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ABSTRACT 

Background and Objectives: As immune checkpoint inhibitors (ICIs) continue to revolutionize 

the treatment of countless advanced malignancies, the immune-related adverse events (irAEs) 

they provoke are likely to increase in prevalence and complexity. Dermatologic irAEs – though 

among the most common of these unique, multisystem toxicities – nevertheless remain among 

the most poorly understood. Particularly notable knowledge gaps exist regarding the ways that 

dermatologic irAEs differ in presentation and therapeutic responsiveness from their classic 

autoimmune counterparts, the incidence and implications of co-occurring complications from ICI 

use, and the role and responsibility of dermatology consultation in the management of severe 

skin toxicities. The underlying goal of the studies presented within this thesis is to build a 

foundational understanding and provide an evidence-based framework that can begin to fill these 

knowledge gaps.  

Methods and Results: To appraise clinically relevant differences between dermatologic irAEs 

and their idiopathic counterparts, we focused on bullous pemphigoid (BP) and Stevens-Johnson 

syndrome (SJS) as independent case studies that may offer insight into the broader question. 

After matching ICI-induced BP (ICI-BP) cases to idiopathic BP (iBP) controls, we found that 

ICI-BP presents unique diagnostic challenges – prolonged pruritic prodrome (medians, 28 vs7 

days, P < .001) and non-bullous presentation – compared to classic iBP that may lead to 

diagnostic delays as well as a disproportional need for immunosuppression to manage ICI-BP 

compared to iBP (odds ratio [OR], 9.4; P = .04). Reviewing our multicenter cohort of a severe, 

generalized bullous eruptions mimicking SJS, we proposed a new terminology for this atypical 

toxicity pattern - progressive immunotherapy-related mucocutaneous eruption (PIRME). We 

found that PIRME is notably distinct from SJS in its delayed onset (median, 63 days from ICI 
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initiation), mild initial presentation, rare ocular involvement, benign clinical course, and 

favorable treatment response.  

To better understand co-occurring ICI toxicities, we undertook a retrospective cohort 

study of ICI-induced colitis – the next most common irAE – patients with or without 

dermatologic irAE. We found that co-occurring ICI-induced rash and colitis is common, may 

indicate increased risk of developing additional irAEs (OR, 18.5; P = .001), and could be among 

the earliest clinical markers of improved outcomes, compared to patients with colitis alone, in 

progression-free survival (hazard ratio [HR], 0.32; P = .001) and overall survival (HR, 0.32; P = 

.018).  

Lastly, to quantify the value of involving an inpatient dermatology service, we identified 

all patients admitted to our institution with dermatologic irAEs. We found that patients who 

received dermatology consultation were significantly less likely to experience disruptions in their 

oncologic management (exposure to systemic immunosuppression or need for ICI 

discontinuation) due to dermatologic irAE, compared to patients without dermatology 

consultation (OR, 0.03; P = .015). 

Conclusions: Our research indicates that while dermatologic irAEs may represent uniquely 

challenging entities that are distinct from their classic autoimmune counterparts, 

multidisciplinary collaboration and involvement of expert subspecialists remain crucial to the 

prompt recognition, adequate management, and responsible counseling of these medically 

complex and increasingly prevalent patients.  
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GLOSSARY 
 

AGEP  acute generalized exanthematous pustulosis 

BP  bullous pemphigoid 

BWH  Brigham and Women’s Hospital 

CBC  complete blood count 

CI  confidence interval 

CRMA  Charles River Medical Associates 

CTCAE common terminology criteria for adverse events 

CTLA-4 cytotoxic T-lymphocyte associated protein 4 

DFCI  Dana Farber Cancer Institute 

DIF  direct immunofluorescence 

DRESS drug rash with eosinophilia and systemic symptoms 

EN  erythema nodosum 

GI  gastrointestinal 

GVHD  graft-versus-host disease 

HR  hazard ratio 

iBP  idiopathic bullous pemphigoid 

IBD  inflammatory bowel disease 

ICI  immune checkpoint inhibitor 

ICI-BP  immune checkpoint inhibitor-induced bullous pemphigoid 

IgE  immunoglobulin E 

IL-17  interleukin-17 

IQR  interquartile range 

irAE  immune-related adverse event 

IV  intravenous 

MGH  Massachusetts General Hospital 

OR  odds ratio 

OS  overall survival 

PD-1  programmed death receptor-1 

PD-L1  programmed death-ligand 1 

PG  pyoderma gangrenosum 

PIRME progressive immunotherapy-related mucocutaneous eruption 

PFS  progression-free survival 

SCAR  severe cutaneous adverse reaction 

SCORTEN toxic epidermal necrolysis-specific severity-of-illness score 

SH  Spaulding Hospital 

SJS  Stevens-Johnson syndrome 

TEN  toxic epidermal necrolysis 
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INTRODUCTION 

Overview 

Within the past decade, novel immunotherapeutic strategies have revolutionized the 

treatment of advanced cancers. Most promising among these have been fully human 

immunoglobulin G monoclonal antibodies directed against select negative immunoregulatory 

cell surface rectors coopted by tumors for immune evasion, such as cytotoxic T-lymphocyte 

associated protein 4 (CTLA-4), programmed death receptor-1 (PD-1), and its ligand programmed 

death-ligand 1 (PD-L1). These so-called immune checkpoint inhibitors (ICIs) have demonstrated 

efficacy in an impressive array of malignancies.1-9 Through their novel mechanisms of action, 

however, these drugs have also introduced complex, multisystem toxicities, collectively known 

as immune-related adverse events (irAEs), which are believed to be the result of the disinhibition 

of highly regulated peripheral tolerance and autoimmune protection processes.10-13 The 

occurrence of these irAEs can signal distinct, serious implications for cancer patients, including 

the possibility of favorable prognostic outcomes14-16 as well as the need for immunosuppressive 

treatments and ICI discontinuation, particularly in the setting of irAEs requiring 

hospitalization.17,18  

 While irAEs can affect any organ, toxicities of the skin appear to be among the most 

common19,20 and earliest21,22 to present. The varied phenotypes and morphological diversity of 

dermatologic irAEs23-26 can make them challenging for oncologists, hospitalists, and even 

dermatologists to recognize, especially if they present differently than their known idiopathic 

counterparts. Furthermore, current practice guidelines recommend consideration of systemic 

corticosteroids – which, at high doses, have been associated with poorer oncologic outcomes 

among patients with select irAEs27 – for the treatment of even relatively mild, low-grade 

dermatologic irAEs.28-31 
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Certain key immunologic signaling pathways have only recently begun to be investigated 

and implicated in the pathogenesis of dermatologic irAEs and may demonstrate progress toward 

mechanism-driven management strategies.32 Importantly, the development of dermatologic 

irAEs, especially vitiligo,33-36 may forecast a prognostic benefit for patients,37 as described above 

for irAEs in general. However, the literature remains sparse regarding the prognostic 

implications of dermatologic irAEs among patients of varying tumor types and ICI regimens.38 

The studies introduced below and described in detail throughout this thesis serve to lay and 

broaden the functional knowledge of dermatologic irAEs, challenges that select toxicities present 

that may deviate from their idiopathic counterparts, implications they confer upon unique patient 

populations, and the crucial roles that dermatologists can offer in support of patients and 

providers struggling with severe cutaneous toxicities. Altogether, this research advances our 

understanding of dermatologic irAEs and invites further investigation into the insights offered by 

our results. 

 

Diagnostic and Therapeutic Challenges in Dermatologic Immune-Related Adverse 

Events 

Bullous Pemphigoid 

Bullous pemphigoid (BP), an autoantibody-mediated blistering skin disease, is a rare but 

often serious and challenging dermatologic irAE seen in patients receiving ICIs.39-42 

Approximately 1% of patients treated with anti-PD-1 and anti-PD-L1 agents will develop BP.43 

Unlike the mild and early presentation of most dermatologic irAEs, ICI-induced BP (ICI-BP) 

manifests months into therapy and can warrant ICI discontinuation43 and severe 

immunosuppression, including the use of the anti-CD20 antibody rituximab,44 for adequate 

management. Following treatment guidelines,28-31 providers continue to rely primarily on 

systemic corticosteroids for even mild bullous dermatoses. While some reports have suggested 
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unique characteristics of ICI-BP,39 such as the prominence and timing of pruritus, distinguishing 

features between ICI-BP and idiopathic BP (iBP) are not well established. Identification of 

convincing diagnostic and therapeutic differences between ICI-BP and iBP may assist 

oncologists and dermatologists in early recognition and prompt management of this challenging 

skin toxicity.  

Stevens-Johnson Syndrome 

As ICIs continue to be administered in novel combinations,45 the irAEs they provoke are 

likely to increase in prevalence and complexity. Regarding dermatologic irAEs in particular, 

patients and providers may expect to see a rise in the occurrence of severe cutaneous adverse 

reactions (SCARs).46 Among SCARs, Stevens-Johnson syndrome (SJS) and toxic epidermal 

necrolysis (TEN) are the most severe drug reactions and represent a spectrum of mucocutaneous 

toxicity characterized by skin pain, blistering, and erosions of skin and mucous membranes. 

