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ABSTRACT

Background: Statin drugs, frequently used to treat hyperlipidemia, are associated with improved survival outcomes in multiple
solid tumor types, including head and neck squamous cell carcinoma (HNSCC). Preclinical studies suggest that manipulation
of cholesterol with statins and other agents can enhance the function of multiple components involved in anti-tumor immune
responses. Retrospective studies in other solid tumor types suggest that statin therapy is associated with improved responses to
immune checkpoint blockade (ICB), but this has not yet been investigated in HNSCC.

Methods: Pharmacy records were searched for patients with recurrent/metastatic HNSCC treated at our institution with pem-
brolizumab or nivolumab from 2015 to 2022. Patients who received less than 3 doses of ICB were excluded. Univariate and
multivariate analyses were performed to determine the association between statin use and objective response, progression-free
survival (PFS) and overall survival (OS).

Results: A total of 158 patients were included. Statins were significantly associated with objective response; the strongest as-
sociations were seen with rosuvastatin and lovastatin. On multivariate analyses, statins were independently associated with
objective response but not with PFS or OS.

Conclusions: Statin therapy appears to be an independent predictor of response to ICB in HNSCC. Larger, prospective studies

are needed to determine whether specific statin drugs can improve survival outcomes in ICB-treated patients.

1 | Introduction

Approximately half of patients with head and neck squamous
cell carcinoma (HNSCC) who are treated with standard ther-
apy will develop recurrent and/or metastatic disease [1]. Anti-
PD-1 immune checkpoint blockade (ICB) is FDA-approved

for use alone or in combination with chemotherapy in the
first-line recurrent/metastatic setting based on results of the
KEYNOTE-0438 trial [2]. However, only a fraction of patients
(18%) typically respond [2]. Clinical strategies to enhance re-
sponses to anti-PD-1 ICB without excessive cost or toxicity are
needed.
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Statin drugs, which are HMG-CoA reductase inhibitors, are
frequently used for the treatment of hyperlipidemia. It is well
known that statin drugs may also have anti-cancer, anti-
inflammatory, and other pleiotropic effects [3, 4]. Prior retro-
spective studies in several cancer types have shown that statin
use is associated with improved outcomes [5-10]. In head and
neck cancer patients, statin use is associated with improved
survival [9, 10], lower incidence of cisplatin-induced hearing
loss [11], and improvement of radiation-induced fibrosis [12],
all by mechanisms that are not well understood. Although the
potential benefit of statins for recurrent/metastatic head and
neck cancer treated with anti-PD-1 ICB has not yet been in-
vestigated, studies in other cancer types suggest that statins
are associated with increased rates of response to ICB [13, 14].
However, the off-target effects of different statins can be
highly variable [11, 13], and studies on the effects of specific
statin drugs are lacking.

In preclinical models of oral cancer, we showed that statin
drugs, particularly lovastatin and simvastatin, can enhance
responses to anti-PD-1 ICB, with increased T cell activation in
the tumor draining lymph node [15]. Lovastatin + anti-PD-1 ICB
was particularly effective, resulting in tumor rejection in 30%
of mice bearing MOC1 tumors and durable immunologic mem-
ory. In the present study, we reviewed cases of recurrent/meta-
static HNSCC treated at our institution with at least 3 doses of
nivolumab or pembrolizumab to assess whether statin therapy
is associated with a higher incidence of response to these drugs
and/or improved survival outcomes. We also aimed to deter-
mine whether associations with immunotherapy response differ
among specific statin drugs.

2 | Methods
2.1 | Patient Characteristics and Records Search

Pharmacy records from 2015 to 2022 were queried for pa-
tients with pathologically confirmed HNSCC treated with
nivolumab or pembrolizumab. Patients with salivary tumors
or who received fewer than three doses of ICB were excluded.
Patients who participated in an open-label, phase II trial of
pembrolizumab and cabozantinib were also excluded, as this
combination was associated with a high response rate [16].
Clinical information was collected, including demographics,
clinicopathologic characteristics, including disease site and
p16 status (as a surrogate for disease driven by human papil-
lomavirus), combined positive score for PD-L1 staining, body
mass index (BMI), dates and duration of therapy, ECOG per-
formance status (PS), initiation of radiation and/or chemother-
apy during ICB, and immune-related adverse events (irAEs).
For any patient taking a statin drug at the time of immuno-
therapy, the specific drug and dose were recorded. Response
was determined via retrospective review of clinical notes and
imaging reports and was defined as a partial or complete re-
sponse during the first 6 months of therapy. Progression-free
survival (PFS) was defined as the time from initiation of im-
munotherapy to disease progression, and overall survival (OS)
was defined as the time from initiation of immunotherapy to
death from any cause.

