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Aim:  We  aim  to evaluate  the variables  affecting  the frequency  of adaptive  radiotherapy  (ART)  in  vulvar
cancer.
Background:  ART  may  be needed  throughout  a definitive  RT course  for vulvar  carcinoma  due  to changes
in  patient’s  anatomy  and  tumor  response.
Materials  and methods:  Charts  of patients  charts  who  had  been  treated  with  definitive  concurrent  chemo-
radiotherapy  for vulvar  carcinoma,  between  January  2015  and  December  2019  were  inquired.  Radiation
therapy  was delivered  using  intensity  modulated  radiotherapy  (IMRT)  with  daily  image-guided  radio-
therapy  (IGRT).  ART  was  defined  as re-simulation  and  re-planning  based  on deformation  in the  irradiated
volume  by  more  than 1 cm.  Univariate  analysis  was  conducted  to study the  impact  of patient’s  demo-
graphics  as well  as tumor  characteristics  on the  frequency  of  ART.
Results:  22  patients  were  eligible  for analysis.  Median  age  at diagnosis  was  55  years  (range  43–82).  Radio-
therapy  dose  was  60−66  Gy  over  30–35  fractions  (fx). Median  primary  tumor  volume  was  30cc  (9–140).
Median  Body  Mass  Index  (BMI)  was  32  (range  21–40).  Thirteen  out of  22  patients  (59%) required  ART,
with  median  timing  at 25  fx (19–31).  On univariate  analysis,  larger  primary  tumor  volume  (>  = 30cc)

was  associated  significantly  with  increased  frequency  of ART  (p value  =  0.0005).  There  was  no  significant
impact  of  ART  on  the  frequency  with  respect  to  patient’s  age,  BMI,  tumor  stage,  grade  and  location.
Conclusion:  Changes  in  radiation  target  volume  are  common  among  vulvar  carcinoma  patients  who
are  treated  with  definitive  radiotherapy,  especially  large  primary  tumors.  This  review  highlights  the
importance  of ART  for patients  with  vulvar  carcinoma  treated  with  definitive  radiotherapy.

© 2020  Greater  Poland  Cancer  Centre.  Published  by  Elsevier  B.V.  All  rights  reserved.
. Background

Vulvar carcinoma is a rare disease, ranking as the 4th gynecolog-
cal malignancy as per GLOBOCAN 2018.1 However, a recent report
as shown an increasing trend in vulvar carcinoma incidence in
omen <50 years possibly due to change in sexual behavior.2

Radiation therapy is considered one of the main modalities in
he management of vulvar carcinoma. It is delivered with or with-

ut chemotherapy as adjuvant treatment for resectable tumors, or
oncurrently with chemotherapy as definitive treatment for unre-
ectable disease or medically inoperable patients.3 Due to its rarity,

∗ Corresponding author at: King Hussein Cancer Center, 1941, PO Box 1269, Jordan.
E-mail address: rhijlih@khcc.jo (R. Abu-Hijlih).

ttps://doi.org/10.1016/j.rpor.2020.06.005
507-1367/© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights res
literature lacks randomized evidence for the management of inop-
erable primary disease.4 However, phase II studies have shown
good local control with complete clinical response reaching up to
66.8%.5,6

Computerized tomography (CT) simulation is required for radi-
ation therapy planning prior to starting treatment. However;
re-simulation and re-planning due to changes in patient’s anatomy
and tumor response might be needed throughout the treatment
course. This has been defined as adaptive radiation therapy (ART)
as first quoted by yan et al., indicating individualized re-planning
to accommodate anatomy change and tumor response by radiation

7
therapy.
As per Thornqvist et al., ART has been categorized into 3 main

approaches: 1) on- or offline re-planning, 2) online plan selection
and 3) offline MLC/field adjustment.8

erved.

https://doi.org/10.1016/j.rpor.2020.06.005
http://www.sciencedirect.com/science/journal/15071367
http://www.elsevier.com/locate/rpor
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rpor.2020.06.005&domain=pdf
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ig. 1. Matching CT simulation scan (in purple) to the daily CBCT (in green) in axia
f  the references to colour in this figure legend, the reader is referred to the web ve

. Aim

Although several reports have addressed the use of ART for
elvic and gynecological malignancies in radiation therapy, to the
est of our knowledge, this is the first report in the literature eval-
ating the frequency of ART in vulvar carcinoma.

