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ABSTRACT

Introduction: The ano-inguinal lymphatic drainage (AILD) is located in the subcutaneous adipose tis-
sue of the proximal medial thigh. Findings from fluorescence methods give us new information about
anatomical conditions of the AILD. Current contouring guidelines do not advise the inclusion of the
‘true’ AILD into the clinical target volume (CTV). Aim of this work was the retrospective analysis of the
incidental dose to the AILD in an anal cancer (AC) patient cohort who underwent definitive chemora-
diation (CRT) therapy with Volumetric Arc Therapy - Intensity Modulated Radiation Therapy (VMAT-
IMRT).

Methods: VMAT-IMRT plans of 15 AC patients were analyzed. Based on findings from new fluorescence
methods we created a new volume, the expected AILD. The examined dosimetric parameters were the
minimal, maximal and mean dose and V10-V50 that were delivered to the AILD, respectively.

Results: The median volume of AILD was 1047 cm®. Mean Diin, Dmax and Dmean Were 7.5 Gy, 58.9 Gy
and 40.8Gy for AILD. The clinical relevant dose of 30.0 Gray covered in mean 76% of the volume of
the AILD, respectively.

Conclusions: Only 76% of the AILD-volume received at least an expected required treatment dose of
30 Gy incidentally. Concerning the low number of loco-regional relapses in AC patients after definitive
CRT one has to balance increased side effects against a rigid oncological-anatomical interpretation of
the local lymphatic drainage by including the AILD into the standard CTV.

Abbreviations: 2D/3D: 2/3 dimensional; AC: Anal cancer; AILD: Ano-inguinal lymphatic drainage; AP-
PA: Anteroposterior-posteroanterior; BSA: Body surface area; CRT: Chemoradiation therapy; CTV: Clinical
target volume; Gy: Gray; IMRT: Intensity modulated radiotherapy; PET: Positron Emission Tomography;
PTV: Planning target volume; SIB: Simultaneously integrated boost; VMAT: Volumetric modulated arc
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Introduction

The lymphatic drainage of the anal-canal and the anal-mar-
gin is complex and detailed anatomical descriptions are rare
and inconsistent. The section above the linea dentata is char-
acterized by perirectal, pelvic and paravertebral lymphatic
drainage. Below the linea dentata, especially from the outer
section of the anus, the lymphatic drainage follows the med-
ial superficial inguinal lymph nodes [1]. New fluorescence-
imaging methods have helped us to define the area of the
ano-inguinal lymphatic drainage (AILD) in real-time and
transcutaneously [2,3]. Large randomized controlled trials
have confirmed a combined chemoradiation (CRT) protocol
as a standard treatment for loco-regionally advanced squa-
mous-cell anal cancer (AC) patients [4,5]. Standard contouring
guidelines recommend an inclusion of the primary tumor
with a 2.5cm margin into the target volume (CTV). The RTOG

Consensus Panel felt that elective coverage of the inguinal
and external iliac regions should be routine for anal carcin-
oma. The recommended extent of the inguinal region (CTV)
should be 2cm caudal to the saphenous/femoral junction [6].
Lee and Lu [7] recommend an elective irradiation of unin-
volved inguinal nodes (CTV low risk). Ultimately, up to now
there are no recommendations of inclusion of the ano-
inguinal drainage (AILD) into the clinical target volume (CTV)
by any contouring guidelines.

Anal cancer is a relatively rare disease. The incidence in
the US and death rates for women are 2.1 and 0.3 of 100.000
while they are 1.6 and 0.2 of 100.000 for man [8]. Currently,
Intensity modulated radiotherapy (IMRT) should be the stand-
ard for radiation treatment of AC patients [6]. Several studies
have shown the importance of elective groin irradiation espe-
cially for T3-T4 tumors. Among patients with uninvolved
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inguinal nodes at diagnosis who did not receive elective radi-
ation to the groin the inguinal recurrence rates for T1-2NO
tumors range from 5% to 13%, while for T3-4NO tumors it is
6-30% [9-13]. Matthews et al. prematurely closed a study
(T1-2NO, no radiation to the groins) because of an unaccept-
able high inguinal relapse of 22.5% after three years [14].

