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ABSTRACT

Introduction: Until recently, patients discon-
tinuing first-line (1L) hedgehog inhibitors (HHIs)
forbasal cell carcinoma(BCC)had fewsubsequent
treatment options. The objective of this studywas
to describe the treatment journey and prognosis
of patients discontinuing 1L HHI for BCC.
Methods: Thiswasa retrospective cohort studyof
patients with BCC who discontinued 1L HHI
treatment in The US Oncology Network between
1 January 2012 and 1 January 2019 (with follow-
upuntil1May2020).Twocohortswere identified:
patients who initiated a second-line (2L) treat-
ment (2L initiators), and patients with 1L pro-
gressionor toxicitywithout pathology-confirmed
complete response who did not initiate 2L treat-
ment (2L non-initiators). Patient demographics,
treatment characteristics, and outcomes are
reported for each cohort.

Results: Among 115 patients with BCC who
received 1L HHI treatment, 63.5% (n = 73/115)
discontinued1LHHIs.Of those, 50.7% (n = 37/73)
discontinued because of documented toxicity or
progression, without evidence of a complete
response. We identified 4 patients who initiated
2L systemic treatment (median age 68.7 years,
100.0% female) and 15 patients who were eligi-
ble for the 2L non-initiator cohort (median age
80.2 years, 20.0% female). Median 1L HHI dura-
tion was 6.8 months (range 1.9–20.6 months) for
the 2L non-initiator cohort and 8.6 months
(range 6.8–42.2 months) for 2L initiators. At the
end of follow-up, among 2L non-initiators (me-
dian follow-up duration 9.7 months), 40.0%
were lost to follow-up, 33.3% had died, 20.0%
continued observation, and 6.7% transitioned to
an academic medical center or hospital; among
2L initiators (median follow-up duration
6.3 months), 50.0% were lost to follow-up,
25.0% had died, and 25.0% continued
observation.
Conclusions: Following 1L HHI discontinuation,
lackof standardizedcareandsuboptimaloutcomes
were observed, including limited receipt of 2L
treatment. Further studies arenecessary toevaluate
the impact of newer BCC treatment options.
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Graphical Abstract

2L 
non-initiators

2L 
initiators

Vismodegib monotherapy 1L, n (%) 15 (100) 4 (100)

Median 1L tx duration, months (range) 6.8 (1.9, 20.6) 8.6 (6.8, 42.2)

Median time from initial BCC dx to 1L tx, months (range) 2.1 (0.0, 80.5) 3.5 (0.0, 77.1)

Reason for HHI 1L tx discontinuation, n (%) 
Toxicity 14 (93.3) 0

Progression 1 (6.7) 4 (100.0)

2L 
non-initiators

2L 
initiators

Median age, years 80.2 68.7

Female, n (%) 3 (20.0) 4 (100)

ECOG 0/1, n (%)*§ 10 (83.3) 3 (100)

ECOG ≥2, n (%)*§ 2 (16.7) 0

BCC diagnosis, n=3884

Real-world treatment patterns and outcomes among patients with 
locally advanced or metastatic basal cell carcinoma following first-line 

hedgehog inhibitor discontinuation
Lance Cowey, Chieh-I Chen, Kathleen M. Aguilar, Kalatu Davies, Patrick R. LaFontaine, 

Matthew G. Fury, Timothy Bowler, Asieh Golozar, Jessica J. Jalbert

Following 1L HHI discontinuation, lack of standardized care and suboptimal 
outcomes were observed, including limited receipt of 2L treatment. Further studies 
are necessary to evaluate the impact of newer BCC treatment options.

To evaluate the treatment journey and outcomes of 
patients with BCC who discontinue 1L HHI treatment 
in a real-world setting. 

STUDY
OBJECTIVE

CONCLUSIONS

†Missing patient data reported on a denominator consisting of patients with non-missing data for that variable. *Calculated 
from 11 non-initiators and 3 initiators (data missing from 4 non-initiators and 1 initiator). §Calculated from 12 non-initiators 
and 3 initiators (data missing from 3 non-initiators and 1 initiator). BCC, basal cell carcinoma; dx, diagnosis; ECOG, Eastern 
Cooperative Oncology Group; HHI, hedgehog inhibitor; laBCC, locally advanced BCC; mBCC, metastatic BCC; 1L, first line; 
2L, second line; tx, treatment.
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Until recently, patients discontinuing first-line (1L) hedgehog inhibitors (HHIs) for 
basal cell carcinoma (BCC) had few subsequent treatment options.

