
HAL Id: hal-04102456
https://hal.univ-lille.fr/hal-04102456v1

Submitted on 22 May 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Vismodegib in neoadjuvant treatment of locally
advanced basal cell carcinoma: First results of a

multicenter, open-label, phase 2 trial (VISMONEO
study): Neoadjuvant Vismodegib in Locally Advanced

Basal Cell Carcinoma.
Nicolas Bertrand, Pierre Guerreschi, Nicole Basset-Seguin, Philippe Saiag,

Alain Dupuy, Sophie Dalac-Rat, Véronique Dziwniel, César Depoortère, Alain
Duhamel, Laurent Mortier

To cite this version:
Nicolas Bertrand, Pierre Guerreschi, Nicole Basset-Seguin, Philippe Saiag, Alain Dupuy, et al.. Vis-
modegib in neoadjuvant treatment of locally advanced basal cell carcinoma: First results of a multi-
center, open-label, phase 2 trial (VISMONEO study): Neoadjuvant Vismodegib in Locally Advanced
Basal Cell Carcinoma.. EClinicalMedicine, 2021, 35, pp.100844. �10.1016/j.eclinm.2021.100844�. �hal-
04102456�

https://hal.univ-lille.fr/hal-04102456v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


EClinicalMedicine 35 (2021) 100844

Contents lists available at ScienceDirect

EClinicalMedicine

journal homepage: https://www.journals.elsevier.com/eclinicalmedicine
Research paper
Vismodegib in neoadjuvant treatment of locally advanced basal cell
carcinoma: First results of a multicenter, open-label, phase 2 trial
(VISMONEO study)

Neoadjuvant Vismodegib in Locally Advanced Basal Cell Carcinoma

Nicolas Bertrand, MDa,1,*, Pierre Guerreschi, MD, PhDb,1, Nicole Basset-Seguin, MD, PhDc,
Philippe Saiag, MD, PhDd, Alain Dupuy, MD, PhDe, Sophie Dalac-Rat, MDf,
V�eronique Dziwniel, PhDg, C�esar Depoort�ere, MDb, Alain Duhamel, MD, PhDh,
Laurent Mortier, MD, PhDi

a Univ. Lille, CHU Lille, Oncology Department, Lille, France
b Univ. Lille, CHU Lille, Plastic and Reconstructive Surgery Department, Lille, France
cHôpital Saint Louis AP-HP, Dermatology Department, Paris, France
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A B S T R A C T

Background: Surgery is the primary treatment for basal cell carcinoma (BCC). In locally advanced basal cell
carcinoma (laBCC), surgery may cause functional or aesthetic damage. In laBCC, neoadjuvant administration
of vismodegib, an inhibitor of the Hedgehog signaling pathway, may reduce tumor size, facilitate resection,
and reduce functional and aesthetic consequences of surgery. The VISMONEO study assessed efficacy and
safety of vismodegib in neoadjuvant treatment of laBCC.
Methods: VISMONEO (NCT02667574) is an open-label, noncomparative, multicenter, phase 2 study. Patients
with �1 histologically confirmed facial BCC, inoperable or operable with functional or major aesthetic
sequelae risk, were included. Oral vismodegib 150 mg was administered once daily for 4 to 10 months before
planned surgery, which was performed once the best response under vismodegib was observed. Primary
endpoint was percentage of patients with BCC with tumor downstaging following surgical resection after
neoadjuvant vismodegib. Downstaging was defined according to a 6-stage surgical classification related to
the aesthetic and functional consequences of surgery.
Findings: 55 patients (median age: 73 years) with laBCC were included from November 2014 to June 2015. At
inclusion, 4 patients were inoperable, 15 were operable with a major functional risk, and 36 were operable
with a minor functional risk or a major aesthetic risk. Mean size of target lesion was 47.3 mm (SD: 27.2 mm).
44 patients presented with downstaging after vismodegib treatment (80%; 95% confidence interval [CI], 67 to
90). Of these 44 patients, 27 had a complete response (25 proved by biopsy). Mean treatment duration was
6.0 months. Overall Response Rate according to RECIST 1.1 criteria was 71% (95% CI, 59 to 88). At 3-years of
follow-up, 16/44 patients had known recurrence (36%; 95%CI, 22 to 51).
Interpretation: Neoadjuvant vismodegib allows for a downstaging of the surgical procedure for laBCCs in
functionally sensitive locations.
Funding: VISMONEO was funded by F. Hoffmann-La Roche Ltd.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

At present, vismodegib is prescribed only until disease progres-
sion in inoperable patients.

