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Abstract

Background: Anal cancer is a rare disease, which might be the reason for the “one size fits all” approach still used
for radiotherapy target contouring. To refine and individualize future guidelines, detailed and contemporary pattern
of recurrence studies are needed.

Methods: Consecutive anal cancer patients, all treated with curative intent intensity-modulated radiotherapy (IMRT),
were retrospectively studied (n = 170). Data was extracted from medical records and radiological images.
Radiotherapy planning CT’s and treatment plans were reviewed, and recurrences were mapped and categorized
according to radiation dose.

Results: The mean dose to the primary tumor was 59.0 Gy. With a median follow-up of 50 months (range 14–117
months), 5-year anal cancer specific survival was 86.1%. Only 1 of 20 local recurrences was located outside the high
dose (CTVT) volume. More patients experienced a distant recurrence (n = 34; 20.0%) than a locoregional recurrence
(n = 24; 14.1%). Seven patients (4.2%) had a common iliac and/or para-aortic (CI/PA) recurrence. External iliac lymph
node involvement (P = 0.04), and metastases in ≥3 inguinal or pelvic lymph node regions (P = 0.02) were
associated with a 15–18% risk of CI/PA recurrence. Following chemoradiotherapy, 6 patients with recurrent or
primary metastatic CI/PA lymph nodes were free of recurrence at last follow-up. The overall rate of ano-inguinal
lymphatic drainage (AILD) recurrence was 2 of 170 (1.2%), and among patients with inguinal metastases at initial
diagnosis it was 2 of 65 (3.1%).

Conclusions: We conclude that other measures than increased margins around the primary tumor are needed to
improve local control. Furthermore, metastatic CI/PA lymph nodes, either at initial diagnosis or in the recurrent
setting, should be considered potentially curable. Patients with certain patterns of metastatic pelvic lymph nodes
might be at an increased risk of harboring tumor cells also in the CI/PA lymph nodes.
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Background
Squamous cell carcinoma of the anal region (anal can-
cer) is a rare malignancy that is usually treated with che-
moradiotherapy (CRT). This is an effective treatment

curing a majority of the patients [1–3]. Importantly, after
successful CRT many patients suffer from late side-
effects with a negative impact on the quality of life [4–
6]. Therefore, for each individual patient, a careful bal-
ance must be struck between the chance of cure and the
risk of severe toxicity.
Current international guidelines do not recommend

different cranial borders of the elective clinical target
volume (CTV) based on the risk of recurrence [7–9].

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: martin.nilsson@med.lu.se
1Division of Oncology and Pathology, Department of Clinical Sciences, Lund
University, Lund, Sweden
2Department of Hematology, Oncology and Radiation Physics, Skåne
University Hospital, Lund, Sweden
Full list of author information is available at the end of the article

Nilsson et al. Radiation Oncology          (2020) 15:125 
https://doi.org/10.1186/s13014-020-01567-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s13014-020-01567-7&domain=pdf
http://orcid.org/0000-0002-7419-6750
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:martin.nilsson@med.lu.se


This is in contrast to guidelines for squamous cell car-
cinomas of other primary locations. In oropharyngeal
carcinoma, the extent of the elective CTV varies with
TNM stage and primary tumor location [10], and in cer-
vical carcinoma, the cranial border varies with the risk
of para-aortic recurrence [11]. Anal cancer is a rare dis-
ease, which is most likely the reason for the “one size fits
all” approach used until now. According to RTOG, as
well as Australian guidelines, the cranial border of the
elective CTV should be where the common iliac vessels
bifurcate into external/internal iliacs (approximated
boney landmark: sacral promontory). The cranial border
according to UK guidelines is 20 mm above the inferior
aspect of the sacroiliac joint or 15 mm above the most
superior aspect of the gross tumor, whichever is most
superior.
To refine treatment recommendations, detailed and

contemporary patterns of recurrence studies are needed.
The long term goal is that future anal cancer contouring
guidelines should differentiate between patients at differ-
ent levels of risk – for some patients, the elective CTV
might be reduced, and for others, it might be expanded.

Current UK guidelines, where the mesorectal volume is
reduced in the absence of mesorectal disease, and omis-
sion of elective nodal stations if considered for some
good prognosis T1N0 tumors, is a first step in that
direction.
From a population-based institutional database of con-

secutive anal cancer patients, we selected patients
treated with curative intent intensity-modulated radio-
therapy (IMRT). A study of patterns of recurrence was
undertaken, focusing mainly on: (1) the frequency and
location of locoregional and distant recurrences; (2) the
risk of – and factors associated with – common iliac
and/or para-aortic (CI/PA) recurrence; (3) the risk of re-
currence in other regions of interest, such as the ano-
inguinal lymphatic drainage (AILD) [12–16], the sacral
hollows, and the part of the inguinal area that is located
posterolateral to the deep vessels [17].

Material and methods
Study population
All patients with anal cancer treated with radiotherapy
at the Skåne University Hospital, Lund, Sweden, during

Fig. 1 Flowchart of the study population
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the time period Aug, 2009 – Dec, 2017 were selected
from an institutional database (n = 203). From Aug,
2009 and onwards, IMRT was used for all anal cancer
patients in Lund. Patients with palliative intent treat-
ment or distant metastasis at diagnosis were excluded;
however, patients with isolated metastatic CI/PA lymph
nodes were not excluded. Following exclusion of patients
without macroscopic tumor left after primary surgery,
and patients with < 6 months of follow up, 170 patients
remained and constituted the present study population
(Fig. 1). Skåne University Hospital serves a catchment
area of 1.9 million inhabitants, and there are no other
radiotherapy departments treating anal cancer in the re-
gion. Therefore, the study population is a consecutive
population-based series.

