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ABSTRACT

Background Immune-mediated diarrhea and colitis
(IMDC) is currently diagnosed and monitored by
evaluating clinical symptoms. Deep remission is
determined by endoscopic and histologic evaluation of
the disease process. However, repeating these invasive
procedures frequently can become cumbersome. We
sought to assess the role of fecal calprotectin (FC)
concentration as a non-invasive biomarker of endoscopic
or histologic remission.

Methods We performed a retrospective study of patients
with IMDC who were tested for FC at IMDC onset and after
IMDC treatment between June 2016 and March 2020.
Patient demographics, clinical variables, and FC data were
collected and analyzed to determine the optimal cut-off
FC concentration to predict endoscopic and histologic
remission.

Results Our sample comprised 77 patients with a
median age of 62 years; 66% were male and 94% were
Caucasian. Sixty-five patients (84%) achieved clinical
remission, 46 (60%) achieved endoscopic remission,

and 24 (31%) achieved histologic remission after IMDC
treatment. FC concentrations decreased from the time of
IMDC onset to the end of treatment (p<0.001). High FC
concentrations were associated with evident endoscopic
inflammation (p=0.003) and acute/chronic active colitis
(p=0.025) which positively correlated with the Mayo
Endoscopic Subscore (r=0.615, p=0.001) at the time

of IMDC onset. In patients who achieved endoscopic
remission after treatment, a significantly lower FC
concentration was observed at IMDC onset (p=0.006) and
after treatment (p<0.001) compared with those without
endoscopic remission. The cut-off FC concentration to
predict endoscopic remission was <116 pg/g and for
histologic remission <80 pg/g; these cut-offs had optimal
specificity (94% and 85%, respectively) and positive
predictive value (0.91 and 0.38, respectively).
Conclusions FC concentration may serve as a non-
invasive biomarker to predict endoscopic and histologic
remission in patients receiving treatment for IMDC,
minimizing the need for frequent invasive endoscopies.
Future prospective studies are needed to provide further
insight on the role of this marker in disease surveillance.

INTRODUCTION

Immune checkpointinhibitors (ICIs), namely
cytotoxic T cell lymphocyte-4 (CTLA-4) and
programmed death-1/programmed death-1
ligand (PD-1/L1) inhibitors, bear substantial
promise for patients with advanced malignan-
cies, with established survival benefit.! More
than eight ICIs are approved by the US Food
and Drug Administration as first-line therapy
for advanced-stage malignancies.” However,
as the effects of immune checkpoint blockade
on T cells are not specific to tumor antigens,
any organ system in the body can be affected,
leading to immune-related adverse events
(irAE).” Immune-mediated diarrhea and
colitis (IMDC), a commonly encountered
irAE, can lead to discontinuation of effica-
cious ICI therapy.*

Currently, oncologic guidelines for manage-
ment of IMDC are based primarily on clinical
symptoms.” % Common Terminology Criteria
for Adverse Events (CTCAE) grade 2 irAE
should prompt initiation of corticosteroid
therapy. Grade 3 or higher irAEs indicate a
need for hospitalization and corticosteroid-
sparing therapy, namely infliximab and vedol-
izumab, until clinical remission has been
achieved. Clinical symptoms are not always
an accurate measure of disease severity.””
High-risk endoscopic features (presence of
large, deep, and multiple ulcers and exten-
sive inflammation) are associated with an
increased risk of recurrence after clinical
remission, frequent use of selective immu-
nosuppressive therapy (SIT; ie, infliximab or
vedolizumab), higher rates of hospitalization,
and longer hospital stays.” We demonstrated
that fecal calprotectin (FC) as a stool inflam-
matory marker in patients with IMDC had a
strong association with endoscopic severity.6
There is evidence'” showing that endoscopic
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and histologic remissions in IMDC are associated with a
significantly lower recurrence rate. Frequent endoscopic
evaluation in a population of immunocompromised
patients with cancer, although warranted, is invasive and
burdensome. Therefore, we investigated the role of FC as
a non-invasive biomarker for measuring, monitoring, and
surveying IMDC disease activity during treatment.

