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Background

Anti-PD-1 immune checkpoint inhibitor (ICI) therapy has revolutionized the treatment of melanoma by producing durable long-term responses in a subset of patients. ICI-treated patients develop unique toxicities - immune related adverse events (irAEs) – that arise from unrestrained immune activation. The link between irAE development and clinical outcome in melanoma and other cancers is inconsistent; and little data exists on the occurrence of multiple irAEs. We sought to characterize development of single and multiple irAEs, and association of irAE(s) development with clinical variables and impact upon outcomes in advanced melanoma patients treated with anti-PD-1 ICIs.



Methods

We conducted a retrospective study of 190 patients with metastatic melanoma treated with single-agent anti-PD-1 ICI therapy between June 2014 and August 2020 at a large integrated network cancer center identified through retrospective review of pharmacy records. irAEs were graded based on the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0.



Results

190 patients were evaluated of whom 114 patients (60.0%) experienced ≥1 irAE, including 30 (15.8%) with grade 3/4 irAEs. The occurrence of any irAE was strongly associated with the development of investigator-assessed response to anti-PD-1 therapy (p < 0.0001); whether evaluated by current (p=0.0082) or best (p=0.0001) response. In patients with ≥2 irAEs, distinct patterns were observed. Median progression-free survival (PFS) and overall survival (OS) were greater in those with any irAE compared to those without (PFS, 28 months vs. 5 months, p < 0.0001; OS, not reached vs. 9 months, p < 0.0001). Development of ≥2 irAEs had a trend towards improved PFS and OS compared to those who developed a single irAE, although this did not reach statistical significance (p=0.2555, PFS; p=0.0583, OS). Obesity but not age or gender was distinctly associated with irAE development.



Conclusions

In this study, we demonstrated that irAE occurrence was significantly associated with response to anti-PD-1 therapy and improved PFS/OS. Those who developed multiple irAEs had a trend towards improved PFS and OS compared to those who developed only a single irAE. Increased BMI but neither age nor gender were associated with irAE development. Distinct patterns of irAEs observed suggest shared etiopathogenetic mechanisms.
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Introduction

Programmed cell death protein 1 (PD-1) is a receptor expressed on activated T cells which binds to PD ligand 1 (PD-L1, B7-H1) and PD ligand 2 (PD-L2, B7-DC) (1–4). The interaction between PD-1 and PD-L1 negatively regulates T cell function (1–4). Within tumors, tumor cells and tumor-infiltrating immune cells including macrophages and dendritic cells (DCs) express PD-L1 (5); and the PD-1/PD-L1 interaction down-regulates host immune responses in peripheral tissues, representing a means by which tumors subvert anti-tumor immune responses. PD-1/PD-L1 blockade increases the number and function of tumor antigen (TA)-specific CD8+ T cells preclinically and in ex vivo melanoma (6, 7). Therapeutic blockade of the PD-1/PD-L1 interaction by immune checkpoint inhibitors (ICI) has transformed the management of advanced melanoma; with objective responses in 35-40% of patients (8, 9), with 35% progression-free at 1-year (10, 11), and 34% alive at 5-years (12).

Immune-related adverse events (irAE) represent a unique spectrum of toxicities observed in patients treated with ICIs targeting cytotoxic T-lymphocyte–associated protein 4 (CTLA-4) and PD-1 receptors. irAEs can affect any organ system with unique patterns and incidence depending on whether patients are treated with single agent or dual ICI. irAEs most commonly involve skin, endocrine glands, gastrointestinal tract and liver (13, 14). irAE occurrence has been associated with improved outcomes for patients treated with anti-PD-(L)1 or anti-CTLA-4 ICI primarily in the context of melanoma (15–19), non-small cell lung cancer (NSCLC) (13, 20, 21), and urothelial cancer (19). Separately, while certain demographic variables including body mass index (BMI) (22, 23), and gender (24), have been associated with ICI outcomes; the association of these with irAE occurrence have not been studied.