Treatment and follow-up
Treatment was according to Swedish national guidelines,
which are relatively detailed regarding chemotherapy
and radiation dose, but not detailed regarding delinea-
tion [18]. Before 2017, patients with T1–2(< 4 cm)N0
(Group A) were treated with IMRT 42.0 Gy in 21 frac-
tions to the tumor and the elective lymph node stations,
followed by a boost of 12.0 Gy in 6 fractions to the
tumor. Patients with T2(≥4 cm) or T3–4 or N+ (Group
B) were treated with IMRT 46 Gy in 23 fractions,
followed by a boost of 14.0 Gy in 7 fractions to the pri-
mary tumor and pathologic lymph nodes. From 2017, a
simultaneous integrated boost (SIB) technique was used.
For Group A, the dose was 41.6 Gy in 27 fractions to the
elective CTV and 54.0 Gy to the tumor. For Group B,
the dose was 41.6 Gy in 27 fractions to the elective CTV,
50.5 Gy to pathological lymph nodes < 4 cm, and 57.5 Gy
to the tumor and pathological lymph nodes ≥4 cm. All
patients were treated in the supine position. Radiother-
apy was given without planned treatment breaks. It was
recommended - but not compulsory - that the contour-
ing of the elective CTV should in line with the RTOG
guidelines, with some minor local variations. For in-
stance, the entire ischiorectal fossa was included for
most patients, and the sacral hollows were usually not
included (Table 1). Regarding the cranial border, the
common iliac bifurcation was used. However, since the
sacral promontory is often considered a bony landmark
corresponding to the common iliac bifurcation, some
clinicians continued to use that landmark, even in the
IMRT era. The margin used from CTV to PTV (plan-
ning target volume) at Skåne University Hospital during
the period of interest was 7–8 mm.
For Group A, concomitant chemotherapy consisted of

one cycle of mitomycin C (10 mg/m2 day 1) and 5-
fluorouracil (1000 mg/m2 days 1–4) [19]. For Group B,
concomitant chemotherapy consisted of two cycles of
the same regimen, given days 1–4 and 29–33.

Table 1 Patient, tumor, and treatment characteristics

n (%)

Age at diagnosis (years)

Mean; SD 64.4; 9.3

Female gender 137 (80.6)

Staging

CT 170 (100)

PET 165 (97.1)

MRI 156 (91.8)

Tumor localization

Anal canal 32 (18.8)

Anal canal + rectuma 48 (28.2)

Anal canal + perianalb 52 (30.6)

Anal canal + rectum + perianal 30 (17.6)

Perianal 5 (2.9)

Rectum 3 (1.8)

T stagec

1. 14 (8.2)

2. 83 (48.8)

3. 35 (20.6)

4. 38 (22.4)

Lymph node metastasis, N + c 88 (51.8)

Site of lymph node metastasis

Inguinal 65 (38.2)

Internal iliac 20 (11.8)

External iliac 21 (12.4)

Mesorectald or presacral 33 (19.4)

Common iliac or para-aortic 4 (2.4)

Radiation dose, primary tumor

Mean; SD (Gy) 59.0; 2.8

52–55 Gy 28

56–60 Gy 125

61–64 Gy 17

Radiation dose, lymph node metastasis

Mean; SD (Gy) 57.4; 4.8

40–50 Gy 16

51–55 Gy 10

56–60 Gy 58

61–64 Gy 4

Radiation dose, elective CTV

Mean; SD (Gy) 44.7; 4.9

40–42 Gy 38

46 Gy 120

48.6 Gy 12

Margin from GTVT to CTVT

< 1,5 cm 9 (4.7)
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Clinical evaluation was performed every 3 months for
2 years, and every 6months to 5 years. For most patients
(156 of 170, 91.7%), a PET-CT was performed approxi-
mately 3–4 months after the end of treatment. After
that, radiological evaluation was only performed as indi-
cated by clinical symptoms, which might have delayed
the detection of some recurrences.

Data collection
Data on patient, tumor, and treatment characteristics, as
well as recurrence and other follow-up data, were ex-
tracted from the medical records. Information on T and
N stage was collected from radiology reports, clinical
examination, and multi-disciplinary team meetings; in
case of discrepancies, the latter took precedence. To de-
termine the exact site of metastatic lymph nodes, the
diagnostic MRI and/or PET-CT were retrospectively
reviewed. Every patient’s radiotherapy planning CT was
retrospectively evaluated by a radiation oncologist
(MPN), and the following variables were recorded: mar-
gin from GTVT (GTV; gross tumor volume) to CTVT;
margin from GTVN to CTVN; and extent of the elective
CTV.
Every patient with a local recurrence (LR) or a regional

recurrence (RR) had a diagnostic PET-CT performed at
the time of recurrence. This PET-CT was manually reg-
istered with the planning CT, based on soft tissue anat-
omy, in order to be able to determine whether the
recurrence was within the high dose (CTVT) volume or
not. Additional findings from clinical examination and
pathology analysis of salvage surgery specimens also
contributed to the assessment.
RR and recurrences in the AILD, as well as CI/PA re-

currences, were mapped on a standard anatomy refer-
ence CT (Fig. 2). The center of each lymph node was
mapped mainly based on its relation to major arteries
and veins. Specifically, in the cranio-caudal direction, in-
guinal recurrences were mapped based on the level of
the saphenous junction, defined as the first CT-slice
with visible fat separating the saphenous vein and the
femoral vein.