Two prospective studies have focused on neoadjuvant indi-
cation for laBCC. However, they did not demonstrate the inter-
est of neoadjuvant vismodegib.

The level of evidence for use of neodadjuvant vismodegib in
laBCC was low.

Added value of this study

Our study met the primary endpoint defined by the protocol:
80% of patients were eligible for a downstaging surgery proce-
dure after vismodegib.

To our knowledge, VISMONEO is the first clinical trial that
shows the interest of vismodegib in neoadjuvant setting.

Implications of all the available evidence

Vismodegib can be a treatment selection in the context of
laBCC, guiding the subsequent strategy, depending on the qual-
ity of the response and the patient's preferences (monitoring,
closing surgery, revision surgery).

Further studies should determine the exact place of the neo-
adjuvant strategy to improve local control of laBCC.
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1. Introduction

Basal cell carcinoma (BCC) is the most common skin malignancy.
According to studies, it is estimated that 80% of BCCs touch the face
[1]. The most affected areas of the face are nose (45%), eye (13%), and
ear (10%) [2].

Surgery cures most cases of BCC, but a few patients may progress
to life-threatening, unresectable, locally advanced basal cell carci-
noma (laBCC) or to metastatic basal cell carcinoma (mBCC) [3]. If
additional surgical resection is not possible, radiation therapy may be
used [4,5]. Still, the 2019 version of the European consensus�based
interdisciplinary guidelines for the treatment of BCC, considers sur-
gery as the first-line therapy in all types of BCCs [6].

The incidence of laBCC is not well known. In a recent US retro-
spective study, 0.8% of BCC were laBCC [7]. LaBCC can be associated
with significant morbidity from chronic pain, risk of bacterial infec-
tion, and bleeding. If not treated, the tumor grows and can cover a
large area of skin. The progression may be destructive, especially if
the tumor is located on the face, which may require more complex or
potentially mutilating surgery. In some patients, tumor invasion may
progress to involve critical organs, such as the meninges, brain, and
spinal cord, and result in death [8,9].

The majority of BCC tumors, including laBCC, harbor genetic alter-
ations in the Hedgehog signaling pathway that lead to abnormal
pathway activation and uncontrolled cellular proliferation [10,11]. As
the principal driver in BCC pathogenesis and progression, the Hedge-
hog signaling pathway represents a key therapeutic target [12,13].

Vismodegib binds to and inhibits Smoothened, a transmembrane
protein involved in Hedgehog signal transduction. In the phase 1
SHH3925g study, a tumor response to vismodegib was observed in
>50% of patients with advanced BCC [14]. In the pivotal phase 2 ERIV-
ANCE BCC trial of vismodegib objective response rate (primary end-
point) was 48.5% in the mBCC group (all partial responses) and 60.3%
in the laBCC group (20 patients presented with complete response
and 18 patients with partial response) [15�17]. Another Hedgehog
signaling pathway inhibitor, sonidegib, has been marketed, following
the results of the BOLT study [18].

At present, vismodegib is prescribed only until disease progres-
sion in inoperable patients. As with many targeted therapies, there is
a risk of secondary progression under vismodegib. In the ERIVANCE
BCC study, according to the investigator's assessment, median time
to maximum tumor reduction was 6.7 and 5.5 months, respectively,
for patients with laBCC and mBCC [20]. If these patients become oper-
able once the best response is obtained, surgery could prevent further
progression. Moreover, some facial laBCCs are operable only with
major aesthetic or functional consequences [19].