In this study, we report upon the association with irAE occurrence and outcome to PD-1 blockade in patients with advanced melanoma treated with nivolumab or pembrolizumab. We evaluate the temporal pattern of irAE occurrence, relationship of irAE occurrence in relation to outcomes including objective response, progression-free and overall survival, and relationship of irAE occurrence. We perform separate analyses by gender and BMI and investigate the influence of systemic steroid use upon the stated outcomes.



Materials And Methods


Patient Selection

Approval was obtained from the University of Pittsburgh Cancer Institute (UPCI) Institutional Review Board (IRB) for a retrospective analysis of cancer patients who had received treatment with anti-PD-1 and/or anti-CTLA-4 ICI (IRB number PRO18080253) identified based on retrospective review of pharmacy records. For the purposes of this analysis, only patients with advanced metastatic melanoma treated with single-agent anti-PD-1 ICI were considered. Inclusion criteria were diagnosis of unresectable (stage III) or metastatic (stage IV) cutaneous, mucosal, or unknown primary melanoma, treatment with at least one dose of anti-PD-1 therapy administered singly, and at least one restaging scan available to assess disease response. Patients with uveal melanoma were excluded. A prespecified sample size was not determined. 190 melanoma patients treated between June 2014 and August 2020 with either nivolumab or pembrolizumab in the advanced setting were included, although patients who received adjuvant nivolumab or pembrolizumab were not included. Patients were treated with intravenous pembrolizumab (2mg/kg every 21 days; 200mg every 21 days) or nivolumab (3mg/kg every 14 days; 240mg every 14 days; 480mg every 28 days) under a range of doses and schedules as indicated. Treatment duration was not specified a priori but was typically administered for up to 24 months, disease progression, or unacceptable toxicity.

Patient demographics and baseline characteristics, along with data regarding prior systemic therapy (if any) and performance status (PS) on the Eastern Cooperative Oncology Group (ECOG) scale were collected. Mutational status as determined on primary or metastatic tumor tissue was recorded. Disease stage at start of anti-PD-1 therapy was assigned using the American Joint Committee on Cancer (AJCC) 8th edition staging classification (25).

Radiographic response was assessed using computed tomography (CT) scans or positron emission tomography (PET) scans with CT attenuation performed at baseline and every 3 months as assessed by the treating investigator (D.D., Y.N., J.J.L., or J.M.K.). Clinical response to treatment was categorized as complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD) according to the Response Evaluation Criteria in Solid Tumors (RECIST) v 1.1 criteria (26). Patients who were not radiologically evaluable were not included in this analysis. Best overall response was defined as the best achieved response observed during treatment period; while current objective response rate (ORR) was defined as the proportion of patients with CR or PR at the most recent radiographic assessment. Progression-free survival (PFS) was defined as time from date on which immunotherapy was started to date of first radiographic or clinical progression. Patients who had not progressed were censored at the date of last follow up. Overall survival (OS) was calculated from date on which immunotherapy was started to date of death; and patients who were alive were censored at the date of last follow up.



Immune-Related Adverse Event (irAE) Assessment

irAE terms were defined as any AE that previously had been reported to be associated with the mechanism of action of pembrolizumab or nivolumab ICI therapy. The following groups of irAEs were considered based on a prespecified list and were grouped as follows (1): endocrine irAE (hypothyroidism, hyperthyroidism, hypophysitis, type 1 diabetes, or adrenal insufficiency) (2); cutaneous irAE (macular rash, papular rash, bullous disease, vitiligo excluding pruritus alone) (3); rheumatologic irAE (myalgia, arthritis, myositis, temporal arteritis, xerostomia) (4); gastrointestinal irAE (colitis, hepatitis, pancreatitis) (5); other irAEs (pneumonitis, immune thrombocytopenia, nephritis, aseptic meningitis). We specifically only evaluated irAEs that occurred after receipt of anti-PD-1 therapy and any event temporally linked to this; but specifically excluded any irAE that occurred following receipt of any subsequent therapy (immune, targeted therapy or other). We excluded AEs – such as fatigue or pruritus – that are not classically considered immune mediated but could conceivably result from an immune mediated process. irAEs that occurred between the start and last dose of treatment were tabulated. irAEs severity was graded according to the National Cancer Institute’s Common Terminology Criteria for Adverse Events, version 5.0. Management of irAEs was obtained based on chart review. Treatment-related irAEs were typically managed following published American Society of Clinical Oncology (ASCO) clinical practice guidelines and use of steroid and steroid-sparing agents was documented (27, 28).