Endpoints and statistical analysis
Since the number of CI/PA events was so low, logistic
regression analyses were not deemed meaningful to
carry out. Instead, factors of potential importance for
CI/PA recurrence were compared between patients
without, and patients with CI/PA recurrence, using

Table 1 Patient, tumor, and treatment characteristics
(Continued)

n (%)

1,5 cm 132 (77.6)

> 1,5 cm 29 (17.1)

Margin from GTVN to CTVNe

≤ 0,5 cm 38 (45.2)

0,6–0,9 cm 25 (29.8)

≥ 1,0 cm 21 (25.0)

Included in elective CTVf

Inguinal 167 (98.2)

Internal iliac 168 (98.8)

External iliac 157 (92.4)

Presacral 168 (98.8)

Mesorectal 169 (99.4)

Ischiorectal fossa 154 (90.6)

Sacral hollows 13 (7.6)

Superior border of elective CTV

> 2 cm above iliac bifurcationg 8 (4.7)h

Within +/− 2 cm from iliac bifurcation 114 (67.1)

2,1–4 cm below iliac bifurcation 33 (19.4)

> 4 cm below iliac bifurcation 15 (8.8)

Radiation treatment time

Mean; SD 41.5; 4.4

Median; range 42.0; 35–69

Radiation technique

IMRT 14 (8.2)

Tomotherapy 36 (21.2)

VMAT 120 (70.6)

Induction chemotherapy 10 (5.9)i

Concomitant chemotherapy 152 (89.4)

2 cycles 103j

1 cycle 49k

+ cetuximabl 8

Dose reduction of chemotherapy 31

Stoma before start of radiotherapy 23 (13.5%)m

Salvage surgery

Indication locoregional recurrence 16 (9.4%)

Indication severe toxicity 5 (2.9%)

Abbreviations: SD Standard deviation, CT Computed tomography, PET Positron
emission tomography, MRI Magnetic resonance imaging, CTV Clinical target
volume, GTV Gross target volume, IMRT Intensity modulated radiation therapy,
VMAT Volumetric modulated arc therapy, FUMI Fluorouracil + mitomycin C
arectum = tumor extension above puborectalis muscle
bperianal = tumor extension outside the anal verge
cTNM8
dSuperior rectal included in mesorectal
eLymph node metastases were not boosted in 4 patients
f> 80% of region covered in elective CTV to count as “included”
gCommon iliac artery into external and internal iliac arteries
hIncluding 4 patients with common iliac or para-aortic metastasis

i9 of 10 also received concomitant chemotherapy
jFluorouracil + mitomycin C (n = 102) or platinum based
kFluorouracil + mitomycin C (n = 41) or platinum based
lProspective Phase I study (Leon et al, Eur J Cancer. 2015;51:2740–6)
m4 of 23 eventually reversed
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crosstabs. Statistical significance was assessed with chi-
squared test or Fisher’s exact test, as appropriate.
Complete response (CR) was defined as the absence of

disease at the site of the primary tumor and regional
lymph nodes within 6 months from the end of radiother-
apy. Persistent disease was failure to achieve a CR. LR
was defined as persistent disease or recurrence at the
site of the primary tumor. RR was defined as persistent
disease or recurrence elsewhere in the pelvis or inguinal
nodes. Locoregional recurrence (LRR) was defined as ei-
ther a LR or a RR. Distant recurrence (DR) was defined
as recurrent disease outside the pelvis or inguinal nodes,
independent of locoregional status. Accordingly, a DR
occurring after a LRR was also included. Following a
DR, patients could continue to contribute data on LR
and RR, provided that the information regarding locore-
gional status was still deemed reliable; otherwise, they
were censored for locoregional endpoints at the last date
of reliable data on locoregional status.
Three-year and five-year outcomes were estimated by

the Kaplan-Meier method. Follow-up and time to event
was defined from the date of diagnosis, except for LR
and RR, where it was defined from the end of radiother-
apy. For analyses or recurrence, patients were censored
at last follow-up or death. Events for disease free survival
(DFS) were any recurrence and death from any cause,
and patients were censored at last follow-up. Events for
anal cancer specific survival (ACSS) were death from

anal cancer (including 2 patients with late grade 5 tox-
icity), and patients were censored at death from other
causes or last follow-up. Events for overall survival (OS)
were death from any cause, and patients were censored
at last follow-up. Analyses were based on follow-up in-
formation through Sept 9, 2019.
All significance tests were 2-sided, and P values < 0.05

were considered significant. Statistical analysis was con-
ducted using SPSS version 24 (SPSS Inc., Chicago, Illi-
nois, USA).

Results
Treatment and survival
One-hundred and seventy consecutive patients with
non-metastatic anal cancer were treated with curative
intent IMRT (concurrent chemotherapy; 89.4%). A ma-
jority were staged with PET-CT (97.1%) and MRI
(91.8%), and 51.8% were lymph node positive. Most pa-
tients received a 40–48 Gy elective dose to internal iliac
(98.8%), external iliac (92.4%), presacral (98.8%), mesor-
ectal (99.4%), and inguinal (98.2%) lymph node stations
(Table 1).
The mean dose to the primary tumor was 59.0 Gy, and

157 of 170 patients (92.4%) achieved a CR. With a me-
dian follow-up of surviving patients of 50 months (range
14–117 months), the 3-year survival outcomes were: OS
(88.9%), ACSS (91.1%), and DFS (74.1%). The 5-year sur-
vival outcomes were: OS (79.9%), ACSS (86.1%), and

