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Abstract

Objectives: To explore the impact of preexisting comorbidities on immunotherapy response,
overall and progression-free survival, and immune-related adverse events (irAEs) of patients with
advanced head and neck cancer (HNC) treated with immunotherapy.

Patients and Methods: 93 patients treated with immunotherapy were identified and stratified
into comorbidity absent or present (CCI < 1 and CCI =1, respectively), and clinical outcomes were
compared between these two groups.

Results: Patients with no comorbidities had longer overall survival (aHR = 2.74, 95%Cl: [1.18,
6.40], p=0.02) and progression-free survival (aHR = 2.07, 95%CI [1.03, 4.16], p=0.04) and a
higher tumor response rate (32% in CCI <1 vs. 14% in CC = 1, p=0.05). Risk for irAEs was
higher in the comorbidity absent group (p = 0.05).
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Conclusion: Comorbidity should be considered as a significant prognostic factor in clinical
decision-making for patients with advanced HNC undergoing immunotherapy.
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Introduction:

Comorbid conditions affect adult patients with cancer at increasing frequencies as
populations get older. Data from Medicare beneficiaries in the US indicate that at least
68.4% of patients aged 65+ have two or more chronic conditions.! Risk factors for head
and neck cancer (HNC), such as tobacco and alcohol consumption, place those patients

at particularly high risk for concurrent conditions such as chronic obstructive pulmonary
disease (COPD). The presence of comorbidities has been reported to be a strong prognostic
factor in various malignancies, including HNC, with increased mortality rates reported in
patients with high comorbidity burden.24

Over the last decade, immunotherapies targeting the pathway of programmed cell death
receptor/ligand 1 (PD1/PD-L1) have been found to have clear and sustained effects on
survival of patients with recurrent and metastatic HNC.® Inhibiting the interaction of
PD-L1 constitutively expressed on tumor cells and PD1 expressed on activated T cells
markedly enhances T cell function, resulting in anti-tumor activity. The promising efficacy
of PD1/PD-L1 inhibitors, including pembrolizumab and nivolumab, in clinical trials has
prompted their approval for the treatment of recurrent or metastatic HNC by the US Food
and Drug Administration, while other immunotherapy agents, including CTLA-4 inhibitors,
are being considered for approval.

In clinical trials, strict inclusion and exclusion criteria are often employed to minimize
risks of autoimmune toxicity with checkpoint blockades, leading to exclusion or
underrepresentation of a variety of patient populations with underlying conditions that may
alter not only tumor biology, but also response to immune reprogramming and suppression.
However, no studies to our knowledge have investigated the influence of comorbidities on
immunotherapy outcomes in patients with HNC.

Although this relationship may be complex, comorbidity was shown to be associated with
immune dysregulation, most notably, in recent single-cell sequencing studies examining
patients with COVID-19.5 Similarly, if a substantial proportion of deaths among HNC
patients treated with immunotherapy is associated with comorbidity, this knowledge can
help optimize treatment planning for patients with HNC.

The aim of this study is to explore the association of comorbidities with clinical outcomes in
a cohort of patients with advanced HNC undergoing immune checkpoint blockade therapy.
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Materials and Methods:

Study Design and Patient Population

This single-center retrospective cohort study was approved by the Institutional Review
Board of the Johns Hopkins Hospital. Patients with stage IV HNC who underwent treatment
with nivolumab, pembrolizumab, durvalumab, or ipilimumab between July 2015 through
January 2020, were included in this analysis. Patients were excluded from the study if
immunotherapy treatment was not for a primary tumor of the head and neck, the primary
tumor site was unknown, patient death prior to post-treatment imaging, or for being under 18
years of age.

Data Collection and Categorization

The electronic medical records were reviewed for eligible patients. Patient demographics
and clinical characteristics were retrieved and included age, sex, race, smoking and alcohol
use history, tumor grade, Eastern Cooperative Oncology Group (ECOG) score, primary
tumor site, HPV status, BMI, and type of immune checkpoint inhibition received.

Comorbidity Assessment

We reviewed patient charts for preexisting comorbid conditions at the time of initial
diagnosis of stage IV HNC. Information on preexisting comorbidity was derived from
secondary diagnoses coded according to International Classification of Diseases, 10th
revision (ICD-10), the patients’ charts and drug plans.