To describe patterns of multiple irAEs, we evaluated all patients with >1 irAE (N=44) that developed during treatment and/or follow-up period. irAE categories were grouped and between-category relationships (rheumatologic-endocrine, cutaneous-rheumatologic, etc.) were considered regardless of number, and/or temporality and subsequently enumerated (xCy, where x is the number of irAE categories, and y is the number of unique rearrangements). This generated 3 relationships per individual from those with 3 irAEs (N=10), and 6 relationships per individual from those with 4 irAEs (N=4). The total number of unique two-dimensional relationships so derived (78) were plotted on a chord gram using Flourish studio (https://app.flourish.studio/@daan/chord-diagram).



Statistical Analysis

Data were summarized using descriptive statistics. Normality testing (D’Agostino and Pearson test) was performed to determine whether data were sampled from a Gaussian distribution. The Mann–Whitney U test was used to compare continuous non-normally distributed variables. Incidence of events among the groups was analyzed for statistical significance using the Fisher exact test. Logistic regression models were used to study the effect of explanatory variables on binary outcomes, and odds ratios (OR) and 95% confidence intervals (CI) were calculated based on these models. Survival outcomes were evaluated with the Kaplan–Meier method. The relationship between survival outcomes with risk factors was studied with Cox models. Hazard ratio (HR) and 95% CI were calculated for each risk factor. Univariate and multivariate analysis were performed when appropriate, using Cox proportional hazard model. All p values were two-sided; p values < 0.05 were statistically significant. Statistical analysis was performed with SAS version 9.4 (SAS institute Inc, Cary, NC), GraphPad Prism version 6.0 for Mac (GraphPad Software, San Diego CA), and IBM-Microsoft SPSS (SPSS Statistics. International Business Machines Corporation IBM. 2013. Armonk, USA) version 20.0 for Mac.




Results


Patients and Clinical Characteristics

190 patients with advanced/unresectable cutaneous, mucosal, or unknown primary melanoma who met the inclusion criteria were included in the present analysis (119 males, 71 females). The median age was 68 (range 20.0 to 91.0 years), and the median duration of follow-up for all patients was 18.0 months. 162 (85.3%) of patients had stage IV disease while 28 (14.7%) had unresectable stage III disease. 157 (82.6%) of patients were treated with pembrolizumab; while 33 (17.4%) received nivolumab. Anti-PD-1 therapy was typically administered in the front-line setting (107 patients, 56.3%), and less commonly in the 2nd (47 patients, 24.7%) or ≥3rd line (36 patients, 19.0%) settings. 68 (35.8%) of patients were exposed to ipilimumab previously in either the adjuvant or metastatic settings. The overall rate of progression was 59.5%, and patients who progressed were treated with either targeted therapy, or investigational immunotherapy. Baseline characteristics are tabulated in Table 1.


Table 1 | Baseline characteristics of PD-1 treated advanced melanoma patients.





IrAE Incidence, Temporal Relationship and Resolution

Treatment-related irAEs of any grade occurred in 114 (60.0%) of patients, and 44 (23.2%) of patients experienced more than one AE (Figure 1). The vast majority of all irAEs were Grade 1-2 and comprised: dermatologic irAEs [61/68 (89.7%)], endocrinologic irAEs [39/41, (95.1%)], rheumatologic irAEs [34/41, (82.9%)]. Grade 3-4 irAEs occurred in 30 (15.8%) patients; while no incidence of grade 5 irAEs were noted. Anti-PD-1 therapy resulted in treatment discontinuation in 30 (15.8%) of patients, with the most common etiology being pneumonitis in 6 patients (20.0%), colitis in 5 patients (16.7%), and hepatitis in 5 patients (16.7%).




Figure 1 | Incidence of Any-grade irAE Occurring in at least One PD-1 Treated Advanced Melanoma Patient. a. Legend: Incidence of any-grade irAE that occurred in ≥1 patient after anti-PD-1 therapy for advanced melanoma is shown. Patients who received pembrolizumab (blue) and nivolumab (orange) are depicted separately. Incidence of each irAE is listed on the right.



