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Methods: Eligible patients had histologically and/or cytologically confirmed papillary
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Patients received pembrolizumab (200 mg) every 3 weeks for up to 35 cycles. The
primary end point was objective response rate (ORR) per RECIST v1.1 by inde-
pendent central review.

Results: A total of 103 patients were enrolled and received pembrolizumab. Median
duration from first dose to data cutoff (October 5, 2020) was 49.4 (range, 43.9-
54.9) months. ORR was 6.8% (95% confidence interval [Cl], 2.8%-13.5%), and me-
dian duration of response was 18.4 (range, 4.2-47.2+) months. ORR was 8.7% (95%
Cl, 2.4%-20.8%) among patients with programmed cell death ligand 1 (PD-L1)
combined positive score (CPS) >1 (n = 46) and 5.7% (95% Cl, 1.2%-15.7%) among
patients with PD-L1 CPS <1 (n = 53). Median overall survival and progression-free
survival were 34.5 (95% Cl, 21.2 to not reached) and 4.2 (95% ClI, 3.9-6.2) months,
respectively. Treatment-related adverse events occurred in 69.9% of patients (grade
3-5, 14.6%).

Conclusions: Pembrolizumab demonstrated manageable toxicity and durable anti-

tumor activity in a small subset of patients with advanced thyroid cancer. These

The trial registration is ClinicalTrials.gov, NCT02628067.
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INTRODUCTION

Most diagnoses of thyroid cancer are of differentiated papillary
(90%) or follicular carcinomas (5%) and are typically managed suc-
cessfully with resection and radioactive iodine therapy.! However,
for disease that is refractory to radioiodine, recurrent, or metastatic,
alternative treatment approaches are necessary.>? For patients with
recurrent or metastatic differentiated thyroid cancer that is unre-
sectable and/or has become refractory to radioactive iodine therapy,
the current National Comprehensive Cancer Network and European
Society for Medical Oncology guidelines recommend systemic ther-
apy with lenvatinib or sorafenib.>? Lenvatinib and sorafenib have
demonstrated response rates of 65% and 31%, respectively, and
appear to attenuate disease progression and extend progression-free
survival (PFS).3> However, it is uncertain whether they provide an
overall survival (OS) benefit, and many patients develop resistance
within 1 to 2 years after beginning treatment.®>>°

The microenvironment of differentiated thyroid cancer is
enriched with nearly all types of immune cells.” Whereas certain
immune cells might slow tumor progression in thyroid cancer, many
are a source of proinflammatory and protumorigenic cytokines and
chemokines.”® This process of tumor immune activation includes an
increase in T cells and regulatory T cells that express immune
checkpoints such as programmed cell death protein 1 (PD-1), which
has been associated with more aggressive disease characteristics
such as extranodal invasion.” Notably, increased expression of
programmed cell death ligand 1 (PD-L1) has been associated with
disease progression (PD).10-12

Given the potential role of the immune system and inflammatory
pathways in the development and progression of differentiated thy-
roid cancer, there has been interest in evaluating immune checkpoint
inhibitor therapy in this setting."® The phase 1b KEYNOTE-028 study
was the first clinical study to evaluate the anti-PD-1 monoclonal
antibody pembrolizumab in patients with differentiated thyroid
cancer.’®* In KEYNOTE-028, which enrolled patients with previ-
ously treated advanced PD-L1-positive disease, the objective
response rate (ORR) was 9% for the cohort of patients with thyroid
cancer, and the safety profile was manageable, with treatment-
related adverse events (AEs) occurring in 82% of patients.'* In the
phase 2 KEYNOTE-158 study of pembrolizumab monotherapy, pa-

tients with advanced solid tumors were enrolled regardless of PD-L1

results provide evidence of modest antitumor activity in this setting regardless of
tumor PD-L1 expression. Future studies evaluating immune checkpoint inhibitors in
patients with differentiated thyroid cancer should focus on biomarker-driven pa-
tient selection or combination of immune checkpoint inhibitors with other agents, in

order to achieve higher response rates than observed in this study.

immunotherapy, pembrolizumab, programmed cell death 1 ligand 1, programmed cell death 1
receptor, thyroid neoplasms

status. Results from the cohort of patients with advanced thyroid
carcinomas enrolled in KEYNOTE-158 are reported here.

