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architecture and crypt abscesses (arrow)

Fig. 2 Endoscopic and histologic appearance of CPI microscopic colitis. a endoscopic image and H&E slide (b) from a patient with Mayo
Endoscopic Score 0 microscopic colitis arising while on adjuvant nivolumab for stage Ill melanoma; (b) Lymphocytic-pattern colitis. Note the
intact crypt architecture and increased intraepithelial lymphocytes (arrow). (c) endoscopic image and H&E slide (d) from a patient with Mayo
Endoscopic Score 3 colitis arising while on adjuvant nivolumab for stage Ill melanoma; (d) Acute self-limiting pattern injury. Note the intact crypt

with mucosal visualization. Together these 25/38 pa-
tients composed the non-microscopic colitis cohort.

Histology

Histologically, patients with MES of 0 showed either
lymphocytic colitis-pattern injury (12/13) or collagenous
colitis-pattern injury (1/13); 6 of the 12 cases with
lymphocytic-pattern injury also showed foci of cryptitis.
All 12 patients with MES of >=1 whose slides were
available for review showed an acute self-limiting colitis-
pattern of injury.

Case series

In-depth review of the medical record was performed
for the patients evaluated between 3/1/2017 and 3/1/
2019 who were found to have CPI enterocolitis. Baseline
characteristics are summarized in Table 1, Additional
file 1: Tables S2 and S3 with univariate analyses strati-
fied by enterocolitis subset. Of the 38 patients with con-
firmed CPI enterocolitis, melanoma and non small cell
lung cancer (NSCLC) were the most common under-
lying malignancies, though multiple advanced-stage
hematologic and solid malignancies were represented
(Table 1). Prior irAEs were uncommon (Additional file 1:

Table S2). Metastases to the gastrointestinal mucosa were
uncommon in both cohorts (Additional file 1: Table S3).
A total of 20/38 (52.6%) had macroscopically visible CPI
enterocolitis, with the distribution approximately evenly
split among MES 1-3 (Fig. 1). Average age at endoscopy
for the microscopic colitis cohort was 62 years and 7/13
(53.8%) were male, which did not differ statistically
from the non-microscopic colitis cohort (Table 1). Pa-
tients in both cohorts were treated primarily with PD-
1/PD-L1 therapies (microscopic colitis: 11/13, 84.6%;
non-microscopic colitis: 16/25, 64.0%) (Table 1). Aver-
age CTCAE grade was 2 for both cohorts and its distri-
bution did not show a significant difference between
the groups (p =1.000) (Table 1). Initial chemistries and
blood counts were typically within or near the normal
ranges. Slight lymphopenia with corresponding neutro-
philia was noted in both cohorts (Additional file 1:
Table S3).

Proton-pump inhibitors (PPIs), selective serotonin
reuptake inhibitors (SSRIs), and estrogen hormonal
therapy have been associated with an increased risk of
spontaneous microscopic colitis in epidemiologic studies
[24, 25]. We found no association with recent exposure
to PPIs (7/13, 53.9%), SSRIs (4/13, 30.8%), or estrogen
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Table 1 Baseline characteristics
Overall Microscopic colitis Non-microscopic colitis p-value
Number of patients 38 13 25 1.000
Age in years
Mean +/— SD 62.3 +/— 89 624 +/- 86 622 +/— 9.2 0.952
Median 62.5 62.0 64.0
Sex (M:F) 17:21 76 14:11 0.899
CPI regimen
a-CTLA-4 3/38 (7.9%) 1713 (7.7%) 2/25 (8.0%) 0.281
a-PD-(D1 27/38 (71.1%) 11/13 (84.6%) 16/25 (64.0%)
Combination CPI 8/38 (21.1%) 1/13 (7.7%) 7/25 (28.0%)
Tumor type
Melanoma 21/38 (55.3%) 6/13 (46.2%) 15/25 (60.0%) 0415
NSCLC 7/38 (18.4%) 3/13 (23.1%) 4/25 (16.0%) 0672
Other 10/38 (26.3%) 4/13 (30.8%) 6/25 (24.0%) 0.709
Prior irAE 14/38 (36.8%) 5/13 (38.5%) 11/25 (44.0%) 0.743
Prior medications
Antibiotics within 3 months 9/38 (23.7%) 2/13 (15.4%) 7/25 (28.0%) 0456
PPI 14/38 (36.8%) 7/13 (53.9%) 7/25 (28.0%) 0.163
SSRI/SNRI 10/38 (26.3%) 4/13 (30.8%) 6/25 (24.0%) 0.709
Estrogen 3/35 (7.9%) 2/13 (15.4%) 1/25 (4.0%) 0.265
Time from first CPI infusion to symptom onset (days)
Mean +/— SD 1395 +/— 1539 2250 +/— 2149 95.1 +/— 86.1 0.011*
Median 725 150.0 68.0
CTCAE symptom grade: median (IQR) 2 (1-3) 2 (1-3) 2 (1-3) 1.000