When we evaluated the various irAEs in relation to start of therapy, we observed differing times to occurrence among the various categories of irAEs (Figure 2). Dermatologic irAEs tended to occur relatively soon after initiation of therapy (median 12.0 weeks) while neurologic and pulmonary irAEs tended to occur relatively late (median 40.6 weeks and 62.4 weeks respectively) (Figure 2). The median time (in weeks) to onset of the most common irAEs (incidence ≥5%) were as follows: hyperthyroidism (6.3 weeks), dermatologic (12.0 weeks), myalgia (12.0 weeks), arthritis (18.4 weeks), hypothyroidism (20.4 weeks), colitis (21.6 weeks), hepatitis (24.0 weeks), and pneumonitis (62.4 weeks) (Figure 2); qualitatively similar to prior reports (14). At the time of this analysis, all irAEs had completely resolved except for vitiligo, myalgias and endocrine irAEs requiring permanent hormone replacement therapy.




Figure 2 | Median Time (weeks) to irAE Occurrence in PD-1 Treated Advanced Melanoma Patients. a. Legend: Median time (in weeks) from start of therapy to development of any-grade irAE that occurred in ≥1 patient after anti-PD-1 therapy for advanced melanoma is shown. Range (in weeks) from start of therapy to development of irAE is shown on right.





IrAE Occurrence and Response/Survival to Anti-PD-1 Therapy

The occurrence of any irAE was strongly associated with the development of investigator-assessed response to anti-PD-1 therapy, defined as CR or PR assessed by RECIST v1.1 (p<0.0001); whether evaluated by current (p=0.0082) or best (p=0.0001) response, summarized in Table 2 and Supplementary Table 1. Of the various irAEs, only dermatologic and rheumatologic irAEs were significantly associated with current response (dermatologic, p=0.0006; rheumatologic, p=0.0197), and best response (dermatologic, p<0.0001; rheumatologic, p=0.0157). The odds of response in patients who developed any irAE, a dermatologic irAE, or arthritis irAE were 4.49 (95% CI 2.41, 8.39), 4.32 (95% CI 2.06, 9.04), and 4.65 (95% CI 1.02, 21.23), respectively, summarized in Table 3 and Figure 3. These results underscore similar observations by other groups in the setting of melanoma patients treated with anti-PD-1 ICIs both in the adjuvant and advanced settings (16, 19, 29–32).


TABLE 2A |  Summary of irAE occurrence by response (Current).





TABLE 2B |  Summary of irAE occurrence by response (Best).





Table 3 | Univariate logistic regression analysis for the association of irAE with any response.






Figure 3 | Odds Ratio of Response vs. Non-response by irAE. a. Legend: Forest plot of odds ratio of response vs. non-response by various irAE.



Concordant with the positive association of irAE and objective response to anti-PD-1 therapy, irAE occurrence was associated with improved PFS and OS. Median PFS (mPFS) and OS (mOS) were significantly greater in those who developed irAE than in those who did not (mPFS 28 months vs. 5 months, p < 0.0001; mOS not reached vs. 9 months, p < 0.0001) (Figures 4A, B).




Figure 4 | Association of irAE Occurrence and Progression-Free Survival (A) and Overall Survival (B). Kaplan-Meier plots of progression-free survival (A) and overall survival (B) in advanced melanoma patients treated with anti-PD-1 therapy compared by development and extent of irAE (0 vs. single vs. multiple). All p-values significant and unadjusted for multiple comparisons.



The proportion of patients who were BRAF mutant was 27.4%, while 22.6% of patients were NRAS mutant. Oncogenic BRAF mutations were associated with lower odds of ORR (odds ratio 0.37, p=0.0049) and irAE development (odds ratio 0.45, p=0.0180). Conversely, we observed greater ORR (odds ratio 2.53, p=0.0177) and irAE development (odds ratio 1.49, p=0.2844) in NRAS mutant patients; concordant with prior observations by other groups (33). Given that this was a retrospective study wherein mutation status was not prospectively collected with consequent imbalances, the associations of oncogenic drivers with irAE occurrence must be interpreted cautiously.