Retrospective cohort study of adult patients with BCC in The US Oncology Network who 
discontinued 1L HHI treatment between January 1, 2012, and November 1, 2019, with follow-up 
until May 2020. Patients who met the inclusion criteria were stratified to two treatment cohorts.

Baseline 
characteristics†

Tx

STUDY DESIGN

Two cohorts were identified: patients who 
initiated a second-line (2L) treatment 

(2L initiators), and those with 1L progression/
toxicity without pathology-confirmed complete 

response who did not initiate 2L treatment 
(2L non-initiators). Patient demographics, 

treatment characteristics and outcomes are 
reported for each cohort. 

Excluded, n=3865

2L non-initiators, n=15

RESULTS
Treatment history

2L initiator 2L treatments, n (%): 
Carboplatin + paclitaxel, 1 (25.0) 
Cemiplimab, 1 (25.0)

2L initiators, n=4

Nivolumab, 1 (25.0)
Pembrolizumab, 1 (25.0) 

Outcomes in patients with la/mBCC who discontinued 1L HHI

Median follow-up duration 2L 
non-initiators

2L 
initiators

Months (range) 9.7 (3.2, 42.2) 6.3 (0.7, 61.1)
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Key Summary Points

Why carry out this study?

Until recently, patients discontinuing
first-line (1L) hedgehog inhibitors (HHIs)
for basal cell carcinoma (BCC) had few
subsequent treatment options.

The objective of this study was to describe
the treatment journey and prognosis of
patients discontinuing 1L HHI for BCC.

What was learned from this study?

Following 1L HHI discontinuation, lack of
standardized care and suboptimal
outcomes were observed, including
limited receipt of 2L treatment.

Further studies are necessary to evaluate
the impact of newer BCC treatment
options.

DIGITAL FEATURES

This article is published with digital features,
including an infographic, to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.19487429.

INTRODUCTION

Basal cell carcinoma (BCC) is the most common
cancer in the USA, with an estimated 2 million
patients diagnosed annually and an increasing
incidence of disease [1, 2]. For most patients
diagnosed with BCC, local treatment, including
surgical excision, radiotherapy, or superficial
therapies, is curative [3]. The prognosis worsens,
however, if medical attention is delayed or if
BCC recurs after local treatment, in which case
patients may present with locally advanced or
metastatic BCC [4]. It is estimated that locally
advanced BCC occurs in 0.8% of cases, while

metastatic BCC occurs in 0.0028% to 0.55% of
cases [4, 5].

The approved first-line (1L) treatment for
patients with locally advanced or metastatic
BCC consists of hedgehog pathway inhibitors
(HHIs) [3]. Prior to US Food and Drug Admin-
istration (FDA) approval of cemiplimab-rwlc in
February 2021, patients who required subse-
quent treatment or did not tolerate HHIs [3]
were limited to noncurative surgery or radia-
tion, along with clinical trial participation
[3, 6]. While other studies have evaluated use
and outcomes among patients initiating HHIs
in the real-world setting [5, 7, 8], to our
knowledge, no studies have examined treat-
ment patterns or outcomes following 1L HHI
treatment discontinuation for BCC. The aim of
this study was to assess the characteristics,
treatment patterns, and outcomes of patients in
the community oncology setting with BCC who
discontinued 1L HHIs.

METHODS

Study Design and Data Sources

We conducted a retrospective cohort study
using The US Oncology Network data between 1
January 2012 and 1 May 2020, and the Limited
Access Death Master File (LADMF). The US
Oncology Network includes nearly 1400 affili-
ated community-based physicians operating in
over 480 sites of care across the USA, with over
1.2 million patients treated annually [9].

From The US Oncology Network’s electronic
health record (EHR) system, iKnowMed (iKM), a
platform that captures outpatient practice
encounter data, we obtained data on patient
demographics; clinical information such as
disease diagnosis, diagnosis stages, Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status, and laboratory testing results; and
treatment information, such as line of therapy
and treatment administration within The US
Oncology Network [10, 11]. Structured data
fields within the iKM EHR were supplemented
by unstructured data collected from chart re-
view to capture information contained in pro-
gress notes or scan reports. Electronic
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chart review data were collected using a secure,
web-based electronic case report form by
healthcare professionals with oncology experi-
ence using standardized abstraction guidelines
[12].