SJS/TEN – which usually presents 4 to 21 days after drug initiation – carries an overall mortality 

risk of up to 30%46,47 and is classically inconsistently responsive to common treatment 

approaches.48 Sparse case reports have documents an unusual, late-onset SJS/TEN from ICI use, 

often labeling it “SJS/TEN-like reaction.”49-52 After reconciling key diagnostic and therapeutic 

differences between this atypical generalized bullous eruption mimicking SJS/TEN in the setting 

of ICI use and classic SJS/TEN, we hope to propose a more decisive terminology and call for an 

alternative framework for this toxicity pattern that, together with ICI-BP, may serve as a case 

study advocating for the reconsideration of our approach to dermatologic irAEs. 
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Prognostic Implications of Co-Occurring Rash and Colitis 

Alongside the skin, the gastrointestinal (GI) tract53-55 is also among the most common56 

and earliest21-22 organs to manifest toxicity from ICI use. Despite the high incidence of both 

dermatologic and GI irAEs, the co-occurrence of toxicities affecting different organs is poorly 

understood since such co-occurrences are not standardly reported in clinical trials. Our interest in 

exploring this overlapping toxicity space as a lens into the real, lived experiences of patients with 

skin toxicity led us to investigate the occurrence and prognostic implications of dermatologic 

irAEs among patients with ICI-induced colitis.  

 Our choice of this unique patient population was driven in part by the relatively high 

rates of these toxicities, which can range from about 15-45% for rash11,12 and up to 25% for 

colitis,11,19 depending on the ICI agent. Furthermore, we were interested in exploring within the 

context of ICI toxicity the well-established intersection of cutaneous and GI involvement of 

autoimmune and inflammatory conditions – e.g., inflammatory bowel disease (IBD) and the 

development of erythema nodosum (EN) or pyoderma gangrenosum (PG)57-59 and the commonly 

co-occurring cutaneous and GI manifestations of graft-versus-host disease (GVHD).60-62 While a 

precise mechanistic understanding remains elusive, evidence suggests that the skin and GI tract 

may display shared antigens and epitopes and that immunogenic activity at one organ may thus 

trigger concurrent immune activation at the other.63 Furthermore, certain human leukocyte 

antigen subtypes may predispose a subset of patients to the development of both IBD and EN.64 

Interestingly, the pro-inflammatory cytokine interleukin-17 (IL-17) has been implicated in the 

pathogenesis of both colitis65,66 and psoriasis,67,68 a well-described dermatologic irAE.25,69 

Given these potential underlying links between the skin and GI tract – two highly 

immunologically active organ systems – our expectation was that dermatologic and GI irAEs 

would frequently co-occur. Additionally, based on the aforementioned growing body of literature 



5 

 

on the possible prognostic benefits of irAEs,14-15, 37-38 we hypothesized that the co-occurrence of 

ICI-induced rash and colitis would confer a survival benefit, compared to patients with isolated 

colitis. 

Inpatient Dermatologic Immune-Related Adverse Events 

Recognition of the fact that the immune dysregulation triggered by ICIs can occasionally 

provoke toxicities severe enough to require hospital admission and disrupt patients’ oncologic 

management17 led us to sharpen our focus on this toxicity subset as a platform for the value of 

consultative dermatology in the care of these complex patients. Although most dermatologic 

irAEs can be safely managed in the outpatient setting, severe dermatologic manifestations 

account for 3-8% of inpatient irAEs.17,18 These cutaneous toxicities can be among the most 

challenging to promptly recognize and safely treat without expertise and without risking the 

long-term consequences of high-dose corticosteroids.27 By establishing and investigating a 

cohort of patients admitted with suspected dermatologic irAEs, we aimed to elucidate the role 

and impact of dermatology consultation in the diagnosis and management of these relatively 

severe ICI-induced skin toxicities.  
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METHODS 

This study was approved by the Institutional Review Board of Partners HealthCare 

(#2017P000501) and was supervised by the Massachusetts General Hospital (MGH) Cancer 

Center and Department of Dermatology. 

Immune Checkpoint Inhibitor Administrations Database  

The creation of a reliable database of patients who received ICIs was a necessary initial 

step before undertaking many of the studies further outlined below. In order to generate this 

database, the data were divided into (i) those that predated the adoption of Epic Systems as the 

electronic medical record of the institution (MGH-only data); and (ii) those that followed Epic 

Systems’ adoption (Partners-wide data). Different sources and organizational steps were required 

for these two categories of data, the sum total of which was a comprehensive database of all 

patients who received ICIs at MGH and a subset of patients who recently received ICIs at non-

MGH Partners-affiliated institutions after their respective Epic launch dates. 

 Pre-Epic data | Pre-Epic data of ICI administrations at MGH dating back to July 22, 2010 

were collated initially by a combination of Enterprise Data Warehouse (primarily for non-

research administrations of ipilimumab, nivolumab, and pembrolizumab), clinical trial databases 

merged from various MGH Cancer Center research groups, and billing data for the relatively 

newer ICIs (atezolizumab, durvalumab, and avelumab). These partially overlapping databases 

were then entirely manually curated to remove duplicates, correct inaccurate administration 

dates, fix repeated clerical errors – e.g., research trial data including patients who participated in 

clinical trials that had an ICI arm, whether or not they were randomized to that treatment arm – 

and add malignancy data. This curated pre-Epic MGH database (7/22/2010 – 4/1/2016) was then 

merged with the post-Epic MGH database (see below). 
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 Post-Epic data | The post-Epic data are Partners-wide and were first retrieved in 

November 2018 using eCare drug administration data generated based on a comprehensive list of 

ICIs, including research trial drug IDs and excluding cemiplimab which had not yet been 

approved at the time of list creation. These data included new variables, such as drug dose, 

dispense/administration location, and authorized prescriber/provider. Location tags were used to 

distribute administrations by Partners-affiliated hospital site. Provider IDs were used to 

approximate tumor categories – e.g., a patient whose prescriber is a member of the Thoracic 

Oncology group would be assigned to “Thoracic.” Following this method, there remained a 

subset of patients who whose providers were general oncologists, hematology/oncology fellows, 

or otherwise managed multiple cancer types and could not be uniquely identified. These patients’ 

specific cancer diagnoses were extracted by manual chart review. The first iteration of this 

eCare, post-Epic data extraction occurred on 11/5/2018. Pre-Epic MGH data (see above) was 

appended to this broader Partners database. The database has undergone two subsequent updates 

– 3/8/2019 and 8/4/2019 – again using eCare drug administration data. 

Earliest post-Epic ICI administration dates (roughly corresponding to Epic adoption 

dates) for participating institutions were as follows: MGH, 4/2/2016; Brigham and Women’s 

Hospital (BWH) and Dana Farber Cancer Institute (DFCI), 5/31/2015; Charles River Medical 

Associates (CRMA), 7/21/2017; Cooley Dickinson Hospital (MGH affiliate), 10/28/2017; 

Martha’s Vineyard Hospital (MGH affiliate), 5/5/2017; Nantucket Cottage Hospital (MGH 

affiliate), 5/10/2017; Newton-Wellesley Hospital (MGH affiliate), 5/18/2016; Spaulding 

Hospital (SH), 6/22/2018. 
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Diagnostic and Therapeutic Challenges in Dermatologic Immune-Related Adverse 

Events 

Bullous Pemphigoid 

Using the ICI database generated as outlined above, a multicenter medical record query 

tool was used to identify all patients in the Partners HealthCare system who were treated with 

ICIs and developed BP. These ICI-BP cases were then matched according to age and sex with 

iBP controls from the same time period (2015-2018) in a 1:2 ratio. Medical records were 

reviewed to collect demographic data, relevant clinical history, and laboratory and pathological 

results, if available. Peripheral blood eosinophilia was defined as absolute eosinophil count ≥500 

eosinophils/microliter. The diagnosis of BP was confirmed by a positive direct 

immunofluorescence (DIF) study (defined as linear immunoglobulin G and/or complement 

deposition along the basement membrane) or strongly suggestive clinical and/or histopathologic 

findings for the few cases of negative or unavailable DIF. All patients had at least six months of 

dermatology follow-up after BP diagnosis. 

Statistical analyses included Pearson χ2, Fisher exact, and Wilcoxon rank-sum test for 

comparison of categorical and continuous variables as well multivariable logistic regression for 

select categorical outcomes. P < .05 was considered statistically significant. 

 

Stevens-Johnson Syndrome 

A medical record query tool identified patients seen in the Partners HealthCare system 

for suspected ICI-induced SJS/TEN from January 2011 through May 2019. Chart review 

extracted demographic data, clinical history, and results of laboratory and histopathological 

evaluations. Disease severity was measured using the toxic epidermal necrolysis-specific 

severity-of-illness score (SCORTEN). The term “concomitant medications” refers to new drugs 

started within two months of rash onset. 
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Prognostic Implications of Co-Occurring Rash and Colitis 

Patient selection | Known ICI recipients at MGH from our broader ICI administrations 

database were inputted into a medical record query tool to identify those that had undergone 

colonoscopy between April 29, 2011 and January 9, 2018. Expert review confirmed 67 ICI-

induced colitis cases among these 108 colonoscopy patients based on clinical suspicion and 

endoscopic and pathologic findings. Patients with both rash and colitis (cases) were compared to 

patients with only colitis (controls). There were no exclusion criteria based on tumor type or ICI 

regimen in order to capture the real, dynamic landscape of ICI use and irAE presentation. 