In the connection with the experience of marginal misses
in IMRT-treated AC patients due to misunderstandings of
anatomical conditions (e.g., perirectal and presacral) [15], a
strict evaluation of the correlation of anatomical condition
with the target volume definition seems warranted. Because
of the new anatomical understanding of the AILD and the
high number of inguinal recurrence in untreated groins and
a low but reasonable number of inguinal recurrence in
treated groins in locally advanced AC patients we have per-
formed a retrospective analysis of the incidental dose to the
AILD in an AC patient cohort who underwent definitive CRT
with Volumetric Arc Therapy - Intensity Modulated Radiation
Therapy (VMAT-IMRT) and using structure sets according to
current guidelines.

Methods
Radiation technic details

A total of 15 VMAT-IMRT plans of AC patients treated from
2010 to 2016 were analyzed. Eleven patients were treated on
a Varian Clinac® DHX linear accelerator (Varian Medical
Systems, Palo Alto, CA, USA) using IGRT (image-guided radio-
therapy) with kilo-voltage cone-beam-CT scans (CBCT).
Patients regularly received three arcs in the main plan and
two arcs for each boost plan (6 or 15MV). Four patients
received TOMO-therapy with the TomoTherapy Hi-ART-
System (6 MV) (Accuray, Sunnyvale, CA, USA). We used the
Eclipse 13.0 Treatment Planning System (Varian Medical
Systems, Palo Alto, CA, USA) for contouring and dose com-
parison. Contouring was performed on planning CTs with
3 mm slice thickness. For the definition of the target volumes

we also used MRI-scans of all patients and a PET-CT scan for
eight patients. The dose was prescribed of the median. The
11 patients with positive lymph nodes received either a
sequential boost (7) or a simultaneous integrated boost
(SIB) (4).

Dose constraints for organs at risk (OAR) (rectum, sigmoid,
small bowel, femoral head left and right, penis/scrotum or
vagina/vulva, skin of AILD, urinary bladder) orientated on
Quantitative Analyses of Normal Tissue Effects in the Clinic
(QUANTECQ) [16].

Definition of the AILD

With these radiation plans we created a new volume, the
expected ano-inguinal lymph drainage (AILD). These lymph
vessels are usually not detectable by standard lymphangiog-
raphy [17-22]. Therefore, the true or real location of the AILD
had until now not exactly been known and further seems to
differ with each individual. Some authors believe in an AILD
through the obturator foramina, others mention a direct
drainage via the soft tissue of the ischio-anal fossa [14].
However, in recent years new fluorescence-imaging methods
like the indocyanine-green-method corroborate the fact, that
this AILD forms a network of very thin vessels and is located
in the subcutaneous adipose tissue of the medial thigh. This
network is widely disseminated and can reach some cm
below the anus (Figure 1A) [2,3].

Based on anatomical descriptions and these new images
of fluorescence-imaging methods, we connected the soft tis-
sue between the anus and the inguinal vessels with the fol-
lowing demarcations: The caudal demarcation was defined
2cm below the trochanter minus or at least 2.5cm below
the anal margin. The cranial end of AILD was at the level of
the symphysis (anal) or where no more soft tissue connection
between anus and inguinal could be identified (inguinal).
Ventral demarcation was the femoral skin; dorsal was the
transition of the gluteal muscles to the subcutaneous adipose
tissue. The lateral demarcations were the adductor muscles

Figure 1. (A) Oblique view on the perineum and left leg during fluorescence-imaging of an anal cancer patient in lithotomy position. The indocyanine-green was
injected along the anal verge (green arrow) to detect the ano-inguinal lymphatic drainage (orange) and the inguinal sentinel lymph nodes on the left groin (blue).
(B) Lateral oblique view on the pelvis. Expected ano-inguinal lymphatic drainage (green) in relation to the previous PTV (spirally red) in an anal cancer patient

treated with VMAT-IMRT.