The Social Security Administration’s LADMF
was an additional source of vitality information
[13]. If there was a discrepancy in dates of death
between the EHR and LADMF sources, the
LADMF date was prioritized unless (1) EHR
activity indicated that a patient visit occurred
after date of death as documented in the
LADMF, or (2) the dates of death between the
two sources varied by more than 6 months. In
these cases, the date of death recorded in the
iKM EHR was used since it encompasses non-
official records, including telephone conversa-
tions with the patient’s family. Previous
research suggests high concordance between
death dates captured in the iKM EHR and those
sourced from the LADMF, with most death
information being sourced from the EHR rather
than the LADMF [14].

This study was conducted in accordance
with legal and regulatory requirements, as well
as with scientific purpose, value, and rigor, and
it followed generally accepted research prac-
tices. This study was granted an exception and
waiver of consent by The US Oncology Inc.
Institutional Review Board.

Study Population

The study population consisted of patients who
discontinued 1L HHI monotherapy (i.e., vis-
modegib or sonidegib) for BCC between 1 Jan-
uary 2012 and 1 November 2019, and either
initiated second-line (2L) treatment (i.e., 2L
initiators) or had documented progression or
toxicity to 1L treatment without evidence of
pathology-confirmed complete response and
did not initiate 2L treatment (i.e., 2L non-
initiators).

Eligible patients were required to
be C 18 years of age on the index date (as
defined below) and to have at least two visits
within The US Oncology Network and a recor-
ded diagnosis of BCC prior to or on the index
date. Patients were excluded if their EHRs were

inaccessible for research purposes or if they
received treatment for another primary cancer
up to 3 years prior to and including the index
date, with the exception of patients with fully
resected cutaneous malignancies (e.g., adnexal
neoplasms, cutaneous squamous cell carci-
noma, cutaneous T-cell and B-cell lymphoma,
BCC, or Merkel cell carcinoma).

We first identified the patients meeting these
criteria who initiated 2L systemic treatment,
and their index date was defined as the date of
2L initiation. Among the remaining patients
who might qualify as 2L non-initiators, we
sought to exclude patients who were using HHI
as neoadjuvant to surgery or radiation. To do
this, a data-driven approach was used to deter-
mine the index date for the 2L non-initiator
cohort based on when patients would be
expected to receive potential curative surgery or
radiation treatment. The study team reviewed
the time between HHI discontinuation and
subsequent surgery and radiation therapies
among potential 2L non-initiators, as well as
the time between HHI discontinuation and 2L
initiation among 2L initiators, and then selec-
ted 90 days following HHI discontinuation as
the index date for 2L non-initiators. Patients
who received surgery or radiation in this 90-day
period or lacked 90 days of follow-up after 1L
discontinuation were excluded from the
analysis.

Patients were followed from the index date
until initiation of treatment for another pri-
mary cancer (with the exception of patients
with fully resected cutaneous malignancies),
loss to follow-up (defined as the last visit within
The US Oncology Network), death, or the end of
the study period (1 May 2020), whichever
occurred first.

Treatment Patterns

Treatment patterns prior to 1L HHI initiation,
during HHI treatment, and—for the 2L initiator
cohort—following HHI discontinuation, were
described. Specifically, prior BCC-related sur-
gery or radiation was captured, along with prior
surgery locations (head, trunk, or other loca-
tions). Type of HHI monotherapy initiated (i.e.,
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vismodegib or sonidegib), year of HHI initia-
tion, time from initial BCC diagnosis to 1L HHI
initiation, and reasons for 1L HHI discontinua-
tion were captured as documented by providers.
HHI treatment duration was calculated from the
initiation and discontinuation dates. The start
date was defined as the first prescription date of
HHIs following a diagnosis of BCC or verified
date in progress notes if the regimen was initi-
ated offsite. The date of treatment discontinu-
ation was defined as the discontinuation date
explicitly documented in physicians’ notes, the
date of treatment switch or addition of another
anticancer regimen (switching between sonide-
gib and vismodegib was not considered a
switch), or the last prescription date if the
treatment occurred C 120 days before the last
visit date, whichever was first.

