
treated, it seems logical to find a means to displace some
or all of the surrounding OAR (i.e., bladder, rectum, sig-
moid). There are case series of hydrogels successfully be-
ing implanted to displace pertinent OARs in gynecologic
cancers (49, 50). There is, however, no long-term data
regarding whether the reduction in dose afforded by dis-
placing OARs ultimately translates into reduction in toxic-
ities. There is currently an ongoing prospective study
formally investigating the role of hydrogels in gynecologic
brachytherapy that will hopefully help answer some of
these questions (Johns Hopkins University, PI: Viswana-
than). Given the limited data available using hydrogels in
gynecologic brachytherapy, it is best to enroll patients on
prospective institutional registries if one is going to utilize
this technique.
Followup

There are no specific evidence-based guidelines for ideal
surveillance after reirradiation. We would recommend us-
ing a similar surveillance strategy as in other gynecologic
cancers. This can include imaging at 3 months posttreat-
ment to evaluate treatment response as well as clinical
visits which include a pelvic examination every 3e4 months
for the first 2 years, followed by every 6 months for years
2e5.
Discussion

Fortunately, the number of women who present with
recurrent disease after a prior course of radiation is limited.
However, for the small group of women who do, the ideal
reirradiation treatment course is not known. We have re-
viewed the literature to see whether guidelines could be
developed to help standardize practice in this setting but
there is insufficient evidence to do this. Part of this is
related to the fact that the clinical context of a recurrence
is very heterogeneous and so it is unlikely that a simplified
set of practice rules will emerge. Finally, given the prepon-
derance of the literature, we reviewed pertained to central
recurrences rather than pelvic sidewall recurrences we have
limited our discussion to central recurrences.

Given the increased risks of complications in the reirra-
diation setting, a thoughtful discussion with the patient
regarding the risks and benefits is necessary before pro-
ceeding. Some clinical factors that are important to
consider in patient selection include time elapsed from
the patient’s prior radiation, prior radiation dose, and how
it was given: EBRT alone vs. EBRT þ brachytherapy, loca-
tion of the recurrence relative to the prior radiation field,
dose felt necessary to achieve the planned intent of treat-
ment (curative vs. palliative), size of the tumor recurrence
(14, 18, 26), histology and grade (19), patients performance
status, status of the rest of their disease, and the patient’s
prognosis (14, 16, 24, 25, 26, 28). Most of these clinical
factors were gleaned from small retrospective studies that
included heterogeneous groups of patients. In these studies,
correlations were mostly based on univariate analysis, as
typically there were not enough patients to perform multi-
variate analysis. In general, a longer time interval between
the first and second course of radiation as well as recur-
rences!2e4 cm tend to do better. More specific guidance
on the ideal time to wait between initial treatment and re-
treatment and prescription doses are not possible based
on the currently published literature.

In addition to the clinical factors mentioned previously,
it is also important to consider whether the patient can
handle, both from a physical as well as emotional stand-
point, a complication like a fistula that may require a per-
manent colostomy or urinary diversion. Related to this,
one should consider what resources are available in their
institution to assist with potential complications that can
occur with retreatment (i.e., surgical expertise in managing
reirradiation complications and hyperbaric oxygen treat-
ment (51)). Finally, consideration for salvage treatment
should also include an assessment of the likelihood of
developing a fistula as a result of progressive disease left
untreated.

If reirradiation is pursued, brachytherapy (ISBT) seems
to be the therapy modality of choice either as an adjunct
to EBRT or as a stand-alone treatment option. Clinical out-
comes using HDR IGABT in recurrent endometrial cancer
demonstrate local control rates between 53% and 66% and
limited $ G3 toxicities (17, 20, 22). Clinical outcomes for
cervical cancer central recurrences using HDR report local
control rates between 44% and 51.3%, and $ G3 toxicities
between 16.6% and 25% (51). Direct comparison between
studies is challenging but local control rates appear lower
and toxicities higher in recurrent cervical cancer likely
related to a typically higher previous radiation dose. Reirra-
diation data with LDR is also very encouraging. In the
largest study published to date, a 2-year local control rate
of 81% was reported (21). PIB may offer certain radiobio-
logical advantages for limiting normal tissue toxicity
compared with HDR (52). The development of newer iso-
topes such as 131Cs and 103Pd that have shorter half-lives
and lower energies also allows the volume of tissue being
irradiated to be minimized which could improve the safety
profile of reirradiation. However, one of the drawbacks to
PIB techniques is that the dose delivered is dependent on
appropriate source placement and spacing, therefore high-
lighting the importance of image guidance.

