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Abstract

Background: Anorectal malignant melanomas (ARMM) are rare tumors, characterized by an early lymphatic spread
and distant metastasis, resulting in an extremely poor overall survival. The objective of this study was to determine
the pattern of regional lymph node metastasis (LNM) by computed tomography (CT) and 18F-FDG-PET/CT in
patients undergoing abdominoperineal resection (APR) and its impact on oncologic outcome.

Methods: A retrospective analysis of six consecutive patients who underwent APR due to primary ARMM was
performed. Patients were staged by CT and PET/CT.

Results: Four out of six patients had preoperative LNM involvement (two patients inguinal and perirectal, one
iliacal, one perirectal), with two of them presenting with distant metastases additionally. Inguinal/iliacal LNM in two
patients as well as liver metastasis in one patient was seen in PET/CT and missed by CT. The three patients with
initial inguinal/iliacal LNM died during the observation period (overall survival: 10 (6—18) months). The three patients
without inguinal/iliacal LNM involvement are currently alive, one patient showing a slowly progressive disease since

Computed tomography, PET

5 years, and two patients are tumor-free since 8.5 and 1.5 years (the patients had initial perirectal LNM).

Conclusions: In ARMM, PET/CT is superior to CT in detection of LNM and distant metastasis. APR is possibly a
curative approach if the PET/CT shows exclusively perirectal LNM despite locally advanced tumor growth.
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Background

Anorectal malignant melanomas (ARMM) are extremely
rare and aggressive tumors representing 0.05 % of all
malignant colorectal diseases and 0.5 to 4.6 % of all ano-
rectal malignancies [1-4]. Despite an improvement of la-
boratory tests, as well as diagnostic imaging modalities
and the development of multimodal therapy concepts in
oncology, the prognosis of ARMM remains extremely
poor. The median overall survival after diagnosis is spe-
cified to be between 8 and 19 months [5, 6]. Male gen-
der, perineural invasion, infiltration depth of the rectal
wall, lymph node metastasis (LNM), and distant metas-
tasis are associated with a poor overall survival in

* Correspondence: claudius.falch@gmx.de

'Department of Surgery and Transplantation, University of Tuebingen,
Hoppe-Seyler-Strasse 3, 72076 Tuebingen, Germany

Full list of author information is available at the end of the article

( ) BiolMed Central

ARMM [7-13]. LNM are detectable in more than 40 %
of cases when an infiltration of the submucosa has oc-
curred [9]. And, LNM is reported to be associated with
a near to 0—5-year disease-specific survival [8]. This can
be attributed to the fact that lymphatic spread in ARMM
results in distant metastasis to the lung and liver in up
to 90 % of cases [8, 12]. Until present, no patient has been
reported to have survived more than 5 years in case of dis-
tant metastasis [14]. So although it is published that LNM
in ARMM are associated with a poor overall survival, little
is known about lymphatic spread to the inguinal/iliac
lymph nodes or to the perirectal lymph nodes or to both
regions, and if surgery should be adapted. The few existing
data are inconsistent [15—17]. However, more than 10 dif-
ferent lymphatic pathways were described in the anal area
[18], and a simultaneous presence of perirectal and in-
guinal LNM seems to be rare [19]. 18F-FDG-PET/CT scan
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is established in staging and follow-up examination of cu-
taneous melanomas [20]. Data about 18F-FDG-PET/CT
in ARMM are sparse [21-26]. In general, the radical abdo-
minoperineal resection (APR) [14] and the dissection of
inguinal lymph nodes provide no survival benefit in
ARMM [2]. The few long-term survivors described, how-
ever, often underwent APR [3, 9, 27, 28].

The objective of this study was to determine the pattern
of inguinal/iliacal and perirectal lymph node metastasis by
18F-FDG-PET/CT or contrast-enhanced computed tom-
ography (CT) in patients undergoing abdominoperineal
resection and its impact on the oncologic outcome.

Methods

Patient group

A retrospective analysis of six consecutive patients who
underwent abdominoperineal resection due to primary
ARMM at the university hospital of Tuebingen between
2007 and 2014 was performed. The individual patients’
history, the pretreatment staging findings, and the radio-
logic findings are systematically listed in Tables 2 and 3.
Demographic, diagnostic, surgery-related, and histopatho-
logic parameters were examined using the clinic’s docu-
mentation system. The patients were investigated by
contrast-enhanced whole-body CT and additionally by
18F-FDG-PET/CT (five patients) before surgery. The
ARMM were categorized using a four-stage classification
taking into account the depth of tumor infiltration (stage I
and II), regional or lymphatic spread (stage III), and dis-
tant metastasis (stage IV) (Table 1 [14]). All patients were
followed-up closely after surgery for up to 8.5 years.

