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Proposal of novel staging system CNM (Crohn’s
primary site, nodes, mesentery) to predict postoperative
recurrence of Crohn’s disease
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After oncologic resection, histological grading and staging of the tumor give important prognostic information about the future
risk of recurrence and hence influence the subsequent management plan. Several studies and their meta-analysis have shown
that various histological features (e.g.,, microscopic positive resection margins, plexitis, granuloma, mesenteric inflammatory
activity) can predict postoperative clinical/endoscopic/surgical recurrence after resection in Crohn’s disease (CD). Inclusion
of mesentery in surgical resection specimens has been shown to reduce surgical recurrence after ileocolonic resection in CD.
However, there is no uniform histopathological staging system for risk stratification in postoperative CD to systematically pre-
dict postoperative recurrence. This is because the prediction to date is based on clinical characteristics (smoking status, disease
phenotype, surgical history). Histopathological predictors are still not adopted in routine clinical practice due to the lack of a
uniform staging system, heterogeneity of published studies and lack of standardized definition of histological features. In this
article, we attempted to incorporate all such histological features in a single histological staging system CNM (Crohn’s primary
site [resection margin positivity, plexitis, granuloma, depth of infiltration], nodes [presence of granuloma], mesentery [involved
or not]) in surgical resection specimen in CD. The proposed CNM classification would help to enable systematic reporting, de-
sign future clinical trials, stratify postoperative recurrence risk and choose appropriate postoperative prophylaxis. (Intest Res
2023;21:196-204)
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INTRODUCTION

The term “recurrence” in oncology denotes that cancer has re-
curred after some time during which it could not be detected.
Postoperative recurrence (POR) in Crohn’s disease (CD) is
not truly recurrence as the original disease persists micro-
scopically because most of the resections are limited and not
radical as in oncological practice. This later manifests as endo-
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scopic/clinical/surgical recurrence. So, recurrence in postop-
erative CD is primarily “relapse” or “persistent CD” rather than
true recurrence. Among the histological features predicting
recurrence in postoperative CD, the most commonly studied
factor is positive resection margins. Microscopic positive re-
section margin increases the risk of clinical, surgical, and early
recurrence (<12 months) by 2-, 9-, and 6-fold, respectively (Ta-
ble 1)." Similarly, a retrospective study has shown that the in-
clusion of mesentery at ileocolonic resection in CD reduces
the surgical recurrence rate substantially (40% to 2.9%).” How-
ever, the study results are confounded by different follow-up
times and concerns regarding a higher risk of postoperative
complications due to vascular compromise.’ Hence, this is
currently studied in randomized controlled trials (RCTs)." My-
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Table 1. Definitions of Various Factors in the CNM (Crohn's Primary Site, Nodes, Mesentery) Classification

Definitions

Clinical recurrence
logical examination or endoscopy.

Endoscopic recurrence

Recurrence of symptoms related to Crohn's disease (e.g., pain abdomen, loose stools, weight loss, etc.) confirmed by radio-

Anastomotic Rutgeerts score of i2 or higher (i.e, more than 5 aphthous lesions with intervening normal mucosa, diffuse

aphthous ulcersfinflammation, larger ulcers, nodules or luminal narrowing or lesions not confined to the ileo-colonic

anastomosis).
Surgical recurrence
Early recurrence

Positive resection
margin

Crohn's disease associated complications warranting repeat resection need for a redo resection.
Recurrence in in any form (clinical, endoscopic, or surgical) within 12 months of the first resection.

Presence of the following in the proximal or distal resection margin: architectural distortion (e.g., crypt branching, crypt
loss, etc.), cryptitis, erosions, ulcerations, fibrosis, granulomas, neuronal hyperplasia, Paneth cell metaplasia, transmural

inflammation with lymphoid aggregates, and basal plasmacytosis.

Granuloma

Plexitis

Well-defined non-caseating granuloma (i.e., clusters of macrophages and lymphocytes) without associated foreign bodies.