. Methods

After obtaining the Institutional Review Board (IRB) approval
IRB No. 19 KHCC 89), a retrospective chart review was performed
or patients who had received radiation therapy for vulvar carci-
oma as definitive treatment at King Hussein Cancer Center (KHCC).
athological review for patients operated outside our center was
ndertaken. After obtaining history and physical examination, stag-

ng via pelvic magnetic resonance imaging (MRI) and CT scan for
he chest and abdomen was  performed. A positron emission tomog-
aphy (PET) scan was not routinely requested for this group of
atients, unless borderline regional and distant in which metastasis

s suspected. Cases then were discussed at the gynecological multi-
isciplinary clinic (MDC) for a management plan. Locally advanced
ulvar carcinoma patients with unresectable primary disease or
hose unfit for surgery were referred for definitive chemoradia-
ion. Patients who had unresectable primary disease and enlarged
nguinal lymph nodes underwent bilateral inguinal lymph node
issection followed by definitive chemoradiation. Sentinel lymph
ode biopsy was not routinely performed.

.1. Simulation

CT scan simulation was conducted using Philips Brilliance Big
ore CT (85-cm bore). Patients were simulated in a frog leg position
sing Orfit knee rest and grip ring at the ankle level, 3 mm axial cuts
ere obtained and sent to the treatment planning system.

.2. Contouring and planning

Radiation therapy planning was performed via Pinnacle3 16.2
Philips Medical System) using Intensity modulated Radiation
herapy (IMRT) or Volumetric Modulated Arc Therapy (VMAT)
echnique. Primary gross target volume (GTV-P) was defined as
umor seen in the clinical examination, CT simulation scan and
used MR  and PET scans (if performed). Primary clinical target vol-
me  (CTV-P) included the whole vulva area for phase I and GTV with

 1–1.5 cm margin for the subsequent phases. Nodal gross target
olume included suspicious lymph nodes on scans if nodal dis-

ection was not performed. Nodal clinical target volume included
TV-N with a 1 cm margin. Elective nodal clinical target volume

CTV- E) included the pelvic vessels with a 1 cm margin and inguinal
essels with 1.5 cm margin. All CTVs were manually modified with
tal and coronal views, with significant difference at fraction 25 (For interpretation
of this article).

respect to anatomical adjacent structures. Planned target volume
(PTV) was  taken as 1 cm expansion in all directions from CTV (with
avoidance of 5 mm skin strip for non-involved skin).

Radiation therapy was delivered in sequential phases. In phase
I the vulva, pelvic lymph nodes and inguinal lymph nodes were
included, unless the patient had undergone bilateral lymph node
dissection with no evidence of microscopic involvement on micro-
scopic examination where phase I radiation volume was  confined
to the vulva, while phase II involved further boost to the involved
lymph nodes and primary tumor. The dose range for the initial
phase was  45–50 Gray (Gy) over 25 fractions (fx) followed by a
boost delivered to the primary and involved lymph nodes up to
60−66 Gy using 1.8−2 Gy per fx.

3.3. Radiation therapy

Based on KHCC’s policy, all radiation therapy plans were
reviewed during the departmental peer review meeting.9 After
plan approval, physics quality assurance was run prior to treatment
initiation. Afterwards, patient proceeded with the radiation treat-
ment as planned using the daily cone beam CT (CBCT) to ensure
optimal plan delivery. These are checked via radiotherapy tech-
nician on daily basis who  reported to the radiation oncologist on
any marked positioning shift or anatomical change. Otherwise, all
CBCT were checked by the radiation oncologist on weekly basis
throughout the weekly chart round. Any shift at radiating region
(beam or arc entrance) by more than 1 cm (PTV margin) would
require re-simulation and re-planning using offline ART strategy.
New plans were completed within the same day to avoid treat-
ment interruption.10,11 Fig. 1 illustrates the CBCT during treatment
showing a significant difference in the patient outline due to tumor
response, requiring re-simulation to optimize the radiation therapy
plan.

Chemotherapy was  given as a radiosensitizer during the radia-
tion therapy using weekly Cisplatin IV 70 mg/m2.5

3.4. Statistics

Patients’ characteristics and disease information were pre-
sented as counts and percentages. Comparisons between patients
who required ART and those who did not, according to demograph-
ics and disease information, were held using Fisher’s exact test.
Patient’s age at diagnoses, body mass index (BMI), tumor stage,
location, volume and grade were correlated with the frequency of

ART using univariate analysis.

A significance criterion of p ≤ 0.05 was  used in the analysis. All
analysis was performed using SAS version 9.4 (SAS Institute Inc,
Cary, NC).
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Table  1
Patient demographics and tumor characteristics.