The relatively high G3 toxicities seen in reirradiation se-
ries reiterate the fine balance between achieving local con-
trol while trying to limit the risk of toxicities. Determining
the ‘‘right’’ dose in the reirradiation setting is much more of
an ‘‘art’’ rather than a science. Difficulties in striking the
right balance are reflected in the wide range of doses re-
ported in the literature (Table 1). An attempt was made to
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find a correlation between dose and local control, based on
the existing data, but we were unable to find one (Fig. 2).
This is likely related to the heterogeneity of cases and re-
treatment doses used in various studies. Some LDR data
suggest improved outcomes with doses O50 Gy. The
HDR data are more varied with some studies suggesting
improved local control outcomes at dosesO40 Gy.

EBRT alone for reirradiation rarely offers long-term
control and carries a high risk of complications. It is mainly
used in a palliative setting. Retreatment with a second
course of EBRT has been more commonly carried out in
rectal cancer but less so in patients with gynecologic can-
cers. In a phase II multicenter study on 59 recurrent previ-
ously irradiated rectal cancer patients, a hyperfractionated
chemoradiation approach was used (53). RT was delivered
to a planning target volume including the GTV plus a 4-cm
margin to a dose of 30 Gy (1.2 Gy twice daily with a min-
imum 6-h interval). A boost was delivered, with the same
fractionation schedule, to the GTV plus a 2-cm margin
(10.8 Gy). EBRTwas concurrent with 5FU. The median in-
terval between prior radiation therapy and the onset of reir-
radiation was 27 months (range, 9e106 months). Half
underwent surgery and some received additional chemo-
therapy. This treatment was associated with a low rate of
acute G3 toxicity (5%) and an acceptable incidence of late
complications ($G3 approximately 12%). The overall 5-
year local control and overall survival was 38.8% and
39.3%, respectively. Whether a similar approach for reirra-
diation of gynecologic cancers would be as effective is not
known. Other emerging options include consideration of
protons or carbon ions which may provide a more optimal
dose fall off than photon-based external beam approaches.

Given the toxicities associated with larger field external
beam, utilizing smaller fields with SBRT is appealing.
Based on our literature review, there is limited data on re-
treatment with SBRT in gynecologic cancers. So at this
time, there is insufficient evidence to provide recommenda-
tions regarding appropriate indications, dose/fractionation,
or dose constraints for SBRT of pelvic recurrences in the
previously irradiated pelvis. Prospective data are needed
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to ensure a standardized treatment paradigm and followup
so that we can better understand how best to implement this
treatment modality.

Determining ideal dose constraints for OARs is also
challenging. Again, there are limited published series with
3-dimensional planning and significant heterogeneity of
cases/treatments. It is also difficult to figure out how to
sum the previous dose of radiation with the planned retreat-
ment dose. Many times the original treatment course is per-
formed at another institution where the prior treatment
records are unavailable or just a screenshot of a couple of
slices are accessible. Even if the image data set is available,
it is difficult to accurately fuse the prior dose given varia-
tions in the position of the tumor and the OARs. It is also
not established how to account for the heterogeneity of
the brachytherapy dose. Therefore, when calculating the
dose to OARs, a conservative approach is often taken where
we assume the calculated dose to a specific OAR is always
in the same position for each fraction of brachytherapy.
There are also unanswered questions regarding how to ac-
count for the time between the original course of radiation
and the planned second course of treatment. It is not clear
how much of the prior radiation dose may be able to be
forgiven based on time. In general, it is felt that the longer
the period between the two courses of treatment the better,
but data are not available to provide more specific details.

