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ABSTRACT

Background and purpose: Strategies for minimizing irradiation of organs at risk (OARs) from patho-
logical inguinal lymph node (PILN) boosting are needed to minimize the risk of morbidity. Coverage
probability (CovP) is a conformal planning strategy for simultaneously integrated boost (SIB). Our aim
was to investigate if SIB of PILN using CovP can be delivered safely in vulvar cancer.

Materials and methods: Ten consecutive patients treated with definitive radiotherapy (RT) including
SIB of PILN and with daily cone beam CT (CBCT) were included. Dose prescription was 51.2/32 fx to
the elective target and 64 Gy/32 fx to the gross disease at the vulva and to positive lymph nodes (LN).
PILN were contoured on both planning CT and MRI (GTV-N) and combined to form ITV-N. Each PILN
GTV-N was contoured on every third CBCT, in total 11 CBCT for each patient. OARs were subcutaneous
tissue (SC), inguinal vessels, skin rim, bowel, and body contour. Three plans were created for every
patient: A) Standard CT-based planning; PTV-N based on GTV-Nct with a 10 mm isotropic margin. B)
CT and MRI-based planning with smaller margins: PTV-N based on ITV-N with a 5 mm isotropic margin.
C) CovP. The total delivered dose to GTV-Ns was estimated by accumulating dose across all fractions
based on GTV-Ns contoured on CBCT.

Results: Thirty-five PILNs were boosted. There was no significant difference in accumulated GTV-N
D98% between the three plans. CovP delivered a higher mean dose to the GTV-N D50% and D2%
(p < 0.001). The planned mean doses to the OARs were reduced when applying CovP.

Conclusions: SIB of PILN in vulvar cancer based on CovP and a 5mm PTV margin does not comprom-
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ise target coverage during RT and reduces the dose to normal tissues in the groin.

Introduction

Vulvar cancer is the fourth most common gynecological can-
cer. There are 6100 new cases estimated per year in USA [1].
Vulvar cancer is managed by one or more treatment modal-
ities according to the stage. Operable cases can be treated
by surgery. Radio (chemo) therapy can be the sole treatment
modality or combined with surgery according to the stage
and status of the patient. Radiotherapy (RT) for cancer vulva
cases can be offered as adjuvant, definitive, or palliative RT.
Pathological inguinal lymph nodes (PILNs) are found in
>50% of patients with vulvar cancer referred for RT. Lymph
node (LN) involvement is considered the most important
prognostic factor for survival in vulvar cancer [2]. The five
years overall survival is 86% and 54% for patients without
and with LN involvement, respectively [2]. A multi-center
study of 502 patients with cancer vulva showed that recur-
rences developed in about 37% of cases and that the pattern
of recurrence was: 53% perineal, 19% inguinal, and 6% pel-
vic, 8% distant; and 14% multiple [3]. Positive LN

involvement at diagnosis was statistically correlated with the
risk of recurrence. The 5-year survival rate was 27% in
patients with inguinal and pelvic recurrences [3]. Hence, it is
crucial to focus on proper management of involved positive
inguinal LNs. Groins may be treated surgically with inguinal
LN dissection or by definitive RT or combination of surgery
and RT.

The GOG study by Stehman et al., studied inguinal LN sur-
gical dissection vs. groin RT in NO-1 vulvar cancer patients.
The study reported inferior results of progression-free inter-
val and survival for RT [4]. The criticism for that study was
that it used a poor RT technique and did not secure proper
dose to the nodal target volume [5,6]. The morbidity, e.g.,
wound infection and wound gap — were higher in the lym-
phadenectomy than the RT group, whereas both groups had
16% lymphedema reported [5]. The results of GROINSS-V I
showed that patients who reported lymphedema at 6 and
12 months after RT were 16.4% and 10.7%, respectively. The
frequency of Grade 1-3 skin toxicity after RT was 21.3%,
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14.8%, and 1.3%, respectively, at 4-6 weeks post RT and
7.2%, 0.7%, and 0.7%, respectively, at 6 months post RT [7].