(anal) and the medial femur bone or at least 0.5cm around
femoral vessels (inguinal) (Figure 1B).

Dosimetric evaluation

We examined dose parameters (minimum, maximum,
median, V10, V20, V30, V40, V45, and V50) that were deliv-
ered to the AILD target volume, the AILD outside of the pre-
vious PTV (AILD-PTV) and of the mean and mean maximum
dose of the organs at risk as represented in the dose-volume
histogram (DVH).

Results

Analysis of patients, treatment details and basic
dosimetric parameters

From 15 AC patients, 10 (67%) were female and 5 (33%)
were male. The mean age was 62 years (45-77). All patients
had squamous cell carcinoma histology. Patients mainly had
T2 (47%) and N2 (47%) disease while 73% had positive nodes
before treatment. The predominant UICC-Stadium was IIIB
(60%). All patients received simultaneous chemotherapy simi-
lar to the RTOG 98-11 with two cycles of Mitomycin on day 1
and 29 with 10 mg/gm BSA (max. 20 mg per cycles) and two
cycles of 5-Fluoruracil on day 1-4 and 29-32 with 1000 mg/
gm BSA) or Capecitabine (825 mg/qm BSA two times a day
only on days of RTx). Depending on the nodal status and
tumor extension the mean dose for the inguinal LAW was
448Gy (36.0-50.4Gy), for the pelvic LAW it was 50.1Gy
(45.0-55.8 Gy) and for the primary tumor side it was 56.6 Gy
(50.4-59.4 Gy). Regions with macroscopic disease received at
least 50.4Gy (mainly >54Gy). The single doses ranged from
1.6 Gy to 2.0 Gy. At the beginning of radiation therapy 11 of
15 patients had positive lymph nodes. Nine patients had
positive nodes on pelvic site (five mesorectal, three internal
iliac, two external iliac), two on inguinal site and four on
both sites. Seven of these patients were treated by a sequen-
tial boost with a mean dose of 7.9Gy (5.4-14.4Gy).
Four patients had a simultaneous integrated boost (SIB)
with a mean dose of 6.9 Gy (5-9 Gy). The single dose of the
SIB-volumes was 2.13 Gy (2.00-2.25 Gy).

The mean dose on the femoral head was 32.0 Gy, for the
small bowel it was 14.3 Gy, for the bladder it was 36.7 Gy and
for the skin in the area of AILD it was 29.6 Gy. Dose statistics
for other organs at risk can be found in Table 1.

AILD analysis

The median volume of AILD and AILD-PTV was 1047 cm?
(643-1391cm®) and 656cm® (415-1219cm?3), respectively.
Mean Dpin, Dmax and Dpean Were 7.5 Gy (0.1-22.9 Gy), 58.9 Gy
(53.1-63.0Gy) and 40.8Gy (26.7-47.6 Gy) for AILD and 7.5 Gy
(0.1-22.9 Gy), 56.5 Gy (52.1-61.6 Gy) and 33.6Gy
(20.7-41.3Gy) for AILD-PTV, respectively. Nearly the whole
volume of AILD and AILD-PTV received 10.0 Gray (mean V10:
96% and 94%), respectively. The clinical relevant dose of 30.0
Gray covered in mean 76% of the volume of the AILD and
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Table 1. Dose statistics (means values) of 15 anal-cancer patients treated by
IMRT-VMAT

