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Summary

Objectives: Skeletal myopathies are highly morbid, and in rare cases even fatal, immune-related ad-
verse events (irAE) associated with immune checkpoint inhibitors (ICl). Skeletal myopathies are also
a recognized statin-associated side effect. It is unknown whether concurrent use of statins and ICls
increases the risk of skeletal myopathies.

Abbreviations: CK: Creatine kinase; HMGCR: HMG Co-A reductase; ICI: Immune checkpoint inhibitor; irAE: Immune-related adverse event;
LFT: Liver function test.
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Methods: This was a retrospective cohort study of all patients who were treated with an ICl at a single
academic institution (Massachusetts General Hospital, Boston, MA, USA). The primary outcome of
interest was the development of a skeletal myopathy. The secondary outcome of interest was an ele-
vated creatine kinase level (above the upper limit of normal).

Results: Among 2757 patients, 861 (31.2%) were treated with a statin at the time of ICI start. Statin
users were older, more likely to be male and had a higher prevalence of cardiovascular and non-
cardiovascular co-morbidities. During a median follow-up of 194 days (inter quartile range 65-410), a
skeletal myopathy occurred in 33 patients (1.2%) and was more common among statin users (2.7 vs.
0.9%, P < 0.001). Creatine kinase (CK) elevation was present in 16.3% (114/699) and was higher among
statin users (20.0 vs. 14.3%, P=0.067). In a multivariable Cox model, statin therapy was associated with
a >2-fold higher risk for skeletal myopathy (HR, 2.19; 95% confidence interval, 1.07-4.50; P = 0.033).
Conclusion: In this large cohort of ICI-treated patients, a higher risk was observed for skeletal myop-
athies and elevation in CK levels in patients undergoing concurrent statin therapy. Prospective obser-
vational studies are warranted to further elucidate the potential association between statin use and
ICl-associated myopathies.
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Introduction

Immune checkpoint inhibitors (ICI) enhance T-cell-
mediated anti-tumor activity and are being used in an
expanding range of cancer types [1]. While ICIs were ini-
tially developed for use in advanced cancers refractory
to other therapies, their use has expanded to adjuvant
and neoadjuvant care [2-4]. In 2019, it was estimated
that 36.1% of patients with cancer were eligible for ICI
therapy and this number is anticipated to increase in the
coming years [5].

Systemic inhibition of immune checkpoints may lead
to ‘off-tumor’ immune-related adverse events (irAEs) that
can affect any organ system and are reported to occur
in up to 70% of patients treated with ICI in clinical
trials [6]. Cancer and cardiovascular disease commonly

co-exist,[7] and the use of ICIs is associated with pro-
gression of atherosclerosis,[8, 9] meaning many patients
treated with ICIs are also likely to be concomitantly pre-
scribed a statin [10]. Skeletal myopathies and muscle
symptoms are well-recognized side-effects of statins and
occur on a spectrum ranging in severity from myalgias
(3%) to the occasional occurrence of rhabdomyolysis
and immune-mediated necrotizing myopathy [7, 10]. In
parallel, skeletal myopathies with ICIs are uncommon,
accounting for 0.57% of reported irAEs, but are as-
sociated with a fatality rate up to 21% [11]. Whether
concomitant statin use is associated with an increase in
ICI-associated muscular adverse events including myo-
sitis and non-immune myopathy is unknown. Given that
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one in four US adults older than 40 years of age is cur-
rently prescribed a statin,[12] and the use of ICI is ex-
pected to increase over time, we sought to address this
important evidence gap.

Methods

This was a retrospective cohort study of all patients who
were treated with an ICI at a single academic institution
(Massachusetts General Hospital, Boston, MA, USA)
between July 2010 and March 2019. Patients treated
with an ICI were identified using the hospital pharmacy
database. Clinical data and laboratory parameters were
derived from the Research Patient Data Registry. Only
patients for whom prior medication data were available
in the registry dataset were included in this study. The
institutional review board approved the study, and the
requirement for informed consent was waived.

