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ABSTRACT 

 

Immune checkpoint inhibitor (ICI)-mediated colitis (IMC) is a common and serious 

toxicity. Multiple reports have described the clinical presentation and course of IMC based 

on limited data. This was a collaborative effort from several cancer institutes to investigate 

features and outcomes of IMC. This was a retrospective, cohort study of patients who 

received ICI and developed endoscopically/histologically confirmed IMC between 1/1/2011 

and 12/31/2019. Multivariate logistic regression analyses were conducted to assess 

predictors of IMC recurrence and long duration of corticosteroids (> 60 days). A total of 674 

patients were included. 383 patients were males (56.8%). Median age was 63 years. 

Melanoma was the most common cancer type (48.4%). Most patients (53.1%) received 

CTLA-4 inhibitor, as monotherapy or in combination with PD-(L)-1. Median time from ICI 

therapy to IMC was 61.5 days (31.8-126). IMC was grade 2 in 475 patients (71.3%), grade 3 

in 177 (26.6%), and grade 4 in 14 (2.1%). On endoscopy, 153 patients (22.7%) had mucosal 

ulceration, 130 of patients had severe features (deep, large, or multiple ulcers); 336 patients 

(49.9%) had non-ulcerative inflammation. Most patients were admitted to the hospital for 

management of IMC (64.9%). Fifteen patients (2.5%) needed ICU-level of care. 
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Corticosteroids were given to 576 patients (85.5%). Median length of corticosteroid therapy 

was 52 days. TNF inhibitors were given to 244 patients (36.2%). Ninety patients (13.4%) 

received vedolizumab. After resolution of symptoms, 201 patients (29.8%) had recurrent 

IMC. Predictors of IMC recurrence were days of hospitalization (P=0.003) , grade 4 IMC 

(P=0.001), and use of TNF inhibitor or vedolizumab (P=0.003). Factors associated with long 

(> 60 days) corticosteroid therapy were grade 3 IMC (P=0.049) and reception of infliximab 

or vedolizumab (P=0.044). Sixteen patients (2.4%) had colonic perforation, 7 of them 

underwent surgical resection of a part of the colon. No IMC-related death was recorded. In 

conclusion, IMC can lead to colonic perforation requiring surgical intervention and ICU 

admission. Higher grades of IMC or diarrhea and the use of TNF inhibitors or vedolizumab 

were associated with worse IMC outcomes, and therefore, patients with these features 

should be monitored closely and treated aggressively early in the course. 
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CHAPTER 1 

INTRODUCTION 

 

The term “immunotherapy” refers to any treatment that acts by modulating the 

immune system, either intrinsically or extrinsically. Immunotherapy is used to treat a variety 

of diseases, mainly autoimmune diseases. Of the newer forms of immunotherapy, immune 

checkpoint inhibitors (ICI) have emerged since 2011 as an efficacious treatment for a variety 

of cancers; advanced melanoma, renal cell carcinoma and lung cancer are among the first 

indications for ICI.1,2  

Cancer cells evade the immune system by expressing certain molecules to inhibit T-

lymphocytes immunity. ICI therapy acts by blocking the regulatory breaks on the T-

lymphocytes, such as cytotoxic T lymphocytes associated protein-4 (CTLA-4) and 

programmed death protein-1 and its ligand (PD-L[1]). By unleashing the T cells, ICI therapy 

boosts the immune system to better destroy malignant cells. However, activated T-

lymphocytes, in addition to acting on cancer cells, can attack any organ system in the body, 

causing immune-related adverse events (irAEs).3 Immune-mediated enterocolitis (IMC) is 

one of the most common adverse events reported with ICI therapy leading to its 

termination.4  

I work within a group that works on the evaluation and management of irAEs to 

maximize the anti-cancer benefit from ICI therapy while decreasing harm. Knowing that 

irAEs are markers of boosted anti-cancer immunity can positively impact the morale of 

cancer patients. The literature assessing the outcomes of IMC is scarce. Moreover, 
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identifying the clinical factors associated with poor IMC outcomes is crucial to initiating 

more advanced therapy early in the course of the disease with closer monitoring to reduce 

harm.  
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CHAPTER 2 

REVIEW OF LITERATURE 

ICI Therapy 

 ICI therapy has improved the survival outcome of many cancer types, including 

melanoma, renal cell carcinoma, lung cancer, hepatocellular carcinoma, and head and neck 

cancers.5 Prior to the advent of ICI therapy, the survival for these cancers was dismal. 

However, as these drugs work mainly by boosting the immune system, the enhanced 

immune system may attack not only cancer cells, but also any organ system in the body 

causing autoimmune-like adverse events, termed irAEs. The occurrence of these adverse 

events indicates tumor response to the immunotherapy. Therefore, the appropriate treatment 

of these side effects is crucial to improve the quality of life of cancer patients and to 

decrease morbidity and mortality. IMC is a commonly reported side effect that limits cancer 

treatment and adversely affects the life of cancer patients.     

IMC Incidence and Features 

IMC is reported in 15-25% of patients receiving CTLA-4 inhibitors.4,6,7 Blockade of 

PD-(L)1 is associated with a lower rate of IMC, up to 10%.8 However, when CTLA-4 and 

PD-(L) inhibitors are combined, the risk of IMC becomes as high as 30%.9 Alternatively, 

diarrhea can occur in up to 54% of patients receiving ICI therapy, especially the 

combinatorial approach (i.e., both CTLA-4 and PD-(L)1 inhibitors).8 Diarrhea, grade 3 and 

4, the most severe of diarrheas, is the most common serious adverse event leading to ICI 

discontinuation, occurring in 10% of patients receiving ICIs.4,10 Also, colonic perforation 

has been reported in ~2% of patients treated with ICI therapy.11,12 Although the occurrence 
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of IMC impacts patients’ quality of life adversely, it has been proposed to correlate with 

favorable response of cancer to ICI therapy, reflected by improved survival rates in these 

patients compared with those who did not develop IMC.13,14 Nonsteroidal anti-inflammatory 

drugs and gut fecal microbiome are speculated to play a role in the development of IMC.6,15-

17  

IMC in the Medical Literature 

The literature describing the outcomes and clinical course of IMC is lacking. Few 

retrospective cohort studies exist to assess risk factors as well as clinical features of this 

debilitating spectrum of diseases. Understanding the clinical features associated with worse 

IMC related outcomes and the clinical use of endoscopic and histologic evaluation in the 

guidance of IMC treatment is important to improve cancer patients’ survival and quality of 

life. Recognizing the high risk features of IMC aid in the initiation of aggressive treatment 

of IMC early in the disease course to prevent negative outcomes.  

