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Preoperative radiotherapy in rectal signet-ring cell carcinoma -
magnetic resonance imaging and treatment outcome: Report
of six cases
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Abstract

Background. Signet-ring cell carcinoma (SRCC) is an uncommon tumor entity in rectal cancer, often considered to be
resistant to non-surgical therapy. In locally advanced primary or recurrent rectal cancer, diagnostic information from mag-
netic resonance imaging (MRI) is considered superior in planning the optimal treatment strategy, which usually includes
preoperative radiotherapy. The recognition of MRI features that correlate with the radiation response might ultimately be
used to select patients for tailored treatment and, in addition, avoid potentially toxic therapy in non-responding patients.

Marterial and methods. In a cohort of 120 rectal cancer patients who had received preoperative radiotherapy (50 Gy in 2 Gy
fractions), six patients were noted to have SRCC tumor differentiation. Initial diagnostic MRI examination included assess-
ment of local T- and N-stage and tumor morphology. Histological tumor response was subsequently assessed in the resected
specimens, and postoperative follow-up data was compiled until disease recurrence. Results. Following the preoperative
radiotherapy, two distinctly different histological responses — complete response (ypTONO) or no response — were observed.
Extensive mesorectal lymph node metastasis (N2 disease) at the pretreatment MRI examination was unambiguously asso-
ciated with lack of response and rapid development of disseminated disease. Importantly, patients with complete response
have been observed for 23-52 months postoperatively without evidence of recurrent disease. Discussion. Our review may
suggest that patients with locally advanced growth of rectal SRCC, despite poorer outcome when compared to patients
with conventional-type rectal adenocarcinoma, when presenting limited lymph node disease should be offered preoperative
radiotherapy in a tentatively curative setting.

Surgical resection remains the principal treatment and radical treatment options with curative intent
modality in achieving complete tumor clearance in have not been widely accepted [1]. Nevertheless, our
primary rectal cancer; however, several randomized institution has recently reported on a five-year survival
trials have clearly highlighted the central role of neo- rate of 44% following preoperative radiotherapy and
adjuvant radiotherapy in optimizing local tumor con- radical resection of recurrent tumor where clear resec-
trol. Considerable improvements in treatment outcome tion margins are achieved [2].
have also been reported for more locally advanced rec- Locally advanced primary and recurrent rectal
tal cancers, also where tumor extension beyond the cancer in our institution is managed by a dedicated,
mesorectal compartment with infiltration of adjacent multidisciplinary team, with formal assessment of
pelvic organs is evident [1]. individual patient eligibility for preoperative radio-
Locally recurrent rectal cancer following primary therapy followed by radical surgery. Selection criteria
surgery is a particularly difficult therapeutic challenge, for this approach include patients with poor-risk
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primary cancer with tumor extension and/or patho-
logical lymph nodes within 3 mm or beyond the
mesorectal fascia or patients with intrapelvic, local
tumor recurrence eligible for definitive surgery, as
determined by magnetic resonance imaging (MRI),
with no additional evidence of chest or abdominal
systemic disease on radiological examination.

MRI is the ‘gold-standard’ for staging of malig-
nant disease extension within the pelvic cavity [3].
In addition to providing precise information on
T- and N-stage, more subtle features of tumor morphol-
ogy (including signal patterns typical for particular
tumor entities) and the presence of extramural vas-
cular tumor invasion (tumor signal within or along
extramural vessel contours) can also be assessed.
Specific attention is placed on the recognition of
extramesorectal lymph node metastasis (lateral
spread of the tumor to pelvic sidewall nodes), includ-
ing nodes along middle rectal vessels.

The primary treatment outcome is given by the
degree of histological tumor regression and review of
surgical margins; however, the relationship of this
observation to future decreased risk of local or sys-
temic disease recurrence has been an issue of some
controversy [1]. We examined whether any given fea-
tures of pretreatment MRI might correlate with his-
tological tumor response and the potential of such
characteristics to select patients for neoadjuvant
treatment for locally advanced tumors.

