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The Combined Effect of Immune Checkpoint Inhibitors
and Tyrosine Kinase Inhibitors on Thyroid Function

Karen Tsai, Huiyan Ma? Tom Z. Liang?® Yan Xing;* Samuel Chung,* Tanya Dorff*
Diana Bell? and Melissa G. Lechner®

Background: Recent successes with immune checkpoint inhibitors (ICIs) and tyrosine kinase inhibitors (TKIs)
for the treatment of solid malignancies have paved the way for a new era of combined therapy. A common side
effect seen with each of these classes of treatment is thyroid dysfunction, with rates estimated at 30-40% for
TKI and 10-20% for ICI. However, little is known about the effect of combined ICI+TKI therapy on thyroid
function. Therefore, this study evaluated the incidence, clinical features, and risk factors for developing thyroid
abnormalities during ICI+TKI therapy and the relationship to cancer outcomes.

Methods: We conducted a retrospective cohort study of patients treated with combination ICI+TKI cancer
therapy at City of Hope Comprehensive Cancer Center from 2017 to 2023 who had pretreatment normal
thyrotropin (TSH) levels. Primary analyses assessed the frequency, timing, and severity of thyroid function test
abnormalities during ICI+TKI cancer therapy, and the requirement for thyroid hormone replacement. Secondary
analyses evaluated risk factors for the development of thyroid dysfunction, including sex and drug regimen, and
the association with cancer progression-free survival or overall survival. Univariable and multivariable models
were used.

Results: There were 106 patients who received ICI+TKI therapy with a median age of 63.5 years and a median
follow-up of 12.8 months (interquartile range [IQR] 5.9-20.9). Notably, 63.2% (67/106) developed thyroid
function abnormalities during ICI+TKI therapy, including 11 (10.4%) with hyperthyroidism, 42 (39.6%) with
subclinical hypothyroidism (SCHypo), and 14 (13.2%) with overt hypothyroidism. The onset of thyroid dys-
function occurred at a median of 7 weeks (IQR 3.1-9.0) after start of ICI+TKI treatment for hyperthyroidism,
8.0 weeks (IQR 3.0-19.0) for SCHypo, and 8.1 weeks (IQR 5.9-9.1) for overt or worsening hypothyroidism.
Hyperthyroidism resolved to hypothyroidism or normal TSH without intervention in all subjects, suggesting
thyroiditis, and hypothyroidism was readily treated with thyroid hormone replacement.

Conclusions: Thyroid dysfunction is a frequent adverse event in individuals treated with combination ICI+TKI
therapy, with our data suggesting a rapid onset and higher incidence than previously seen with ICI or TKI
therapy alone. Therefore, close monitoring of thyroid function during initial therapy and multidisciplinary care
with endocrinology are recommended to facilitate early detection and initiation of thyroid hormone replacement
in these patients.

Keywords: immune checkpoint inhibitor, tyrosine kinase inhibitor, thyroid dysfunction, thyroid function tests,
hyperthyroidism, hypothyroidism, survival
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THYROID FUNCTION DURING ICI AND TKI THERAPY

Introduction

N ESTIMATED 19.3 MILLION individuals are diagnosed

with cancer and 10.0 million die from cancer annually
worldwide.! Advances in cancer treatment in recent decades,
such as the development of kinase inhibitors and immuno-
therapy, have improved disease outcomes for these individuals,
but have also led to the emergence of new treatment-related
toxicities. Thyroid dysfunction in particular is now recognized
as a common side effect of many cancer therapies, including
immune checkpoint inhibitors (ICIs) and tyrosine kinase in-
hibitors (TKIs).>™

ICIs activate antitumor immune responses by blocking
regulatory proteins on T cells (i.e., cytotoxic T lymphocyte
antigen [CTLA]-4, programmed death protein/ligand
[PD-1/PD-L1]) and are used for the treatment of patients
with melanoma, breast, renal, liver, lung, and head and
neck cancers, among others.> Because of increased immune
activation, many patients develop unwanted autoimmunity
in healthy tissues, termed immune-related adverse events
(irAEs).

