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Simple Summary: Data on the long-term outcomes of advanced basal cell carcinoma

patients who achieve complete response (CR) on sonidegib or vismodegib are scarce,

highlighting an unmet need concerning the identification of possible predictors of tumor

recurrence after CR achievement. Our aim was to investigate the clinical and histological

predictors of advanced BCC recurrence in a cohort of locally advanced BCC patients who

achieved CR on sonidegib/vismodegib at 14 Italian tertiary referral centers. We enrolled

106 locally advanced BCC patients, of whom, after a median follow-up of 12 months
(range: 1-70 months), 14/106 patients (13.2%) recurred after CR achievement. High-risk
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histological subtypes and longer time to CR were significantly associated with an increased
risk of relapse and reduced probability of relapse-free survival.

Abstract: Background / Objectives: Long-term outcome data of locally advanced basal cell
carcinoma patients who achieve complete response (CR) on hedgehog pathway inhibitors
(HHIs) are lacking, highlighting a gap in the identification of the predictors of tumor
recurrence. We aimed to investigate the clinical and histological factors associated with
locally advanced BCC recurrence after CR on HHIs. Patients and methods: We performed a
retrospective multicenter observational study at 14 Italian tertiary referral centers (1 January
2016-1 March 2024). Univariate logistic regression was used to investigate the association
between locally advanced BCC recurrence and clinical and histological features. Kaplan—
Meier analysis was used to estimate relapse-free survival (RFS). Results: A total of 106 locally
advanced BCC patients were enrolled, of whom 14/106 (13.2%) experienced relapse after
a median follow-up of 12 months (range: 1-70 months). Low-risk locally advanced BCC
histological subtypes (superficial and nodular) were associated with a decreased probability
of locally advanced BCC recurrence (odds ratio [OR]: 0.15, 95% CI: 0.04-0.51; p: 0.003);
a longer time to CR predicted locally advanced BCC relapse (OR: 1.07, 95% CI: 1.01-1.15;
p: 0.04). Accordingly, locally advanced BCC histology and time to CR significantly impacted
RFS probability. Conclusions: Specific locally advanced BCC histological subtypes and time
to CR predict tumor recurrence after CR on HHISs.

Keywords: advanced basal cell carcinoma; non-melanoma skin cancer; hedgehog pathway
inhibitors; sonidegib; systemic therapy; tumor recurrence; long-term follow-up

1. Introduction

Basal cell carcinoma (BCC) is the most common malignancy in the white population,
and it accounts for 75% of all skin cancers [1]. The majority of primary BCCs can be
successfully treated by surgery and radiotherapy (RT), as well as topical and destructive
treatments for low-risk superficial BCC subtypes [2].

Advanced BCC accounts for less than 1% of all BCC diagnoses, and it includes locally
advanced BCC and metastatic BCC, for which curative surgery or RT is not feasible due
to tumor and/or patient related factors [2,3]. Systemic therapy with hedgehog pathway
inhibitors (HHIs) represents the standard of care for advanced BCC patients [4,5]. Vis-
modegib was the first-in-class smoothened (SMO) inhibitor, and it was granted Food and
Drug Administration (FDA) and European Medicines Agency (EMA) approval for locally
advanced and metastatic BCC [6]. Sonidegib was the second SMO inhibitor to be intro-
duced on the market, and it is approved for locally advanced BCC patients [7], as well as
metastatic BCC in Switzerland and Australia.

The pivotal phase II ERIVANCE and BOLT trials investigated the efficacy and safety
profile of vismodegib and sonidegib, respectively [4,5]. Despite the differences in the
efficacy assessment criteria in the ERIVANCE and BOLT trials, vismodegib and sonidegib
share a similar efficacy profile [8]: the 39-month investigator-assessed objective response
rate (ORR) was 60.3% for locally advanced BCC patients treated with vismodegib [9], and
the 42-month central review-assessed ORR was 56% for locally advanced BCC patients
on sonidegib [10]. Safety analyses have demonstrated the great frequency of treatment
emergent adverse events in almost all advanced BCC patients, with approximately one-
third of the trial population experiencing grade 3 and 4 toxicities [9,10].

Data about the long-term outcomes of advanced BCC patients who achieve complete
response (CR) on HHISs are scarce [11], highlighting a major unresolved clinical question
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on the identification of relevant predictors of tumor recurrence after CR. The recognition
of a patient population more prone to disease relapse, and for whom a tailored follow-up
approach or continuing HHI treatment beyond CR might be beneficial, is likely to improve
the long-term management of advanced BCC patients.