Baseline statin therapy was defined as statin use prior
to or at the time of first ICI initiation. Statin type and dose
were recorded and the intensity of statin therapy was de-
fined according to American Heart Association/American
College of Cardiology guidelines (Supplementary Table
1) [13].

Study endpoints

The primary outcome of interest was the occurrence of
any type of skeletal myopathy during ICI therapy, ei-
ther of the inflammatory or non-inflammatory type.
An inflammatory myopathy was defined based on the
presence of muscle pain or weakness, accompanied by
either a positive muscular biopsy, a diagnostic mag-
netic resonance or computed tomography imaging test
or an abnormal electromyography study [14]. A non-
inflammatory myopathy was defined as new muscle pain
or weakness without a positive diagnostic test. We also
tested the association between statin use and the occur-
rence of an elevated serum creatine kinase (CK) con-
centration (above the upper limit of normal), classified
per the modified statin-related myotoxicity phenotype
classification [15]. The association between statin inten-
sity, lipophilicity and the occurrence of a skeletal my-
opathy or elevated serum CK level was also evaluated.
Additional outcomes of interest were the occurrence of
other irAEs including elevated liver function tests (LFTs)
(transaminases at least three-fold over the upper limit of
normal), pneumonitis, colitis, nephritis, dermatitis, and
endocrinopathies, as per standard definitions [16].

Statistical analysis

Baseline characteristics are presented as continuous
variables and summarized as either mean = standard

deviation (SD) or median and interquartile range (IQR).
Categorical variables are summarized as counts and
percentages. Differences in categorical variables are as-
sessed using either the chi-square test or Fisher’s exact
test. Study outcomes in patients who were and were not
taking statins at the time of initiation of ICI therapy were
compared. Logistic regression was performed to calcu-
late odds ratios (OR) with 95% CIs. Cox proportional
hazard regression analysis was performed to calculate
hazard ratios (HR) with 95% Cls, counting only the first
event for each outcome. Clinically relevant unique pre-
dictor variables with a value of P < 0.10 in univariate
analysis were entered into the final multivariable model;
a forward stepwise selection was used. The incremental
value between steps was measured by the likelihood-ratio
test. As a second approach, parsimonious multivariable
Cox proportional hazard models were also performed,
that included age, hypertension or diabetes, and statin
use. The proportional hazard assumption was tested with
the use of log-log plots and examination of Schoenfeld
residuals. All statistical tests were two-sided and 5%
was set as the level of significance. Statistical analysis
was performed using RStudio Version 1.1 (RStudio, Inc.,
Vienna, Austria) [17] and STATA software, version 15.1
(StataCorp, College Station, TX).

Results
Baseline characteristics

Of 2854 patients treated with an ICI during the study
period, baseline statin prescription data was available
in 2757 patients (96.6%), of whom 861 (31.2%) were
prescribed a statin and 1896 (68.8%) were not. Baseline
characteristics are shown in Table 1. Patients who were
prescribed a statin were older, male and had a higher rate
of cardiovascular risk factors, established cardiovascular
and non-cardiovascular co-morbidities and the use of
cardiovascular medications was more common.

Statin use

Statin intensity data were available in 855 (99.3%) of the
861 patients who were prescribed statins. Most patients
were on moderate intensity therapy (z = 509, 59.5%).
Among those prescribed statins, the majority were on
lipophilic statins (7 = 690, 80.1%; Table 1).

Statins and skeletal myopathy

Any skeletal myopathy occurred in 33 patients (1.2%).
The median time to development of skeletal myopathy
was 119 (IQR, 35-217) days. In 22 patients, an inflam-
matory myopathy was diagnosed and in 11 patients the
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Table 1 Baseline characteristics of patients treated with immune checkpoint inhibitors