Thyroiditis is a common irAE occurring in ~10% of in-
dividuals during single agent and 20% during combination
therapy (e.g., anti-PD-1/anti-PD-L1+CTLA-4).°'" ICI-
thyroiditis usually resolves to permanent hypothyroidism
requiring thyroid hormone replacement®'? and shows near
equal incidence in males and females.'? ICI-thyroiditis is
strongly correlated with a beneficial response to ICI treat-
ment, including longer progression-free survival (PFS) and
overall survival (OS).7’8’10’14_18

TKIs selectively block signaling through growth factor
receptors (e.g., vascular endothelial growth factor receptor
[VEGFR]) to inhibit cancer cell proliferation and survival. As
with ICI, thyroid dysfunction is common, occurring in nearly
40% of TKlI-treated patients, with overt hypothyroidism
(27%) being the most common, followed by subclinical hy-
poth?/roidism (SCHypo; 13%) and rarely hyperthyroid-
sm.' >*° Risk factors for TKI-associated thyroid dysfunction
include female sex and perhaps cumulative TKI exposure.*?!

While incompletely understood, proposed mechanisms for
TKI-associated thyroid dysfunction include direct thyroid
follicular cell death, decreased blood flow secondary to
VEGFR inhibition, immune-mediated thyroiditis, and im-
paired iodine uptake by thyroid follicular cells leading to
decreased thyroid hormone production.’*?* TKI-associated
thyroid dysfunction, similar to ICI-thyroiditis, has been
correlated with longer OS.'**

Success with ICI and TKI therapies led to clinical trials
evaluating combined ICI+TKI regimens, and subsequently
their approval for endometrial cancer in 2019 and renal cell
carcinoma in 2021. Preliminary reports suggest that rates of
thyroid dysfunction during combined ICI+TKI therapy may
be increased; however, studies directly addressing this
question have not yet been done.?**>

The aim of this study was to determine the effect of
ICI4+TKI therapy on thyroid function in treatment-naive pa-
tients with documented normal pretreatment thyrotropin
(TSH) levels, as well as risk factors for treatment-associated
thyroid abnormalities and the relationship to clinical cancer
outcomes. Such data are needed to guide clinical recom-
mendations for the many patients now receiving combined
ICI4+TKI regimens.
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Materials and Methods
Study design and participants

We performed a retrospective analysis of patients
treated with combined ICI+TKI therapy at City of Hope
Comprehensive Cancer Center (COH) from 2017 to
2023. We included adults with solid malignancies (ex-
cluding nonmelanoma skin cancers) who were treated
concurrently with FDA-approved ICI and TKI therapies.
During the study period, these agents included ICIs
(pembrolizumab, nivolumab, and ipilimumab) and TKIs
(lenvatinib, axitinib, sunitinib, pazopanib, cabozatinib,
tivozanib, and imatinib).

Patients with insufficient thyroid function tests to discern a
clear pattern of ICI+TKI effect, prior ICI and/or TKI therapy,
a pre-existing diagnosis of thyroid cancer, or prior thyroid
removal or ablation were excluded. To ensure accuracy and
consistency, all data were collected manually by a board-
certified endocrinologist. This study was approved by the
COH Institutional Review Board (IRB #23043).

Study definitions

Patients identified as ‘“‘No Thyroid Abnormalities’” had no
thyroid function abnormalities after receiving ICI+TKI.
Hyperthyroidism was defined as a low TSH and elevated free
thyroxine (fT4). Hypothyroidism was defined as elevated
TSH and low fT4. SCHypo was defined as elevated TSH with
normal fT4 level. Subclinical hyperthyroidism (SCHyper)
was defined as low TSH with normal fT4 level.

Worsening hypothyroidism was defined as needing an in-
crease in thyroid hormone therapy (e.g., levothyroxine
[LT4]) dose to achieve euthyroid status after initiation of
ICI+TKI. Some patients who had SCHypo or hypothyroidism
but were never started on LT4 or were deceased before ini-
tiation of LT4 were denoted as such. Thyroid function tests
that corresponded to potential nonthyroidal illness, medica-
tion nonadherence or malabsorption, were excluded from the
analysis. In patients who started or had adjustments in their
LT4, euthyroid state was defined as achieving a normal TSH
level.