The longitudinal nature of the analysis permitted us to characterize patients who developed multiple irAEs. Overall, 42 (22.1%) unique patients developed 100 unique irAEs, grouped by organ system involvement in Supplementary Table 2. Three patients experienced four distinct irAEs; while 10 distinct patients developed three distinct irAEs (Supplementary Table 2). The commonest irAE doublets were dermatitis-endocrinopathy (15, 19.5%) and dermatitis-rheumatologic (15, 19.5%), followed by endocrinopathy-hepatitis (7, 9.1%) and endocrinopathy-rheumatologic (6, 7.8%) – a pattern reflected partially by the overall incidence of organ-specific irAEs. These relationships are depicted using a chord diagram in Supplementary Figure 1.

Patients who developed multiple irAEs had improved PFS and OS compared to those who did not develop an irAE (p<0.0001, PFS; p<0.0001, OS). Compared to those who developed a single irAE, patients who developed multiple irAEs had a trend towards improved PFS and OS, although this did not reach statistical significance for the OS and the PFS comparisons (p=0.2555, PFS; p=0.0583, OS) (Figures 4A, B).



Relationship of Steroid Use Upon irAE Resolution and Relationship of Gender, Age and BMI on irAE Development

50 (26.3%) patients required steroids for treatment of irAEs, of whom 7 (14.0%) patients failed steroid management and required biologics. Measures of response to therapy including objective response rate (ORR), median progression-free survival (PFS) and median overall survival (OS) were similar among patients who received steroids for irAE management compared to those who did not: ORR 47.1% vs. 52.9% (p = 0.2825); mPFS 31 months vs. 26 months (p = 0.5186); and mOS not reached vs. 38 months (p = 0.2593) (Supplementary Table 3).

We investigated the influence of gender, age at treatment onset and pre-treatment BMI upon irAE development. While irAE occurrence was not affected by sex (p=0.9026) or age (p=0.2130), we observed that increasing BMI (OR 1.06, p = 0.0206) increased the likelihood of irAE occurrence (Supplementary Table 4). Herein, we observed that the odds of irAE development were greater in BMI >25.0 (OR 1.97, 95% CI 1.04, 3.74) compared to patients with BMI ≤25.0. These data are in line with other reports including a meta-analysis linking increased BMI with a greater risk of irAE development in patients treated with anti-PD-1 and/or anti-CTLA-4 ICI (34–38).




Discussion

Several single-center and pooled analyses have evaluated the incidence of irAE and outcomes to anti-PD-1 therapy in melanoma in multiple settings including adjuvant therapy and advanced disease (15–19, 39). However, this real-world single-center analysis is the first study to our knowledge that evaluates the longitudinal development of irAE in anti-PD-1 treated melanoma patients and their relationship to response and survival outcomes along with other demographic determinants of response and autoimmunity including age, gender and BMI. Given the inherent difficulty in classifying and attributing irAEs to antecedent anti-PD-1 therapy, it is not surprising that the data on the incidence and severity of immune-related toxicities is disparate.

Our data show that most irAEs from anti-PD-1 monotherapy were low-grade. The incidence, time to occurrence and profile of irAEs and grade 3/4 irAEs were similar to what had been previously reported for pembrolizumab and nivolumab in the setting of advanced melanoma (8, 9, 39). The majority of irAEs we observed resolved without sequelae, except for endocrine irAEs such as adrenal insufficiency and hypothyroidism, which often required long-term endocrine therapy. The longitudinal follow up at a single center afforded us the ability to examine the temporal trends of irAEs along with the co-occurrence of multiple irAEs. While dermatologic and endocrine irAEs were common events that occurred early, we did note moderately frequent co-occurrence of dermatologic-rheumatologic and dermatologic-endocrine manifestations - suggestive of the presence of a shared factor (or factors) at the level of the host shared among these patients such as: HLA polymorphisms (40), tumor antigenic mimicry (20), and/or intestinal microbiota (41–43). Prospective studies integrating phenotypic information with other biomarkers are needed to further characterize these patterns.