On statin therapy

No statin therapy

Demographic P
Number of Patients 861 1896
Sex — no. (%)
Male 571/861 (66.3) 1001/1896 (52.8) <0.001
Female 290/861 (33.7) 869/1896 (47.2) <0.001
Age — years mean (SD) 70 (9.6) 61 (13.6) <0.001
Age — years, median (IQR) 70 (63-76) 63 (54-71) <0.001
Race or ethnic group — no. (%) 0.07
White 788/844 (93.4) 1673/1842 (90.8)
Asian 19/844 (2.3) 7711842 (4.2)
Black or African American 18/844 (2.1) 39/1842 (2.1)
Hispanic 7/844 (0.8) 22/1842 (1.2)
Other 12/844 (1.4) 31/1842 (1.7)
Clinical parameters — mean. (SD)
Body mass index - (kg/m?) 28.1 (5.8) 26.4 (5.6) <0.001
Systolic blood pressure (mmHg) 129.3 (18.9) 126.7 (18.3) 0.002
Diastolic blood pressure (mmHg) 74.5 (9.6) 76.3 (9.7) <0.001
Cardiovascular risk factors —no (%)
Hypertension 599/857 (69.9) 755/1892 (39.9) <0.001
Diabetes 245/857 (28.6) 187/1892 (9.9) <0.001
Smoking current or prior 163/857 (19.0) 266/1892 (14.1) 0.001
Cardiovascular diagnoses — no (%)
History of myocardial infarction 91/862 (10.6) 41/1896 (2.2) <0.001
History of ischemic stroke 44/861 (5.1) 37/1896 (2.0) <0.001
History of transient ischemic attack 25/861 (2.9) 15/1896 (0.8) <0.001
History of coronary revascularization 123/861 (14.2) 60/1896 (3.2) <0.001
History of atrial fibrillation or atrial flutter 134/857 (15.6) 159/1892 (8.4) <0.001
History of heart failure 178/857 (20.8) 155/1892 (8.2) <0.001
Cardiovascular medications — no. (%)
Angiotensin converting enzyme inhibitor or angiotensin II receptor blocker 350/848 (41.3) 262/1855 (14.1) <0.001
Anti-arrhythmic 571848 (6.7) 5711855 (3.1) <0.001
Beta-blockers 365/848 (43.0) 263/1855 (14.2) <0.001
Calcium channel blockers 201/848 (23.7) 195/1855 (10.5) <0.001
Nitrates 72/848 (8.5) 25/1855 (1.3) <0.001
Loop diuretics 322/848 (38.0) 349/1855 (18.8) <0.001
Non-statin dyslipidemia therapies 37/848 (4.4) 28/1855 (1.5) <0.001
Aspirin 370/848 (43.6) 208/1855 (11.2) <0.001
Other anti-platelet therapies 59/848 (7.0) 7/1855 (0.4) <0.001
Low molecular weight heparin 219/848 (25.8) 452/1855 (24.4) 0.44
Direct oral anticoagulants 37/848 (4.4) 41/1855 (2.2) 0.003
Warfarin 62/848 (7.3) 45/1855 (2.4) <0.001
Statin intensity
Low intensity 111/856 (13.0)
Moderate intensity 510/856 (59.6)
High intensity 235/856 (27.5)
Statin type
Hydrophilic 171/861 (19.9)
Lipophilic 690/861 (80.1)
Other medical comorbidities — no (%)
Chronic obstructive pulmonary disease 130/857 (15.2) 155/1893 (8.2) <0.001
Chronic kidney disease 158/857 (18.4) 169/1893 (8.9) <0.001
Cancer types — no. (%) <0.001
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Table 1 Continued
On statin therapy No statin therapy
Demographic P
Number of Patients 861 1896
Non-small cell lung 300/859 (34.9) 480/1889 (25.4) <0.001
Melanoma 251/859 (29.2) 525/1889 (27.8) 0.47
Head and neck 103/859 (12.0) 229/1889 (12.1) 1.0
Renal and genitourinary 68/859 (7.9) 106/1889 (5.6) 0.027
Breast 31/859 (3.6) 88/1889 (4.7) 0.25
Gastrointestinal 18/859 (2.1) 90/1889 (4.8) 0.001
Gynecologic 15/859 (1.7) 92/1889 (4.9) <0.001
Lymphoma 18/859 2.1) 80/1889 (4.2) 0.007
Hepatocellular 13/589 (1.5) 45/1889 (2.4) 0.19
Cholangiocarcinoma 9/859 (1.0) 30/1889 (1.6) 0.35
Pancreatic 4/859 (0.5) 33/1889 (1.7) 0.012
Other 29/859 (3.4) 91/1889 (4.8) 0.11
Prior potentially cardiotoxic cancer therapies — no. (%)
Radiation therapy 187/857 (21.8) 384/1892 (20.3) 0.39
Fluorouracil 81/853 (9.5) 203/1866 (10.9) 0.30
Anthracyclines 35/853 (4.1) 116/1866 (6.2) 0.032
Tyrosine kinase inhibitors 19/853 (2.2) 42/1866 (2.3) 1.0
Mitogen-activated protein kinase kinase 1 inhibitors 13/853 (1.5) 31/1866 (1.7) 0.92
Immune checkpoint inhibitor type — no. (%) <0.001
Monotherapy
Programmed death-ligand-1 71/861 (8.2) 208/1896 (11.0)
Cytotoxic-T-lymphocyte associated protein 4 82/861 (9.5) 136/1896 (7.2)
Programmed death-protein 1 669/861 (77.7) 1397/1896 (73.6)
Cytotoxic-T-lymphocyte associated protein 4 or programmed death protein 1 0/861 (0) 1/1896 (0.1)
Combination therapy
Cytotoxic-T-lymphocyte associated protein 4/Programmed death protein 1 39/861 (4.5) 154/1895 (8.1)
Number of cycles of ICI - no, (IQR) 5 (2-11) N (2-11) 0.56
Steroid treatment at start of ICI 126/741 (17.0) 291/1600 (18.2) 0.52
Follow up time — days, (IQR) 192 (64-428) 195 (66-405) 0.51