Thyroid hormone replacement dose was documented for
patients who achieved euthyroid state while on medication.
In cases where the patient was taking <7 tablets a week and
achieved euthyroid state, an average daily dose was calcu-
lated. Weight-based thyroid hormone dosing (mcg/[kg-day])
was calculated by using the daily dose needed to achieve
euthyroid state divided by the patient’s weight.

Statistical analyses

Descriptive statistics were used to summarize patient
baseline characteristics, initial thyroid changes after ICI+
TKI, and LT4 replacement dose. Differences in characteris-
tics between patients with and without thyroid abnormalities
were compared using the Kruskal-Wallis test for continuous
variables and chi-square tests for categorical variables.

Risk factor associations were calculated using odds ratios
(ORs) and confidence intervals [CIs] using univariable and
multivariable logistic regression models. Our multivariable
model adjusted for age at ICI+TKI initiation. Factors such as
the type of cancer were not included in our multivariable
models due to the limited number of patients in some
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categories. Instead, we performed sensitivity analyses to
examine the impact of female sex on risk of thyroid abnor-
malities in different cancer combinations.

To assess for associations with PFS or OS, hazard ratios
(HR) and corresponding [CIs] were calculated using uni-
variable and multivariable Cox regression models.”® The
factors of interest included sex, type of cancer, age at
ICI+TKI initiation, type of ICI+TKI therapy, and presence
or absence thyroid function test abnormalities. All statis-
tical tests were two-sided at a significance level of 0.05.
Analyses were performed using SAS version 9.4 (SAS In-
stitute, Cary, NC).

Results
Study population and baseline characteristics

There were 133 eligible patients who received concurrent
treatment with ICI and TKI (Fig. 1). Twenty-seven patients
were excluded because they received ICI before combination
ICIH+TKI (n=6), received TKI before combination ICI+TKI
(n=17), received ICI and TKI separately before ICI+TKI
(n=15), or did not receive ICI+TKI or had incomplete data
(n=9). A total of 106 patients remained in the cohort. The
median follow-up period for these 106 patients was 12.8
months (interquartile range [IQR] 5.9-20.9).

Patient characteristics are shown in Table 1. The median
age at initial ICI+TKI treatment was 63.5 years (IQR 57.0—
69.0). Most patients (n=75, 70.8%) were female and
uterine cancer (n=46, 43.4%) was the most common ma-
lignancy. The racial diversity of subjects was 54.7% White,
20.8% Asian, 10.4% unknown, 9.4% Black, and 4.7%
other, and most patients (n=74, 69.8%) were non-
Hispanic. Only six (5.7%) patients had prior head and/or
neck radiation treatment.

The most common ICI+TKI therapy was pembrolizuma-
b+lenvatinib (n=73, 68.9%). Most (n=59, 55.7%) had
Eastern Cooperative Oncology Group 1 at the time ICI+TKI
therapy was used, and 47 (44.3%) patients used ICI+TKI as
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second-line therapy. Ninety-five (89.6%) patients had un-
known thyroid peroxidase antibody (TPOAb) or thyroglob-
ulin antibody status. Statistically significant differences
between patients who developed thyroid function abnor-
malities and those who remained euthyroid were found for
sex, type of cancer, and ICI+TKI combination (Table 1).

Incidence and pattern of thyroid function abnormalities

Thyroid function abnormalities occur as a side effect of ICI
and TKI and, therefore, routine monitoring of thyroid func-
tion has been recommended for patients receiving these
agents.*?” However, guidance for monitoring during com-
bination ICI+TKI is lacking. Strikingly, of 106 euthyroid
patients, 63.2% (67/106) developed new thyroid abnormali-
ties after initiation of ICI+TKI. These included 11 (10.4%)
with initial hyperthyroidism, 42 (39.6%) having initial
SCHypo, and 14 (13.2%) having initial overt hypothyroidism
(Fig. 1). The timing and severity of thyroid function abnor-
malities are shown in Table 2 and are discussed hereunder.