For the 2L initiator cohort, the treatment-
free interval was defined as the days between
the date of 1L HHI discontinuation and the start
of 2L treatment. The types of 2L treatments
initiated were also described.

Outcomes

Patient disposition was described at the end of
follow-up, and patients were categorized as lost
to follow-up, died, transitioned to an academic
medical center or hospital, or continued obser-
vation. The number of patients who transi-
tioned to hospice, and days from 1L
discontinuation to hospice care, were also
summarized. For the 2L initiator cohort, treat-
ment status at the end of 2L treatment was
categorized as completed planned treatment,
died during 2L treatment, ongoing 2L treat-
ment, or discontinued 2L treatment because of
progression.

Other Variables

Other data elements assessed on the index date
included demographic and clinical characteris-
tics such as age, sex, race, geographic location of
practice, ECOG performance status closest to
index, locally advanced or metastatic status,
and initial tumor sites. Ages[ 90 years were
collapsed into a single category to conform to

Health Insurance Portability and Accountability
Act guidelines.

Statistical Analysis

Patients were described in terms of demo-
graphic and clinical characteristics, treatment
patterns, and outcomes according to whether
they were a 2L initiator or 2L non-initiator.
Owing to the small sample size, continuous
variables were described using medians and
ranges (maximum and minimum). Categorical
variables were reported using patient counts
and percentages, with the denominator being
the number of patients with non-missing data.
Missing data were not imputed, and the pro-
portion of patients with missing values is
reported.

RESULTS

Study Attrition

Within The US Oncology Network, 3884
patients were identified with a diagnosis of BCC
any time prior to 1 November 2019 based on
available structured data (Fig. 1). Among these,
138 patients with BCC treated with HHIs
between 1 January 2012 and 1 November 2019
had at least two visits in The US Oncology
Network and had data that were accessible for
research purposes. A total of 115 (83.3%)
received HHIs as 1L systemic BCC therapy. Of
these, 73 (63.5%) discontinued 1L HHIs
between 1 January 2012 and 1 November 2019,
with 33 of 73 (45.2%) discontinuing because of
documented toxicity or progression without
evidence of a complete response. Four patients
who discontinued HHIs initiated 2L systemic
treatment. Among the remaining 33 patients
potentially eligible as 2L non-initiators, 18 were
excluded: one patient received treatment for
another primary cancer, 12 did not
have C 90 days of follow-up after 1L discontin-
uation, and 5 received surgery or radiation in
the 90-day period following HHI discontinua-
tion. The final study sample consisted of
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Fig. 1 Attrition diagram. 1L first-line, 2L second-line, BCC basal cell carcinoma, LOT line of therapy
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19 patients: 15 in the 2L non-initiator cohort
and 4 in the 2L initiator cohort.

Demographic and Clinical Characteristics

The median age of patients in the 2L non-ini-
tiator cohort (n = 15) was 80.2 years (range
46.9–90? years), with 80.0% (n = 12/15) being
male (Table 1). All patients with available race
data (n = 11/15) were white. Most patients in
this cohort were treated in the Western (53.3%;
n = 8/15) or Southern (33.3%; n = 5/15) regions
of the USA. Twelve of 15 patients in the 2L non-
initiator cohort had documented ECOG per-
formance status: 83.3% (n = 10/12) had a score
of 0 or 1, with the remaining 16.7% (n = 2/12)
having a score of 2?. Among the 11/15 patients
with available information on BCC locally
advanced or metastatic disease status, 90.9%
(n = 10/11) had locally advanced disease and
9.1% (n = 1/11) had metastatic disease at initial
BCC diagnosis.

For the 2L initiator cohort (n = 4), the med-
ian age of patients was 68.7 years (range 48.4–-
71.1 years) and all (n = 4/4) were female
(Table 1). Most patients in the 2L initiator
cohort were white (75.0%; n = 3/4) and treated
in the Southern (75.0%; n = 3/4) region of the
USA. Among patients with documented ECOG
performance status (n = 3/4), all had a score of
1. Among the 3 of 4 patients with available
information on locally advanced or metastatic
BCC, 66.7% (n = 2/3) had metastatic disease
and 33.3% (n = 1/3) had locally advanced dis-
ease at initial BCC diagnosis.

Treatment History

All patients in both cohorts received 1L vis-
modegib monotherapy (Table 2).