The decision to exceed standard OAR tolerances requires
a balanced discussion between the treating physician and the
patient. Consideration of the potential morbidity of a pro-
gressive tumor that is not adequately controlled vs. potential
injury to OARs needs to be considered. There are challenges
both in terms of not having clear data for the ideal dose to
maximize local control in the reirradiation setting as well
as limitations in our understanding of whether and how
our standard OAR should be modified. If tolerances are
going to be exceeded, then one should review the data from
IGABT in definitive cervical cancer for the best available
data on expected toxicities relative to doses for the rectum
and the bladder. For example, the risk of a rectal fistula
significantly increases at a D2cc dose above 75 Gy and G2
or higher toxicities for the bladder occur above 80 Gy (54,
55). In addition, the dose to the bladder trigone needs to
be considered as this appears to have a lower tolerance
compared with the rest of the bladder. It is important to
acknowledge that these constraints are derived from patients
who received definitive chemotherapy and radiation as their
primary treatment. Whether these constraints should be
different in the reirradiation setting to potentially factor in
repair to normal OARs that may occur with time, for
example, is not well understood.
Conclusions

We provide the current literature review and practice
patterns of an international group of experienced



137A. Sturdza et al. / Brachytherapy 19 (2020) 127e138
practitioners to offer a sense of what people are actually do-
ing in their practices. This is by no means meant to serve as
a surrogate for practice guidelines. Each clinician needs to
evaluate their patient and to determine the best treatment
course for the individual in front of them. Future areas of
investigation need to include methods to improve local con-
trol while limiting the risk of acute/late toxicities as well as
the biology of patients who develop local failures. Owing to
the limited numbers of patients with recurrences in previ-
ously irradiated areas, centralization of such challenging
cases may be warranted. International collaboration is
needed to accomplish progress in managing this population
of patients.
Disclosures

Funding source: None.
Conflicts of interest: None.
Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.brachy.2019.11.008.
References

[1] Sturdza A, Potter R, Fokdal LU, et al. Image guided brachytherapy

in locally advanced cervical cancer: Improved pelvic control and

survival in RetroEMBRACE, a multicenter cohort study. Radiother

Oncol 2016;120:428e433.

[2] Gill BS, Kim H, Houser CJ, et al. MRI-guided high-dose-rate intra-

cavitary brachytherapy for treatment of cervical cancer: The Univer-

sity of Pittsburgh experience. Int J Radiat Oncol Biol Phys 2015;91:

540e547.
[3] Wortman BG, Creutzberg CL, Putter H, et al. Ten-year results of the

PORTEC-2 trial for high-intermediate risk endometrial carcinoma:

Improving patient selection for adjuvant therapy. Br J Cancer

2018;119:1067e1074.
[4] Schmid MP, Kirisits C, Nesvacil N, et al. Local recurrences in cer-

vical cancer patients in the setting of image-guided brachytherapy:

A comparison of spatial dose distribution within a matched-pair

analysis. Radiother Oncol 2011;100:468e472.
[5] Creutzberg CL, Nout RA, Lybeert ML, et al. Fifteen-year radio-

therapy outcomes of the randomized PORTEC-1 trial for endome-

trial carcinoma. Int J Radiat Oncol Biol Phys 2011;81:e631ee638.

[6] Creutzberg CL, van Putten WL, Koper PC, et al. Survival after

relapse in patients with endometrial cancer: Results from a random-

ized trial. Gynecol Oncol 2003;89:201e209.

[7] Petignat P, Jolicoeur M, Alobaid A, et al. Salvage treatment with

high-dose-rate brachytherapy for isolated vaginal endometrial can-

cer recurrence. Gynecol Oncol 2006;101:445e449.

[8] Moschiano EJ, Barbuto DA, Walsh C, et al. Risk factors for recur-

rence and prognosis of low-grade endometrial adenocarcinoma;

vaginal versus other sites. Int J Gynecol Pathol 2014;33:268e273.