diagnosis was a non-inflammatory myopathy (Fig. 1).
Out of the 22 patients with inflammatory myopathy, 11
cases were also confirmed by a neurologist.

When patients with a skeletal myopathy were
stratified by statin use, a skeletal myopathy was more
common among patients prescribed a statin (2.3%,
20/858) as compared to those who were not (0.7%,
13/1889, P < 0.001; Table 2). There was no association
between statin intensity and a myopathy. The occurrence
of skeletal myopathy was also not different between lipo-
philic and hydrophilic statins (Table 2). In univariate Cox
hazard analyses, statins were associated with a >3-fold
increase in the risk for any skeletal myopathy (univariate
HR, 3.37; 95% CI, 1.68-6.78; P < 0.001; Table 3, Fig. 2).

Other predictors of a skeletal myopathy included
older age, higher body mass index, higher systolic blood
pressure, hypertension, diabetes mellitus, and melanoma.

In multivariable Cox hazard models, statin therapy was
associated with a >2-fold higher risk for skeletal myop-
athy (including hypertension and melanoma, HR, 2.19;
95% CI, 1.07-4.50; P = 0.033, Table 3), (including age
and diabetes, HR, 2.50; 95% CI, 1.18-5.32; P = 0.017,
Table 4), (including age and hypertension, HR, 2.18;
95% CI, 1.05-4.53; P = 0.037, Table 4).

We also tested the association between statin use and
the development of an inflammatory myopathy alone. In
total, an inflammatory myopathy occurred in 22 (0.8%)
patients and was more common among patients pre-
scribed a statin (1.6 vs. 0.4%, P = 0.002) (Table 2). The
median time to development of an inflammatory my-
opathy was 47 (IQR, 30-177) days. There was no as-
sociation between the occurrence of an inflammatory
myopathy and intensity of statin therapy nor with statin
type (Table 2). In univariate Cox hazard analyses, statins
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Figure 1 Venn diagram shows the overlap of muscle pain, abnormal diagnostic test, elevated creatine kinase levels (above the
upper limit of normal), myocarditis, and myasthenia in patients with a skeletal myopathy.

