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Abstract

Purpose: Adequate staging of early rectal neoplasms is essential for organ-preserving
treatments, but MRI frequently overestimates the stage of those lesions. We aimed to compare

the ability of magnifying chromoendoscopy and MRI to select patients with early rectal neoplasms
for local excision.

Methods: This retrospective study on a Tertiary Western cancer center included consecutive
patients evaluated by magnifying chromoendoscopy and MRI who underwent en bloc resection
of nonpedunculated sessile polyps larger than 20 mm, LSTs = 20mm, or depressed-type lesions
of any size (Paris 0-1Ic). Sensitivity, specificity, accuracy, positive and negative predictive values
of magnifying chromoendoscopy and MRI to determine which lesions were amenable to local
excision (i.e., <T1sm1) were calculated.

Results: Specificity of magnifying chromoendoscopy was 97.3% (95% CI 92.2-99.4), and
accuracy was 92.7% (95%CI 86.7-96.6) for predicting invasion deeper than T1sm1 (not amenable
to local excision). MRI had lower specificity (60.5%, 95% CI 43.4-76.0) and lower accuracy
(58.3%, 95%CI 43.2-72.4). Magnifying chromoendoscopy incorrectly predicted invasion depth in
10.7% of the cases in which the MRI was correct, while magnifying chromoendoscopy provided
a correct diagnosis in 90% of the cases in which the MRI was incorrect (p=0.001). Overstaging
occurred in 33.3% of the cases in which magnifying chromoendoscopy was incorrect and 75% of
the cases in which MRI was incorrect.

Conclusions: magnifying chromoendoscopy is reliable for predicting invasion depth in early
rectal neoplasms and selecting patients for local excision.
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INTRODUCTION

There are many organ preserving strategies for patients with early rectal neoplasms, such as
transanal endoscopic microsurgery (TEM), transanal minimally invasive surgery (TAMIS),
and endoscopic submucosal dissection (ESD). However, adequate selection of these patients
is challenging.

Studies have suggested that endorectal ultrasound (ERUS) is the best exam to select patients
for local excision (LE) (1-4). Nevertheless, ERUS has drawbacks: it is highly operator-
dependent, has long learning curve, low ability to differentiate T1 substages (sm1, 2, and 3),
and lower accuracy for larger lesions, especially those larger than 5 cm (1,5-8).

Precise staging of large lesions is crucial. Whereas understaging leads to suboptimal
treatment and increased risk of recurrence; overstaging leads to overtreatment, which can
negatively impact patients’ quality of life. Furthermore, adverse events following LE are
more frequent in larger resections (9,10), underscoring the need for adequate preoperative
staging.

Magnetic resonance imaging (MRI) is an established method for locoregional staging of
rectal cancer. While a retrospective study by Balyasnikova et al. (2017) reported that
MRI differentiated partial versus massive submucosal invasion with 89% of accuracy
(11), other studies have suggested that it is not effective for benign rectal lesions (12),
nor in differentiating T1 from T2 lesions (13-15). An ongoing multicentric clinical

trial is evaluating the performance of MRI in staging rectal polyp planes (MINSTREL,
NCT02532803). Meanwhile, MRI is still frequently used to define the treatment of large
early rectal lesions when ERUS is not available or cannot be adequately performed.

Magnifying chromoendoscopy (MCE) is an alternative method to evaluate invasion depth of
early colorectal neoplasms (16-19). This method is widespread in Japan, but not in Western
countries, where MRI is still frequently used in those cases. Yet, studies in Western countries
suggest that the sensitivity of MCE is reproducible (20,21) and its accuracy is not influenced
by the lesion’s size (20,22). Thus, the aim of this study was to evaluate and compare the
ability of MCE and MRI to select patients with early rectal neoplasms for LE in a Western
cancer center.

MATERIALS AND METHODS

Subjects

The institutional Review Board approved the study and waived the requirement for informed
consent. Medical records of consecutive patients with rectal lesions who were evaluated

by MCE exclusively or by MCE and MRI from October/2011 to February/2020 were
retrospectively reviewed, and only patients who underwent en bloc resection were included.
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Inclusion criteria were rectal tumors with high risk of submucosal invasion, which included
sessile polyps (nonpedunculated and >20 mm), LSTs =20mm, and depressed-type lesions
of any size (Paris 0-1ic). Exclusion criteria were lesions with ulcerated surface, impairing
adequate assessment of the pit pattern through MCE, and patients who had previously
undergone chemoradiotherapy.