The median time from initial BCC diagnosis
to 1L HHI treatment among the 2L non-initia-
tor cohort (n = 15) was 2.1 months (range
0.0–80.5 months), and the median 1L HHI
treatment duration was 6.8 months (range
1.9–20.6 months). Sixty percent of patients
(n = 9/15) initiated 1L treatment between 2012
and July 2015 (prior to FDA approval of soni-
degib), while the remaining 40% (n = 6/15)

Table 1 Demographic and disease characteristics of
patients discontinuing 1L HHI treatment for BCC within
The US Oncology Network

2L non-
initiator cohort
(n = 15)

2L initiator
cohort
(n = 4)

Age at index, median

(range), years

80.2

(49.6–90.0?)

68.7

(48.4–71.1)

Sex, n (%)

Male 12 (80.0) 0

Female 3 (20.0) 4 (100.0)

Race, n (%)

Patients with available

data

11 (73.3) 4 (100.0)

White 11 (100.0) 3 (75.0)

Other 0 1 (25.0)

Practice region, n (%)

West 8 (53.3) 1 (25.0)

South 5 (33.3) 3 (75.0)

Midwest 2 (13.3) 0

ECOG performance status closest to index, n (%)

Patients with available

data

12 (80.0) 3 (75.0)

0 or 1 10 (83.3) 3 (100.0)

2? 2 (16.7) 0

Locally advanced/metastatic status at initial BCC

diagnosis, n (%)

Patients with available

data

11 (73.3) 3 (75.0)

Locally advanced 10 (90.9) 1 (33.3)

Metastatic 1 (9.1) 2 (66.7)

Initial tumor site, n (%)

Ear 3 (20.0) 0

Head 1 (6.7) 1 (25.0)

Lower extremities 1 (6.7) 0
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initiated treatment after July 2015 (Table 2).
Most patients (93.3%; n = 14/15) discontinued
1L HHI treatment because of toxicity, with one
patient of 15 (6.7%) discontinuing because of
progression.

The median time from initial diagnosis to 1L
treatment among the 2L initiator cohort
(n = 4/4) was 3.5 months (range 0.0–
77.1 months), and the median 1L treatment
duration was 8.6 months (range 6.8–
42.2 months). Half the patients in the 2L initia-
tor cohort (n = 2/4) initiated 1L HHI treatment
between 2012 and July 2015 (prior to FDA
approval of sonidegib), while the remaining
patients initiated HHI treatment after July 2015
(Table 2). All patients in the 2L initiator cohort
(n = 4/4) discontinued 1L treatment because of
progression.

Outcomes

The median duration of follow-up was
9.7 months (range 3.2–42.2 months) for patients
in the 2L non-initiator cohort (n = 15/15) and
6.3 months (range 0.7–61.1 months) for patients
in the 2L initiator cohort (n = 4/4) (Table 3).

The median time between 1L discontinua-
tion and 2L initiation was 75 days (range
2–130 days) among patients in the 2L initiator

Table 1 continued

2L non-initiator
cohort
(n = 15)

2L initiator
cohort
(n = 4)

Neck 1 (6.7) 0

Back 1 (6.7) 0

Chest 0 1 (25.0)

Other 3 (20.0) 1 (25.0)

Multiple

locations

5 (33.3) 1 (25.0)

For variables with missing patient data, results are reported
on a denominator that consists of patients with non-
missing data for that variable
1L first-line, 2L second-line, BCC basal cell carcinoma,
ECOG Eastern Cooperative Oncology Group, HHI
hedgehog inhibitor

Table 2 Treatment history of patients discontinuing 1L
HHI treatment for BCC within The US Oncology
Network

2L non-
initiator
cohort
(n = 15)

2L initiator
cohort
(n = 4)

Prior BCC-related surgery location, n (%)

Patients with available

data

9 (60.0) 3 (75.0)

Head only 6 (66.7) 2 (66.7)

Trunk only 1 (11.1) 1 (33.3)

Multiple locations 2 (22.2) 0

Prior BCC-related radiation therapy, n (%)

Patients with available

data

3 (20.0) 1 (25.0)

Yes 3 (100.0) 1 (100.0)

Time from initial BCC

diagnosis to 1L, median

(range), months

2.1

(0.0–80.5)

3.5

(0.0–77.1)

1L regimens, n (%)