Basal cell carcinomas outside the neck and head, even when large,
can be operated on without such sequelae.

For facial laBBC, the size of the lesion is not a relevant outcome to
assess treatment success because it does not reflect the aesthetic and
functional consequences of surgery. A dedicated surgical risk classifi-
cation is therefore necessary.

The initial use of vismodegib in patients with laBCC, over a short
period of 4 to 10 months, could reduce the complexity of surgical and
anesthetic procedures, and the functional and aesthetic morbidity of
surgery. The purpose of VISMONEO (NCT02667574), a phase 2 study,
was to reduce the tumor size of laBCC of the face by using vismodegib
in a neoadjuvant setting and therefore to allow for downstaging of
the surgical procedure.
2. Methods

2.1. Surgical risk classification

In order to foster a relevant evaluation of vismodegib in the neo-
adjuvant setting, an innovative classification of surgical procedures
according to their morbidity was defined for the purpose of this
study. For each patient, the complexity of anticipated surgical proce-
dures was determined at baseline and after the neoadjuvant treat-
ment according to six predefined stages: stage A, inoperable disease;
stage B, surgery responsible for major functional sequelae; stage C,
surgery responsible for minor functional or major aesthetic sequelae;
stage D, surgery responsible for minor aesthetic sequelae; stage E,
surgery without aesthetic consequences; and stage F, complete
response. For each area of the face, the different types of surgery and
their corresponding stages were used in order to decrease investiga-
tor-linked variability (Table 1).

This classification was developed in France by the reconstructive
surgery team of the University Hospital of Lille and was validated by
the reconstructive surgery teams from Saint-Louis and Angers Uni-
versity Hospitals. In a second step, the classification was validated
from photos, with the plastic surgery community before the start of
the VISMONEO trial. A panel of 60 cases of cutaneous carcinomas of
the face has been constituted. 12 experts from French reference cen-
ters for the treatment of skin cancers were recruited. Reproducibility
was considered excellent for stages A and D, and average for stages B
and C [20,21].
2.2. Patient eligibility

The eligible patients were aged �18 years, had adequate organ
function, and had an Eastern Cooperative Oncology Group perfor-
mance status of �2. Patients with BCC of the face who presented with
stage A, B, or C were included. Other inclusion criteria were BCCs
with a diameter of �3 cm in zones at intermediate risk of tumor
recurrence (ie, forehead, cheek, chin, neck, and scalp) and BCCs with
a diameter of �2 cm in the zones at higher risk of tumor recurrence
(ie, nose and periorificial sites of the cephalic extremity) [22]. At least
one lesion had to be confirmed histologically. The decision to include
patients in this study was taken during a multidisciplinary team



Table 1
Definition of surgery stages.

Stage A Stage B Stage C Stage D Stage E Stage F
Inoperable disease
-

Surgery causing a major
functional sequelae

Surgery causing a minor
functional sequelae or a
major aesthetic sequelae

Surgery requiring a
reconstruction with
aesthetic sequelae

Controlled wound
healing or direct suture

Complete response

Inoperable Subtotal or total trans-
fixing loss of sub-
stance of the upper
and the lower lip

Subtotal or total trans-
fixing loss of sub-
stance of the upper or
the lower lip

- Transfixing loss of sub-
stance ranging from 1/
3 to 2/3 of the upper
or the lower lip
- Loss of substance
requiring a skin graft

Transfixing loss of sub-
stance of less than 1/3
of the upper or the
lower lip

Complete Response

Inoperable Total nasal amputation Total ala or total colu-
mella transfixing loss
of substance

- Partial ala of the nose
Partial columella

- Loss of substance
requiring a skin graft

N/A
Complete Response

Inoperable - Exenteration
- Transfixing loss of
substance of more
than a half of the
upper eyelid and
more than a half of the
lower eyelid

Transfixing loss of sub-
stance of more than a
half of the upper eye-
lid or more than a half
of the lower eyelid