Calprotectin, a calcium-binding protein, accounts for
60% of cytoplasmic proteins in neutrophils."" An elevated
FC concentration is associated with an increased concen-
tration of colonic mucosal neutrophils.'” Calprotectin
concentration in feces is six times higher than in plasma,
and FC may remain stable for up to 1 week at room
temperature, a highly desirable quality for a biomarker
of intestinal inflammation.'” Previous studies'* revealed
that FC can predict endoscopic inflammation, although
optimal cut-off values vary across studies. Growing
evidence shows that FC can be used as a biomarker to
assess endoscopic and histologic remission in inflam-
matory bowel disease (IBD)."® ' FC concentration also
correlates with severity of endoscopic inflammation in
patients with IMDC at the time of diagnosis.” Whether FC
can be used as a surrogate marker for endoscopic and
histologic remission and guide IMDC treatment has not
been studied.

To address this knowledge gap, we aimed to investigate
the association between FC and endoscopic and/or histo-
logic features of IMDC at the time of diagnosis and after
treatment. We sought to define optimal cut-off concen-
trations to predict endoscopic and histologic remission
after IMDC treatment to provide an alternative non-
invasive biomarker to monitor disease status and mini-
mize frequent endoscopic evaluations.

METHODS

Patient cohort

Informed consent was waived. Patients with IMDC whose
FC was evaluated at IMDC onset and after IMDC treat-
ment (steroid therapy with adjunctive SIT) between June
2016 and March 2020 were included. Patients who did
not undergo endoscopic evaluation at IMDC onset and
repeat endoscopy after treatment or had a diagnosis of
pre-existing IBD and mesenteric ischemia were excluded.
All patients stopped ICI therapy after IMDC diagnosis.
The detailed patient selection process is shown in online
supplemental figure 1.

Clinical data collection

All patient data were obtained from institutional elec-
tronic medical and pharmacy databases. Baseline demo-
graphic data and oncology variables were extracted.
IMDC features including time of IMDC onset, clinical
presentation, endoscopic and histologic findings, initial
IMDC duration, and type and duration of treatment were
also collected.

IMDC outcomes assessment
IMDC severity was graded according to CTCAE V.5.0."”
Clinical remission was defined as a sustained resolution

of symptoms to grade <Il. Endoscopic findings were
described as mucosal ulceration, non-ulcerative inflam-
mation (erythema, exudate, loss of vascular pattern,
edema, friability, or erosions), or normal appearance.
The Mayo Endoscopic Subscore was used to assess endo-
scopic activity at IMDC onset. Endoscopic remission was
defined as a resolution of inflammation on repeat exam-
ination. Histologic patterns were categorized as acute
active colitis, chronic active colitis, microscopic colitis,
or normal. Histologic remission was described as a reso-
lution of active inflammation, with or without chronic
inactive inflammation, as determined by two experienced
pathologists. IMDC recurrence was defined as recurrent
symptoms of IMDC >1 month after resolution of initial
IMDC episode.

FC measurement

Stool samples were collected by patients within 24 hours
of the assay. FC concentration was tested as a standard
laboratory protocol at IMDC onset and after treatment of
IMDC using QUANTA Lite Calprotectin ELISA. FC <50.0
pg/g was considered negative, 50.1-120.0 pg/g border-
line, and =120.1 pg/g as abnormal based on the criteria.
The lower and the upper limits of detection for FC were
15.6 pg/g and 1000 pg/g, respectively. Consequently, all
FC levels <15.6 pg/g and >1000 pg/g were considered
as equal to 15.6 pg/g and 1000 pg/g, respectively. In
patients who had multiple FC tests while receiving treat-
ment for IMDC, the most recent value was recorded as
the post-treatment FC concentration.

Statistical analysis

Statistical analyses were performed using SPSS V.24.0
software. Continuous variables were presented as mean
and SD or median and IQR, and categorical variables
were presented as frequencies and percentages. Differ-
ences between groups were compared using a paired or
unpaired t-test. Correlation analysis was determined using
the Spearman rank correlation coefficient (r). Overall
predictive performance was estimated by the area under
the curve (AUC) of the receiver operating characteristic
(ROC) curve. The Hanley-McNeil method was used to
test the statistical significance of differences between AUC
values. The Youden index (sensitivity+specificity—1) was
calculated to determine the optimal cut-off FC concentra-
tion to predict endoscopic and histologic remission with
relatively high specificity. Sensitivity and positive predic-
tive value (PPV) were determined according to the diag-
nostic testing methodology. Risk factors for endoscopic
inflammatory activity were assessed by logistic regression
model with ORs and 95% ClIs. All statistical tests were two-
sided. P<0.05 was considered statistically significant.