2.2 | Statistical Analyses

Patient characteristics were summarized using descriptive
statistics. Baseline and clinical characteristics between the
two treatment groups (anti-PD-1 ICB alone versus anti-PD-1
ICB plus statin) were compared using Chi-square or Fisher's
Exact tests for categorical covariates and the ANOVA or

TABLE 1 | Demographic, clinicopathologic, and treatment data for
included patients.

Total n=158
Patient demographics
Age, mean (SD) 64 (12)
Sex
Male, n (%) 121 (76.6)
Female, n (%) 37 (23.4)
Race
White, n (%) 104 (68)
Black, n (%) 32(20.9)
Asian, n (%) 17 (11.1)
Clinicopathologic data
Tumor Subsite
Nasopharynx, n (%) 11 (7.0)
Sinonasal, n (%) 7(4.4)
Oral cavity, n (%) 47 (29.7)
Larynx, n (%) 14 (8.9)
Hypopharynx, n (%) 16 (10.1)
Other (cutaneous), n % 1(0.6)
Oropharynx, n (%) 62 (39.2)
P16-negative, n (%) 17 (27.4)
P16-positive, n (%) 34 (54.8)
Unknown, n (%) 11 (17.7)
Combined positive score (CPS)
<1,n (%) 3(1.9)
>1and <20, n (%) 34 (21.5)
>20, n (%) 20(12.7)
Unknown 101 (63.9)
ECOG performance status
0, n (%) 13 (8.2)
1,n (%) 114 (72.2)
2,n (%) 26 (16.5)
3,n(%) 1(0.6)
Not recorded, n (%) 14 (8.9)
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TABLE 2 | Descriptive statistics by statin therapy.

Covariate Total N=158 (100%)

Gender, N (%)

Female 37 (23.4)

Male 121 (76.6)
Race, N (%)

White 104 (68)

Black 32(20.9)

Other 17 (11.1)

Drug prescribed, N (%)

Pembrolizumab 120 (75.9)

Nivolumab 38 (24.1)
ECOG PS at baseline, N (%)

0-1 117 (81.3)

2-3 27 (18.8)
irAEs, N (%)

No 96 (63.6)

Yes 55 (36.4)
Baseline BMI

Total N 151

Mean (std dev) 23.5(4.6)

Median (Q1-Q3)

22.9 (20.4-26)

Min—max 14.2-37.5
Initiation of chemotherapy, N (%)

No 120 (75.9)

Yes 38 (24.1)
Initiation of radiation, N (%)

No 145 (94.3)

Yes 13(5.7)
Number of cycles of ICB

Total N 150

Mean (std dev) 8.8(8.6)

Median (Q1-Q3) 6 (4-10)

Min-Max 3-70

Statin therapy
No N=114 (72.2%) Yes N=44 (27.8%) pP
0.026
32(28.1) 5(11.4)
82(71.9) 39 (88.6)
0.661
77 (70) 27 (62.8)
22 (20) 10 (23.3)
11 (10) 6 (14)
0.137
83(72.8) 37 (84.1)
31(27.2) 7(15.9)
0.069
79 (77.5) 38(90.5)
23 (22.5) 4(9.5)
0.533
67 (62) 29 (67.4)
41 (38) 14 (32.6)
0.021%
109 42
23 (4.7) 24.8 (4.3)
22.5(20-24.9) 24.2 (21.2-28.1)
14.2-37.5 17-34.6
0.0667
91 (79.8) 29 (65.9)
23(20.2) 15 (34.1)
0.806
105 (92.1) 40 (90.9)
9(7.9) 4(9.1)
0.1362
110 40
8.1(7) 10.6 (11.9)
6 (4-10) 6.5 (5-11)
3-46 3-70

2A non-parametric test (Kruskal-Wallis or Fisher's exact test) is applied.

bThe p-value is calculated by either parametric (ANOVA, Chi-squared) or non-parametric (Kruskal-Wallis, Fisher's exact) tests, where appropriate, based on the
normality test of data distribution and the sample size. Bold font indicates statistically significant values.