Signet-ring cell carcinoma (SRCC) is an uncom-
mon histologic variant of rectal carcinomas, accounting
for ~1% of all colorectal malignancy in standard pathol-
ogy series [4-6], that is frequently diagnosed at an
advanced disease stage and is associated with poorer
patient outcomes when compared to other adenocarci-
nomas, including the mucinous subtype [6,7]. Although
large prospective studies on preoperative radiotherapy
for rectal cancer have included patients with SRCC, to
our knowledge, data on therapy outcome for this patient
subgroup has not been reported.

In this retrospective study, individual disease
courses and outcomes of six patients with locally
advanced rectal SRCC, either primary or recurrent,
treated with preoperative radiotherapy, were reviewed.
In particular, initial diagnostic MRI scans were reex-
amined to assess whether it was feasible to recognize
rectal SRCC patients for the neoadjuvant radiation
treatment strategy and the increased potential for
long-term survival.

Material and methods
Study population

The Norwegian Radium Hospital (Oslo University
Hospital) is a referral center for multidisciplinary
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management of locally advanced primary and recur-
rent rectal cancer. Within the study review period
(April 2003—January 2006), 120 patients with his-
tologically confirmed carcinoma of the rectum were
deemed by the institutional multidisciplinary team
to be candidates to receive preoperative radiotherapy
before radical surgery. Within this patient cohort, six
patients presented a tumor with SRCC signal pattern
on the diagnostic, pelvic MRI examinations (see
definition of diagnostic criteria below), which was in
full accordance with the confirmed tumor entity (i.e.,
the histopathological characterization of more than
50% of the tumor cells containing intracytoplasmic
mucin that displaces the nucleus to the cell’s periph-
ery within a poorly differentiated adenocarcinoma
[8]; Figure 1a). For each patient, symptoms and any
comorbidities were recorded. Since the study popu-
lation received treatment and postoperative follow-up
in accordance with standard protocols, this study was
considered to represent a retrospective audit of six
separate cases that did not require formal hospital
ethics committee approval.

MR examination and image interpretation

Pelvic MR examinations using validated protocols
were completed on all patients [9,10], using a 1.5-T
scanner, phased-array coil, and two-dimensional fast
spin-echo T2-sequences before the commencement
of treatment and within 4 weeks after completion of
preoperative radiotherapy. High-spatial resolution,
T2-weighted images were acquired in a plane per-
pendicular to the mesorectum at the site of tumor
and any suspicious lymph nodes. In low rectal can-
cers, coronal imaging was also performed using sim-
ilar scan parameters.

SRCC is prone to spread through the rectal wall
without necessarily destroying involved anatomical
structures. In this study, morphology of rectal SRCC
was defined by MRI as concentric wall thickening
with inhomogeneous T2 signal intensity, depicting the
target sign of concentric tumor rings within the rectal
wall, separating its anatomical layers (Figure 1b and
1¢). In common with other forms of rectal cancer, the
extramural growth is typically within or along vessels
traversing the rectal wall into the superficial vessel
plexus of the mesorectum, where the superior and the
medial rectal vessels are communicating.

As part of this study, all MRI scans were reas-
sessed by an experienced radiologist (T.V.), who was
blinded to the patients’ histopathological and clinical
treatment outcomes. The following parameters were
recorded: T-stage, tumor morphology (presence of
SRCC pattern), N-stage (assessing border contour
and signal intensity characteristics of malignant lymph
nodes) [11,12], extramural vascular tumor invasion
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Figure 1. Tumor histology and MRI specimens — exemplified by Good-Responder #1 and Poor-Responder #2. (a) Diagnostic tumor
biopsies, each in two magnifications, from rectum displaying SRCC differentiation. (b) Diagnostic MRI scans, axial and T2-weighted
images, illustrating rectal tumors with SRCC signal pattern. (c) Preoperative MRI scans, axial and T2-weighted images, illustrating rectal
tumors with SRCC signal pattern. (d) Surgical specimens, in several magnifications, depicting treatment responses.

