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ABSTRACT

Introduction: Little is known about real-world
use of small molecule kinase inhibitors (SMKI)
for advanced thyroid cancer in the United
States. This study examined prescribing patterns
of SMKI agents recommended by the National
Comprehensive Cancer Center (NCCN).
Methods: This retrospective study used a
national health insurance database to identify
patients diagnosed with thyroid cancer during
1/1/2006–6/30/2016 and with prescription
claims for NCCN-recommended SMKI during
1/1/2010–5/31/2016 whose first claim date was
the index date. Inclusion also required

continuous enrollment in a health plan for
3 months pre-index (baseline) and C 1 month
post-index (follow-up) with no claims for SMKI
during baseline. Lines of therapy (LOT) were
defined by the date of SMKI claims and days of
drug supply. Median time to SMKI discontinu-
ation in each LOT was estimated by Kaplan–-
Meier method.
Results: The study included 217 patients. Dur-
ing follow-up (mean duration 499.0 days),
35.5% of patients (n = 77) received a second or
later LOT; among patients with C 12 months
follow-up after first LOT (LOT1) initiation,
53.1% (n = 60) received a second or later LOT.
Median treatment duration was 5.0 months for
LOT1 and 5.1 months for LOT2. Over the entire
follow-up period (2010–2016), sorafenib was the
most common regimen in LOT1 (36.9% of
patients) and LOT2 (24.7%) followed by suni-
tinib and levantinib (13.4% each) in LOT1 and
sunitinib (19.5%) in LOT2. Starting in 2015, the
year lenvatinib was approved for differentiated
thyroid cancer, lenvatinib was the most com-
mon first-line regimen among patients initiat-
ing LOT1 in 2015 (43.4%) and 2016 (66.7%).
Conclusion: Sorafenib was the most common
first-line agent during 2010–2014 but was sup-
planted by lenvatinib starting in 2015.
Approximately 36–53% of patients received a
second-line treatment. Median treatment dura-
tion results suggested potential benefit of SMKI
in second-line therapy. SMKI treatment after
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first-line failure may be considered for appro-
priately selected patients.
Funding: Eisai, Inc. (Woodcliff Lake, NJ).

Keywords: Lenvatinib; Sorafenib; Thyroid can-
cer treatment; Treatment duration

INTRODUCTION

Thyroid cancer currently accounts for 3.1% of
all new cancer cases in the US but is projected to
be the fourth most common cancer in the
nation by 2030 [1, 2]. The annual incidence has
been steadily rising over the last four decades.
There was an approximately 4% annual increase
during 2005–2014 which has been attributed in
part to improved detection of subclinical,
indolent cancers [2–4]. However, this short term
rise is also consistent with the long term annual
increase of 3% observed during 1974–2013 [5].

Thyroid cancers are classified by three main
histological types, differentiated thyroid cancer
(DTC)—which includes papillary, follicular,
Hürthle cell and poorly differentiated carcino-
mas—medullary thyroid cancer (MTC) and
anaplastic thyroid cancer. Among patients
diagnosed with thyroid carcinoma during
2010–2014, DTC was by far the most common,
accounting for 96% of all diagnoses [6].
Approximately 93% of DTC cases were papil-
lary, 5% were follicular and 2% were Hürthle
cell; poorly differentiated carcinomas were the
least common but were not well quantified [6].
Medullary and anaplastic carcinomas repre-
sented 1.7% and 0.8% of all thyroid cancer
diagnoses, respectively [6]. Anaplastic carci-
noma is the most aggressive thyroid cancer with
mortality approaching 100% [7]. Although
most patients with DTC and MTC can be cured
by thyroidectomy, particularly when diagnosed
at early stages, some DTC cases may also be
managed with post-surgical radioiodine abla-
tion (RAI) therapy [2, 8, 9]. Prognosis is altered
dramatically with the development of meta-
static disease [6]. The 10-year survival for DTC
and MTC cases with distant metastases is
40–42% [10, 11]. Among DTC patients who are
radioiodine refractory, 10-year survival declines
to 10% with a median survival of 3–4 years

[10, 12]. Until recently, treatment options for
advanced DTC and MTC have been limited
since conventional chemotherapy is largely
ineffective in controlling disease progression
[9].

Advances in the understanding of the
molecular pathogenesis of thyroid cancer have
led to the development of targeted agents aimed
at combating advanced disease. Small molecule
kinase inhibitors (SMKIs) modulate cell signal-
ing pathways responsible for tumor cell growth
and proliferation [13, 14]. The National Com-
prehensive Cancer Network (NCCN) and
American Thyroid Association favor the use of
SMKIs for management of radioiodine refrac-
tory metastatic DTC and progressive or symp-
tomatic MTC [9, 15]. The US Food and Drug
Administration (FDA) approved sorafenib (in
2013) [16] and lenvatinib (in 2015) [17] for
treatment of locally recurrent or metastatic,
progressive DTC refractory to RAI. The NCCN
recommends consideration of lenvatinib (pre-
ferred) or sorafenib for progressive and/or
symptomatic disease with selection individual-
ized for each patient according to the likelihood
of response and comorbid conditions [9]. Van-
detanib (in 2011) [18] and cabozantinib (in
2012) [19] are FDA-approved for progressive,
metastatic or unresectable MTC. Both are
NCCN-recommended in the setting of symp-
tomatic disease or progression [9]. Both are
indicated as first-line therapy and there are no
data indicating which SMKI should be consid-
ered first, hence leaving the decision to the
discretion of the provider. Often MTC patients
will receive both agents during the course of
their disease. Other commercially available
SMKIs may be considered for DTC and MTC if
clinical trials are not an option for a patient [9]
and are used off-label in clinical practice [20].