Fig. 2 Regional, ano-inguinal lymphatic drainage (AILD), and common iliac/para-aortic (CI/PA) recurrences in 17 patients. Recurrence in GTVN
(red; 7 patients, 7 lymph nodes); within elective CTV (orange; 7 patients, 10 lymph nodes); outside elective CTV but within pelvis or inguinal
(yellow; 1 patient, 2 lymph nodes); AILD (green; 2 patients, 2 metastases); CI/PA (purple; 7 patients, 20 lymph nodes). Blue, inferior vena cava,
external iliac, femoral, and great saphenous vein. Center of lymph node mapped with a 9 mm sphere in a standard anatomy reference CT
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DFS (65.9%). DFS according to TN stage (same sub-
groups as in Martin et al. [20]) is presented in Table S1.
At last follow-up, 23 patients had died from anal cancer,
and 13 had died from other causes.

Local recurrence
At a median of 17 months (range 12–37 months) from
the end of radiotherapy, 7 patients were diagnosed with
a LR. Together with 13 cases of persistent disease, in
total 20 of 170 patients (11.8%) had a LR. It was deemed
that 19 of 20 LR were located in, or originated from, the
high dose (CTVT) volume, i.e. in-field recurrence. The
mean dose to the primary tumor in these 19 in-field re-
currences was 58.8 Gy (range 54–64 Gy). Only one LR
was located outside the CTVT volume: at its cranial
border in the lower rectum. The rate of LR was not dif-
ferent for various margins used from GTVT to CTVT;
< 1.5 cm (11.1% LR), 1.5 cm (12.1% LR), and > 1.5 cm
(10.3% LR, P = 0.98).

Regional recurrence
At a median of 8 months (range 2–37months) from the
end of radiotherapy, 12 of 170 patients (7.1%) were diag-
nosed with a RR in 16 separate sites. The most common
site was inguinal (n = 12), followed by external iliac (n =
3), and internal iliac (n = 1). No presacral or mesorectal
RR were seen. The prognosis for patients with RR was
very poor; at last follow-up, eight had died from anal
cancer, two were alive with metastatic anal cancer, and
one was waiting for further salvage surgery. Only one
was alive with no evidence of disease.
In 7 cases, the RR was located in a GTVN; i.e., a lymph

node that was deemed pathologic at the time of diagno-
sis (Fig. 2). One patient with a superficial inguinal me-
tastasis was treated with Tomotherapy without the use
of a bolus; in that case, uncertainties regarding superfi-
cial dose coverage might have contributed to the
recurrence.
Seven patients had a RR within the elective CTV. Six

of 7 also had either a LR or a GTVN RR, indicating that
these tumors were radioresistant. The last patient first
experienced a common iliac recurrence 2 years after the
end of radiotherapy, and then had a RR just below the
cranial border of the elective CTV another year later.
Taken together, no patient had an isolated RR within the
elective CTV.

Distant recurrence
At a median of 10 months (range 5–81 months) from
the date of diagnosis, a DR occurred in 34 of 170 pa-
tients (20.0%). The most common first metastatic site
was liver (n = 17), followed by lung (n = 16), non-
regional lymph nodes (n = 11; including CI/PA), bone
(n = 2), kidney (n = 1), and peritoneal (n = 1). Even

though not all DR had been confirmed by biopsy, a
retrospective assessment of the information in the med-
ical records gave no indication of any false positive cases.
At last follow-up, 21 of these 34 patients had died from
anal cancer, 9 were alive with palliative treatment, and 4
were free of recurrence following curative intent treat-
ment for oligometastatic disease.

Common iliac and Para-aortic lymph node metastasis
CI/PA recurrences are included in the distant recur-
rences detailed in the section above, but are also de-
scribed separately in the following. At a median of 13
months (range 5–81 months) from the date of diagnosis,
7 of 166 patients (4.2%; excluding patients with meta-
static CI/PA nodes at initial diagnosis) had a CI/PA re-
currence; 5 without other distant metastasis, and 2 with
synchronous liver or lung metastasis. Significant associa-
tions were found between CI/PA recurrence and lymph
node metastasis in ≥3 lymph node regions (P = 0.02), ex-
ternal iliac metastasis (P = 0.04), and T4 tumors (P =
0.045) (Table 2). Treatment of isolated CI/PA recurrence
was salvage CRT in 4 patients, and at last follow-up, 2 of
these were free of recurrence (at 25 and 26months after
CI/PA recurrence).
Based on the assumption that CI/PA metastasis at the

time of initial diagnosis should be considered a poten-
tially curable disease, curative intent CRT has been
standard of care at our institution over the last years.
Four such patients were included in the present study
population. They all had pelvic nodal metastases as well,
and all of them completed CRT (CTCAE v 5.0 acute
gastrointestinal toxicity: no grade 3–5; two grade 2).
With a median follow-up of 21 months (range 11–75
months), none of them had experienced a recurrence.