The Charlson Comorbidity Index (CCI) is one of the most extensively validated scoring
systems for assessing comorbidities and predicting prognosis and has previously been
validated in patients with HNC.”8 It is a scaled measure that incorporates 19 different
medical categories, each weighted according to its potential to impact on mortality. In
head-to-head comparisons against other comorbidity indices in the HNC population, no
instrument has been shown to clearly perform better than the CCI.%:10 To determine the
association between comorbidity status and clinical outcomes, we stratified our cohort into
two groups based on CCl score: < 1 and = 1, denoting absence or presence of preexisting
comorbidities, respectively, as used by Pylvélainen et al.11

Clinical Endpoints

Overall survival (OS) was calculated as time between start date of immunotherapy treatment
until date of death from any cause. Progression-free survival (PFS) was calculated as time
between start date of immunotherapy treatment until the occurrence of disease progression
according to RECIST criteria (V1.1). Patients with complete response (CR) or partial
response (PR) according to the RECIST criteria were considered to have a clinical response
to immunotherapy. Patients with disease progression (PD) or stable disease of fewer than 6
months were considered to have not responded to immunotherapy.

We defined immune-related adverse events (irAEs) as any adverse events previously
reported to be associated with the mechanism of action of nivolumab, pembrolizumab,
durvalumab, or ipilimumab therapy. We only evaluated irAEs that occurred after receipt
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of immunotherapy and any event temporally linked to this. Severity of irAEs was graded
according to the National Cancer Institute’s Common Terminology Criteria for Adverse
Events (V5.0).

Statistical Analysis

Statistical analysis was performed using R statistical software (version 4.3.0).

To analyze the association between covariates and overall survival, we performed Cox
proportional hazards regression analysis stratified by comorbidity status and adjusted for
age, sex, race, HPV status, primary site, BMI, and smoking status.

Univariate analysis and multivariate cox proportional hazards model were used to analyze
demographic and clinical characteristics in relation to OS and PFS. Survival curves were
generated using the Kaplan—Meier estimator. Patient characteristics across various CCI
distributions in the cohort were analyzed using the Wilcoxon rank sum test for continuous
variables and Pearson’s chi-squared test or Fisher’s exact test for qualitative variables. All p
values < 0.05 were considered statistically significant.

Results:

Cohort Characteristics

There were 93 patients included in the analysis. In terms of baseline preliminary
characteristics, no significant differences were observed between these two groups in
terms of age, sex, alcohol consumption, and tumor grade (Table 1). However, the cohort
with preexisting comorbidities reported higher rates of 0—-10 and >10 pack-year smoking
history than the cohort with no preexisting comorbidities (26% and 50% vs. 1% and 26%,
respectively; p=0.01). There were no significant differences observed in performance
status, primary site, HPV status, BMI group, or immunotherapy type.

Survival Outcomes

CCI = 1 was associated with increased risk for OS and PFS on multivariate regression
analysis (Table 2 and Table 3, respectively). Kaplan-Meier analysis adjusted for age, sex,
race, HPV status, primary site, BMI, and smoking status showed presence of comorbidities
was significantly associated with both worse OS (aHR = 2.74, 95%Cl: [1.18, 6.40]; p
=0.02) and PFS (aHR = 2.07, 95%CIl: [1.03, 4.16]; p=0.04) (Figure 1A and 1B,
respectively).

RECIST Tumor Response Rates

Overall response rate, defined as complete response and partial response, was higher in
patients with CCI < 1 compared to patients with CCl = 1 (32% vs. 14%, respectively, p=
0.05) (Table 4).

Incidence of Immunotherapy Related Adverse Events (irAEs)

Treatment-related irAEs of any grade were reported in 24 (25.8%) patients based on medical
records, with the vast majority of all irAEs reported to be Grade 1-2. The most common
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adverse event reported was skin rash (29%) followed by colitis (18%) for patients without
comorbidity and fatigue (43%) and pneumonitis (43%) in the CCI = 1 category. Risk for
irAEs was significantly associated with absence of comorbidities compared to presence of
comorbidities (32% vs. 19%, respectively; p= 0.05) (Table 5).

Discussion:

This retrospective study investigated clinical outcomes of 93 patients who underwent
treatment with anti-PD-1 and/or anti-CTLA-4 antibodies for stage IV HNC. Absence of
preexisting comorbidities was associated with improved OS and PFS rates as well as
response to immunotherapy.