Data collection | Medical records were reviewed to collect the following data: 

demographics; tumor type and stage; allergies; relevant GI (ulcerative colitis and Crohn’s 

disease) and dermatologic (atopic dermatitis and psoriasis) medical history; previous cancer 

treatments; ICI regimen and number of cycles preceding colitis; timing, grade, and treatment of 

colitis; hospitalization and length of stay for colitis; delayed ICI dose and permanent ICI 

discontinuation due to colitis; cancer treatments after colitis; timing, type, and grade of ICI-

induced rash; number of ICI cycles before rash; dermatology referral; treatment of rash and 

response to treatment; timing of disease progression; and date of death. When living status 

and/or date of death were unavailable, these data were collected from publicly accessible 

obituaries using patient hometown for identity validation. Rash morphologies were deduced from 

descriptions by oncologists and, when present, photographs and/or dermatologist assessment 

during referral appointments. Adverse events were graded based on the National Cancer 

Institute’s Common Terminology Criteria for Adverse Events (CTCAE), version 4.0. 
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Statistical analysis | Statistical analyses were performed using Stata, version 15.0 

(StataCorp). We used the Pearson χ2 or Fisher exact test for comparison of categorical variables 

and Wilcoxon rank-sum or unpaired t-test for comparison of continuous variables. Multivariable 

logistic regression was used to calculate an odds ratio for risk of developing additional irAEs. 

Progression-free and overall survival times were calculated from the first cycle of the most 

recent ICI regimen. Kaplan-Meier curves were generated for time-to-event (disease progression 

or death) analyses, and Cox proportional hazards modeling was used to calculate hazard ratios 

with 95% confidence intervals. To minimize over-adjustment, only covariates with P < 0.1 were 

included in the final predictive model. However, to provide a conservative estimate, we 

performed a similar Cox proportional hazards model adjusting for all possible confounders.  

 

Inpatient Dermatologic Immune-Related Adverse Events 

Patient selection | Using prespecified International Classification of Diseases codes for 

known and potential dermatologic irAEs, medical records of previously identified MGH ICI 

patients were screened for admission to MGH from February 2011 through December 2018 with 

a suspected dermatologic irAE. The generated cohort was validated with a prior database of 

known inpatient dermatologic irAEs through June 2017. Patients with dermatologic irAEs that 

had been previously diagnosed, evaluated, and/or treated in the outpatient setting prior to 

admission were excluded. All hospitalizations underwent expert subspecialist review and were 

classified into one of three categories based on likelihood of true dermatologic irAE: “probable,” 

“possible,” or “improbable.” Probable and possible cases were labeled “confirmed.” 

Data collection | Medical records were reviewed to collect the following data: 

demographics; tumor type; reason for admission; length of stay; ICI regimen and number of 

cycles preceding dermatologic irAE; dermatology consultation; type, timing, grade, and 
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treatment of dermatologic irAE; ICI discontinuation due to dermatologic irAE; development of 

additional irAEs.  

Statistical analysis | Statistical analyses were performed using Stata, version 15.0 

(StataCorp). We used Fisher exact test for comparison of categorical variables and Wilcoxon 

rank-sum test for comparison of continuous variables. Multivariable logistic regression was used 

to calculate an odds ratio for risk of disruption to oncologic management (defined as systemic 

immunosuppression or discontinuation of ICI) due to dermatologic irAE. 

  



12 

 

RESULTS 

Immune Checkpoint Inhibitor Administrations Database  

 From July 22, 2010 through August 4, 2019, MGH administered 22,460 ICI doses, 

corresponding to 3,193 unique patient-ICI combinations – i.e., a patient who received 

ipilimumab one year and pembrolizumab several years later is counted twice, once for each ICI 

regimen (Figure 1). From May 31, 2015 through August 4, 2019, BWH and DFCI administered 

a total of 37,375 ICI doses, corresponding to 5,254 unique patient-ICI combinations (Figure 2). 

ICI administrations were substantially lower at satellite locations, affiliated hospitals, and other 

Partners institutions: MGH satellites and affiliates administered 5,870 doses to 680 unique 

patient-ICI combinations (dating back to 4/2/2016); BWH and DFCI satellites administered 

7,550 doses to 932 unique patient-ICI combinations (dating back to 5/31/2015); CRMA and SH 

administered a total of 389 doses to 59 unique patient-ICI combinations (dating back to 

7/21/2017 for CRMA and 6/22/2018 for SH). 

 Figure 3 illustrates the rapidly changing and widening landscape of clinical uses for ICIs 

at MGH. While melanoma and thoracic malignancies remain the most common settings for ICI 

administration at MGH, patients with gastrointestinal, gynecologic, and head and neck cancers 

are receiving ICIs at steadily rising rates over the last five years (Figure 3). 

Diagnostic and Therapeutic Challenges in Dermatologic Immune-Related Adverse 

Events 

Bullous Pemphigoid 

Patient characteristics | All occurring between 2015 and 2018, we identified 15 patients 

(3 women; mean age, 71.5 years) with ICI-BP, all from PD-1 inhibition (pembrolizumab, n=10, 

67%; nivolumab, n=5, 33%). Table 1 summarizes their demographic and clinical characteristics. 

Onset of BP lesions occurred after a median of 11 ICI cycles (interquartile range [IQR], 8-19) 
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and 266 days (IQR, 225-388) from ICI initiation. Nearly all (n=13, 87%) patients required either 

ICI dose delay (n=5, 33%) or permanent ICI discontinuation (n=8, 53%) on account of their BP. 

Clinical features and diagnostic challenges | We compared ICI-BP cases and their age- 

and sex-matched iBP controls (6 women; mean age, 73.5 years) on several characteristic clinical, 

histopathologic, and laboratory BP features (Table 2). Cases demonstrated a significantly 

prolonged pruritic prodrome (defined as pruritus without rash) compared to controls (medians, 

28 vs 7 days; P < .001). While there were no differences in anatomic distribution of initial 

cutaneous lesions between cases and controls, multivariable logistic regression – adjusting for 

age and sex – found that ICI-BP was significantly less likely to present with tense bullae on 

exam, compared to controls (odds ratio [OR], 0.17; 95% confidence interval [CI], 0.03-0.86; P = 

.03). Likewise, cases were significantly less likely than control to have subepidermal clefting on 

histopathology (OR, 0.17; 95% CI, 0.04-0.76; P = .02). There were no statistically significant 

differences DIF positivity (92% cases vs 86% controls; P = .56) and seropositivity (positive titers 

against 180-kd or 230-kd BP antigens; P = .31) between cases and controls. However, laboratory 

evaluation with a complete blood count (CBC) at initial rash presentation was significantly more 

likely to detect peripheral eosinophilia among ICI-BP cases, compared to iBP controls (OR, 

13.1; 95% CI, 2.2-79.1; P = .005). 

Cases had a significantly longer delay from initial symptom onset (pruritus or cutaneous 

lesions) to BP diagnosis than controls (medians, 210 vs 91.5 days; P = .04), despite having 

statistically similar lengths of time from symptom onset to dermatology referral (122 vs 88 days; 

P = .15). Among ICI-BP cases, non-bullous cases (n=6, 40%) showed a trend toward longer 

delays in diagnosis than bullous cases (n=9, 60%), but this difference was not statistically 

significant (236.5 vs 127 days; P = .27). 
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Therapeutic challenges | Overall, management of cases and controls followed a similar 

therapeutic ladder. All were initially treated with high-potency topical corticosteroids, after 

which they progressed through standard systemic therapies (tetracycline-class antibiotics and 

niacinamide, dapsone, methotrexate, azathioprine, mycophenolate mofetil, and rituximab) as 

needed to control the disease and achieve clinical remission (clearance of rash during 

dermatologic therapy). The only therapy that was attempted at significantly different rates 

between the two groups was systemic corticosteroids, which were administered to 93% of ICI-

BP cases, as opposed to only 50% of iBP controls (OR, 15.7; P = .01).   

While use of tetracycline-class antibiotics and niacinamide was similar between cases 

and controls (67% and 50%; P = .35), clinical remission rates from this regimen were 

significantly lower in ICI-BP (0% vs 40%; P = .02). On multivariable logistic regression – 

adjusting for age, sex, and diagnostic delay – cases were significantly more likely to require 

some form of systemic immunosuppression to induce clinical remission, compared to iBP (OR, 

9.4; P = .04). Rituximab in particular was more often required to achieve clinical remission 

among ICI-BP cases than iBP controls (27% vs 7%, P = .06), though this difference was not 

statistically significant. Omalizamub effectively managed two ICI-BP patients with elevated 

serum immunoglobulin E (IgE) levels. Figure 4 demonstrates the greater need for systemic 

immunosuppressive agents for the treatment of ICI-BP, compared to iBP. Overall, significantly 

more systemic agents were attempted but failed to induce clinical remission among ICI-BP cases 

than iBP controls (medians, 2 vs 0; P = .01). 