Imaging

Patient preparation: after fasting for 12 h to ensure opti-
mal glucose uptake during the examination, 350 MBq of
18F-FDG was injected intravenously. Patients were asked
to rest during the uptake time to keep muscular glucose
uptake on a low level. To facilitate the evaluation of the
intestinal wall, 1000 ml 2.5 % mannitol solution was ad-
ministered orally for intestinal distension. Before image
acquisition, 40 mg butlyscopolaminiumbromid was
injected intravenously to suppress intestinal motion,
thus improving visualization of the intestine and closely
surrounding structures and reducing misalignment of
PET and CT images.

Table 1 Staging classification of ARMM

Stage Tumor spread

I Local tumor spread without infiltration of the muscular layer

Il Local tumor spread with infiltration of the muscular layer

Il Regional tumor spread and/or positive lymph node metastasis
% Disseminated tumor spread
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Examination protocol

Due to the inclusion period of 7 years, patients were ex-
amined with a 16-slice whole-body PET/CT or with a
128-slice whole-body PET/CT (Hi-Rez Biograph 16/Bio-
graph 128, Siemens Health Care, Knoxville TE, USA).
Imaging techniques were comparable regarding image
acquisition and diagnostic results. The technical parame-
ters of the multidetector spiral CT and for PET have
already been published by our research group [29]. Each
examination consisted of a full diagnostic contrast-
enhanced multidetector CT image acquired in the porto-
venous phase after injection of 80-120 ml iopromide
(370 mg iodine/ml, flow rate 3 ml/s, Ultravist 370°
Bayer, Leverkusen, Germany), adjusted according to the
patients’ body weight followed by a chaser of 40 ml sa-
line and a high-resolution three-dimensional LSO PET
covering 6-7 beds, depending on the patients’ size. The
attenuation correction of PET data was performed using
the contrast-enhanced CT images. PET image acquisi-
tion was started 1 h after 18F-FDG injection. CT images
were reconstructed in transversal and coronal slice
orientation with 5-mm slice thickness/5 mm increment
in the transversal plane and 3-mm slice thickness/2 mm
increment in the coronal plane, respectively.

Image analysis

Image fusion of PET and CT data and evaluation of the
separate CT and PET as well as fused PET/CT images were
performed on a dedicated PET/CT workstation (TrueD,
Siemens Health Care, Erlangen, Germany). Two experi-
enced readers (specialists in radiology and nuclear medi-
cine) evaluated CT and PET images separately, as well as
the fused PET/CT images. This was done in a consensus
mode for the presence of regional and distant metastases,
as well as the extent of the primary tumor at the initial
examination. For study purposes, a secondary analysis of
CT and PET as well as merged PET/CT images was per-
formed by a radiologist with 12 years of experience in on-
cologic imaging. To compare the diagnostic yield of CT
and PET/CT, contrast-enhanced CT images of the PET/
CT examination were assessed prior to reading the merged
PET/CT image series to prevent a bias arising from the
knowledge of the PET findings. Using CT data from the
PET/CT examination ensures comparable disease stage,
because acquisition took place at the same time.

Results

The median age of the total cohort was 66.5 (range 54—73)
years. Women were more often affected than men. All
ARMM were localized to the dentate line, and tumor
diameter varied between 0.4 and 11 cm at the time of
diagnosis. In three patients, ARMM were diagnosed by
biopsy and in the other three patients after performing
local excision. In two patients the ARMM were
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amelanotic. KIT, BRAF, or NRAS mutations were not de-
tectable in any patient. Serum levels of S100 protein was
just elevated in patients having synchronous distant me-
tastasis. Table 2 displays demographic data, tumor charac-
teristics including histopathology, immunostaining, and
mutation analysis as well as the therapy performed for
each patient separately.

