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Abstract
The MERCURY II study demonstrated the use of MRI-based risk factors such as extramural venous invasion (EMVI), tumor
location, and circumferential resection margin (CRM) involvement to preoperatively predict pCRM (pathological CRM) out-
comes for lower rectal tumors in a mixed group of upfront operated patients and patients who received neoadjuvant treatment.We
aim to study the applicability of results of MERCURY II study in a homogeneous cohort of patients who received neoadjuvant
chemoradiation (NACTRT) prior to surgery. After Institutional Review Board approval, post NACTRT restaging MRI of 132
patients operated for low rectal cancer between 2014 and 2018 were retrospectively reviewed by two radiologists for site of
tumor, EMVI status, distance from anal verge (< 4 or > 4 cm), and mrCRM positivity. Findings were compared with post surgery
pCRM outcomes using Fisher’s exact test. Only 9/132(7%) patients showed pCRM involvement on histopathology, 8 of them
being CRM positive on MRI (p = 0.01). The positive predictive value (PPV) of mrCRM positive status and pCRM status was
12.7% (95% CI: 9.7–16.5%), while the negative predictive value was 98.5% (95% CI: 91.4–99.8%) (p = 0.01). EMVI positive
and anteriorly located tumors showed higher incidence of pCRM positivity but were not found to be significant (15% vs 5.2%
and p = 0.13 and 8.6% vs 2.1% and p = 0.28, respectively). Unsafe mrCRM was the only factor significantly associated with
pCRM positivity on post neoadjuvant restaging MRI. Tumors less than 4 cm from anal verge, anterior tumor location, and
mrEMVI positivity did not show statistically significant results to predict pCRM involvement.
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Introduction

Low rectal cancer accounts for over a third of all rectal cancers
[1–3]. Incomplete tumor resection, identified by pathological cir-
cumferential resection margin (pCRM) involvement, results in
increased local recurrence and poor survival [4]. pCRMhas been
detected in 20–36% of lower rectal cancers, which is significant-
ly worse than resection outcomes for upper rectal cancers [1, 2,
5]. This is due to the close relationship with adjacent structures
such as prostate and vagina anteriorly, as also due to attempts at
sphincter preservation [6, 7]. Surgical management of low rectal
cancer thus remains a big challenge.

Rectal cancer treatment has undergone modification in re-
cent years with chemoradiotherapy becoming standard prac-
tice preoperatively to downstage advanced tumors [8]. The
prospective MERCURY II study has reported the utility of
MRI findings to preoperatively assess the “tumor-mesorectal
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fascia relationship” and predict pCRM outcomes for lower
rectal tumors. It concluded that the presence of extramural
venous invasion on MRI (mrEMVI), tumors located < 4 cm
from anal verge, and anteriorly located tumors are indepen-
dent risk factors for pCRM positivity [1].

The MERCURY II study included a heterogeneous group
of subjects, including both upfront operated patients (58.8%)
and those who received neoadjuvant treatment prior to surgery
(41.2%). However, the accuracy and purpose of performing
MRI in the baseline and the post neoadjuvant therapy settings
are quite different, and grouping them together for analysis
may not be the optimal way to evaluate the role of MRI in
these settings. Hence, it is not clear whether the results of
MERCURY II can be applied to only one “pure” subset of
patients (i.e., either upfront operated patients or those operated
after neoadjuvant therapy). In our institution, the majority (>
75%) of rectal cancer patients have locally advanced tumors
and receive neoadjuvant treatment prior to surgery to reduce
tumor size and improve resectability [9]. We studied the ap-
plicability of results of MERCURY II study in a homoge-
neous cohort of patients undergoing surgery for rectal cancer
following neoadjuvant therapy. The findings on post neoad-
juvant therapy follow-up MRI imaging were compared with
post surgery histopathology data for all subjects.