Inflammatory cells (lymphocytes, mastocytes, or eosinophils) infiltration into or adjacent to enteric nerve bundles and

ganglions evident on hematoxylin and eosin stain and/or immunohistochemistry. Subdivision: myenteric plexitis or

submucosal plexitis.

enteric plexitis (MP) is associated with a 30% higher risk of
clinical but not surgical recurrence. Granulomas in resected
mesenteric lymph nodes and in the intestine were associated
with a higher risk of both surgical and endoscopic recurrence.'
Apart from these factors, depth of infiltration (e.g, transmural
involvement) can also be predictive of POR. We incorporated
all these factors in our proposed Crohn’s primary site, nodes,
mesentery (CNM) staging to systematically evaluate and his-
topathological report resected surgical specimens in CD. This
could potentially help to risk stratify postoperative CD and
plan controlled trials studying histological factors for predict-
ing POR in CD along with other clinical predictors.

HISTOLOGICAL PREDICTORS OF POR OF CD

For ease of classification, under the heading “C” we have in-
cluded predictive factors which are within the intestine wall
like resection margin, inflammation in the neural plexus (plex-
itis), granuloma and depth of infiltration. Under heading “N,
we have included factors within lymph nodes (e.g., granulo-
ma) and in “M” we have included mesenteric involvement
(Table 2).

1. Crohn’s Primary Site (C) (within the Intestinal Wall)
1) Resection (R) Margin

By far, the strongest evidence for predicting POR in CD is pres-
ent for positive microscopic resection margins on surgical bi-
opsies. An earlier RCT concluded that recurrence in CD is un-
affected by resection margins influencing the guidelines to
recommend bowel sparing surgery in CD.”® But a current me-
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ta-analysis including 21 studies with over 2,000 patients showed
that the risk of clinical and surgical risk was nearly 1.26- and
1.87-fold in patients with positive resection margin with a trend
towards endoscopic recurrence. Similar results were seen in-
cluding studies that only evaluated ileocecal resection. A sin-
gle study performing multivariate analysis reported 2-, 9-, and
4-fold higher odds of clinical, endoscopic, and surgical recur-
rence.” Studies performing time to event analysis showed ap-
proximately 3-fold higher hazard of endoscopic recurrence,
2-fold higher hazard of clinical recurrence, and 3- to 9.6-fold
higher hazard of surgical recurrence with active disease mar-
gin.S»ll
scopic as expected and not clinical or surgical. The risk of en-

Early recurrence (<12 months) was primarily endo-

doscopic recurrence was 6-fold in persons with a positive re-
section margin compared to those who have a negative mar-
gin.' Based on the above findings, active disease margin at the
resection site is undoubtedly one of the most important fac-
tors predicting recurrence in postoperative CD. Whether re-
currence can be reduced by extended bowel resection or ear-
ly, aggressive medical prophylaxis remains to be determined
in properly designed studies. Nonetheless, we have included
this in the proposed CNM classification given the robust evi-
dence present so far (Fig. 1).

2) Plexitis (P)

Inflammatory cell infiltration in the nerve bundles and gangli-
on cells (plexitis) at the margins of resection was associated
with a 70% higher risk of endoscopic recurrence with a trend
toward clinical recurrence based on a recent meta-analysis
based on 10 studies involving more than 700 patients.' Similar
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Table 2. Proposed Staging to Predict Postoperative Recurrence in Crohn's Disease Based on Histopathological Factors in Resected Specimen