The aim of the present study was to investigate the clinical and histological character-
istics associated with locally advanced BCC recurrence after CR on HHIL

2. Patients and Methods
2.1. Study Design and Data Collection

We performed a retrospective multicenter observational study at fourteen Italian
tertiary referral centers in the period 1 January 2016-1 March 2024. Inclusion criteria were
as follows: adult patients with histologically confirmed locally advanced BCC diagnosis
who achieved CR on HHI treatment (vismodegib or sonidegib). Patients were deemed
to have locally advanced BCC as per the decision of the local multidisciplinary tumor
board of each enrolling tertiary referral center, according to the European guidelines’
recommendations [2]. CR was defined as the absence of clinical and dermoscopic signs
of the target locally advanced BCC lesion, or the absence of residual neoplastic cells
on histology.

The following clinical data were collected: patient’s age and sex, Eastern Cooperative
Oncology Group Performance Status (ECOG PS), locally advanced BCC histological sub-
type (superficial, nodular, morpheiform, basosquamous, infiltrative, and micronodular),
primary tumor site, BCC treatments prior to HHI therapy, the date of HHI start and discon-
tinuation, and the time of CR assessment and of tumor recurrence. For locally advanced
BCC histological subtype classification, single or multiple incisional biopsies of the target
BCC lesion were performed, as per the decision of each enrolling center. In the case of
the diagnosis of two different histological subtypes (e.g., low-risk histology, superficial
and nodular BCC; high-risk histology, morpheiform, basosquamous, infiltrative, and mi-
cronodular), patients were classified as the high-risk histological subtype. The methods
used to investigate tumor recurrence included clinical and dermatoscopic examination
and histology. BCC recurrence was defined as the clinical, dermatoscopic, and histological
evidence of tumor reappearance at the site of the primary locally advanced BCC lesion.
Time to CR was defined as the time from the first dose of HHIs until CR assessment; time
to tumor recurrence was calculated as the time from the first documentation of CR until
locally advanced BCC relapse. Relapse-free survival (RFS) was calculated as the time from
CR assessment until locally advanced BCC relapse or patient death. Patients who did not
experience tumor recurrence or death were censored at the date of the last follow-up visit.

2.2. Statistical Analysis

Continuous variables were reported as median and range; categorical variables were
summarized as numbers and percentages. We applied Fisher’s exact test and the Mann—
Whitney test to detect differences between relapsing and non-relapsing locally advanced
BCC patient cohorts. Univariate logistic regression was used to investigate the association
between locally advanced BCC recurrence after CR and clinical and histological features;
results were presented as odds ratio (OR) and 95% confidence interval (CI). Kaplan-Meier
analysis was used to estimate RFS, and the log-rank test to detect differences between
the curves. A p value < 0.05 was chosen as threshold level of statistical significance. All
statistical analyses were performed with GraphPad Prism, version 10.0.
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3. Results
3.1. Patient Population

We included 106 locally advanced BCC patients who achieved CR on HHIs, out of a
total of 199 locally advanced BCC patients who had been treated with HHIs at fourteen
Italian tertiary referral centers (a subset of these locally advanced BCC patients on HHI
treatment has already been described elsewhere [12]). The median age of our cohort was
78 years (range: 28-97 years), with males accounting for 64.2% (n = 68) of the patient
population (Table 1). BCC lesions were mostly located in the head and neck region (n =79,
74.5%), followed by the trunk and upper and lower extremities (n = 27, 25.5%). Histological
subtypes included superficial and nodular BCCs (low-risk histology) in 66% (n = 70) of
cases, whereas high-risk histological subtypes, including morpheiform, basosquamous,
infiltrative, and micronodular BCCs, accounted for 44% (n = 36) of the locally advanced BCC
diagnoses. Ninety-four patients (88.7%) were treated with sonidegib, and twelve (11.3%)
with vismodegib. Median HHI therapy duration was 18 months (range: 1-37 months),
median time to CR was 8 months (range: 1-34 months), and the median duration of HHI
treatment beyond CR achievement was 6 months (range: 0-22 months) (Table 1).

Table 1. Clinical and histological characteristics of recurring and non-recurring locally advanced
basal cell carcinoma patients.