were associated with a higher risk of an inflammatory
myopathy (univariate HR, 3.80; 95% CI, 1.59-9.06;
P = 0.003; Table 3, Fig. 2). Other predictors of an in-
flammatory myopathy included older age, higher sys-
tolic blood pressure, hypertension, diabetes mellitus, and
melanoma. In multivariable Cox hazard models, statin
therapy was associated with a >2.5-fold higher risk for
inflammatory myopathy (including hypertension, HR,
2.51595% CI, 1.03-6.12; P = 0.043, Table 3), (including
age, HR, 3.01; 95% CI, 1.22-7.42; P = 0.017, Table 4),
(including diabetes mellitus, HR, 3.13; 95% CI, 1.26—
7.73; P = 0.014, Table 4).

Statins and elevation in creatine kinase levels

During follow-up those patients who were on a statin
therapy, were more likely to have at least one lab test
with a CK level obtained (28.5%, 245/861) as com-
pared to those who were not on a baseline statin (23.9%,
454/1897, P = 0.013). CK levels were available in 25.4%
(699/2757) patients after ICI start. However, in the
subset of patients with at least one CK drawn during
follow-up, the number of CK results per patient was
not different between the two groups (median 2 [IQR,
1-4] vs. median 1 [IQR, 1-3], P = 0.11). An elevated CK
(above the upper limit of normal) occurred in 16.3%
(114/699) patients. The median time to CK elevation was
124 (IQR, 32-281) days. The prevalence of elevated CK
was highest in hepatocellular (27.3%) and gynecological
(26.7%) cancers (Supplementary Table 2A). The median
CK elevation was 1.6 (1.3-3.1) times the upper limit of
normal. An elevation in CK after initiation of ICI therapy

was more common among patients who were on a statin
at the time of ICI initiation (20.0% vs. 14.3%, univariate
HR, 1.55; 95% CI 1.07-2.25 P = 0.021, Table 3). In
univariate Cox hazard analyses, statins were associated
with a higher risk of an elevation in CK levels (univariate
HR1.55; 95% CI, 1.07-2.25; P = 0.021; Table 3, Fig. 2).
Other predictors of an elevation in CK levels included
female sex, age, hypertension, and diabetes mellitus. In
a multivariable Cox hazard model statin showed collin-
earity with age, therefore age was not included in the final
multivariable model. There was no association between
the occurrence of CK elevation and the intensity of statin
therapy nor with statin type (Table 2). No significant dif-
ference was observed in the grades of CK elevation when
compared between statin intensity or lipophilicity.

Statins and other irAEs
Immune-related adverse events

During a median follow-up of 194 days (IQR, 65-410),
a total of 1178 (42.9%) patients developed any irAE
(including skeletal myopathies) following treatment
with ICIL. The rate of any irAEs was marginally higher
among patients who were prescribed a statin as com-
pared to those who were not but this difference was
not statistically significant (45.3% [389/858] vs. 41.8%
[789/1889], P = 0.087) (univariate OR, 1.15; 95% CI
0.98-1.36 P = 0.080). Corticosteroids were required
in 64.9% (734/1131) and the need for corticosteroids
was more common among those prescribed a statin

(71.2% [267/375] vs. 61.7% [467/756], P = 0.002)
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Table 3 Continued

Multivariate model

Univariate models

Wald test P value

Wald test P value Hazard ratio 95 % CI

95% CI

Hazard ratio

0.006

1.04

1.01

1.02

0.008
1.00
0.37

04
1.04
1.02

1.01
0.96
0.99

1.02
1.00
1.00

Age

Body mass index

Systolic blood pressure

Cardiovascular Risk Factors

0.048
0.022
0.76

13

2.