MATERIALS AND METHODS
Study design and conduct

KEYNOTE-158 is an ongoing single-arm, multicenter, multicohort,
open-label study of pembrolizumab monotherapy. Cohort | includes
patients with thyroid carcinoma.

Patients provided written informed consent to participate. The
study was conducted in accordance with the Declaration of Helsinki,
the International Council for Harmonisation Good Clinical Practice
guidelines, and all applicable local and national laws. The institutional
review board at each study site approved the protocol, all protocol

amendments, and informed consent forms before the study began.

Eligibility criteria

Adults (>18 years old) were eligible to enroll if they had histologi-
cally or cytologically confirmed thyroid carcinoma (papillary or
follicular subtypes) with progression on or intolerance to at least
one prior line of standard treatment for metastatic and/or unre-
sectable disease. Eligible patients had measurable disease per
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1
with confirmation by independent central radiologic review; Eastern
Cooperative Oncology Group performance status of O or 1; life
expectancy of at least 3 months; and adequate hematologic, renal,
hepatic, and coagulation function. All enrolled patients were
required to provide a tumor sample for biomarker analysis. Per the
protocol, serum thyroglobulin was not assessed during the study.
Patients were permitted to enroll regardless of tumor PD-L1 status.
Patients were ineligible to participate if they had any of the
following: active autoimmune disease that required systemic treat-
ment within the previous 2 years; diagnosis of immunodeficiency;
receipt of systemic steroid therapy or other immunosuppressive
therapy within 7 days before beginning pembrolizumab treatment;
other known malignancy within 2 years before enrolling (exceptions

were curatively treated basal cell carcinoma, squamous cell
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carcinoma, and curatively resected in situ cancers); central nervous
system metastasis or carcinomatous meningitis; known glioblastoma
multiforme of the brain stem; prior or current noninfectious pneu-
monitis that required steroids; or history or current evidence of any
other condition, therapy, or laboratory abnormality that might
interfere with the patient's participation in the study or confound
study results.

Treatment

Pembrolizumab (200 mg) was administered as a 30-minute intrave-
nous infusion once every 3 weeks for 35 cycles (approximately
2 years) or until confirmed radiologic PD, progression or recurrence
of any malignancy or occurrence of another malignancy requiring
treatment, unacceptable toxicity, intercurrent illness that prevented
treatment administration, investigator decision, patient withdrawal,
or loss to follow-up. Patients who had a complete response (CR) were
allowed to stop pembrolizumab treatment after administration of at

least eight cycles of treatment.

Assessments

PD-L1 status was assessed centrally using the PD-L1 IHC 22C3
pharmDx assay (Agilent Technologies, Carpinteria, California). Com-
bined positive score (CPS) was calculated as the number of PD-L1-
staining cells (tumor cells, lymphocytes, and macrophages) divided by
the total number of viable tumor cells and multiplied by 100. Tumors
with CPS of at least 1 were considered to be PD-L1 positive; tumors
with a CPS less than 1 were considered to be PD-L1 negative.

Tumor imaging using computed tomography or magnetic reso-
nance imaging was performed at baseline, every 9 weeks for the first
12 months, and every 12 weeks thereafter. Imaging assessments
were performed until confirmed PD or until patients began a new
anticancer treatment, withdrew consent, or died.

The occurrence of AEs was monitored at all study visits through
the safety follow-up visit (30 days after treatment discontinuation
[90 days for serious AEs]) and efficacy follow-up visits (every
12 weeks after treatment discontinuation). AEs were graded ac-
cording to the National Cancer Institute Common Terminology
Criteria for Adverse Events version 4.0.