[13,14], extramesorectal nodal distribution [15], and
the presence of middle rectal vessels [16].

Therapeutic regimen

Radiotherapy was planned according to standard
Norwegian Gastrointestinal Cancer Group guidelines
for preoperative treatment of locally advanced or

recurrent rectal cancer. Macroscopic tumor (includ-
ing any extramesorectal nodal disease), as delineated
by the diagnostic MRI, was defined as gross target
volume (GTV), with subclinical disease (including
lymph nodes at risk) defined as the clinical target
volume (CTV). The GTV with an additional 0.5 to
1.5 cm margin received a total dose of 50 Gy, with
the CTV receiving 46 Gy, both schedules fractionated
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Table I. Clinical patient characteristics.
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Good-Responder

Good-Responder Good-Responder Poor-Responder

Poor-Responder Poor-Responder

#1 H2 #3 #1 H#H2 #3
Sex, male, female, male, male, male, male,
Age (years) 66 75 65 52 68 65
Local symptoms pain, anal rectal bleeding, perineal wound  rectal bleeding,  pain, pain,
incontinence mucous stools mucous diarrhea rectal bleeding  diarrhea
Weight loss no 4 kg (<5% no 8 kg (~10% no 10 kg (~12%
of body weight) of body weight) of body weight)
Comorbidity insulin-dependent hyperchol- no no hypertension hypertension
diabetes mellitus, esterolemia

rheumatoid arthritis

in daily 2 Gy fractions. Four of the six patients received
concomitant, radiosensitizing chemotherapy (which
was not routinely given until December 2003) con-
sisting of daily 5-fluorouracil (bolus injection of 400
mg/m?) followed by calcium folinate injection (100
mg) on days 1-2, for three cycles. Surgery was per-
formed 4-6 weeks after completion of preoperative
radiotherapy, following repeat clinical examination,
endoscopy review (for the patients with primary can-
cer), chest x-ray, liver ultrasound, and pelvic MRI.
MRI identification of a >1 mm margin between
tumor tissue and adjacent structures was considered
sufficient to avoid resection of the adjacent specific
organ. The definitive surgical procedures were a
planned low anterior resection, abdominoperineal
resection, or pelvic exenteration, all with complete
rectum excision (for the primary rectal cancers). For
several of the cases, the surgery was a joint venture
by gastrointestinal surgeons, urologists, and plastic
surgeons.

Histopathology evaluation and assessment
of treatment response

Resected primary tumor specimens were prepared
according to validated protocols [9,10], as the speci-
mens were opened from the resection edge to 2 cm
above and below the identifiable tumor, formalin-
fixed, and cut with 5 mm slice thickness transversely.
Large-mount preparations were made of the tumor
slices to enable examination of the maximum depth
of penetration and assessment of the circumferential
resection margin. Histopathological characteristics
were recorded according to standard reporting pro-
forma, including pathologic tumor stage after radia-
tion (ypT), tumor morphology, circumferential and
distal resection margins, pathologic nodal stage after
radiation (ypN), and whether extramural vascular
tumor infiltration was present [14]. For the resected
recurrent tumor specimen, including inguinal lymph

nodes, morphological features, soft tissue infiltration,
and surgical margins were correspondingly recorded.
All assessments were performed by the hospital’s spe-
cialist gastrointestinal cancer pathologists and, for
this study, reassessed by an experienced pathologist
K.K.G).

At the retrospective review, two distinctly differ-
ent responses were noted; either the complete
absence of residual tumor cells but with the presence
of mucin pools diffusely infiltrating the bowel wall,
mesorectum, or adjacent pelvic structures (ypTO
response) or, alternatively, residual diffuse infiltra-
tion of tumor cells into the mentioned anatomic
structures. In this study, patients with the former
histopathological outcome were defined as good-
responders, whereas the latter patient group was
noted as poor-responders.