Material and Methods

Subjects

After approval by our Institutional Review Board, we retro-
spectively identified 190 consecutive patients who received
neoadjuvant therapy for rectal cancer between 2014 and
2018 from the institutional database. All patients had a path-
ologically proven diagnosis of rectal adenocarcinoma and pre-
operative MRI for local staging performed at our institute. Out
of this group of patients, the ones with low rectal tumors <
8 cm from the anal verge (henceforth referred to as
lower rectal tumors) were selected for the study. All
the patients in the selected subset were operated, after
receiving neoadjuvant treatment in the form of chemo-
radiotherapy and presurgery MRI.

Clinical and Histopathologic Data

The demographic data, histopathology, and treatment details
were extracted from the institutional electronic medical re-
cords. The histopathology was reported by a dedicated gastro-
intestinal oncopathologist in all cases. Presence or absence of
positive (involved) pCRM status defined as tumor < 1 mm
from the cut specimen margin was documented in all patients
and correlated with MRI findings [10].

Imaging and Image Analysis

Post neoadjuvant therapy follow-up MRI study was available
for all patients. MRI images were acquired on 1.5T (GE
Healthcare, Milwaukee, USA), 1.5T (Philips Medical
Systems, Eindhoven, Netherlands), or 3T (GE Healthcare,
Milwaukee, USA) equipment in our institute using the insti-
tutional MRI rectal protocol. This included large FOV (field
of view) T1W and T2W axial and T2W sagittal sequences of
the pelvis, small FOV thin oblique axial and oblique coronal
T2W sequences along the plane of the rectal tumor and axial
diffusion weighted images (DWI). No intravenous contrast
was administered in any of the patients.

The images were retrospectively and systematically
reviewed on Centricity PACS (GE Healthcare, Milwaukee,
USA) workstation by two oncoradiologists in consensus, with
10 and 5 years of experience respectively, who were blinded
to the histopathologic findings. The senior oncoradiologist
was fellowship trained in abdominal imaging and a dedicated
colorectal and gastrointestinal radiologist.

The patients were stratified on the immediate pre-surgery
MRI based on site of tumor (anterior or not anterior), EMVI
status, distance of tumor from anal verge (less or more than
4 cm), and MRI CRM positivity (CRM threatened tumors
were considered positive).

The distance from anal verge was determined by the dis-
tance between the inferior tumor edge and the anal verge on
the sagittal MRI images. Tumor location between 10 and 2
o’clock on axial images was considered an anterior rectal lo-
cation. Closest location of tumor or EMVI or malignant node
within 1 mm from the mesorectal fascia or levator muscle was
recorded as positive CRM [11]. CRM was also considered to
be involved on MRI, if there was an invasion into the
intersphincteric plane or beyond [1]. Extramural venous inva-
sion was considered positive when the tumor signal intensity
was expanding the mesorectal vessels [1].

The association between MRI findings and final pCRM
status were evaluated using Fisher’s exact test.

Treatment

All the cases were discussed in the colorectal cancer multidis-
ciplinary meetings held biweekly at our institute attended by
surgeons, radiation oncologists, radiologists, and pathologists.
Neoadjuvant chemoradiotherapy was decided based upon
presence of imaging features that precluded upfront surgery
in our treatment algorithm, namely, > T3 stage onMRI (tumor
extension beyond the muscularispropria) CRM threatened or
involved, node positivity on MRI, or internal sphincter
involvement.

Patients with stage 3 and non-threatened CRM, N1 stage,
or having lateral pelvic nodes were offered long-course or
short-course radiotherapy [12].
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The choice of surgery was decided based on the tumor stage
on post-treatment MRI, which included abdominoperineal resec-
tion (APR), extralevator APR (ELAPE), low anterior resection,
intersphincteric resection, pelvic exenteration, or extended TME
(vascular approach sacrificing nerves, excision of seminal vesi-
cles, prostate shave, vaginal excision). While the abdominal ap-
proach for extralevator APE stopped above at the level of S4,
seminal vesicle, and laterally after taking middle rectal vessels,
the perineal approach was performed in supine position using 2
large Devers and transection of coccyx. This technique has been
described earlier by our group and adopted since 2015 [13, 14].