Other regions of special interest
The AILD was not deliberately included in the elective
CTV for the patients in the present study population.
However, due to PTV expansions, and the nature of
IMRT, some dose was delivered to parts of the AILD
[13]. Two AILD recurrences were seen, both in patients
with ipsilateral inguinal lymph node metastasis at the
time of diagnosis (Fig. 2). Both patients also experienced
an inguinal recurrence, indicating that the tumors were
radioresistant. The overall rate of AILD recurrence was
2 of 170 (1.2%), and among patients with inguinal metas-
tases at the time of diagnosis it was 2 of 65 (3.1%). Fig-
ure 3 shows one of the AILD recurrences.
Sacral hollows were not included in the elective CTV

for 157 patients; none of whom experienced a recur-
rence located within a sacral hollow.
International guidelines recommend elective coverage

of the inguinal area posterolateral to the deep vessels
(Fig. 4) [7–9]. In our cohort, 38 patients had < 50% of
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Table 2 Common iliac and/or para-aortic (CI/PA) recurrence in different subgroups

CI/PA recurrencea

No, n (%) Yes, n (%) P-valueb

T stagec 0.045

T1–3 126 (98) 3 (2)

T4 33 (89) 4 (11)

N stagec 0.44

0. 80 (98) 2 (2)

1. 79 (94) 5 (6)

Lymph node regionsd with metastasis 0.02

< 3 regions 145 (97) 4 (3)

≥ 3 regions 14 (82) 3 (18)

Site of lymph node metastasis

Inguinal 58 (94) 4 (6) 0.43e

Internal iliac 17 (90) 2 (10) 0.18e

External iliac 17 (85) 3 (15) 0.04e

Mesorectalf or presacral 27 (93) 2 (7) 0.35e

Distance from GTVN to iliac bifurationg 0.32

< 5 cm 17 (90) 2 (10)

≥ 5 cm 62 (95) 3 (5)
a4 patients with CI/PA metastasis at diagnosis excluded
bFisher’s exact test, 2-sided
cTNM8
d7 regions: left inguinal; right inguinal; left internal iliac; right internal iliac; left external iliac; right external iliac; mesorectal/presacral
eP-value for comparison with all other patients, including N0 patients
fSuperior rectal included in mesorectal
gDistance from superior border of the most cranial lymph node metastasis to the bifurcation of common iliac artery

Fig. 3 AILD recurrence
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this area covered by the elective CTV; none of whom ex-
perienced a recurrence located in that area.
The center of the most inferior inguinal recurrence

was located 1 cm below the saphenous junction (Fig. 2).
Among 81 node negative patients who received elective
coverage of the inguinal area, no inguinal recurrences
were seen below the inferior border of the elective CTV,
which was located 0–19mm distal to the saphenous
junction in 18 patients, 20–29mm distal to the saphe-
nous junction in 22 patients, and ≥ 30mm distal to the
saphenous junction in 41 patients.

Discussion
This study investigated patterns of recurrence in a rela-
tively large cohort of anal cancer patients treated with
modern radiotherapy techniques. The most salient find-
ings were: (1) out-of-field LR and isolated RR were very
infrequent; (2) patients with metastatic lymph nodes in
the external iliac area or in ≥3 lymph node regions had a
relatively high risk of CI/PA recurrence; (3) some pa-
tients with CI/PA metastasis were free of recurrence fol-
lowing CRT; (4) DR was more common than LRR; (5)
AILD recurrence occurred in 3.1% of the patients with
metastatic inguinal lymph nodes at initial diagnosis.
Only one LR was a located outside the high dose (CTVT)

volume. In other words, 169 of 170 patients did not have
an out-of-field GTVT recurrence. The retrospective nature
of our study precludes any firm conclusions, but the results
suggest that a larger margin than 15mm from GTVT to
CTVT is not necessary, in line with current UK (10–15
mm), rather than Australian (20mm) recommendations [7,
9]. Furthermore, other measures than increased margins
are needed to improve local control.
Despite a small number of events, we were able to

show that external iliac lymph node involvement (P =
0.04), and metastases in ≥3 inguinal or pelvic lymph
node regions (P = 0.02) were associated with a 15–18%

risk of CI/PA recurrence. A risk of recurrence exceeding
10–15% in a lymph node station is commonly consid-
ered high enough to include that station in the elective
CTV [10]. If our exploratory results are replicated by
others, the risk of CI/PA recurrence might be sufficiently
high for these subgroups to merit inclusion of the CI/PA
lymph node stations in the elective CTV.
Another important goal for anal cancer research

should be to identify patients who could safely be treated
with a smaller elective CTV than what is currently rec-
ommended. Hampered by the retrospective nature of
the study, our results still lend some support for the
opinion that the inguinal area posterolateral to deep ves-
sels, as well as the sacral hollows, could be omitted from
the elective CTV for most patients.
Holliday et al. reported outcomes for 30 anal cancer

patients with metastatic PA lymph nodes at initial diag-
nosis. Half of the patients experienced no recurrence fol-
lowing curative intent up-front CRT. The authors
concluded that extended-field CRT is a potentially cur-
able treatment option for these patients [21]. We agree,
and believe that the results of our present study corrob-
orate their statement – 4 of 4 patients with CI/PA me-
tastasis at initial diagnosis, and 2 of 5 with CI/PA
recurrence, were free of recurrence at last follow-up. To
avoid the risk of wrongly treating these patients with
palliative instead of curative intent, and to emphasize
the regional rather than distant pattern of spread, meta-
static CI/PA lymph nodes might more properly be
staged N2–3 than M1 disease.
The rate of LRR in our cohort compares favorably

with other studies [1, 2, 22–31]. However, the rate of DR
is higher than in most other studies, and the ratio be-
tween DR and LRR is higher in our study than in any
other study. Using the same statistical method as com-
parable studies have used to estimate cumulative inci-
dence (Kaplan-Meier), our 3-year LRR was 13.4% and
our 3-year DR was 19.2%. For comparison, Shakir et al.
recently reported a 3-year LRR of 19.2% and a 3-year DR
of 10.9%, in a series of anal cancer patients treated ac-
cording to UK guidelines [31]. While the pattern of LRR
in our study is very similar to the pattern of LRR in the
study by Shakir et al. – with a majority of LRR being in-
field LR, and isolated RR being very infrequent - we have
no clear explanation for the different ratios between DR
and LRR. It could be a chance finding, but could also be
attributed to methodological (length of follow-up, data
collection method, definition of endpoints), biological
(rates of HPV- and HIV-associated tumors), and
treatment-related differences (radiation dose, systemic
treatment) between the study cohorts. Over the past de-
cades, there has been a steady decrease of LRR, probably
explained mainly by a combination of more effective
radiotherapy and an increasing proportion of