Our service is a reference cancer center and only accepts patients upon referral from a
primary care provider. Therefore, all patients either had a biopsy confirming a malignant
lesion, or another exam highly suspicious for neoplasia. As part of the staging workup,
patients routinely undergo pelvic MRI and a complete colonoscopy. MCE is performed

in cases of sessile polyps, laterally spreading tumors (LSTSs), and depressed-type lesions.
When MCE was performed before MRI and the lesion had non-invasive features, MRI was
dismissed and the patient was referred to LE. If MCE and MRI results were discordant
regarding the appropriateness of LE, the case was discussed in a tumor board meeting.

Diagnostic procedures

MCE was performed by a team of experienced endoscopists supervised by a senior
endoscopist (F.S.K.). Conventional chromoendoscopy with 0.4% indigo carmine dye

was performed with a standard white-light high-resolution endoscopic view, followed

by magnification of up to x100, using the CF- Q160Z colonoscope (Olympus Medical
Systems, Center Valley, PA). The lesions were classified according to the Kudo pit pattern
classification. (23,24)

High-definition MRI was performed on GE HDXT 1.5T (GE Medical Systems Milwaukee,
Wisconsin, USA), and GE Discovery MR7503.0T (GE Medical Systems Milwaukee,
Wisconsin, USA), with a body-matrix coil centered over the pubic symphysis, without
administration of contrast or bowel preparation. The images were interpreted by a team

of radiologists with more than 5 years of experience in rectal MRI. Our institution’s
radiologic report of rectal lesions is standardized and includes location, morphology, T

and N categories, circumferential resection margin (CRM) status, and extramural vascular
invasion (EMVI1). The radiologists described the distinction of a preserved or compromised
submucosal layer (hyperintense signal) when possible. When there was no hyperintense
signal beneath the lesion but the muscular layer was preserved, the tumor was classified as
T1sm3/T2. A second expert radiologist reassessed equivocal reports.

En bloc resection

After evaluation with MCE and MRI, patients were referred to LE or low anterior resection
with total mesorectal excision (TME). In our institution, pathological reports of rectal
neoplasia describe submucosal invasion according to the guidelines of the main societies
of cancer of the colon and rectum (the submucosa is measured from the surface layer of
the muscularis mucosae in pm, and lesions that invade less than 1000 um are considered
T1lsml). (25-27)

For patients treated by LE, the following criteria must be met for them to be considered
cured: (i) well-differentiated adenocarcinoma, (ii) no lymphovascular invasion, (iii) budding
grade 1, (iv) limited to the mucosal layer, or superficial submucosal invasion <1000 pm, and
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(v) free margins (26,27). Patients who do not meet all these criteria are referred to further
treatment (TME).

Ability of MCE and MRI to select patients for local excision

MCE allows the identification of seven different pit patterns: I. round, Il. asteroid, 11ls. small
tubular, IIL. large tubular, 1V. dendritic or gyrus-like, Vi. irregular pattern, Vn. loss of pits
with an amorphous structure. Lesions classified as VVn should not be referred to LE, as Vn
pattern indicates massive submucosal invasion (T1sm>1), with a considerable risk of lymph
node metastasis (23-25). Thus, we evaluated the ability of MCE to correctly differentiate
lesions with extensive submucosal invasion from lesions without extensive submucosal
invasion (T1sml, intramucosal adenocarcinoma, or low-grade adenoma). Histopathological
reports from the resected specimens were the gold standard for final staging.

As the ability of MRI to evaluate superficially invasive lesions is debatable (11,15), we
evaluated three scenarios: (1) considering MRI T1/T2 as inconclusive and excluding from
analysis, so patients with MRI = T2 would be considered as having invasive lesions, and
patients with MRI<T1 would be considered as eligible for LE; (2) considering MRI= T1/T2
as indicative of invasive lesion, and MRI <T1 as eligible for LE; (3) considering MRI= T2 as
indicative of invasive lesion, and MRI<T1/T2 as eligible for LE.

We present the case of a patient evaluated by both MCE and MRI in Figures 1 and 2.

Statistical analysis

RESULTS

Chi-squared test or t-test were used to compare proportions and means, respectively.
McNemar’s test was used to compare paired results of MCE and MRI, considering the
scenario in which MRI had better accuracy as reference. Sensitivity, specificity, positive
and negative predictive values (PPV and NPV, respectively) to predict deep submucosal
invasion were calculated for each diagnostic modality with their respective 95% CI. Kappa
statistic was calculated for the agreement between MCE or MRI and the histopathological
report. Stata (StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX:
StataCorp LLC) and Excel (Microsoft Corporation, Redmond, WA) were used for analyses.
Pvalues of 0.05 or less were considered significant.