RESULTS

Patient characteristics

Among a total of 77 patients, 65 (84%) achieved clinical
remission of IMDC, and 46 (60%) and 24 (31%) patients
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Table 1 Baseline demographic and clinical characteristics
of patients (N=77)

Characteristics n (%)
Median age at IMDC onset, years (IQR) 62 (52-71)
Male 51 (66)
White 72 (94)
Cancer type
Genitourinary cancer 35 (44)
Melanoma 17 (22)
Lung cancer 11 (14)
Others* 14 (18)
Cancer stage
Stage |lI 13 (17)
Stage IV 64 (83)
Checkpoint inhibitor type
CTLA-4 13 (17)
PD-1/L1 37 (48)
Combination 27 (35
Median duration from first FC test at IMDC 9 (8-13)
onset to last FC test after treatment, months
(IQR)
Median follow-up duration, months (IQR) 15 (11-26)
Death, any cause 20 (26)

Cause of death is due to cancer progression in all 20 patients.
*Gastrointestinal/hepatobiliary cancer (n=5), head and neck/
endocrine cancer (n=4), breast cancer (n=2), cervical cancer (n=2)
and sarcoma (n=1).

CTLA-4, cytotoxic T lymphocyte antigen-4; FC, fecal calprotectin;
IMDC, immune-mediated diarrhea and colitis; PD-1/L1,
programmed death-1/programmed death-1 ligand.

achieved endoscopic and histologic remission, respec-
tively. Patients’ demographic and clinical characteristics
are shown in table 1. The median age at IMDC diagnosis
was 62 years. Of the patients, 51 (66%) were male and 72
(94%) were Caucasian. Genitourinary cancer was the most
common malignancy, and most patients (83%) had stage
IV disease. Concerning ICI therapy, 13 patients (17%)
received CTLA-4 inhibitors, and 37 (48%) and 27 (35%)
patients received PD-1/L1 inhibitors and combination
therapy, respectively.

Patients’ IMDCrelated characteristics are presented in
table 2 and online supplemental tables 1 and 2. Fifty-two
patients (68%) had grade 34 diarrhea and 37 (48%) had
grade 3—4 colitis. Non-ulcerative inflammation was the most
common endoscopic feature (38 patients, 49%). Chronic
active colitis was the most common histologic feature (44
patients, 57%). The median Mayo Endoscopic Subscore
was 2 (IQR 0-3). The median duration of steroid use was
38 days (IQR 29-47), with a median of 2 tapering attempts.
SIT consisted of vedolizumab, infliximab and combination
therapy in 46 (60%), 16 (21%), and 15 (19%) patients,
respectively. Fifty-two patients (68%) received >3 doses of SIT.

Association between clinical characteristics and FC
concentration at IMDC onset

The mean (+SD) FC concentration decreased signifi-
cantly after IMDC treatment (140+8 pg/g from 442+37
pg/g, p<0.001; figure 1A). A positive Spearman rank
correlation was observed between the Mayo Endoscopic
Subscore (at IMDC diagnosis) and FC concentration
(r=0.615, p=0.001; figure 1B). Neither diarrhea nor colitis
grade was associated with FC concentration at IMDC onset
(table 2). The presence of endoscopic mucosal ulceration
was associated with the highest FC concentration (641+71
Pg/g), and significantly higher than the mean value in
non-ulcerative inflammation (438+54 pg/g, p=0.031)
and in normal-appearing colonic mucosa (263+44 pg/g,
p<0.001). Acute and chronic active colitis were associated
with higher FC concentration at IMDC onset compared
with microscopic colitis (acute active colitis: 512+96 pg/g,
chronic active colitis: 495+50 pg/g, microscopic colitis:
27046 ng/g, p=0.025; table 2).