The current literature on SMKI treatment
patterns shows extensive use of these agents in
the first-line setting among patients with
advanced DTC and MTC [20–23]. Further,
studies that examined progression-free survival
among patients treated with SMKIs in both the
first- and second-line setting found evidence of
clinical benefit in the second-line setting, sug-
gesting that SMKI should be considered after
first-line failure [20, 22–24]. While previous
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research has provided important insight into
the use and efficacy of SMKIs beyond the clini-
cal trial setting, studies to date were conducted
prior to the commercial availability of lenva-
tinib in 2015 and most were single site investi-
gations [20–23]. The overall aim of this study is
to provide a more contemporary assessment of
SMKI treatment patterns in the US with a
broader representation of patients. To this end,
a national administrative claims database was
used to examine real-world prescribing patterns
among patients who initiated any NCCN-rec-
ommended SMKI therapy for advanced thyroid
cancer during 2010–2016. In this analysis, we
examined SMKI regimens used in the first-,
second- and third-line of therapy and duration
of each line of therapy.

METHODS

Study Design and Data Sources

This was a retrospective, observational study
using administrative claims data from the
Optum Research Database (ORD) during
2010-2016. The ORD contains medical and
pharmacy claims (submitted for reimburse-
ment) and enrollment information data from a
large US health insurer that provides private
commercial insurance to employers and indi-
viduals as well as Medicare Advantage insurance
with Part D prescription drug coverage to
Medicare-eligible individuals. In 2015, the
database represented approximately 13.5 mil-
lion individuals with both medical and phar-
macy benefit coverage under commercial or
Medicare Advantage plans. According to esti-
mates from the US Census Bureau, 89.6% of US
residents had health insurance coverage in 2014
[25]. Of these, 66.0% (208,600,000) had private
health insurance coverage and 36.5% had gov-
ernment coverage such as Medicare, Medicaid
or military health care (the 2 categories were
not entirely mutually exclusive). Thus, based on
census estimates, the ORD sample of patients
with both medical and pharmacy benefit cov-
erage represented roughly 7% of patients with
private insurance coverage in the US. The
database includes medical claims for inpatient

and outpatient services with International
Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) and Interna-
tional Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) diagnosis
and procedure codes, Current Procedural Ter-
minology Version 4 (CPT-4) procedure codes,
Healthcare Common Procedure Coding System
(HCPCS) codes and place of service codes. Out-
patient pharmacy claims include National Drug
Codes for dispensed medications, quantity dis-
pensed, dose and number of days’ supply. The
date of death (month/year) for patients who
died during the study was determined from the
Social Security Administration master death file.

Because no identifiable protected health
information was extracted or accessed during
the course of the study, and all data were
accessed in compliance with the Health Insur-
ance Portability and Accountability Act’s rules,
Institutional Review Board approval or waiver
of authorization was not required.

Patient Selection

Patients with evidence of thyroid cancer and
pharmacy claims for SMKIs were selected for
inclusion in the study in a stepwise manner.
First, evidence of thyroid cancer was ascertained
by C 2 non-diagnostic medical claims for thy-
roid cancer (ICD-9-CM code 193; ICD-10-CM
code C73) in any position at least 30 days apart
during January 1, 2006 through June 30, 2016.
Diagnostic medical claims were not considered
as these may reflect a rule-out. Tumor histology
was not ascertained because these data were not
available. Second, C 1 pharmacy claim for
NCCN-recommended SMKIs during January 1,
2010 through May 31, 2016 was required. The
date of the first claim was the index date;
NCCN-recommended SMKIs were axitinib,
cabozantinib, everolimus, lenvatinib, pazopa-
nib, sorafenib, sunitinib and vandetanib [9].
Third, patients were at least 18 years of age as of
the index date. Fourth, continuous enrollment
in the health plan with both medical and
pharmacy benefits was required for at least
3 months prior to the index date (baseline per-
iod) and at least 1 month following the index
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date (follow-up period). Lastly, patients were
also required to have no claims for NCCN-rec-
ommended SMKIs during the 3-month baseline
period.

Measures

Baseline characteristics were determined during
the 3-month pre-index period and examined by
SMKI regimen cohort received during the first
line of therapy (LOT). Age (as of the index date),
gender and type of health insurance plan were
determined from health plan enrollment infor-
mation. The Quan-Charlson comorbidity score
[26], top 3 individual non-cancer comorbidities
(as defined by the Agency for Healthcare
Research and Quality [27]) and prescribing
physician specialty were determined from
medical or pharmacy claims.