IMC Treatment  

Since the mechanism of action of ICI therapy and the proposed pathogenesis of 

irAEs is by boosting T-cells’ activity, immunosuppressive therapy is recommended by 

current treatment  guidelines to treat these adverse events.18,19 However, there is concern that 

immunosuppressive therapy can decrease the anti-tumor effect of the boosted T-cells by ICI 

therapy.20 Examples of the commonly used immunosuppressive therapy include 

corticosteroids, infliximab and adalimumab (anti-tumor necrosis factor [TNF]-alpha), and 

vedolizumab (anti-integrin).20 Fecal microbiota transplantation as a newer modality was 
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proposed to treat IMC since the fecal microbiome is reported to play a role in the 

pathogenesis of this disease.  

There are several proposed pathways that can be modified to prevent IMC. First, 

mTOR is a kinase that has major roles in several cellular processes, including cell 

differentiation, proliferation, and survival of normal and malignant cells.21 The PI3K-AKT-

mTOR pathway in the T-cells was found to be part of the pathogenesis of IMC.21 Thus, the 

use of a mTOR inhibitor (sirolimus) was proposed to prevent IMC and improve the efficacy 

of PD-1 inhibitors. Another pathway is the interleukin 6 in T helper cells.22 Interleukin-6 is 

an essential cytokine for the differentiation of CD4 T cells to Th17 cells; it plays a role in 

the pathogenesis of several autoimmune diseases.23 Hence, interleukin 6 inhibitors were 

investigated as a potential treatment for IMC.23 

Study Endpoints 

The primary endpoint of the study is to report the outcomes of patients who develop 

IMC according to different clinical characteristics, including ICI type, cancer type, IMC, 

immunosuppressive treatment, and length of ICI therapy course. Several clinical features 

have been reported to be associated with poor outcomes from IMC.11,24 However, most of 

the studies to date are single center studies with small sample size. Therefore, as a secondary 

endpoint, I aim to investigate the clinical, endoscopic, and histologic factors associated with 

poor outcomes of IMC, defined as recurrence of IMC and requirement for longer duration of 

corticosteroids therapy (>60days).  
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Research Hypothesis  

The research hypothesis was that specific clinical features, including endoscopic and 

histological signs, are associated with unfavorable outcomes of IMC (recurrence of 

symptoms and long duration of corticosteroids for more than 60 days). 
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CHAPTER 3 

METHODOLOGY 

 

This was a retrospective, cohort, multi-center study of patients who received ICI 

therapy between 1/1/2011 and 12/31/2019 at 16 comprehensive cancer centers in the US and 

Europe, including the University of Texas MD Anderson Cancer Center, Dana Farber 

Cancer Center, and Memorial Sloan Kettering Cancer Center (Figure 1). Approval of this 

study was obtained from the institutional review board of the participating institutions. A 

waiver of consent was obtained for the study as it was a retrospective study and did not pose 

risk to patients. Included patients were older than 18 years, had a diagnosis of advanced 

cancer, received ICI therapy within the study period, and developed IMC that required 

endoscopic evaluation. Patients were identified from institutional databases, e.g., pharmacy, 

oncology clinic, the investigational new drugs registry, and tumor registries. Patients who 

did not have a diagnosis of advanced cancer or did not receive ICI therapy were excluded. A 

universal data collection sheet using Microsoft Excel was extended to participating 

institutions to ensure data congruence. Thereafter, a comprehensive review of electronic 

medical records was performed by contributors of the study to extract pertinent clinical 

variables. Data was deidentified and stored in an encrypted file for analysis. 

Patients’ demographics included age, self-identified sex, and race or ethnicity. 

Clinical information included oncological variables, ICI-related variables, IMC-related data, 

and IMC outcomes. Oncological data consisted of cancer type, stage, and location. Type of 

ICI, length of treatment, as well as reason for discontinuation of ICI were recorded. 
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Documented IMC was recorded with time interval from ICI initiation to IMC onset, 

treatment, and grade of severity according to the Common Terminology Criteria for Adverse 

Events version 5. IMC treatment included corticosteroid therapy (guidelines recommend 1-

2mg/kg daily for 4-6 weeks; usually starts with intravenous methylprednisolone followed 

with oral prednisone), TNF inhibitors, or vedolizumab. Outcomes of IMC included duration 

of hospitalization, need for intensive care unit (ICU) admission, colonic perforation, need 

for surgery, recurrence of IMC, death, and survival duration (from ICI initiation to death or 

last contact date, whichever occurs first). 

Figure 1. A PRISMA diagram of included patients.  
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  Variables pertaining to endoscopic and histologic evaluation were included, such as 

type of endoscopic evaluation (colonoscopy or flexible sigmoidoscopy), endoscopic finding 

(ulcerative, nonulcerative inflammation, or normal), description of the finding (erythema, 

loss of vascularity, edema, erosions), and location of inflammation (right colon, left colon, 

or both). Ulcers that were larger than 1cm, deeper than 2mm, or more than 2 were 

considered high-risk ulcers. Histologic features were categorized into either active or 

chronic. A number of patients had repeat endoscopic evaluation, with or without histologic 

evaluation.  

Statistical Analyses 

Continuous variables were summarized by medians and interquartile ranges (IQR) as 

the data was non-normally distributed. Categorical variables were summarized by 

frequencies and proportions. Group comparison of continuous variables were conducted 

using the Mann Whitney rank sum test for comparisons among groups. The Chi-square Test 

of Association was used to evaluate associations between categorical variables. 