The p-value was calculated by ANOVA for numerical covariates and chi-square test or Fisher's exact for categorical covariates, where appropriate. Combination
CPI: all patients received a PD-(L)1 inhibitor in combination with ipilimumab either as standard of care or on an investigational protocol. SD: standard deviation.
CPl: immune checkpoint inhibitor. PD-(L)1: programmed cell death receptor (ligand)-1. NSCLC: non-small cell lung cancer. Other tumor types: breast cancer (n=1);
colorectal cancer (n = 1); cutaneous squamous cell cancer (n = 1); squamous cell cancer of the head and neck (n = 1); diffuse large B-cell lymphoma (n = 2);
multiple myeloma (n = 1); ovarian adenocarcinoma (n = 2); renal cell cancer (n = 1). PPI: proton-pump inhibitor. SSRI/SNRI: selective serotonin reuptake inhibitor/
serotonin and norepinephrine reuptake inhibitor. Prior medications were within one year of symptoms unless otherwise specified. CTCAE: Common Terminology
Criteria for Adverse Events. IQR: interquartile range. *statistically significant at significance of 0.05

All of the boldfaced numbers should be statistically signficant

(2/13, 15.4%) and the development of microscopic colitis
compared to non-microscopic colitis, though for each of
these drug classes the frequency of use was numerically
higher in the microscopic colitis cohort.

We assumed that the patient’s most recent immuno-
therapeutic regimen was responsible for the development
of microscopic colitis, and we defined the patient’s initial
CPI exposure by the first infusion of this treatment regi-
men. Time to symptom onset from initial CPI exposure
occurred a median of 150 days after initiation of CPIs in
the microscopic colitis cohort compared to 68 days in the
non-microscopic colitis cohort (Table 1, p =0.011). Time
from symptom onset to medical evaluation did not differ
significantly between the two groups. Common presenting
symptoms included diarrhea (microscopic colitis: 13/13,
100.0%; non-microscopic colitis: 24/25, 96.0%). Abdom-
inal pain and urgency were less common and did not dif-
fer between the two cohorts (Additional file 1: Table S3).

Primary endpoint assessment

The overall clinical course of each patient with microscopic
colitis is summarized in Fig. 3. Median time from first CPI
exposure to first glucocorticoid use was 258.2 days for the
microscopic colitis cohort but 120.6 days for the non-
microscopic colitis cohort (p =0.010), consistent with the
later onset of symptoms in patients with microscopic colitis
(Additional file 1: Table S3). 12/13 (92.3%) patients with
microscopic colitis were treated with budesonide, com-
pared to 3/25 (12.0%) patients with non-microscopic CPI
enterocolitis who were treated with budesonide in addition
to other glucocorticoids. Systemic glucocorticoid use was
significantly more common in the non-microscopic colitis
cohort (22/25, 88.0%) than in the microscopic colitis cohort
(3/13, 23.1%, p < 0.001), though glucocorticoids were initi-
ated within similar periods of time for each cohort (Table
2). Median time from symptom onset to resolution did not
differ between cohorts (microscopic colitis: 50.1 days; non-
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Fig. 3 CPI microscopic colitis clinical course. Summary of immunotherapy treatment history, symptom onset and duration, and initiation of
budesonide for the 13 patients in the microscopic colitis cohort. Patient 12 received systemic guideline-dose glucocorticoids, represented in

microscopic colitis: 49.9 days; p = 0.985) (Additional file 1:
Table S3). More than 80% of microscopic colitis and non-
microscopic colitis patients were GI symptom-free at 3
months after initial resolution (p =1.000) (Additional
file 1: Table S3).