Vismodegib

monotherapy

15 (100.0) 4 (100.0)

Year of 1L treatment initiation, n (%)

2012 to July 2015 (prior

to FDA approval of

sonidegib)

9 (60.0) 2 (50.0)

August 2015 to 2016

(after FDA approval of

sonidegib)

6 (40.0) 2 (50.0)

1L treatment duration,

median (range), months

6.8

(1.9–20.6)

8.6

(6.8–42.2)

Reasons for 1L treatment discontinuation, n (%)

Toxicity 14 (93.3) 0
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cohort. Among the 4 patients in the 2L initiator
cohort, one received carboplatin and paclitaxel
(25.0%; n = 1/4), one received cemiplimab
(25.0%; n = 1/4), one received nivolumab
(25.0%; n = 1/4), and one received pem-
brolizumab (25.0%; n = 1/4).

At the end of the study follow-up period,
among the 2L non-initiator cohort (n = 15),
40.0% of patients (n = 6/15) were lost to follow-
up, 33.3% (n = 5/15) died, 20.0% (n = 3/15)
were under continued observation, and 6.7%
(n = 1/15) had transitioned out of The US
Oncology Network to an academic medical
center or hospital outside this system (Table 3).
Three of the 15 patients in the 2L non-initiator
cohort had documentation of receiving a care,
with a median time of 20.0 months (range
13.7–22.1 months) from 1L discontinuation.

Among the 2L initiator cohort (n = 4/4),
status of 2L treatment at the end of follow-up
was as follows: one patient had completed
planned treatment (n = 1/4; 25.0%), one was
still on treatment (n = 1/4; 25.0%), one died
during 2L treatment (n = 1/4; 25.0%), and one
discontinued 2L treatment because of progres-
sion (n = 1/4; 25.0%). At the end of the study
period, among the 2L initiator cohort (n = 4/4),
two patients (n = 2/4; 50.0%) were lost to fol-
low-up, one (n = 1/4; 25.0%) died, and one
(n = 1/4; 25.0%) had continued observation
(Table 3). None of the patients in the 2L ini-
tiator cohort had documentation of hospice
care.

DISCUSSION

The results of this study describe the patient
characteristics, treatment patterns, and clinical
outcomes of patients with BCC who discontin-
ued 1L HHI treatment in the community
oncology setting. In a small cohort of patients
with BCC discontinuing 1L HHIs, we found that
approximately half discontinued because of
documented disease progression or toxicity. We
observed that few of these patients initiated

Table 2 continued

2L non-
initiator
cohort
(n = 15)

2L initiator
cohort
(n = 4)

Progression 1 (6.7) 4 (100.0)

For variables with missing patient data, results are reported
on a denominator that consists of patients with non-
missing data for that variable
1L first-line, 2L second-line, BCC basal cell carcinoma,
FDA Food and Drug Administration, HHI hedgehog
inhibitor

Table 3 Outcomes of patients discontinuing 1L HHI
treatment for BCC within The US Oncology Network

2L non-
initiator
cohort
(n = 15)

2L initiator
cohort
(n = 4)

Duration of follow-up,

median (range), months

9.7

(3.2–42.2)

6.3

(0.7–61.1)

2L treatment status at end of study, n (%)

Completed planned

treatment

– 1 (25.0)

Died during 2L

treatment

– 1 (25.0)

Ongoing 2L treatment – 1 (25.0)

Discontinued 2L

treatment because of

progression

– 1 (25.0)

Time from 1L

discontinuation to

hospice, median (range),

months

n = 3

20.0

(13.7–22.1)

–

Patient disposition at end of follow-up, n (%)

Lost to follow-up 6 (40.0) 2 (50.0)

Record of death 5 (33.3) 1 (25.0)

Transition to academic

medical/hospital care

1 (6.7) 0

Continued observation 3 (20.0) 1 (25.0)

1L first-line, 2L second-line, BCC basal cell carcinoma,
HHI hedgehog inhibitor
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another line of treatment and that most
patients were either lost to follow-up or had
died without initiating subsequent systemic
treatments.

