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Background: Smoothened (SMO) inhibitors, blocking the sonic hedgehog pathway, have been approved for advanced
basal cell carcinoma (aBCC). Safety analyses reveal a high rate of adverse events (AEs) and, most of the time,
vismodegib is most commonly stopped when the best overall response is reached. The long-term evolution of aBCC
after vismodegib discontinuation is poorly described. The aim of this study is to evaluate the efficacy and safety of
the SMO inhibitors (SMOQis) available (vismodegib and sonidegib) following rechallenge after complete response (CR)
following an initial treatment by vismodegib.

Materials and methods: This real-life, retrospective, multicenter and descriptive study is based on an extraction from the
CARADERM accredited database, including 40 French regional hospitals, of patients requiring BCC systemic treatment.
Results: Of 303 patients treated with vismodegib, 110 achieved an initial CR. The vast majority of these patients (98.2%)
stopped vismodegib, notably due to poorly tolerated AEs. The CARADERM database provided a median follow-up of 21
months (13.5-36.0 months) after CR. Of the 110 patients, 48.1% relapsed after a median relapse-free survival of 24
months (13.0-38.0 months). Among them, 35 patients were retreated by an SMOi and the overall response rate was
65.7% (34.3% of CR and 31.4% of partial response). The median duration of retreatment was 6.0 months (4.0-9.5 months).
Conclusion: Our real-life study, carried out on patients with complex clinical pictures, shows that after treatment
discontinuation, 48.1% of patients achieved CR relapse within an average of 24 months (13.0-38.0 months). It
emphasized that even though rechallenge can be considered as a therapeutic option, efficacy seems to decrease,
suggesting the development of resistance mechanisms.

Key words: advanced BCC, SMO inhibitor, vismodegib, recurrence, relapse, retreatment, rechallenge, resistance,
CARADERM

INTRODUCTION

A small share of basal cell carcinomas (BCCs) is diagnosed
belatedly and considered as advanced BCCs (aBCCs) or,
rarely, as metastatic BCCs (mBCCs) with high morbidity and
heavy psychologic burden.'™ aBCCs form a heterogeneous
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group, with a blurred definition that can be explained by
the many factors involved (tumor site and size, tumor in-
vasion of adjacent anatomical structures, number, histologic
subtype). For an elderly population with comorbidities and
significant impairment of general conditions, carcinologic
surgery is often inadequate.

The sonic hedgehog pathway (SHh) has a key role in BCC
oncogenesis.”® In sporadic BCC, mutations inducing cell
proliferation are observed in >90% of cases: mainly in the
protein patched homolog 1 gene (PTCH1), but also in the
Smoothened gene (SMO) and the suppressor of fused ho-
molog gene (SUFU).”®
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Vismodegib blocks the SHh by binding the SMO protein
receptor and its activation. It was approved in 2012-2013
for aBCC and mBCC unsuitable for treatments.® Subse-
quently, sonidegib, a new SMO inhibitor (SMOi), was
approved for aBCC in 2016.

In both ERIVANCE and STEVIE vismodegib studies, effi-
cacy analyses showed a response rate varying from 68.5% at
17.9 months to 60.3% at 39 months with rather comparable
rates of partial responses (PR) and complete responses
(CR).*** Nevertheless, safety analyses revealed a high rate
of adverse events (AEs) (98%). Thus, most of the time, to
limit toxicity, SMOi was prescribed intermittently or
stopped as soon as the best overall response (BOR) was
achieved.”

In view of the increase in the number of current patients
on vismodegib, maintaining CR after treatment discontinu-
ation is of interest. So far, the long-term evolution has rarely
been reported.”® Herms et al. studied, as a secondary
objective, the relapse management [including rates,
relapse-free survival (RFS), treatment modalities and effi-
cacy]. The authors showed that in 27 patients with rechal-
lenge, the BOR rate was 85%, but tolerance was not
described.™”

The aim of this study, based on a national, real-life
database, is to evaluate the efficacy and toxicity of the
SMOi available (vismodegib and sonidegib) rechallenge, and
the median duration, in relapsing aBCC, after discontinua-
tion of vismodegib and initial CR.