1.00
1.08
0.66

1.46
1.68
1.08

Hypertension

0.023

2.64

1.08

1.69

2.63
1.77

Diabetes mellitus

Smoking current or prior

Medications

0.021

2.25

1.07

1.55

Statin therapy
Cancer types
Melanoma

0.48

1.29

0.59

0.87

Laboratory variables

1.01 0.66

0.99

1.00

Glomerular filtration rate (mL/min/1.73m?)

grade and frequent events (occurring in 210% of the pa-
tients). In contrast, retrospective and prospective obser-
vational data demonstrate a higher incidence of skeletal
muscle and joint-related irAEs [25, 26]. Treatment with
an ICI may be associated with an either inflammatory
or a non-inflammatory myopathy [27]. The development
of an inflammatory myopathy is an uncommon toxicity
associated with ICI use that may present in isolation or
with concomitant myocarditis or myasthenia-like ocular
involvement, and is associated with significant morbidity
and mortality [11, 28-30]. In our cohort, out of the 22
patients with inflammatory myopathy, 9 patients had
either or both concomitant myocarditis or myasthenia,
with 66.6% of them on statin therapy.

The risk factors for development of ICI-associated
muscle pain and myositis remain poorly defined. Limited
data suggest that ICI-associated muscle symptoms and an
inflammatory myopathy is more common with combin-
ation ICIs [31]. However, beyond combination therapy,
no other risk factors have been identified. In our study,
we noted that the following were risk factors for the de-
velopment of an IClI-associated skeletal myopathy; older
age, male sex, hypertension, diabetes, and melanoma.
Moreover, an increase in body mass index or systolic
blood pressure was also associated with increased risk
for an ICI-associated skeletal myopathy. In the largest re-
port of ICI-associated myositis (7 = 180), the mortality
rate was 21.2% and significant morbidity including pro-
longed hospitalization, life-threatening illness, or dis-
ability affected a further 49.4% [11]. Precise timing to
myositis onset was available in 61 patients, with a median
time to onset of myositis of 26 days (IQR, 18-39 days)
after initiation of ICI therapy, and a total of 25 (13.9%)
patients had been treated with statins. We found that the
median time to development of skeletal myopathy was
119 (IQR, 35-217) days and the difference may relate
to the lower rates of late reporting in pharmacovigilance
studies and our median time to onset is consistent with
smaller case series [32, 33].

Our observation that incidental statin use was associ-
ated with a skeletal myopathy has potential implications.
The most common reason that patients on an ICI are
prescribed a statin is due to the overlapping presence of
cardiovascular disease or risk factors [34, 35]. Thus, our
finding of an association between statin use and muscle
toxicities with an ICL[11] may lead to discussions about
statins among patients who develop a muscle toxicity on
an ICL In those, the indication for statin should be re-
viewed and alternative highly effective non-statin ther-
apies (e.g. PCSK-9 inhibitors, ezetimibe, bempedoic acid,
icosapent ethyl) could be considered. Additionally, in re-
cent work, the use of an ICI was associated with a 3-fold



10 Immunotherapy Advances, 2021, Vol. 1, No. 1

A
Any skeletal myopathy

—— Statin group

0061 No statin group
-]
§ 9| Hr3.37,95%C1: 1.68-6.78
£ 0.04 | Wald test P < .001
S o003
&
s 0.02
5
3 o0.01
0.00 _
1] 6 12 18 24
Months
No. at Risk
Statin group 858 439 249 172 134
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B
Inflammatory myopathy
- Statin group
0061 No statin group
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0.05 HR 3.80, 95% CI: 1.59 - 9.06
£ 0.04 | Wald test P=.003
S o003
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£
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Figure 2 Kaplan—-Meier curves of the cumulative hazard in statin users and non-users and number at risk tables. Panel A shows the
cumulative hazard of any skeletal myopathy. Panel B shows the cumulative hazard of inflammatory myopathy and panel C shows
the cumulative hazard of creatine kinase elevation.
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increase in the progression of atherosclerosis and an in-
crease in atherosclerotic cardiovascular events [8]. In that
study, statin use was associated with a 50% lower rate
of atherosclerosis progression as compared to non-statin
patients [8]. This finding may lead to subsequent studies
testing the value of statin use in statin naive patients
being treated with an ICL

Given that ICl-associated elevated transaminases

Wald test P value
0.054

0.273
0.017
0.065
0.014

S
4.45
32
1

3

) woo occur in up to 17% of patients and accounts for up to
22% of all irAE-related deaths,[36, 37] our observation
that statins do not appear to increase the rate of LFT
elevation is important. We did observe that statins were