Kruskal-Wallis tests for numerical covariates. The Kaplan-
Meier method was used to generate OS and PFS curves, and
survival curves were compared between the two treatment
cohorts using the log-rank test. Univariate (UVA) and multi-
variable (MVA) analyses were performed to assess factors as-
sociated with OS and PFS using the Cox proportional hazards

model. UVA and MVA using logistic regression were employed
to estimate odds ratios (ORs) for objective response. Clinically
relevant covariates were included in the multivariable models.
Specifically, ECOG performance status, initiation of chemo-
therapy during immunotherapy, and concomitant statin use
were included. A p-value of <0.05 was considered statistically
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TABLE 3 | Univariate logistic regression for objective response.
Objective response =yes
Covariate Level N 0Odds ratio (95% CI) ORDp Overall p
Statin therapy Yes 44 3.00 (1.27-7.05) 0.012 0.012
No 114 — —
Race Black 32 0.78 (0.27-2.27) 0.646 0.718
Other 17 0.56 (0.12-2.65) 0.465
White 104 — —
Gender Female 37 0.92 (0.34-2.49) 0.872 0.872
Male 121 — —
Drug prescribed Pembrolizumab 120 1.48 (0.52-4.22) 0.463 0.463
Nivolumab 38 — —
ECOG baseline 2-3 27 1.04 (0.35-3.06) 0.944 0.944
0-1 117 — —
irAEs Yes 55 1.81 (0.78-4.21) 0.166 0.166
No 96 — —
Initiation of chemotherapy Yes 38 2.16 (0.89-5.25) 0.088 0.088
No 120 — —

Note: Bold font indicates statistically significant values.
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FIGURE1 | Percent objective response with and without statin ther-

apy. (A) Response according to therapy with specific statins versus all
or no statins. (B) Response according to statin use among patients not
treated with chemotherapy during immune checkpoint blockade. OR,
odds ratio. *p <0.05, **p < 0.01 versus no statin therapy.

significant for all analyses. All analyses were conducted using
SAS Version 9.4 and SAS macros developed by the Biostatistics
Shared Resource at Winship Cancer Institute [17].

2.3 | Study Approval
This study was approved by the Institutional Review Board of

Emory University (Study #00004222). Informed consent was
not obtained from individual patients.

3 | Results

3.1 | Statin Use Is Associated With Response to
Nivolumab and Pembrolizumab

Patient demographics and disease characteristics are listed in
Table 1. Median follow-up was 28.32months (95% confidence in-
terval, 23.76-36.72months). The majority of patients were male
and had good performance status. A total of 44 patients (27.8%)
were taking statins while on treatment with pembrolizumab or
nivolumab; 24 of these patients (54%) were taking atorvastatin,
which was by far the most common statin drug. When comparing
patients according to statin use, the patients taking statins had a
higher mean BMI and were more likely to be male (Table 2). The
patients taking statins appeared to have a better performance sta-
tus and were more often treated with chemotherapy while on ICB,
although these results did not quite reach statistical significance
(p=0.069 and 0.067, respectively). Patients taking statins were
more likely to demonstrate an objective response to ICB (Tables 2
and 3, Figure 1), especially patients taking lovastatin or rosuvas-
tatin (Figure 1A). The few patients (n=7) taking simvastatin or
pravastatin all showed either stable or progressive disease. Since
the use of platinum chemotherapy was more common in the sta-
tin group and can increase the chance of an objective response,
we also performed a separate analysis with exclusion of patients
receiving chemotherapy (Figure 1B). Although we did not have
adequate statistical power to detect differences with individual
statin drugs, patients treated with statins still had a higher in-
cidence of response even in the absence of chemotherapy (odds
ratio 3.7, p=0.0094). On multivariate analysis, statin therapy was
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TABLE 4 | Multivariate logistic regression for objective response.