MATERIALS AND METHODS

Study design and patients

This real-life, retrospective, multicentric, observational and
descriptive study is based on an extraction from the CAR-
ADERM (RAre DERMatological CAncers) accredited
database."®

CARADERM is a French national hospital network data-
base on rare skin cancers, gathering 40 referent centers.

BCC patients included into the CARADERM database have
an inoperable or metastatic histologically confirmed BCC or
Gorlin syndrome with systemic treatment by SMOi.

The non-inclusion criteria were: under 18 years of age
and lack of consent.

Among the patients with aBCCs and mBCCs from
November 2013 (initiation of the database) to 27 May 2020,
we selected those with rechallenge due to a relapse during
follow-up after an initial CR. CR was defined clinically or,
more rarely, histologically by the local investigators. Relapse
was clinically assessed by a new typical BCC lesion on the
targeted area, of any size, and confirmed.

Patients received vismodegib 150 mg daily until disease
progression, disabling AEs, or other reasons. Concerning the
rechallenge, treatment could be vismodegib or sonidegib,
left to the physician’s appreciation. The frequency of visits
varied from 1 to 6 months but was mostly every 3 months.
Tumor response was evaluated, by analogy with RECIST
version 1.1, according to the following clinical achieve-
ments: CR as complete eradication, PR with tumor
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shrinkage >30% in size, stable disease (SD) with tumor
shrinkage <30% in size or with increase in size <20%,
progression (P) with increase in size >20% compared to the
baseline. Tolerance was evaluated with the Treatment-
Emergent Adverse Events system defined as AEs
appearing between the 1st day and the 30th day after
discontinuation of vismodegib treatment and grading was
according to National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events version 4.0. Radiological
exams were not systematically carried out.

All the patients included in this base—or their legal
representatives—have signed a consent form and each
center has been declared to the National Commission for
Information Technology and Liberties.

Procedures

The collected data were as follows: age, sex, metastatic
stage, patients with Gorlin syndrome, location of the target
lesion, histological subtype, former treatments, BOR; AEs
and grade; reasons for stopping and rechallenge treatment.

The main dates (initiation and discontinuation of vismo-
degib and obtaining CR) were also specified.

Treatments initiated after relapse were noted, as well as
their efficacy and safety.

Outcomes

The primary objective was to evaluate the response rate of
the rechallenge with SMOi (vismodegib or sonidegib) after
discontinuation and initial CR.

Secondary objectives were as follows: RFS—the time to
relapse or death—for patients with initial CR; AEs with
occurrence and grading, after rechallenge of SMOi in
comparison with the first course (appearance or disap-
pearance of AEs and grade improvement or worsening) and
details of a further rechallenge after potential subsequent
discontinuation.

Concerning tolerance, the data were related to the mode
of treatment: intermittent—‘holiday regimen’—or not,
varying from once every 2 days to 1 month every 3 months.

Patients lost to follow-up were censored.

Statistical analysis

Continuous variables were described using the mean and
standard deviation or the median and interquartile range
(IQR). Categorical variables were expressed by frequency
and percentage.

The RFS was estimated using the Kaplan—Meier method.
Relapse or death was considered as events. The database
lock was 27 May 2020, and some patients were censored.

The statistical analyses were carried out with SAS soft-
ware version 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Characteristics of patients with initial CR under vismodegib

As shown in Figure 1, 303 patients received vismodegib,
with an overall response rate (ORR) of 86.5% (36.3% of CR
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Vismodegib
Median duration of TTT n =303 PR | n=193 | -152 (50.2%)
7 months (5.0-11.0) H SD | (63.6%) | -30 (9.9%)
PD -10 (3.3%)
Median duration of TTT ) CR - e
7 months (6.0-11.7) n =110 (36.3%)

Ongoing TTT

n=2(1.8%)

Median follow-up

21 months (13.5-
36.0)

TTT discontinuation

n =108 (98.2%)

Median duration of
discontinuation TTT

6 months (4.0-11.0)

Complete response to date

n =20 (18.5%)

Progression

disease

n =52 (48.1%)

ND (loss of
follow-up)

n = 28 (25.9%)

Other -Surgery: 11 (21.1%)
TTT -Topical TTT: 3 (5.8%)
n=17 -Anti-PD-1: 2 (3.8%)
(32.7%) -Radiotherapy: 1 (1.9%)

Median follow-up

Re TTT with SMOi
n = 35 (67.3%)

9 months (6.0-15.3)

Median duration of
TTT

A

6 months (4.0-9.5)

SD

n=3

(8.6%)

ND
n=1

(2.9%)

Figure 1. Flow chart of the survey.