Multivariable logistic regression analyses with forward forced entry selection were 

performed to assess for risk factors for binary outcomes of the study (i.e., recurrence of IMC 

and corticosteroids therapy for more than 60 days). Forward selection method was used as 

the author included variables with clinical significance based on either previous studies or 

clinical practice. Kaplan Meier survival analysis was utilized to estimate survival durations 

of patients who received long duration of corticosteroids and those who developed recurrent 

IMC. The Log Rank test was used to compare survival among groups. All statistical tests 
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were two-sided, and P-values of <0.05 were considered statistically significant. Statistical 

analysis was performed using SPSS version 27.0 (IBM Corporation, Armonk, NY). 
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CHAPTER 4 

RESULTS 

 

 A total of 674 patients who had any grade of IMC with endoscopic evaluation were 

included during the study period. Demographics and cancer types are presented in Table 1. 

Majority were males (56.8%). Median age was 63 years (IQR, 54-70). Melanoma was the 

most common cancer (48.4%), followed by genitourinary cancer (21.8%) and lung cancer 

(14.5%). Most patients received ICI containing CTLA-4 (53.1%), either as monotherapy or 

combined with anti-PD-(L)1.  

Table 1. General characteristics.  

Characteristics (%) Total 

Age, year median (IQR) 63 (54-70) 

Gender, Male 383 (56.8) 

Race, White 635 (94.2) 

Cancer Type  

    Melanoma 326 (48.4) 

    GU 147 (21.8) 

    Lung 98 (14.5) 

    GI 31 (4.6) 

    Head & Neck 34 (5.0) 

    Hematological 5 (0.7) 

   Other 33 (4.9) 

ICI Type  

    CTLA-4 153 (22.7) 

    PD/L-1 316 (46.9) 

    Combination 205 (30.4) 

 

Table 2 summarizes the basic characteristics of IMC. The median time from ICI 

initiation to IMC onset was 61.5 days (IQR, 32-126). All patients had diarrhea. Other 

symptoms of IMC were abdominal (41.2%), blood or mucus with stool (22.6%), or fever 

(7.3%). The majority of patients had grade 3 or 4 diarrhea (58.5%). IMC was grade 3 or 4 in 
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28.7% of patients. Most patients were hospitalized for treatment of IMC (64.9%) with a 

median time in the hospital of 6 days (IQR, 4-11). Fifteen patients (2.5%) were admitted to 

the ICU for more severe IMC. Most patients received corticosteroids (85.5%) with a median 

duration of 52 days (IQR, 31-88). Moreover, 36.2% of patients received a TNF inhibitor and 

13.4% received vedolizumab. IMC was complicated with colon perforation in 16 patients 

(2.4%); 7 patients needed surgical intervention.   
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Table 2. IMC characteristics.  

Characteristics (%) Total 

Days from ICI to IMC, median (IQR) 61.5 (31.8-126) 

Symptoms  

    Diarrhea 674 (100) 

    Fever 49 (7.3) 

    Blood or mucus 152 (22.6) 

    Abdominal pain 278 (41.2) 

Days of symptoms, median (IQR) [n=666] 25 (12-57) 

Hospitalization [n=624] 405 (64.9) 

Days of hospitalization, median (IQR) [n=401] 6 (4-11) 

ICU admission [n=610] 15 (2.5) 

Highest grade of diarrhea [n=619]  

     1-2 257 (41.5) 

     3 334 (54.0) 

     4 28 (4.5) 

Highest grade of IMC [n=666]  

     1-2 475 (71.3) 

     3 177 (26.6) 

     4 14 (2.1) 

Treatment   

    Corticosteroids 576 (85.5) 

    TNF inhibitor 244 (36.2) 

    Vedolizumab 90 (13.4) 

Days of corticosteroids, median (IQR) [n=510] 52 (31-88) 

Median number of TNF inhibitors (IQR) [n=241] 2 (1-2) 

Median Number of vedolizumab doses (IQR) 

[n=90] 
3 (2-3) 

Colonic perforation 16 (2.4) 

Surgery 7 (1.0) 

Vital status  

    Alive 453 (67.2) 

    Dead 221 (32.8) 

Overall survival, months median (IQR) [n=637] 16 (8-28) 

 

 Table 3 illustrates the endoscopic and histological features of IMC. A majority of 

patients underwent endoscopic evaluation with colonoscopy (68.2%) rather than flexible 

sigmoidoscopy. Endoscopy was performed after a median of 15 days (IQR, 6-38) from IMC 

onset. Most patients had endoscopic inflammation, 22.7% ulcerative and 49.9% non-

ulcerative. Endoscopic features included erythema (65.1%), edema (51.8%), loss of 
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vasculature (38.4%), erosions (30.1%), and friability (27.3%). High risk endoscopic features 

included more than 2 ulcers (17.8%), deep (8.9%), and large (8.8%). IMC involved the left 

colon in most patients, 37.5% isolated left colon and 34.3% left and right colon. Majority of 

patients had active histological inflammation (69.3%). Repeat endoscopy was done in 26.9% 

of patients for persistent symptoms. Endoscopic resolution of inflammation signs was 

reported in 58.6% of the 174 patients who had repeat endoscopic evaluation and abnormal 

findings on index endoscopy. Histological resolution was reported in 45.9% of patients.  
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Table 3. Endoscopic and histological characteristics.  