Number (%)

Age
40−49 6 (27%)
50−59 8 (36%)
60−69 4 (18%)
70−79 3 (14%)
80−89 1 (5%)

Site
Labia Minora 5 (23%)
Labia Majora 1 (5%)
Clitoral 8 (36%)
Periurethral 8 (36%)

Stage
II  4 (18%)
IIIA 4 (18%)
IIIB 9 (41%)
IIIC 2 (9%)
IVA 3 (14%)

Body mass index
Normal 4 (18%)
Overweight 7 (32%)
Obese 11 (50%)

Radiation technique
IMRT 4 (18%)
VMAT 18 (82%)

Tumor grade
I 1 (5%)
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II  18 (82%)
III  3 (13%)

. Results

Between Jan 2015 and Dec 2019, 22 patients treated with defini-
ive radiation therapy to primary vulvar cancer were eligible for
nalysis. Patient and tumor characteristics are shown in Table 1.
istopathology was Squamous Cell Carcinoma (SCC) for all patients,

umor grading included: grade 1 for 1 patient (5%), grade 2 for
8 patients (82%) and grade 3 for 3 patients (13%). The median
atient’s age was 57 years (range 43–82). The mean tumor vol-
me  at presentation was 30cc range (9–140), the body mass index
BMI) mean was 32 range (21–40). Ten (45%) patients were simu-
ated and treated in the straight leg position, and 12 (55%) in the
rog leg position. Sixteen (73%) patients had centrally located tumor
clitoral and periurethral), while 6 (27%) had lateral origin (labia
inora and labia majora).
Thirteen out of 22 patients (59%) in the definitive treatment

equired ART, the average time for ART was 25 days (range; 19–31).
he change in tumor volume mean was 12 cc (range 3−41cc)

able 2
ariables affecting the use of ART.

Value Total 

Location Clitoral/Periurethral 16(72.7
Labia  Minora/Majora 6(27.3%

T  stage TIb 6(27.3%
TII  14(63.6
TIII  2(91%) 

Lymph  node dissection No 13(59.1
Yes  9(40.9%

BMI  category Normal 4(18.2%
Obese 11(50.0
Overweight 7(31.8%

Grade  1 1(4.5%) 

2  18(81.8
3  3(13.6%

Age  < = 55.5 11(50.0
>55.5  11(50.0

Tumor  volume < = 30 cc 12(54.5
>30  cc 10(45.5
Fig. 2. Change in tumor volume in cc (on the left) between initial CT simulation and
re-simulation during treatment.

between the initial simulation CT and re-simulation CT are shown
in Fig. 2 for the 13 patients who  underwent ART, indicating a higher
difference for larger tumors.

Acute radiation toxicity was seen during radiation therapy
course and reported based on Radiation Therapy Oncology Group
(RTOG) criteria12; 2 patients had grade 1 RTOG skin toxicity (10%),
17 patients had grade 2 RTOG skin toxicity (77%), while 3 patients
had grade 3 RTOG skin toxicity (13%). No acute gastrointestinal tox-
icity was noted, while 4 patients had grade 2 genitourinary RTOG
toxicity. Although most of acute toxicity was  managed with symp-
tomatic treatment and local creams; radiation toxicity resulted in
treatment hold in 2 patients for 3 days. With regard to late skin tox-
icity, 1 (5%) patient developed lymphangitis, and no patients had
vulvar necrosis or nonhealing ulceration.

Tumor response after completion of treatment was assessed by
a clinical exam and pelvic MRI. Out of 22 patients; 15 (68%) had
complete response while 7 had partial response (32).

The comparison of the use of ART between patients in corre-
lation with patient demographics and tumor characteristics are
shown in Table 2. Patient’s age at diagnoses, prior lymph node dis-
section, higher BMI, higher tumor grade, peripheral location, and
advanced T-stage were not significantly associated with a higher
frequency for ART, while large tumor volume (more than 30cc) was
correlated with higher frequency for ART (23.1% vs. 76.9%; p-value
0.0005).
5. Discussion

This report discusses the factors affecting the use of ART in treat-
ing primary vulvar carcinoma. In this cohort larger tumor volume

Re-simulation

No Yes P-value

%) 7(77.8%) 9(69.2%) 0.999
) 2(22.2%) 4(30.8%)
) 3(33.3%) 3(23.1%) 0.658
%) 6(66.7%) 8(61.5%)

2(15.4%)
%) 4(44.4%) 9(69.2%) 0.384
) 5(55.6%) 4(30.8%)
) 2(22.2%) 2(15.4%) 0.271
%) 6(66.7%) 5(38.5%)
) 1(11.1%) 6(46.2%)