As tabulated in Table 3, four out of six patients had pre-
operative LNM involvement with two of them presenting
with distant metastases additionally. In two patients, com-
bined inguinal and perirectal LNM were determined. One
patient had perirectal LNM exclusively and in another pa-
tient a solitary iliac LNM could be shown. During pre-
operative staging, inguinal/iliacal LNM in two patients as
well as liver metastasis in one patient were seen in PET/
CT and missed by CT. Also, when regarding metachro-
nous metastases in the follow-up examination after sur-
gery, in one patient, focally increased glucose uptake in
the liver without correlating findings in CT were regis-
tered. On the other hand, in one patient, lymphonodular
involvement was overestimated by CT which might arise
from reactive lymph node enlargement without pathologic
metabolic activity characteristic for melanoma metastases.
Figure 1 shows examinations performed by CT and PET/
CT where an iliac LNM could be diagnosed by PET/CT,
but was not considered as suspect for LNM on CT im-
aging, and in Fig. 2, hepatic metastases were evident in the
PET/CT examination, but not in the CT scan.

Abdominoperineal resection was performed in five pa-
tients within 1 to 3 months after diagnosis and in one pa-
tient with a 13-month delay. In this patient, previous local
excision was performed due to the initial assessment as a
palliative situation in case of iliacal LNM involvement.
Three patients underwent APR in palliative intention. Five
patients received an adjuvant or additive therapy. In one
patient, hepatic toxicity was detected early, so ipilimumab
was canceled after one cycle. Only one patient underwent
adjuvant radiotherapy (inguinal and pelvic).

Three patients died during the observation period (me-
dian survival: 10 (range 6—18) months). All three patients
had synchronous inguinal or iliacal LNM. The other three
patients did not have synchronous inguinal or iliacal LNM;
one of them had perirectal LNM exclusively. Two patients
are tumor-free since 8.5 and 1.5 years, including the patient
who had synchronous perirectal LNM. The other patient
shows a slowly progressive disease since 5 years. Nineteen
months following extralevator abdominoperineal resection
(ELAPR), a solitary pulmonary metastasis was diagnosed
and resected. However, shortly afterwards, again, pulmon-
ary metastases and mediastinal LNM were detected.

Discussion
Despite a rapid development of diagnostic tools and ad-
vance in multimodal cancer therapy, the overall survival
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of ARMM has not substantially improved in the past de-
cades. The lack of diagnostic and treatment standards is
based on the rarity of this condition. An extended review
of the literature, published in 2013 by our working
group summarized the reported cases of ARMM to a
total of 2650 [14]. In accordance to our patient popula-
tion, the literature shows a high rate of LNM and distant
metastases at initial diagnosis of ARMM and frequent
metachronous metastases after a few months, which is
associated with the poor overall survival [14]. In general,
the overall survival cannot be improved by a radical sur-
gical approach [14, 19, 30-32]. However, in the pre-
sented collective as well as in published studies, few
long-term survivors seem to benefit from an abdomino-
perineal resection [3, 9, 27]. As far as no curative drug
therapy is available, the identification of patients who
could benefit from radical surgery (APR/ELAPR) is of
paramount importance. For this, a diagnostic and treat-
ment algorithm has been proposed [14]. Besides the in-
dividual tumor biology and perineural invasion, the
lymphatic spread seems to have a key role affecting the
poor overall survival [14, 33]. Systematic studies on the
clinical relevance of LNM in ARMM are missing. And,
the few existing data which try to structure the issue are
quite inhomogeneous [19]. Analogous to the radical
APR with total mesorectal excision, the groin lymph
node dissection seems to have no influence on overall
survival as well [2]. The reason for this might be found
in the complex lymphatic drainage system of the anal re-
gion [27]. Up to now, more than 10 different lymphatic
paths were found in the anal area [18]. Using a double-
tracer technique (radiotracer and dye), Iddings et al.
showed that all patients with ARMM drained to the in-
guinal node basin and even often to both sides [17]. This
contrasts with historical studies on cadavers in which
submucosal injections of quicksilver at the level of the
dentate line shows a drainage to perirectal lymph nodes
in 90-93 % [16]. Perez et al. published a rare simultan-
eous presence of perirectal and inguinal LNM [19]. Be-
cause of limitation of APR with total mesorectal excision
on resection of perirectal LNM, only patients without
LNM or with an exclusively perirectal lymphatic spread
could benefit from radical surgery in curative intent. In-
formation about non-invasive examination procedures
such as the PET/CT in preoperative staging of ARMM,
especially in detecting of lymphatic metastasis, is rare.
Up to now, only a few case reports [21-25] and a case
series of five patients [26] have been published. Several
studies gave evidence that 18F-FDG-PET/CT provides
superior diagnostic accuracy for the detection of metasta-
ses in malignant melanoma [20, 34-38] and in detecting
recurrent colorectal carcinoma [39] compared to contrast-
enhanced CT. The observations in our patient population
also suggest that 18F-FDG-PET/CT is superior to the
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Table 2 Patient and therapy parameter, tumor characteristics, and follow-up data
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Age (years) 66 63 54 67 73 68