Components of the CNM staging Description
C (Crohn's primary G (Granuloma)
site: factors GO No granuloma at resection specimen or margin
within intestinal . )
wall) G1 Granuloma present at margin/specimen
Subcategory
A Granuloma at resection specimen
B Granuloma at resection margin
C Granuloma at both resection specimen and margin
R (Resection margin)
RO Resection with negative microscopic margins at both ends
R1 Resection with positive microscopic margins
Subcategory
A Involvement of proximal margin
B Involvement of distal margin
C Involvement of both proximal and distal margin
| (Infiltration depth)
11 Involving submucosa
12 Involving muscularis propria
13 Involving subserosa or non-peritonealized perirectal or pericolic tissue
14 Involving adjacent organ or structures and/or perforated visceral peritoneum
P (Plexitis)
PO No plexitis
P1 Mild plexitis (< 4/HPF)
P2 Moderate plexitis (4-9/HPF)
P3 Severe plexitis (>9/HPF)
Subcategory
A Plexitis in myenteric plexus
B Plexitis in submucosal plexus
C Plexitis in both myenteric and submucosal plexus
Final C staging C1 Any 1 of the following is present: granuloma, positive resection margin, plexitis or transmural involvement
C2 Any 2 of the following is present: granuloma, positive resection margin, plexitis or transmural involvement
C3 Any 3 of the following is present: granuloma, positive resection margin, plexitis or transmural involvement
C4 All 4 of granuloma, positive resection margin, plexitis and transmural involvement
N (nodal Nx Regional nodes cannot be assessed
granuloma) NO No granulomas in regional lymph nodes
N1 Granulomas in regional lymph nodes
M (mesentery MO Mesentery not involved
involvement) M1 Mesentery involved (microscopic evidence in the form of thickening of the surface mesothelium/

submesothelial/interlobular connective tissue with or without presence of connective tissue septations)
but no visible fat wrapping/mesenteric thickening

M2 Grossly visible mesenteric involvement in the form of fat wrapping and mesenteric thickening

Subcategory
A Minimal fat wrapping and mesenteric thickening
B Fat wrapping < 25% of circumference with mesenteric thickening (adipo-vascular pedicle or pan-mesenteric)
C Fat wrapping >25% of circumference with pan-mesenteric thickening

CNM, Crohn's primary site, nodes, mesentery; HPF, high-power field.
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Fig. 1. Schematic representation of the proposed the CNM (Crohn's primary site, nodes, mesentery) classification.

results were replicated in the ileocecal resection subgroup.
Most recurrences at ileal anastomosis after ileocolic resection
can be explained by uniform involvement of proximal rather
than distal resection margin across the studies.'*"” Plexitis can
be subdivided into MP (between circular and longitudinal
muscles) and submucosal plexitis (SMP). Earlier studies eval-
uated both MP and SMP and have used both hematoxylin and
eosin staining and immunohistochemistry (CD117 and CD3
for mastocytes and lymphocytes respectively)."*'* On multi-
variate analysis, plexitis was associated with 10-fold higher
risk of endoscopic recurrence and a 30% higher risk of surgical

recurrence.*"

Plexitis in MP and not SMP was associated with
an increased risk of endoscopic recurrence when assessed by
hematoxylin and eosin staining alone."” Studies have shown
that at least 1 eosinophil and 6 lymphocytes in SMP predicted
surgical recurrence whereas at least 1 lymphocyte in SMP or
MP predict endoscopic, clinical and surgical recurrence.'*

The hazard ratio of surgical, endoscopic, and clinical recur-
rence were 9, 6, and 4, respectively, in the presence of plexitis
on time to event analysis." Overall 4 studies also reported a 30%
higher risk of early endoscopic recurrence (<12 months) with
plexitis.*"***! The severity of plexitis (mild: <4/high-power
field [HPF], moderate: 4-9/HPE severe: >9/HPF) correlates
with the risk of endoscopic recurrence, although similar endo-
scopic recurrence rates have been reported with both moder-
ate and severe plexitis."*'>""

Regardless of the method of assessment, diagnostic criteria,
severity, or MP/SMP involvement; plexitis is a strong predictor

of POR as well as aggressive CD course with fistulizing com-
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12,13,15

plications.