CR, complete response; PD, progression disease; PR, partial response; ND, unknown; Re TTT, vismodegib retreatment; SD, stable disease; SMOi, Smoothened inhibitors
(vismodegib: 33 and sonidegib: 2); STOP, vismodegib discontinuation; TTT, vismodegib treatment.

and 50.2% of PR). The median duration for this first course
of vismodegib was 7 months (IQR: 5.0-11.0 months).

Of the 303 patients with vismodegib treatment, 110
(36.3%) achieved an initial CR after a median time of 6
months (IQR: 4.0-8.0 months) and a median duration of
treatment of 7 months (IQR: 6.0-11.7 months). For these
patients, the mean age was 72.2 years. Gorlin syndrome
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was diagnosed in 13 patients (11.8%). The most frequent
site was the head in 84.5% of cases (ocular region for 22.7%,
nasal region for 19.1% and auricular region for 14.5%). The
histologic subtype of tumors was infiltrative for 35.5%,
nodular for 20.0% and morpheaform for 11.8%. Thirty-seven
of the tumors were recurrences, after surgery or radio-
therapy (33.6%). The most frequent AEs related to
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Table 1. Baseline characteristics and demographics of all patients treated
with vismodegib

Patients with CR
and rechallenge

Patients with CR

(n = 110) (n = 35)
Men 70 (63.6) 19 (54.3)
Age, mean (SD), years 72.2 (15.9) 69.6 (18.6)
Age group >65 years 76 (69.1) 21 (60.0)
Gorlin syndrome
Yes 13 (11.8) 6 (17.1)
No 85 (77.3) 27 (77.1)
Unknown 12 (10.9) 2 (5.7)
Site
Head 93 (84.5) 31 (88.6)
Auricular region 16 (14.5) 3 (8.6)
Ocular region 25 (22.7) 4 (11.4)
Front 5 (4.5) 2 (5.7)
Nose 21 (19.1) 10 (28.6)
Cheek 8 (7.3) 4 (11.4)
Scalp 7 (6.4) 4 (11.4)
Temple 3(2.7) 0 (0)
Mandible/chin 1 (0.9) 1(2.9)
Lip 2 (1.8) 1(2.9)
Multiple 3(2.7) 2 (5.7)
Neck 0 (0.0) 0 (0)
Trunk 7 (6.4) 2 (5.7)
Upper limp 7 (6.4) 0 (0)
Lower limb 0 (0.0) 0 (0)
Multiple 3(2.7) 2 (5.7)
Metastatic stage 6 (5.5) 2 (5.7)
Histology
Morpheaform 13 (11.8) 8 (22.9)
Nodular 22 (20.0) 5 (14.3)
Infiltrative 39 (35.5) 8 (22.9)
Other 7 (6.4) 2 (5.7)
Unknown 27 (24.5) 12 (34.3)

Values are expressed by frequency (percentage) unless otherwise indicated. CR,
complete response; SD, standard deviation.

vismodegib, which concerned 93 patients (84.5%), were as
follows: cramps (63.6%), dysgeusia (57.3%), alopecia
(51.8%), asthenia (21.8%), weight loss (19.1%) and anorexia
(8.2%). Most of them were mild, with grade 1 or 2 (93.6%)
and a minority were grade 3 or 4 (5.4%) (Tables 1 and 2).

To date, only two patients were still under treatment
with persistent CR after a median follow-up of 13 months
(IQR: 11.0-15.0 months). The vast majority discontinued
vismodegib (108 patients; 98.2%), mainly due to poorly
tolerated AEs.

After obtaining CR, the median follow-up was 21 months
(IQR: 13.5-36.0 months) and 52 patients (48.1%) had
relapsed on the same site. The median RFS (relapse or
death) was 24 months (IQR: 13.0-38.0 months) (Figure 2).
The CR was persistent in 20 patients (18.5%) after a median
follow-up of 24 months (IQR: 16.5-39.5 months) (Figure 1).