Patients in the microscopic colitis cohort were signifi-
cantly more likely to remain on their CPI than were
patients with non-microscopic colitis (76.9% versus
16.0%, p <0.001) (Table 2). For patients who remained
on their CPI, patients with microscopic colitis received
more additional treatment than did patients with non-
microscopic colitis (average of 5.8 versus 1.6 additional
infusions, p = 0.03) (Table 2).

Secondary endpoint assessment

Less than half of each cohort was admitted for enterocoli-
tis symptoms; although patients with non-microscopic
colitis were admitted more often, this did not reach statis-
tical significance (microscopic colitis: 2/13, 15.4%; non-
microscopic colitis: 11/25, 45.0%; p =0.148). For patients
who were admitted, median length of stay was approxi-
mately one week in both cohorts. Patients in both cohorts
developed additional irAEs after development of colitis
(microscopic colitis: 3/13, 23.1%; non-microscopic colitis
11/25, 44.0%) (Table 2). Secondary immune suppression
for (entero)colitis, including TNFa inhibitors, were used
at similar rates in both cohorts (Table 2).
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Table 2 Colitis outcomes
Overall Microscopic colitis ~ Non-microscopic colitis ~ p-value

Interventions

Budesonide 15/38 (39.5%) 12/13 (92.3%) 3/25 (12.0%) <0.001*

Any systemic glucocorticoids 25/38 (65.8%) 3/13 (23.1%) 22/25 (88.0%) <0.001*

Systemic glucocorticoids < 1 mg/kg/d 14/38 (36.8%) 2/13 (15.4%) 12/25 (48.0%) 0.077

Systemic glucocorticoids 21 mg/kg/d 12/38 31.2%)  1/13 (7.7%) 11/25 (44.0%) 0.030*
Time from symptom onset to initiation of glucocorticoids (days)

Mean +/— SD 324 4+/- 37.1 332 +/- 260 320 +/— 427 0.928

Median 210 280 180
Proportion continuing CPI course 14/38 (36.8%) 10/13 (76.9%) 4/25 (16.0%) <0.001*
Proportion eventually discontinuing immunotherapy 29/38 (76.3%) 8/13 (61.5%) 21/25 (84.0%) 0226

Due to toxicity alone 22/38 (57.9%)  6/13 (46.2%) 16/25 (64.0%) 1.000

Due to any progressive disease 7/38 (18.4%) 2/13 (15.4%) 5/25 (25.0%)
Average number of additional infusions” 30+/-57 58 +/- 638 16 +/- 45 0.030*
Additional irAEs after colitis 8/38 (21.1%) 3/13 (23.1%) 5/25 (20.0%) 1.000
Response to first line treatment 22/38 (67.9%) 9/13 (69.2%) 14/25 (56.0%) 0429
Proportion of patients requiring second-line immunosuppression  23/38 (60.5%) 5/13 (38.5%) 18/25 (72.0%) Not calculated
Proportion requiring TNFa inhibitor 16/38 (42.1%) 4/13 (30.8%) 11/25 (44.0%) 0.429

The p-value was calculated by ANOVA for numerical covariates and chi-square test or Fisher’s exact for categorical covariates, where appropriate. TNFa: tumor
necrosis factor a. CPl: immune checkpoint inhibitor. SD: standard deviation. irAE: immune-related adverse event. *calculated among patients who continued CPls.
*denotes statistical significance at p = 0.05. Second-line immune suppression includes exposure to different glucocorticoids in the microscopic colitis cohort

All of the boldfaced numbers should be statistically signficant

We characterized oncologic outcomes associated with
CPI microscopic colitis (Additional file 1: Figure S1).
Median follow-up time was 18.8 months. The timeframe
of our study precluded the presentation of meaningful
OS data, and our small sample size precluded analysis
stratified by tumor type. Univariate Cox regression for
the effect of microscopic colitis on TTTF showed a haz-
ard ratio of 0.30 (95% CI 0.14—0.66); similar Cox regres-
sion analysis for effect on PFS showed a hazard ratio of
0.22 (95% CI 0.07-0.70).