3) Granuloma in Resection Specimen or Margin (G)

On recent meta-analysis based upon a total of 19 studies with
more than 1,700 patients showed a significantly increased risk
(~30%) of endoscopic and clinical recurrence with a trend to-
wards higher surgical recurrence in CD." In studies perform-
ing multivariate analysis, the odds of surgical recurrence were
2-fold in the presence of granulomas whereas only one study
evaluated endoscopic recurrence (adjusted odds ratio, 1.63).”*

On survival analysis, the hazard ratio for endoscopic, clini-
cal and surgical recurrence were approximately 2, 3, and 2, re-
spectively."***" A higher risk (80%) of early endoscopic recur-
rence was noted in presence of granulomas.***

Among all the studies, some had studied resection margin
as well as from remaining specimen for granuloma while oth-
ers studied only margin.' Hence, in the CNM classification, we
considered granulomas in the resection margin as well as in
the resected specimen. It is important to consider that granu-
lomas are less commonly seen compared to features such as
active margins/plexitis (more in young and long-standing/se-
vere diseases) and its detection can have significant interob-
server variability.'*** However, granulomas are one of the
important risk factors for POR in CD.”!

4) Infiltration (I) Depth

A recent multicenter study has also shown that transmural
CD lesions (involving mucosa: cryptitis, mucosal inflamma-
tion; submucosa: fibrosis; subserosa: lymphoplasmacytic infil-
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trate) at the ileal resection margin increased the risk of clinical
and early endoscopic recurrence (assessed at 6 months)." It
is known that disease severity and penetrating complications
go hand in hand with increasing depth of infiltration in CD. So,
further studies are required to establish whether the depth of
infiltration at the resection margin or specimen influences
POR in CD. This is the reason why we included this in the CNM
classification (Table 2).

2. Nodes (N)

Mesenteric lymph nodes act as a driver for POR in CD as mem-
ory T- lymphocytes migrate from the lymph nodes to the anas-
tomotic site after resection to initiate inflammation leading to
future recurrence.”” Hence resection of all draining lymph
nodes along with affected bowel is termed as “patho-physio-

logical excision of CD!

Nodal Granuloma

Recent studies have shown that mesenteric lymph nodal gran-
ulomas increased the risk of endoscopic and surgical recur-
rence by 2-fold. These studies highlighted that granulomas in
the mesenteric lymph nodes and not those in the intestine in-

*27 Hence

crease the risk of surgical or endoscopic recurrence.
mesenteric and intestinal granulomas should be differentiat-
ed in histopathology reports.*” Spread of intestinal inflamma-
tion into adjacent mesentery and lymph nodes leads to the
formation of granulomatous reaction in mesenteric lymph
nodes and indicates severe disease. Mesenteric lymph nodes
provide immunological inputs to the adjacent intestine which
could explain why the presence of mesenteric granuloma is
an independent predictive factor of POR in CD.” We included
mesenteric nodal granuloma as a separate entity from intesti-

nal granuloma in the CNM classification.

3. Mesenteric Involvement (M)

Mesenteric adipose tissue migrates to the site of intestinal in-
flammation in CD which leads to the fat wrapping of the in-
flamed intestine. Recent studies have highlighted the intercon-
nection of mesentery with other abdominal organs.” In a ret-
rospective study, it was shown that mesenteric resection sub-
stantially reduced POR rates (40% to 3%).”

However, block resection and mesenteric inclusion surger-
ies were performed at different points in the time frame lead-
ing to variation in flow up time and postoperative prophylactic
therapy which could influence the results of the aforementioned
study. Another cohort study has shown that limited mesenter-
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ic excision was an independent risk factor of POR after colorec-
tal resection in CD.* RCTs are being performed in this regard,
results of which are awaited.’