Effect of treatment of IMDC on FC concentration

The median duration from first FC test at IMDC onset to
last FC test after treatment was 9 months (IQR 8-13). The
difference in FC concentration between IMDC onset and
last test following treatment of IMDC was used to assess
the effect of corticosteroid therapy and SIT. Neither dura-
tion (p=0.469) nor number of steroid therapy courses
(p=0.623) was associated with a significant change in FC
concentration. However, >3 doses of SIT were associated
with a larger difference in FC concentration compared
with 1-2 doses of SIT (p=0.033; online supplemental
table 2).

Association between IMDC outcome and FC concentration
Sixty-five patients (84%) achieved clinical remission, and
46 (60%) and 24 (31%) patients achieved endoscopic
and histologic remission of IMDC, respectively. Sixteen
patients (21%) had recurrent IMDC. The groups with
clinical and endoscopic remission at last follow-up had a
significantly lower mean FC at IMDC onset compared with
patients without remission (clinical remission: 406+38
pg/g compared with 641+98 pg/g, p=0.019; endoscopic
remission: 361+44 pg/g compared with 563+59 pg/g,
p=0.006; table 3). After treatment, a significantly lower
mean FC was detected in patients with endoscopic and
histologic remission than those who did not (endoscopic
remission: 110+8 pg/g compared with 184+13 pg/g,
p<0.001; histologic remission: 114+11 pg/g compared
with 152+10 pg/g, p=0.029; table 3). This difference was
not observed in patients with or without clinical remis-
sion (p=0.064) or IMDC recurrence (p=0.804; table 3).
Univariate logistic regression analysis showed that endo-
scopic remission was associated with lower FC concen-
tration (OR=0.97, 95% CI 0.96 to 0.99, p<0.001; online
supplemental table 3). A lower mean FC was also observed
in patients with clinical and histologic remission than in
those without (p=0.051 and p=0.056, respectively; online
supplemental table 3).
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Table 2 Association between clinical characteristics (categorical variables) and fecal calprotectin concentration at IMDC

onset (N=77)

Characteristics n (%) FC concentration (pg/g), mean+SD P value*
Diarrhea CTCAE grade 0.391
1-2 25 (32) 397+57
3-4 52 (68) 464+47
Colitis CTCAE grade 0.509
1-2 40 (52) 419+51
3-4 37 (48) 468+54
Endoscopic presentation 0.008
Mucosal inflammation 19 (25) 64171
Non-ulcerative inflammation 38 (49) 438+54
Normal 20 (26) 263+44
Histologic features 0.025
Acute active colitis 14 (18) 512+96
Chronic active colitis 44 (57) 495+50
Microscopic colitis 19 (25) 270+46

*Based on t-test for two-group comparison and one-way analysis of variance for three-group comparison.
CTCAE, Common Terminology Criteria for Adverse Events; FC, fecal calprotectin; IMDC, immune-mediated diarrhea and colitis.

ROC analysis and the predictive ability of FC
ROC analysis showed the AUC value for the ability of FC
concentration after IMDC treatment to predict endo-
scopic and histologic remission was 0.828 (p<0.001) and
0.664 (p=0.022; figure 2A,B), respectively. ROC analysis
with the Youden index criterion was performed to define
the optimal cut-off FC concentration to predict endo-
scopic and histologic remission. For endoscopic remis-
sion, a cut-off of <116 pg/g had a specificity of 94% and
a PPV of 0.91. For histologic remission, a cut-off of <80
pg/g had a specificity of 85% and a PPV of 0.38 (table 4).
Among patients who had clinical remission, a significantly
lower mean FC concentration was observed in patients with
endoscopic remission after treatment than in those without
(11048 pg/g compared with 187+19 pg/g, p<0.001), and
the AUC values for the ability of FC concentration to predict
endoscopic and histologic remission were 0.833 (p<0.001)
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and 0.685 (p=0.013), respectively (figure 2C,D). The
optimal cut-off FC concentration for endoscopic remission
among patients who achieved clinical remission was esti-
mated as <140 pg/g, with a specificity of 89% and a PPV of
0.95, and the optimal cut-off for histologic remission among
patients who achieved clinical remission was <80 pg/g, with
a specificity of 80% and a PPV of 0.38 (table 4). Among 64
patients who had fecal lactoferrin (FL) tests (qualitative) at
IMDC diagnosis and follow-up, the specificity of negative
FL after treatment in predicting endoscopic remission was
54%, with a PPV of 0.48. The specificity of negative FL after
treatment in predicting histologic remission was 52%, with
a PPV of 0.15 (online supplemental table 4).