Objective response =yes

Covariate Level N 0Odds Ratio (95% CI) ORp Overall p
Statin therapy Yes 42 2.50 (1.02-6.15) 0.045 0.045
No 102 — —
ECOG baseline 2-3 27 1.38 (0.44-4.27) 0.581 0.581
0-1 117 — —
Initiation of chemotherapy Yes 37 1.61 (0.62-4.14) 0.325 0.325
No 107 — —
Note: Number of observations in the original data set=158. Number of observations used =144. Bold font indicates statistically significant values.
A Progression Free Survival B Overall Survival
1001 —— Non-Statin Users 1001 —— Non-Statin Users
§ —— Statin Users g —-— Statin Users
% Logrank p = 0.0995 % ] Logrank p = 0.1136
& & .......................
84 0 12 24 36 48 60 72 84
Time (Months) Time (Months)
Median
Statin No. of Survival (95% Statin No. of Median Survival
T e e T Ty e (350D
Yes 4 30(68%)  14(32%)  62(42,142) Yes 4 25(57%)  10(43%)  20.3(119,33.1)
FIGURE2 | Progression-free (A) and overall survival (B) were not significantly different based on statin therapy.
TABLE 5 | Univariate association with progression free survival.
Progression (months)
Covariate Level N Hazard ratio (95% CI) HRp Log-rank p
Statin therapy Yes 44 0.71 (0.47-1.07) 0.105 0.100
No 114 — —
Race Black 32 1.11 (0.69-1.76) 0.671 0.413
Other 17 1.44 (0.83-2.51) 0.194
White 104 — —
Gender Female 37 1.13 (0.74-1.71) 0.574 0.570
Male 121 — —
Drug prescribed Pembrolizumab 120 1.01 (0.67-1.52) 0.956 0.955
Nivolumab 38 — —
ECOG baseline 2-3 27 1.53(0.97-2.42) 0.065 0.060
0-1 117 —_ —_
irAEs Yes 55 0.93(0.63-1.36) 0.701 0.698
No 96 —_ —_
Initiation of chemotherapy Yes 38 0.84 (0.55-1.29) 0.433 0.428
No 120 — —
Baseline BMI 151 0.97 (0.93-1.01) 0.176 —
Number of cycles of ICB 150 0.86 (0.82-0.90) <0.001 —

Note: Bold font indicates statistically significant values.

Abbreviations: ICB, immune checkpoint blockade; irAEs, immune related adverse events.
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found to be an independent predictor of objective response to ICB
(OR=2.5, p=0.045; Table 4).

3.2 | Statin Use Is Not Independently Associated
With Improved Survival

We next investigated whether the improved responses with
statin drugs lead to improvements in PFS and OS. When com-
paring all statin users to statin non-users, there were modest

TABLE 6 | MVA Cox proportional hazard model for progression free
survival.

Progression (mths)

Hazard ratio

Covariate Level (95% CI) HRp Overallp

Statin therapy ~ Yes 0.72(0.46-1.11) 0.134 0.134
No — —

ECOG 2-3  1.48(0.94-2.34) 0.091 0.091

baseline 0-1 . .

Initiation of Yes 0.90(0.57-1.40) 0.628 0.628

chemotherapy No . .

improvements in survival that did not quite reach statistical
significance (Figure 2, Tables 5-8). On univariate analyses,
only the number of ICB cycles was associated with significantly
improved PFS. On multivariate analysis, statin therapy did not
quite reach statistical significance as an independent predictor
of PFS (HR=0.72, p=0.134). Not surprisingly, a better ECOG
performance status and a greater number of ICB cycles were as-
sociated with improved overall survival.

TABLE 8 | MVA Cox proportional hazard model for overall survival.

OS (mths)

Hazard ratio

Covariate Level (95% CI) HRp Overallp
Statin therapy  Yes 0.78 0.292 0.292
(0.49-1.24)

No — —
ECOG 2-3 2.27 <0.001 <0.001
baseline (1.41-3.65)

0-1 — —
Initiation of Yes 0.75 0.285 0.285
chemotherapy (0.45-1.27)

No — —

Note: Number of observations in the original data set=158. Number of
observations used =144.

TABLE 7 | Univariate association with overall survival.

Note: Number of observations in the original data set=158. Number of
observations used = 144. Bold font indicates statistically significant values.

OS (months)
Covariate Level N Hazard ratio (95% CI) HR p Log-rank p
Statin therapy Yes 44 0.70 (0.44-1.09) 0.117 0.114
No 114 — —
Race Black 32 1.21 (0.75-1.97) 0.432 0.636
Other 17 0.86 (0.41-1.80) 0.695
White 104 — —
Gender Female 37 1.21 (0.77-1.88) 0.408 0.405
Male 121 — —
Drug prescribed Pembrolizumab 120 1.24 (0.79-1.95) 0.343 0.340
Nivolumab 38 — —
ECOG baseline 2-3 27 2.27 (1.41-3.64) <0.001 <0.001
0-1 117 — —
irAEs Yes 55 1.09 (0.73-1.65) 0.663 0.662
No 96 — —
Initiation of chemotherapy Yes 38 0.67 (0.40-1.11) 0.119 0.115
No 120 — —
Baseline BMI 151 0.96 (0.91-1.00) 0.048 —
Number of cycles of ICB 150 0.88 (0.84-0.92) <0.001 —

Note: Bold font indicates statistically significant values.