Gender Male Male Female Female Female Female

Diagnosis before abdominoperineal

resection
S100 protein in serum 0.079 0.301 0.049 0.199 0.039 0.050
(normal range < 0.1 pg/l)

Preoperative biopsy - Yes - Yes - Yes
Previous local excision Yes - Yes - Yes

Therapy
Type of abdominoperineal APR ELAPR ELAPR ELAPR lap. ELAPR lap. ELAPR
resection (APR)

Intention for abdominoperineal Curative Palliative Curative Palliative Palliative Curative
resection
Time interval between diagnosis 3 1 3 2 13 2
and APR (months)
Adjuvant/additive therapy - DTIC 1. Ipilimumab DTIC 1. Radiation Ipilimumab (1 cycle)
2. Nivolumab 2.DTIC
3. Ipilimumab

Tumor characteristics, histopathology/

immunostaining
Tumor stage | vV Il vV Il Il
Tumor localization referring to Above DL Overlapping On and above DL DL DL Above DL
the dentate line zones (multifocal)

Tumor diameter (cm) 0.9 1M 05+04+04 10.5 <1 10,9
Depth of infiltration (mm) <3 15 4 All layers 3 All layers
Negative resection margin (R0) Yes Yes (<1 mm)  Yes Yes Yes (marginal)  Yes
Amelanotic melanoma Yes No No Yes No No

S100 protein - - - Positive - Positive
Melan-A - Positive - Positive - Positive

Mutation analysis
KIT - Wild-type Wild-type Wild-type  Wild-type Wild-type
BRAF - - Wild-type Wild-type  Wild-type Wild-type
NRAS - - Wild-type Wild-type - Wild-type

Follow up (months) 102 6 60 10 18 18

Local recurrence No Yes No No Yes No

Time interval to abdominoperineal - 1 - - 3 -

resection (months)

Metachronous lymph node metastasis ~ No ns Yes Yes Yes No
Mediastinum - - Yes Yes - -
Perirectal - - - - yes -

Time interval to abdominoperineal - - 42 3 5 -

resection (months)

Metachronous distant metastasis No ns Yes Yes Yes No
Lung/pleura - ns Yes - Yes No
Liver - - No Yes Yes No
Peritoneum - ns No No Yes No
Bone - ns No No Yes No
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Table 2 Patient and therapy parameter, tumor characteristics, and follow-up data (Continued)

Soft tissue - ns
Brain - ns

Time interval to abdominoperineal - -
resection (months)

Health status at follow-up time Disease-free  Dead 6
interval to abdominoperineal

resection (months)

No No Yes No
No No Yes No
3 12 -
Slowly progressive  Dead 10 Dead 18 Disease-free

disease

Before surgery, elevated serum levels of S-100 were measured only in patients with distant metastasis (stage IV). In all patients, the tumor origin was on or slightly
above the dentate line. In patient 2, the tumor invades the anal canal. And, in patient 3, the ARMM was found at several localizations around the dentate line.
During the first surgery, clear resection margins (R0) were achieved in all six patients. In patients 2 and 5, the resection margins were just barely RO. In patient 5,
primarily, a local excision was performed. While in this patient multiple local recurrences were removed by local procedures over a time period of several months,
also an LNM in the mesorectum was detected in the course. Consequently, laparoscopic extralevator abdominoperineal resection was carried out for local control.
However, at this time, the tumor mass was not removable in total (R1). Patient 3 shows an atypical course of ARMM with a slowly progressive disease for more

than 5 years

APR abdominoperineal resection, ELAPR extralevator abdominoperineal resection, lap. ELAPR laparoscopic extralevator abdominoperineal resection, DTIC