During follow-up, prescribing patterns and
duration of treatment were examined by LOT
using an established algorithm to define LOT
[28, 29]. The first LOT (LOT1) began on the
index date, which was the date of the first pre-
scription fill for any NCCN-recommended
SMKI, and included all NCCN-recommended
SMKIs received within 30 days of the index
date. The first LOT ended at the earliest of: (1)
addition or substitution of a new agent after the
initial agent (note: discontinuation of one agent
from a multi-drug regimen did not end a LOT);
(2) SMKI treatment discontinuation, defined as
a treatment gap of C 60 days after the prescrip-
tion run-out date of all agents in the LOT; (3)
death; or (4) disenrollment from the health plan
or study end date (June 30, 2016). The start of
the second LOT (LOT2) and subsequent LOTs
was defined as the addition or substitution of a
new agent after the end of LOT1. The end date
criteria were the same as for LOT1. LOTs that
ended due to study disenrollment or end of
study period were retained and censored at the
point of disenrollment or study end date,
whichever first occurred. A schematic of the
study design depicting sequential LOTs is
shown in Fig. 1.

Patients were assigned to SMKI treatment
regimen cohort based on the SMKI regimen
received in each LOT. Six cohorts were

established: the top 5 most common SMKI reg-
imens received in each LOT plus the ‘‘other’’
regimen cohort, representing all other SMKI
agents/combinations of agents that were not in
the top 5. The duration of each LOT was defined
as the number of days in each LOT and calcu-
lated for each SMKI regimen received in LOT1,
LOT2 and LOT3. In order to examine trends in
treatment patterns over the duration of the
study (2010-2016), the proportion of patients
receiving each SMKI regimen in LOT1 and LOT2
was examined by index year (i.e., the year LOT1
was initiated). SMKI regimen transitions from
LOT1 to LOT2 and LOT2 to LOT3 were also
summarized. The proportion of patients with
evidence of SMKI treatment receipt in LOT1,
LOT2, LOT3 and LOT4 was computed for the
full study sample (i.e., patients with a minimum
of 1 month follow-up after the start of LOT1).
Due to large differences in duration of follow-up
time across cohorts, a sensitivity analysis
restricted to patients with at least 12 months of

≥2 non-diagnostic claims medical claims for thyroid cancer at 
least 30 days apart during January 1, 2006 - June 30, 2016 

N=54,256  

≥1 pharmacy claim for NCCN-recommended SMKIa during 
January 1, 2010 - May 31, 2016 (1st claim is index date) 

n=295

≥18 years as of index date  
n=295

Continuous health plan enrollment for  ≥3 months pre-index 
(baseline) 

n=239

Continuous health plan enrollment for  ≥1 months post-index 
(follow-up) 

n=233

No pharmacy claims for NCCN-recommended SMKIa during 
baseline 
n=217

Fig. 1 Study design. LOT line of therapy, SMKI small
molecule kinase inhibitor, NCCN National Comprehen-
sive Cancer Network. aAxitinib, cabozantinib, everolimus,
lenvatinib, pazopanib, sorafenib, sunitinib and vandetanib
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follow-up after the start of each LOT was also
conducted to minimize the impact of variable
duration of follow-up on estimates of the pro-
portion of patients receiving each LOT.

Statistical Analysis

Difference between LOT regimen cohorts for
baseline characteristics, duration of follow-up
and LOT duration were examined by ANOVA
test for continuous variables and Chi square test
for categorical variables. The time to discon-
tinuation of each SMKI regimen in LOT1, LOT2
and LOT3 was estimated by Kaplan–Meier
method to account for LOT censoring; cohort
differences were assessed by log-rank test.

RESULTS

Sample Selection

The patient selection process is shown is Fig. 2.
There were 54,256 patients with at least 2 non-
diagnostic medical claims for thyroid cancer
during January 1, 2006–June 30, 2016. Among
these patients, 295 patients had at least one

pharmacy claim for NCCN-recommended
SMKIs during January 1, 2010–May 31, 2016
and all were at least 18 years or older. After
excluding 62 patients for lack of continuous
enrollment with medical and pharmacy benefits
for at least 3 month pre-index (n = 56) and at
least 1 month post-index (n = 6) and an addi-
tional 16 patients with evidence of baseline use
of SMKI, the final sample comprised 217
patients.

Baseline Characteristics

Baseline patient characteristics and prescribing
physician specialty stratified by LOT1 regimen
are shown in Table 1. The 5 most common
LOT1 regimens were all single agents: sorafenib
was the most common regimen (36.9%) fol-
lowed by lenvatinib and sunitinib (13.4% each),
vandetanib (12.9%) and pazopanib (11.1%).
‘‘Other’’ regimens comprised the balance
(12.4%). Among all patients (n = 217), mean
age was 61.2 years, 51.7% were female and the
mean Quan–Charlson comorbidity score was
7.5. The mean (median) duration of follow-up
was 499 (378) days. Patients who received
‘‘other’’ regimens and lenvatinib were the

Index Date: 1st SMKI Claim
First LOT Start

3 Month Baseline
Thyroid cancer
No SMKI 

≥1 Month Follow-up

1st LOT 
Period

2nd LOT
Period

2nd LOT 
Start

3rd LOT
Period

01 Jan 2010 31 May 2016 30 June 2016

Patient Identification Period:
Date Range for Potential Index Date 

3rd LOT 
Start

Follow-up Period: 
Date Range for Potential Follow-up Period 

..