[9] Viswanathan AN, Cormack R, Holloway CL, et al. Magnetic reso-

nance-guided interstitial therapy for vaginal recurrence of endome-

trial cancer. Int J Radiat Oncol Biol Phys 2006;66:91e99.
[10] Krengli M, Pisani C, Deantonio L, et al. Intraoperative radiotherapy

in gynaecological and genito-urinary malignancies: Focus on
endometrial, cervical, renal, bladder and prostate cancers. Radiat

Oncol 2017;12:18.

[11] Llewelyn M, Taylor A. Re-irradiation of cervical and endometrial

cancer. Curr Opin Oncol 2017;29:343e350.

[12] Mendez LC, Leung E, Cheung P, et al. The role of stereotactic abla-

tive body radiotherapy in gynaecological cancers: A systematic re-

view. Clin Oncol (R Coll Radiol) 2017;29:378e384.

[13] Sadozye AH. Re-irradiation in gynaecological malignancies: A re-

view. Clin Oncol (R Coll Radiol) 2018;30:110e115.
[14] Weitmann HD, Knocke TH, Waldhausl C, et al. Ultrasound-guided

interstitial brachytherapy in the treatment of advanced vaginal re-

currences from cervical and endometrial carcinoma. Strahlenther

Onkol 2006;182:86e95.

[15] Martinez-Monge R, Valtuena Peydro G, Cambeiro M, et al. Periop-

erative high-dose-rate brachytherapy in locally advanced and recur-

rent gynecological cancer: Final results of a phase II trial.

Brachytherapy 2018;17:734e741.

[16] Badakh DK, Grover AH. Reirradiation with high-dose-rate remote

afterloading brachytherapy implant in patients with locally recurrent

or residual cervical carcinoma. J Cancer Res Ther 2009;5:24e30.

[17] Ling DC, Vargo JA, Glaser SM, et al. Outcomes after definitive re-

irradiation with 3D brachytherapy with or without external beam ra-

diation therapy for vaginal recurrence of endometrial cancer. Gyne-

col Oncol 2019;152:581e586.

[18] Umezawa R, Murakami N, Nakamura S, et al. Image-guided inter-

stitial high-dose-rate brachytherapy for locally recurrent uterine cer-

vical cancer: A single-institution study. Brachytherapy 2018;17:

368e376.

[19] Kamran SC, Manuel MM, Catalano P, et al. MR- versus CT-based

high-dose-rate interstitial brachytherapy for vaginal recurrence of

endometrial cancer. Brachytherapy 2017;16:1159e1168.
[20] Kamran SC, Harshman LC, Bhagwat MS, et al. Characterization

of efficacy and toxicity after high-dose pelvic reirradiation with

palliative intent for genitourinary second malignant neoplasms or

local recurrences after full-dose radiation therapy in the pelvis:

A high-volume cancer center experience. Adv Radiat Oncol

2017;2:140e147.

[21] Feddock J, Cheek D, Steber C, et al. Reirradiation using permanent

interstitial brachytherapy: A potentially durable technique for

salvaging recurrent pelvic malignancies. Int J Radiat Oncol Biol

Phys 2017;99:1225e1233.

[22] Huang K, D’Souza D, Patil N, et al. High-dose-rate interstitial

brachytherapy for the treatment of high-volume locally recurrent

endometrial carcinoma. Brachytherapy 2016;15:543e548.

[23] Liu ZS, Guo J, Zhao YZ, et al. Salvage interstitial brachytherapy

based on computed tomography for recurrent cervical cancer after

radical hysterectomy and adjuvant radiation therapy: case presenta-

tions and introduction of the technique. J Contemp Brachytherapy

2016;8:415e421.
[24] Murakami N, Kato T, Miyamoto Y, et al. Salvage high-dose-rate

interstitial brachytherapy for pelvic recurrent cervical carcinoma af-

ter hysterectomy. Anticancer Res 2016;36:2413e2421.

