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Abstract: Immunotherapy blocks immunoinhibitory pathways and allows for reversal of immunosuppression caused by 

malignant tumors. Immunotherapy can cause immune-related adverse events (IrAE) including rash, pneumonitis, colitis 

endocrinopathy, nephritis, adrenal insufficiency, hepatitis, and uveitis. Limited data exist to predict which patients will have the 

greatest response to therapy and if there is a correlation between IrAE and immunotherapy effectiveness. The aim of this study 

was to determine the relationship between IrAE and immunotherapy efficacy. A retrospective medical records review was 

collected of patients with metastatic cancer who received immunotherapy. Data included demographics, Eastern Cooperative 

Oncology Group Performance Status, imaging, time on treatment, best response, disease progression, and presence or absence of 

IrAE while on treatment. Treatment response was analyzed using the Response Evaluation Criteria in Solid Tumors guideline, 

version 1.1. Overall survival probabilities were calculated by the Kaplan-Meier survival method. 456 patients were included for 

analysis, 175 (38.4%) had an IrAE while on immunotherapy. The development of IrAE correlated with response rate for 

complete response, partial response, and overall response rate. A significant increase in overall survival was also seen. The 

presence of IrAE may be a potential predictive indicator for treatment response to immune checkpoint inhibitors. 
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1. Introduction 

Program death-ligand 1 (PD-L1) inhibitors have been 

developed to promote the activation of antineoplastic T cells and 

reduce tumor size [1]. Within lymph nodes, PD-L1 assists in 

preventing the activation of new cytotoxic T cells [2]. Within 

dendritic cells, PD-L1 deactivates cytotoxic T cells. PD-L1 also 

plays a key role in tumor autophagy, helping cancer cells adjust 

to the body’s environment and continue to proliferate [3]. 

Inhibitors of PD-L1 allow for tumor-invading cells to be 

recognized and destroyed by cytotoxic T cells and prevent tumor 

autophagy, ultimately stopping malignant cells from adaptation 

and development [2, 3]. PD-1/PD-L1 inhibitor therapy includes 

nivolumab, pembrolizumab, atezolizumab, avelumab, and 

durvalumab. These drugs have been shown to improve 

outcomes in certain tumor subsets, especially those that harbor a 

high tumor mutational burden [1]. In one study by Hellmann et 

al [2] the efficacy of nivolumab ± ipilimumab in the treatment of 

non-small cell lung cancer (NSCLC) was enhanced in patients 

with a high tumor mutational burden compared to patients with 

less mutations [2]. Immunotherapy has been approved for more 

than 10 different solid tumor types and for any tumor with high 
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levels of microsatellite instability or deficient mismatch repair 

genes [4, 5]. Immune checkpoint inhibitors work by blocking 

immunoinhibitory pathways, allowing reversal of 

immunosuppression caused by advanced malignant tumor [6]. 

These immunotherapy drugs can cause immune-related adverse 

events (IrAE) including rash, pneumonitis, colitis, 

endocrinopathy (hypo and hyperthryroidism), nephritis, adrenal 

insufficiency, hepatitis, and uveitis [7, 8]. Although research and 

knowledge of immune checkpoint inhibitors have increased in 

the past decade, there is limited data studying the relationship 

between patient adverse events and immunotherapy efficacy. 

Due to the lack of research, it is difficult to predict which 

patients will have the greatest response to therapy. Thus, the aim 

of this study was to determine the relationship between IrAE and 

immunotherapy efficacy. 

2. Materials and Methods 

2.1. Study Design, Population Setting, and Data Collection 

This retrospective cohort study included patients with 

metastatic cancer who presented to the Ochsner Cancer 

Institute between October 1, 2014 and February 1, 2019. Data 

was gathered through the electronic medical record. Patients 

who received at least one cycle of PD-1/PD-L1 

immunotherapy (nivolumab, pembrolizumab, atezolizumab, 

or durvalumab) and no other drug in combination during the 

study period were eligible. Patients who were lost to follow-up 

and patients who did not receive imaging during their time on 

immunotherapy and were therefore unable to have Response 

Evaluation Criteria in Solid Tumors (RECIST) measurements 

were excluded from the study. This study was approved by the 

Ochsner Clinic Foundation Institutional Review Board. 