Fig. 4 UK contouring guidelines with the inguinal area
posterolateral to the deep vessels marked with a ring
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radiosensitive HPV-associated tumors [32–34]. In rectal
cancer, the focus of novel treatment interventions has
shifted from decreasing LRR to decreasing DR. It is pos-
sible that future anal cancer studies will evolve in a simi-
lar direction.
The major limitation of our study is the retrospective

design. Inherent bias, which is hard to assess and impos-
sible to eliminate, makes the results exploratory. Before
any of our conclusions could be clinically implemented,
the results need to be validated in other studies, prefera-
bly with prospective study designs. However, one should
note that most of the current recommendations regard-
ing anal cancer IMRT target delineation are based on
expert opinion. Another limitation is the sample size. A
well characterized cohort of 170 patients is not small for
a rare disease like anal cancer, but still not large enough
to provide robust point estimates on various outcomes.

Conclusion
In conclusion, LRR was relatively rare in this contem-
porary anal cancer cohort, but DR was more frequent
than in previous studies. A changing ratio of LRR versus
DR might have implications for endpoints and interven-
tions in future clinical trials. Recurrent or primary meta-
static CI/PA lymph nodes should be considered a
potentially curable disease. Patients with certain patterns
of metastatic pelvic lymph nodes might be at an in-
creased risk of harboring tumor cells also in the CI/PA
lymph nodes.
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1186/s13014-020-01567-7.

Additional file 1. Supplementary Table S1. DFS according to TN stage.

Abbreviations
ACSS: Anal cancer specific survival; AILD: Ano-inguinal lymphatic drainage;
CRT: Chemoradiotherapy; CTV: Clinical target volume; CI/PA: Common iliac
and/or para-aortic; DFS: Disease free survival; DR: Distant recurrence;
GTV: Gross tumor volume; IMRT: Intensity-modulated radiotherapy; LR: Local
recurrence; LRR: Locoregional recurrence; OS: Overall survival; RR: Regional
recurrence; PTV: Planning target volume; SIB: Simultaneous integrated boost

Authors’ contributions
MPN and AG conceived of the study and collected the clinical data. MPN
and JS categorized and interpreted the radiotherapy data. MPN and EDN
carried out the statistical analyses. MPN, AG, AJ, OL, and JS analyzed the data.
MPN drafted the manuscript and all authors critically revised and approved
the final manuscript.

Funding
The work was funded by grants from Skåne County Council’s Research and
Development Foundation (Grant number 2018-YF0029). Open access funding
provided by Lund University.

Availability of data and materials
The present data is summarized in this paper.

Ethics approval and consent to participate
The study was approved by the Regional Ethical Review Board in Lund (Dnr
2013/742, Dnr 2019/02669). Individual consent to participate in this
anonymized retrospective analysis was not required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Division of Oncology and Pathology, Department of Clinical Sciences, Lund
University, Lund, Sweden. 2Department of Hematology, Oncology and
Radiation Physics, Skåne University Hospital, Lund, Sweden. 3Department of
Clinical Sciences Malmö, Lund University, Lund, Sweden. 4Radiation Physics,
Department of Hematology, Oncology and Radiation Physics, Skåne
University Hospital, Lund, Sweden.

Received: 5 January 2020 Accepted: 12 May 2020

References
1. Gunderson LL, Winter KA, Ajani JA, Pedersen JE, Moughan J, Benson AB 3rd,

Thomas CR Jr, Mayer RJ, Haddock MG, Rich TA, et al. Long-term update of
US GI intergroup RTOG 98-11 phase III trial for anal carcinoma: survival,
relapse, and colostomy failure with concurrent chemoradiation involving
fluorouracil/mitomycin versus fluorouracil/cisplatin. J Clin Oncol. 2012;30(35):
4344–51.

2. James RD, Glynne-Jones R, Meadows HM, Cunningham D, Myint AS,
Saunders MP, Maughan T, McDonald A, Essapen S, Leslie M, et al.
Mitomycin or cisplatin chemoradiation with or without maintenance
chemotherapy for treatment of squamous-cell carcinoma of the anus (ACT
II): a randomised, phase 3, open-label, 2 x 2 factorial trial. Lancet Oncol.
2013;14(6):516–24.

3. Martin D, Balermpas P, Winkelmann R, Rodel F, Rodel C, Fokas E. Anal
squamous cell carcinoma - state of the art management and future
perspectives. Cancer Treat Rev. 2018;65:11–21.

4. Bentzen AG, Guren MG, Vonen B, Wanderas EH, Frykholm G, Wilsgaard T,
Dahl O, Balteskard L. Faecal incontinence after chemoradiotherapy in anal
cancer survivors: long-term results of a national cohort. Radiother Oncol.
2013;108(1):55–60.