Fig. 2 Patient selection. SMKI small molecule kinase inhibitor, LOT line of therapy
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Table 1 Baseline patient characteristics and prescribing physician specialty by first LOT regimen

Characteristic First LOT Regimen

All
(N = 217)

Sorafenib
(n = 80)

Sunitinib
(n = 29)

Lenvatinib
(n = 29)

Vandetanib
(n = 28)

Pazopanib
(n = 24)

Other
(n = 27)

p valuea

Age, mean years

(SD)

61.2

(12.5)

64.0 (11.1) 58.5

(11.0)

65.7 (12.5) 59.1 (14.9) 57.9 (14.3) 56.0

(11.3)

0.006

Female, n (%) 112 (51.6) 45 (56.3) 11 (37.9) 11 (37.9) 14 (50.0) 9 (37.5) 22

(81.5)

0.004

Insurance, n (%)

Commercial 137 (63.1) 44 (55.0) 24 (82.8) 14 (48.3) 15 (53.6) 18 (75.0) 22

(81.5)

0.005

\ 65 years 115 (83.9) 35 (79.6) 20 (83.3) 9 (64.3) 15 (100.0) 16 (88.9) 20

(90.9)

0.134

C 65 years 22 (16.1) 9 (20.5) 4 (16.7) 5 (35.7) 0 (0) 2 (11.1) 2 (9.1) 0.134

Medicare

Advantage

80 (36.9) 36 (45.0) 5 (17.2) 15 (51.7) 13 (46.4) 6 (25.0) 5 (18.5) 0.005

Quan-Charlson

comorbidity

score, mean

(SD)

7.5 (1.8) 7.4 (1.8) 7.6 (1.4) 7.5 (1.4) 7.6 (2.0) 7.8 (2.3) 7.7 (2.2) 0.957

Most common non-cancer comorbidities, n (%)

Heart disease 151 (69.9) 55 (69.6) 20 (69.0) 22 (75.9) 17 (60.7) 19 (79.2) 18

(66.7)

0.752

Spondylosis,

intervertebral

disc disorders,

other back

problems

138 (63.9) 50 (63.3) 18 (62.1) 17 (58.6) 16 (57.1) 18 (75.0) 19

(70.4)

0.748

Other

connective

tissue disease

134 (62.0) 53 (67.1) 16 (55.2) 16 (55.2) 13 (46.4) 19 (79.2) 17

(63.0)

0.159

Prescribing physician specialty, n (%)

Endocrinology 52 (24.0) 19 (23.8) 3 (10.3) 9 (31.0) 7 (25.0) 5 (20.8) 9 (33.3) 0.365

Hematology 13 (6.0) 6 (7.5) 2 (6.9) 0 1 (3.6) 1 (4.2) 3 (11.1) 0.591

Medical

oncology

34 (15.7) 17 (21.3) 5 (17.2) 3 (10.3) 5 (17.9) 4 (16.7) 0 0.100

Radiation

oncology

0 0 0 0 0 0 0 –
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youngest (56.0 years) and oldest (65.7 years),
respectively (p = 0.006). There was either male
predominance or a similar proportion of males
and females in most cohorts with the exception
of ‘‘other’’ regimens and the sorafenib cohort
where there was female predominance
(p = 0.004). The mean Quan–Charlson comor-
bidity score and the percentage of patients with
the top 3 non-cancer comorbidities did not
differ between cohorts. Endocrinology was the
most common prescribing physician specialty
(24.0% of all patients) based on the first SMKI
prescription fill in LOT1; differences in pre-
scribing physician specialty between cohorts
were not observed. The large majority of pre-
scribing physicians (83.0%) were affiliated with
a community hospital or non-academic setting
(data not shown).

Duration of Follow-Up and Lines
of Therapy

Following the start of the first LOT, patients
were observed on average for 499.0 days
(Table 2). Mean duration of follow-up time dif-
fered by LOT1 cohort (p\ 0.001): the lenvatinib
cohort had the shortest follow-up (249 days)
and the vandetanib cohort had the longest fol-
low-up (686 days). The majority of patients had
complete (i.e., uncensored) LOT data. The per-
centage of patients with complete LOT data vs.
those with LOTS censored due to lack of

continuous enrollment or end of study period
was 71.4% vs. 28.6% for LOT1, 66.2% vs. 33.8%
in LOT2 and 69.2% vs. 30.8% in LOT3. How-
ever, the percentage of patients with complete
LOT data differed by cohort in LOT1
(p\ 0.001): the lenvatinib cohort had the low-
est percentage of patients with complete LOT1
data (34.5%), followed by pazopanib (66.7%),
vandetanib (75.0%), ‘‘other’’ regimens (77.9%)
sunitinib (79.3%) and sorafenib (80.0%).
Although significant differences were not
observed in later LOTs (p C 0.163), the lenva-
tinib cohort also consistently had the smallest
percentage of patients with complete LOT data
in LOT2 and LOT3 (25.0–30.0%) compared with
all other cohorts (62.5–88.9%).These results
likely reflect differences in the availability of the
regimens relative to the end date for inclusion
in the study (May 31, 2016). Lenvatinib was the
last drug to become available following FDA
approval for DTC in 2015; vandetanib (for
MTC), cabozantinib (for MTC), and sorafenib
(for DTC) were approved in 2011, 2012 and
2013, respectively. In addition, three of the top
5 single agent regimens were commercially
available based on FDA approval for indications
other than advanced thyroid cancer before
January 1, 2010, the study start date: sorafenib
(2005), sunitinib (2006) and pazopanib (2009).