[25] Amsbaugh MJ, Bhatt N, Hunter T, et al. Computed tomography

planned interstitial brachytherapy for recurrent gynecologic cancer.

Brachytherapy 2015;14:600e605.

[26] Zolciak-Siwinska A, Bijok M, Jonska-Gmyrek J, et al. HDR brachy-

therapy for the reirradiation of cervical and vaginal cancer: Analysis

of efficacy and dosage delivered to organs at risk. Gynecol Oncol

2014;132:93e97.

[27] Mahantshetty U, Kalyani N, Engineer R, et al. Reirradiation using

high-dose-rate brachytherapy in recurrent carcinoma of uterine cer-

vix. Brachytherapy 2014;13:548e553.

[28] Mabuchi S, Takahashi R, Isohashi F, et al. Reirradiation using high-

dose-rate interstitial brachytherapy for locally recurrent cervical

cancer: A single institutional experience. Int J Gynecol Cancer

2014;24:141e148.

https://doi.org/10.1016/j.brachy.2019.11.008
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref1
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref1
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref1
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref1
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref1
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref2
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref2
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref2
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref2
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref2
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref3
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref3
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref3
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref3
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref3
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref4
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref4
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref4
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref4
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref4
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref5
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref5
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref5
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref5
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref6
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref6
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref6
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref6
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref7
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref7
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref7
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref7
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref8
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref8
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref8
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref8
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref9
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref9
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref9
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref9
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref10
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref10
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref10
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref10
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref11
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref11
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref11
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref12
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref12
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref12
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref12
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref13
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref13
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref13
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref14
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref14
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref14
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref14
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref14
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref30
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref30
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref30
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref30
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref30
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref50
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref50
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref50
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref50
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref16
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref16
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref16
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref16
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref16
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref19
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref19
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref19
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref19
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref19
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref15
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref15
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref15
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref15
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref32
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref32
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref32
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref32
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref32
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref32
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref32
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref26
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref26
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref26
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref26
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref26
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref17
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref17
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref17
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref17
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref29
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref29
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref29
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref29
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref29
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref29
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref46
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref46
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref46
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref46
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref34
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref34
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref34
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref34
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref28
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref28
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref28
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref28
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref28
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref18
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref18
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref18
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref18
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref20
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref20
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref20
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref20
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref20


138 A. Sturdza et al. / Brachytherapy 19 (2020) 127e138
[29] Wooten CE, Randall M, Edwards J, et al. Implementation and early

clinical results utilizing Cs-131 permanent interstitial implants for

gynecologic malignancies. Gynecol Oncol 2014;133:268e273.

[30] Yoshida K, Yamazaki H, Kotsuma T, et al. Treatment results of im-

age-guided high-dose-rate interstitial brachytherapy for pelvic

recurrence of uterine cancer. Brachytherapy 2015;14:440e448.

[31] Gupta AK, Vicini FA, Frazier AJ, et al. Iridium-192 transperineal

interstitial brachytherapy for locally advanced or recurrent gyneco-

logical malignancies. Int J Rad Oncol Biol Phys 1999;43:1055e
1060.

[32] Hasan S, Ricco A, Jenkins K, et al. Survival and Control Prognos-

ticators of Recurrent Gynecological Malignancies of the Pelvis and

Para-aortic Region Treated with Stereotactic Body Radiation Ther-

apy. Front Oncol 2016;6:249.

[33] Pontoriero A, Iati G, Aiello D, et al. Stereotactic radiotherapy in the

retreatment of recurrent cervical cancers, assessment of toxicity, and

treatment response: Initial results and literature review. Technol

Cancer Res Treat 2016;15:759e765.