95% CI
0.99
0.99
1.18
0.95
1.26

associated with higher rates of renal irAEs, although
chronic kidney disease was more prevalent and eGFR
was lower at baseline in statin-treated patients and these
are recognized risk factors for development of renal
irAEs [38, 39]. Case studies have reported an association
between statins and acute tubulointerstitial nephritis
[40-42]. Whether there may be a synergistic mechanistic

Model 2.
Hazard ratio
1.02

2.10

2.50

2.35

3.13

effect that increases the risk of renal irAEs in patients
co-treated with statins and ICIs remains unclear. There
was also a trend toward a higher rate of total irAEs in pa-
tients who were prescribed statins, driven by significant
increases in muscular and renal irAEs and non-significant
increases in gastrointestinal (19.6% vs. 17.6%), derma-
tologic (16.8% vs. 15.1%) and pulmonary (7.9% vs.
6.4%) irAEs, and irAEs among statin users more fre-

Wald test P value
0.002

0.678
0.037
0.121
0.017

quently required treatment with steroids.

This report needs to be interpreted in the context of
the study design. This study was not designed to provide
mechanistic insight. This was retrospective and single

04
13.16
3
1.08
2

4.5
7

center in design; however, our cohort of patients on ICI
therapy is significantly larger than any other publica-
tion. Patients on statins at the time of ICI therapy had
more comorbidities, and due to collinearity, we were
only able to adjust for a few comorbidities. Therefore,

95% CI
0.97
1.80
1.05
0.99
1.22

residual cardiovascular risk factors that determine
statin use may also explain the increase in skeletal my-
opathy. The aim of the report was to evaluate the as-
sociation between statin use at the time of ICI start
and the development of muscle toxicity. Therefore, we
did not evaluate subsequent treatment decisions and
whether statins were discontinued after the diagnosis

Model 1.
Hazard ratio
1.01

4.87

2.18

1.03

3.01

of an inflammatory or non-inflammatory myopathy.
Additionally, there is a lack of standardized diagnostic
criteria for ICI-associated muscle syndromes among
published report. This lack of standardization has im-
pacted both clinical trials reporting cancer outcomes
on ICIs and clinical research focused on less common
toxicities such as reported here. We used a broad def-

Diabetes mellitus

Diabetes mellitus
Medications

Medications

Statin therapy
Outcome: Inflammatory myopathy

Hypertension
Statin therapy

Age
Cardiovascular Risk Factors

inition for inflammatory myopathy, and we did not
differentiate between presumptive, definite or highly

Age

Cardiovascular Risk Factors

Demographic variables
Demographic variables

Table 4 Parsimonious multivariate Cox proportional hazard model results

Outcome: Any skeletal myopathy
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probable myopathies. Therefore, some of the myop-
athies may have been misclassified. Moreover, not all
the myopathy patients had their diagnosis confirmed
by muscle biopsy. In future studies muscle biopsy may
be routinely considered to confirm the diagnosis of
myopathy and a detailed and standardized definition
applied. Moreover, some of the patients with inflam-
matory myopathies may have paraneoplastic syn-
dromes and distinguishing these syndromes from statin
or ICI myopathy can be challenging. Moreover, LFTs
are often elevated in myopathy, and we did not differ-
entiate between skeletal and hepatobiliary origins of
LFT elevations.

Conclusion

In this large retrospective cohort study of patients treated
with an ICI, the risk for a skeletal myopathy and for an
elevation in CK was higher in patients who were concur-
rently prescribed statins. These data support an increase
in awareness of the potential association between statin
use and ICl-associated muscle syndromes. Prospective
observational studies are warranted to further eluci-
date the potential association between statin use and
ICI-associated myopathies. Additionally, in patients
who develop inflammatory and non-inflammatory my-
opathies while on a statin and an ICI, alternative and
widely available secondary approaches for management
of lipids could be considered.

Supplementary material

Supplementary data are available at Immunotherapy

Advances online.
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