Discussion

We defined a subset of CPI associated colitis that we
term “CPI microscopic colitis” that can be identified
endoscopically and responds to colonic formulated
budesonide, enabling treatment of this toxicity without
the use of systemic glucocorticoids and while continuing
immunotherapy for the underlying malignancy. The def-
inition of CPI microscopic colitis that we use is based on
mucosal assessment by endoscopy paired with biopsies;
these patients have no mucosal evidence of inflamma-
tion (Mayo Endoscopic Score 0) but have lymphocytic/
collagenous-pattern colitis on histopathology. We ex-
cluded patients with concurrent enteritis from this defin-
ition, as small intestinal inflammation is difficult to treat
with currently available budesonide formulations, and
thus such patients behave differently in the setting of
available treatments. Whether this cohort definition

identifies a distinct pathologic entity, or a milder subtype
of CPI enterocolitis with a distinct treatment response,
is unclear [6, 23]. In this retrospective analysis, we offer
an estimate of CPI microscopic colitis incidence with ap-
proximately a third of our patients with mucosal inflam-
mation falling into this group. We further describe key
features of the typical disease course, and compare them
to non-microscopic colitis. In our cohort, budesonide
was effective as first-line treatment for CPI microscopic
colitis, as it is in patients who develop spontaneous
microscopic colitis [24, 25]. Importantly, many of our
patients were able to remain on immunotherapy after
initiation of budesonide. Although immunotherapy was
ultimately discontinued in most patients, often for the
development of another irAE, several patients in the
cohort were able to complete their immunotherapy
treatment course while on budesonide.

Most of the patients in our cohort were identified by
flexible sigmoidoscopy paired with a negative upper en-
doscopy. Although CPI colitis can often have regional
variability, approximately 95% of patients have disease
on the left side, which would be observable by flexible
sigmoidoscopy [28]. For most of our cohort, we cannot
exclude the possibility that right-sided mucosal injury
would have been apparent had a full colonoscopy been
performed; however, our data suggest that colitis occur-
ring in the absence of left-sided mucosal injury can be
treated with budesonide, regardless of whether
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information about the right colon is available. Determin-
ing whether isolated right-sided colitis is a rare cause of
failure to respond to budesonide in otherwise apparent
CPI microscopic colitis will require evaluation of larger
cohorts. Upper gastrointestinal inflammation occurred
in 39.5% (15/38) of our cohort, either in isolation or
paired with colitis, indicating that gastric and duodenal
inflammation is common in patients with gastrointes-
tinal toxicities from CPIs and may be an important cause
of diarrhea in patients on CPIs who do not have colitis
on lower endoscopy [29].

From the range of cancers represented in our cohort,
we suggest that CPI microscopic colitis occurs across
cancer types, indicating a relationship to the immuno-
therapeutic agent rather than to cancer-specific factors.
The relatively large proportion of melanoma and non-
small cell lung cancer in our cohorts likely reflects the
prevalence of those cancers among patients on CPIs
more generally. We did not find a female preponderance
in our study, and in our analysis of the prevalence of se-
lected known risk factors for spontaneous microscopic
colitis, we found no predictors of disease [24]. Proton
pump inhibitor use and hormonal exposure in particular
were more common in the microscopic colitis cohort,
though this finding did not reach statistical significance.
Larger analyses will be necessary in order to definitively
determine whether such an association exists, as has been
reported for spontaneous microscopic colitis [24, 25].

We identified few clinical distinctions between CPI
microscopic colitis and enterocolitis presenting with mu-
cosal signs of inflammation, aside from the endoscopic
features used to define these cohorts. CPI microscopic
colitis and non-microscopic colitis were indistinguish-
able by CTCAE grade on presentation, as well as by rou-
tine laboratory testing. The frequency of microscopic
colitis was numerically higher in patients treated with
single agent PD-(L)1 blockade, though this association
did not reach statistical significance in this cohort.
Nevertheless, the finding is suggestive that combination
immunotherapy, which induces more frequent colitis,
may also lead to more significant mucosal injury. We
did find that the time interval between CPI exposure
and symptom onset was longer for CPI microscopic col-
itis (median 150.0 days) than for non-microscopic colitis
(median 68.0 days), though the intervals between the
two cohorts overlapped enough to preclude an accurate
diagnosis of microscopic colitis using time of
onset alone. The absence of other clear indicators of CPI
microscopic colitis, and the availability of a specific man-
agement strategy (i.e. local glucocorticoids) underscores
the potential value of early endoscopic evaluation in pa-
tients with suspected CPI enterocolitis. This subset of
CPI enterocolitis appears to be common (approximately
1/3 of our total CPI enterocolitis cohort), and the use of
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budesonide for treatment could not only prevent the use
of systemic glucocorticoids, but also enable some pa-
tients to received further immunotherapy.