Postoperative evaluarion and follow-up

Patient follow-up was undertaken at the Department
of Surgical Oncology. Standard review procedures
included clinical examination, blood tests, chest
x-ray, and CT scanning of the abdomen and pelvis,
at 3-months intervals for the first year and every 6-9
months thereafter. In this study, the documentation
of the last follow-up date for the patients with no
evidence of disease or the date of diagnosis of disease
progression or recurrence for the patients who devel-
oped disseminated disease has been used to define
postoperative clinical outcome.

Results
Patient clinical characteristics (1able 1)

The study cohort consisted of five men and one woman
with a median age of 65 years (range 52—75 years). Five
patients presented with primary cancer, and one patient
had locally recurrent disease.
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Table II. Findings on diagnostic MRI examinations.

Good-Responder Good-Responder Good-Responder Poor-Responder Poor-Responder

Poor-Responder

#1 #2 #3 #1 H2 #3
T-stage, Anatomical T4a, tumor T4a, tumor T4b, tumor T4a, tumor T4a, tumor
tumor extension infiltration infiltration tumor infiltration infiltration infiltration infiltration beyond
beyond beyond mesorectal into prostate, throughout beyond mesorectal mesorectal
mesorectal compartment, seminal vesicles, mesorectal compartment, compartment,
compartment, into posterior and levator ani compartment, into puborectal into seminal
into seminal vaginal wall and muscle including muscles vesicles and
vesicle levator ani and peritoneal pelvic sidewall
puborectal reflection
muscles
N-stage N1 N1 N2 N2 N2
Extramural vascular no yes yes yes yes
tumor invasion
Extramesorectal no no on one pelvic no on both pelvic on both pelvic
lymph node disease sidewall and sidewalls and sidewalls
inguinal node presacrally
Presence of middle no no yes yes yes

rectal arteries

Good-Responder #3 had undergone complete
rectum excision of a low rectal cancer at a local
hospital 11 months prior to the referral to our insti-
tution. Histopathology of the primary surgical spec-
imen, reassessed by a pathologist at our institution,
showed rectal SRCC (pT3N2 disease). Resection
margins were apparently free; however, following the
primary surgery, the patient had noted a persistent
perineal wound, which was confirmed to represent
recurrent SRCC. Biopsy of an inguinal lymph node
confirmed metastasis, but further disease dissemina-
tion was not observed.

MRI features prior to preoperative radiotherapy
(Table II)

At diagnostic MRI examinations, all patients with pri-
mary cancer had T4 tumors. One patient was noted to
have involvement of the peritoneal reflection, whereas
in the remaining four patients, primary tumors exten-
sion beyond the mesorectal fascia or peripheral demar-
cation of the mesorectal compartment was observed.
Four of the patients were noted to have extramural
vascular tumor invasion.

Of the five patients with primary cancer, two had
N1 disease (three involved mesorectal lymph nodes)
and three had N2 disease (more than four lymph
node metastases). In the latter group, two patients
also had lymph nodes with clearly pathological signal
on the pelvic walls. Middle rectal vessels, which may
provide a route for lateral tumor spread to pelvic
sidewall lymph nodes [15], were noted in all three
patients who later developed systemic disease and
also were the poor-responders.

Good-Responder #3, suffering from locally recur-
rent cancer, had advanced tumor infiltration within

the pelvic cavity and into the pelvic floor and
perineum. The observed nodal spread, consisting of
one small node on the pelvic sidewall and an inguinal
node, was in accordance with the lymphatic drainage
of the anatomic site of the recurrent tumor and con-
sidered to represent tumor dissemination to primary
lymph node stations.