Characteristics (%) Total 

Endoscopy type  

    Colonoscopy 460 (68.2) 

    Sigmoidoscopy 214 (31.8) 

Days from IMC to endoscopy, median (IQR) [n=648] 15 (6-38) 

Finding  

    Ulcerative  153 (22.7) 

    Non-ulcerative  336 (49.9) 

    Normal 185 (27.4) 

Features  

    Erythema 439 (65.1) 

    Edema 349 (51.8) 

    Loss of vasculature 259 (38.4) 

    Friability 184 (27.3) 

    Erosions 203 (30.1) 

    Exudate  117 (17.4) 

Ulcer features   

    Large 54 (8.8) 

    Deep 55 (8.9) 

    More than 2  128 (17.8) 

Location [n=673]  

    Right colon 33 (4.9) 

    Left colon 253 (37.5) 

    Both 231 (34.3) 

    Normal 156 (23.2) 

Histologic features [n=668]  

    Active 463 (69.3) 

    Chronic 422 (63.2) 

Repeat endoscopy 181 (26.9) 

Days from IMC to repeat endoscopy, median (IQR) 

[n=177] 
124 (78-237) 

Endoscopic resolution [n=174] 102 (58.6) 

Histologic resolution [n=157] 72 (45.9) 

 

 Table 4 shows a univariate comparison between patients who had recurrent IMC 

symptoms and those who did not. Factors associated with IMC recurrence included male 

gender (P = 0.041), grade of IMC (P = 0.015), use of corticosteroids (P < 0.001) or TNF 

inhibitor (P < 0.001), endoscopic findings of non-ulcerative inflammation(P = 0.011), 
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erythema (P = 0.016), or exudate (P = 0.038), and active histologic inflammation (P = 

0.002).  
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Table 4. Comparison of patients who had recurrence of IMC and those who did not.  

Characteristics (%) 
Recurrent IMC 

N = 201 

No recurrent IMC 

N = 423 

Age, year median (IQR) 61 (51-71) 64 (57.5-72.5) 

Gender, Male 135 (67.2) 248 (58.6) 

ICI Type   

    CTLA-4 108 (53.7) 213 (50.4) 

    PD/L-1 93 (46.3) 210 (49.6) 

Days from ICI to IMC, median (IQR) 52.5 (14.5-90.5) 51 (14.5-87.5) 

Hospitalization [n=624] 129 (64.2) 276 (65.2) 

Days of hospitalization, median (IQR) 

[n=401] 

6.5 (3.5-9.5) 7 (3-11) 

Highest grade of diarrhea [n=619]   

     1-2 72 (36.0) 185 (44.2) 

     3 118 (59.0) 216 (51.6) 

     4 10 (5.0) 18 (4.3) 

Highest grade of IMC [n=666]   

     1-2 132 (66.7) 309 (73.9) 

     3 57 (28.8) 104 (24.9) 

     4 9 (4.5) 5 (1.2) 

Treatment    

    Corticosteroids 189 (94.0) 337 (79.9) 

    TNF inhibitor 98 (48.8) 125 (29.6) 

    Vedolizumab 32 (15.9) 58 (13.7) 

Days of corticosteroids, median (IQR) 

[n=510] 

55 (24.5-85.5) 50 (25-75) 

Finding   

    Ulcerative  37 (18.4) 102 (24.1) 

    Non-ulcerative  118 (58.7) 194 (45.9) 

    Normal 46 (22.9) 127 (30.0) 

Features   

    Erythema 143 (71.1) 259 (61.2) 

    Edema 105 (52.2) 226 (53.4) 

    Erosions 59 (29.4) 134 (31.7) 

    Exudate  45 (22.4) 66 (15.6) 

High risk ulcer features  33 (16.4) 86 (20.3) 

    Large 11 (5.9) 42 (10.7) 

    Deep 15 (8.2) 40 (10.2) 

    More than 2  33 (89.3) 76 (75.2) 

Location [n=673]   

    Right colon 10 (5.0) 22 (5.2) 

    Left colon 78 (39.0) 144 (34.0) 

    Both 73 (36.5) 151 (35.7) 

    Normal 39 (19.5) 106 (25.1) 

Histologic features [n=668]   

    Active 158 (78.6) 278 (66.7) 

    Chronic 134 (66.7) 252 (60.4) 
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Table 5 compares patient characteristics stratified by duration of corticosteroid use 

(more than 60 days versus 60 days or less). The presence of blood or mucus with stool (P = 

0.005), abdominal pain (P = 0.031), duration of hospitalization (P = 0.026), grade of IMC (P 

< 0.001), use of TNF inhibitor (P < 0.001), and location of inflammation on endoscopy (P = 

0.012) were all factors associated with longer duration corticosteroid therapy (>60 days). 
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Table 5. Comparison of patients received corticosteroids for more than 60 days and those did not.  

Characteristics (%) 

Corticosteroids 

>60 days 

N = 217 

Corticosteroids  

≤60 days 

N = 293 

Age, year median (IQR) 64 (54.5-73.5) 62 (53-71) 

Gender, Male 137 (63.1) 177 (60.4) 

ICI Type   

    CTLA-4 128 (59.0) 152 (51.2) 

    PD/L-1 89 (41.0) 141 (48.1) 

Days from ICI to IMC, median (IQR) 51 (20.5-81.5) 51 (10-92.5) 

Symptoms   

    Fever 16 (7.4) 27 (9.2) 

    Blood or mucus 64 (29.5) 55 (18.8) 

    Abdominal pain 112 (51.6) 123 (42.0) 

Hospitalization [n=624] 150 (69.1) 207 (70.6) 

Days of hospitalization, median (IQR) 

[n=401] 

7 (3.5-10.5) 6 (3-9) 

Highest grade of diarrhea [n=619]   

     1-2 66 (30.4) 111 (38.0) 

     3 139 (64.1) 167 (57.2) 

     4 12 (5.5) 14 (4.8) 

Highest grade of colitis [n=666]   

     1-2 152 (58.1) 216 (74.7) 

     3 83 (38.6) 67 (23.2) 

     4 7 (3.3) 6 (2.1) 

TNF inhibitor 116 (53.5) 98 (33.4) 

Vedolizumab 37 (17.1) 49 (16.7) 

Recurrent diarrhea 79 (36.4) 106 (36.2) 

Finding   

    Ulcerative  50 (23.0) 69 (23.5) 

    Non-ulcerative  123 (56.7) 151 (51.5) 

    Normal 44 (20.3) 73 (24.9) 