 

Stevens-Johnson Syndrome 

From January 2011 through May 2019, there were seven patients with ICI-induced skin 

toxicities mimicking SJS/TEN (5 men; mean age, 66.6 years) (Table 3). Associated ICI 
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regimens included anti-PD-1 monotherapy (pembrolizumab, n=3, 43%; nivolumab, n=2, 29%) 

and combination anti-CTLA-4 plus anti-PD-1 therapy (n=2, 29%). While none of the patients 

had prior drug allergies, all 7 were receiving new, recently initiated – i.e., within two months – 

medications at the time of rash onset. These concomitant medications included trimethoprim-

sulfamethoxazole in 3 cases and allopurinol in 1 case. The remaining concomitant medications 

were trametinib, prochlorperazine, and levofloxacin (Table 3). 

 All patients presented initially with benign drug eruptions after a median of 4 cycles 

(range, 1-7) and 63 days (13-253 days) from ICI initiation. For four patients, rashes developed 

after previous completion or discontinuation of ICI treatments. Three patients visited outpatient 

dermatology prior to hospitalization and were diagnosed with mild dermatologic irAEs without 

skin biopsy. Initial inpatient dermatology evaluation suspected an SJS-like process in fewer than 

half of the cases (n=3, 43%). All seven patients’ benign-appearing eruptions progressed to 

generalized, Nikolsky-positive bullous dermatoses (Figures 5), and all but one patient developed 

mucosal involvement including oral (n=5), ocular (n=2), and urogenital (n=3), usually 1-2 weeks 

after rash onset (Table 3). 

 Histopathologic evaluation – undertaken at an average of 17 days after rash onset and 

almost always directly following mucosal involvement – revealed several findings consistent 

with SJS/TEN, including full-thickness epidermal necrosis and subepidermal clefting (Table 4), 

but frequently (n=4, 57%) demonstrated a distinct interface dermatitis (Figure 6). Median 

SCORTEN score at admission was 2 (range, 1-3). 

 Once suspected for SJS/TEN, all patients initiated systemic therapy – intravenous 

corticosteroids (n=5), oral corticosteroids (n=1), or cyclosporine (n=1) – and experienced rapid 

symptomatic resolution without progressive skin blistering or detachment (Table 4). All patients 
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were safely transitioned to oral therapy within two weeks. Median length of stay was 11 days (5-

17 days) and no patients died from skin toxicity. 

 

Prognostic Implications of Co-Occurring Rash and Colitis 

Patient characteristics | From April 29, 2011 to January 9, 2018, we identified 67 

patients with expert-confirmed ICI-induced colitis. Of these 67 colitis patients, twenty-eight 

(42%) also developed skin toxicity (cases) and 39 (58%) did not (controls) Baseline 

demographic and clinical characteristics, summarized in Table 5, were not statistically different 

between exposed and control subjects.  

 Among cases (9 women; mean age, 62.9 years), few patients had a history of 

gastrointestinal (n=3, 11%) or dermatologic (n=4, 14%) conditions. The majority (n=26, 93%) 

had advanced melanoma. Sixteen (57%) patients were treated with anti-CTLA-4 monotherapy, 5 

(18%) with anti-PD-1 monotherapy, and 7 (25%) with combination anti-CTLA-4 and anti-PD-1 

therapy. Fourteen (50%) patients had previous cancer treatments including radiation (n=9, 32%), 

chemotherapy (n=3, 11%), targeted agents (n=5, 18%), and immunotherapy (ICI, n= 3, 11%; 

interferon, n=3, 11%). We found no association between the co-occurrence of rash and colitis 

and additional cancer treatments before or after colitis (Table 5). 

Key features of the subjects’ GI toxicities – including symptom grade, timing, number of 

preceding ICI cycles, need for hospitalization, associated length of stay, and immunosuppressive 

treatments – were similar between exposed and controls (Table 5). Overall, colitis occurred after 

a median of 3 ICI cycles (range, 1-22) and 70 days (15-760) from ICI initiation. Inpatient 

management was required for 34 (51%) patients for a median length of stay of 6 days (2-31). 

Management of colitis included oral corticosteroids in 56 patients (84%), intravenous (IV) 

corticosteroids in 32 patients (48%), and infliximab infusions in 25 patients (37%). Nearly all 
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(n=65, 97%) patients required either ICI dose delay (n=9, 13%) or permanent ICI discontinuation 

(n=56, 84%). Median time to resolution of colitis was 1.5 months (0.5-12). 

Dermatologic and other irAEs | Cutaneous toxicities of varied clinical phenotypes 

occurred after a median of 2 ICI cycles (range, 1-14) and 32.5 days (2-260) from ICI initiation. 

Rashes were generally mild, as 25 (89%) of the exposed had grade 1 or 2 eruptions, and there 

were no grade 4 dermatologic irAEs. On average, rash preceded colitis by 49 days. Rashes were 

often managed with topical corticosteroids (n=14, 50%) but occasionally required systemic 

corticosteroids (n=5, 18%) for a median of 10 days (3-14 days). Nearly half (n=12, 43%) of the 

rashes resolved within 2 weeks, and 83% resolved within 4 weeks, well before the development 

of GI toxicity.  

On multivariable logistic regression – adjusting for age, sex, malignancy, ICI class, and 

total ICI exposure – cases were significantly more likely to develop an additional irAE of 

another organ system, compared to controls (OR, 18.5; 95% CI, 3.4-99.3; P = .001; Table 6). 

ICI-induced hepatitis was significantly more prevalent among cases than controls group (29% vs 

8%, P = .04), whereas rates of conditions such as hypophysitis and thyroiditis were similar 

between the two groups. Furthermore, cases were significantly more likely to have had greater 

than three total irAEs compared to controls (18% vs 0%, P = .01). 

Implications for survival outcomes | After a median follow-up of 23 months, 17 patients 

(61%) among the exposed group had disease progression, as compared to 35 controls (95%). A 

series of multivariable survival analyses (Table 7) – adjusting for age, sex, malignancy, ICI class 

and cycles, colitis grade and treatment, additional iraes, and all cancer treatments – revealed that 

cases had a significantly longer progression-free survival (medians, 16.1 vs 3.2 months; hazard 

ratio [HR], 0.32; 95% CI, 0.16-0.64; P = .001) and overall survival (medians, 28.6 vs 19.9 
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months; HR, 0.32; 95% CI, 0.12-0.82; P = .018), compared to controls (Figure 7). Our 

multivariable modeling also identified a significant independent association between the use of 

IV corticosteroids for the treatment of colitis and an increased risk of death (HR 6.3; 95% CI, 

2.1-19.5; P = .001), though colitis was never the cause of death. 

 

Inpatient Dermatologic Immune-Related Adverse Events 

Patient characteristics | From February 2011 through December 2018, our institution had 

47 admissions with a suspected dermatologic irAE. Expert review further classified these into 29 

probable, 4 possible, and 14 improbable cases. Table 8 summarizes the demographic and clinical 

characteristics of the 33 confirmed cases (70% of total suspected). 

Among the 33 confirmed cases (14 women; mean age, 65.4 years), nearly half (n=15, 

45%) had advanced melanoma. All patients had metastatic disease. Twenty-two (67%) patients 

were treated with anti-PD-1 or anti-PD-L1 monotherapy, 3 (9%) with anti-CTLA-4 

monotherapy, and 8 (24%) with combination anti-CTLA-4 and anti-PD-1 therapy. Fifteen (45%) 

patients were hospitalized primarily or exclusively for their dermatologic irAEs. For six of the 

remaining eighteen patients, the dermatologic irAE developed during their hospital stays. Other 

reasons for admission included non-dermatologic irAEs (n=6, 18%), abdominal distress (n=3, 

9%) infections (n=2, 6%), and disease progression (n=3, 9%). Median length of stay was 5 days 

(IQR, 3-8). 

Dermatologic irAEs | Among the 33 confirmed cases (Table 8), common dermatologic 

irAEs included morbilliform eruption (48%), mucositis (15%), erythema multiforme (12%), and 

drug rash with eosinophilia and systemic symptoms (DRESS, 9%). One patient (3%) each 

presented with a lichenoid eruption, erythema nodosum, bullous pemphigoid, acute generalized 

exanthematous pustulosis (AGEP), and Stevens-Johnson syndrome (SJS). Seventeen cases 
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(52%) were grade 1 or 2 toxicities, while the remaining 16 (48%) patients had grade 3 eruptions. 

There were no grade 4 dermatologic irAEs.  

Onset of dermatologic irAE occurred after a median of 2 ICI cycles (IQR, 1-3) and 25 

days (IQR, 11-63 days) after ICI initiation. Dermatologic irAEs were frequently managed with 

topical corticosteroids (n=19, 58%) or surveillance (n=6, 18%) but occasionally required 

systemic corticosteroids (n=10, 30%). All dermatologic irAEs resolved with appropriate 

treatment, and most (n=30, 91%) resolved within one month of treatment. Twenty-four (73%) 

patients went on to develop additional irAEs of other organ systems. 

Impact of dermatology consultation | Dermatology consultation was requested in 22 of 

the 33 (67%) confirmed cases, as compared to all 14 of the “improbable” cases (P = .02). There 

was no statistically significant difference in CTCAE grade of dermatologic irAE between 

patients who did and did not receive dermatology consultation (medians, 2.5 vs 2, P = .457). 