The percentage of patients receiving first and
subsequent lines of therapy across all SMKI
regimens is shown in Fig. 3. Among the full
study sample (n = 217), 64.5% of all patients

Table 1 continued

Characteristic First LOT Regimen

All
(N = 217)

Sorafenib
(n = 80)

Sunitinib
(n = 29)

Lenvatinib
(n = 29)

Vandetanib
(n = 28)

Pazopanib
(n = 24)

Other
(n = 27)

p valuea

Surgical

oncology

1 (0.5) 0 0 0 0 1 (4.2) 0 0.111

Other 60 (27.7) 22 (27.5) 8 (27.6) 7 (24.1) 8 (28.6) 7 (29.2) 8 (29.6) 0.998

Unknown 57 (26.3) 16 (20.0) 11 (37.9) 10 (34.5) 7 (25.0) 6 (25.0) 7 (25.9) 0.440

All patients had C 1 month follow-up
LOT line of therapy, SD standard deviation
a By ANOVA for continuous variables and Chi square test for percentages
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received first-line treatment only and 35.5% of
patients received a second or later LOT. In the
sensitivity analysis examining patients with at
least one year of follow-up from the start of
LOT1 (n = 113), 53.1% of patients received
SMKI treatment in a second or later LOT.

SMKI Regimens by Line of Therapy

Across all index years (2010-2016), patients
most commonly received sorafenib in the first-
line (36.9%) and second-line settings (24.7%)
(Fig. 4). The second most common regimens
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Fig. 3 Distribution of patients by line of therapy
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were sunitinib and lenvatinib in LOT1 (13.4%
each) and sunitinib in LOT2 (19.5%). During
index year 2015, the year lenvatinib became
commercially available, lenvatinib became the
predominant regimen in LOT1, representing

43.4% of all patients and the pattern continued
into index year 2016 with 66.7% of all patients
receiving lenvatinib in LOT1. Lenvatinib was
also the most common regimen in LOT2 during
the 2015 index year (45.5% of all patients).

56.7% 51.7%

27.8% 25.0%

62.5%

20.8%

40.0%

24.1%

2.8% 14.3%

3.1%

7.6%

43.4%

66.7%

17.2%

38.9%
10.7%

3.1%

9.4%

7.0%

25.0%

17.9%

6.3%

9.4%

11.1%

3.3% 5.6%

32.1%
25.0%

9.4%
22.2%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2010 (n=30) 2011 (n=29) 2012 (n=36) 2013 (n=28) 2014 (n=32) 2015 (n=53) 2016 (n=9)

%
 o

f p
a�

en
ts

 re
ce

iv
in

g 
fir

st
 L

O
T

Year of 1st LOT ini�a�on 

Sorafenib Suni�nib Lenva�nib Vandetanib Pazopanib Other

30.8%

14.3% 18.8% 16.7%

37.5%
27.3%

38.5%

28.6% 18.8% 16.7%

6.3%

9.1%

31.3% 45.5%
21.4%

6.3% 16.7%

18.8%

21.4%

18.8%
16.7%

30.8%

14.3%

37.5% 33.3%

6.3%
18.2%

100.0%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2010 (n=13) 2011 (n=14) 2012 (n=16) 2013 (n=6) 2014 (n=16) 2015 (n=11) 2016 (n=1)

%
 o

f p
a�

en
ts

 re
ce

iv
in

g 
se

co
nd

 L
O

T

Year of 1st LOT ini�a�on 

Sorafenib Suni�nib Lenva�nib Cabozan�nib Vandetanib Other

Panel A. First LOT regimens (n=217)

Panel B. Second LOT Regimens (n=77)

a All patients had ≥ 1 month follow-up 
LOT, line of therapy

a All patients had ≥ 1 month follow-up 
LOT, line of therapy

Fig. 4 SMKI regimens by year of first LOT initiationa

906 Adv Ther (2019) 36:896–915



T
ab
le
3

D
ur
at
io
n
of

fir
st
-,
se
co
nd

-
an
d
th
ir
d-
lin

e
of

th
er
ap
y
an
d
K
ap
la
n–

M
ei
er

es
ti
m
at
es

of
ti
m
e
to

di
sc
on
ti
nu

at
io
n

M
ea
su
re

Fi
rs
t
L
O
T

R
eg
im

en
p
va
lu
ea

T
ot
al

(N
=
21
7)

So
ra
fe
ni
b

(n
=
80
)

Su
ni
ti
ni
b

(n
=
29
)

L
en
va
ti
ni
b

(n
=
29
)

V
an
de
ta
ni
b

(n
=
28
)

P
az
op

an
ib

(n
=
24
)

O
th
er

(n
=
27
)

L
O
T

du
ra
ti
on
,m

on
th
sb

M
ea
n
(S
D
)

6.
7
(8
.1
)

3.
9
(3
.9
)

7.
0
(6
.3
)

5.
9
(4
.3
)

13
.8

(1
4.
9)

4.
9
(6
.0
)

9.
5
(9
.2
)