End points

The primary efficacy end point was ORR per RECIST version 1.1 as
determined by independent central radiologic review. ORR was
defined as the proportion of patients who attained CR or partial
response (PR). Secondary efficacy end points were duration of
response (DOR), PFS, OS, safety, and tolerability. DOR was defined as
the time from first documented evidence of CR or PR per RECIST

version 1.1 as assessed by independent central review to the time of

PD or death due to any cause. PFS was defined as the time from
allocation to PD per RECIST version 1.1 as assessed by independent
central review. OS was defined as the time from allocation to the
date of death.

Statistical analysis

The study was planned to enroll approximately 100 patients in
cohort | regardless of primary tumor biomarker status. Efficacy and
safety analyses included all patients who received at least one dose
of pembrolizumab. Patients with missing data were treated as non-
responders. The primary end point of ORR was analyzed for both the
overall cohort and for subgroups according to PD-L1 status. Analyses
of ORR used point estimates and Clopper-Pearson 95% confidence
intervals (Cls). DOR, PFS, and OS were estimated using the Kaplan-
Meier method. Statistical analyses were performed using SAS version
9.4 (SAS Institute, Inc, Cary, North Carolina).

RESULTS
Patient disposition

Overall, 103 patients were enrolled at 43 sites in 18 countries be-
tween February 15, 2016, and January 11, 2017. Sixteen patients
(15.5%) completed treatment, and 87 patients (84.5%) discontinued
treatment due to disease progression (n = 67 [65.0%]; including
radiographic and clinical progression), AEs (n = 12 [11.7%]), patient
withdrawal (n = 6 [5.8%)), physician decision (n = 1 [1.0%)]), or loss to
follow-up (n = 1 [1.0%]). The median time from first dose of pem-
brolizumab to data cutoff (October 5, 2020) was 49.4 (range, 43.9-
54.9) months.

Patients had a median age of 62.0 years and nearly all had stage
IV disease (98.1%; Table 1). A majority (62.1%) had received at least
two prior lines of systemic therapy.

ORR

In the overall cohort, ORR was 6.8% (95% Cl, 2.8-13.5). Among the
seven patients with an objective response, two had a CR and five
had a PR (Table 2). Median time to response was 2.1 months (range,
1.3-10.3), and median DOR was 18.4 months (range, 4.2-47.2+)
(Figure 1). Sixty-nine (67.0%) patients experienced disease control,
which was defined as a CR, PR, or stable disease. Among the 95
PD-L1-evaluable patients with at least one postbaseline tumor
assessment, 41 (43.2%) had a reduction in tumor size relative to
baseline and 10 (10.5%) had at least a 30% reduction in tumor size
(Figure 2). The ORR was 8.7% (95% ClI, 2.4-20.8) among the 46
patients with PD-L1-positive disease (CR, n = 2; PR, n = 2) and
5.7% (95% Cl, 1.2-15.7) among the 53 patients with PD-L1-nega-

tive disease (PR, n = 3).
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PFS and OS

Overall, 96 (93.2%) patients experienced a PFS event by the data
cutoff date (Figure 3A). The median PFS was 4.2 months (95% Cl,
3.9-6.2), and the estimated 12- and 24-month PFS rates were 28.0%
and 6.8%, respectively. Fifty-seven (55.3%) patients died, and the

TABLE 1 Baseline demographics and disease characteristics

Patients, N = 103

Age, median (range), years 62.0 (27-85)
Women, No. (%) 55 (53.4)
ECOG performance status, No. (%)?

0 52 (50.5)

1 50 (48.5)
No. of prior lines of systemic therapy, No. (%)

0 or adjuvant/neoadjuvant/definitive 7 (6.8)

1 32 (31.1)

2 24 (23.3)

>3 40 (38.8)
Prior radiation therapy, No. (%)° 55 (53.4)
PD-L1 status, No. (%)

PD-L1-positive 46 (44.7)

PD-L1-negative 53 (51.5)

Not evaluable 4 (3.9)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PD-L1,
programmed cell death ligand 1.