Some studies recommended RT dose escalation to achieve
better pathological response and comparable survival to sur-
gical approaches for locally advanced vulvar cancer [8-11].
Some authors recommended delivering up to 70Gy to
involved inguinal LNs [12,13]. However, to deliver such
higher doses we need a precise strategy with tight margins
and high conformality. Strategies for minimizing irradiation
of organs at risk (OARs) from pathological inguinal LN boost-
ing are needed to minimize the risk of morbidity arising in
the groin such as lymphedema. Currently, there is no clear
consensus for margins needed for inguinal LN boosting for
vulvar cancer patients. Some report a margin of 5—10mm
and others do not mention the margin used [8-11]. Yet,
there is paucity in the publications focusing on consensus
regarding required margins for inguinal LN boosting for can-
cer vulva patients and the coverage of nodal boosts by the
current RT techniques. Therefore, there is a need to investi-
gate different RT techniques with regard to dose coverage of
pathological LN targets and exposure of normal tissue.

CovP is a planning strategy clinically used for pelvic nodal
boosting for cancer cervix patients with promising results
[14-16]. CovP takes into account the probabilities of geomet-
ric uncertainties of the target in relation to the PTV. During
optimization, CovP allows a higher dose in the center of the
node and a lower dose at the edge of the PTV which makes
it possible to achieve sparing of OARs [14,17].

The aim of this work was to investigate if boosting the
pathologically involved inguinal LN can be delivered safely
and with adequate target coverage with the use of CovP.
Furthermore, to assess if OARs could be spared when using
CovP. In this study, we therefore compared different opti-
mization and planning strategies in terms of nodal target
coverage and normal tissue doses.

Materials and methods

One hundred and twenty patients with vulvar cancer treated
at Department of Oncology at Aarhus University Hospital
from 2013 to 2019 were reviewed. Thirty-five of them were
diagnosed with inguinal LN involvement. Only patients with
involved inguinal LNs who were treated with definitive RT
were included in this study. This was in total 10 patients. A
total number of 35 inguinal LNs in the 10 patients were ana-
lyzed. Out of the 35 boosted LNs, 20 were located in the
right inguinal region and 15 were located in the left inguinal
region. RT was delivered by VMAT. RT dose to the elective
target was 51.2/32 fx and a simultaneously integrated boost
(SIB) with 64 Gy/32 fx was administered to the gross disease
at the vulva and to the positive LNs. Cone beam CT (CBCT)
was acquired before each fraction of EBRT and rigid bony
registration to the planning CT was done for the purpose of
daily couch correction. Daily couch corrections included rota-
tion and translation but not pitch and roll.
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Delineation

Patients were scanned with planning CT and MRI in a supine
frog-leg position. For fixation, the patient is placed supine in
a vacuum-molded bag extending from the sacral region to
the knees, with the legs in a frog position. The grossly
involved LNs were contoured on the planning CT (GTV-N) as
well as on the planning MRI. The images were rigidly regis-
tered. For each LN, the GTV-N contoured on MRl and CT
were combined and named ITV-N.

For the purpose of this post-treatment analysis of differ-
ent LN boosting strategies, the GTV-N of each boosted LN
was contoured on every second or third CBCT for each
patient. The total number of CBCTs used for delineation for
each patient was 11.

The OARs list in this study was specially created to define
the surrounding normal tissue in the groin region. For OARs,
the following contours were delineated: inguinal vessels, skin
(a rim of a 3 mm in thickness from outer body contour), bowel
and body contour. In addition, a structure named subcutane-
ous tissue (SC) was defined to be all tissues beginning anterior
to the femoral vessels, excluding the 3 mm skin rim structure,
and bounded by the muscles of the femoral triangle laterally
and the medial edge of the pubic bone medially excluding
the GTV-N and the inguinal vessels. In this study, the doses
from the LN boosts to the bladder and pelvic bones were
negligible so were not included in the analysis.

Planning

For this study, three plans were created for every patient
(Plans A-C). Varian Eclipse Treatment Planning System and cal-
culation algorithm AcurosXB_15.6.05 was used All three dose
plans were VMAT with three full 360° arcs with collimator
angles 20°, 90°, and 340°. For patients with more than one
boosted LN, the LNs were optimized individually to ensure
that all boosted LNs received the prescribed dose (PD).

(A) Standard CT-based planning; PTV-N was GTV-N with a
10mm isotropic margin added. GTV-N was defined as the
appearance on the planning CT. The dose planning aims
were PTV-N D98% > = 95% of the PD and the dose plans
were normalized to mean PTV-N dose being 100% of PD. For
patients with more than one boosted LN, the normalization
was to the LN receiving the lowest dose and the mean dose
in the other LNs were slightly above 100% of PD.

(B) CT and MRI-based planning with smaller margins: PTV-
N was ITV-N with a 5mm isotropic PTV margin. The dose
planning aims and normalization strategy were the same as
in strategy A.