Dose
Structure Min (Gy) Mean (Gy) Max (Gy)
Primary tumour 50.4 56.6 59.4
Inguinal lymph nodes 36.0 44.8 50.4
Pelvic lymph nodes 45.0 50.1 55.8
AILD 75 40.8 58.9
AILD - PTV 75 336 56.5
Urinary Bladder 36.0 55.1
Femoral head r. 31.5 47.1
Femoral head . 324 46.2
Vagina/ Vulva 32.6 52.1
Penis 25.6 40.0
Scrotum 14.4 37.7
Skin AILD 29.6 49.7
Rectum 55.5 58.8
Sigmoid 46.0 54.6
Intestine 143 54.1
Volume
Structure Min (%) Mean (%) Max (%)
AILD V10Gy 76.2 95.7 100
V20Gy 60.0 87.4 100
V30Gy 43.0 76.4 97.5
V40Gy 289 60.0 80.5
V45Gy 21.8 49.0 69.1
V50Gy 10.1 34.6 52.0
AILD - PTV V10Gy 69.8 94.1 100
V20Gy 49.3 81.5 100
V30Gy 27.6 64.0 955
V40Gy 9.8 36.6 61.0
V45Gy 23 22.8 411
V50Gy 0.1 8.9 27.5

just 64% of the AILD-PTV, respectively. The V50 of the AILD
and AILD-PTV (volume almost completely overlapping with
the previous PTV) was in mean 35% and 9%, respectively.
The Mean V10, V20, V30, V40, V45, V50 for AILD and for the
AILD-PTV are shown in Table 1.

For those four patients treated by Tomotherapy mean
Dmins Dmax and Dpean Were 163Gy (9.3-22.9Gy), 59.5Gy
(55.9-62.5Gy) and 46.2Gy (44.5-47.6Gy) for AILD and
16.3Gy (9.3-229Gy), 588Gy (55.8-61.6Gy) and 39.3Gy
(34.7-42.0Gy) for AILD-PTV, respectively. The V50, V30 and
V10 was 43.4% (38.4-49.6%), 89.9% (76.1-97.5%) and 100%
for the AILD and 15.0% (11.6-18.7%), 81.9% (58.3-95.5%) and
100% for the AILD-PTV, respectively.

Discussion

We found that for IMRT-treated patients with AC the Mean
V10, V20, V30, V40, V45 and V50 of the volume of the AILD
was 96%, 87%, 76%, 60%, 49% and 35%, respectively.

Aim of this work was the retrospective analysis of the
incidental dose to the ‘true’ AILD in an AC patient cohort
who underwent definitive CRT with VMAT-IMRT because
contouring guidelines currently does not recommend an
inclusion of the AILD (connection of the CTV from the anus
to the inguinal nodes) into the target volume. The RTOG
98-11 trial used 30.6Gy as a prophylactic treatment dose of
the groin in patients with uninvolved inguinal nodes before
the treatment [4]. Therefore, we think that at least 30 Gy is a
reasonable dose for prophylactic treatment for potential



4 H. DAPPER ET AL.

micro metastasis in uninvolved inguinal nodes. In our ana-
lysis at least 76% of the volume of the expected AILD
received at least an expected required treatment dose of
30Gy incidentally. Under consideration of the V30 of AILD-
PTV (64%) and the anatomical conditions (Figure 1) espe-
cially the caudal parts of the created volumes, with a clear
distance to the previous PTV, received an inadequate
prophylactic treatment dose (Figure 2). However, new fluor-
escence-imaging methods have shown the area of the AILD
transcutaneously, the variation of anatomical circumstances
in different individuals and anatomical details of the AILD
remain uncertain. For a further understanding of the AILD,
basic research for example with MRI-lymphangiography of
AC patients is needed.

To evaluate the clinical need for inclusion of the ‘true’
AILD, the expected toxic effects and current inguinal failure
rates after radiotherapy to the groins must also be consid-
ered. Next to tumor extension at diagnosis, nodal status has
been identified as one of the most important prognostic fac-
tors. Tumors >5cm and positive lymph nodes at diagnosis
have a significant correlation with poor five-year disease-free
survival and five-year overall survival. About 10-25% of all
AC patients presents with synchronous and 5-25% with
metachronous inguinal lymph node metastasis [23-25]. After
primary CRT the RTOG 98-11 reported a regional failure rate
of 7% after three years but 25% after five years [4].
Unfortunately, the major prospective studies (ACT Il, RTOG
98-11) did not report the relapse rates on the inguinal side.
Most IMRT-studies have shown high locoregional control
rates after treatment of the groin as compared to 3D-RT
[26,27]. In a study of Tomasoa et al. 4 of 106 patients (3.7%)
presented inguinal lymphonodal recurrence after IMRT