2One patient had ECOG performance status 2 at baseline.

bPatients who received palliative radiotherapy.

median OS was 34.5 months (95% Cl, 21.2-not reached) (Figure 3B).
The estimated 12-, 24-, 36-, and 48-month OS rates were 81.6%,
59.0%, 48.2%, and 45.9%, respectively.

Safety

Treatment-related AEs occurred in 72 (69.9%) patients (Table 3). The
most frequently occurring treatment-related AEs were fatigue
(19.4%), pruritus (14.6%), and rash (14.6%). Thirteen (12.6%) patients
had at least one grade 3 or 4 treatment-related AE, and two (1.9%)
patients died due to a grade 5 treatment-related AE (arterial hem-
orrhage, n = 1; malignant neoplasm progression, n = 1). The death
due to arterial hemorrhage was considered by the investigator to be
caused by a reduction in pressure on arterial structures following
tumor regression. The death due to malignant neoplasm progression
involved tumor hyperprogression that the investigator considered to
be related to study treatment. Ten (9.7%) patients discontinued
pembrolizumab due to a treatment-related AE.

Immune-mediated AEs and infusion reactions occurred in 16
(15.5%) patients. The most common immune-mediated AEs of any
grade were colitis (3.9%) and hyperthyroidism (2.9%); 3.9% of patients
experienced an infusion reaction. Grade 3 immune-mediated AEs
occurred in five patients (4.9%; adrenal insufficiency, colitis, hepatitis,
pneumonitis, type 1 diabetes mellitus, 1.0% each); no grade 4 or 5

immune-mediated AEs or grade 3-5 infusion reactions were reported.

DISCUSSION

A small subset of patients with advanced thyroid carcinoma attained
an objective response during pembrolizumab treatment in the

TABLE 2 Antitumor activity per RECIST version 1.1 by independent central review

All patients, N = 103?

Patients with PD-L1-positive
tumors,® n = 46

Patients with PD-L1-negative
tumors, n = 53

ORR, % (95% CI)° 6.8 (2.8-13.5)
Best overall response, No. (%)

CR 2(1.9)

PR 5(4.9)

SD 62 (60.2)

Non-CR/non-PD¢ 1(1.0)

PD 32 (31.1)

No assessment® 1(1.0)
Disease control (CR + PR + SD), No. (%) 69 (67.0)

8.7 (2.4-20.8) 5.7 (1.2-15.7)
2 (4.3) 0

2(4.3) 3(5.7)

27 (58.7) 31 (58.5)

0 1(1.9)

14 (30.4) 18 (34.0)
1(2.2) 0

31 (67.4) 34 (64.2)

Abbreviations: CR, complete response; ORR, objective response rate; PD, progressive disease; PD-L1, programmed cell death ligand 1; PR, partial
response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease.

@Four patients were not evaluable for PD-L1 status.
bBased on binomial exact confidence interval method.
“Persistence of >1 nontarget lesion.

%“No assessment” includes patients who had a baseline assessment but no postbaseline assessment by the data cutoff date (October 5, 2020).
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FIGURE 1 DOR per RECIST version 1.1 by independent central review. Response includes patients with confirmed CR or PR. Data cutoff
date, October 5, 2020. CR, complete response; DOR, duration of response; PR, partial response; pts, patients; RECIST, Response Evaluation
Criteria in Solid Tumors. ?Events were defined as disease progression or death.

100 o

80 -

60 -

Change From Baseline, %

-100 -

B PD-L1 positive
I PD-L1 negative

20% tumor increase

30% tumor reduction

FIGURE 2 Best percentage change from baseline in target lesion size per RECIST version 1.1 by independent central review for PD-L1-
evaluable patients with >1 postbaseline assessment (N = 95). Percentage changes from baseline >100% are presented as 100%. In the two
patients with CR, tumor histology was papillary carcinoma and poorly differentiated follicular carcinoma. In the five patients with PR, all were
papillary carcinoma or adenocarcinoma. Data cutoff date, October 5, 2020. PD-L1, programmed cell death ligand 1; PR, partial response;
RECIST, Response Evaluation Criteria in Solid Tumors. ?Of three nonresponders with >30% tumor reduction from baseline, two patients
experienced unconfirmed PR, and one patient experienced a new lesion.