(C) CT and MRI-based CovP planning: PTV-N was the same
as in Plan B. CovP planning is not commercially available,
and therefore, we used a dose optimization method devel-
oped by Ramlov et al. in the context of definite RT in locally
advanced cervix cancer. This method generates plans which
mimic CovP dose distributions in a commercial dose plan-
ning system [14]. With this method, dose gradient are con-
trolled to meet an aim to get as close to 90% of PD on the
outer edge of PTV-N and full coverage (100% of PD) of the
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ITV-N. The dose planning aims were ITV-N D98% > 100% PD
and PTV D98% > 90% of PD. The normalization was done
such that all dose-to-target criteria are fulfilled [14,15].

Rigid registration was performed between CBCTs and the
planning CT, thus all the CBCT delineations of GTV-Ns were
propagated to the planning CT. For every GTV-N (from plan-
ning CT and from CBCTs) D98%, D50%, and D2% were
extracted for each fraction and for each of the three plans
on the planning CT. Dose accumulation for GTV-Ns (D98%,
D50%, and D2%) was carried out as crude addition of DVH
parameters from each fraction. We evaluated also GTV-N vol-
ume and PTV-N volume. Doses to OAR were evaluated on
the planning CT. We evaluated the inguinal vessels D1 cm?,
V55 Gy, and V60 Gy. For the skin rim of the inguinal region,
we evaluated D2cm® Dicm? and DO.1cm>. We also
recorded V60 Gy and V55 Gy for the body, SC, bowel. We
reported the V60 and V55Gy since the PD was 64 Gy/32 fx
to the positive LN s, consequently these volumes reflect the
high dose volumes.

In addition, the evaluation of the volume of the GTV-Ns in
relation to the fraction number was done by linear regres-
sion. Paired student t-test was used to assess the difference
between the different plans. A p value of < 0.05 was defined
as statistically significant.

Results

Inguinal GTV-Ns were clearly visible on 91% of the CBCTs. In
9% of cases the GTV-N was not visible, mainly due to shrink-
age of the LN. The median volume of GTV-N on the first CBCT

A. Standard 10mm
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was 0.6 cc with a range of (0.05-4.2). The median volume of
GTV-Ns at the last CBCT (n = 32) was 0.3cc (0.0—1.6). In rela-
tion to nodal volumes during treatment, we found that 49%
of the LNs decreased significantly in size during treatment
(p <0.05), and reduction of the GTV-N volume from first to
last fraction ranged between 31 and 95%. In addition, 11%
showed a tendency of decreased volume (p < 0.09), with the
reduction of the LN volume from first to last fraction ranged
between 36 and 96%. In 6% of LNs, the volume increased sig-
nificantly (p <0.05), and the percentage increase ranged
between 69 and 180%. The remaining LNs (34%) showed
non-significant change in size during the treatment.

Figure 1 shows an example of the three planning
approaches. With the standard plans, the GTV-N was covered
by at least 95% of dose. For the CovP plan, at least 98% of
the GTV-N was covered by 100% of PD.

Table 1 summarizes the PTV-N volumes and the planned
doses for the PTV-N and the GTV-N for the three plan strat-
egies The mean planned GTV-N D98%, D50%, and D2% was
significantly higher with the CovP plan as compared to plan
A and plan B (p < 0.001). The planned doses for the OAR are
shown in Table 2. Table 2 shows that the planned mean
doses to the surrounding SC, skin, body, and inguinal vessels
were reduced when applying the CovP plan compared to
the other two planning strategies. For the inguinal vessels,
the D1 cm® was below 60Gy for all patients for the CovP
plans while above 60Gy in 69% and 25% of cases for the
10mm plan and the 5mm plan strategy, respectively. For
the SC, there was a significant reduction in the V55 Gy by a
mean of 23 cc and 9cc when applying the CovP vs. Plans A
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Figure 1. Example of the three planning approaches. A: standard plan with 10 mm PTV-N margin. B: plan with 5mm PTV-N margin. C: coverage probability plan
(CovP) with 5mm PTV-N margin. With the corresponding dose profile for each plan shown below each one. Orange contour is GTV-N, Blue contour is the PTV-N.
Yellow contour is the 100% isodose. Green contour is 95% isodose. Light green contour is 90% isodose. The red arrow represents the dose profile seen below
each figure.
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Table 1. PTV volumes and the planned doses for the PTV-N and the GTV-N as follows: D98%, D50%, and D2% for the three

plans strategies.