Hyperthyroidism group

Eleven patients presented with hyperthyroidism and no
patients were categorized as SCHyper. The median time from
initial exposure of ICI+TKI to hyperthyroidism was 7 weeks
(IQR 3.1-9.0), median TSH was 0.02 mIU/L (IQR 0.01-
0.02), and median fT4 was 2.34ng/dL (IQR 1.90-3.19)
(Table 2). In five patients who had Graves’ autoantibody
testing (e.g., thyroid stimulating immunoglobulin or anti-
TSH receptor), results were all negative.

In addition, one patient underwent a radioactive iodine
uptake scan that showed thyroiditis. One patient who was on
methimazole briefly while awaiting Graves’ autoantibody
testing had medication subsequently discontinued. All cases
of hyperthyroidism resolved to normal thyroid state or hy-
pothyroidism without intervention in 12 weeks. Specifically,
five (45.5%) patients evolved from hyperthyroidism to hy-
pothyroidism and required LT4, one (9.1%) patient converted

Cohort Population (n=133)

Excluded patients (n=27)
Missing data or did not get ICI+TKI (n=9)

Received ICI prior to ICI+TKI (n=6) +
Received TKI prior to ICI+TKI (n=7)
Received ICI and TKI separately prior to ICI+TKI (n=5)

No Thyroid Abnormalities (n=39) |'7 Met inclusion criteria (n=106)

{ Thyroid Hormone Abnormalities (n=67) |

v

Hyperthyroidism (n=11) |

r
‘ Subclinical Hypothyroidism (n=42) l

v
| Hypothyroidism (n=14)

FIG. 1.

Flowchart of study sample selection.



TABLE 1. PATIENT CHARACTERISTICS FOR TOTAL STUDY POPULATION

Thyroid abnormality
Overall (N=106) No (N=39) Yes (N=67) p?

Age at initial ICI+TKI use, years, median (IQR) 0.0852°
Median (IQR) 63.5 (57.0-69.0) 66.0 (59.0-73.0) 62.0 (56.0-66.0)

Sex, n (%) 0.0419
Male 31 (29.2) 16 (41) 15 (22.4)
Female 75 (70.8) 23 (59) 52 (77.6)

Race, n (%) 0.4310

White 58 (54.7) 17 (43.6) 41 (61.2)
Black 10 (9.4) 5(12.8) 5(7.5)
Asian 22 (20.8) 9 (23.1) 13 (19.4)
Other 5@.7) 2 (5.1 34.5)

Unknown 11 (10.4) 6 (15.4) 5(7.5)

Hispanic, n (%) 0.4137
No 74 (69.8) 27 (69.2) 47 (70.1)

Yes 23 (21.7) 7 (17.9) 16 (23.9)
Unknown 9 (8.5) 5 (12.8) 4 (6)

Type of cancer, n (%) 0.0076
Uterine cancer 46 (43.4) 12 (30.8) 34 (50.7)

Renal cell carcinoma 27 (25.5) 13 (33.3) 14 (20.9)
Pancreatic cancer 12 (11.3) 4 (10.3) 8 (11.9)
Breast cancer 4 (3.8) 0 (0) 4 (6)
Colon cancer 3(2.8) 0 (0) 3 4.5)
Hepatocellular carcinoma 3(2.8) 1(2.6) 2(3)
Other 11 (10.4) 9 (23.1) 2 (3)

Any head and/or neck radiation therapy, n (%) 0.4898
No 100 (94.3) 36 (92.3) 64 (95.5)

Yes 6 (5.7) 3(1.7) 34.5)

Type of ICI+TKI combination, n (%) 0.0410
Pembrolizumab+lenvatinib 73 (68.9) 21 (53.8) 52 (77.6)
Pembrolizumab+axitinib 24 (22.6) 11 (28.2) 13 (19.4)
Pembrolizumab-+pazopanib 3(2.8) 2(5.1) 1(1.5)
Nivolumab-+ipilimumab+cabozatinib 2 (1.9) 2(5.1) 0 (0)

Other 4 (3.8) 3(7.7) 1 (1.5)

ECOG scale at time of ICI+TKI, n (%) 0.1783

0 38 (35.8) 19 (48.7) 19 (28.4)
1 59 (55.7) 18 (46.2) 41 (61.2)
2 8 (7.5) 2 (5.1 6 (9)