Among the 33 confirmed cases, those evaluated by a dermatology consultant were significantly 

less likely to receive systemic immunosuppression (18% vs 55%, P = .049) and require ICI 

discontinuation (0% vs 36%, P = .014) specifically for their dermatologic irAE, compared to 

patients without dermatology consultation (Table 9, Figure 8). Of note, 4 patients who received 

dermatology consultation had previously discontinued or completed their ICI treatment prior to 

their dermatologic irAE. Nine additional patients required ICI discontinuation after their 

hospitalization for other irAEs or disease progression. Altogether, a multivariable logistic 

regression – adjusting for age, sex, tumor type, and CTCAE grade – found that inpatient 

dermatology consultation was associated with a significantly lower risk of disruption in 

oncologic management for dermatologic irAE (defined as need for either systemic 

immunosuppression or ICI discontinuation; OR, 0.03, 95% CI, .022-.525; P = .015).   
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DISCUSSION, LIMITATIONS, AND FUTURE DIRECTIONS 

Diagnostic and Therapeutic Challenges in Dermatologic Immune-Related Adverse 

Events 

Bullous Pemphigoid 

Currently arising in around 1% of patients receiving anti-PD-1/PD-L1 therapy,43 ICI-BP 

is likely to become increasingly prevalent as the therapeutic landscape of ICIs rapidly widens.45 

This study offers novel insight into the diagnostic and therapeutic differences between ICI-BP 

and iBP, which suggest that ICI-BP may be more challenging than its classic, idiopathic 

counterpart for oncologists and dermatologists to recognize and manage. 

Specifically, our study indicates that providers may be less likely to recognize ICI-BP 

than iBP on account of the extended rash-free pruritic prodrome and increased propensity for 

unusual presentations both clinically and histologically. These unique features may account for 

the significant delays in diagnosis, which were over twice as long for ICI-BP than iBP patients. 

Notably, the time to dermatology referral was similar for both groups, indicating that the overall 

diagnostic delay may be from misdiagnoses by both oncologists and dermatologists. These 

observations suggest that additional diagnostic workup – i.e., biopsy for DIF, BP auto-antibody 

titers, and CBC with differential to investigate peripheral eosinophilia – should be considered 

earlier in patients on ICIs whose intractable pruritus and skin eruptions are not responding to 

first-line therapies. Of note, the rate of peripheral eosinophilia was lower among our iBP cohort 

than has been previously reported in the literature.70 

Furthermore, even after adjusting for the aforementioned diagnostic delay, ICI-BP 

patients were significantly more likely than their iBP counterparts to require systemic 

immunosuppressants to achieve clinical remission, often failing several agents in the process. 

Particularly troubling was the disproportionally high use of systemic corticosteroids – which 
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remain the recommended treatment for even mild ICI-induced bullous eruptions28-31 – in 

managing ICI-BP given their possible detrimental effects on oncologic outcomes.27 Conversely, 

ICI-BP was significantly less likely to respond to standard non-immunosuppressive regimens 

(topical corticosteroids, tetracycline antibiotics plus niacinamide, and dapsone), suggesting the 

need for an alternative, effective therapeutic ladder for these patients. 

This study is limited by its small sample size and retrospective design, which indicate the 

need for validation in a larger cohort with longer follow-up periods. The many distinguishing 

features between ICI-BP and iBP reported in this study raise important questions regarding 

potential differences in pathophysiology. Additional research, particularly prospective and 

translational studies, should be directed at elucidating underlying biological and immunological 

bases for the unique diagnostic and therapeutic challenges posed by this dermatologic irAE. 

 

Stevens-Johnson Syndrome 

 Our multicenter case series outlines and defines name progressive immunotherapy-

related mucocutaneous eruption (PIRME), which we have termed and which represents a 

generalized bullous eruption that mimics SJS/TEN in patients receiving ICIs. While PIRME 

shares some clinical and histopathological features with SJS/TEN, it is notably distinct in its 

delayed onset, mild initial morphological presentation, rare ocular involvement, benign clinical 

course, and favorable treatment response. These key differences call for a renewed exploration 

and sharpened understanding of this severe mucocutaneous blistering toxicity that accommodate 

its divergence from classic SJS/TEN.  

 In regard to timing, our cohort suggests that PIRME demonstrates a delayed onset at a 

median of 2 months after ICI initiation. Only one patient (#5) developed their skin toxicity 
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within the classic 4- to 21-day window. Furthermore, three patients presented after prior 

completion of ICI therapy and up to 8.5 months after ICI initiation. 

 Our study suggests that the manifestation of PIRME may emerge out of a benign-

appearing morphology, given that all 7 patients presented initially with common, mild 

dermatologic irAEs. In fact, three patients were seen by outpatient dermatology – two within one 

week of hospitalization – and diagnosed with a benign dermatologic irAE. These observations 

underscore the need for increased suspicion of PIRME and close monitoring of these patients 

even in the absence of typical SJS/TEN features. For example, ocular involvement – a hallmark 

of classic SJS/TEN affecting over 80% of patients71 – only occurred in 2 (29%) patients in our 

cohort. In most cases, given the late onset and prolonged benign appearance, the diagnosis of SJS 

was not even suspected by the inpatient dermatologist until a skin biopsy – usually obtained after 

mucosal symptoms manifested – revealed certain histologic hallmarks of SJS/TEN. Even then, 

the distinct interface dermatitis seen in the majority of cases may suggest a histologic footprint of 

prior benign inflammatory rashes.  

 Reassuringly, initiation of systemic treatment – usually intravenous corticosteroids – led 

to rapid and dramatic symptomatic relief within days and limited further skin detachment in all 

cases. Moreover, median length of stay was 11 days, which is half that reported in one of the 

largest SJS/TEN cohorts.48 These favorable observations of SJS-like reaction may empower 

providers to offer reasonable hope to patients facing this traditionally devastating diagnosis.  

Notably, all patients in our cohort were taking new, recently started concomitant 

medications at the time of rash onset, and none of them had prior drug allergies. This interesting 

pattern and observed association may suggest a two-hit mechanism whereby ICIs reduce immune 

tolerance and induce heightened sensitivity to subsequent drug exposures in predisposed patients, 

leading to a florid exacerbation of an otherwise benign drug reaction. Alongside PIRME’s mild 
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course and favorable treatment response, this observation suggests that discontinuation of other 

potential culprit drugs and a short-course immunosuppressive regimen may allow patients to 

safely restart their ICIs, though this did not occur in any of our patients, and certainly requires 

further study before adoption of such practices.72 

The small sample size, retrospective design, and absence of a control group are all 

important limitations of this study. Given its rarity, larger multi-institutional studies are needed 

to further investigate PIRME, validate our findings, and offer direct comparisons to matched 

classic SJS/TEN controls.  

 

Prognostic Implications of Co-Occurring Rash and Colitis 

There is growing interest in the potential prognostic benefits of developing dermatologic 

irAEs from immunotherapy.37,38 Our study further advances this literature by assessing the co-

occurrence of ICI-induced rash and colitis, two of the most commonly observed irAEs, and 

suggesting their independent association with favorable survival outcomes.  

Our findings indicate that cancer patients who develop ICI-induced colitis may often 

have a dermatologic irAE as well, as nearly half of the colitis patients in this study also had skin 

toxicity. Given the known co-occurrence of dermatologic and GI involvement among other 

autoimmune conditions,57-62
 there may be underlying immunological mechanisms and 

predispositions to explain the apparent high rate of co-occurring rash and colitis from ICI 

treatment. 

Our findings further suggest that patients with co-occurring ICI-induced rash and colitis 

may have a significantly lower risk of disease progression and death, compared to colitis patients 

without dermatologic irAEs. Our study’s inclusion of patients across various tumor types and ICI 

regimens allows for a more complete understanding of the nature and implications of these 
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toxicities in the rapidly changing and growing landscape of ICI uses. Importantly, this survival 

benefit was demonstrated after adjusting for numerous potential confounders including tumor 

type and stage, ICI regimen, number of ICI cycles, development of additional irAEs, and 

exposure to any other oncologic treatments before and after the development of colitis. The 

persistence of a survival benefit even after controlling for additional irAEs is particularly 

significant in light of evidence that patients with three or more irAEs of any kind may have 

improved PFS compared to patients with fewer than three irAEs.16 Our findings are useful for 

dermatologists, gastroenterologists, and oncologists who will frequently manage and counsel 

these increasingly prevalent and complex patients. The demonstrated favorable prognostic 

implications of co-occurring rash and colitis may empower clinicians to offer hope to patients 

suffering from these common toxicities. Interestingly and unexpectedly, our survival modeling 

also identified an independent – and statistically significant – association between the use of IV 

corticosteroids for colitis treatment and an increased mortality risk. This finding may indicate the 

potential detrimental effects on survival from high-dose corticosteroids, though further 

prospective studies are needed to elucidate this risk and optimize treatment regimens. 

Nevertheless, severe ICI-induced colitis is a life-threatening condition and prompt management 

with high-dose corticosteroids remains the standard of care. None of the patients in this study 

cohort died from colitis. 