[34] Seo Y, Kim MS, Yoo HJ, et al. Salvage stereotactic body radio-

therapy for locally recurrent uterine cervix cancer at the pelvic side-

wall: Feasibility and complication. Asia pac J Clin Oncol 2016;12:

e280ee288.

[35] Park HJ, Chang AR, Seo Y, et al. Stereotactic Body Radiotherapy

for Recurrent or Oligometastatic Uterine Cervix Cancer: A Cooper-

ative Study of the Korean Radiation Oncology Group (KROG 14-

11). Anticancer Res 2015;35:5103e5110.

[36] Yazici G, Sari SY, Yedekci FY, et al. The dosimetric impact of im-

plants on the spinal cord dose during stereotactic body radiotherapy.

Radiat Oncol 2016;11:71.

[37] Dewas S, Bibault JE, Mirabel X, et al. Robotic image-guided reir-

radiation of lateral pelvic recurrences: Preliminary results. Radiat

Oncol 2011;6:77.

[38] Abusaris H, Hoogeman M, Nuyttens JJ. Re-irradiation: Outcome,

cumulative dose and toxicity in patients retreated with stereotactic

radiotherapy in the abdominal or pelvic region. Technol Cancer

Res Treat 2012;11:591e597.

[39] Deodato F, Macchia G, Grimaldi L, et al. Stereotactic radiotherapy

in recurrent gynecological cancer: a case series. Oncol Rep 2009;22:

415e419.

[40] Puthawala AA, Syed AM, Fleming PA, et al. Re-irradiation with

interstitial implant for recurrent pelvic malignancies. Cancer

1982;50:2810e2814.
[41] Russell AH, Koh WJ, Markette K, et al. Radical reirradiation for

recurrent or second primary carcinoma of the female reproductive

tract. Gynecol Oncol 1987;27:226e232.

[42] Randall ME, Evans L, Greven KM, et al. Interstitial reirradiation for

recurrent gynecologic malignancies: Results and analysis of prog-

nostic factors. Gynecol Oncol 1993;48:23e31.
[43] Brabham JG, Cardenes HR. Permanent interstitial reirradiation with

198Au as salvage therapy for low volume recurrent gynecologic ma-

lignancies: A single institution experience. Am J Clin Oncol 2009;

32:417e422.

[44] Hockel M, Sclenger K, Hamm H, et al. Five-year experience with

combined operative and radiotherapeutic treatment of recurrent gyne-

cologic tumors infiltrating the pelvic wall. Cancer 1996;77:1918e

1933.

[45] Youssef FF, Parikh PJ, DeWees TA, et al. Efficacy and toxicity of

rectal cancer reirradiation using IMRT for patients who have received

prior pelvic radiation therapy. Adv Radiat Oncol 2016;1:94e100.

[46] Sharma DN, Gaffney DK. Concurrent chemobrachytherapy in

locally advanced cervical carcinoma: A hypothesis worth exploring.

Brachytherapy 2016;15:200e204.

[47] Haie-Meder C, Potter R, Van Limbergen E, et al. Recommendations

from Gynaecological (GYN) GEC-ESTRO Working Group (I):

Concepts and terms in 3D image based 3D treatment planning in

cervix cancer brachytherapy with emphasis on MRI assessment of

GTV and CTV. Radiother Oncol 2005;74:235e245.

[48] Viswanathan AN, Beriwal S, De Los Santos JF, et al. American

Brachytherapy Society consensus guidelines for locally advanced

carcinoma of the cervix. Part II: High-dose-rate brachytherapy.

Brachytherapy 2012;11:47e52.
[49] Viswanathan AN, Damato AL, Nguyen PL. Novel use of a hydrogel

spacer permits reirradiation in otherwise incurable recurrent gyne-

cologic cancers. J Clin Oncol 2013;31:e446ee447.

[50] Damato AL, Kassick M, Viswanathan AN. Rectum and bladder

spacing in cervical cancer brachytherapy using a novel injectable

hydrogel compound. Brachytherapy 2017;16:949e955.