Characteristics of patients with rechallenge of SMOi

After relapse, a rechallenge with an SMOi was prescribed to
35 patients (33 patients with vismodegib and 2 with soni-
degib). Their baseline characteristics were comparable to
those of the whole cohort, except for the most frequent
histologic subtype which was morpheaform (eight patients,
22.9%) (Table 1).
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The median duration of retreatment was 6 months (IQR:
4.0-9.3 months) and the ORR after retreatment was 65.7%
(with 34.3% of CR and 31.4% of PR) with a median RFS of
18.0 months. There were also three patients with SD and
eight patients with progression disease (PD). Of the two
patients with sonidegib as second course, one reached CR
and the other progressed (Figure 1).

Among these 35 patients, after a follow-up of 9 months
(IQR: 6.0-15.3 months), 6 patients received a second
rechallenge (third course) of treatment by SMOi. This sec-
ond rechallenge had a median time of duration of 7 months
(IQR: 5.5-13.5 months). A response was observed in two
patients (one with CR and one with PR or 16.7%, respec-
tively), two patients were stable and two others in
progression.

On balance, we observed, on a population with CR only, a
CR rate gradually decreasing to 34.3% (12/35 patients)
during the first relapse, and then to 16.7% during the sec-
ond relapse (1/6 patients).

Concerning tolerance, among the 33 patients with
vismodegib, 23 (69.7%) had at least one AE, compared
to 87.8% of first-course patients. The most common AEs
were cramps (45.5%), alopecia (39.4%), dysgeusia
(39.4%) and weight loss (9.1%). Most of them were
grade 1 or 2, but toxicity was severe (grade 3 or 4) for
six patients (18.2%) with dysgeusia, cramps and weight
loss (Table 2).

Compared to the first course, keeping in mind the lower
median duration, tolerance in terms of appearance (wors-
ening) or disappearance (improvement) of at least one AE
was improved for 13 patients (33.4%), 5 of them with
‘holiday regimen’, and worsened for 10 patients (30.3%)
with 1 patient on ‘holiday regimen’. It was stable for nine
patients (27.3%). Of the 34 persistent AEs during the
rechallenge, 2 were improved (with grade 2 to 1), 25 stable
(with 19 at grade 1 and 6 at grade 2) and 7 worsened (with
grade 1 to 2) (Annexe 1, available at https://doi.org/10.
1016/j.esmoop.2021.100285).

For the two patients under sonidegib, the AEs were
asthenia (grade 2) for one and dysgeusia (grade 3), weight
loss (grade 1) and cramps (grade 1) for the other.

Concerning the 32 patients included with Gorlin syn-
drome, 13 (40.6%) of them achieved CR for the target BCC
compared to 33.4% for sporadic BCCs. This first course had a
median duration of 7.5 months (5.0-13.8 months). The
median time to CR was 9 months (5.0-13.0 months) and
median RFS was 19 months (15.0-24.0 months). Tolerance
was comparable with 90.6% of them who experienced AEs.
A rechallenge was applied to six patients, with five re-
sponses (three patients with CR and two with PR) and one
progression. The retreatment median time was 10 months,
compared to 6 months for the global population with SMOi
rechallenge.

DISCUSSION

The recurrence after vismodegib discontinuation is an
emerging challenge and we report the most important
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Table 2. Treatment-Emergent Adverse Events (TEAEs) related with vismodegib

Patients treated with
vismodegib (n = 303)

Patients treated with vismodegib
with complete response (n = 110)

Patients with vismodegib
rechallenge after discontinuation
and complete response (n = 33)

Patients with adverse events 242 (79.9)

Patients without adverse events 35 (11.6)

Number of events 640

Dysgeusia 169 (55.8) Grade 1/2 164 (54.1)
Grade 3/4 5(1.7)

Cramps 181 (59.7) Grade 1/2 175 (57.7)
Grade 3/4 6 (2.0)

Alopecia 127 (41.9) Grade 1/2 122 (40.3)
Grade 3/4 5 (1.6)