Abbreviations: BMI, body mass index; ICB, immune checkpoint blockade; irAEs, immune related adverse events.
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4 | Discussion

Our data suggest that the use of statins may improve responses
to ICB in recurrent/metastatic HNSCC. However, in this rela-
tively small cohort, wherein only a small proportion of patients
were taking statins (27.8%), we did not see a statistically signif-
icant improvement in survival. Similar results were seen in a
large, multi-institutional cohort of patients with renal cell car-
cinoma, melanoma, and non-small cell lung cancer treated with
anti-PD-1 ICB: statin use was associated with a significant im-
provement in objective response (odds ratio 1.6) but was not as-
sociated with improved survival [14]. Data on individual statin
drugs were not shown in that study.

Numerous retrospective studies have shown improved survival
in patients with solid tumors who are taking statins [3, 5-10, 18],
although the mechanisms are not entirely understood. There are
multiple large, retrospective studies demonstrating that patients
taking statins upon diagnosis of HNSCC have improved survival
outcomes [9, 10, 18]. Preclinical studies suggest that statins have
direct anti-proliferative effects on tumor cells [19, 20]. Statin
drugs may show additive or synergistic activity with chemother-
apy [21-23], and one preclinical study showed that this may be
in part due to the ability of statins to abrogate chemotherapy-
induced upregulation of PD-L1 on tumor cells [21].

Manipulation of cholesterol may also indirectly impact tumor
growth by enhancing the anti-tumor immune response
[15,19,22-33]. Our prior studies in preclinical models of HNSCC
suggest that all statins have anti-proliferative effects, but lovas-
tatin and simvastatin specifically can also enhance T-cell acti-
vation and M1 macrophage polarization [15]. In a mouse model
of oral cancer, the combined use of anti-PD-1 ICB and lovastatin
resulted in tumor rejection and immunologic memory in 30%
of animals [15]. The mechanisms by which statins directly en-
hance the function of CD8* T cells are unclear. However, it has
been shown that cholesterol in the T cell membrane can impact
T cell receptor (TCR) activation and downstream signaling [28].
Our recent unpublished preclinical work with collaborators at
the Georgia Institute of Technology suggests that the affinity of
the TCR for its cognate peptide-MHC, and the force of the re-
sulting bonds between them, are impaired in the tumor micro-
environment but can be restored with statin therapy [34].

The off-target effects of different statin drugs can vary dramati-
cally [11], and it is plausible that the mixed results on statin drugs
seen in many studies to date can be attributed in part to these dif-
ferences in the effects of individual statins. Atorvastatin, the most
commonly used statin in the United States, was associated with
a modest improvement in response in the present study. In con-
trast, lovastatin, which was the most promising drug in our pre-
clinical studies, had an odds ratio of 6.6 for objective response. It
is thus plausible that if all patients were taking specific drugs such
as lovastatin or rosuvastatin, we might detect an improvement in
survival. However, in a ‘real world’ cohort such as this one where
multiple statins are in use for hyperlipidemia, the effects of spe-
cific, particularly effective statin drugs may be obscured.

In addition to its retrospective nature, the present study has ad-
ditional limitations. The population of patients was relatively
heterogeneous. The combined positive score (CPS) for PD-L1

staining is a known prognostic factor in response to anti-PD-1
ICB, but this was not established until after the KEYNOTE-048
trial (published in 2019). Because many of the patients in our
cohort were treated years earlier, we do not have CPS data for
much of our cohort. Lastly, a large number of patients were also
treated with chemotherapy while on treatment with ICB, lim-
iting our ability to detect improved responses with individual
statins in the absence of other treatments. However, when we
included concomitant chemotherapy in multivariable models, it
was not independently associated with improved response. We
also do not have biospecimens from these patients, which would
allow us to explore potential mechanisms by which statins im-
prove anti-tumor immune responses. However, we recently
opened a clinical trial of lovastatin and pembrolizumab for
patients with recurrent/metastatic HNSCC (NCT06636734) at
our institution. Blood and tumor biospecimens from this trial
are expected to provide substantial mechanistic insight in the
near future. Despite these limitations, our data suggest that the
use of specific statins drugs deserves further study as an afford-
able, well-tolerated means of improving the proportion of pa-
tients with HNSCC who may benefit from immune checkpoint
inhibitors.
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