The tumor extent and predicted margin involvement on
MRI was used to decide the surgical approach between total
mesorectal excision (TME) and beyond TME surgery.

Results

We identified consecutive 190 cases in which neoadjuvant
therapy for rectal cancer was administered. Forty-five out of
190 had high rectal tumor location onMRI and were excluded
from the study. Of the remaining 145 patients, 13 did not have
post neoadjuvant MRI scans in our system and were hence
excluded. The remaining 132 patients were included in our
study cohort (Fig. 1). The median patient age was 52 years.
There were 72 males and 60 females in the study.

MRI Findings

The tumor characteristics on MRI and pathology findings are
summarized in Tables 1 and 2. Overall, 93/132 (70%) patients
had anterior tumor location, with 54/132 (41%) having a tu-
mor <4 cm from the anal verge. Sixty-three out of 132 (48%)
tumors were CRM positive on the pre-surgical MRI, with
mrEMVI being present in 20/132 (15%) patients.

Treatment

Surgical treatment was planned in the multidisciplinary tumor
boards in consultation with the radiologist in all cases, with
the type and extent of surgery decided based on the post-
treatment restaging MRI findings. Sixty-one patients
underwent abdominoperineal resection (extralevator), and 50
underwent low anterior resection (TME or extended TME).
Pelvic exenteration was performed for 10 and intersphincteric
resection for 11 patients. Out of the 9 patients who had pCRM
involvement, 7 had undergone ELAPE, and pelvic exentera-
tion was performed in the remaining 2 patients.

Histopathological Correlation

Only 9/132 (7%) patients had pCRM involvement on histo-
pathology, with eight of these being CRM positive on MRI
(p = 0.01). The positive predictive value (PPV) of mrCRM
positive status and pCRM status was 12.7% (95% CI: 9.7–
16.5%), while the negative predictive value (NPV) was 98.5%
(95% CI: 91.4–99.8%) (p = 0.01). Ninety-three out of 132
(70%) tumors were anteriorly located, with eight of them
(8.6%) having positive CRM on MRI. Similarly, 20/132
(15%) had EMVI positive status on MRI, with three of them
(15%) having pCRM positivity. Finally, 54/132 (41%) tumors
were less than 4 cm from the anal verge, with four of them
(7.4%) being CRM positive on pathology.

Overall, EMVI positive tumors had a higher incidence of
pCRM positivity (15% vs 5.2%). Similarly, anteriorly located
tumors had a higher incidence of pCRM positive status (8.6%
vs 2.1%). However, these were not found to be statistically
significant.

Discussion and Conclusion

Rectal cancer in India has low prevalence and is seen in youn-
ger population (median age 46 years) with a higher percentage
of signet ring tumors. It may account for a higher proportion
of locally advanced stage at presentation [9]. The restaging
MRI (performed after neoadjuvant treatment) is used in our
institute for response assessment and to give a surgical
roadmap to help decide on standard TME or extended TME
approaches. These patients may also receive salvage chemo-
therapy in our institute if they remain CRM positive after
chemoradiation. Our institution is a high volume center with
more than 60 APRs performed annually in a standardized
supine extralevator pattern by two experienced faculty, which
has led to low perforation rates and acceptable positive CRM
rates. Extended resection for anterior tumors with excision of
seminal vesicles, posterior exenteration, or pelvic exenteration
is based on the restaging MRI.Fig. 1 Consort diagram for enrollment of patients
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Simpson et al., in a retrospective study, reported 88/169
(52%) patients having baseline CRM positivity on MRI and
who received neoadjuvant chemoradiation, after which 18/88
(20%) patients remained CRM positive on MRI, with 7/88
(8%) of these having positive CRM margins on pathology
after resection [15]. On the other hand, out of the 70/88 pa-
tients who became CMR negative on MRI after neoadjuvant
chemoradiation, 5/88 (6%) underwent margin positive resec-
tion. Our prior prospective institutional data showed that a
relatively higher 39% of locally advanced rectal cancers
remained CRM positive on MRI, but with an overall patho-
logical CRM positivity rate of 5% after surgery [16].