dacarbacin, DL dentate line, ns not specified

contrast-enhanced CT for detection of LNM and distant
metastasis in some cases of ARMM. Altogether, in the
preoperative staging, combined with the findings done
during the follow up investigations, PET/CT identified
distant metastases in two patients in the liver as well as
metastatic lymph node involvement in two patients, which
were all missed by contrast-enhanced CT. All LNM and
distant metastasis described in PET/CT could be verified
by histopathology (perirectal LNM) or have been con-
firmed in the short-term clinical course. On the other
hand, in one patient lymphonodular involvement was
overestimated by CT which might arise from reactive
lymph node enlargement without pathologic metabolic ac-
tivity characteristic for melanoma metastases. Although
no statistical conclusions could be derived from these re-
sults due to the small number of patients, this supports
the assumption that PET/CT contributes to improved
diagnostic certainty in ARMM. Our observation confirms
the descriptions of the only recently published collective,
in which five patients with ARMM were examined pre-
operatively by PET/CT and by contrast-enhanced CT [26].

With regard to the primary tumor, PET/CT is of special
interest. Tumor manifestations of the enteric wall tend to
evade detection by morphologic assessment such as
contrast-enhanced CT as lesions might be masked by stool
or peristaltic muscle contraction or no circumscript tumor
could be identified due to infiltrative growth. Especially
after prior surgery, differentiation between scar tissue and
new or recurring tumor is challenging. These patients will
benefit from PET/CT to estimate tumor extent when con-
sidering surgical resection, especially in entities with high
glucose consumption which usually is the case in malig-
nant melanoma [29].

In our patient population, APR was performed in pallia-
tive intention in three patients. In each patient, inguinal or
iliac LNM and distant metastases were evident. None of
the three patients survived longer than 18 months after

surgery. In contrast, during the observation period, three
other patients survived, two of them without tumor recur-
rence. Interestingly, all three patients did not have any ini-
tial inguinal or iliac LNM, however, one patient had
perirectal LNM exclusively. Already published data and
the results in our patient population suggest that patients
with initial inguinal/iliac LNM have no curative surgical
option. Patients with perirectal LNM exclusively could
benefit from curative APR even in the long term. Thus,
the individual lymphatic anatomy of the anorectal region
could be a decisive prognostic factor in ARMM and
should be taken into account for patient selection for APR
until no other valid data are available. Therefore, the 18F-
FDG-PET/CT appears to be a useful tool for decision-
making. In the three patients, an extralevator abdomino-
perineal resection was performed with palliative intention.
The extent of resection was chosen analogous to the re-
section standards for very low rectal cancer in our univer-
sity hospital. Due to the potentially higher morbidity of
the extralevator abdominoperineal resection, the radical-
ness of surgery should be reduced to local tumor control
in a palliative situation.

Due to the rarity of ARMM, no randomized controlled
trials can be expected in the next few decades, particu-
larly not answering all relevant questions concerning
diagnosis and therapy of ARMM. Therefore, all patients
with ARMM should be treated in specialized centers for
recording data prospectively and to publish further case
series. For a comparability of the data, we suggest a stan-
dardized recording, which is proposed by our working
group [14].

Conclusions

18F-FDG-PET/CT is superior to contrast-enhanced CT
in staging of ARMM. LNM as well as distant metastasis,
which might be missed by CT, was detected by PET/CT.
Despite sparse data and a significantly higher cost



Table 3 Preoperative radiological staging and histopathological verification of lymph node metastasis in the mesorectum

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Occurrence  Detected in Occurrence  Detected in Occurrence  Detected in Occurrence  Detected in Occurrence  Detected in  Occurrence  Detected in
CT  PET/CT CT  PET/CT CT  PET/CT CT  PET/CT CT  PET/CT CT  PET/CT
Synchronous LNM No Yes No Yes Yes Yes
Perirectal - Yes X - Yes X X - Yes X X
Inguinal right - Yes - - - -
lliacal right - - - - Yes 2 X -
Inguinal left - Yes X X - Yes X X - -
lliacal left - - - - - -
LNM in histopathology No Yes No Yes Yes Yes
Perirectal (LNM/resLN) 0/12 13/33 0/14 1/3 (3/21)° 1/5
Synchronous distant No Yes No Yes No No
metastasis
Lung/pleura - - - Yes X X - -
Liver - Yes 2 X - - - -