3 1 (0.9) 0 (0) 1(1.5)

ICI+TKI: Line of therapy, n (%) 0.2381
First 29 (27.4) 13 (33.3) 16 (23.9)

Second 47 (44.3) 18 (46.2) 29 (43.3)
Third 20 (18.9) 6 (15.4) 14 (20.9)
Greater than fourth 9 (8.5) 1 (2.6) 8 (11.9)
Unknown 1(0.9) 1(2.6) 0 (0)

Positive TPOAD and/or TgAb, n (%) 0.1180
No 7 (6.6) 1(2.6) 6 (9)

Yes 4 (3.8) 0 ) 4 (6)
Unknown 95 (89.6) 38 (97.4) 57 (85.1)

Follow-up time, months 0.0579°
Median 12.8 11.0 15.1
IQR 5.9-20.9 5.7-17.3 5.9-23.0

The bold values are significant p values.

!p-Value estimated from chi-square test, except where otherwise noted.

PKruskal-Wallis test.

ECOG, Eastern Cooperative Oncology Group; ICI, immune checkpoint inhibitor; IQR, interquartile range; TgAb, thyroglobulin

antibody; TKI, tyrosine kinase inhibitor; TPOADb, thyroid peroxidase antibody.
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TABLE 2. INITIAL THYROID CHANGES AFTER IMMUNE CHECKPOINT INHIBITOR+TYROSINE KINASE INHIBITOR

Time from ICIH+TKI to

initial thyroid abnormality,

weeks, median (IQR), n

Minimum or maximum
TSH, mlU/L,
median (IQR), n

Minimum or maximum
fT4, ng/dL, median (IQR), n

Hyperthyroid (n=11)
Subclinical hypothyroid (n=42)
Hypothyroid (n=14)

7.0 (3.1-9.0), 11
8.0 (3.0-19.0), 41
8.1 (5.9-9.1), 12

0.02 (0.01-0.02), 11
19.2 (9.70-36.60), 41
106.70 (48.95-139.95), 12

2.34 (1.90-3.19), 11
N/A
0.48 (0.42-0.58), 12

fT4, free thyroxine; TSH, thyrotropin.

from hyperthyroidism to hypothyroidism and did not start
LT4, three (27.3%) patients had hyperthyroidism to SCHypo
requiring LT4, and two (18.2%) patients had hyperthyroid-
ism that evolved to euthyroid without LT4 (Supplementary
Table S1).

The median time from hyperthyroidism to SCHypo or
Hypo was 6.7 weeks (IQR 6.0-12.0) (Supplementary
Table S1). A median TSH of 106.95 mIU/L (IQR 67.00-
152.00) and median fT4 of 0.46 ng/dL (IQR 0.41-0.49) was
seen in those who converted from hyperthyroidism to hypo-
thyroidism only and a maximum TSH of 21.49 mIU/L (IQR
7.08-57.80) was seen for those who converted from hyper-
thyroidism to SCHypo only (Supplementary Table S1).

Hypothyroidism group

Another subgroup of patients presented with hypothy-
roidism as their initial thyroid function abnormality. In these
14 patients, 7 (50%) patients had overt hypothyroidism and 7
(50%) patients had worsening hypothyroidism. Of the 12
patients with data on thyroid function tests, the observed
median time from initial ICI+TKI therapy to hypothyroidism
was 8.1 weeks (IQR 5.9-9.1), with a median TSH of 106.70
mlIU/L (IQR 48.95-139.95) and median fT4 of 0.48 ng/dL
(IQR 0.42-0.58) (Table 2). The median time from hypothy-
roidism to euthyroid state was a median of 21.9 weeks (IQR
21.4-37.0) (Supplementary Table S1).