\
0.
00
1

M
ed
ia
n

3.
4

2.
7

5.
7

5.
1

6.
0

2.
4

6.
1

K
ap
la
n–

M
ei
er

m
on
th
s
to

di
sc
on
ti
nu

at
io
n

M
ed
ia
n

5.
0

2.
8

7.
8

–c
16
.2

3.
0

7.
2

\
0.
00
1

M
ea
su
re

Se
co
nd

L
O
T

R
eg
im

en
p
va
lu
ea

T
ot
al

(N
=
77
)

So
ra
fe
ni
b

(n
=
19
)

Su
ni
ti
ni
b

(n
=
15
)

L
en
va
ti
ni
b

(n
=
10
)

C
ab
oz
an
ti
ni
b

(n
=
8)

V
an
de
ta
ni
b

(n
=
7)

O
th
er

(n
=
18
)

L
O
T

du
ra
ti
on
,m

on
th
sb

M
ea
n
(S
D
)

5.
1
(4
.6
)

5.
1
(7
.1
)

5.
2
(3
.4
)

3.
9
(2
.6
)

7.
0
(4
.0
)

4.
0
(3
.7
)

5.
1
(3
.5
)

0.
78
7

M
ed
ia
n

4.
0

2.
9

5.
0

3.
7

8.
0

2.
6

4.
8

K
ap
la
n–

M
ei
er
,m

on
th
s
to

di
sc
on
ti
nu

at
io
n

M
ed
ia
n

5.
1

4.
5

5.
0

–c
8.
3

3.
4

5.
7

0.
51
5

T
hi
rd

L
O
T

R
eg
im

en

T
ot
al

(N
=
39
)

P
az
op

an
ib

(N
=
7)

Su
ni
ti
ni
b

(N
=
7)

So
ra
fe
ni
b

(N
=
6)

V
an
de
ta
ni
b

(N
=
6)

L
en
va
ti
ni
b

(N
=
4)

O
th
er

(N
=
9)

L
O
T

du
ra
ti
on
,m

on
th
sb

M
ea
n
(S
D
)

4.
9
(5
.1
)

2.
4
(1
.5
)

6.
9
(6
.8
)

3.
7
(5
.0
)

2.
3
(1
.3
)

6.
0
(3
.4
)

7.
2
(6
.6
)

0.
24
4

M
ed
ia
n

3.
0

1.
9

4.
9

1.
7

2.
7

6.
6

5.
8

K
ap
la
n–

M
ei
er
,m

on
th
s
to

di
sc
on
ti
nu

at
io
n

Adv Ther (2019) 36:896–915 907



SMKI Treatment Duration and Treatment
Sequence Patterns

Among all regimens, mean (median) treatment
duration was 6.7 months (3.4 months) for
LOT1, 5.1 months (4.0 months) for LOT2 and
4.9 months (3.0 months) for LOT3 (Table 3).
Kaplan–Meier estimates of median time to
treatment discontinuation showed a similar
pattern: LOT1, 5.0 months; LOT2, 5.1 months;
LOT3, 4.2 months. Mean LOT1 duration dif-
fered between cohorts: sorafenib had the
shortest mean duration (3.9 months) and van-
detanib had the longest duration
(13.8 months) (p\0.001). Kaplan–Meier esti-
mates of median time to treatment discontin-
uation in LOT1 were also the shortest for
sorafenib (2.8 months) and the longest for
vandetanib (16.2 months) (P\ 0.001). The
lenvatinib cohort had the shortest follow-up
time among all regimens and the number of
patients with complete LOT data was insuffi-
cient to compute Kaplan–Meier median esti-
mates for this cohort in any LOT. In LOT2,
mean duration ranged from 3.9 months (len-
vatinib) to 7.0 months (cabozantinib) but did
not differ between LOT2 cohorts (p = 0.787).
The pattern was similar for Kaplan–Meier
median estimates, ranging from 3.4 months
(vandetanib) to 8.3 months (cabozantinib)
(p = 0.515). The mean duration of LOT3 was
lowest for the vandetanib cohort (2.3 months)
and highest for ‘‘other’’ regimens (7.2 months)
but did not differ between regimens
(p = 0.244). Kaplan–Meier median estimates
were also similar between cohorts (p = 0.559),
varying from 1.7 months (sorafenib) to
5.8 months (‘‘other’’ regimens).

Treatment sequence patterns during the
transition from LOT1 to LOT2 and from LOT2
to LOT3 are shown in Fig. 5. It was common
for patients to receive similar regimens from
LOT1 to LOT2; the same pattern was evident
but to a lesser extent for the transition from
LOT2 to LOT3. The proportion of patients in
LOT2 who received the same regimen in LOT1
varied from 0% (cabozantinib) to 84.2% (so-
rafenib). Of the 77 patients receiving LOT2, 33
(42.9%) had received sorafenib in LOT1. The
percentage of patients with the same regimenT
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in LOT2 and LOT3 ranged from 0.0% (pa-
zopanib) to 33.3% (sorafenib). Of the 39
patients receiving LOT3, the most common
LOT2 regimen was also sorafenib (n = 9,
23.1%).

DISCUSSION

Multiple SMKI therapies are currently available
for patients with advanced thyroid cancer [9].
Our results suggest that SMKI treatments
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patterns have changed since the introduction of
lenvatinib in 2015. Over the entire study period
(2010-2016), sorafenib was the predominant
regimen in both the first-line (36.9% of all
patients) and second-line setting (24.7%).
Among patients starting SMKI therapy in 2015
and later, lenvatinib became the most common
first-line regimen: 43.4% of patients in 2015
and 66.7% of patients in 2016 received lenva-
tinib in the first line of therapy. Lenvatinib was
also the most common second-line regimen
among patients initiating therapy in 2015.