Radiotherapy and preoperative MRI evaluation

All six patients completed their preoperative radiother-
apy protocols as scheduled, and at preoperative MRI
evaluations, the anatomical tumor extension was essen-
tially unaltered compared to the corresponding MRI
scans prior to radiotherapy (Figure 1b and 1c¢). How-
ever, of the three patients classified as good-responders,
an increase in tumor T2-signal, consistent with higher
mucin content of the tumor, was observed at the pre-
operative MRI evaluations. Of the four primary rectal
SRCC with extramural vessel invasion, eradication of
intravascular tumor cells was noted in the one patient
who achieved complete tumor response.

Two poor-responders who had been noted to
have involved pelvic wall lymph nodes on presenta-
tion were identified with persistent non-resectable
lymph nodes and development of retroperitoneal
lymph node metastases, consistent with systemic dis-
ease, at preoperative MRI assessment. These patients
proceeded to palliative surgical procedures for local
symptomatic control.

Histopathological treatment response
(Table III) and therapy outcome

As indicated by Figure 1d, at histopathological assess-
ment of the surgical specimens, three patients presented



Table III. Histopathology findings in surgical specimens.
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Good-Responder Good-Responder Good-Responder Poor-Responder

Poor-Responder Poor-Responder

#1 #2 #3 #1 H2 #3
Staging ypTONO ypTONO ypTONO ypT2N2 ypT2N2 ypT2N2
Resection clear clear clear circumferential macroscopically circumferential
margins margin with involved margin with
microscopic tumor microscopic
cells tumor cells
Tumor acellular mucin  acellular mucin acellular mucin ~ SRCC throughout SRCC, mucinous SRCC, mucinous
morphology pools throughout pools throughout pools diffusely bowel wall and adenocarcinoma, adenocarcinoma,
bowel wall and  bowel wall and infiltrating mesorectal and undifferentiated and occasional
mesorectal mesorectal prostate, compartment carcinoma mucin pools
compartment compartment, seminal throughout bowel and fibrosis
extending into vesicles, and wall, mesorectal throughout bowel
vaginal wall and  anal muscles compartment, and  wall, mesorectal
anal muscles anal muscles compartment, and
seminal vesicles
Mesorectal no no - abundant SRCC confluent tumor 6 of 9 lymph
tumor deposits deposits, lymph infiltrates, lymph nodes containing
node architecture  node architecture tumor cells
destroyed destroyed and mucin
Extramural no no (mesorectal - yes yes not specified
vascular tumor vessels containing
invasion acellular mucin)
Extramesorectal - - no (resected no (resected unknown unknown
lymph node nodes containing nodes containing  (nodes not (nodes not
disease acellular mucin  acellular mucin resected) resected)

pools)

pools)

complete absence of residual tumor cells but with
the presence of mucin pools. Consequently, these
patients had clear resection margins. The remaining
three patients displayed diffuse infiltration of abun-
dant residual tumor cells into the anatomic struc-
tures that had originally been identified to be involved,
although one of these patients had achieved a poten-
tial modest treatment response in the form of occa-
sional fibrosis and acellular mucin pools in the primary
tumor. Using the pathology staging system for irradi-
ated tissues, all good-responders showed ypTONO
treatment response, whereas the poor-responders were
ypT4N2.

On postoperative follow-up (range 23—52 months),
all good-responders have no evidence of recurrent dis-
ease. In contrast, the poor-responders developed rapid
disease dissemination, with two patients being noted
to have retroperitoneal lymph node progression at
completion of the preoperative treatment protocol.
The third poor-responder was diagnosed with perito-
neal carcinomatosis 10 months after the surgery.