Ulcer features    

    Large 20 (10.7) 29 (10.4) 

    Deep 22 (11.8) 28 (10.1) 

    More than 2  42 (84.0) 56 (82.4) 

Location [n=673]   

    Right colon 10 (4.6) 14 (4.8) 

    Left colon 103 (47.5) 97 (33.2) 

    Both 70 (32.3) 118 (40.4) 

    Normal 34 (15.7) 63 (21.6) 

Histologic features [n=668]   

    Active 162 (75.0) 215 (73.9) 

    Chronic 150 (69.4) 183 (62.9) 
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Independent clinical factors associated with the recurrence of IMC based on 

multivariable logistic regression analysis is shown in Table 6. Grade 4 IMC (P = 0.001, 

odds ratio, 16.635, 95% confidence interval, 3.078-89.920) and use of TNF inhibitor or 

vedolizumab (P = 0.003, OR, 2.228, 95% CI, 1.319-3.763) had statistically significant 

association. Active inflammation on histopathologic examination approached but did not 

reach statistical significance with a P value of 0.080.  

Table 6. Multivariable logistics regression for recurrence of IMC.  

Characteristics (%) Odds Ratio 95% Confidence Interval P-value 

Age 0.987 0.970-1.005 0.151 

Gender, Female 0.941 0.571-1.551 0.811 

ICI Type    

    CTLA-4 Reference  

    PD/L-1 0.892 0.524-1.519 0.673 

Days from ICI to IMC 1.001 0.999-1.003 0.361 

Days of hospitalization [n=401] 0.955 0.926-0.985 0.003 

Highest grade of diarrhea [n=619]    

     1-2 Reference  

     3 1.078 0.614-1.892 0.794 

     4 0.756 0.247-2.311 0.624 

Highest grade of IMC [n=666]    

     1-2 Reference  

     3 1.032 0.616-1.730 0.904 

     4 16.635 3.078-89.920 0.001 

TNF inhibitor/Vedolizumab 2.228 1.319-3.763 0.003 

Days of corticosteroids [n=510] 1.003 0.999-1.006 0147 

Finding    

    Normal  Reference  

    Ulcerative  0.518 0.102-2.624 0.427 

    Non-ulcerative  1.165 0.566-2.397 0.678 

High risk ulcers 0.621 0.130-2.957 0.550 

Histologic features [n=668]    

    Active 0.580 0.315-1.067 0.080 

    Chronic 0.808 0.484-1.348 0.414 

 

Multivariable logistic regression analysis to assess independent factors associated 

with more than 60 days of corticosteroids is demonstrated in Table 7. Grade 3 IMC (P < 
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0.001, OR, 2.173, 95% CI, 1.426-3.311) and use of TNF inhibitors or vedolizumab (P < 

0.019, OR, 1.593, 95% CI, 1.078-2.355) had statistically significant association with long 

duration of corticosteroids. 

Table 7. Multivariable logistics regression for corticosteroids >60 days.  

Characteristics (%) Odds Ratio 95% Confidence Interval P-value 

Age 1.003 0.989-1.017 0.696 

Gender, Female 0.862 0.589-1.260 0.443 

ICI Type    

    CTLA-4 Reference  

    PD/L-1 0.863 0.581-1.282 0465 

Days from ICI to IMC 1.000 0.999-1.001 0.870 

Highest grade of diarrhea [n=619]    

     1-2 Reference  

     3 1.096 0.728-1.651 0.660 

     4 0.912 0.369-2.249 0.841 

Highest grade of IMC [n=666]    

     1-2 Reference  

     3 2.173 1.426-3.311 <0.001 

     4 2.378 0.699-8.094 0.166 

TNF inhibitor/Vedolizumab 1.593 1.078-2.355 0.019 

Finding    

    Normal  Reference  

    Ulcerative  0.994 0.306-3.225 0.992 

    Non-ulcerative  1.058 0.653-1.714 0.819 

High risk ulcers 1.220 0.380-3.918 0.738 

Histologic features [n=668]    

    Active 1.127 0.732-1.736 0.588 

    Chronic 0.786 0.529-1.167 0.233 

 

Table 8 compares the clinical features of patients who received TNF inhibitor or 

vedolizumab and those who did not. Patients who received TNF inhibitor or vedolizumab 

had higher grades of IMC and diarrhea, more frequent ulceration on endoscopy, and higher 

rate of active inflammation on histology (P < 0.001). 
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Table 8. Comparison between patients who received infliximab/vedolizumab and those who did not.  

Characteristics (%) 
Infliximab/vedolizumab 

N = 297 

No 

infliximab/vedolizumab 

N = 369 

P-value 

Highest grade of diarrhea 

[n=619] 

  <0.001 

     1-2 83 (30.0) 174 (50.9)  

     3 175 (63.2) 159 (46.5)  

     4 19 (6.9) 9 (2.6)  

Highest grade of IMC 

[n=666] 

  <0.001 

     1-2 191 (64.3) 284 (77.0)  

     3 97 (32.7) 80 (21.7)  

     4 9 (3.0) 5 (1.4)  

Finding   <0.001 

    Ulcerative  91 (30.4) 62 (16.5)  

    Non-ulcerative  164 (54.8) 172 (45.9)  

    Normal 44 (14.7) 141 (37.6)  

High risk ulcer features  80 (26.8) 50 (13.3) <0.001 

Histologic features [n=668]    

    Active 228 (76.8) 235 (63.3) <0.001 

 

 

Survival Analysis 

  Figure 2 shows the Kaplan Meier curve as stratified by duration of corticosteroid 

use. The median survival duration was 43 months (IQR, 13 months – could not be 

calculated) for the group that received corticosteroid for less than 60 days and 65 months 

(IQR, 18-82 months) for the short corticosteroids groups. There was no statistically 

significant difference in the survival of both groups with a chi-square (1) of 2.835, P value 

of 0.092.  
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Figure 2. Kaplan Meier curve to estimate the survival of patients who received corticosteroids for 

longer than 60 days compared with those who did not (Log rank test, p = 0.092).  