DISCUSSION
irAEs present a major challenge in ICI therapy despite its
exceptional outcomes in treating advanced malignancies.
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(A) Mean fecal calprotectin concentration at IMDC onset and after treatment of IMDC (paired t-test). (B) Spearman

correlation between fecal calprotectin concentration and Mayo Endoscopic Subscore at IMDC diagnosis. IMDC, immune-

mediated diarrhea and colitis.
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Table 3 Association between IMDC outcome and fecal calprotectin concentration at IMDC onset and after treatment of IMDC

(N=77)
FC concentration at IMDC onset FC concentration after IMDC treatment
IMDC outcome n (%) Mean+SD, ug/g P value Mean=+SD, ug/g P value
Clinical remission 0.019 0.064
Yes 65 (84) 406+38 136+9
No 12 (16) 641+98 180+15
Endoscopic remission 0.006 <0.001
Yes 46 (60) 361+44 110+8
No 31 (40) 563+59 184+13
Histologic remission 0.097 0.029
Yes 24 (31) 352+60 114+11
No 53 (69) 483+41 152+10
Recurrent IMDC 0.080 0.804
Yes 16 (21) 31762 136+17
No 61 (79) 475+43 1419

FC, fecal calprotectin; IMDC, immune-mediated diarrhea and colitis.

The evaluation and management of IMDC, as one of the
most common irAEs, have been extensively studied.'®
Endoscopic and histologic remissions after treatment are
associated with low rates of recurrence.'? Frequent endo-
scopic assessment of IMDC activity, although invasive and
cumbersome to a population of critically ill patients with
cancer, provides optimal guidance for treatment deci-
sions that yield improvements in long-term outcomes. To
the best of our knowledge, this is the first study to show
that FC can serve as an alternative non-invasive biomarker
to monitor disease activity, to minimize the burden of
frequent endoscopy.

Calprotectin, a calcium-binding and zinc-binding
heterodimer, belongs to the S100 family,20 and is present
on the surface of polynuclear neutrophils and macro-
phages cells, facilitating their recruitment to sites of
inflammation.?' The synthesis of calprotectin is increased
during inflammatory processes22 given its antimicrobial
and immune-regulatory role via its interaction with zinc-
dependent metalloproteinase.”” Although calprotectin
is found in both plasma and feces, its concentration in
the latter is much higher.24 The main advantage of FC
is the derivation from direct mucosal contact that allows
the detection of intestinal inflammatory conditions more
precisely than serum biomarkers.”” FC is becoming the
most useful non-invasive tool for monitoring the mucosal
inflammation and assessing treatment response in IBD.

In our study cohort, we observe that active endoscopic
inflammation at the time of IMDC diagnosis is associ-
ated with a significantly higher mean FC concentration,
particularly in the presence of mucosal ulceration. This
is consistent with prior findings, where FC significantly
correlated with the Mayo Endoscopic Subscore (r=0.304,
p<0.001) in cohorts of patients with ulcerative colitis and
Crohn’s disease (r=0.61, p<0.001).%° *" Similar findings

have also been reported in other IBD studies.”®** Further-
more, this solidifies our work, which demonstrated that
the non-invasive FC testing correlated with IMDC endo-
scopic findings® and may serve as an initial cost-effective
biomarker of colonic inflammation.

A significant decrease in FC from the time of IMDC
onset to after treatment, accompanied by concurrent
endoscopic and histologic remission, was noted in this
cohort. To the best of our knowledge, a cut-off FC concen-
tration to predict IMDC endoscopic and histologic remis-
sion has not been previously reported, although similar
conclusions have been drawn regarding IBD. For instance,
Theede et al’® established that FC concentration correlates
with endoscopic and histologic activity in ulcerative colitis
and can be used as a surrogate marker to identify patients
with mucosal healing. They reported a cut-off of 192 pg/g
correlated with the Mayo Endoscopic Subscore, with a
PPV of 0.71 and a negative predictive value of 0.90. Tagh-
vaei et al’® observed a mean FC of 194 pg/g in patients
with mucosal healing; however, no predictive statistics
were made. Cannatelli et af’* found that FC could predict
endoscopic remission in patients with IBD, with the cut-
off being 233 pg/g, with 100% sensitivity and 79% speci-
ficity. Lobaton et al® reported that FC concentration <280
pg/g can identify mucosal healing with 75.4% sensitivity
and 89.1% specificity. Overall, the cut-off FC concentra-
tion for predicting endoscopic remission ranged from
100 pg/g to 300 pg/g with different reference range. Our
ROC analysis suggests a cut-off FC concentration of 116
pg/g to predict endoscopic remission, with an AUC of
0.828, specificity of 94%, and PPV of 0.91.