Most patients who develop enterocolitis from CPIs, re-
gardless of the severity of mucosal inflammation, will
eventually discontinue CPI treatment due to toxicity; these
findings are in line with prior literature [10, 11, 15]. Ab-
sence of recrudescence after initial symptom control was
achieved in over 80% of the microscopic colitis cohort. As
the patients with microscopic colitis generally continued
to receive immunotherapy for longer than those patients
with severe CPI enterocolitis, we would expect a higher
incidence of dose or time dependent adverse events. The
incidence of novel irAE development in our cohort
(23.7%) is consistent with prior studies on overall CPI en-
terocolitis rechallenged with immunotherapy, and was sta-
tistically identical between the two groups [30].

Our survival analyses of TTTF and PES are intriguing,
though confounded by multiple variables in our heteroge-
neous cohort, including different underlying stage and
type of malignancy, the specific therapies used, and dur-
ation of therapy prior to onset of toxicity. Budesonide use
was statistically significantly associated with decreased risk
of treatment failure (HR 0.28). The heterogeneous mixture
of treatments and malignancies in our cohort coupled
with its small size reduce our ability to determine the clin-
ical importance of this finding. Although consistent with a
beneficial effect of local glucocorticoid delivery on antitu-
mor immunity, the reduction in the risk of treatment fail-
ure could also reflect the longer duration of CPI use prior
to symptom onset, or, less likely, differences in underlying
biology between microscopic and non-microscopic colitis
induced by CPIs. Ultimately, prospective analyses with
more uniform cohorts will be necessary to determine
whether these preliminary cancer outcome findings are
clinically meaningful.

Our study’s retrospective nature precluded causal in-
ference and introduced inherent survival bias, and our
small sample size precluded multivariate regression; we
performed univariate Cox regression modeling to ensure
that we did not overfit our data. The relatively short
time frame of the study precluded a long-term survival
analysis. Several of our variables were highly correlated,
limiting our ability to parse out their individual effects
and introducing potential codependence into our find-
ings. Most patients in the cohort received PD-1 or PD-
L1 inhibitors, reflecting current practice but also poten-
tially reflecting differences in the risk for this syndrome
according to immunotherapeutic agent. Our sample size
also precluded stratification by tumor type or stage.

Conclusion
CPI microscopic colitis is a common subset of CPI en-
terocolitis that is distinct from both spontaneous
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microscopic colitis and other forms of CPI enterocolitis.
Currently, endoscopy is the only method for distinguish-
ing CPI microscopic colitis from other forms of CPI as-
sociated mucosal inflammation. In contrast to
unselected CPI enterocolitis, budesonide appears to be
an effective first-line treatment for CPI microscopic col-
itis and prolongs time on immunotherapy, while redu-
cing exposure to systemic glucocorticoids. These
findings provide a compelling rationale for the routine
use of endoscopy in the stratification of patients with
suspected gastrointestinal inflammation on CPIs, and
suggest a reasonable alternative treatment strategy for
patients with CPI-induced mucosal inflammation but
without visible evidence of mucosal injury.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/540425-019-0756-0.

Additional file 1: Table S1. Full listing of data collection variables
determined a priori from clinical experience, sorted alphabetically.
Table S2. Additional characteristics of prior irAEs. Prior irAEs defined
as symptom manifestations of any adverse reaction felt related to CPI
therapy, before onset of colitis. Any prior gastrointestinal irAEs that
occurred while the patient was receiving a different CPI regimen. 3/
38 (7.9%) patients had multiple prior irAEs. Table S3. Additional
features and results characterizing patient presentations and clinical
courses. Univariate analysis by colitis subset displayed. Enterocoltis
symptoms were inquired after at standard oncologic follow-up visits.
Of note, the total number of patients decreased over time, yielding
decreasing denominators in “Absence of symptom recrudescence.”
Figure S1. Kaplan-Meier survival curves for TTTF and PFS. ** denotes
significance at a<0.05. (a) TTTF, stratified by colitis type. (b) PFS, stratified by
colitis type. One patient’s clinical response to CPI therapy had not yet been
evaluated at time of data collection.
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