In the current study, we found that out of the parameters
already identified in MERCURY II study, mrCRM positivity
was the only factor significantly associated with pCRM pos-
itivity when applied to this homogeneous cohort of post neo-
adjuvant therapy patients. Negative mrCRM also had a
high negative predictive value in ruling out pCRM in-
volvement. These findings are consistent with previous-
ly published literature.

The MERCURY study demonstrated that preoperative
mrCRM assessment gave an accurate prediction of the
pCRM and local recurrence. The accuracy for prediction of
a clear margin in 97 patients was 77% (75/97, 69–86%CI) and
negative predictive value of 98% (58/59) [2]. Ma et al. in their
study of 203 patients found good accuracy of mrCRM for
predicting involvement of pCRM of 84.2%, with sensitivity
50%, specificity 86.8%, NPV 95.9%, and PPV 21.9%
(p < 0.0002) [17]. In the MERCURY II study, 25/279 post-
treatment cases showed pCRM involvement, out of which 17
were mrCRM unsafe. Hence, post-treatment unsafe mrCRM
cases had higher rates of pCRM involvement, 19.3% vs 4%
(p < 0.001) [1].

As the anterior aspect of the mesorectum is disproportion-
ately small, the resection margin for anterior tumors is closer
to the mesorectal fascia, leading to a higher potential risk of
CRM positivity [18]. We observed that the rate of pCRM
involvement was higher for anterior tumors (8.6%) than
non-anterior (2.5%) tumors, but this was not statistically sig-
nificant. This could be due to the overall low pCRM positive
patients. Other studies have observed a correlation of anterior
tumor location with pCRM positivity or higher recurrence.
Mo et al. retrospectively studied pathology slides of 58 pa-
tients who underwent total mesorectal excision for mid and
low rectal cancer to study the impact of circumferential tumor
location on CRM status. They found that pCRM positivity
was more frequently observed in anterior tumors than in
non-anterior tumors (41.1% vs 10.3%, p < 0.007) [18]. Chan
et al. [19] reported that patients with anterior tumors had a
higher recurrence rate (5-year LR 15.9% vs 5.8%, p < 0.009)
than patients with non-anterior tumors. The MERCYRY II
study showed that pCRM involvement was 2.8-fold more
likely in the 35% (99/279) of tumors with anterior quadrant
invasion risk (95% CI, 1.1–6.8, p < 0.027) [1].

Table 1 The proportion of low
rectal cancer cases with pCRM
involvement according to MRI
assessed tumor characteristics

Tumor
characteristics
on MRI

Number of
cases (out of
132)

pCRM
involvement

PPV (95% CI) NPV (95% CI) p Value

Quadrant of tumor invasion 8.6% (6.8–10.9%) 97.4% (85.5–9.6%) p = 0.28

Anterior 93 (70) 8 (8.6)

Others 39 (30) 1 (2.5)

mrEMVI status 15% (6–32.9%) 94.6% (91.7–6.6%) p = 0.13

Positive 20 (15) 3 (15)

Negative 112 (85) 6 (5.3)

Height (from the anal verge) 7.4% (3.6–14.6%) 93.6% (88.9–6.4%) p = 1

< 4 cm 54 (41) 4 (7.4)

> 4 cm 78 (49) 5 (6.4)

MrCRM status 12.7% (9.7–6.5%) 98.5% (91.4–9.8%) p = 0.01

Positive 63 (48) 8 (12)

Negative 69 (52) 1 (1.4)

Table 2 Risk in numbers and percentage (in brackets) of pCRM
involvement in patients with low rectal cancer, according to the four
preoperative factors assessed on MRI

mrEMVI status Tumor site MRI predicted CRM
SAFE UNSAFE
Distance from anal verge
> 4 cm < 4 cm> 4 cm< 4 cm

Negative Not Anterior 0/16 0/9 0/6 1/4 (25)

Negative Anterior 0/21 1/19 (5) 2/19(10) 2/18 (11)