although the groin was part of the target volume. Three of
these patients had initial inguinal involvement [28].
Unfortunately the total number of initial inguinal involve-
ment of the 106 patients could not be developed.
Furthermore Tomasoa et al. mentions that inguinal failure
rates with IMRT is comparable with 3D-treated patients of
Das et al. (the chance of local recurrence on inguinal side
was almost 0% (0.6-1.6%) [11,29].

Scher et al. [30] summarized eight IMRT-studies which pre-
sented the dermatological toxicity after radiation of AC patients
(n=39-78). These patients received mainly 45 Gy to the unin-
volved lymph nodes. Grad >3 dermatological toxicity ranged
from 0% to 42% (mean: 23%). The RTOG 0529 study has shown
significance reduced grade >3 dermatologic AEs, 23% com-
pared with RTOG 98-11 with 49% (P < 0.0001) [31]. In our study
the mean dose in the overlapping area of the skin with the
AILD was 29.6 Gy, respectively. By including the AILD in the tar-
get volume we would expect a slight increase of dose, but an
increased skin-size which would be affected. We don't expect
any significant increase of dose to the femoral head, however
we expect the genital region to be significantly affected.

Concerning applied radiotherapy techniques, large pro-
spective trials (RTOG 98-11, ACT Il) used anteroposterior-pos-
teroanterior (AP-PA) or multifield techniques. With 2/3-D
technics bigger parts of the AILD usually could have been fit-
ted into the AP-PA fields (except for the caudal parts) and
received at least 30.6 Gy. At RTOG 98-11 the inferior border
was the anus with a minimum margin of 2.5cm around the
anus and tumor [2,3]. The advantage of IMRT-technics is
shown in the first prospective IMRT-trial for AC. The RTOG
0529 reported less Grad >3 dermatology and gastrointestinal
toxicity (both 21%) than RTOG 98-11 with 2/3D-RT technics

Figure 2. Axial CT slice of an anal cancer patient 1.2 cm caudal to the previous PTV. The 20-30 Gy is represented in colorwash. The dorsal parts of the ano-inguinal
lymphatic drainage (yellow) are not sufficiently covered by the 30 Gy isodose (red colorwash).



(47% and 36%) [31]. To assess the risk for increased dermato-
logical and genital toxicity by including the AILD into the tar-
get volume, we will perform a NTCP-based dose distribution
analysis in the area of AILD on 3D-plans compared with
IMRT-plans.

In summary, an evaluation of the inguinal recurrences
with the initial tumor stage as well as the tumor localization
is necessary in order to evaluate the benefit of encompassing
the AILD into the CTV. Because of the low incidence of AC
and low risk of inguinal recurrence this seems to be a diffi-
cult to implement.

Conclusions

At least 76% of the AILD-volume received at least an
expected required treatment dose of 30Gy incidentally.
However, especially caudal of the created volumes, with a
clear distance to the previous PTVs, received an inadequate
therapeutic dose. Concerning the low number of loco-
regional relapses in AC patients after definitive CRT one has
to balance increased skin side effects against a rigid oncolo-
gical-anatomical interpretation of the local lymphatic drain-
age by including the AILD into the standard CTV. For high-
risk patients for inguinal recurrence (T4, inguinal involve-
ment/N3, anal margin) a consequently radiation of the AILD
could be useful. To answer this question we need both, a
better anatomical understanding of the true AILD (e.g., MRI
lymphangiography) and a strict correlation of the tumor
stage and site with inguinal recurrence in IMRT treated
patient cohort.

Acknowledgments

The work was presented at ESTRO 2017 as was awarded the Jack Fowler
- University of Wisconsin award which is given for the best abstract sub-
mitted by a junior working in the field of radiobiology, radiation physics,
radiation oncology or radiation technology.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This research did not receive any specific grant from funding agencies in
448 the public, commercial, or not-for-profit sectors.