Because both rash and colitis present early following ICI initiation – i.e., after 2 and 3 ICI 

cycles, respectively – the co-occurrence of these toxicities may be particularly valuable for 

patients and providers, compared to other irAEs. For example, our findings suggest that patients 

who develop both ICI-induced rash and colitis – which often occurs within two months of ICI 

treatment – are at a significantly elevated risk of developing additional irAEs, especially 

hepatitis, later in the course of treatment, and many will develop more than one. Such patients 
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may benefit from early and frequent monitoring of these other toxicities and timely referral to the 

appropriate specialists.28 Furthermore, the co-occurrence of rash and colitis may be among the 

earliest indications of good clinical response to ICI treatment. 

Limitations to our study include its retrospective, single-institution design and potential 

for overlooking mild GI toxicities as only patients with endoscopic evaluation were included. 

Relatively few patients in this study were formally evaluated by a dermatologist; however, our 

findings and analyses do not depend on accurate morphological assessments of rashes but rather 

on recognition of the presence or absence of a rash, which can be accurately assessed without 

dermatology referral. Multi-institutional, prospective studies are needed to confirm these survival 

benefits, stratify by diverse skin toxicities, and generate cohorts with variable toxicity 

combinations. It will also be valuable to capture possible prognostic implications of 

dermatologic irAEs alone by comparing to patients who did not develop any toxicities. 

Additionally, the finding that IV corticosteroid usage for the treatment of colitis may be strongly 

associated with increased mortality is concerning and should be investigated further. 

Translational research may help elucidate immunological mechanisms of the high incidence of 

co-occurring ICI-induced rash and colitis and observed positive prognostic implications. 

 

Inpatient Dermatologic Immune-Related Adverse Events 

While dermatologic irAEs represent a fraction of all irAE admissions, they nevertheless 

often prompt significant disruption to patients’ oncologic management by way of 

immunosuppressive treatments and discontinuation of ICI.17,18 The results of our study suggest 

that consultation with an inpatient dermatologist is associated with a reduced need for these 

disruptive interventions.  
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Our study highlights several important and related roles of inpatient dermatology 

consultants in the diagnosis and management of dermatologic irAEs. First, dermatologists may 

be helpful in ruling out dermatologic irAEs from the differential diagnosis, as evidenced by our 

finding that dermatology consultation was necessary for all 14 cases ultimately deemed 

improbable or unlikely to have an irAE. These diagnostic rulings allow patients and their 

primary teams to explore other etiologies and, in the meantime, continue their cancer treatment 

plans without interruption. Additionally, for hospitalized patients with true dermatologic irAEs, 

involvement of an inpatient dermatology service may obviate unnecessary disruptions to 

patients’ oncologic management. Specifically, our results indicate that this potential harm 

prevention can be effectively and safely achieved by dermatology consultants with significant 

reductions in use of both systemic immunosuppression and ICI discontinuation as treatment 

strategies for dermatologic irAEs. In our study, inpatient dermatology consultation also led to 

discontinuation of unnecessary systemic corticosteroids for three cases of suspected 

dermatologic irAE. Dermatologists may likely be more comfortable than hospitalists and/or 

oncologists in relying on surveillance or high-potency topical steroids and close clinical 

monitoring before proceeding to systemic immunosuppression for these complex patients.  

Our study further offers important clinical characteristics of patients who are admitted 

with dermatologic irAEs, such as the abundance of cutaneous malignancies (melanoma and 

squamous cell carcinoma) or anti-PD-1 and combination anti-CTLA-4 anti-PD-1 therapies, 

which may reflect both an increased propensity for skin toxicity among these cancers and ICI 

regimens as well as the landscape of clinical uses and approved indications for ICIs. Our study 

also captures the morphological diversity of dermatologic irAEs encountered in the inpatient 

setting as well as the early onset of these toxicities – within one month or two ICI cycles – which 

underscores the importance of vigilance soon after initiating ICI therapy. While low-grade 
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morbilliform eruptions and mucositis were particularly common in our cohort, relatively severe 

(grade 3) cases of DRESS, AGEP, erythema multiforme, SJS, and more were seen as well. 

Nevertheless, patients had fairly brief hospital stays, as the majority (75%) were discharged 

within one week. Furthermore, our observation that over 70% of patients developed other irAEs 

could suggest that admission with a dermatologic irAE may identify patients who are at high risk 

of additional toxicity and who would benefit from early and consistent monitoring. 

Though limited by its sample size and retrospective design, our study offers preliminary 

insight into the benefits of involving an inpatient dermatology service for all patients admitted 

with suspected dermatologic irAEs. Clinical trial participation among some patients may have 

delayed or otherwise limited use of immunosuppressive treatment for dermatologic irAE, 

particularly among patients with milder symptoms. Future prospective studies with larger cohorts 

and prolonged follow-up periods will be necessary to assess the long-term implications of 

hospitalization for dermatologic irAE and inpatient dermatology consultation.  
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CONCLUSION 

 As patients and providers face increasingly prevalent and complex toxicities from a 

rapidly expanding landscape of ICI use, multi-institutional research will be needed to better 

understand the unique challenges and opportunities posed by irAEs. This thesis begins to 

establish important foundational knowledge as well as propose evidence-based frameworks for 

approaching dermatologic irAEs. Importantly, we outline identifiable differences – both 

diagnostically and therapeutically – between select dermatologic irAEs and their well-

documented classic, autoimmune counterparts. These clinical differences may suggest 

underlying pathophysiologic differences that warrant additional translational investigation and 

confirmation in other dermatologic irAEs. Our research further proposes the study of patients 

with co-occurring toxicities as a unique patient subset whose heightened immune hyper-

activation and dysregulation may be reflected in increased toxicity risk as well as improved 

antitumor efficacy and survival outcomes. Lastly, we advocate for the measurable, beneficial 

impact that involvement of an inpatient dermatology service can have in the prompt recognition 

and safe management of even severe dermatologic irAEs requiring hospital admission. These 

findings in particular underscore a central takeaway of this thesis – that hospitalists, oncologists, 

dermatologists, and indeed all providers should be prepared to collaborate in order to effectively 

recognize, safely manage, and appropriately counsel patients suffering from irAEs.  

 

PRIOR PUBLISHING STATEMENT 

Several portions of the Introduction, Methods, Results, Discussion, and Conclusion were adapted 

from previously published work. 
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Table 1. Characteristics of 15 ICI-BP Cases 

Characteristic 

Casesa 

(n = 15) 

Age, mean (SD), y 71.5 (8.9) 

Female sex 3 (20) 

Tumor type  

 Melanoma 5 (33) 

 NSCLC 5 (33) 

 SCC 2 (13) 

 BCC 1 (7) 

 Gastric 1 (7) 

 RCC 1 (7) 

ICI therapy  

 Pembrolizumab 10 (67) 

 Nivolumab 5 (33) 

Time from ICI to BP, median (IQR), d 266 (225-388) 

ICI Cycles prior to BP, median (IQR), no. 11 (8-19) 

ICI interruption for BP 13 (87) 

 ICI discontinuation 8 (53) 

 ICI delay 5 (33) 

Abbreviations: SD, standard deviation;  NSCLC, non-small cell lung 

carcinoma; SCC, squamous cell carcinoma; BCC, basal cell 

carcinoma; RCC, renal cell carcinoma; ICI, immune checkpoint 

inhibitor; BP, bullous pemphigoid; IQR, interquartile range. 

 
a Data are presented as number (percentage) of patients unless 

otherwise indicated. 
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Table 2. Distinguishing Diagnostic Features and Implications of ICI-BP and iBP 

Characteristic 

ICI-BPa iBPa 

OR (95% CI)b P Valuec (n = 15) (n = 30) 

Pruritic prodrome, median (IQR), d 28 (16-80) 7 (0-15)  <.001 

Initial site of lesion     

 Torso 8 (53) 21 (70)  

.35  Extremities 6 (40) 9 (30)  

 Head and Neck 1 (7) 0  

Tense bullae on exam 9 (60) 27 (90) .17 (.03 - .86) .033 

Subepidermal bulla on histopathologyd 8 (57) 26 (90) .17 (.04 - .76) .021 

Direct immunofluorescence positivitye 12 (93) 25 (86) 2.01 (.19-20.7) .557 

Peripheral eosinophiliaf 8 (53) 2 (8) 13.1 (2.17 - 79.1) .005 

Seropositivityg 8 (61) 12 (80) .41 (.07 - 2.3) .306 

Time from symptom onset to dermatology 

referral, median (IQR), d 122 (91-217) 88 (54-167)  .15 

Time from symptom onset to BP diagnosis, 

median (IQR), d 210 (114-275) 92 (62-170)  .04 

Systemic immunosuppression 14 (93) 17 (57) 9.4 (1.03-86.3)h .04 

Abbreviations: ICI-BP, immune checkpoint inhibitor-induced bullous pemphigoid; iBP, idiopathic bullous 

pemphigoid; OR, odds ratio; CI, confidence interval; IQR, interquartile range. 

 
a Data are presented as number (percentage) of patients. 
b Multivariable logistic regression, controlling for age and sex. 
c We used the Pearson χ2 or Fisher exact test for comparison of categorical variables and Wilcoxon rank-sum or 

unpaired t-test for comparison of continuous variables. Significant P values are in bold.  
d One patient from each cohort did not have a skin biopsy. 
e Detection of linear immunoglobulin G and/or complement deposition along the basement membrane. Two cases and 

one control did not have direct immunofluorescence studies. 
f Six controls did not have an eosinophil count recorded at the time of initial rash presentation. 
g Positive titers against BP180 or BP230 antigens. Two cases and 15 controls did not undergo serologic evaluation.  
h Multivariable logistic regression, controlling for age, sex, and diagnostic delay. 
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Table 3. Clinical Characteristics and Initial Presentation of Cases Mimicking SJS/TEN 1. Clinical Characteristics and Initial Presentation of Confirmed Cases 