Few studies have described characteristics
and outcomes of real-world patients with
locally advanced or metastatic BCC [5, 7, 8].
Goldenberg et al. (2016) performed a retro-
spective cohort study using insurance claims
data from October 2011 to September 2012 to
estimate the incidence and prevalence of BCC
in the USA [5]. In this study, the mean age of
patients with incident locally advanced BCC
(n = 261) was 72.2 years [standard deviation
(SD) 13.7] and 53.3% were male, and the mean
age of patients with incident metastatic BCC
(n = 7) was 71.3 years (SD 14.9) and 85.7% were
male. The mean ages of patients with incident
locally advanced and metastatic BCC from the
Goldberg study were similar to the median age
of 2L initiators in our study (69 years), but
considerably younger than the median age of
80 years observed among the 2L non-initiator
cohort. The fact that patients who were not
subsequently treated were older than the 2L
initiators may be due to patient or physician
decisions regarding benefit and risk assessments
of further BCC treatment due to factors such as
advanced age, frailty, and willingness or ability
to travel for treatment.

Cozzani et al. (2020) examined real-world
use of vismodegib among patients with locally
advanced or metastatic BCC who were ineligible
for curative surgery or radiotherapy in Argen-
tina [7]. All patients initiated vismodegib, and
90% of patients had locally advanced disease,
similar to our study in which all patients were
treated with vismodegib and 78.5% of 2L ini-
tiators and 2L non-initiators with available data
(n = 11/14) had locally advanced disease at ini-
tial BCC diagnosis. In the Cozzani study, the
cohort had a median age of 73 years and 66.2%
were male; in comparison, we observed a med-
ian age of 80 years and 80% male in our 2L non-
initiator cohort, and a median age of 69 years
and 0% male in our 2L initiator cohort.

In our study, all patients received 1L vis-
modegib monotherapy, even though nearly
half initiated HHI treatment after the FDA
approval of sonidegib in July 2015 [15]. Similar

use of vismodegib was reported in an analysis of
MarketScan Commercial and Medicare Supple-
mental claims data from 2013 to 2018. Among
the 469 patients with BCC initiating an HHI,
99.2% received vismodegib. It is hypothesized
that the higher use of vismodegib observed in
these real-world studies may be due to the ear-
lier approval of vismodegib and better recogni-
tion among patients and providers compared
with sonidegib.

The median duration of 1L HHI treatment
among patients discontinuing HHIs was
7 months among the 2L non-initiator cohort
and 9 months among the 2L initiator cohort,
shorter than the 10–12-month average treat-
ment duration reported from the pivotal trials
[16, 17]. Duration of treatment in this study,
however, was similar to the estimated median
duration of 8.6 months reported in the STEVIE
trial of vismodegib among patients (n = 1215)
with locally advanced or metastatic BCC [18]. A
retrospective cohort study of patients with
locally advanced BCC (n = 48) or metastatic
BCC (n = 11) initiating vismodegib in the
Netherlands also found that the median treat-
ment duration was 6.4 months (range 1.4–-
38.5 months) among those with locally
advanced BCC and 7.5 months (range 1.6–-
18.5 months) among those with metastatic BCC
[8]. Although we estimated average treatment
duration only among patients discontinuing
HHI treatment because of toxicity and progres-
sion rather than complete response, our find-
ings add to the accumulating evidence that
persistence on HHI treatment in the real world
is likely considerably shorter than in the trials.

In our study, we also found that the most
common reason for HHI 1L treatment discon-
tinuation was toxicity. Clinical trials have
reported tolerability issues with HHIs, and both
reactive interruption (discontinuing HHI treat-
ment for 8 weeks when adverse reactions occur
[16, 17, 19]) and preventive interruption
(prospectively alternating between HHI treat-
ment for 8 or 12 weeks, with scheduled 8-week
interruptions having been investigated as
treatment strategies to improve HHI tolerabil-
ity) [19–22]. By the time of the primary analysis
data cutoff date of STEVIE (with a median fol-
low-up of 17.9 months for efficacy analysis),
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88% (n = 1068/1215) of patients had discon-
tinued vismodegib. Reasons for discontinuation
included adverse events (32.7%), disease pro-
gression (17.7%), patient request or physician
decision (17.7%), death or loss to follow-up
(5.4%), and other reasons (26.5%) [18, 23]. In
this study, we relied on physician-documented
reason for discontinuation. Among 2L non-ini-
tiators, 14 of 15 had toxicity documented as the
reason for discontinuation compared with none
among the 4 2L non-initiators. While reliance
on physician-documented reason for discon-
tinuation may favor capture of toxicity as a
reason, particularly for patients who did not
tolerate treatment, our findings suggest tolera-
bility is the most frequently documented reason
for discontinuation, particularly among those
who do not go on to initiate other treatments
for locally advanced or metastatic BCC.