2.2. Study Variables, Data Resources, Primary and 

Secondary Outcomes 

Demographics (age, sex, race, smoking history), Eastern 

Cooperative Oncology Group Performance Status at the start 

of treatment, imaging results (computed tomography [CT] 

scans, magnetic resonance imaging [MRI], positron emission 

tomography [PET]), time on treatment, best response to 

treatment, date of progression of disease, and presence or 

absence of IrAE while on treatment were collected. The 

primary outcome was the relationship between IrAE and 

tumor response to immune-targeted therapy. To determine this 

relationship, treatment response was analyzed on CT, MRI, or 

PET imaging with the RECIST version 1.1 criteria [9]. 

Overall response rate was defined as patients with a partial 

response or a complete response. Two cohorts of patients were 

created based on the presence or absence of IrAE. The 

secondary outcome was overall survival, defined as the time 

from the first immunotherapy treatment to death or 

termination of the study (February 1, 2019). 

2.3. Statistical Analysis 

Bivariate analyses were run between IrAE status with 

patients demographics, medical history, and clinical 

outcomes. For categorical data, chi-square test was used to 

compare the groups, and results are reported as frequencies 

and percentages. For continuous variables, independent 

sample t-test or Wilcoxon rank sum test was used to compare 

patient groups. SAS version 9.4 for windows (Cary, NC, 

USA) was used to conduct all analyses. Tests were 

performed at a significance level of α=0.05. Values were 

considered statistically significant if P was <0.05. 

2.4. Survival Analysis 

Overall survival probabilities were assessed using 

Kaplan-Meier methods stratified by IrAE status (present vs 

absent) over 30 months. 

3. Results 

3.1. Patient Characteristics 

We identified 456 patients with metastatic cancer who met the 

study criteria. Their median age was 67.6 years (range from 

28-94 years old). The median time on immunotherapy for all 

patients was 3.7 months. Of the 456 patients included in this 

study, 175 had an IrAE while on immunotherapy. The patient 

population was similar between those with IrAE and those 

without. Demographics were not significantly different between 

the two groups (Table 1). The majority of patients on 

immunotherapy had Non Small Cell Lung Cancer (NSCLC), and 

most patients were on nivolumab or pembrolizumab, which is 

consistent with the known epidemiology of this disease (Table 2). 

Table 1. Demographics. 

 Adverse Events Present Total 

Number of Patients 175 456 

Male (%) 122 (69.7) 324 (71.1) 

Median Age in years 67.5 67.6 

Race:   

Black (%) 46 (26.3) 135 (29.6) 

White (%) 124 (70.9) 308 (67.5) 

Other (%) 5 (2.9) 13 (2.9) 

Smoking History:   

Never/light (%) 81 (46.3) 206 (45.2) 

Heavy (%) 94 (53.7) 250 (54.8) 

Current Smoker (%) 22 (12.6) 69 (15.1) 

ECOG1 Performance Status (%): 

0 87 (49.7) 194 (42.5) 

1 66 (37.7) 173 (37.9) 

2 18 (10.3) 64 (14.0) 

3 4 (2.3) 25 (5.5) 

4   

5   

1ECOG: Eastern Cooperative Oncology Group. 

Table 2. Cancer Subtypes and Drug Types. 

 
Adverse Events 

Present 

Total No. of 

Patients 

No. of Patients 175 456 

Cancer:   

Hepatocellular (%) 5 (2.9) 20 

Melanoma (%) 27 (15.4) 47 

Non Small Cell Lung Cancer (%) 74 (42.3) 192 
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Adverse Events 

Present 

Total No. of 

Patients 

Renal Cell (%) 23 (13.1) 52 

Small Cell (%) 17 (9.7) 40 

Urothelial (%) 8 (4.6) 41 

Other (%) 21 (12) 64 

Drug:   

Nivolumab 102 253 

Pembrolizumab 59 162 

Atezolizumab 5 25 

Durvalumab 9 16 

Of the 253 patients on nivolumab, 102 (40.3%) had an IrAE. 

A total of 59 of 162 patients on pembrolizumab, 5 of 25 

patients on atezolizumab, and 9 of the 16 patients on 

durvalumab had an IrAE (Table 2). 