Detection of perirectal, inguinal, and iliacal lymph node metastases, as well as lung and liver metastases as depicted by contrast-enhanced CT and by 18F-FDG-PET/CT. Additionally, histopathologically verified lymph

node metastases in relation to total count of examined lymph nodes are listed
CT computed tomography, PET/CT 18F-FDG PET/CT, LNM lymph node metastasis, resLN total count of resected lymph nodes

“Metachronous LNM, (X) metastatic lesions were detected, (@) metastatic lesions were not detected
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Fig. 1 CT and PET/CT for pelvic imaging in anorectal malignant melanoma. A seventy-three-year-old female patient (patient 5) with a small iliacal
lymph node metastasis on the right side (dashed arrow) and a relapse from anal melanoma. Contrast-enhanced CT reveals a small lymph node
beside the right internal iliac artery of round configuration with uncertain dignity (a). PET/CT, however, indicates increased FDG uptake suspicious
for metastasis (b). The follow up examination 9 months later provides clear evidence of progressive lymphatic metastasis on the right iliac side
(arrow) on CT (c) and PET/CT (d) images. The lymph node is enlarged with a destroyed anatomical structure and increased glucose uptake. PET/
CT enabled detection of lymph node metastasis in an early state

burden compared to conventional diagnostics, PET/CT  tumor growth. Also, for staging in ARMM, there will be
should be an obligatory part of the preoperative staging no randomized controlled data available in the foresee-
in ARMM. Patients, in which PET/CT shows perirectal able future. So, further extended case series should be
LNM solely, could potentially benefit from curative published based on standardized collected data on PET/
abdominoperineal resection despite locally advanced CT in ARMM.

Fig. 2 CT and PET/CT for hepatic imaging in anorectal malignant melanoma. A sixty-three-year-old male patient (patient 2) with a large anorectal
melanoma, inguinal lymphatic metastases on both sides, and distant metastases. PET/CT depicts two hepatic metastases in segment six (b) and
eight (not in the picture) without any corresponding findings on contrast-enhanced CT (a). Staging based on CT underestimated tumor stage by
missing the distant metastatic spread completely in this patient
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line; DTIC, dacarbacin; ELAPR, extralevator abdominoperineal resection; LNM,
lymph node metastasis; 18F-FDG-PET/CT, 18F-fluordesoxyglucose positron
emission tomography/computed tomography

Acknowledgements
Not applicable.

Funding
We acknowledge support by the Deutsche Forschungsgemeinschaft and
Open Access Publishing Fund of University of Tuebingen.

Availability of data and materials

All available data supporting our findings are listed in the tables which are
shown in the manuscript. Thus, our conclusions can be ascertained from the
published data.

Authors’ contributions

CF, BK contributed to the study conception and design and acquisition of
the data. CF, SM, and BK contributed to the analysis and interpretation of the
data. CF, SM, AKi, MB, and BK drafted the manuscript. CF, SM, AKi, MB, AK,
and BK critically revised the manuscript. All authors read and approved the
final manuscript.

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

Consent for publication
Not applicable.

Ethics approval and consent to participate

All procedures performed in the study were in accordance with the ethical
standards of the institutional research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards. Due
to the retrospective nature of the study, formal consent and institutional
review board approval is not required by our hospital.

Author details

'Department of Surgery and Transplantation, University of Tuebingen,
Hoppe-Seyler-Strasse 3, 72076 Tuebingen, Germany. “Department of
Diagnostic and Interventional Radiology, University of Tuebingen, Tuebingen,
Germany.

Received: 10 May 2016 Accepted: 8 July 2016
Published online: 15 July 2016

References

1. Goldman S, Glimelius B, Pahlman L. Anorectal malignant melanoma in
Sweden. Report of 49 patients. Dis Colon Rectum. 1990;33:874-7.

2. Quan SH. Anal cancers. Squamous and melanoma. Cancer. 1992,70:1384-9.

3. Brady MS, Kavolius JP, Quan SH. Anorectal melanoma. A 64-year experience at
Memorial Sloan-Kettering Cancer Center. Dis Colon Rectum. 1995;38:146-51.

4. Cagir B, Whiteford MH, Topham A, Rakinic J, Fry RD. Changing
epidemiology of anorectal melanoma. Dis Colon Rectum. 1999;42:1203-8.