In the period, 145 patients were evaluated by MCE, of whom 21 were excluded according
to the exclusion criteria (Fig. 3). Thus, the final study cohort consisted of 124 patients, of
whom 56 had also been evaluated with MRI. Eight patients had unsatisfactory MRI reports
and were excluded from the analyses of diagnostic performance.

The mean lesion size was 66.8 mm (SD 44.7). Table 1 describes the general

characteristics of the patients. The most frequent histopathologic diagnosis was
intramucosal adenocarcinoma (high-grade adenoma), representing 62.9% of the cases. The
histopathological diagnosis according to MCE and MRI reports is shown in Table 2.
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Six patients had MRI reports showing cT2/T3 or ¢T3 lesions. The histopathologic report
revealed low-grade adenoma in one, intramucosal adenocarcinoma in three, pT1sm1 in one,
and pT2 in only one (Table 2).

The sensitivity, specificity, PPV and NPV of the MCE and MRI (in the three different
scenarios) are presented in Table 3. Considering all 124 patients, the specificity of the MCE
was 97.3% (95%CI 92.2-99.4), and it was not significantly different when only patients who
had both MCE and MRI were included (97.4%, 95%CI 86.2-99.9). MRI had the highest
specificity when considering MRI=cT2 as positive for deep invasion (60.5%, 95%CI 43.4—
76.0) (scenario 3), but still lower than the specificity of MCE.

MCE had higher positive and negative predictive values than MRI, regardless of the
scenario. Accuracy was also higher for MCE. MRI had the highest accuracy when MRI>cT2
was considered positive for deep invasion (scenario 3). Since MRI showed better accuracy
in this scenario, we compared cases in which MCE was correct and MRI scenario 3 was
incorrect (Table 4). MCE was incorrect in 3/28 (10.7%) cases in which the MRI was correct.
In contrast, MCE provided a correct diagnosis in 18/20 (90%) cases in which the MRI was
incorrect (p=0.001). In the 2/20 remaining cases where both were incorrect, both methods
had understaged the lesion.

MCE incorrectly predicted invasion depth in 9/124 cases (4%) — 3 (33%) due to overstaging,
and 6 (66%) due to understaging. Considering scenario 3, in which MRI had better
accuracy, MRI incorrectly predicted invasion depth in 20/48 cases (41.7%), 15 (75%) due to
overstaging, and 5 (25%) due to understaging.

Regarding nodal staging, MRI reported positive lymph nodes in 5/48 (10.4%) cases. In one
case, it showed cTIN1; in two cases, it showed cT2N1; and in the other two cases, it showed
cT3bN1. In one of the cT3N1 cases, MCE also showed a Vn (invasive) lesion. This patient
underwent TME and the anatomopathological report showed a pT2N2a. In the other four
cases, MCE showed Vi (non-invasive) lesions, and the treatment was determined in a tumor
board meeting considering the patients’ clinical condition. Two patients (cT2N1 and cT1N1)
underwent TME, and the histopathological report showed intramucosal adenocarcinoma.
The other two patients (CT2N1 and cT3bN1) underwent LE (TEM and ESD), and the
reports showed intramucosal adenocarcinoma and T1sm1, respectively. Those patients were
followed for at least four years without recurrence.

DISCUSSION

This study highlights an important issue regarding the preoperative staging of rectal
neoplasms. Although many studies have shown that MRI is unreliable in differentiating
benign or superficially invasive rectal lesions from invasive lesions (12,14), MRl is still the
most commonly employed method to stage early rectal cancer. In a recent Dutch population-
based study published by Detering et al. in 2020, MRI was used as a single staging method
in 5288/5539 (95.5%) patients undergoing upfront surgical treatment for primary cT1-T2
rectal cancer. The remaining 251 patients (5.5%) were evaluated by both ERUS and MR,
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and in both situations MRI frequently overstaged pT1 tumors (55% of cases when it was
used alone, and 31% of cases when it was used with ERUS) (15).

The present study was not designed to evaluate the diagnostic performance of the MRI,

but we also observed a tendency of the MRI to overstage rectal lesions. This observation
may be biased since we did not actively seek all operated patients with <pT1 tumors who
might also have been evaluated by MRI. However, previous studies have shown that MRI
can overstage early rectal lesions in more than 40% of the cases (12,15,28,29). In addition,
four patients in the present study had an MRI showing cT3b or cT3c, but only one of them
had a deeply invasive lesion. We likely overestimated the proportion of MRI false positives
for deep invasion because we only included non-pedunculated sessile polyps, LSTs, and
depressed-type lesions. Nevertheless, those findings highlight the importance of reporting
the endoscopic aspect of the lesions, especially in studies on non-operative management of
rectal cancer. None of the papers included by two systematic reviews on the “Watch and
Wait” approach reported the pretreatment endoscopic aspect of the lesions. Up to 30% of the
patients in those studies were classified as cT2, but only about half of the studies used ERUS
besides MRI. (30,31)