Discussion

In this study, treatment responses to preoperative
radiotherapy, applied in 2 Gy fractionation doses to
50 Gy, in six patients with primary inoperable, locally

advanced primary (T4) or recurrent rectal SRCC
were examined. To our knowledge, no study specifi-
cally investigating the role of MRI in staging of the
rectal SRCC subgroup has been previously reported.
In this limited patient population, two distinctly dif-
ferent histological tumor responses were observed;
the complete absence of residual tumor (ypTONO
response) or, in clear contrast, the diffuse infiltration
of abundant residual tumor cells throughout the
bowel wall, mesorectal compartment, and adjacent
pelvic structures. Interestingly, the tumors devoid of
radiotherapy response had initially presented as N2
diseases. The patients with complete tumor response
have not shown evidence of recurrent disease (post-
operative observation period of 23-52 months),
whereas the poor-responding patients rapidly devel-
oped disseminated disease.

In preoperative radiotherapy of rectal cancer, the
histopathological response represents the primary
treatment effect [17-19], although the ultimate goal
of treatment is an anticipated improvement in sur-
vival without local failure. Given that rectal SRCC
shows a particular propensity for systemic dissemina-
tion by lymphatic routes [6], one can hypothesize that
successful local tumor control, including at risk
lymph node stations, may reduce the hazard of met-
astatic disease progression.
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Following the observation of tumor responses, we
questioned whether identification of disease markers
by detailed visualization of the pelvic cavity by MRI
potentially might correlate to complete or, alterna-
tively, lack of response to the preoperative radiother-
apy protocol. Such information might ultimately be
used to select and treat only those patients likely to
achieve long-term disease control. In the limited
patient population reported here, the three poor-
responders presented with N2 disease, possibly sug-
gesting that extensive lymph node dissemination at
presentation of rectal SRCC may correlate with lack
of radiation response. In non-SRCC rectal adenocar-
cinoma, the number of involved mesorectal lymph
nodes is well recognized to influence and predict out-
come [20,21]. It is possible that advanced N-stage
rectal cancer at initial patient presentation may repre-
sent more intrinsically aggressive tumor biology and,
in addition to being extensive disease, may be a sur-
rogate biomarker for clonogenic tumor cell burden.

The presence of involved pelvic sidewall lymph
nodes in rectal cancer has been suggested to increase
the risk of systemic disease dissemination [16]. In the
SRCC population reported here, of three non-
responding patients with MRI evidence of middle
rectal vessels, two patients had pelvic wall lymph
node metastases at diagnosis. These two patients had
developed retroperitoneal lymph node progression at
preoperative evaluation. Although limited, this data
may imply that the simultaneous presence of exten-
sive mesorectal lymph node metastases (N2 disease)
and extramesorectal lymph node disease within the
pelvic cavity represents an advanced stage of rectal
SRCC that cannot be considered curable.

Combined neoadjuvant chemoradiotherapy is
known to result in more favorable histological tumor
responses than single-modality radiotherapy [1,22],
as recently reported also for T4 rectal cancer patients
treated at our institution [23]. In the present study,
the two patients that had radiotherapy without radi-
osensitizing chemotherapy completed the preopera-
tive treatment as poor-responders.

From a radiobiological point of view, the two dis-
tinctly different histological responses of rectal SRCC
to the radiotherapy are intriguing. Review of the lit-
erature has not shown specific studies addressing the
biological mechanism underpinning this variation in
response. Of note, in operable esophageal or esoph-
agogastric junction adenocarcinoma, however, post-
radiotherapy survival outcome was significantly
better for the SRCC and mucinous tumors than for
conventional-type adenocarcinoma [24]. This out-
come data strongly suggests that radiotherapy with
curative intent may result in complete eradication of
tumor cells in selected patient groups with gastroin-
testinal SRCC entities.

To conclude from this limited number of cases,
treatment of locally advanced primary and recurrent
SRCC of the rectum with preoperative radiother-
apy was associated with significant tumor response
and no evidence of recurrent disease in the patients
presenting with limited lymph node disease. Despite
poorer outcome compared to patients with other
rectal adenocarcinomas, our review implies that sel-
ected patients with locally advanced growth of rectal
SRCC should be offered preoperative radiotherapy
with curative intent. We believe this information may
be of note for radiotherapy centers that treat rectal
cancer.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of the paper.
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