In this study, comorbidity was assessed according to CCI score. CCl, a comprehensive index
of multi-morbidities, is an established indicator of a patient’s global status clinically.’-8
Consistent with our findings, CCI has also been shown to be an independent prognosticator
for patient outcomes in HNC.12-14 |n a Surveillance, Epidemiology, and End Results
(SEER) Program analysis of 9386 patients with HNC, Reid et al. found that CCI scores of

1, and 2+ had estimated relative hazards (RHs) of 1.33 (95% CI: 1.21, 1.47) and 1.83 (95%
Cl: 1.64, 2.05) (p-value for trend < 0.0001).1516 More recently, in a prospective cohort study
of 600 patients with HNC in Canada, Wang et al. demonstrated that after adjustment for age,
anatomic subsite, stage, and treatment intent, CCI score was significantly associated with
OS on multivariate analysis (o= .01).14 However, this is the largest study to our knowledge
that investigates the predictive significance of CCI in patients with stage IV HNC receiving
treatment with immunotherapies in particular. In a retrospective analysis of patients with
advanced stage recurrent HNC treated with immunotherapy, Konuthula et al. found CCI
score to not be predictive of overall survival; however, this analysis was limited by a small
sample size (N=44).17 Further research is needed to confirm these findings for other stages
of HNC disease.

While the presence of preexisting comorbidities in our study was associated with shorter OS
and PFS, these patients were less likely to develop irAEs. Interestingly, in a two-institution
cohort study (N = 108) of metastatic head and neck cancer patients, Foster et al. reported
that development of irAEs was strongly associated with clinical benefit, including OS,

PFS, and immunotherapy response.18 We have similarly observed that the CCI <1 group
had greater risk for irAEs and better OS, PFS, and clinical response. Moreover, irAEs

were likewise reported to have better treatment outcomes in melanoma and non-small cell
lung cancer (NSCLC).19-22 Fyrther evaluation of irAE occurrence as a predictive clinical
biomarker for immunotherapy response in HNC is warranted.

Although the mechanism behind the immune alterations resulting from comorbidity burden
remains unclear, it is possible that patients with underlying medical conditions may have

a weaker immune system and may be more likely to take medications that suppress the
immune response, which could potentially decrease the amount of irAEs and lead to worse
outcomes. Additionally, smoking, which is a well-established risk factor for many comorbid
conditions, was found to be statistically more prevalent in patients with CCl1 =1 (p=

0.01) and was associated with worse PFS (p=0.01). It was previously shown that tumors
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with genetic smoking signatures have lower immune infiltration as well as worse survival
outcomes.23

Surprisingly, increase in age was associated with better OS and PFS. In melanoma, a
significant association was observed between age and immunotherapy outcomes, whereas a
greater age correlated with a greater survival benefit (p = 0.013).24 Future work is needed to
better characterize the impact of age on immunotherapy outcomes in HNC.

A systematic review by Wu et al. of 16 trials with 9795 patients demonstrated that older
patients (= 65 years) have a more significant overall survival advantage when compared to
younger patients.2> Additionally, older patients that were treated with PD-1/L1 inhibitors
had a longer OS than younger patients. The review also reported different magnitudes of
efficacy based on cancer type (melanoma, non-small-cell lung cancer, renal cell carcinoma,
urothelial carcinoma, and gastric tumors), with greater efficacy of immune checkpoint
inhibitors in older patients than younger patients. Older patients also had better PFS. The
review also suggested that difference in survival were more prominent in PD1/L1 inhibitors
compared to CTLA-4 inhibitors. The effect of age difference on survival in melanoma
patients was greater than in non-small-cell lung cancer, suggesting variability based on
tumor histology. However, the review did not find a significant difference in patients greater
than 75 years of age treated with immune checkpoint inhibitors, noting the limitation that
those patients accounted for a small part of the cohort and conclusions drawn may not be
reliableFuture studies with a larger sample size should confirm these results.

Though the findings of this study are novel and clinically significant, this analysis has
limitations that warrant discussion. First, this is a single-institution cohort study, which
limits the generalizability of our findings. In addition, causation cannot be established

due to the retrospective cohort study design. Data collection in the study was limited by
reliance on the accuracy and completion of documentation in the electronic medical records
and a small sample size. While the variables in the CCI model are readily available and
scores can be easily calculated by physicians, the model was not developed specifically in
cancer patients. Although various comorbid ailments are common to all populations, the
prevalence, distribution, and relative prognostic impact of each condition to the primary
disease process may vary. Future studies should validate our findings using alternative
comorbidity indices, such as the Adult Comorbidity Evaluation-27 (ACE-27), American
Society of Anesthesiologists’ (ASA) class, and Washington University Head and Neck
Comorbidity Index (WUHNCI), in different patient cohorts.10-26 Additionally, when a
larger sample size becomes available, future studies should stratify patients by the specific
comorbidities reported.