 
 

Figure 3 shows the Kaplan Meier curve stratified by recurrence of IMC symptoms. 

The median survival time was 43 months (IQR, 13-82 months) for patients who developed 

recurrence of IMC and 59 months (IQR, 19- could not be calculated). There was no 

statistically significant difference between the two groups stratified by recurrence of IMC, 

with a chi-square (1) = 1.85, P value of 0.174. 
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Figure 3. Kaplan Meier curve to estimate the survival of patients who had a recurrence of IMC 

compared with those who did not (Log rank test, p = 0.174).  
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CHAPTER 5 

DISCUSSION 

                                                      

This  multicenter, cohort study is the largest retrospective study undertaken to 

investigate the outcomes of IMC in patients with endoscopically and/or histologically 

diagnosed IMC.  I defined poor outcomes related to IMC as recurrence of IMC symptoms 

and long duration of corticosteroid therapy (more than 60 days) based on experts’ opinion 

from clinical practice. Poor outcomes occurred in ~40% of patients with IMC. Factors 

associated with recurrence of IMC were longer duration of hospitalization, grade 4 IMC, and 

use of TNF inhibitor or vedolizumab. Factors associated with longer duration of 

corticosteroid use were grade 3 IMC and use of TNF inhibitor or vedolizumab. These 

findings are informative for clinical practice as they indicate a more severe IMC based on 

the grading of IMC and duration of hospitalization, and were associated with poor outcome.  

The findings of this study are concordant with the results of previous studies reported 

on this topic, although those studies had limited sample size.11,24 Patients who developed 

IMC requiring the addition of a TNF inhibitor or vedolizumab had higher incidence of 

symptoms’ recurrence and received corticosteroids for a longer duration. Given the 

retrospective design of this study, it is difficult to delineate whether the true association was 

between poor outcomes and TNF inhibitors or vedolizumab or between poor outcomes and 

more severe disease. As Table 8 shows, there was a strong association between more severe 

features and receiving of TNF inhibitor or vedolizumab. Prospective studies are merited to 



26 

 

investigate the association between patients who received TNF inhibitor or vedolizumab and 

clinical severity. 

Patients who were admitted to the hospital for the treatment of first IMC episode for 

long duration were more likely to develop an IMC recurrence after resolution of the first 

event. Moreover, patients who had higher grades of IMC as determined by clinical 

symptoms suffered a recurrence of IMC symptoms more frequently when compared with 

lower grades of IMC. These findings are clinically relevant to practice as they indicate that 

patients with higher grades of IMC need closer monitoring after discharge or treatment of 

the first event. Additionally, a more aggressive approach used to prevent recurrence of 

symptoms is indicated. The use of maintenance TNF inhibitor or vedolizumab is currently 

under investigation.  

The long use of corticosteroids is considered as an unfavorable outcome because it is 

associated with significant risk of side effects, including infections, hyperglycemia, adrenal 

insufficiency, and mood disturbances. Therefore, reducing the duration of corticosteroid use 

is favored by oncologists and gastroenterologists. Knowing the factors associated with long 

corticosteroid use is of similar importance as it encourages the early addition of a TNF 

inhibitor or vedolizumab to prevent prolonged corticosteroid use.25 The decision to stop 

corticosteroids or start tapering is based on the clinical judgment of the treating physician. 

Current treatment guidelines recommend 4-6 weeks.18,26 However, if the patient has 

worsening IMC symptoms when corticosteroid tapering is initiated, usually physicians will 

increase the dose.  
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The fecal microbiome and its impact on ICI efficacy and safety is a rapidly growing 

field of study. Specific bacteria were found to be associated with higher rates of adverse 

events and worse ICI efficacy.27,28 Studying the gut microbiome of patients prior to starting 

ICI therapy to identify patients who are at higher risk of IMC would be useful to initiate 

preventive therapy and practice close monitoring. Likewise, fecal microbiota transplantation 

can alter the gut microbiome and therefore was used to treat IMC.29 The use of fecal 

microbiota transplantation to alter the gut microbiome prospectively needs further 

investigation.  

As the exploratory endpoint, I did not observe a difference in survival among 

patients with IMC when stratified based on recurrence of symptoms or the duration of 

corticosteroid use. This finding should be interpreted with caution since our cohort consisted 

of multiple cancers with different stages. Moreover, several other confounding factors (such 

as age, ICI type, functional status) were not accounted for. Future prospective studies 

designed to assess survival in patients who suffered from IMC are needed to better 

investigate this matter. Previous retrospective studies have reported conflicting results. A 

prior study conducted by my group in patients with metastatic melanoma showed that 

patients who develop IMC have better overall and progression free survival, regardless of 

corticosteroid use.14 Similarly, the presence of multisystem adverse events was also reported 

to be associated with improved survival as patients who develop irAEs have better cancer 

effect from ICI therapy.30 
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Limitations 

The current study has notable limitations. First, there are inherent drawbacks of a 

retrospective design, especially related to data collection and association analysis. As a 

result, the recording of symptom onset and resolution might not be accurate. In addition, it is 

impossible to establish causation or association based on retrospective study. Second, the 

study could be biased as not all patients with IMC experienced endoscopic evaluation. 

Moreover, the decision to undergo endoscopy is merely based on the perspective of the 

treating physician. Therefore, included patients may have relatively more severe disease as 

oncologists and gastroenterologists tend to preserve endoscopic evaluation for patients with 

IMC that is refractory to treatment. Third, the treatment strategy for patients with IMC was 

at the discretion of the treating oncologist or gastroenterologist and was not standardized. 

Fourth, the data is from different cancer centers with the absence of established practice 

guidelines especially at the early phase of ICI use. Last, the grading of IMC and diarrhea 

was based on the documented grade in the patient’s chart which might not be reflective of 

the most current grade.  