Patient 

No./Sex/Age Neoplasm 

Prior drug 

allergies ICI treatment ICI class 

Concomitant 

medications 
Time from ICI 

to rash onset (d) 

ICI cycles 

(no.) Initial rash presentation 

Mucosal involvement 

(days after rash) 

1/M/64 Melanoma NKDA Ipilimumab & 

Nivolumab 

CTLA-4 

& PD-1 

Trametinib 39 2 Pruritic lichenoid 

papules and plaques on 

thighs 

Oral erosions; dry 

eyes (8) 

2/F/86 Squamous cell 

carcinoma 

NKDA Nivolumab PD-1 Trimethoprim-

sulfamethoxazole 

and nitrofurantoin 

63 4 Pruritic urticarial 

plaques on chest and 

back 

N/A 

3/F/80 Non-small cell 

lung cancer 

NKDA Pembrolizumab PD-1 Prochlorperazine 25 2 Pruritic, painful 

lichenoid papules on 

chest 

Oral and vulvar 

erosions; dry eyes (9) 

4/M/70 Renal cell 

carcinoma 

NKDA Nivolumab PD-1 Allopurinol 210 8 Pruritic palmoplantar 

bullae 

Oral erosions; 

odynophagia (45) 

5/M/59 Melanoma NKDA Ipilimumab & 

Nivolumab 

CTLA-4 

& PD-1 

Trimethoprim-

sulfamethoxazole  

and celecoxib 

13 1 Diffuse, pruritic 

urticarial eruption 

Oral pain; dysuria (5) 

6/M/73 Melanoma NKDA Pembrolizumab PD-1 Trimethoprim-

sulfamethoxazole 

253 6 Morbilliform eruption 

on trunk  

Penile and perianal 

erosions (12) 

7/M/34 Diffuse large B-

cell lymphoma 

NKDA Pembrolizumab PD-1 Levofloxacin 141 7 Mucositis; lichenoid 

papules on hands and 

feet 

Oral mucositis; 

odynophagia (0) 

Abbreviations: NKDA, no known drug allergies; ICI, Immune checkpoint inhibitor; CTLA-4, cytotoxic T-lymphocyte antigen-4; PD-1, programmed death-1. 
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Table 4. Diagnostic Features and Management of Cases Mimicking SJS/TEN 

Patient 

No. Histology 

Time to 

biopsy from 

rash onset (d) 

BSA of 

denuded skin 

(% total) 

SCORTEN 

on admission Systemic treatment approach and response LOS (d) 

ICI 

discontinuation 

1 Cytotoxic vacuolar interface 

dermatitis with full-thickness 

necrosis 

9 6 2 IV methylprednisolone 2 mg/kg/d – 

cessation of rash progression, rapid 

symptomatic resolution, and transition to 

oral steroids in 2 weeks 

17 Yes 

2 Multifocal full-thickness 

epidermal necrosis with 

subepidermal cleft and PVLI 

3 8 2 3-week prednisone taper – resolution of 

pruritus and blistering within 1 week of 

treatment 

9 Previously 

discontinued 

3 Multifocal full-thickness 

epidermal necrosis with 

subepidermal cleft and PVLI 

10 25 2 IV methylprednisolone 2 mg/kg/d – 

cessation of rash progression, rapid 

symptomatic resolution, and transition to 

oral steroids in 1 week 

11 Yes 

4 Florid interface dermatitis 

with subepidermal cleft and 

eosinophilic infiltrate 

47 5 3 IV methylprednisolone 2 mg/kg/d – 

cessation of rash progression, rapid 

symptomatic resolution, and transition to 

oral steroids in 1 week 

13 Previously 

discontinued 

5 Full-thickness epidermal 

necrosis 

7 6 2 Infliximab (1 dose) and IV 

methylprednisolone 2 mg/kg/d – cessation 

of rash progression, rapid symptomatic 

resolution, and transition to oral steroids in 

2 weeks 

12 Yes 

6 Interface dermatitis with 

focal epidermal necrosis and 

epidermal sloughing  

13 2 2 IV methylprednisolone 1.5 mg/kg/d – 

cessation of rash progression, rapid 

symptomatic resolution, and transition to 

oral steroids in 3 days 

5 Previously 

discontinued 

7 Lichenoid dermatitis with 

eosinophilic infiltrate 

30 2 1 Cyclosporine 200 mg BID – cessation of 

rash progression, rapid symptomatic 

resolution within days 

10 Previously 

discontinued 

Abbreviations: PVLI, perivascular lymphocytic infiltrate; BSA, body surface area; SCORTEN, toxic epidermal necrolysis-specific severity-of-illness score; IV, 

intravenous; LOS, length of stay; ICI, immune checkpoint inhibitor; PFS, progression-free survival. 
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Table 5. Characteristics of ICI-Induced Rash and Colitis (Cases) and ICI-

Induced Colitis Alone (Controls) 

Characteristic 

Casesa 

(n = 28) 

Controlsa 

(n = 39) P Valueb 

Age, mean (SD), y 62.9 (13.4) 60.1 (12.4) .49 

Female sex 9 (32) 15 (39) .28 

Previous allergy 18 (64) 18 (54) .14 

Past medical history    

 Gastrointestinalc 3 (11) 3 (8) .69 

 Dermatologicd 4 (14) 2 (5) .23 

Tumor type    

 Melanoma 26 (93) 28 (72) 

.12 
 GI 1 (4) 3 (8) 

 NSCLC 1 (4) 3 (8) 

 Other 0 5 (13) 

Tumor stage    

 3 7 (25) 9 (23) 
.86 

 4 21 (75) 30 (77) 

Previous cancer therapy 14 (50) 27 (69) .11 

Previous radiotherapy 9 (32) 17 (44) .34 

Previous chemotherapy 3 (11) 8 (21) .34 

Previous targeted therapy 3 (11) 4 (10) 1 

Previous immunotherapy    

 IFN 3 (11) 5 (13) 1 

 IL-2 0 5 (13) .07 

 CTLA-4 1 (4) 1 (3) 1 

 PD-1 2 (7) 7 (18) .29 

ICI Regimen    

 CTLA-4 16 (57) 17 (44) 

.41 
 PD-1 5 (18) 13 (33) 

 PD-L1 0 1 (3) 

 CTLA-4 + PD-1 7 (25) 8 (21) 

GI irAE, features    

 CTCAE grade, median (IQR) 2 (2-3) 3 (2-3) .21 

 Time to diagnosis, median (range), d 73 (21-585) 64 (15-760) .26 

 ICI cycles, median (range), no. 3 (1-16) 3 (1-22) .29 

 Hospitalization 12 (43) 22 (56) .27 

 LOS, median (range), d 6 (2-12) 5.5 (2-31) .72 

GI irAE, management    

 Oral corticosteroids 23 (82) 33 (85) .79 

 IV Corticosteroids 14 (50) 18 (46) .76 

 Infliximab 11 (39) 14 (36) .78 

 ICI dose delay 2 (7) 7 (18) .29 

 ICI discontinuation 26 (93) 30 (77) .08 

 Time to resolution, median (range), mo 1 (0.5-9) 2 (.5-12) .31 

Cancer therapy after GI irAE    

 Radiotherapy 4 (14) 11 (28) .24 

 Chemotherapy 3 (11) 9 (23) .33 

 Targeted therapy 6 (21) 4 (10) .30 

 CTLA-4 1 (4) 2 (5) 1 

 PD-1 10 (36) 18 (54) .46 

 CTLA-4 + PD-1 2 (7) 0 .17 
Abbreviations: SD, standard deviation; GI, gastrointestinal; NSCLC, non-small cell lung carcinoma; IL-2, 

interleukin-2; IFN, interferon; CTLA-4, cytotoxic T-lymphocyte antigen-4; PD-1, programmed death-1;  
ICI, immune checkpoint inhibitor; PD-L1, programmed death-ligand 1; irAE, immune-related adverse 

event; CTCAE, common terminology criteria of adverse events; IQR, interquartile range;  LOS, length of 

stay; IV, intravenous. 
a Data are presented as number (percentage) of patients unless otherwise indicated. 
b We used the Pearson χ2 or Fisher exact test for comparison of categorical variables and Wilcoxon rank-sum or unpaired 

t-test for comparison of continuous variables. 
c GI medical history included ulcerative colitis and Crohn’s disease. 
d Dermatologic medical history included atopic dermatitis and psoriasis. 
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Table 6. Additional Immune-related Adverse Events Among 

Patients with Rash and Colitis (Cases) vs. Colitis Alone (Controls) 

Characteristic 

Casesa 

(n = 28) 

Controlsa 

(n = 39) OR (95% CI) 

Additional irAE 20 (71) 8 (21) 18.5 (3.4-99.3)b 

 Hepatitis 8 (29) 3 (8)  

 Hypophysitis 2 (7) 2 (5)  

 Thyroiditis 2 (7) 0  

 Pneumonitis 1 (4) 2 (5)  

 Otherc 10 (36) 2 (5)  

Abbreviations: OR, odds ratio; CI, confidence interval; irAE, 

immune-related adverse event. 

 
a Data are presented as number (percentage) of patients. 
b Multiple logistic regression, controlling for age, sex, tumor type and 

stage, ICI regimen and number of cycles, and additional ICI treatment 

before and after GI irAE. P = .001 
c Other irAEs included arthritis, meningitis, uveitis, nephritis, 

myositis, and neuropathy. 