Positive Not Anterior 0/1 0/0 0/3 0/0

Positive Anterior 0/2 0/1 3/10 (30) 0/3
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Through many independent series, EMVI is known to be
associated with worse overall outcomes and increased likeli-
hood of disease recurrence [20–22]. Talbot et al. followed up
684 operated cases of rectal cancers and found that in the
presence of mrEMVI, the 5-year survival rate was decreased
to 33% (p < 0.001) as against 73% when venous invasion was
not demonstrated [23]. Few studies have assessed the relation-
ship between the EMVI status and pCRM involvement. In our
study, pCRM involvement was more common in mrEMVI-
positive patients (15%) than in EMVI-negative patients
(5.2%). However, this was not statistically significant. As re-
ported in previous studies, the higher rate of pCRM involve-
ment in EMVI positive group could be due to mrEMVI being
the reason for mrCRM positivity and inadequate downstaging
of EMVI following neoadjuvant therapy [1, 24]. In a study of
133 cases, Smith et al. recorded that EMVI-positive tumors
were significantly more likely to have positive CRM (18.7%
vs 3.9%, p < 0·013) [21]. Similarly, according to the
MERCURY II study, mrEMVI (19%, 54/279) was associated
with a 3.8-fold increased risk of pCRM involvement [1].
These differed from the results of our study.

We observed no significant difference in pCRM in-
volvement between tumor less than 4 cm from the anal
verge and those more than 4 cm. There is variability in the
published literature regarding this. In contrast to our re-
sults, in a study of 149 patients by Amir et al., compared
with patients with mid-/upper rectal cancer, patients with
low rectal cancers (< 5 cm) showed significantly higher
rates of pathological positive circumferential resection
margin involvement (14.1 vs 7.1%; p = 0.047) [5]. The
MERCURY II study found that the tumors less than
4 cm from the anal verge carry a 3.4-fold increased
pCRM involvement risk (95% CI 1.3–8.8, p < 0.006) [1].
However, a study by Bhanguet al. reported no significant
difference in the positive pCRM rate between low (<
5 cm) and mid- to upper rectal tumors (3.4% vs 2.9%,
p = 1.0) [25]. Similarly, Poulsen et al. also found that
the correlation between mrMRF (mesorectal fascia) and
pCRM was not influenced by tumor height [26].

Thus, overall, our findings were slightly different
from the MERCURY II study. A reason for the discor-
dance could be due to the fact that only 41.2% patients
in the MERCURY II study received neoadjuvant treat-
ment. MRI risk factors such as EMVI and mrCRM in-
volvement could change and indeed resolve after neoad-
juvant treatment, leading to the difference in findings.

It is thus important to not extrapolate such mixed data on to
the post-treatment patient group completely. Importantly, the
main goal of post-treatment MRI is to provide a surgical
roadmap so that the surgeon can obtain R0 resections by mod-
ifying their surgeries accordingly. This seemed to be served,
with only 7% patients having pCRM involvement, although
mrCRM positivity was present in 48% tumors.

Our study has certain limitations. It is a retrospective study,
with assessment of only the post neoadjuvant therapy MRI
performed; the baseline MRI was not assessed. There was a
possible selection bias due to ours being a tertiary care cancer
center, with a potentially higher number of complex and ad-
vanced cases. Also, there was a low overall incidence of
events (pCRM involvement), which could be responsible for
our observations regarding anterior tumor location and EMVI
positivity not reaching statistical significance. While a GI
oncopathologist reported all the surgical specimens, all 26
participating centers in the Mercury trial had dedicated colo-
rectal pathologists who also participated in pathology work-
shops and could dedicate much more time with each specimen
[1]. It is possible that their evaluation may be stringent to
detect even minor pCRM positivity. This may be one reason
for low pCRM positivity in our study. Overall, the findings
need to be further evaluated with a larger study for validation.

In conclusion, unsafe mrCRM was the only factor signifi-
cantly associated with pCRM positivity on post neoadjuvant
restaging MRI. Tumors less than 4 cm from anal verge, ante-
rior tumor location, and mrEMVI positivity did not show sta-
tistically significant results to predict pCRM involvement.
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