5. Joseph K, Vos LJ, Warkentin H, Paulson K, Polkosnik LA, Usmani N, Tankel K,
Severin D, Nijjar T, Schiller D, et al. Patient reported quality of life after
helical IMRT based concurrent chemoradiation of locally advanced anal
cancer. Radiother Oncol. 2016;120(2):228–33.

6. Sterner A, Derwinger K, Staff C, Nilsson H, Angenete E. Quality of life in
patients treated for anal carcinoma-a systematic literature review. Int J Color
Dis. 2019;34(9):1517–28.

7. UK guidelines for IMRT in anal cancer. http://analimrtguidance.co.uk/
national-anal-imrt-guidance-v3.pdf. Accessed 6 May 2020.

8. Myerson RJ, Garofalo MC, El Naqa I, Abrams RA, Apte A, Bosch WR, Das P,
Gunderson LL, Hong TS, Kim JJ, 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(3):
824–30.

9. Ng M, Leong T, Chander S, Chu J, Kneebone A, Carroll S, Wiltshire K, Ngan
S, Kachnic L. Australasian gastrointestinal trials group (AGITG) contouring
atlas and planning guidelines for intensity-modulated radiotherapy in anal
cancer. Int J Radiat Oncol Biol Phys. 2012;83(5):1455–62.

10. Biau J, Lapeyre M, Troussier I, Budach W, Giralt J, Grau C, Kazmierska J,
Langendijk JA, Ozsahin M, O'Sullivan B, et al. Selection of lymph node target
volumes for definitive head and neck radiation therapy: a 2019 update.
Radiother Oncol. 2019;134:1–9.

11. Berger T, Seppenwoolde Y, Potter R, Assenholt MS, Lindegaard JC, Nout RA,
de Leeuw A, Jurgenliemk-Schulz I, Tan LT, Georg D, et al. Importance of
technique, target selection, contouring, dose prescription, and dose-
planning in external beam radiation therapy for cervical Cancer: evolution
of practice from EMBRACE-I to II. Int J Radiat Oncol Biol Phys. 2019;104(4):
885–94.

Nilsson et al. Radiation Oncology          (2020) 15:125 Page 9 of 10

https://doi.org/10.1186/s13014-020-01567-7
https://doi.org/10.1186/s13014-020-01567-7
http://analimrtguidance.co.uk/national-anal-imrt-guidance-v3.pdf
http://analimrtguidance.co.uk/national-anal-imrt-guidance-v3.pdf


12. Bagshaw HP, Sause WT, Gawlick U, Kim HT, Whisenant J, Cannon GM. Vulvar
recurrences after intensity-modulated radiation therapy for squamous cell
carcinoma of the anus. Am J Clin Oncol. 2018;41(5):492–6.

13. Dapper H, Habl G, Hirche C, Munch S, Oechsner M, Mayinger M, Sauter C,
Combs SE, Habermehl D. Dosimetric quantification of the incidental
irradiation of the 'true' (deep) ano-inguinal lymphatic drainage of anal
cancer patients not described in conventional contouring guidelines. Acta
Oncol. 2018;57(6):825–30.

14. Dapper H, Oechsner M, Hirche C, Munch S, Sauter C, Borm K, Peeken JC,
Combs SE, Habermehl D. Dosimetric comparison of different radiation
techniques (IMRT vs. 3-dimensional) of the "true" (deep) ano-inguinal
lymphatic drainage of anal cancer patients. Radiat Oncol. 2018;13(1):227.

15. Dell'Acqua V, Kobiela J, Kraja F, Leonardi MC, Surgo A, Zerella MA,
Arculeo S, Fodor C, Ricotti R, Zampino MG, et al. Genital marginal
failures after intensity-modulated radiation therapy (IMRT) in squamous
cell anal cancer: no higher risk with IMRT when compared to 3DCRT.
Med Oncol. 2018;35(5):59.

16. Koeck J, Lohr F, Buergy D, Busing K, Trunk MJ, Wenz F, Mai S. Genital
invasion or perigenital spread may pose a risk of marginal misses for
Intensity Modulated Radiotherapy (IMRT) in anal cancer. Radiat Oncol.
2016;11:53.

17. Dapper H, Schiller K, Munch S, Peeken JC, Borm K, Weber W, Combs
SE. Have we achieved adequate recommendations for target volume
definitions in anal cancer? A PET imaging based patterns of failure
analysis in the context of established contouring guidelines. BMC
Cancer. 2019;19(1):742.

18. Swedish national guidelines for anal cancer. https://kunskapsbanken.
cancercentrum.se/globalassets/cancerdiagnoser/tjock%2D%2Doch-andtarm-
anal/vardprogram/nationellt-vardprogram-analcancer.pdf. Accessed 6 May
2020.

19. Leon O, Guren M, Hagberg O, Glimelius B, Dahl O, Havsteen H, Naucler G,
Svensson C, Tveit KM, Jakobsen A, et al. Anal carcinoma - survival and
recurrence in a large cohort of patients treated according to Nordic
guidelines. Radiother Oncol. 2014;113(3):352–8.

20. Martin D, Rodel C, Fokas E. Chemoradiotherapy for anal cancer: are we as
good as we think? Strahlentherapie und. 2019;195(5):369–73.

21. Holliday EB, Lester SC, Harmsen WS, Eng C, Haddock MG, Krishnan S, Das P,
Hallemeier CL. Extended-field Chemoradiation therapy for definitive
treatment of Anal Canal squamous cell carcinoma involving the Para-aortic
lymph nodes. Int J Radiat Oncol Biol Phys. 2018;102(1):102–8.