Planning strategy A B C

PTV margin 10 mm 5mm 5mm
PTV-N volumes in cm® median (range) 15.8 (6.9-35.8) 5.9 (1.6-15.1) 5.9 (1.6-15.1)
GTV-N planned D98%, mean (SD) 98.4 (0.8) 98.7 (0.7) 100.2 (2.2)
GTV-N planned D50%, mean (SD) 99.8 (0.5) 100 (0.5) 103 (1.3)
GTV-N planned D2%, mean (SD) 101.0 (0.7) 101.3(0.6) 105.2 (1.1)
PTV-N planned D98 %, mean (SD) 97.5 (0.8) 97.8 (0.5) 91.0 (0.6)
PTV-N planned D50 %, mean (SD) 100.3 (0.2) 100.2 (0.2) 98.1 (1.5)
PTV-N planned D2 %, mean (SD) 101.8 (0.5) 101.9 (0.5) 104.8 (1.0)

A: Standard plan with 10 mm PTV-N margin; B: Standard plan with 5mm PTV-N margin; C: Coverage probability planning.

Table 2. Summary of the planned mean doses to the organs at risk by the three plans.

SC [em?] Skin [Gy] Body [cm3] Inguinal vessels RT Inguinal vessels LT
Theplan  V55Gy V60 Gy DO.1cm® Dlcm® D2cm® V55Gy V60Gy V55Gy V60 Gy Dlcm® V55Gy V60 Gy D1 cm?
A 395 274 58.6 544 52.2 328 224 53 29 62.3 4.7 2.7 60.7
B 25.5 15.4 56.3 523 50.9 279 188 23 0.7 57.3 23 0.9 56.8
C 16.4 7.3 54.4 51.6 50.5 248 166 0.8 0.1 54.1 1.0 0.2 54.5

SC: subcutaneous tissue; A: Standard plan with 10 mm PTV margin; B: Standard plan with 5mm PTV margin; C: Coverage probability planning.

Table 3. Comparison between the accumulated delivered GTV-N doses (mean
and SD) relative to PD by the three plans strategies.

A B C
GTV-N delivered D98%, mean (SD) 98.1 (1.7) 98.1 (1.6) 98.3 (2.7)
GTV-N delivered D50%, mean (SD) 99.6 (1.6) 99.6 (1.6) 102.2 (2.2)
GTV-N delivered D2%, mean (SD) 100.9 (1.8) 101.1 (1.7) 104.6 (2.3)

A: Standard plan with 10 mm PTV-N margin; B: Plan with 5mm PTV-N margin;
C: Coverage probability planning.

and B, respectively (p < 0.001). Furthermore, there was a sig-
nificant reduction of the SC V60 Gy by a mean of 20cc and
8 cc when applying the CovP vs. Plans A and B, respectively
(p <0.001). Applying the CovP plan significantly reduced the
Rt inguinal vessels D1cm?® by a mean of 8 and 3 Gy, and the
Lt inguinal vessels D1cm?® by 6and 2Gy vs. Plans A and B,
respectively (p < 0.001).

Table 3 compares doses delivered (mean+SD) to the
GTV-Ns. There was no statistically significant difference in
accumulated D98% to the GTV-N between the three plans,
with a p value of 0.72, 0.74, and 0.91 when testing the differ-
ence for Plan A vs. CovP, Plan B vs. CovP, and Plans A vs. B,
respectively. CovP plans delivered a statistically significant
higher mean dose to the GTV-N D50% and D2% compared
to Plans A and B (p < 0.001).

Regarding the numbers of nodes with accumulated deliv-
ered D98% below 95% of the PD, they were 2, 1, and 4 for
the 10 mm PTV-N, 5mm PTV-N plan, and CovP plan, respect-
ively. One node received below 95% with all planning strat-
egies for which the delivered D98% was 89.6, 90.2, 89.1% for
the 10 mm PTV-N, 5mm PTV-N plan, and CovP plan, respect-
ively. For the other three nodes with coverage below 95%
with CovP plan, the coverage ranged between 93.5 and
94.8% with the CovP plan.

Discussion

This study evaluated accumulated LN doses throughout vulva
cancer RT. Three different planning techniques were com-
pared with different sizes of margins and planning approach.