References
[11  Aumdlller G, Wolff W. Anatomie. 1st ed. Stuttgart: Thieme; 2007.
[2] Doniga SG. Die  Fluoreszenzfarbstoff-gestlitzte ~ Sentinel-
Lymphknoten-Biopsie  mittels Indocyanin  Griin  bei solitaren

Tumoren. Berlin: Medizinischen FakultatCharité — Universitatsmedizin
Berlin; 2013.

[3]1 Hirche C, Dresel S, Krempien R, et al. Sentinel node biopsy by
indocyanine green retention fluorescence detection for inguinal
lymph node staging of anal cancer: preliminary experience. Ann
Surg Oncol. 2010;17:2357-2362.

(101

[11]

[12]

[13]

[14]

[15]

[1e]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

ACTA ONCOLOGICA 5

Ajani JA, Winter KA, Gunderson LL, et al. Fluorouracil, mitomycin,
and radiotherapy vs fluorouracil, cisplatin, and radiotherapy for
carcinoma of the anal canal: a randomized controlled trial. JAMA.
2008;299:1914-1921.

James RD, Glynne-Jones R, Meadows HM, et al. Mitomycin or cis-
platin chemoradiation with or without maintenance chemother-
apy for treatment of squamous-cell carcinoma of the anus (ACT
I): a randomised, phase 3, open-label, 2 x 2 factorial trial. Lancet
Oncol. 2013;14:516-524.

Myerson RJ, Garofalo MC, El Naga |, et al. Elective clinical target
volumes for conformal therapy in anorectal cancer: a radiation
therapy oncology group consensus panel contouring atlas. Int J
Radiat Oncol Biol Phys. 2009;74:824-830.

Lee NY, Lu JJ. Target volume delineation and field setup: a prac-
tical guide for conformal and intensity modulated radiation ther-
apy. Heidelberg: Springer; 2013.

Surveillance, Epidemiology, and End Results (SEER) Program.
Incidence & Mortality (1973-2014): National Cancer Institute,
DCCPS, Surveillance Research Program, Surveillance Systems
Branch; 2017. Available from: www.seer.cancer.gov

Ortholan C, Resbeut M, Hannoun-Levi J-M, et al. Anal canal can-
cer: management of inguinal nodes and benefit of prophylactic
inguinal irradiation (CORS-03 Study). Int J Radiat Oncol Biol Phys.
2012;82:1988-1995.

Blinde SE, Schasfoort R, Mens JW, et al. Inguinal lymph node
recurrence in the untreated groin of patients with anal carcinoma.
Dis Colon Rectum. 2014;57:578-584.

Tomaszewski JM, Link E, Leong T, et al. Twenty-five-year experi-
ence with radical chemoradiation for anal cancer. Int J Radiat
Oncol Biol Phys. 2012;83:552-558.

Nilsson PJ, Svensson C, Goldman S, et al. Epidermoid anal cancer:
a review of a population-based series of 308 consecutive patients
treated according to prospective protocols. Int J Radiat Oncol Biol
Phys. 2005;61:92-102.

James RD, Pointon RS, Martin S. Local radiotherapy in the man-
agement of squamous carcinoma of the anus. Br J Surg.
1985;72:282-285.

Matthews JHL, Burmeister BH, Borg M, et al. T1-2 anal carcinoma
requires elective inguinal radiation treatment - the results of
Trans Tasman Radiation Oncology Group study TROG 99.02.
Radiother Oncol. 2011;98:93-98.

Pepek JM, Willett CG, Czito BG. Radiation therapy advances for
treatment of anal cancer. J Natl Compr Canc Netw. 2010;8:
123-129.

Marks LB, Yorke ED, Jackson A, et al. Use of normal tissue compli-
cation probability models in the clinic. Int J Radiat Oncol Biol
Phys. 2010;76:510-519.