The large majority of SMKI regimens were
single agents which is consistent with previous
retrospective analyses [22, 23]. Our results also
show frequent use of agents that are NCCN-
recommended but not approved by FDA for
advanced DTC and MTC; sunitinib was often
used in all lines of therapy and pazopanib was a
common first-line regimen. Patients were
observed on average for 16.6 months after ini-
tiation of the first line of therapy but duration
of follow-up varied considerably between SMKI
regimens. Patients receiving lenvatinib in first-
line therapy had the shortest mean duration of
follow-up time (8.3 months) while patients
treated with vandetanib in the first-line setting
averaged the longest duration of follow-up
(22.9 months). This pattern likely coincides
with the timing of FDA approval of agents for
advanced thyroid cancer relative to the end date
for inclusion in the study (May 2016): lenva-
tinib was the last drug to approved by FDA
(2015, for DTC) while vandetanib received the
earliest approval (2011, for MTC). The remain-
ing single agent regimens either received FDA
approval for advanced thyroid cancer by 2013
(cabozantinib for MTC and sorafenib for DTC)
or were available for other indications before
the study start date (pazopanib, sorafenib and
sunitinib).

We examined time to treatment discontin-
uation of each SMKI regimen in first-, second-
and third-line therapy as a proxy for clinical
benefit as cancer treatments are typically dis-
continued when they are no longer effective or
tolerable. Treatment duration is a composite
measure that does not distinguish between
efficacy, tolerability and other causes of therapy
discontinuation. However, it is a commonly

reported metric in clinical trials and often a key
outcome in observational studies of oncology
treatments [30–33]. Kaplan–Meier estimates of
median time to discontinuation differed signif-
icantly by regimen in the first line of therapy:
sorafenib had the shortest estimate
(2.8 months) and vandetanib had the longest
estimate (16.2 months). No significant differ-
ences between regimens were observed in sub-
sequent lines of therapy. Overall, estimates of
treatment duration in the first and later lines of
therapy were lower than observed in clinical
trials [24, 34, 35]. This likely reflects differences
in the profile of patients and patient manage-
ment between clinical practice vs. the con-
trolled environment of clinical trials. Moreover,
large inter-patient variability in SMKI treatment
duration has been observed outside the clinical
trial setting [21]. The side effect profile of SMKI
regimens may also have influenced treatment
duration [36]. Sorafenib use has been associated
with occasional lack of tolerability, necessitat-
ing dose reductions/re-escalation, drug inter-
ruptions/re-start and withdrawal (particularly in
early treatment cycles) [20, 21, 37] while van-
detanib is generally better tolerated than sor-
afenib [36]. In addition, comorbid conditions
may have impacted treatment duration or war-
ranted dose reductions. It is also possible that
the pharmacy claims-based algorithm used to
define lines of therapy and duration of therapy
in this study [28, 29] underestimated duration
of therapy because dose reductions or drug
interruptions were not observable in this anal-
ysis. The definition of each line of therapy
considered medication fills and timing of the
refills. If a 60-day or greater gap in medication
supply occurred prior to the initiation of a new
agent, the gap signaled the end of a line of
therapy. However, a 50% dose reduction in a
60-day prescription could cause a 60-day delay
in the next prescription refill and result in
misclassifying a patient as ending that line of
therapy.

Patients receiving sorafenib, sunitinib, len-
vatinib or vandetanib as first-line therapy
commonly received the same regimen in the
second line of therapy. A similar pattern was
evident in the third-line setting but to a lesser
degree. This finding was unexpected given the
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availability of several SMKI for use in this pop-
ulation [9]. Sequential use of the same therapy
may also reflect a drug holiday to allow patients
to recover from side effects followed by a re-
challenge, or, as noted above, a dose reduction.
Alternatively, patients may have been re-chal-
lenged with the same drug for reasons other
than side effects. For example, a patient may
have started therapy and subsequently stopped
if there was no evidence of disease progression
but later re-started the same therapy after dis-
ease progression occurred. Use of second and
later lines of therapy was generally modest.
Among the subset of patients with ample fol-
low-up time (which produced the largest esti-
mates), only 53.7% of patients received a
second or later line of therapy. This is consistent
with the rate of 49% observed in a previous
study examining multiple first-line SMKIs in
advanced DTC and MTC [23]. The results of
recent retrospective studies support clinical
benefit of SMKI in the second-line setting
[20, 22, 23]. In a French study of patients treated
with sunitinib or sorafenib, median progres-
sion-free survival was similar in both the first-
line (7.0 months) and second-line setting
(6.7 months) [22]. Owonikoko et al. also
observed clinical benefit of second-line therapy
in a US study examining several first- and sec-
ond-line SMKI therapies; however efficacy
diminished in the second-line vs. first-line set-
ting (median progression-free survival
4.6 months vs. 16.2 months) [23]. In addition,
the results of a phase 3 clinical trial of lenva-
tinib showed relatively similar median progres-
sion-free survival among patients who had
received no prior tyrosine kinase inhibitor
therapy (18.7 months) and among patients
treated with one previous tyrosine kinase inhi-
bitor regimen (15.1 months) [24]. Our results
also suggest benefit of SMKI in the second-line
setting: among all patients, median times to
treatment discontinuation were 5.0 months in
first-line vs. 5.1 months in second-line treat-
ment. However, it is important to note that our
estimates of treatment duration for the second-
line setting represented 35.4% of the patients
with first-line therapy and should not be inter-
preted to suggest similar efficacy of SMKI in
first- and second-line setting. Further, there

were insufficient data to identify specific treat-
ment sequencing to substantiate benefit in the
second-line setting.