Transfixing loss of sub-
stance ranging from 1

=4 to 1/2 of the upper
eyelid or from 1=4 to 1/2
of the lower eyelid

Transfixing loss of sub-
stance of less than 1=4

of the upper or the
lower eyelid

Complete Response

Inoperable N/A Total ear pinna
amputation

Partial loss of substance
of the ear pinna

Partial loss of substance
enabling a direct
suture

Complete Response

Inoperable N/A N/A Loss of substance requir-
ing a thin skin graft or
a total skin graft

Controlled wound heal-
ing or direct suture

Complete Response
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(MDT) meeting which determined that radiotherapy was an inade-
quate treatment for the target lesions.

2.3. Study design

VISMONEO (NCT02667574), an open-label, noncomparative, mul-
ticenter, phase 2 study of neoadjuvant vismodegib in patients with
laBCC, was designed by the GCC (Groupe de Canc�erologie Cutan�ee)
and funded by F. Hoffmann-La Roche Ltd.

Inclusions were conducted from November 2014 to June 2015.
During the inclusion period, the type of surgical procedure to be per-
formed was decided at the MDT meeting, before patients received
vismodegib. A MDT validation was performed during the inclusion
period.

The treatment period lasted 4 to 10 months. The enrolled patients
received continuous once-daily oral dosing of vismodegib 150 mg.
One cycle of therapy was defined as 28 days of treatment. The treat-
ment was renewed once per month depending on patient tolerance
to the treatment. Photographs of the lesions were taken according to
a standardized procedure and the investigators decided whether to
pursue or to interrupt treatment. Treatment was interrupted if there
was some disease progression (as determined by the investigator),
unacceptable toxicity, consent withdrawal, death, or reasons deemed
appropriate by the physician. Dose interruption for up to 4 weeks
was allowed so that patients could recover from toxic effects.

Best observed response was defined as the absence of any modifi-
cation of the tumor size during �2 evaluations after regression of the
BCC. The treatment was interrupted for 20 days before the patient
underwent surgery. The changes in surgery stages and procedures
from baseline to posttreatment were reported.

Patients had eight follow-up visits within 3 years after the sur-
gery: every 3 months during the first year and then every 6 months
during the next 2 years. The collected data were analyzed and
reported for 3 years after the surgery. The intent of this follow-up
was to estimate tumor recurrence at the tumor site and the percent-
age of new BCC occurrence. The primary endpoint was the proportion
of BCC in intent-to-treat (ITT) patients with a downstaging of the
surgical procedure after vismodegib neoadjuvant treatment (with a
maximum treatment period of 10 months).

Treatment success was defined as a downstaging of the surgical
procedure by �1 lower level of complexity (for example, from a stage
A surgical procedure to a stage B surgical procedure). This downstag-
ing should lead to a significant tumor decrease, which would require
a less complex surgical procedure and therefore less extensive func-
tional and aesthetic consequences. Secondary endpoints included
tumor response criteria according to Response Evaluation Criteria in
Solid Tumors (RECIST) v1.1[23], quality of life (QoL) measured by
Skindex-16 score, and safety, using the National Cancer institute
Common Terminology Criteria for Adverse Events (NCI-CTCAE), v4.0.
Skindex-16 scores varied from 0 (best QoL) to 100 (worst QoL) and
were reported in three domains: symptoms, emotional effects, and
effects on functioning. A linear mixed model was implemented, tak-
ing into account all the Skindex-16 scores available, from baseline to
the 10th visit. A 10-point difference constitutes a clinically meaning-
ful change.

Evaluation of the tumor recurrence rate after 3 years of follow-up
was another secondary endpoint.

The trial protocol was approved by a French independent ethics
committee (Comit�e de Protection des Personnes) and by French
National Agency for the Safety of Medicines and Health Products
(ANSM). All the patients provided written informed consent. The trial
was conducted in accordance with the latest version of the Declara-
tion of Helsinki, with the Good Clinical Practice guidelines of the
International Conference on Harmonisation, and with relevant
French laws and directives.