Macroscopically, the degree of fat wrapping and mesenteric
thickening determines the degree of mesenteric involvement
(the mesenteric disease activity index) which correlates mi-
croscopically with the thickening of surface mesothelium/sub-
mesothelial connective tissue complex, increasing connective
tissue septations, and adipose tissue number.” The mesenteric
disease activity index, on the other hand, correlated with mu-
cosal disease activity, Crohn’s Disease Activity Index, and cir-
culating white cells fibrocyte percentage.” Mesenteric excision
removes mesenteric mesenchymal inputs along with immu-
nological inputs from mesenteric lymph nodes to the inflamed
intestine and also hinders fibrocyte recruitment. The meso-
rectal tissue in CD expresses high numbers of tumor necrosis
factor a-producing CD14+ macrophages with reduced expres-
sion of markers of wound-healing (e.g., CD206). Hence, exci-
sion of the mesolectal tissue after close rectal dissection re-
duces perineal complications. This highlights the pathophysi-
ological role of the mesentery in CD recurrence.’

We have included mesenteric involvement in our proposed
classification as it is proven to have some role in POR and dis-
ease activity. Mesenteric involvement is defined as the thick-
ening of the surface mesothelium/submesothelial/interlobu-
lar connective tissue with or without the presence of connec-
tive tissue septations extending from the submesothelium.

THE UNMET NEED AND THE PREPARATION OF
THE PROPOSAL FOR THE CNM CLASSIFICATION

The authors realized the need for a uniform classification in
postoperative CD based on histopathological examination of
the resection specimen which could be helpful to predict re-
currence. This was based on the realization that recurrence in
CD might not be true recurrence as in oncological resections
as it was increasingly evident that microscopic persistence of
disease at the margins of resection increase the possibility of
endoscopic, clinical, and surgical recurrence in CD.' Recur-
rence in CD is multifaceted and occur in the sequence of en-
doscopic, clinical and surgical recurrence with a strong corre-
lation between each of them (Fig. 2).” Recent studies have
shown that radiological evidence of recurrence could precede
endoscopic recurrence as endoscopy only evaluate the muco-
sal aspect of transmural CD.” It became increasingly evident
that factors other than active microscopic disease margins like

www.irjournal.org
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Fig. 2. Implications of proposed the CNM (Crohn's primary site, nodes, mesentery) classification on postoperative Crohn's disease.

depth of infiltration (transmural and extramural), granuloma
and plexitis at Crohn'’s primary resection site could predict re-

7,12,15,19,25

currence. Apart from the primary site of involvement,
involvement of the adjacent structures like nodes (specially
granuloma) and mesentery predict recurrence. This could be
due to the fact mesenteric adipose tissue and lymph nodes
help in mediating immunological, inflammatory and fibrotic
signals in the intestine.” This is substantiated by the fact that
circulating lymphocytes are incapable of producing recurrent
lesions after a small bowel transplant in CD if mesenteric lymph
nodes were removed fully along with the whole bowel.”” As
conceptualized, the authors reviewed the literature for all the
relevant literature on the histological prediction of recurrence
in CD. Previous pathology reports of postoperative patients
with CD were reviewed and most of the above -mentioned
factors were described except for plexitis. With the help of an
expert pathologist and based on published literature, we de-
veloped the various components of the classification. The CNM
staging was developed keeping in mind all these factors with
emphasis on simplicity and practical applicability without put-
ting an additional burden on the reporting pathologist.

The effectiveness of postoperative prophylactic therapy in
CD in the future would depend on risk stratification based on
clinical as well as histopathological predictors. The POR in CD
is a complex phenomenon affected by a multitude of factors
other than clinical and histologic predictors such as luminal
microbiota (depletion of butyrate-producing Lachnospiraceae
and abundance of Enterobacteriaceae) and cytokine profile

38,39

(interleukin 6 and interferon-gamma).™" A complete “patho-
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physiological excision of Crohn’s” removing microscopically
involved bowel along with mesentery and draining lymph nodes
can reduce the risk of POR. Systematic reporting of such fac-
tors in the pathological report of surgical resection based on
the proposed CNM classification would enable the study of
the histopathological factors systematically.