To our knowledge, this is the first study to
examine real-world SMKI treatment patterns
since the approval of lenvatinib, in 2015. The
primary strength of this study is that the patient
sample, drawn from a large, national commer-
cial insurance database, was considerably larger
than previous studies and had broader geo-
graphic representation [20–23]. The demo-
graphics of our study sample (mean age:
61.2 years; 51.6% female) are consistent with
patients undergoing SMKI treatment in recent
clinical trials (median age 63–64 years; 48–50%
female [24, 38]). Our results suggest that, at
most, only a slight majority of patients receive a
second or later line of SMKI therapy in real-
world clinical practice. Future research should
examine the impact of treatment sequencing on
clinical outcomes. While our study lends sup-
port to previous research suggesting clinical
benefit in the second-line setting [20, 22, 23],
future research is needed to establish consensus
for the optimal choice of SMKI in second and
later lines of therapy. Assessment of patient
characteristics that are predictive of clinical
outcomes in second and later lines of therapy is
also needed to identify patients who would
benefit from SMKI therapy after progression on
first-line therapy. In addition, the availability of
SMKI regimens for use in routine clinical prac-
tice is still relatively recent, particularly for
lenvatinib. Thus, some patients may already
have experienced significant disease progression
prior to SMKI treatment. Future studies are
needed to build on our findings as the use of
SKMI regimens becomes further established in
the general population.

The results of our study are limited by its
retrospective nature. In particular, our results
are based on data from an administrative claims
database and have limitations typical not only
of claims-based research in general but also the
specific disease state examined. First, claims
data are collected for reimbursement, not
research, and may be subject to miscoding and
errors of omission. Any errors or inconsistencies
in the documentation of codes for diagnoses or
medications may lead to misclassification of
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patients into regimen cohorts. However, the
rate of these errors is expected to be low because
of the comprehensive documentation of codes
required for reimbursement. Furthermore, we
would not expect any systematic differences in
the occurrence of errors between the cohorts of
interest. Secondly, claims data lack certain
clinical information (e.g., tumor staging, his-
tology, disease progression, radioiodine refrac-
tory status, prescribing patterns) that may be
relevant to the treatment patterns observed in
this study. For example, ICD-9-CM and ICD-10-
CM diagnosis codes were used to identify
patients with thyroid cancer; however, these
codes do not distinguish DTC from MTC or
other forms of primary thyroid cancer which
may have influenced SMKI treatment regimen.
Thirdly, treatment patterns were identified
based on pharmacy claims for SMKI. However,
pharmacy claims do not indicate if the patient
took the medication at all or as prescribed.
Fourth, we used an established prescription
claims-based algorithm to identify distinct lines
of therapy [28, 29]. This included treatment
gaps of 60 days or more (based on days’ supply
of therapy) to demark the end of a line of
therapy. However, the initiation of a new line of
therapy due to disease progression after a
60-day or greater break in therapy is indistin-
guishable from restarting the same regimen
after a drug interruption or a lengthy dose
reduction. Fifth, we used time to treatment
discontinuation as a proxy for clinical benefit in
each line of therapy; however, our database
lacked clinically-based measures of efficacy
(e.g., survival, Response Evaluation Criteria In
Solid Tumors [RECIST] response rates, side
effects, rationale for therapy discontinuation).
Further, the observation window for lenvatinib
was brief (2015–2016), resulting in an insuffi-
cient number of patients to estimate treatment
duration for any line of therapy in this cohort.
Sixth, claims databases may not capture com-
plete information for patients who participated
in clinical trials during the course of the study.
Nevertheless, our objective was to examine real-
world use of SMKI and the literature suggests
that less than 5% of oncology patients enroll in
clinical trials [39, 40]. Seventh, although the
overall study sample was considerably larger

than previous studies of SMKI treatment pat-
terns [20–23], the sample sizes in the subgroup
analysis of SMKI regimen by LOT were relatively
small which is associated with low statistical
power. Finally, the results are based on a sample
of patients with commercial or Medicare
Advantage insurance and may not be general-
izable to patients with other forms of insurance
or the uninsured.

CONCLUSIONS

SMKI treatment patterns appeared to change
over the course of the study. During the full
study period (2010-2016), sorafenib was the
most common regimen in the first- and second-
line setting. Following FDA approval in 2015,
lenvatinib was the predominant regimen in the
first and second lines of therapy. Approximately
36–53% of patients received a second or later
line of therapy. Median time to treatment dis-
continuation was similar for first and second
lines of therapy, suggesting that SMKI treat-
ment may be considered after first-line failure in
appropriately selected patients although addi-
tional research is needed to identify optimal
treatment sequencing.
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