2.4. Statistical analysis

This is a phase 2 trial conducted according to the Fleming one-
step design. The sample size calculation was based on this design. P0:
20% of the patients will be operable with a less morbid surgery than
the one proposed at baseline by the RCP (M0); P1: 40% of the patients
will be operable with a less heavy surgery than the one proposed at
baseline by the RCP (M0).



Fig. 1. CONSORT flow diagram.

Table 2
Patient characteristics at screening (n=55).

Parameter Information Description

Age (years) Mean (SD)
Median
Range

72.4 (§ 12.5)
73.1
[35.5 to 95.2]

Sex Men (%)
Women (%)

28 (50.9)
27 (49.1)

Patient with previous treatment of
the target lesion

n (%) 3 (5.5)
1 by radiotherapy
2 by surgery

Patient with surgical history of BCC n (%) 46 (83.6)
Average number of surgical history of

BCC per patient
Mean (SD)
Median
Range

2.5 (§ 1.7)
2.0
[1.0 to 7.0]

ECOG PS PS 0
PS 1
PS 2
PS 3

32 (58.2)
19 (34.6)
3 (5.5)
1 (1.8)

Location of the target lesion -Nose, n (%)
-Mouth, n (%)
-Eye, n (%)
-Ear, n (%)
-Other zone of the
face, n (%)

7 (12.7)
1 (1.8)
19 (34.5)
8 (14.5)
20 (36.5)

Size of the largest axis of lesion Mean (SD)
Median
Range

47.3 (§ 27.2)
40.0
[15.0 to 130.0]

Surgery stage at inclusion A, n (%)
B, n (%)
C, n (%)

4 (7.3)
15 (27.3)
36 (65.5)

QoL questionnaire (Skindex-16) at V1 N
Mean (SD)
Median (IQR)
Range

46
26 (§ 23.7)
18.0
[0.0 to 86.0]

BCC, basal cell carcinoma; ECOG PS, Eastern Cooperative Oncology Group performance status; IQR, interquar-
tile range; QoL, quality of life; SD, standard deviation.
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By using the Fleming one-step test and by setting a type I error
risk at 5% and type II error risk at 10%, the number of patients to be
recruited was fixed at 55 (47 according the sample size calculation
rounded to 55). Data were analyzed using the SAS software (version
9.4, SAS Institute Inc, Cary, NC, USA) and all statistical tests were per-
formed with a significance level of 5%.
2.5. Role of the funding

The Hoffman-La Roche Foundation provided the product (vismo-
degib) and financial support. The scientific and legal aspects of the
study were the responsibility of the promoter, Lille University Hospi-
tal (CHU de Lille).



Table 3
Primary and secondary efficacy endpoints and treatment duration.

Outcome Locally advanced basal cell
carcinoma

Downstaging procedure (ITT) (%) 95% CI 44/55 (80%) [67 to 90]
Downstaging procedure after �4 months of vismodegib 35/42 (85,7%) [71 to 95]
Overall Response Rate according to RECIST 1.1 criteria 39/55 (70,9%) [59 to 83]
Complete Response 14/55 (25,5%) [14 to 37]
Partial Response 25/55 (45,5%) [32 to 59]
Stability 16/55 (29,1%) [17 to 41]
Progression 0/55 (0%) [0 to 5]
Improvement of Skindex score at each cycle 2.07/visit
p-value <0.0001

Duration of treatment (months) 6.0 (§ 2.3)
Median 6.0

3-Year follow-up of target lesion, for success group patients (N=44)
Recurrence 16/44 (36,4%) [22 to 51]
Response ongoing 10/44 (22,7%) [10 to 35]
Lost to follow-up without any known recurrence 12/44 (27,3%) [14 to 40]
Died without any known recurrence 6/44 (13,6%) [3 to 24]

CI, confidence interval; ITT, intent to treat.