KEYNOTE-158 study. Responses were observed in seven of 103
(6.8%) of patients regardless of tumor PD-L1 status and were dura-
ble. After a median 49.5-month follow-up, two of seven patients
maintained a response. Approximately half of enrolled patients were
alive at 3 years. Despite the single-arm study design, the results
provide a large data set that suggests evidence of antitumor activity
for a small subgroup of patients with differentiated thyroid cancer
who received pembrolizumab. However, the biological features that
define the population of responders are uncertain. Our results
demonstrated modest antitumor activity of pembrolizumab against
both PD-L1-positive and PD-L1-negative differentiated thyroid
carcinomas. This analysis represents the largest study conducted to
date of checkpoint inhibitor monotherapy in patients with thyroid
carcinoma. The cohort with thyroid cancer in KEYNOTE-028 was
smaller (N = 22).1* Caution is warranted for any between-study
differences  between

comparisons, particularly given the

populations in terms of disease characteristics; for example, in
KEYNOTE-028, all patients had PD-L1-positive tumors and
approximately one-third had not received prior systemic treatment.
Despite these caveats, the 9% ORR for patients with PD-L1-positive
disease in the current analysis is similar to the 9% ORR reported in
KEYNOTE-028.

In this study, pembrolizumab had a manageable safety profile
that was consistent with previous observations in patients with
advanced solid tumors who received pembrolizumab mono-
therapy.**2% In the current analysis, the overall rate of treatment-
related AEs was somewhat lower than the rate reported for pa-
tients with PD-L1-positive thyroid cancer in KEYNOTE-028 (70%
and 82%, respectively). Given that thyroidectomy is a standard
therapy for thyroid cancer, the lower incidence of immune-
mediated hyperthyroidism and hypothyroidism (which have previ-

ously been associated with pembrolizumab monotherapy) than
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(A) PFS per RECIST version 1.1 by independent central review and (B) OS. Data cutoff date, October 5, 2020. NR, not reached;

OS, overall survival; PFS, progression-free survival; RECIST, Response Evaluation Criteria in Solid Tumors.

reported for other cohorts in KEYNOTE-158 was not unantici-
pated.?'>1® Few patients in our analysis discontinued pem-
brolizumab due to a treatment-related AE. Two deaths were
considered by investigators to be related to treatment. These
included one death that was considered to be caused by compli-
cations following tumor regression and one death due to tumor
hyperprogression.

Responses were observed in both patients with PD-L1-positive
and PD-L1-negative advanced thyroid carcinomas. However,
although responses appeared to occur regardless of PD-L1 status,
these data must be interpreted with caution given the very small
number of patients with an objective response in this study. Other
biomarkers have been evaluated among patients enrolled in the
KEYNOTE-158 study. In particular, tumor-agnostic analyses from the
KEYNOTE-158 study showed that high levels of microsatellite
instability/mismatch repair-deficiency and high tumor mutational
burden were associated with response during pembrolizumab treat-
ment; these analyses included patients from the thyroid cohort.®*®

The clinical evidence for immune checkpoint inhibitor therapy in
patients with differentiated thyroid cancer is only beginning to
emerge.*>?2 To our knowledge, only one other study is evaluating
monotherapy with a checkpoint inhibitor (spartalizumab) for patients
with advanced differentiated thyroid cancer (NCT04802876), and no
studies other than KEYNOTE-028 and KEYNOTE-158 have reported