Variable Overall Cohort = Tumor Recurrence Tumor Recurrence Value
(N=106)  After CR, Yes (N =14) After CR,No(N=92) *
Age (years), median (range) 78 (28-97) 77 (51-97) 78 (28-96) 0.73
Gender, N (%)

Male 68 (64.2) 8 (57.1) 60 (65.2) 0.56

Female 38 (35.8) 6 (42.9) 32 (34.8)

ECOG PS, N (%)
0-1 101 (95.3) 12 (85.7) 89 (96.7) 0.12
>2 5 (4.7) 2 (14.3) 3(3.3)
Immunosuppression, N (%)

Yes 12 (11.3) 3(214) 9 (9.8) 0.19

No 94 (88.7) 11 (78.6) 83 (90.2)

LaBCC site, N (%)

Head and neck 79 (74.5) 8 (57.1) 71(77.2) 0.18

Trunk and limbs 27 (25.5) 6 (42.9) 21 (22.8)

LaBCC histology, N (%)

High risk * 36 (44) 10 (71.4) 26 (28.3) 0.004

Low risk * 70 (66) 4 (28.6) 66 (71.7)

Therapies prior to HHIs, N (%)

Yes 60 (56.6) 9 (64.3) 51 (55.4) 0.57

No 46 (43.4) 5 (35.7) 41 (44.6)
HHI duration (months), median (range) 18 (1-37) 15 (7-20) 18 (1-37) 0.06
Time to CR (months), median (range) 8 (1-34) 12.5 (5-39) 7 (1-32) 0.04

HHIs beyond CR, N (%)

Yes 73 (68.9) 10 (71.4) 63 (68.5) 0.90

No 33 (31.2) 4 (28.6) 29 (31.5)
HHI duration (months), median (range) 6 (0-22) 4.5 (0-16) 6 (0-22) 0.14

Abbreviations: 1aBCC, locally advanced basal cell carcinoma; CR, complete response; ECOG PS, Eastern Coop-
erative Oncology Group Performance Status; HHI, hedgehog inhibitor therapy; N, number; *: morpheiform,
basosquamous, infiltrative, and micronodular; +: superficial and nodular.
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After a median follow-up of 12 months (range: 1-70 months), 14/106 patients (13.2%)
experienced BCC relapse after CR achievement on HHIs (vismodegib n = 5; sonidegib n = 9),
of whom 10 (71.4%) continued HHI treatment beyond CR (vismodegib n = 3; sonidegib
n = 7). We reported a significant difference in the locally advanced BCC histological
subtypes between relapsing and non-relapsing patients, with a higher percentage of high-
risk histological subtypes (morpheiform, basosquamous, infiltrative, and micronodular) in
the relapsing cohort (71.4%) versus the non-relapsing cohort (28.3%), p value: 0.004 (Table 1).
The median time to achieve CR was significantly longer in recurring locally advanced BCCs
(12.5 months [range: 5-39 months]) versus the non-recurring group (7 months [range:
1-32 months], p: 0.04). A nearly significant value was reported comparing the median
duration of HHI treatment between locally advanced BCC patients who experienced tumor
relapse (15 months [range: 7-20 months]) versus locally advanced BCC patients who did
not recur (18 months [range: 1-37 months], p: 0.06). Likewise, we found a tendency towards
a difference between relapsing and non-relapsing patients with regard to the time on HHI
treatment beyond CR achievement, p: 0.14 (4.5 months [range: 0-16 months] and 6 months
[range: 0-22 months], respectively) (Table 1).

3.2. Clinical and Histological Features Associated with Locally Advanced BCC Recurrence
After CR

Low-risk locally advanced BCC histological subtypes (superficial and nodular) were
significantly associated with a decreased probability of tumor recurrence after CR on HHIs
(OR: 0.15, 95% CI: 0.04-0.51; p: 0.003) (Table 2). Also, time to CR significantly predicted
locally advanced BCC relapse after CR achievement (OR: 1.07, 95% CI: 1.01-1.15; p: 0.04),
with an additional risk of 7% per every month increase in the time needed to reach tumor
clearance. We found a nearly significant value with regard to the maintenance of HHI
treatment beyond CR and the risk of relapse, with a trend towards a risk reduction of
9% per every additional month of HHI treatment continuation beyond CR achievement
(OR: 0.91, 95% CI: 0.81-1.00; p: 0.07). Total HHI treatment duration was not significantly
associated with a decline in the risk of locally advanced BCC recurrence after CR (p: 0.11,
Table 2).