Even though providers acknowledge that MRI is not an ideal method to evaluate early rectal
cancer, results from a recent poll on Twitter®, posted by Dr. Sam Atallah, showed that
many of them still rely on MRI to stage those lesions. (32) The survey asked about the

next step in the case of a 68-year-old male with a 3 cm rectal polyp whose biopsy showed
high-grade dysplasia. The conventional endoscopy could not tell if the lesion was invasive
or not. Of the 849 respondents, 35% voted for LE, 25% for full staging workup, 33% for
MRI, and 7% for re-biopsy. The fact that one-third indicated MRI for a 3 cm rectal polyp

is noteworthy. Although the survey did not have scientific purposes, it provided valuable
information regarding real-life practice.

Local excision, the most voted response, might be an option when there is doubt regarding
the local stage of early lesions. It has been proposed that LE could be a diagnostic tool (or
“excisional biopsy”) (15,33). This approach is supported by studies showing no difference
in complications in salvage TME following TEM (34-37) or TAMIS (38). However, a
meta-analysis by Chaouch et al. (2021) comparing the outcomes of primary TME with
salvage TME following LE showed that the latter resulted in a significantly lower number of
harvested lymph nodes (o= 0.006) (39). In addition, few studies reported data on long-term
outcomes, so there is little evidence regarding recurrence rates in such cases.

Nevertheless, since salvage TME is an option when LE is not curative, MCE may offer

an advantage over MRI. In the present study, we observed that MRI tends to overestimate
the stage of early rectal lesions. In contrast, MCE only overestimated invasion depth in
3/124 cases (2.4%). Furthermore, MRI can also overestimate nodal staging. In Detering et
al., MRI accused cN1 for tumors that were pNO in 56% of the cases (15). In our cohort,
MRI showed cN1 in 5/48 (10.4%) patients, four of whom actually had superficially invasive
lesions (<pT1sm1), which carry a very low risk of lymph node metastasis (<2%) and could
be treated with LE. (25) In all those five cases, MCE had accurately predicted invasion
depth. The high specificity (97.3%, 95% CI 92.2-99.4) and NPV of MCE in our study
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(94.6%, 95% CI 88.7-98.0) means that MCE showing a pit pattern not suggestive of deep
invasion supports the referral to LE.

The present study is consistent with prior literature that reported a high accuracy of the MCE
to differentiate T1sm1 from T1sm2/sm3 lesions (7,16-18). A strength of our study is that we
included patients who had both MCE and MRI. The MCE was correct in 90% of the cases in
which the MRI was incorrect. In contrast, MRI provided a correct diagnosis in only 11% of
the cases in which the MCE was incorrect (p=0.001).

We must address the limitations of this study. Firstly, we did not include a comparison with
ERUS, which is considered a better method than MRI for T staging of early lesions. (7)
However, studies have shown that ERUS might have limited accuracy in real-life practice.
(5) A systematic review and meta-analysis by O’Connell et al. (2019) showed that ERUS
had modest to limited accuracy for benign and T1 lesions, respectively. (40) Moreover,

in all 11 studies included, the mean lesion size was either not reported or lower than 43

mm, considerably lower than the mean size of the lesions in the present study, 67 mm. As
previously mentioned, ERUS has lower accuracy for lesions larger than 50 mm (1,5-8), so it
would be a suboptimal indication for the studied population.

Secondly, one can argue that the accuracy of MCE is operator dependent. However, MRI
for rectal cancer staging is also observer-dependent and also requires specific training.
Advances in image resolution, artificial intelligence, and computer-aided diagnosis in both
colonoscopy and MRI may mitigate this dependence on observer experience and impact the
performance of those exams in the future.

Lastly, this is a retrospective study and not all patients had MRI. Also, we did not

have a blinded senior radiologist re-evaluate the MRI reports, not even the inconclusive
reports. Thus, we cannot draw any definitive conclusion regarding the performance of MRI.
Nevertheless, we aimed to demonstrate the real-life performance of both MCE and MRI.
MCE images were not re-evaluated either, and all clinical decisions were made with the
reports available. Yet, all MCE evaluations were supervised by a single senior endoscopist
while a team of different radiologists interpreted the MRIs, which is a relevant limitation of
this study.