Future Studies 

First, to investigate factors associated with poor IMC outcomes, a prospective study 

is needed for more accurate data collection and more informative results. Second, a 

prospectively designed clinical trial to compare the efficacy and safety of TNF inhibitors 

compared with vedolizumab is warranted. Third, current treatment guidelines depend on 

clinical symptoms merely to give recommendations on treatment regimens. Developing a 

clinical scoring system to assess the severity of IMC based on clinical symptoms in addition 
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to endoscopic and histologic features would be helpful with better accuracy. Fourth, future 

pathophysiology studies should focus on the underlying mechanism of IMC to identify 

targets for treatment. Last, regarding survival analysis; conducting a prospective study with 

an a-priori determined endpoint, preferably in a certain cancer type and stage, is needed to 

delineate the impact of poor IMC outcomes and corticosteroids (as well as TNF inhibitors 

and vedolizumab) on survival.  

Conclusion 

 Patients receiving ICI therapy commonly develop IMC that requires endoscopic 

evaluation. IMC frequently leads to ICI discontinuation, hospital and ICU admission, and 

long duration of corticosteroids use. Colonic perforation occurs in a small subset of patients 

leading to surgical interventions. The grade of IMC, use of TNF inhibitors and vedolizumab, 

and duration of hospitalization were predictors of worse outcomes of IMC. Patients with 

these features should be monitored closely and treated aggressively early in the course of the 

disease. Further studies are needed to investigate the role of endoscopy features in the 

treatment of IMC.  
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APPENDIX 

 

SPSS tables for Table 7 showing multivariable logistic regression for recurrent IMC.  

Tolerances are all above 0.87 indicating little multicollinearity.  

 

Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

Collinearity Statistics 

B Std. Error Beta Tolerance VIF 

1 (Constant) .659 .266  2.477 .014   

Age at first dose of 

immunotherapy 

-.003 .002 -.073 -1.348 .178 .964 1.037 

Time from ICPI to 

diarrhea onset (days) 

.000 .000 .073 1.291 .197 .884 1.132 

Duration of colitis or 

diarrhea symptoms 

(days) 

.000 .000 .064 1.146 .252 .897 1.114 

Duration of 

hospitalization in days 

-.007 .003 -.142 -2.517 .012 .875 1.143 

Duration of steroid use 

(days) 

.000 .000 .049 .873 .383 .881 1.135 

a. Dependent Variable: Recurrent diarrhea 
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There are 6 significances in the table, therefore, 0.05/6 = 0.0083. All significances are higher 

than 0.0083. Thus, the assumption for linearity has been met. 

 

Variables in the Equation 

 B S.E. Wald df Sig. Exp(B) 

Step 1a Age at first dose of 

immunotherapy by logage 

-.002 .002 1.725 1 .189 .998 

Time from ICPI to diarrhea 

onset (days)  by 

logtimefromicitoimc 

.000 .000 1.186 1 .276 1.000 

Duration of colitis or diarrhea 

symptoms (days) by 

logdurationofimcsymptoms 

.000 .000 .487 1 .485 1.000 

Duration of steroid use 

(days) by 

logdurationofsteroids 

.000 .000 2.201 1 .138 1.000 

Duration of hospitalization in 

days by 

logdurationofhospitalization 

-.005 .003 2.032 1 .154 .995 

Constant -.259 .446 .337 1 .562 .772 

a. Variable(s) entered on step 1: Age at first dose of immunotherapy * logage , Time from ICPI to diarrhea onset (days)  

* logtimefromicitoimc , Duration of colitis or diarrhea symptoms (days) * logdurationofimcsymptoms , Duration of 

steroid use (days) * logdurationofsteroids , Duration of hospitalization in days * logdurationofhospitalization . 

 

Dependent variable coding.  

 

Dependent Variable 

Encoding 

Original Value Internal Value 

No recurrence 0 

Recurrence 1 
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This table shows the Wald test for module 0 (34.235 with P < 0.001. 

 

Variables in the Equation 

 B S.E. Wald df Sig. Exp(B) 

Step 0 Constant -.663 .113 34.235 1 .000 .515 

 

 

This table shows the percentage of correct predictions (66%) if all subjects were predicted to 

be in the larger group (patients not having recurrent IMC).  

 

Classification Tablea,b 
 

Observed 

Predicted 
 

Recurrent diarrhea Percentage 

Correct 
 

0 Yes 

Step 0 Recurrent diarrhea 0 229 0 100.0 

Yes 118 0 .0 

Overall Percentage   66.0 

a. Constant is included in the model. 

b. The cut value is .500 

 

This table indicates no outliers.  

 

Casewise Lista 

 

a. The casewise plot is 

not produced because no 

outliers were found. 
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This table assesses the significance of the model when all variables are included.  

 

Omnibus Tests of Model Coefficients 

 Chi-square df Sig. 

Step 1 Step 38.481 16 .001 

Block 38.481 16 .001 

Model 38.481 16 .001 

 

Hosmer and Lemeshow test indicating goodness of fit.  

 

Hosmer and Lemeshow Test 

Step Chi-square df Sig. 

1 8.153 8 .419 

 

Approximately 10.5% to 14.5% of the variance in whether or not a patient has 

Recurrent IMC can be predicted from the linear combination of the included predictor 

variables. 

 

Model Summary 

Step -2 Log likelihood 

Cox & Snell R 

Square 

Nagelkerke R 

Square 

1 406.424a .105 .145 

a. Estimation terminated at iteration number 4 because 

parameter estimates changed by less than .001. 

 

 

 

 

 

 

This table shows the variable sin the equation with odds ratios, 95% confidence intervals, and P 

values.  