Several studies®®® confirmed that FC can detect histo-
logic remission and with threshold being lower than that
of endoscopic remission. Although a validated cut-off FC
to predict histologic remission has not been established,
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(A-B) Receiver operating characteristic analysis showing AUC values in the ability of fecal calprotectin concentration

to predict endoscopic (A) and histologic (B) remission (N=77). (C-D) Receiver operating characteristic analysis showing AUC
values in the ability of fecal calprotectin concentration to predict endoscopic (C) and histologic (D) remission in the clinical

remission group (n=65). AUC, area under the curve.

our results confirm the role of FC as a predictive marker
for histologic remission in patients with IMDC. In our
study, the optimal cut-off FC concentration to predict
histologic remission was <80 pg/g, with an AUC of 0.664%
and specificity of 85%. Although lower cut-off values allow
for higher specificity and PPV, they are harder to achieve

in practice. The high specificity of FC for prediction of
endoscopic and histologic remission highlights its utility
in disease monitoring and clinical decision-making.
IMDC therapy (steroid therapy and SIT) significantly
reduced FC concentration. While corticosteroids are
used for induction in IBD, their utility as agents for

Table 4 Performance of fecal calprotectin concentration in predicting endoscopic and histologic remission

Specificity

Endpoint Cut-off value, pg/g (%) Sensitivity (%) NPV PPV
Overall, N=77

Endoscopic remission, n=46 <116 94 46 0.54 0.91

Histologic remission, n=24 <80 85 21 0.70 0.38
Clinical remission group, n=65

Endoscopic remission, n=46 <140 89 78 0.63 0.95

Histologic remission, n=24 <80 80 21 0.63 0.38

NPV, negative predictive value; PPV, positive predictive value.
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maintenance of remission is limited given lack of data
and unfavorable side effect profile. In contrast, SITs,
namely infliximab and vedolizumab, are efficacious
biologics used for induction and maintenance to achieve
endoscopic and histologic remission, as demonstrated in
patients with IBD.* *

FL may have utility in predicting endoscopic and histo-
logic inflammation in IMDC. A meta-analysis of seven
studies showed that FL has high sensitivity and specificity
in suggesting the presence of gut inflammation.*' FL has
been established as a predictive tool for endoscopic and
histologic inflammation in IMDC, with 70% and 90%
sensitivity, respectively; however, specificity after therapy
is notideal in predicting endoscopic and histologic remis-
sion (54% and 52%, respectively).’

Our study has several limitations. The retrospective
study design provides suboptimal details of patients’
medication regimens and laboratory tests. Second,
patients included comprised only those who received SIT
and steroids. Our institutional guidelines* for manage-
ment of IMDC with mild symptoms do not recommend
routine FC testing and endoscopic evaluation. Hence, the
lack of a control group without SIT limits our assessment
of the use of FC concentration in predicting endoscopic
remission in those receiving steroid therapy alone. The
small sample size, highly selective inclusion criteria, vari-
ation in SIT dosing and duration of follow-up may under-
estimate certain confounding factors, limiting our ability
to perform subgroup analyses with adequate power.

CONCLUSION

FC concentration could serve as a predictive non-invasive
biomarker to assess colitis disease status in patients with
IMDC after treatment and aid in management decisions.
FC concentrations of <116 pg/g and <80 pg/g may be
the optimal cut-off values with high specificity to predict
endoscopic and histologic remission, respectively, which
can reduce the requirement for repetitive invasive endo-
scopic evaluation. The role of FC concentration in long-
term IMDC management needs validation in future
prospective studies.
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