Until recently (2020), the National Compre-
hensive Cancer Network (NCCN) guidelines
recommended surgery, radiation therapy, or a
clinical trial after discontinuation of an HHI
[3, 6]. In our study, we observed that most
patients who discontinued HHIs because of
toxicity or progression rather than complete
response did not initiate a subsequent treat-
ment. At the end of a median of approximately
10 months of follow-up, most 2L non-initiators
either died (33%) or were lost to follow-up
(40.0%), when they may have died, entered
hospice, or stopped seeking care. It is possible
that some patients may have also initiated
treatment elsewhere (e.g., through a transfer to
an academic medical center), although this is
unlikely since transfers are usually documented
in patients’ medical records and we specifically
searched for transfers during chart abstraction.
We observed that only 4 patients initiated a
subsequent 2L treatment, and that all of them
initiated different treatments. At the end of
approximately 6 months of follow-up, 75% of
patients who initiated a treatment had died
(25%) or were lost to follow-up (50%). Our
findings underscore that there was an impor-
tant unmet need for effective therapeutic
options with acceptable risk–benefit profiles for
patients with BCC who discontinue initial 1L
HHI because of disease progression or toxicity
and not complete response. Current NCCN

guidelines (version 2.2021) now recommend
cemiplimab-rwlc for patients who were previ-
ously treated with an HHI or for whom an HHI
is not appropriate [3]. Future studies should
examine how treatment patterns and outcomes
have changed following the introduction of
novel immunotherapies [24].

The study utilized clinical data from the EHR
system of The US Oncology Network, a large
system of community oncology practices. The
use of real-world data is advantageous because it
reflects community oncology practice trends as
opposed to tightly controlled clinical trials.
Moreover, results for this study were drawn
from both structured and unstructured EHR
data. By verifying patients’ eligibility and key
study variables through a manual review of
records, the study dataset was enhanced beyond
structured records.

Despite the advantages of this real-world
data source, the results of this study should be
contextualized by a number of limitations.
Most prominently, while it provides insights
into the rarity of subsequent treatment for BCC,
we identified few patients meeting the study
eligibility criteria. While this study applied
several steps to verify that the appropriate
patients were selected for inclusion, other
information of interest may be incomplete,
inaccurate, or inconsistently documented in the
EHR. For example, some patients who died or
transferred to hospice care may have been mis-
classified as being lost to follow-up because of
incomplete capture of these events in the EHR
or the LADMF. Owing to lack of information on
care provided in academic medical centers, it is
possible that 2L non-initiators lost to follow-up
may have been treated in an academic medical
center, although we would anticipate this to be
rare. Use of HHIs, including whether they were
used as adjuvant to surgery/radiation, could
have been misclassified. Reasons for discontin-
uation were unlikely to have been recorded for
all patients, resulting in a smaller and more
select group of patients experiencing HHI
treatment failure; and, owing to known tolera-
bility issues with HHIs, physicians may have
been more likely to record toxicity as a reason
for discontinuation. To ensure that the study
population was ineligible for curative surgery or
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radiation, the index date for the 2L non-initia-
tor cohort was defined to be 90 days following
1L treatment discontinuation and comparisons
between the cohorts were further precluded.
Lastly, it was not possible to contextualize
treatment decisions, including reasons 2L non-
initiators were not treated with systemic
treatments.

CONCLUSIONS

The results of this study encompass a small
number of patients, but still serve to illustrate
the lack of standardized care options for
patients with BCC who are ineligible for cura-
tive therapies following 1L HHI treatment fail-
ure in the US community oncology setting. In
addition to the high proportion of patients who
did not advance to subsequent treatment fol-
lowing 1L HHI discontinuation, unfavorable
outcomes were also observed irrespective of
whether patients received 2L treatment. This
suggests an unmet need for effective treatment
options with acceptable risk–benefit profiles
after 1L HHI discontinuation. Further studies
are necessary to evaluate the impact of newer
treatment options recommended by NCCN
guidelines for patients who were previously
treated with an HHI or for whom an HHI is not
appropriate.
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