SCHypo group

A third subgroup of patients developed SCHypo during
ICI+TKI treatment. Among these 42 patients with new
SCHypo after initial ICI+TKI treatment, 24 (57.1%) had
SCHypo TSH >10 on LT4, 3 (7.1%) had SCHypo TSH <10
on LT4, 7 (16.7%) had SCHypo TSH >10 not on LT4, 4

(9.5%) had SCHypo TSH <10 not on LT4, and 4 (9.5%) had
SCHypo TSH <10 resolved without LT4 (Supplementary
Table S1). Using available data from 41 patients, the median
time from initial ICI+TKI to SCHypo was 8.0 weeks (IQR
3.0-19.0) with a median TSH of 19.2 mIU/L (IQR 9.70-
36.60) (Table 2). The median time from SCHypo to euthyroid
state was 20.0 weeks (IQR 11.1-31.1) (Supplementary
Table S1).

In summary, new onset hyper- or hypothyroidism occurred
in many patients treated with combination ICI+TKI therapy
and occurred during the early phases of treatment, with a
median time onset of 7-8 weeks.

Differences in thyroid function abnormalities
by sex and ICHTKI regimen

Female sex is a well-established risk factor for spontane-
ous thyroid disease (e.g., Hashimoto’s thyroiditis and
Graves’ disease),zg’29 and has been linked to TKI- but not
consistently with ICI-associated thyroid dysfunction.*”~'°
Multivariable analysis, after controlling for age at initiation
of ICI+TKI, showed that compared with males, females who
received ICI+TKI treatment had a 2.72-fold (adjusted
OR=2.72 [CI 1.12-6.61] p=0.0267) increased risk of de-
veloping thyroid abnormalities (Table 3).

We were unable to include cancer type in our multivariable
models due to the low number of colon cancer and hepato-
cellular carcinoma patients, although our univariable analysis
showed that cancer type was associated with risk of thyroid
abnormalities (Table 1). Because there were 50 female pa-
tients being treated for uterine cancer or breast cancer, we
examined the potential impact of female sex on risk of thy-
roid abnormalities within different types of cancers.

While all adjusted OR estimates were >1 (OR range: 1.40-
4.24) (Supplementary Table S2), these ORs were not

TABLE 3. ASSOCIATIONS WITH RISK OF THYROID ABNORMALITIES

No. of patients by
thyroid abnormality

Univariable Multivariable®

Factor No Yes Unadjusted OR [CI] p Adjusted OR [CI] P
Sex

Male 16 15 Reference Reference

Female 23 52 2.41 [1.02-5.69] 0.0445 2.72 [1.12-6.61] 0.0267
Type of immunotherapy

Pembrolizumab+lenvatinib 21 52 Referent Referent

Pembrolizumab+axitinib 11 13 0.48 [0.19-1.23] 0.1268 0.50 [0.19-1.31] 0.1570

The bold values are significant p values.
*Model adjusted for age at initiation of ICI and TKI initiation.
[CI], confidence interval; OR, odds ratio.
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TABLE 4. LEVOTHYROXINE REPLACEMENT DOSE IN PATIENTS WITH ACQUIRED HYPOTHYROIDISM
WHO ACHIEVED EUTHYROID STATE

Levothyroxine dose required to achieve euthyroid state

Overt hypothyroidism (n=13) SCHypo (n=22)

Daily dose, mcg/day, median (IQR), n
Weight-adjusted dose, mcg/(kg-day), median (IQR), n

88 (75-150), 117
1.76 (0.87-1.89), 11*

75 (50-100), 21°
1.03 (0.64-1.32), 21°

“Two patients had missing value.
One patient had missing value.
SCHypo, subclinical hypothyroidism.

statistically significant and likely limited by our small num-
bers of patients within each type. The association between
female sex and thyroid dysfunction needs to be further vali-
dated in larger studies across both sexes.

We also evaluated whether thyroid dysfunction risk is asso-
ciated with a specific regimen. Pembrolizumab+lenvatinib and
pembrolizumab+axitinib were the most common ICIH+TKI
regimens in our patients. Our data did not show any difference in
the risk of thyroid abnormalities between patients using these
regimens (adjusted OR=0.50 [CI 0.19-1.31], p=0.1570)
(Table 3). These data suggest that this adverse event is a class
effect for combined ICI anti-PD-1/anti-PD-L1 and TKI therapy.