results. However, results have been reported from two phase 2
studies that evaluated checkpoint inhibition as part of a combination
regimen for patients with differentiated thyroid cancer. In one of the
studies, the combination of nivolumab (anti-PD-1) and ipilimumab
(anti-cytotoxic T-lymphocyte-associated protein 4 [anti-CTLA-4])
elicited an ORR of 9.4%.2° In the other study, patients treated with
the combination of pembrolizumab and lenvatinib had a 62% ORR (all
PRs).2* Ongoing studies of combination regimens with checkpoint
inhibitors include combinations of anti-PD-1 and anti-CTLA-4
therapy (NCT02834013); anti-PD-1 therapy and a CEACAM1 in-
hibitor (NCT04731467); anti-PD-1 therapy plus MEK and BRAF in-
hibitors (NCT04061980 and NCT04544111); and anti-PD-1 therapy
combined with small-molecule vascular endothelial growth factor
receptor inhibitors, with or without ipilimumab (NCT03914300,
NCT04514484, and NCT03170960).

ORR was selected as the primary end point for this single-arm
study. Some evidence has suggested that, in phase 2 studies evalu-
ating immune checkpoint inhibitors, ORR may not correlate with PFS
and OS and underestimate clinical benefit.2>2° Prior studies of tar-
geted therapies in patients with thyroid cancer have reported 2-year
OS rates of approximately 60%.%42” In this context, the observed 2-
year OS rate of 59.0% and 3-year OS rate of 48.2% in this study are
suggestive of clinical benefit with pembrolizumab, particularly given

that 39% of patients in the current study had received three or more
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TABLE 3 Adverse Events

Patients, No. (%), N = 103

Patients with any treatment-related AE 72 (69.9)
Grade 3 12 (11.7)
Grade 42 1(1.0)
Grade 5° 2 (1.9)
Led to treatment discontinuation 10 (9.7)
Any grade  Grades 3-5*°

Treatment-related AEs occurring in >5 patients

Fatigue 20 (19.4) 2(1.9)
Pruritus 15 (14.6) 0
Rash 15 (14.6) 0
Arthralgia 8 (7.8) 1(1.0)
Asthenia 7 (6.8) 0
Decreased appetite 5(4.9) 0
Diarrhea 5 (4.9) 0

Immune-mediated AEs and infusion 16 (15.5) 5 (4.9)¢

reactions occurring in >1 patient®

Colitis 4(3.9) 1(1.0)
Infusion reactions 4 (3.9) 0
Hyperthyroidism 3(2.9) 0
Hepatitis 2 (1.9) 1 (1.0)
Hypothyroidism 2(1.9) 0
Adrenal insufficiency 1 (1.0) 1 (1.0)
Myelitis 1(1.0) 0
Pneumonitis 1 (1.0) 1 (1.0)
Type 1 diabetes mellitus 1(1.0) 1(1.0)
Immune-mediated AEs or infusion 3(2.9)

reactions leading to
treatment discontinuation®

Note: Data cutoff date, October 5, 2020.

Abbreviation: AEs, adverse events.

2One patient experienced grade 4 events of acute motor axonal
neuropathy and subdural hematoma.

PArterial hemorrhage (n = 1) and malignant neoplasm progression (n = 1).
“Events were based on a list of terms (including related terms) specified
at the time of analysis and were included regardless of attribution to
study treatment or immune relatedness by the investigator.

9No grade 4 AEs, fatal immune-mediated AEs, or infusion reactions
occurred.

lines of prior therapy. However, it is difficult to evaluate the magni-
tude of any such benefit given the absence of a comparator arm.
Assessment of ORR per RECIST version 1.1 provides a conservative
estimate of antitumor activity in this study.

In conclusion, these results show modest antitumor activity with
pembrolizumab monotherapy regardless of PD-L1 status. Among the

small group of patients who experienced a response, those responses

were durable, and the safety profile was consistent with what was
previously reported with pembrolizumab. These findings build on an
earlier, smaller study of pembrolizumab monotherapy in a patient
population with PD-L1-positive disease.!* Future studies evaluating
immune checkpoint inhibitors in patients with differentiated thyroid
cancer should focus on biomarker-driven patient selection or com-
bination of immune checkpoint inhibitors with other agents to ach-
ieve higher response rates than observed in this study.
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