Fig. 2. Changes of surgery stage between the screening and the end of treatment period (n=55). Each arrow or square represents a patient. A square means no change in treatment
whereas an arrow signals a change in surgery stage after neoadjuvant treatment.
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3. Results

3.1. Patients

We enrolled 55 patients over a period of 8 months, at 17 sites in
France (see Fig. 1). 7 patients had BCC on the nose, 19 on the eyes,
one on the mouth, 8 on the ears and 20 on another localization of
the face. Concerning the severity of the lesions, 4 were classified
stage A, 15 stage B and 36 stage C. The mean size of the target lesion
was 47.3 mm (§ 27.2 mm), and the median age of patients was
73 years. Of the 55 enrolled patients, 46 patients had a surgical his-
tory of laBCC, one patient had previous radiotherapy, and 21
patients had other BCCs (on average 2.2 non-target lesions). No
patient had metastatic BCC and 3 patients presented with Gorlin
syndrome. Patients’ characteristics at screening are detailed on
Table 2.
Fig. 3. Examples of responses after neoadjuvant vismodegib 1a = Baseline: stage C
(surgery causing minor functional sequelae or major aesthetic sequelae) b = After 7
months of vismodegib: stage F (complete response confirmed by biopsy) 2a = Baseline:
stage B (surgery causing major functional sequelae) b = After 10 months of vismodegib:
stage B (clinical improvement but no modification of surgery).
3.2. Treatment exposure

From the initiation to the cessation of treatment, patients were
exposed to vismodegib for a median of 6.0 months (§ 2.3 months).
Treatment discontinuation was mainly due to observation of best
response (n=37), treatment toxicity (n=7) or progression of disease
(n=4).
3.3. Efficacy

In the intent-to treat analysis, this study met its primary endpoint
of surgical downstaging (Table 3). 44 patients (80.0%, 95% confidence



Table 4
Description of adverse events.

All grade Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Any 54 98% 12 22% 30 55% 11 20% 0 1 2%

Dysgeusia 43 78% 18 33% 22 40% 3 5% 0 0
Muscle spasms 40 73% 22 40% 16 29% 2 4% 0 0
Alopecia 35 64% 26 47% 9 16% 0 0% 0 0
Fatigue 21 38% 15 27% 6 11% 0 0% 0 0
Weight loss (or decrease) 15 27% 9 16% 5 9% 1 2% 0 0
Diarrhea 7 13% 6 11% 1 2% 0 0% 0 0
Cytolysis 7 13% 4 7% 0 0% 3 5% 0 0
Appetite loss (or decrease) 7 13% 4 7% 3 5% 0 0% 0 0
Arthralgia 6 11% 3 5% 3 5% 0 0% 0 0
Constipation 4 7% 4 7% 0 0% 0 0% 0 0
Hypogeusia 4 7% 2 4% 2 4% 0 0% 0 0
Dyspepsia 4 7% 3 5% 0 0% 1 2% 0 0
Hyponatremia 4 7% 2 4% 1 2% 1 2% 0 0
Dyspnea 4 7% 1 2% 2 4% 1 2% 0 0
Anemia 4 7% 1 2% 2 4% 1 2% 0 0
Vomiting 3 5% 2 4% 1 2% 0 0% 0 0
Pruritus 3 5% 2 4% 1 2% 0 0% 0 0
CPK elevation 3 5% 2 4% 1 2% 0 0% 0 0
Oral dryness 3 5% 3 5% 0 0% 0 0% 0 0
Cough 3 5% 3 5% 0 0% 0 0% 0 0
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interval [CI]: 67 to 90) had a better surgical stage at the end of treat-
ment compared with the one at screening. 11 patients (20.0%, 95% CI:
10 to 33) had the same or a worse stage at the end. As a 95% CI was
considered as the minimum success level, positive results after vis-
modegib were significantly greater than 20%. Details are shown on
Fig. 2, and examples of evolution under vismodegib on Fig. 3.

In the per-protocol analysis (patients receiving from 4 to 10
months of vismodegib), the positive results after vismodegib were
maintained.