Thyroid hormone replacement and resolution

Table 4 shows the LT4 replacement dose required in the
subset of patients who achieved euthyroid state on LT4. The
calculated mean * standard deviation (SD) dose of LT4 was
106.55+40.91 mcg/day with a weight-adjusted mean+SD
dose of 1.52+£0.69 mcg/(kg-day) with a median dose of 88
mcg/day (IQR 75-150) and a weight-adjusted median dose of
1.76 mcg/(kg-day) (IQR 0.87-1.89).

Similarly in the 21 SCHypo patients that had data to cal-
culate LT4 dosing, the mean*SD calculated dose in the
SCHypo group was 75.62 +38.83 mcg/day with a mean = SD
weight-adjusted dose of 1.05+0.56 mcg/(kg-day) and a
median daily dose of 75 mcg/day (IQR 50-100) and median
weight-adjusted dose of 1.03 (IQR 0.64-1.32) mcg/(kg-day).
Only 25/106 (23.6%) patients received endocrinology care.

PFS and OS

Prior studies showed that individuals who developed thy-
roid dysfunction during ICI or TKI monotherapy had longer
PES and OS.”*!'%4" In our study, development of thyroid
function abnormalities was not associated with differences in
risk of cancer progression or risk of all-cause mortality. Our
analysis also included sex, age at ICI+TKI therapy, cancer
type, and treatment regimen as predictors of survival. Fe-
males had an increased risk of disease progression (adjusted
HR=2.20 [CI 1.03—4.71], p=0.0428) (Table 5). Cancer type
was associated with clinical outcomes, namely significantly
increased PFS and OS in renal cell carcinoma and decreased
PFS and OS in breast cancer compared with the uterine
cancer reference group (Table 5).

Compared with pembrolizumab+lenvatinib use, pem-
brolizumab+axitinib was associated with decreased risk for
both progression (unadjusted HR=0.32 [CI 0.17-0.61],
p=0.0006) and all-cause mortality (unadjusted HR=0.36
[CI 0.15-0.87], p=0.0228) in univariable analyses, but this
association was not seen in multivariable analyses (Table 5).
In summary, sex and cancer type were associated with dis-

ease progression and all-cause mortality during ICI+TKI
therapy. However, the development of thyroid function ab-
normalities was not significantly linked to these outcomes.

Discussion

Combination ICI4+TKI therapy is an emerging strategy for
the treatment of multiple solid malignancies. In this study, we
report the frequency, timing, and severity of thyroid function
abnormalities in previously euthyroid, treatment-naive indi-
viduals undergoing combination ICI+TKI therapy. Im-
portantly, the incidence of ICI+TKI thyroid dysfunction was
63.2%, which is much higher than that previously reported
levels of thyroid adverse events with ICI (~10-20%) or TKI
(~30-40%) therapies alone.*”->!!

In our patients, the elapsed time from ICI+TKI initiation to
the development of thyroid abnormalities was similar to that
reported for ICI-thyroiditis (57 weeks**'?) but shorter than
TKI-associated thyroid dysfunction (28-36 weeks®). In ad-
dition, the thyroid hormone dose required to achieve euthy-
roid state for patients with overt hypothyroidism after
ICI+TKI treatment was higher than that previously reported
for treatment of ICI-associated h;l};)othyroidism (1.76
mcg/[kg-day] vs. 1.45 mcg/[kg-day]).*>"?

This difference may reflect increased metabolism of thy-
roid hormone by TKI, greater thyroid gland tissue destruc-
tion, or nonthyroid factors such as decreased gut absorption
in patients on ICI+TKI therapy. The median LT4 dose needed
to achieve euthyroid state in SCHypo gatients was lower than
in those with overt hypothyroidism.>*'?

Despite the frequency of thyroid dysfunction in our cohort
and the known associations with ICI and TKI monotherapies,
23.6% received endocrinology care and some with hormone
abnormalities did not receive hormone treatment. The me-
dian time from SCHypo or hypothyroidism (overt hypothy-
roidism and worsening hypothyroidism) to euthyroid state
was 20.0-21.9 weeks. With increased awareness of these
thyroid function test patterns, the time to euthyroid state may
be reduced.