Perera D, Pathma-Nathan N, Rabbitt P, et al. Sentinel node biopsy
for squamous-cell carcinoma of the anus and anal margin. Dis
Colon Rectum. 2003;46:1027-1029. discussion 1030-1.

Péley G, Farkas E, Sinkovics |, et al. Inguinal sentinel lymph node
biopsy for staging anal cancer. Scand J Surg. 2002;91:336-338.
Damin DC, Rosito MA, Gus P, et al. Sentinel lymph node proced-
ure in patients with epidermoid carcinoma of the anal canal: early
experience. Dis Colon Rectum. 2003;46:1032-1037.

Gretschel S, Warnick P, Bembenek A, et al. Lymphatic mapping
and sentinel lymph node biopsy in epidermoid carcinoma of the
anal canal. Eur J Surg Oncol. 2008;34:890-894.

Bobin JY, Gérard JP, Chapet O, et al. Le marquage lymphatique et
la biopsie du ganglion sentinelle inguinal dans les cancers du
canal anal pour éviter lirradiation inguinale prophylactique.
Cancer Radiother. 2003;(7 Suppl 1):855-90s.

Ulmer C, Bembenek A, Gretschel S, et al. Refined staging by senti-
nel lymph node biopsy to individualize therapy in anal cancer.
Ann Surg Oncol. 2004;11:2595-262S.

Deans GT, McAleer JJ, Spence RA. Malignant anal tumours. Br J
Surg. 1994;81:500-508.

Gerard JP, Chapet O, Samiei F, et al. Management of inguinal
lymph node metastases in patients with carcinoma of the anal


http://www.seer.cancer.gov

6 H. DAPPER ET AL.

[25]

[26]

[27]

[28]

canal: experience in a series of 270 patients treated in Lyon and
review of the literature. Cancer. 2001; 92:77-84.

Salati SA, Al Kadi A. Anal cancer: a review. Int J Health Sci
(Qassim). 2012;6:206-230.

Mitra D, Hong TS, Horick N, et al. Long-term outcomes and
toxicities of a large cohort of anal cancer patients treated with
dose-painted IMRT per RTOG 0529. Adv Radiat Oncol.
2017;2:110-117.

Mitchell MP, Abboud M, Eng C, et al. Intensity-modulated radi-
ation therapy with concurrent chemotherapy for anal cancer: out-
comes and toxicity. Am J Clin Oncol. 2014;37:461-466.

Tomasoa NB, Meulendijks D, Nijkamp J, et al. Clinical outcome in
patients treated with simultaneous integrated boost - intensity

[29]

[30]

[31]

modulated radiation therapy (SIB-IMRT) with and without concur-
rent chemotherapy for squamous cell carcinoma of the anal
canal. Acta Oncol. 2016;55:760-766.

Das P, Bhatia S, Eng C, et al. Predictors and patterns of recurrence
after definitive chemoradiation for anal cancer. Int J Radiat Oncol
Biol Phys. 2007;68:794-800.

Scher ED, Ahmed |, Yue NJ, et al. Technical aspects of radiation
therapy for anal cancer. J Gastrointest Oncol. 2014;5:198-211.
Kachnic LA, Winter K, Myerson RJ, et al. RTOG 0529: a phase 2
evaluation of dose-painted intensity modulated radiation therapy
in combination with 5-fluorouracil and mitomycin-C for the
reduction of acute morbidity in carcinoma of the anal canal. Int J
Radiat Oncol Biol Phys. 2013;86:27-33.



	Dosimetric quantification of the incidental irradiation of the &hx2018;true&hx2019; (deep) ano-inguinal lymphatic drainage of anal cancer patients not described inconventional contouring guidelines
	Introduction
	Methods
	Radiation technic details
	Definition of the AILD
	Dosimetric evaluation

	Results
	Analysis of patients, treatment details and basic dosimetric parameters
	AILD analysis

	Discussion
	Conclusions
	Acknowledgments
	Disclosure statement
	Funding
	References