We introduced the CovP plan method in delivering RT with
concomitant boost to positively involved inguinal LN as a
method for improving inguinal LN boosting and evaluated the
technique through assessing doses to the target and OARs.
The CovP plan assigns a volume in the center of the LN to be
covered with high probability with higher doses than the per-
iphery of the PTV-N volume [14]. The concept of CovP dose
planning is based on the assumption that the movement
around the center of mass is random. Having at least 100% of
PD in ITV-N can compensate if part of the GTV-N moves out
of the 95% isodose during one fraction as it may the next
fraction move into the area with 100% of PD and in that way
even out the low dose it received during an earlier fraction.
This is illustrated in our results by Figure 1 which shows that
for the CovP plan the 100% of the GTV-N is covered by 100%
of the dose. Given that the accumulated dose to the GTV-N is
similar with the CovP strategy as compared to the standard
planning approaches, we are not expecting more groin recur-
rences with CovP. CovP was investigated for treatment of
nodal boost for cancer cervix patients with promising results
[14]. As reported in the results section, in our cohort few GTV-
Ns received accumulated delivered D98% below 95% of the
PD, mainly due to movement. One LN had compromised
coverage by all three planning approaches and that was due
to the LN being in close proximity to the skin. This indicates
the importance of daily CBCT for monitoring LN position and
groin swelling [18].

CovP was also implemented in the international study
EMBRACE Il for boosting the LN s in the treatment of cancer
cervix patients, with a subsequent significant reduction in
the high dose volume V50 Gy [19].

In our study, we demonstrated that the near-minimum
dose to GTV-N’'s remained the same for CovP strategy while
statistically significantly reducing dose to OARs. At the same
time, the CovP plan delivered a higher mean dose to the
D50% and D 2%than the standard plan by about 3 and 4 Gy,
respectively (p <0.001). Generally, for the target, the three
plans have an acceptable target coverage. The CovP allowed
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dose escalation in the center of the GTV-Ns and controlled
lower doses at the edge of the PTV-Ns. This resulted in bet-
ter sparing for the vascular and nearby skin and SC (Table 2).
For the OARs, RT should in general aim for doses as low as
possible, and therefore, it makes sense to apply a technique
that is safe from target perspective and achieves significantly
less dose to OARs. According to our knowledge, there are
currently no international guidelines on contouring of spe-
cific OAR located in the groin regions. On the other hands,
there are clinically observed groin toxicity, e.g., skin ulcer-
ation, edema, and fibrosis. We attempted to create represen-
tative OARs for the groin area in the form of skin, SC, and
inguinal vessels, which are at risk for acute and late toxicity.
Our aim was to match the spectrum of toxicities with rele-
vant regions of interest and relevant DVH parameters. For
the skin, according to literature, using the whole organ vol-
ume is not representative for a clinically relevant endpoint
[20,21]. Therefore, specification of a skin volume was pro-
posed, as it is easily measured. For the vessels, we used
D1cm?, since this has been used for major vessels in previ-
ous studies (although not specifically for inguinal ves-
sels) [22].

A limitation of this study is that dose accumulation was
carried out with crude addition of DVH parameters and not
through deformable registration and 3D addition of doses.
However, the main dosimetric endpoint was GTV D98. GTV
D98 which is a ‘near minimum dose’. Since crude addition of
DVH parameters is in reality a ‘worst case assumption’ that
assumes that the ‘cold spot’ coincides in all fractions, our
crude addition represents a conservative estimate of D98
(‘worst case’). Our main conclusion that GTV D98 is similar
across the three types of plans will therefore not change with
the more advanced methodology of dose tracking based on
deformable registration. For OARs, we were interested in the
relative difference between the three plans. While, there may
be differences between the accumulated dose on CBCTs (with
deformably added doses) and planning CT (with DVH addition
for CBCT contours), we assume that such differences are simi-
lar across plans. If deviations due to dose accumulation meth-
odology are similar across plans, the relative differences
between plans are expected to be well approximated through
DVH addition. This means that while the estimated difference
in OARs doses may not be completely precise, we still con-
sider these as fair estimates of the overall tendency.

Since there is limited knowledge about dose-effect rela-
tions for normal tissue in the inguinal region, it is difficult to
predict whether the dosimetric advantage we demonstrated,
will also lead to a reduction of morbidity. This would need
to be tested in a clinical trial.

Our study showed that a 5mm margin was adequate for
boosting the inguinal LN with the CovP technique. This can
be the basis for proposing margins used for inguinal
LN boosting.

Conclusions

Inguinal nodal boosting with 5mm PTV-N margin and using
the CovP planning method is an adequate technique, which

results in acceptable target coverage during long-course RT
and reduces the dose to normal tissues in the groin.
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