22. Bartelink H, Roelofsen F, Eschwege F, Rougier P, Bosset JF, Gonzalez DG,
Peiffert D, van Glabbeke M, Pierart M. Concomitant radiotherapy and
chemotherapy is superior to radiotherapy alone in the treatment of locally
advanced anal cancer: results of a phase III randomized trial of the
European Organization for Research and Treatment of Cancer Radiotherapy
and Gastrointestinal Cooperative Groups. J Clin Oncol. 1997;15(5):2040–9.

23. Bentzen AG, Guren MG, Wanderas EH, Frykholm G, Tveit KM, Wilsgaard T,
Dahl O, Balteskard L. Chemoradiotherapy of anal carcinoma: survival and
recurrence in an unselected national cohort. Int J Radiat Oncol Biol Phys.
2012;83(2):e173–80.

24. Das P, Bhatia S, Eng C, Ajani JA, Skibber JM, Rodriguez-Bigas MA, Chang GJ,
Bhosale P, Delclos ME, Krishnan S, et al. Predictors and patterns of
recurrence after definitive chemoradiation for anal cancer. Int J Radiat Oncol
Biol Phys. 2007;68(3):794–800.

25. Flam M, John M, Pajak TF, Petrelli N, Myerson R, Doggett S, Quivey J,
Rotman M, Kerman H, Coia L, et al. Role of mitomycin in combination with
fluorouracil and radiotherapy, and of salvage chemoradiation in the
definitive nonsurgical treatment of epidermoid carcinoma of the anal canal:
results of a phase III randomized intergroup study. J Clin Oncol. 1996;14(9):
2527–39.

26. Northover J, Glynne-Jones R, Sebag-Montefiore D, James R, Meadows H,
Wan S, Jitlal M, Ledermann J. Chemoradiation for the treatment of
epidermoid anal cancer: 13-year follow-up of the first randomised UKCCCR
anal Cancer trial (ACT I). Br J Cancer. 2010;102(7):1123–8.

27. Peiffert D, Tournier-Rangeard L, Gerard JP, Lemanski C, Francois E,
Giovannini M, Cvitkovic F, Mirabel X, Bouche O, Luporsi E, et al. Induction
chemotherapy and dose intensification of the radiation boost in locally
advanced anal canal carcinoma: final analysis of the randomized
UNICANCER ACCORD 03 trial. J Clin Oncol. 2012;30(16):1941–8.

28. Rouard N, Peiffert D, Rio E, Mahe MA, Delpon G, Marchesi V, Falk AT,
Salleron J, Serre AA. Intensity-modulated radiation therapy of anal

squamous cell carcinoma: relationship between delineation quality and
regional recurrence. Radiother Oncol. 2019;131:93–100.

29. Tomaszewski JM, Link E, Leong T, Heriot A, Vazquez M, Chander S, Chu
J, Foo M, Lee MT, Lynch CA, et al. Twenty-five-year experience with
radical chemoradiation for anal cancer. Int J Radiat Oncol Biol Phys.
2012;83(2):552–8.

30. Wright JL, Patil SM, Temple LK, Minsky BD, Saltz LB, Goodman KA.
Squamous cell carcinoma of the anal canal: patterns and predictors of
failure and implications for intensity-modulated radiation treatment
planning. Int J Radiat Oncol Biol Phys. 2010;78(4):1064–72.

31. Shakir R, Adams R, Cooper R, Downing A, Geh I, Gilbert D, Jacobs C, Jones
C, Lorimer C, Namelo WC, et al. Patterns and predictors of relapse following
radical Chemoradiation therapy delivered using intensity modulated
radiation therapy with a simultaneous integrated boost in anal squamous
cell carcinoma. Int J Radiat Oncol Biol Phys. 2020;106(2):329–39.

32. Jhaveri J, Rayfield L, Liu Y, Chowdhary M, Tian S, Cassidy RJ, Gillespie T, Patel
PR, Landry JC, Patel KR. Impact of intensity modulated radiation therapy on
survival in anal cancer. J Gastrointest Oncol. 2018;9(4):618–30.

33. Otter S, Whitaker S, Chatterjee J, Stewart A. The Human Papillomavirus as a
Common Pathogen in Oropharyngeal, Anal and Cervical Cancers. Clin
Oncol. 2019;31(2):81–90.

34. Serup-Hansen E, Linnemann D, Skovrider-Ruminski W, Hogdall E, Geertsen
PF, Havsteen H. Human papillomavirus genotyping and p16 expression as
prognostic factors for patients with American joint committee on Cancer
stages I to III carcinoma of the anal canal. J Clin Oncol. 2014;32(17):1812–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Nilsson et al. Radiation Oncology          (2020) 15:125 Page 10 of 10

https://kunskapsbanken.cancercentrum.se/globalassets/cancerdiagnoser/tjock%2D%2Doch-andtarm-anal/vardprogram/nationellt-vardprogram-analcancer.pdf
https://kunskapsbanken.cancercentrum.se/globalassets/cancerdiagnoser/tjock%2D%2Doch-andtarm-anal/vardprogram/nationellt-vardprogram-analcancer.pdf
https://kunskapsbanken.cancercentrum.se/globalassets/cancerdiagnoser/tjock%2D%2Doch-andtarm-anal/vardprogram/nationellt-vardprogram-analcancer.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Material and methods
	Study population
	Treatment and follow-up
	Data collection
	Endpoints and statistical analysis

	Results
	Treatment and survival
	Local recurrence
	Regional recurrence
	Distant recurrence
	Common iliac and Para-aortic lymph node metastasis
	Other regions of special interest

	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