Asthenia 77 (25.4) Grade 1/2 76 (25.1)
Grade 3/4 1(0.3)

Weight loss 59 (19.5) Grade 1/2 56 (18.5)
Grade 3/4 3 (1.0)

Anorexia 27 (8.9) Grade 1/2 27 (8.9)
Grade 3/4 0 (0.0)

Unknown 26 (8.6)

93 (84.5) 23 (69.7)
13 (11.8) 9 (27.3)
244 48
63 (57.3) Grade 1/2 61 (55.4) 13 (39.4)  Grade 1/2 9 (27.3)
Grade 3/4 2 (1.8) Grade 3/4 4(12.1)
70 (63.6) Grade 1/2 68 (61.8) 15 (455) Grade 1/2 14 (42.4)
Grade 3/4 2 (1.8) Grade 3/4 1(3.0)
57 (51.8) Grade 1/2 56 (50.9) 13 (39.4) Grade 1/2 13 (39.4)
Grade 3/4 1(0.9) Grade 3/4 0 (0.0)
24 (21.8)  Grade 1/2 24 (21.8) 2 (6.1) Grade 1/2 2 (6.1)
Grade 3/4 0 (0.0) Grade 3/4 0 (0.0)
21(19.1)  Grade 1/2 20 (18.2) 3(9.1) Grade 1/2 2 (6.1)
Grade 3/4 1(0.9) Grade 3/4 1(3.0)
9(8.2) Grade 1/2 9 (8.2) 2 (6.1) Grade 1/2 2 (6.1)
Grade 3/4 0 (0.0) Grade 3/4 0 (0.0)
4 (3.6) 0 (0.0)

Values are expressed by frequency (percentage).

multicenter study on aBCC with CR and its management.
More specifically, we evaluated the efficacy and the toxicity
of the rechallenge with SMOis due to relapse after initial CR
under first vismodegib course. We chose to study vismo-
degib rather than sonidegib as a first course since it has
been in use for a longer period, in larger cohorts.

Herms et al. first reported 27 patients with rechallenge
following relapse after CR."® The relapse rate after the initial
treatment by SMOi was similar in Herms et al’s and our
study, respectively, 46.6% after a follow-up of 36 months for
Herms et al. and 48.1% after a median follow-up of 21
months (13.5-36.0 months) in our study of 35 patients. The
ORR was 85% (37% with CR) compared to 65.7% in our
study (34.3% with CR).

The main difference is that Herms et al. described 82.4%
of patients who were part of clinical studies (76.5% in the
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Figure 2. Relapse-free survival (RFS) of patients in complete response with
first course of vismodegib.
IQR, interquartile range.
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STEVIE study and 5.9% in the MIKIE trial), which represents
a large proportion compared to our real-life population.
One of the assets of our study is that the cohort selected is
more representative of the clinical practice, with less strict
inclusion or non-inclusion criteria and more patients.

Likewise, the AEs mentioned are also consistent with the
ones observed in previous studies (dysgeusia, muscle
spasm, alopecia, weight loss, loss of appetite and asthenia).
At least one AE was observed for 98% of cases in the STEVIE
study, and for 84.5% in ours. These AEs were commonly not
severe with only 5.4% with grade 3 or 4 but tend to alter life
quality of patients and frequently lead to treatment
discontinuation. Toxicity is for a large part reversible. The
STEVIE study demonstrates that 12 months after treatment
discontinuation, 54.5% of the patients were free of any
AE.”® Guidelines have been published to enable optimal
therapeutic benefits with AEs related to a class effect.”’

In our study based on a comprehensive approach, toler-
ance after rechallenge was improved compared to the initial
course, with 69.7% of patients with at least one AE,
compared to the 84.5% during the first treatment. This
could be explained in part, by the ‘holiday regimen’ treat-
ment administered. This practice is currently often adopted
for the rechallenge, as suggested by recent studies and
other case reports, such as the MIKIE trial by Dréno et al.,
with better tolerance and undiminished efficiency.® In our
study, eight patients (24.2%) were offered ‘holiday regimen’
for the rechallenge. However, this must be weighed against
a treatment duration that remains shorter during rechal-
lenge (5.5 months versus 7 months) as AEs appear within
few months of treatment.