The association between irAE occurrence and improved benefit to anti-PD-1 ICI in terms of response and PFS has previously been reported in ICI-treated melanoma patients (14, 17); although a recent pooled analysis of KEYNOTE-001, KEYNOTE-002, and KEYNOTE-006 studies that corrected for immortal time bias suggested similar ORR, PFS and OS statistics among patients who did or did not experience irAEs (39). While we observed that irAE occurrence was associated with response to anti-PD-1 ICI, this association was driven overwhelmingly by the positive association between radiographic response and irAEs belonging to either dermatologic or rheumatologic categories. The positive association between cutaneous adverse events (particularly vitiligo) and favorable therapeutic outcomes in melanoma has been shown with various agents including biochemotherapy (44, 45), interferon (46), ipilimumab (47), and anti-PD-1 ICI (48, 49). Given the known associations between cutaneous and autoimmune diseases with joint/muscle involvement, these observations suggest a shared etiopathogenetic mechanism between cutaneous and rheumatologic irAEs wherein exposure to anti-PD-1 ICI unmasks a latent reactivity to shared antigen(s) (50).

Female gender, increasing age and greater BMI are all associated with increased risk of autoimmunity and autoimmune diseases (51–53). In the context of gender, this is likely related to the effects of endogenous estrogen and/or prolactin upon self-reactive B and T cells (54–56), and/or skewed X-chromosome inactivation (XCI) that results in loss of immunological tolerance to self-antigens (57). While several reports have suggested improved immunotherapy efficacy in men (24), other meta-analyses have derived opposite conclusions (58, 59). We did not observe any differences in irAE incidence by sex.

Both ageing and obesity are tightly associated with “inflammaging” – a chronic low-grade inflammatory state characterized by inflammatory cytokine production and a dynamic reorganization of the adaptive immune compartment associated with co-emergence of exhausted T cells expressing inhibitory receptors including PD-1 and CD4+CD25highFoxP3+ regulatory T cells (60, 61). Consequently, both increased age (62–64), and elevated BMI (65, 66), have independently been linked with improved outcomes to ICI. Consistent with a prior report, we did not observe an increase in the risk of irAE with increased age (62). We observed a significant association between irAEs and higher BMI – consistent with results from retrospective studies evaluating anti-PD-1 ICI-treated cancer patients (34, 38), along with a recent meta-analysis and systemic review (36).

This study has several limitations. Similar to other retrospective analyses, this study is susceptible to inherent biases including reporter bias, although detailed chart review by a trained oncology pharmacist was utilized to minimize this. As we sought to characterize irAEs in patients treated with anti-PD-1 ICI singly, we restricted our analyses to melanoma patients which limits the generalizability of these results to other histologies and patients treated with combinations including ICI/chemotherapy and ICI combinations. Although our focus was development of irAEs following anti-PD-1 monotherapy, we did consider the impact of prior anti-CTLA-4 therapy on clinical outcomes. However, upon review of the data, we identified significant heterogeneity in CTLA-4 treated patients (i.e. ipilimumab dose, number of cycles given, timing of ipilimumab in respect to subsequent anti-PD-1 therapy, and line of therapy). The retrospective nature of this analyses implied a lack of balance in the number of patients in each CTLA-4 subgroup, precluding statistical analyses. However, given the significant role of CTLA-4 blockade in the melanoma armamentarium hitherto limited by irAEs, and the observations that the irAE incidence of CTLA-4 may be ameliorated by low-dose combinations, future efforts should be directed at evaluating the detailed incidence of irAEs in CTLA-4 treated patients by dose (67). To increase statistical power, we grouped individual irAEs into linked irAE categories. While this approach has been adopted by others, there is the chance that in doing so, irAEs with diametric effects upon response were grouped, negating the overall effect of the irAE category upon response, a particular consideration with endocrinopathies.