Most common IrAE’s included hypothyroidism (n=63, 13.8%), 

rash (n=48, 10.5%), and colitis (n=32, 7%) with adrenal 

insufficiency, hepatitis, hyperthyroidism, nephritis, hypophysitis, 

pneumonitis, and uveitis also discussed (Table 3). Most patients 

with IrAE had NSCLC, followed by Melanoma and Renal Cell 

Carcinoma (RCC). 

Table 3. Type of Immune-related Adverse Event (AE) by Cancer Type. 

Immune-Mediated AE Hepato-cellular Melanoma NSCLC 
Renal 

Cell 

Small 

Cell 
Urothelial Other AE Present Total (%) 

Hypothyroid 0 11 31 7 7 1 6 63 (13.8) 

Rash 3 11 20 6 2 2 4 48 (10.5) 

Colitis 1 8 10 3 4 1 5 32 (7.0) 

Pneumonitis 1 2 17 3 1 1 5 30 (6.6) 

Hepatitis 1 4 8 3 3 3 1 23 (5.0) 

Nephritis 1 1 10 5 1 1 2 21 (4.6) 

Hyperthyroid 2 0 10 0 1 0 1 14 (3.1) 

Adrenal Insufficiency 0 1 2 3 1 0 0 7 (1.5) 

Hypophysitis 0 0 2 0 0 0 1 3 (.7) 

Uveitis 0 0 1 0 0 0 0 1 (.2) 

Adverse Events Total 9 38 111 30 20 9 25  

 

3.2. Therapeutic Response 

In the total population, 108 (23.7%) patients had an overall 

response (calculated by combining patients with partial and 

complete responses), and the development of IrAE correlated 

with response rate (Table 4). Among the patients with a reported 

IrAE, 63 (58.3%) had an overall response compared to 45 

(41.7%) of patients without IrAE. Complete response occurred 

in 38 patients (8.3%) overall, 21 (55.3%) of patients with an 

IrAE and 17 (44.7%) of patients without an IrAE. Partial 

response occurred in 70 patients (15.4%) overall, 42 (60.0%) 

patients with an IrAE vs 28 (40.0%) patients without an IrAE. 

The disease progressed in 217 patients (47.6) overall, and 

the majority of these patients did not have an IrAE (164 

[75.6%]), Similarly, 131 patients (28.7%) had stable disease, 

and the majority did not have an IrAE (72 [55.0%]). 

3.3. Survival Analysis 

By study termination, 222 of the 456 patients had died 

(48.7%). At 10 months, 103 the 175 patients with IrAE 

remained on treatment compared to 108 of the 281 patients 

without IrAE who were still being treated (58.8% vs 38.4%, 

p<0.001). At 24 months, 35 patients of the original 175 patients 

who had IrAE were continuing treatment, while 26 patients of 

the original 281 patients without an IrAE were still being 

treated with immunotherapy (54% vs 36% survival probability, 

P<0.001) (Figure 1). The median overall survival had not been 

reached by the time of analysis. The timing of the onset of 

IrAEs was not analyzed as IrAE can present many months or 

even years after immunotherapy treatment has ceased [8]. 

Figures 2 and 3 show a visual representation of the 

significance described in Table 4. 

 

Figure 1. Overall Survival amongst those with and without IrAE while on Immunotherapy. 
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Table 4. Treatment Response. 

 Adverse Events Absent Adverse Events Present Total (%) 

No. of Patients 281 175 456 

Progressive Disease (%) 164 (75.6)a 53 (24.4)a 217 (47.6)b 

Stable Disease (%) 72 (55.0)a 59 (45.0)a 131 (28.7)b 

Partial Response (%) 28 (40.0)a 42 (60.0)a 70 

Complete Response (%) 17 (44.7)a 21 (55.3)a 38 

Overall Response Rate (%) 45 (41.7)a 63 (58.3)a 108 (23.7)b 

aPercentages for Adverse Events Absent and Present are calculated across the row. 
bPercentages for Totals are calculated within the column. 

 

Figure 2. Treatment Response to Immunotherapy according to the Response 

Evaluation Criteria in Solid Tumors (RECIST) and presence or absence of 

immune-related adverse events. 