Conclusions:

This investigation is the largest to directly examine the relationship between comorbidity
and immunotherapy outcomes in patients with advanced HNC. Our analysis provides new
evidence that while comorbidities are associated with worse clinical prognosis of head and
neck patients treated with immune checkpoint blockade, absence of comorbidities appears
to be associated with greater risk for immune-related adverse events. These advances in
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the understanding of treatment outcomes are particularly important as attention towards
immunotherapy development increases worldwide. Future studies should seek to confirm
these findings.
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Figure 1.
Kaplan—Meier survival curves displaying (a) OS and (b) PFS according to comorbidity

group; aHR—adjusted hazard ratio, calculated from a Cox model controlling for age,
gender, HPV status, primary site, BMI, and smoking status.
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Table 1.

Demographic and Clinical Characteristics by Comorbidity Group

Characteristic CCl <1No. (%) | CCl=1No. (%) | Pvalue

Number 56 37

Age
Median (IQR) 64 (55, 69) 65 (59, 72) 0.20
<50 years 8 (14%) 2 (5.4%) 0.56
50-59 years 14 (25%) 8 (22%)

60-69 years 21 (38%) 14 (38%)
70-79 years 10 (18%) 11 (30%)
> 80 years 3 (5.4%) 2 (5.4%)

Sex
Female 8 (14%) 5 (14%) >0.9
Male 48 (86%) 32 (86%)

Race 0.42
White 38 (68%) 28 (76%)

Other 18 (32%) 9 (24%)

Body Mass Index (N = 92) 0.22
Non-Obese 49 (88%) 28 (78%)

Obese 7 (12%) 8 (22%)

Smoking Status (N = 92) 0.01
Non-Smoker 28 (50%) 8 (22%)

Smoker 28 (50%) 29 (78%)

Smoking History (N = 84) 0.01
0 pack-years 28 (56%) 8 (24%)

0 to 10 pack-years 9 (1%) 9 (26%)
Over 10 pack-years 13 (26%) 17 (50%)

Active Excess Alcohol Use 0.11
No 37 (66%) 31 (84%)

Former 3(5.4%) 2 (5.4%)
Yes 16 (29%) 4 (11%)

Primary Tumor Site >0.9
Oropharynx 33 (59%) 22 (59%)
Non-oropharynx 23 (41%) 15 (41%)

HPV Status (N = 61)

HPV-negative 14 (39%) 13 (52%) 0.31
HPV-positive 22 (61%) 12 (48%)

ECOG Status
0 1 (1.8%) 1(2.7%) >0.9
1 52 (93%) 34 (92%)

2 3 (5.4%) 2 (5.4%)
Final Grade (N =72) 0.29
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Characteristic CCl <1No. (%) | CCl=1No. (%) | Pvalue
Well-Differentiated 5 (11%) 3 (11%)
Moderately Differentiated 8 (18%) 9 (32%)
Poorly Differentiated 24 (55%) 15 (54%)
Undifferentiated 7 (16%) 1(3.6%)
Immunotherapy 0.75
Anti-PD-L1 2 (3.6%) 1(2.7%)
Anti-PD1 51 (91%) 32 (86%)
Anti-PD1 + Anti-CTLA-4 3 (5.4%) 4 (11%)

Note: Wilcoxon rank sum test; Pearson’s chi-square test; Fisher’s exact test. Bold values are statistically significant. Abbreviations: HPV, human

papilloma virus; SD, standard deviation.
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Table 2.