 

Variables in the Equation 



34 

 

 B S.E. Wald df Sig. Exp(B) 

95% C.I.for EXP(B) 

Lower Upper 

Step 1a Age at first dose of 

immunotherapy 

-.013 .009 2.059 1 .151 .987 .970 1.005 

Gender(1) -.061 .255 .057 1 .811 .941 .571 1.551 

ICI contain CTLA-4(1) -.115 .272 .178 1 .673 .892 .524 1.519 

Time from ICPI to 

diarrhea onset (days) 

.001 .001 .835 1 .361 1.001 .999 1.003 

Highest grade of colitis   10.854 2 .004    

Highest grade of 

colitis(1) 

.032 .264 .015 1 .904 1.032 .616 1.730 

Highest grade of 

colitis(2) 

2.812 .861 10.665 1 .001 16.635 3.078 89.920 

highestgradeofdiarrhea   .487 2 .784    

highestgradeofdiarrhea(

1) 

.075 .287 .068 1 .794 1.078 .614 1.892 

highestgradeofdiarrhea(

2) 

-.280 .570 .241 1 .624 .756 .247 2.311 

Infliximab and/or 

vedolizumab(1) 

.801 .268 8.964 1 .003 2.228 1.319 3.763 

Colonoscopy finding   1.204 2 .548    

Colonoscopy finding(1) -.658 .828 .631 1 .427 .518 .102 2.624 

Colonoscopy finding(2) .153 .368 .173 1 .678 1.165 .566 2.397 

High risk ulcer(1) -.477 .796 .358 1 .550 .621 .130 2.957 

Active histology(1) -.545 .311 3.072 1 .080 .580 .315 1.067 

Chronic histology(1) -.213 .261 .667 1 .414 .808 .484 1.348 

Duration of steroid use 

(days) 

.003 .002 2.101 1 .147 1.003 .999 1.006 

Duration of 

hospitalization in days 

-.046 .016 8.567 1 .003 .955 .926 .985 

Constant .365 1.077 .115 1 .735 1.441   

a. Variable(s) entered on step 1: Age at first dose of immunotherapy, Gender, ICI contain CTLA-4, Time from ICPI to 

diarrhea onset (days) , Highest grade of colitis, highestgradeofdiarrhea, Infliximab and/or vedolizumab, Colonoscopy 

finding, High risk ulcer, Active histology, Chronic histology, Duration of steroid use (days), Duration of hospitalization in 

days. 
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These tables show the multivariable logistic regression for long corticosteroid duration.  

This table shows coding for dependent variable.  

Dependent Variable Encoding 

Original Value Internal Value 

Corticosteroids <60 days 0 

Corticosteroids >= 60 days 1 

 

This table shows the percentage of correct predictions (57.2%) if all subjects were predicted 

to be in the larger group (patients receiving corticosteroids for <60 days).  

Classification Tablea,b 
 

Observed 

Predicted 
 

Steroids for >=60days Percentage 

Correct 
 

0 Yes 

Step 0 Steroids for >=60days 0 286 0 100.0 

Yes 214 0 .0 

Overall Percentage   57.2 

a. Constant is included in the model. 

b. The cut value is .500 

Wald test is 10.296 with signficiance of 0.001.  

 

Variables in the Equation 

 B S.E. Wald df Sig. Exp(B) 

Step 0 Constant -.290 .090 10.296 1 .001 .748 

 

This table assesses the significance of the model when all variables are included.  

 

Omnibus Tests of Model Coefficients 

 Chi-square df Sig. 

Step 1 Step 28.870 14 .011 

Block 28.870 14 .011 

Model 28.870 14 .011 
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Approximately 5.6% to 7.5% of the variance in whether or not a patient receives 

corticosteroids for more than 60 days can be predicted from the linear combination of the 

included predictor 

variables. 

 

Model Summary 

Step -2 Log likelihood 

Cox & Snell R 

Square 

Nagelkerke R 

Square 

1 653.873a .056 .075 

a. Estimation terminated at iteration number 3 because parameter 

estimates changed by less than .001. 

 

This test indicates a fair goodness of fit.  

 

Hosmer and Lemeshow Test 

Step Chi-square df Sig. 

1 6.268 8 .617 
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This table presents the odds ratios, 95% confidence intervals, and P values for included 

variables.  

Variables in the Equation 

 B S.E. Wald df Sig. Exp(B) 

95% C.I.for EXP(B) 

Lower Upper 

Step 1a Age at first dose of 

immunotherapy 

.003 .007 .152 1 .696 1.003 .989 1.017 

Gender(1) -.149 .194 .589 1 .443 .862 .589 1.260 

ICI contain CTLA-4(1) -.148 .202 .534 1 .465 .863 .581 1.282 

Time from ICPI to 

diarrhea onset (days) 

.000 .001 .027 1 .870 1.000 .999 1.001 

Highest grade of colitis   13.750 2 .001    

Highest grade of 

colitis(1) 

.776 .215 13.037 1 .000 2.173 1.426 3.311 

Highest grade of 

colitis(2) 

.866 .625 1.921 1 .166 2.378 .699 8.094 

highestgradeofdiarrhea   .329 2 .848    

highestgradeofdiarrhea(

1) 

.092 .209 .193 1 .660 1.096 .728 1.651 

highestgradeofdiarrhea(

2) 

-.093 .461 .040 1 .841 .912 .369 2.249 

Infliximab and/or 

vedolizumab(1) 

.466 .199 5.457 1 .019 1.593 1.078 2.355 

Colonoscopy finding   .060 2 .971    

Colonoscopy finding(1) -.006 .601 .000 1 .992 .994 .306 3.225 

Colonoscopy finding(2) .056 .246 .052 1 .819 1.058 .653 1.714 

High risk ulcer(1) .199 .595 .112 1 .738 1.220 .380 3.918 

Active histology(1) .119 .220 .294 1 .588 1.127 .732 1.736 

Chronic histology(1) -.241 .202 1.424 1 .233 .786 .529 1.167 

Constant -1.020 .821 1.544 1 .214 .361 
  

a. Variable(s) entered on step 1: Age at first dose of immunotherapy, Gender, ICI contain CTLA-4, Time from ICPI to 

diarrhea onset (days) , Highest grade of colitis, highestgradeofdiarrhea, Infliximab and/or vedolizumab, Colonoscopy 

finding, High risk ulcer, Active histology, Chronic histology. 
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This indicates no outliers in the model.  

 

Casewise Lista 

 

a. The casewise plot is not 

produced because no 

outliers were found. 
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