5. Ross M, Pezzi C, Pezzi T, Meurer D, Hickey R, Balch C. Patterns of failure in
anorectal melanoma. A guide to surgical therapy. Arch Surg. 1990;125:313-6.

6. Ragnarsson-Olding BK, Nilsson PJ, Olding LB, Nilsson BR. Primary ano-rectal
malignant melanomas within a population-based national patient series in
Sweden during 40 years. Acta Oncol. 2009;48:125-31.

7. Siegal B, Cohen D, Jacob ET. Surgical treatment of anorectal melanomas.
Am J Surg. 1983;146:336-8.

8. Ballo MT, Gershenwald JE, Zagars GK, Lee JE, Mansfield PF, Strom EA,
Bedikian AY, Kim KB, Papadopoulos NE, Prieto VG, Ross MI. Sphincter-sparing
local excision and adjuvant radiation for anal-rectal melanoma. J Clin Oncol.
2002;20:4555-8.

9. lIshizone S, Koide N, Karasawa F, Akita N, Muranaka F, Uhara H, Miyagawa S.
Surgical treatment for anorectal malignant melanoma: report of five cases
and review of 79 Japanese cases. Int J Colorectal Dis. 2008;23:1257-62.

10.  Nilsson PJ, Ragnarsson-Olding BK. Importance of clear resection margins in
anorectal malignant melanoma. Br J Surg. 2010;,97:98-103.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 8 of 9

Che X, Zhao DB, Wu YK, Wang CF, Cai JQ, Shao YF, Zhao P. Anorectal
malignant melanomas: retrospective experience with surgical management.
World J Gastroenterol. 2011;17:534-9.

Kelly P, Zagars GK, Cormier JN, Ross MI, Guadagnolo BA. Sphincter-sparing
local excision and hypofractionated radiation therapy for anorectal
melanoma: a 20-year experience. Cancer. 2011;117:4747-55.

Yen Cl, Chen HH, Chiang SF, Yeh CY, Chen JS, Hsieh PS, Chiang JM, Tsai WS,
Tang R, Changchien CR, Wang JY. Anorectal melanoma: review of 22
consecutive cases. Hepatogastroenterology. 2013;60:89-93.

Falch C, Stojadinovic A, Hann-von-Weyhern C, Protic M, Nissan A, Faries MB,
Daumer M, Bilchik AJ, Itzhak A, Brucher BL. Anorectal malignant melanoma:
extensive 45-year review and proposal for a novel staging classification. J
Am Coll Surg. 2013;217:324-35.

Gerota D. Die LymphgefdBe des Rektums und des Anus. Arch Anat Physiol.
1995;240.

Stelzner F. Anatomie des Kontinenzorgans. In: Lange J, Mélle B, Girona J,
editors. Chirurgische Proktologie. Heidelberg: Springer Medizin Verlag; 2006.
Iddings DM, Fleisig AJ, Chen SL, Faries MB, Morton DL. Practice patterns and
outcomes for anorectal melanoma in the USA, reviewing three decades of
treatment: is more extensive surgical resection beneficial in all patients?
Ann Surg Oncol. 2010;17:40-4.

Caplan I. The lymphatic vessels of the anal region—a study and
investigation of about 50 cases. Folia Angiologica. 1976;24:260-4.

Perez DR, Trakarnsanga A, Shia J, Nash GM, Temple LK, Paty PB, Guillem JG,
Garcia-Aguilar J, Bello D, Ariyan C, et al. Locoregional lymphadenectomy in
the surgical management of anorectal melanoma. Ann Surg Oncol.
2013;20:2339-44.

Tsao H, Atkins MB, Sober AJ. Management of cutaneous melanoma. N Engl
J Med. 2004;351:998-1012.

Chander S, Meltzer CC, McCook BM. Physiologic uterine uptake of FDG
during menstruation demonstrated with serial combined positron emission
tomography and computed tomography. Clin Nucl Med. 2002,27:22-4.
Pirenne Y, Bouckaert W, Vangertruyden G. Rectal melanoma—a rare tumour.
Acta Chir Belg. 2008;108:756-8.

O'Regan K, Breen M, Ramaiya N, Jagannathan J, DiPiro PJ, Hodi FS, Van den
Abbeele AD. Metastatic mucosal melanoma: imaging patterns of metastasis
and recurrence. Cancer Imaging. 2013;13:626-32.