Table 7. Cox Proportional Hazards Regression Models 

Model HR 95% CI P Value 

Progression-free survival    

 Conservative modela .37 .17-.80 .012 

 Predictive modelb .32 .16-.64 .001 

Overall survival    

 Conservative modela .20 .05-.83 .026 

 Predictive modelc .32 .12-.82 .018 

Abbreviations: HR, hazard ratio; CI, confidence interval. 

 
a Conservative modeling adjusted for the following covariates: age, sex, tumor type 

and stage, CTCAE grade and treatment of colitis (oral corticosteroids, IV 

corticosteroids, infliximab), previous cancer treatments (radiotherapy, 

chemotherapy, targeted agents, ICI), ICI regimen, number of ICI cycles, 

development of additional irAEs, cancer treatments after colitis (radiotherapy, 

chemotherapy, targeted agents, ICI). 
b Adjusted for covariates with P < 0.1 from conservative model: tumor stage, 

additional irAEs, infliximab therapy for colitis, previous radiotherapy, previous 

targeted therapy, number of ICI cycles, additional pre-progression ICI treatment 

after colitis. 
c Adjusted for covariates with P < 0.1 from conservative model: age, tumor stage, 

IV and oral corticosteroid therapy for colitis, previous radiotherapy, previous 

targeted therapy, previous ICI, ICI regimen. 
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Table 8. Characteristics of 33 Confirmed Inpatient Dermatologic 

irAE Cases 

Characteristic 

Casesa 

(n = 33) 

Age, mean (SD), y 65.4 (13.0) 

Female sex 14 (42) 

Tumor type  

 Melanoma 15 (45) 

 GI 5 (15) 

 SCC 4 (12) 

 NSCLC 2 (6) 

 Breast 2 (6) 

 Otherb 5 (15) 

Tumor stage  

 IV 33 (100) 

ICI Class  

 CTLA-4 3 (9) 

 PD-1 19 (58) 

 PD-L1 3 (9) 

 CTLA-4 + PD-1 8 (24) 

Dermatologic Reason for Admission 15 (45) 

Dermatologic Diagnosis  

 Morbilliform 16 (48) 

 Mucositis 5 (15) 

 Erythema Multiforme 4 (12) 

 Lichenoid 1 (3) 

 DRESS 3 (9) 

 AGEP 1 (3) 

 SJS 1 (3) 

 Erythema Nodosum 1 (3) 

 Bullous Pemphigoid 1 (3) 

CTCAE Grade  

 1 5 (15) 

 2 12 (36) 

 3 16 (48) 

 4 0 

Time from ICI to irAE, median (IQR), d 25 (11-63) 

ICI Cycles prior to irAE, median (IQR), no. 2 (1-3) 

Dermatology Consultation 22 (67) 

Dermatologic irAE Treatment  

 Surveillance 6 (18) 

 Topical corticosteroids 19 (58) 

 Systemic corticosteroids 10 (30) 

LOS, median (IQR), d 5 (3-8) 

Development of Additional irAEs 24 (73) 

Abbreviations: SD, standard deviation; GI, gastrointestinal; SCC, 

squamous cell carcinoma; NSCLC, non-small cell lung carcinoma;  

ICI, immune checkpoint inhibitor; CTLA-4, cytotoxic T-lymphocyte 

antigen-4; PD-1, programmed death-1;  PD-L1, programmed death-

ligand 1;  DRESS, drug rash with eosinophilia and systemic 

symptoms; AGEP, acute generalized exanthematous pustulosis;  

SJS, Stevens-Johnson syndrome; CTCAE, common terminology 

criteria of adverse events; LOS, length of stay; irAE, immune-related 

adverse event; IQR, interquartile range. 
a Data are presented as number (percentage) of patients unless otherwise indicated. 
b Other malignancies include ovarian, small-cell lung, renal cell, Hodgkin lymphoma, 

and primary central nervous system lymphoma. 
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Table 9. Management of Inpatient Dermatologic Immune-related Adverse Events 

Characteristic 

Dermatology 

Consultationa 

No Dermatology 

Consultationa 

OR (95% CI)b P Value (n = 22) (n = 11) 

Disruption of Oncologic Management 4 (18) 8 (73) .03 (.002 - .525) .015 

 Systemic Immunosuppression 4 (18) 6 (55)  .049c 

 ICI discontinuation 0d  4 (36)  .014c 

Abbreviations: OR, odds ratio; CI, confidence interval; ICI, immune checkpoint inhibitor. 

 
a Data are presented as number (percentage) of patients. 
b Multivariate logistic regression, controlling for age, sex, tumor type, and CTCAE grade of dermatologic irAE. 
c Fisher exact test 
d Four patients had previously discontinued or completed ICI treatment before occurrence of dermatologic irAE. 



45 

 

FIGURES 

Figure 1. Annual Trends in Immune Checkpoint Inhibitor Use at Massachusetts General 

Hospital 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Trend illustrates dramatic rise in (a) ICI administrations and (b) patients receiving ICIs at MGH 

over the past decade with apparent recent plateau, limited by incomplete 2019 data. 
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Figure 2. Annual Trends in Immune Checkpoint Inhibitor Use at Brigham and Women’s 

Hospital and Dana Farber Cancer Institute 

 

 
 

 
 

Trend illustrates gradual rise in (a) ICI administrations and (b) patients receiving ICIs at BWH 

and DFCI over the past five years with apparent recent plateau, limited by incomplete 2019 data. 
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 Figure 3. Annual Trends in Cancer Indications for Immune Checkpoint Inhibitor Use at Massachusetts General Hospital 

 

 

 Trends illustrate rapidly broadening clinical uses for ICIs in diverse types of cancers at MGH. 

 

GI, gastrointestinal; GU, genitourinary; GYN, gynecologic; HEME, hematologic; NEURO, neurologic. Data for 2019 only through 8/4/2019.
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Figure 4. Treatment Required to Induce Clinical Remission of Bullous Pemphigoid 

 

 

Chart depicts the dermatologic therapy ultimately required to induce clinical remission among 

ICI-BP cases and iBP controls. Overall, iBP patients were significantly more likely to respond to 

non-immunosuppressive regimens (topical corticosteroids, tetracycline antibiotics plus 

niacinamide, and/or dapsone) while ICI-BP patients were significantly more likely to require 

systemic immunosuppressants to achieve clinical remission (P = .04). 

 

** P < .05, indicating a statistically significant difference. 
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Figure 5. Clinical Images of Case 7 

Initial Presentation       5 Weeks After Presentation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Histopathological Images of Case 6 

 

             

 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

 

  

Skin biopsy of right leg performed upon hospital admission demonstrates: (a) 

interface dermatitis with dyskeratotic keratinocytes and a superficial 

perivascular lymphocytic infiltrate (hematoxylin-eosin [H&E], original 

magnification 200x) with (b) follicular involvement (H&E, 400x) and areas of 

(c) complete loss of epidermis (H&E, 100x). 

 

A B 

C 

Initial presentation with scattered lichenoid 

papules on bilateral palms, soles, and dorsal 

feet. Trunk and mucosal surfaces are spared.  

Progression to diffuse, desquamating eruption 

with positive Nikolsky sign (arrow) and 

mucosal involvement. 
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Figure 7. Progression-Free Survival and Overall Survival in 

ICI-Induced Colitis Patients with and without Rash 
 

         Progression-free survival  

 

 

 

 

 

 

 

 

 

                  

 

 

 

 

  

 

 

 

Overall survival 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A, Kaplan-Meier survival curves for progression-free survival 

(PFS) show that patients who developed both ICI-induced rash 

and colitis (cases [dashed line]) had significantly longer PFS 

than patients who developed isolated colitis (controls [solid 

line]) (P = .001). B, Kaplan-Meier survival curves for overall 

survival (OS) demonstrate significantly prolonged OS among 

patients with co-occurring ICI-induced rash and colitis (cases 

[dashed line]), compared to patients with colitis alone (controls 

[solid line]) (P = .018). 
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Figure 8. Impact of Dermatology Consultation on Management of Inpatient Dermatologic irAEs 

 

 

Among confirmed cases of inpatient dermatologic irAEs, dermatology consultation (n=22, 

green) was associated with statistically significant reductions in use of systemic 

immunosuppression (P = 0.049), need for ICI discontinuation (P = 0.014), and disruption in 

oncologic management (defined as either systemic immunosuppression or ICI discontinuation; P 

= 0.006) for dermatologic irAE, compared to no dermatology consultation (n=11, blue). 

 

*Four patients in the dermatology consultation group had previously discontinued or completed 

ICI treatment for other reasons prior to admission with dermatologic irAE. 

 

 