Conclusion

MCE is a reliable method to predict depth of invasion in sessile polyps, LSTs =20mm, and
depressed-type lesions. Therefore, if MCE is available, it should be used to assess patients
with sessile polyps, LSTs =20mm, and depressed-type lesions before they are referred to
TME or chemoradiotherapy.
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Figure 1.
67 year-old male patient who underwent rectal MRI for baseline staging. (A and B) Oblique

axial and (C and D) sagittal T2WI1 show a lower rectal polypoid tumor contained by the
muscularis propria, consistent with T1/T2 lesion.
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Figure 2.
Same patient of Figure 1 was assessed and treated by colonoscopy. A. High-definition

white light image (retroflexion view) shows a laterally spreading tumor, granular type,
located in distal rectum, close to the dentine line. B. Lesion margins delineated with

0.4% indigo carmine dye spraying. C and D. Magnifying chromoendoscopy reveals Vi pit
pattern, a noninvasive aspect that would correspond to either intramucosal adenocarcinoma
or adenocarcinoma with superficial invasion of the submucosa (T1sm1). Endoscopic
submucosal dissection (ESD) was indicated. E. Lesion partially dissected during the ESD
procedure. F. The ulcer bed after the sucessfull en bloc resection. G. Resected specimen
(115 x 110 mm). Histology revealed an intramucosal well diferentiated carcinoma without
lymphovascular invasion and free margins. H and 1. Four-year follow-up colonoscopy
presenting a scar in the distal rectum with no signs of recurrence (H. Frontal view; .
Retroflexion view).
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145 patients
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21 cases excluded:

- 10 completed resection in another service

- 3 fragmented specimens

= 3LSTs <20mm

- 2 eroded lesions

- 2referred to chemoradiotherapy

- 1 had undergone chemoradiotherapy weeks before

124 patients

-

R

56 MRI + MCE 68 MCE only
8 (14.3%) low anterior 4B (85.7%) 3 (4.4%) low anterior 65 (95.6%)
resection with TME local excision resection with TME local excision
- 3 (37.5%) inframucosal | |- 8 (16.7%) low-grade adenoma - 1(33.3%) pT1sm1 17 (26.1%) low-grade adenoma

adenocarcinoma
= 1 ({12.5%) pT1sm1
- 4 (50.0%) pT2

Figure 3.
Included cases

- 32 (66.7%%) intramucosal
adenoma

= 1(2.1%) pTism1

= 7 (14.6%) pT1sm3 or more

- 2(66.7%) pT2
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Table 1.
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General characteristics of patients who underwent only MCE and patients who underwent MCE and MRI

Only MCE (n=68) MCE and MRI (n=56) pvalue Total (n=124)
Age, y (mean) 65.1 (SD 10.8) 64.5 (SD 9.8) 0.77  64.8(SD 10.3)
Size, mm (mean) 66.8 (SD 44.7) 71.9 SD (36.2) 0.49 69.1 (SD 40.2)
Paris classification
LST-G homogeneous 10 (14.7) 7 (12.5) 17 (13.7)
LST-G nodular mix 33 (48.5) 25 (44.6) 58 (46.8)
LST-NG flat elevated 15 (22.1) 6 (10.7) 21 (16.9)
LST-NG pseudodepressed - 1(1.8) 0.06 1(0.8)
Is 4(5.9) 11 (19.6) 15 (12.1)
le - 2(3.6) 2(1.6)
Ip - 1(1.8) 1(0.8)
residual lesions 6 (8.8) 3(5.4) 9(7.3)
Pit Pattern
Hi-L 1(15) - 1(0.8)
v 16 (23.5) 8(14.3) 016 24 (19.3)
Vi 47 (69.1) 40 (71.4) 87 (70.2)
vn 4(5.9) 8(14.3) 12 (9.7)
Histopathologic diagnosis
Low-grade adenoma 17 (25.0) 8(14.3) 25 (20.2)
Intramucosal adenocarcinoma (high-grade adenoma) 43 (63.2) 35 (62.5) 007 78 (62.9)
pTismi 4(5.9) 2(3.6) 6 (4.8)
2pTIsm2 4(5.9) 11 (19.6) 15 (12.1)
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Table 4.

Comparison of MCE and MRI correct and incorrect results.

MRI correctl MRl incorrect! ~ Total

MCE correct 25(89.3) 18 (90.0) 43
MCE incorrect 3(10.7) 2 (10.0) 5
Total 28 20 48

Page 17

MRI was considered correct when MRI=cT2 was considered positive for deep invasion and MRI<cT1/T2 was considered negative for deep

invasion. Otherwise, MRI was considered incorrect. Patients with inconclusive MRI were excluded.
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