Overall survival analysis by comorbidity group in patients with advanced HNC
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OS HR (95% CI)

Variable Unadjusted P value Adjusted® P value
Age

< 50 years [Reference] [Reference]

50-59 years 0.41(0.17,1.03) 006  0.28(0.06,1.30)  0.10

60-69 years 0.39 (0.17, 0.87) 0.02 0.18 (0.04, 0.76) 0.02

70-79 years 0.33(0.13, 0.81) 0.02 0.14 (0.03, 0.68) 0.01

>80 years 0.12(0.01,0.92) 004  0.04(0.00,050) 0.1
Sex

Male [Reference] [Reference]

Female 0.81(0.34,1.9) 062  1.24(0.31,502)  0.76
Race

White [Reference] [Reference]

Other 1.02(055,1.9)  >09  0.62(0.24,1.63)  0.33
HPV Status

HPV-Negative [Reference] [Reference]

HPV-Positive 1.40(0.67,2.92) 038  1.03(0.24,4.33)  >0.9
Comorbidity

CCl<1 [Reference] [Reference]

CClz21 1.55(0.88, 2.74) 0.13 2.74 (1.18, 6.40) 0.02
Primary Site

Non - Oropharynx [Reference] [Reference]

Oropharynx 1.12(0.63,1.97) 070  1.47(0.42,517) 055
BMI Group

Non-Obese [Reference] [Reference]

Obese 0.45(0.18,1.13) 009  0.31(0.08,1.24)  0.10
Smoking Status

Non-Smoker [Reference] [Reference]

Smoker 1.08(0.61,1.93) 079  1.57(0.65,3.76)  0.32

Note: Bold values are statistically significant.

aAdjusted by age, sex, race, HPV status, primary site, BMI, and smoking status.
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Table 3.

Progression-free survival analysis by comorbidity group in patients with advanced HNC
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PES HR (95% CI)

Variable Unadjusted P value Adjusted® P value
Age

< 50 years [Reference] [Reference]

50-59 years 0.54 (0.24,1.21) 0.14 0.25 (0.06, 1.00) 0.05

60-69 years 0.52 (0.25, 1.09) 0.08 0.21 (0.06, 0.74) 0.02

70-79 years 0.25(0.11, 0.59) <0.01 0.04 (0.01, 0.21) <0.01

2 80 years 0.20 (0.06, 0.66) 0.01 0.04 (0.01, 0.22) <0.01
Sex

Male [Reference] [Reference]

Female 0.91(0.46,1.83) 080  0.73(0.24,2.23) 058
Race

White [Reference] [Reference]

Other 0.90 (0.55,1.47) 066  0.52(0.24,1.13)  0.10
HPV Status

HPV-Negative [Reference] [Reference]

HPV-Positive 1.03 (0.59, 1.79) >0.9 0.47 (0.17, 1.30) 0.15
Comorbidity

CCl<1 [Reference] [Reference]

CClz21 1.3(0.83, 2.05) 0.25 2.07 (1.03, 4.16) 0.04
Primary Site

Non - Oropharynx [Reference] [Reference]

Oropharynx 0.94(0.60,1.48) 080  1.59(0.64,3.95)  0.32
BMI Group

Non-Obese [Reference] [Reference]

Obese 1.13(0.62,2.05) 0.69  0.58(0.17,1.90)  0.37
Smoking Status

Non-Smoker [Reference] [Reference]

Smoker 1.08(0.69,1.71)  0.73  2.60(1.27,531)  0.01

Note: Bold values are statistically significant.

aAdjusted by age, sex, race, HPV status, primary site, BMI, and smoking status.
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Table 4.
RECIST Tumor Response by Comorbidity Group

Response CCI<1(N=53) CCI=1(N=36) Pvalue
Clinical Responders (CR + PR) 17 (32%) 5 (14%) 0.05

Complete Response (CR) 6 (11%) 2 (5.6%)

Partial Response (PR) 11 (21%) 3(8.3%)

Stable Disease (SD) 12 (23%) 13 (36%)

Progressive Disease (PD) 24 (45%) 18 (50%)

Note: Bold values are statistically significant.
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Immune Related Adverse Events by Comorbidity Group

Table 5.

CCI<1(N=17) | CCl=1(N=7) | Pvalue
Immune Related Adverse Event 0.05
Cardiac Tamponade 1(5.9%) 0 (0%)
Colitis 3 (18%) 1 (14%)
Fatigue 0 (0%) 3 (43%)
Hypothyroidism 2 (12%) 0 (0%)
Myocarditis 1(5.9%) 0 (0%)
Nephritis 1(5.9%) 0 (0%)
Pneumonitis 2 (11%) 3 (43%)
Rash 5 (29%) 0 (0%)
Thrombocytopenia 2 (12%) 0 (0%)

Note: Bold values are statistically significant.
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