[51] Creutzberg CL. Hyperbaric oxygen therapy for radiation-induced

injury: Evidence is needed. Lancet Oncol 2016;17:132e134.
[52] Mazeron JJ, Simon JM, Crook J, et al. Influence of dose rate on

local control of breast carcinoma treated by external beam irradia-

tion plus iridium 192 implant. Int J Radiat Oncol Biol Phys 1991;

21:1173e1177.

[53] Valentini V, Morganti AG, Gambacorta MA, et al. Preoperative hy-

perfractionated chemoradiation for locally recurrent rectal cancer in

patients previously irradiated to the pelvis: A multicentric phase II

study. Int J Radiat Oncol, Biol Phys 2006;64:1129e1139.

[54] Mazeron R, Fokdal LU, Kirchheiner K, et al. Dose-volume effect

relationships for late rectal morbidity in patients treated with che-

moradiation and MRI-guided adaptive brachytherapy for locally

advanced cervical cancer: Results from the prospective multicenter

EMBRACE study. Radiother Oncol 2016;120:412e419.

[55] Manea E, Escande A, Bockel S, et al. Risk of late urinary compli-

cations following image guided adaptive brachytherapy for locally

advanced cervical cancer: Refining bladder dose-volume parame-

ters. Int J Radiat Oncol Biol Phys 2018;101:411e420.

http://refhub.elsevier.com/S1538-4721(19)30628-2/sref25
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref25
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref25
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref25
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref47
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref47
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref47
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref47
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref27
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref27
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref27
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref27
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref35
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref35
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref35
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref35
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref36
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref36
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref36
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref36
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref36
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref37
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref37
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref37
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref37
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref37
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref39
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref39
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref39
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref39
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref39
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref38
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref38
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref38
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref40
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref40
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref40
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref41
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref41
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref41
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref41
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref41
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref42
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref42
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref42
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref42
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref21
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref21
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref21
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref21
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref22
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref22
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref22
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref22
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref23
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref23
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref23
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref23
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref24
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref24
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref24
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref24
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref24
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref31
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref31
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref31
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref31
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref33
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref33
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref33
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref33
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref43
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref43
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref43
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref43
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref44
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref44
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref44
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref44
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref44
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref44
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref45
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref45
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref45
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref45
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref45
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref48
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref48
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref48
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref48
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref49
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref49
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref49
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref49
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref51
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref51
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref51
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref52
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref52
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref52
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref52
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref52
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref53
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref53
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref53
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref53
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref53
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref54
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref54
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref54
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref54
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref54
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref54
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref55
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref55
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref55
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref55
http://refhub.elsevier.com/S1538-4721(19)30628-2/sref55

	American Brachytherapy Society working group report on the patterns of care and a literature review of reirradiation for gy ...
	Introduction
	Methods
	Results
	Patient selection and evaluation
	Reirradiation of recurrences in gynecological malignancies
	Brachytherapy
	High-dose-rate (HDR) brachytherapy
	Literature review

	Low-dose-rate (LDR) brachytherapy
	Literature review

	Brachytherapy dose
	Literature review

	Brachytherapy insertion technique
	Panelist's current practice

	Perioperative brachytherapy
	Literature review
	Panelist's current practice
	External beam radiation therapy
	Literature review

	Panelist's current practice
	Stereotactic body radiation therapy
	Literature review


	The role of chemotherapy as additive to radiotherapy
	Literature review
	Panelist's current practice

	Target delineation and organ-at-risk constraints
	Literature review
	Panelist's current practice

	Dose constraints for organs at risk
	Literature review
	Panelist's current practice

	Is there a role for hydrogels for OAR displacement in the retreatment setting?
	Followup

	Discussion
	Conclusions
	Disclosures
	Supplementary data
	References