THE CNM STAGING

Examples of staging according to the CNM system are given in
Table 2. The capital letters signify Crohn’s primary site, drain-
ing mesenteric lymph nodes, and mesenteric involvement. In
“C” category (Crohn’s primary site), there are 4 subcategories
designated by capital letters (GRIP): G, granuloma; R, resec-
tion margin; I, infiltration depth; P, plexitis. In these subcatego-
ries, increasing involvement is designated by the addition of a
number (1, 2, 3, 4) and various types within the subcategory
are designated by capital letters (A, B, C) following the num-
ber (Table 2). Final C staging is based on the presence increas-
ing number of the following factors: granuloma, positive resec-
tion margin, moderate to severe plexitis or transmural involve-
ment (Table 2). Granuloma (G) is kept at the beginning so that
the “GRIP” mnemonic is easy to remember. In the “N” (node)
category, Nx indicates that regional lymph nodes cannot be
assessed, NO indicates no granulomas in resected regional
lymph nodes, N1 indicates granulomas in the resected lymph
nodes. In “M” category, MO denotes no involvement of adja-
cent mesentery in the form of thickening of the surface meso-
thelium/submesothelial/interlobular connective tissue with
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or without the presence of connective tissue septations. M1
indicates mesenteric involvement microscopically without
grossly visible fat wrapping or mesenteric thickening. M2 indi-
cates grossly visible fat wrapping or mesenteric thickening. M2
can be further divided into A, B, C according to the mesenteric
disease activity index.”

For example, a 25-year-old female with 8 years history of
CD, who underwent right hemicolectomy 9 months back pre-
sented with diarrhea and abdominal pain. Hence, she had an
early (<12 visible months) clinical and endoscopic recurrence
as colonoscopy revealed deep ulceration at the anastomotic
site as well as neoterminal ileum (along with wall thickening
in mid ileum on computed tomography: computed tomogra-
phy enterography). She was started on azathioprine immedi-
ately postoperatively. Later biologics were started due to early
recurrence along with oral steroids. A review of her operative
specimen showed no granuloma in the resection specimen
(GO), positive resection margins (R1), transmural infiltration
(I3), no plexitis (P0), no nodal granuloma (NO0), and gross mes-
enteric involvement (M2). So, the final staging would is C2 NO
M2.

FUTURE PERSPECTIVES

Apart from the above mentioned histological factors predict-
ing POR of CD, other factors such as microbiota recoloniza-
tion after surgery, gene expression profile of ileal mucosa and
various blood-based biomarkers are shown to predict POR in
CD."* Fusobacteria is the most important microbial driver or
POR, whereas expression of JAK-STAT at the ileal margin and
mitochondrial dysfunction inside foci of chronic inflamma-
tion is associated with a higher probability of POR."*"' Markers
of memory T cell response like CXCR3 ligands are also associ-
ated with higher POR in CD."” Future staging systems may in-
corporate these factors for prediction of POR in CD.

CONCLUSION

There is growing evidence that many histological factors in the
resected intestinal specimen in CD (C), mesenteric lymph
nodes (N) and mesentery involvement (M) predict POR in
CD. Most of the evidence is based mainly on retrospective stud-
ies without adjusting for confounding factors like disease se-
verity and postoperative prophylaxis. Hence there is a need for
future prospective studies evaluating all these factors. Howev-
er, such a study is challenging given the various factors that
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need to be studied. We have attempted to incorporate all the
histologic factors in the proposed CNM classification to en-
able systematic reporting which will help design such studies.
However, the individual weightage of each component of the
CNM classification needs to be evaluated based on validation
using multivariate analysis in future prospective studies. Until
such studies are published, further refinements of the classifi-
cation are warranted based on expert consensus development
before its routine clinical use."”*' Nevertheless, the CNM classi-
fication is the first attempt to systemically report and study
these predictive factors for POR. The CNM classification along
with existing clinical predictors (e.g, smoking, history of intes-
tinal resection) could help to predict recurrence effectively
and more accurately. Moreover, like the TNM classification for
malignancy, the CNM classification for CD has the potential
to not only predict “recurrence” systematically but also influ-
ence postoperative surveillance and prophylactic therapy.
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