Khan M, Bucher N, Elhassan A, Barbaryan A, Ali AM, Hussain N, Mirrakhimov
AE. Primary anorectal melanoma. Case Rep Oncol. 2014;7:164-70.

Li ZG, Qin XJ. Primary anorectal melanoma on FDG PET/CT. Clin Nucl Med.
2014;39:762-4.

Knowles J, Lynch AC, Warrier SK, Henderson M, Heriot AG. Colorectal
Dis. 2015. doi:10.1111/codi.13209. [Epub ahead of print] PMID:
26546509

Wanebo HJ, Woodruff JM, Farr GH, Quan SH. Anorectal melanoma. Cancer.
1981;47:1891-900.

Konstadoulakis MM, Ricaniadis N, Walsh D, Karakousis CP. Malignant
melanoma of the anorectal region. J Surg Oncol. 1995;58:118-20.

Klumpp B, Schwenzer NF, Gatidis S, Koenigsrainer |, Koenigsrainer A, Beckert
S, Mueller M, Claussen CD, Pfannenberg C. Assessment of relapse in patients
with peritoneal carcinomatosis after cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy using F-18-FDG-PET/CT. Rofo.
2014;186:359-66.

Stoidis CN, Spyropoulos BG, Misiakos EP, Fountzilas CK, Paraskeva PP, Fotiadis
Cl. Diffuse anorectal melanoma; review of the current diagnostic and
treatment aspects based on a case report. World J Surg Oncol. 2009;7:64.
Ferguson HJ, Nandi S, Hejmadi RK, Ismail T. A pilot study of extralevator
abdominoperineal excision for primary melanoma of the anorectum. Tech
Coloproctol. 2014;18:1113-6.

Matsuda A, Miyashita M, Matsumoto S, Takahashi G, Matsutani T, Yamada T,
Kishi T, Uchida E. Abdominoperineal resection provides better local control
but equivalent overall survival to local excision of anorectal malignant
melanoma: a systematic review. Ann Surg. 2015;261:670-7.

Wang M, Zhang Z, Zhu J, Sheng W, Lian P, Liu F, Cai S, Xu Y. Tumour
diameter is a predictor of mesorectal and mesenteric lymph node
metastases in anorectal melanoma. Colorectal Dis. 2013;15:1086-92.
Muller-Horvat C, Radny P, Eigentler TK, Schafer J, Pfannenberg C, Horger M,
Khorchidi S, Nagele T, Garbe C, Claussen CD, Schlemmer HP. Prospective
comparison of the impact on treatment decisions of whole-body magnetic
resonance imaging and computed tomography in patients with metastatic
malignant melanoma. Eur J Cancer. 2006;42:342-50.


http://dx.doi.org/10.1111/codi.13209

Falch et al. World Journal of Surgical Oncology (2016) 14:185 Page 9 of 9

35, Pfannenberg C, Aschoff P, Schanz S, Eschmann SM, Plathow C, Eigentler TK,
Garbe C, Brechtel K, Vonthein R, Bares R, et al. Prospective comparison of
18F-fluorodeoxyglucose positron emission tomography/computed
tomography and whole-body magnetic resonance imaging in staging of
advanced malignant melanoma. Eur J Cancer. 2007;43:557-64.

36. Pfannenberg C, Schwenzer N. [Whole-body staging of malignant
melanoma: advantages, limitations and current importance of PET-CT,
whole-body MRI and PET-MRI]. Radiologe. 2015;55:120-6.

37. Bier G, Hoffmann V, Kloth C, Othman AE, Eigentler T, Garbe C, La Fougere C,
Pfannenberg C, Nikolaou K, Klumpp B. CT imaging of bone and bone
marrow infiltration in malignant melanoma—challenges and limitations for
clinical staging in comparison to 18FDG-PET/CT. Eur J Radiol. 2016;85:732-8.

38, Schule SC, Eigentler TK, Garbe C, la Fougere C, Nikolaou K, Pfannenberg C.
Influence of (18)F-FDG PET/CT on therapy management in patients with stage
I1/V malignant melanoma. Eur J Nucl Med Mol Imaging. 2016;43:482-8.

39. Caglar M, Yener C, Karabulut E. Value of CT, FDG PET-CT and serum tumor
markers in staging recurrent colorectal cancer. Int J Comput Assist Radiol
Surg. 2015;10:993-1002.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient group
	Imaging
	Examination protocol
	Image analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