In conclusion, the detailed longitudinal analyses in this single-center study permitted deep phenotypic characterization and uncovered previously unreported relationships of multiple temporally separated irAEs; and their relationship to response and survival outcomes in anti-PD-1 treated melanoma patients. These observations suggest that the incidence of certain irAEs may be underreported and that irAEs linked to shared etiopathogenetic mechanisms may co-occur in the same individual weeks to months apart that should be the focus of future analyses.
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Dermatologic 1.46 0.38 0.0002 4.32 (2.06, 9.04)
Colitis 043 0.71 0.5450 1.63(0.38, 6.13)
Myositis 0.27 128 0.8269  1.31(0.12, 14.70)
Pneumonitis 157 1.08 0.1465  4.79 (0.58, 39.74)
Arthritis 1.54 0.77 0.0473  4.65 (1.02, 21.23)
Nephritis 0.27 1.23 0.8269 1.31(0.12, 14.70)
Hypothyroidism 0.88 0.49 0.0721  2.42(0.92, 6.35)
Hyperthyroidism 028 0.72 0.7002  1.32(0.32, 5.45)
Myalgia 0.98 0.58 0.0934  2.66 (0.85, 8.36)
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irAE N (%) in Each Group p-value with Fisher’s exact test
(comparing CR/PR vs. SD/PD")
CR/PR sb PD
Any irAE 121 35 36 0.0001
Dermatologic
* Rash 35 (28.9%) 6(17.1%) 9 (25%) <0.0001
 Vitiigo 12 (9.9%) 1(2.9%) 2 (5.6%)
* Bullous dermatoses 1(0.8%) 0 (0%) 1(2.8%)
 Dry skin 0 (0%) 1(2.9%) 0 (0%)
Endocrine
« Hypothyroidism 15 (12.4%) 5 (14.3%) 6 (16.7%) 0.4465
* Hyperthyroidism 3 (2.5%) 3 (8.6%) 3 (8.3%)
« Hypophysitis 1(0.8%) 0(0%) 0(0%)
* Adrenal insufficiency 1(0.8%) 3 (8.6%) 0 (0%)
 Type | DM 1(0.8%) 0 (0%) 0(0%)
Rheumatologic
 Myalgia 15 (12.4%) 0(0%) 4 (11.1%) 00157
* Xerostomia 2 (1.6%) 1(2.9%) 0 (0%)
* Temporal arteritis 1(0.8%) 0 (0%) 0 (0%)
 Myositis 1(0.8%) 1(2.9%) 1(2.8%)
o Arthritis 10 (8.3%) 4 (11.4%) 1(2.8%)
Gastrointestinal
 Colitis 6 (5.0%) 1(2.9%) 3(8.3%) 0.8365
* Hepatitis 6 (5.0%) 7 (20.0%) 4(11.1%)
* Pancreatitis 0 (0%) 0 (0%) 0 (0%)
Pneumonitis 5 (5.0%) 2 (5.7%) 1(2.8%) 0.4832
Nephritis 2 (1.6%) 0(0%) 1(2.8%) 0.6077
Neurologic
« Aseptic meningitis 2 (1.6%) 0 (0%) 0 (0%) 0.2281
Hematologic
* Hemolytic anemia 0 (0%) 0 (0%) 0 (0%) 0.2281
* Immune thrombocytopenia 2 (1.6%) 0 (0%) 0 (0%)

#*Based on investigator-assessed best response to anti-PD-1 therapy based on RECIST v1.1.
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Sex
* Male
Age
* Median (range)
* <60
* 60 to <70
°>70
BMI
<25
* 25-30
*>30.0
Histology
* Cutaneous
* Unknown primary
* Mucosal
ECOG PS
®0-1
.2
>3
*NR
Prior autoimmune disease
Extent of disease
* Unresectable stage Ill
* Mia
* M1b
* Mic
* Mid
Mutational status
* “BRAF VBOOE/K
« °NRAS
LDH (ULN = 171)
* Normal
* 1to<2x ULN
* >2x ULN
* N/A
Anti PD-1 Agent Received
 Nivolumab
* Pembrolizumab

Anti-PD-1 Line of Therapy (Advanced Setting)

o1t
o ond
. Ssrd
Prior Therapy
* Anti-CTLA
* Interferon
Best Response to Anti-PD-1
*CR
* PR
*SD
*PD
Current Response to Anti-PD-1
*CR
* PR
*SD
* PD

*BRAF mutation status was unknown in 14 (7.3%) of patients.
SNRAS mutation status was unknown in 32 (16.9%) of patients.
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