23 patients had a closing surgery after vismodegib treatment, and
one radiotherapy. 7 patients refused surgery, and 2 were inoperable
(stage A).

27 (49%) patients had a clinical complete response, of which 25
were proven by biopsy (two patients refused biopsy) after neoadju-
vant treatment. On these 27 patients, 6 underwent surgery of the
total scar lesion and 21 did not.

The duration of treatment did not differ between the success
group (patients with downstaging of the surgical procedure) or the
failure group (6.1 months § 2.1 vs 5.6 months § 3.2; p=0.53).

The average initial target lesion size was 45.8 mm (20�130 mm) for
the success group patients and 53.1 mm for the failure group patients
(20�120mm) (p=0.50). After 4 to 10months of vismodegib, the average
target lesion size was 15.2 mm (�66%) for the success group patients
and 37.6 mm for the failure group patients (�29%) (p=0.0002) as mea-
sured by RECIST v1.1. Overall Response Rate was 71% overall (95% CI, 59
to 88), 82% for the success group, 27% for the failure group (p=0.0004).

3.4. Safety

Of the 55 patients, 54 patients (98.2 %) had �1 adverse event
occurrence after vismodegib administration. Among these 54
patients, 42 had grade 1/2 adverse events and 11 had grade �3
adverse events. Patients had on average 6.4 (§ 3.6) adverse events.
The most frequent adverse events were dysgeusia, muscle spasms,
alopecia, fatigue, and weight loss (Table 4).

One patient died of massive hemoptysis secondary to lung cancer
(discovered during the trial).

3.5. Quality of life

A significant decrease in the total SKINDEX-16 scores over time
was found. The mean baseline score was 26.0 (standard deviation:
23.7). In the linear mixed model taking into account all the Skindex-
16 score measures available from baseline to 10th visit, a significant
decrease of total score over time was found (p<.0001). In this model
performed from 54 patients with at least baseline and one follow-up
measures, mean score decreased by 2.07 points per month.

3.6. Follow-up

At 3 years of follow-up, in the success group patients (n=44), 10
presented no recurrence. 16 had recurrence (2 died with recurrence).

12 were lost to follow-up without any known recurrence. 6
patients died without any known recurrence.

Among patients with complete response after vismodegib (stage
F), 8 presented no recurrence, 7 had recurrence (1 died with recur-
rence). 9 were lost to follow-up and 3 died, without any known
recurrence for all of them.

In the success group patients, who presented no complete
response (stages C-D-E), 2 had no recurrence, 9 had recurrence (1
died with recurrence).

3 were lost to follow-up, and 3 died, without known recurrence.
In the failure group, of the 11 patients who did not respond to vis-

modegib, at 3 years of follow-up, 3 did not relapse after closure ther-
apy. 7 had a recurrence or progressive continuation of the lesion. One
patient left the study. 4 of the patients died.

Complete data are shown on Supplementary Materials Appendix 1.

4. Discussion

Our study met the primary endpoint defined by the protocol: 80%
of patients were eligible for a downstaging surgery procedure after
vismodegib.

To our knowledge, VISMONEO is the first clinical trial that shows
the interest of vismodegib in neoadjuvant setting. Two prospective
studies have focused on this neoadjuvant indication. However, they
did not demonstrate the interest of neoadjuvant vismodegib because
of lack of statistical power [24,25]. Other retrospective studies have
been conducted but without any significant results [26].

The main endpoint was based on a surgical classification using the
functional and aesthetic prognosis of the surgery. Validated by plastic
surgeons, it was implemented because other endpoints such as
tumor size did not fully reflect the morbidity of laBCC and has shown
good reproducibility. This classification was created.
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In our trial, 5 patients presented a partial response according to
RECIST v1.1 criteria but had no downstaging, because the tumor size
reduction was not sufficient to reduce the morbidity of surgery. They
therefore presented a failure of the strategy. Additionally, 4 patients
with stable disease according to RECIST v1.1 (due to scarring) pre-
sented a complete histologic response (stage F). These elements con-
firm the relevance of this classification.