1(7.7%) 0.999
) 8(88.9%) 10(76.9%)
) 1(11.1%) 2(15.4%)
%) 4(44.4%) 7(53.8%) 1.000
%) 5(55.6%) 6(46.2%)
%) 9(100%) 3(23.1%) 0.0005
%) 10(76.9%)
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t the time of treatment was a significant predictor for undergo-
ng re-simulation and re-planning through the course of definitive
hemo-radiation. ART, thus, does not only ensure tumor coverage
ut also spares the normal tissues, which might also result in a less
cute and less chronic side effects.13

The target definition in the primary vulvar disease can be guided
y discrimination of primary tumor and nearby soft tissue densities,
ut may  still be challenging at re-simulation scans due to the edema
aused by the radiation therapy. This will raise the question of spar-
ng the soft tissue previously involved by the tumor from the full
rescribed radiation dose. That is why, we included soft tissue ini-
ially involved by tumor in the CTV but avoided pretreatment tumor
ulk outside skin at re-simulation. Another remaining controversy

s the variation between the radiation oncologist’s contouring to
arget volumes, as previous reported,14 which is also reported in
ther gynecological malignancies.15,16

Contouring for GTV-P over the irradiated area might not be
ccurate in re-simulation settings, so the initial CTV and PTV vol-
mes are still used with respect to the anatomical boundaries and
hanges related to vulvar edema and perineal soft tissue swelling.17

The decision to proceed with ART is based on the discretion of
reating radiation oncologist, which leads to interpersonal varia-
ion similar to the case of target contouring. However, following the
ontouring guidelines and consensus agreement for re-simulation
riteria minimizes such variations. In addition, all cases are being
eviewed at our departmental quality assurance round to ensure
dherence to contouring, dose fractionation and dosimetry in radi-
tion therapy plans.

Weight change is not uncommon for patients receiving pelvic
hemoradiation, an issue that should be addressed carefully when
rescribing the chemotherapy dose and monitoring by the radi-
tion oncologist for the patient’s anatomy change through IGRT.
utritional support is crucial to ensure minimal BMI alteration and
hange in the patient’s body fat content that might lead to changes
n dosimetry.18

Recently, the use of functional imaging has been utilized to help
arget delineation in vulvar carcinoma. In addition to its significant
ole in tumor staging, it also aids tumor and nodal target definition
or radiation therapy planning.19

To obtain a proper target dose coverage, tissue equivalent bolus
s frequently added via radiation therapy plan and used over the
urface area during treatment. This is applicable for vulvar carci-
oma mainly to improve the coverage for tumors involving the
kin. Dramatic tumor shrinkage during the treatment phase may
ead to changes in the volume and surface integrity beneath the
olus leading to air gap between the bolus and skin, which could
lter the planned dose distribution.20

The dose fractionation used for patients in this report was
.8−2 Gy/fx, in sequential settings, simultaneous higher dose

ntegrated boost was avoided to offer more room for ART
ntervention.21

Despite IMRT having been proved to cause fewer side effects and
 lesser need for treatment interruption which might affect local
ontrol,22 ART may  provide better outcomes through the avoidance
f unnecessary dose to the adjacent normal tissue resulting in less
adiation toxicity.

In this report grade 2 RTOG acute radiation toxicity was seen in
ajority of patients (77%) and less grade 3 (13%), while late toxicity
as noted in 1 patient (5%). This could be related to the use of IMRT

nd the addition of ART. These findings are close to previous reports
n literature regarding the use of IMRT in vulvar carcinoma.23

While ART is a promising methodology in radiation therapy

esulting in personalizing the delivered plan to each patient, while
nsuring proper target coverage and avoiding unnecessary dose
o adjacent organs and soft tissue; it still increases the burden on
he departmental machines and requires more personnel effort and
y and Radiotherapy 25 (2020) 709–713

time and possible additional cost which can be an issue, especially
in developing countries. In addition, complex re-planning could
result in treatment interruption; which is an unfavorable event in
vulvar carcinoma.24 Extra time used to obtain the daily CBCT and
contact the treating radiation oncologist might be another chal-
lenge prolonging the daily treatment list which can be an issue in
busy departments with long treatment lists.

This report is considered the first in literature that discusses
the use of ART in vulvar carcinoma. However, it is limited by its
retrospective nature and the small sample size. Nonetheless, we
suggest the application of scheduled re-simulation between frac-
tions 22–25 for patients with vulvar carcinomas larger than 30cc
who had received definitive chemoradiation to ensure adequate
target coverage as well as minimize toxicity.

6. Conclusion

Change in the radiation target volume during definitive radia-
tion therapy in vulvar carcinoma is common. IGRT is the elementary
tool for ART implementation. ART is crucial to ensure proper radi-
ation therapy delivery especially with large primary tumors more
than 30cc. Future prospective larger cohorts are needed to confirm
these findings.
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