 

Figure 3. Overall Response Rate and the presence or absence of 

immune-related adverse events. 

4. Discussion 

IrAEs were present in less than half of our patients on 

immunotherapy (38.4%). Hypothyroidism was the most 

prevalent IrAE in those on immunotherapy, followed by rash. 

These findings are consistent with the literature, as multiple 

studies demonstrate that rash, dermatitis, and thyroiditis are 

the most common adverse events seen in patients on 

nivolumab or pembrolizumab [9-13]. Interestingly, diarrhea 

was reported as a prevalent IrAE in a 2017 study conducted by 

Suarez-Almazor et al. [9]; however, one cannot be certain if 

diarrhea is specifically immune related [9]. Ramos-Levi et al. 

[14] investigated 40 patients treated with nivolumab for 

advanced NSCLC and found that 9 patients had thyroid 

function changes (22.5%), further supporting the high 

incidence of thyroid-related symptoms from immunotherapy 

treatment [14]. 

Of note, our study demonstrated that 9 of the 16 of patients 

on durvalumab had an IrAE, making this drug the most likely 

to be associated with an IrAE in our population (Table 2). This 

is of particular interest as our study is the first to document 

such high prevalence of IrAE. However, the size of the 

durvalumab treatment group in our study is small, and further 

investigations are necessary to delve into the relationship 

between this immunotherapy and IrAE. 

Judd et al. [18] reported an association between IrAE and 

overall response rate in clinical trial patients only (those on 

pembrolizumab) (P=0.007) [18]. 

Our study findings also support that the presence of IrAE 

while on immunotherapy is associated with prolonged overall 

survival. Rogardo et al. [15] did not find any significant 

difference in overall survival in those who were on nivolumab 

and/or pembrolizumab and those who were not (P=0.12); 

however, Rogardo et al. [15] employed a smaller sample size, 

looking at a smaller variety of cancer types and less immune 

checkpoint inhibitors compared to our study [14]. A study by 

Ishihara et al. [12] trends towards an increase in overall 

survival with nivolumab therapy in patients with IrAE but did 

not have a significant p value (P=0.072) [12]. Our study does 

support a significant trend between the two. Our study 

indicates a relationship between IrAE and treatment response. 

Immunotherapy works by activating the immune system to 

fight cancer cells. IrAE is due to overactivation of certain 

systems in the body. 

Our results showed that the presence of IrAE may represent 

a potential positive predictive indicator for treatment response 

to immunotherapy. Our study demonstrated that IrAE were 

associated with a higher overall response rate (Table 4, Figure 

3). Multiple studies have also found an increase in overall 

response rate in patients on immunotherapy with IrAE vs 

those without IrAE [15-17]. Lee et al. [16] reported an overall 

response rate of 65% for case patients (those who had a case of 

dermatitis after initiation of PD-1/PD-L1 inhibitor and up to 3 
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months after the last dose) and 17% for controls, P=0.0007 

[15]. Sato et al. [17] reported an overall response rate of 63% 

for patients with IrAE vs 7.4% for patients without (P<0.01) 

[16]. 

Although there are many patients that do well on 

immunotherapy and have no IrAE, by the mechanism of 

action of immunotherapy increasing a patient’s immune 

response, the therapy should also cause an increase in IrAE. 

Our study supports this logic. Of course, there are patients 

who do well on immunotherapy with no IrAE. This study was 

limited by the retrospective nature of the study and the relative 

immaturity of the data. 

A confounding variable in this study may be that the longer 

a patient is on treatment, the greater the risk of IrAE. Patients 

can develop IrAEs for months-years after immunotherapy is 

discontinued, making this confounder less likely. 

5. Conclusion 

Thus, the aim of this study was to determine the relationship 

between IrAE and immunotherapy efficacy. 

Overall, our results suggest that the presence of IrAE may 

represent a potential positive predictive indicator for 

treatment response to immunotherapy. There may be 

variations in how physicians approach adverse events and 

continuing therapy. This study supports a more aggressive 

approach to continuing immunotherapy despite the presence 

of non-life-threatening IrAE. These adverse events may 

benefit the patient’s overall survival. 

Future studies should focus on investigating the benefit of 

continuing immunotherapy in patients despite moderate to 

severe symptoms. 
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