The success group patients, as defined by the surgical classifica-
tion, had a mean 66% reduction of the size of their target lesion
according to RECIST v1.1 criteria, versus 29% for the failure group
ones. These rates are higher than in previous studies of vismodegib,
such as ERIVANCE BCC, probably because this study focused on less
advanced cases. Unfortunately, one patient had a worse surgical stage
after the neoadjuvant strategy. With the exception of this case,
patients with no improvement in surgical downstaging still benefit-
ted from the neoadjuvant treatment with a mean reduction in tumor
size of 29%. This may be because of the lower risk of resistance to vis-
modegib due to the short prescription period. Besides, once the best
response was observed, patients were eligible for surgery, to avoid
secondary progression.

The common adverse events observed in this study were gener-
ally similar to those highlighted in prior studies on vismodegib; these
included dysgeusia, muscle spasms, alopecia, fatigue, and weight loss
[17,27,28]. However, the severity of these adverse events was lower
in our study with fewer events of grade �3 (20% grade �3 events in
VISMONEO vs more than 50% in previous vismodegib studies). In the
ERIVANCE BCC study, the incidence of the AEs generally increased
with longer durations of exposure to vismodegib [15,16]. The limita-
tion of vismodegib exposure in our study may explain this difference
(6.0 months in VISMONEO versus 12.7 months in ERIVANCE BCC for
the laBCC cohort). In our study, vismodegib was stopped when the
best response was observed, in order to limit exposure. Monthly clin-
ical monitoring enables this strategy. Serious adverse events were
reported, including a fatal adverse event in one patient. The death
was considered as unrelated to vismodegib� the patient had pre-
sented with massive hemoptysis in connection with lung cancer.

There is a significant and clinically relevant improvement of Ski-
dex-16 score in the study (score decrease by 49%), as already shown
in the STEVIE study [29].

In our study, 27 patients (49%) presented with a complete clinical
response and 25 of them with a confirmed histological response
proved by biopsy (Stage F). 21 patients were followed, without clos-
ing surgery (six patients had one). Indeed, the investigators were free
to propose or not a scar surgery, in the event of a complete response.

Of the 4 patients considered to be inoperable (stage A) at baseline,
3 presented a response permitting secondary surgery.

This trial included an elderly population (median age was 73
years). 12 patients died at 3 years follow-up. In this fragile popula-
tion, nearly half of the patients were followed, without any closing
surgery. We consider this an important outcome for these patients
where anesthesia can be complicated and postoperative recovery
more difficult. Nevertheless, the tolerance of vismodegib should be
closely monitored, as this drug may have side effects, especially in
elderly patients, in terms of nutrition and locomotor function.

We had difficulty monitoring these fragile patients, many of
whom were lost to follow-up. We do not know if the patients who
interrupted their follow-up did so because their target lesions were
controlled (17 patients in the success group at 3 years follow-up,
none in the failure group).

It seems essential to monitor these patients regularly because, in
our study, many of them were eligible for subsequent treatment (sur-
gery, radiotherapy, recovery of Hedgehog inhibitor, antiPD1).

This phase 2 trial attests to the feasibility of the neoadjuvant strat-
egy, which provides clinical benefits for patients: downstaging of the
surgical procedure and reduction of Skindex-16 scores.
Vismodegib can be a treatment selection in the context of laBCC,
guiding the subsequent strategy, depending on the quality of the
response and the patient's preferences (monitoring, closing surgery,
revision surgery).

Few data exist on the quality of local control in the laBCC [27]. The
absence of systematic closure surgery, and the poor quality of follow-
up data do not make it possible to determine the exact place of the
neoadjuvant strategy to improve local control of laBCC.

While VISMONEO has demonstrated the feasibility of neoadjuvant
vismodegib in the management of laBCC, other studies have to spec-
ify its efficacy in terms of local control, and the place and modalities
of closing surgery.
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