Our study also sought to identify risk factors for the de-
velopment of thyroid dysfunction. Autoimmune thyroid
disease, including Hashimoto’s thyroiditis and Graves’
disease, occur more often in women (8:1 female to male
ratio).?®?° Female sex was also a significant risk factor for
TKI-associated thyroid dysfunction.* By contrast, ICI-
thyroiditis appears to have more equal incidence in males and
females, although the data are mixed.”'*'? Our unadjusted
analysis showed 2.7-fold increased risk of developing thyroid
dysfunction for females (p=0.0267), but sex was not a sig-
nificant factor in a subsequent sensitivity analysis that ex-
cluded female prevalent uterine and breast cancer patients.
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THYROID FUNCTION DURING ICI AND TKI THERAPY

Whether these data indicate that there is no true sex dif-
ference or that our adjusted sample was too small to detect
this risk cannot be determined. Thyroid dysfunction during
ICI or TKI therapy is now recognized as a “‘class’ effect of
these agents, although there maﬁy be subtle differences in the
rates among specific reagents.**!! We found a similar risk of
developing thyroid dysfunction between ICI+TKI regimens,
suggesting that this adverse event may also be a “‘class”
effect for combination therapy with anti-PD-1/anti-PD-L1
antibodies and TKIs.

We assessed the relationship between incident thyroid
dysfunction and response to ICI+TKI therapy. There is a
consensus that thyroid irAEs are associated with longer OS,
decreased mortality, and improved response to cancer ther-
apy.”® 1914718 Similarly, patients with overt hypothyroidism
or SCHypo while on TKI had improved OS.'*** We found no
association between the development of treatment-associated
thyroid dysfunction and PFS or OS in this cohort, but this
finding may be attributed to our small sample size given the
emerging nature of this treatment combination.

In addition, female sex was associated with worse clinical
outcomes. Potential confounders to this finding include worse
outcomes in female predominant cancers (e.g., uterine), ei-
ther inherent to a specific tumor type or in conjunction with
ICI4+TKI therapy; increased rates of thyroid dysfunction in
females; and the use of ICI+TKI regimens predominantly in
subjects with advanced stage malignancies.

Female sex (genetic and/or hormonal) has been previously
associated with increased tumor immune surveillance and
editing, which may also impact the efficacy of ICI+TKI
cancer therapy.'® Given these multiple inter-related factors,
the relationship between sex and clinical outcomes with
ICI+TKI therapy warrants further study.

Limitations of our study include the inherent retrospective
nature and modest sample size. Inherent in the retrospective
design, we acknowledge that some thyroid function changes
may not have been not captured in the medical records.
However, the recommendation for TSH screening in all pa-
tients receiving ICI therapy with each cycle (typically every
3—4 weeks) resulted in most patients having regular assess-
ment of thyroid function.

We acknowledge that an acute thyrotoxicosis phase in
patients that subsequently evolved to hypothyroidism may
have been missed in some. In addition, free triiodothyronine
(fT3) levels were not routinely checked in this patient pop-
ulation, consistent with current guidelines for monitoring
thyroid dysfunction during cancer immunotherapy, but,
nevertheless, may have limited our identification of patients
with SCHyper.

Furthermore, this study was not designed to evaluate OS
and PFS and, therefore, the lack of association with survival
may be a result of insufficient subjects and future studies with
larger sample sizes with longer follow-up are needed. Finally,
our data suggest a potential association with female sex and
treatment-associated thyroid dysfunction, but our analyses
were limited by the unequal sex distribution across cancer
types and sample size.

Similarly, few patients had assessment of thyroid auto-
antibodies, which may be important as a risk predictor for
thyroid dysfunction as it is in ICI-thyroiditis,*® but could not
be evaluated in this study. Larger and prospective studies of
ICI+TKI treatment that are inclusive of both sexes, multiple
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cancer types, and assess potential predisposing risk factors
such as TPOAD status are needed to answer these remaining
questions.

Conclusions

Thyroid dysfunction is a frequent adverse event in indi-
viduals treated with combination ICI+TKI therapy, with our
data suggesting a rapid onset and higher incidence than
previously seen with ICI or TKI therapy alone. Close moni-
toring of thyroid function during initial therapy is re-
commended to facilitate early detection and initiation of
thyroid hormone replacement in these patients.
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