Thus, in our patients initially in CR (35; 100%), a new CR
could be observed in 12 patients only (34.3%) and the PD
rate was 22.9% after rechallenge. The CR rate decreased to
16.7% (one out of six patients) after the second one. For
these rechallenges, the median retreatment times were
similar to those for the initial CR. Beyond this tendency, our
study raises questions about the relapse mechanism and a
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potential secondary resistance and offers therapeutic in-
terest when other options remain extremely limited.

As expected, the proportion of CR was much higher in
patients with Gorlin syndrome than in patients with spo-
radic BCC (40.6% versus 33.4%). This difference may be
explained by the fact the tumors are not necessarily aBCC,
but numerous usual BCCs, the number of which being
considered as equivalent to an aBCC—in the setting of a
genetic syndrome. The other explanation for the better
response rate for Gorlin syndrome patients may be the
unique oncodriving upstream mutation in the SHh pathway,
compared to the selection of cells with somatic SMO mu-
tations in sporadic BCC under therapeutic pressure, result-
ing in secondary lack of efficiency of SMOi.*® Concerning the
rechallenge, we observed in our small sample of six patients
a better ORR (five responses among them) than in sporadic
aBCC, which reveals re-inducible responses in Gorlin syn-
drome patients with rare secondary resistance.’

Results show an ORR in 65.7% of patients with rechal-
lenge after relapse. This residual disease after vismodegib
discontinuation and re-inducible response with this treat-
ment have recently been explored in mice and humans
(with tissue samples). SMOi leads to BCC regression by
cellular differentiation and apoptosis but a small part per-
sists in a quiescent state, characterized by the expression of
Lgr5 (expressed in epithelial stem cells). This expression
depends on the SHh pathway as well as on the Wnt
pathway. This is why it drastically drops with SMOi but
persists at a low level. This has nothing to do with genetic
resistance, as the tumor is not growing during treatment.
However, the relapse after discontinuation is common,
secondary to its re-entrance in the cell cycle proliferation of
the quiescent cells. In studies, new treatment cycles enable
new responses. Lastly, in vivo models have showed a syn-
ergy in the inhibition of both the SHh and Wnt pathway
with an eradication of quiescent cells and the prevention of
tumor relapse.?* >3

Due to a high best ORR, an innovative alternative could
be surgery—the gold standard method—after initial
response (PR or CR). The objective here would be to operate
on patients as soon as eligibility is reached, from a neo-
adjuvant perspective, especially for tumors in sensitive lo-
cations. Some case reports and a preliminary study (11
patients) confirm this idea.>**> Mortier et al. have led a
large study, VISMONEO, on 55 patients treated with vis-
modegib for 4-10 months, until best response before sur-
gery was carried out.?®

Programmed cell death protein 1 (PD-1) immunotherapy
also seemed to show good outcomes in metastatic BCC
treated in first line with systemic therapy including SMOi.
Major expression of PD-1 is secondary to other treatments,
as shown in several case reports.”’-?® Stratigos et al. re-
ported in a phase Il single arm-trial an ORR of 31% on 84
patients with a novel PD-1 inhibitor REGN2810 used in
aBCCs, metastatic or not after SMOi (due to progression or
intolerance).”® A second phase Il trial is in progress, using
pembrolizumab with or without vismodegib (ClinicalTrials.
gov identifier: NCT026909438).
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This study obviously presents some limitations as all
retrospective studies, with data missing and lost to follow-
up. The different assessments were not centrally
reviewed, and CARADERM being recent, the number of
patients is limited, particularly those with rechallenge.
However, these data remain relevant, reflecting the current
population in 40 comprehensive cancer centers in France,
from the largest to the smallest ones.

Conclusion

Our study suggests that rechallenge with SMOi following
relapse after previous SMOi-induced CR is a therapeutic
option, despite slightly degraded efficacy. The biocellular
mechanisms of response and resistance to this approach
have increasingly been identified, such as the relapse and
secondary resistance mechanisms. Combined therapies or
neoadjuvant strategies might therefore be considered in
patients with recurrent aBCC, although further in-
vestigations need to be carried out to confirm these
findings.
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