The RFS probability of our cohort was 77.8% by the end of the follow-up period
(Supplementary Figure S1), and the median RFS was not reached. The RFS rate was
89.4% for low-risk locally advanced BCC histological subtypes (superficial and nodular);
in line with the logistic regression results, low-risk locally advanced BCC histology was
significantly associated with a higher RFS probability compared to high-risk histology
(hazard ratio [HR]: 0.2, 95% CI: 0.06-0.61; p: 0.002) (Figure 1A). We investigated RFS rates
according to the primary tumor site (head and neck localization versus trunk and limbs):
despite not reaching a level of statistical significance (p: 0.08), lesions located in the head
and neck area presented with a tendency towards a 60% reduction in the risk of tumor
relapse after CR (HR: 0.40, 95% CI: 0.11-1.39) (Supplementary Figure S2). We found a
higher RFS probability for patients who required <8 months to achieve CR after HHI
start, compared to patients who needed >8 months from the first dose of HHI until tumor
clearance (91.6% and 51.8%, respectively; HR: 0.14, 95% CI: 0.047-0.43; p: 0.0003) (Figure 1B).
For patients who continued HHI treatment beyond CR and for >6 months, we reported
an 85% risk reduction in relapse probability, versus patients who stopped or maintained
HHI treatment after CR achievement for <6 months (HR: 0.15, 95% CI: 0.05-0.45; p: 0.0007)
(Figure 1C).
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Table 2. Clinical and histological predictors of locally advanced basal cell carcinoma recurrence after
complete response.

Outcome: Tumor Recurrence After CR

Variable OR 95% CI p Value
Age (years) 0.99 0.95-1.04 0.73
Gender
Female 1.40 0.42-4.39 0.55
Male
ECOG PS 1.35 0.50-3.29 0.51
LaBCC location
Head and neck 0.11 0.76-8.13 0.11
Trunk and limbs
LaBCC histology
High risk * 0.15 0.04-0.51 0.003
Low risk =

Therapies prior to HHI

Yes 0.69 0.19-2.16 0.53
No
HHI duration (months) 0.94 0.86-1.01 0.11
Time to CR (months) 1.07 1.01-1.15 0.04
Time on HHI beyond CR (months) 091 0.81-1.00 0.07

Abbreviations: 1aBCC, locally advanced basal cell carcinoma; CI, confidence interval; CR, complete response;
ECOG PS, Eastern Cooperative Oncology Group Performance Status; HHI, hedgehog inhibitor therapy; N, number;
OR, odds ratio; *: morpheiform, basosquamous, infiltrative, and micronodular; +, superficial and nodular.
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Figure 1. Relapse-free survival probability of patients grouped according to histological subtypes
(low- versus high-risk histology) (A); median time to complete response achievement (B); median
hedgehog pathway inhibitor treatment continuation beyond complete response (C). Abbreviations:
CI, confidence interval; CR, complete response; HHI, hedgehog pathway inhibitor; HR, hazard ratio.

4. Discussion

The present study investigated the clinical and histological features associated with
locally advanced BCC recurrence after CR achievement on vismodegib or sonidegib treat-
ment. We identified histological subtypes (low-risk versus high-risk histology) and time
to CR achievement as relevant predictors of tumor recurrence; accordingly, these factors
along with the continuation of sonidegib or vismodegib treatment beyond tumor clearance
significantly impacted the RFS probability of the locally advanced BCC patient population.

In our cohort, 13.2% of patients (14/106) experienced tumor relapse after a median
follow-up of 12 months. This percentage is considerably smaller compared to the results
reported by Herms et al. [13] and Bassompierre et al. [14], who observed a relapse rate
of 46.6% after a median follow-up of 34.9 months and of 48.1% after a median follow-up
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of 21 months, respectively (Supplementary Table S1). Our patient population underwent
a median follow-up of 12 months only, with a limited number of patients reaching the
end of the follow-up period. Also, a significant proportion of our cohort (n = 73, 68.9%)
continued HHI treatment beyond CR achievement, whereas in two French retrospective
studies, patients discontinued vismodegib upon or shortly after aBCC clearance (median
time of 1 month). Altogether, these factors may explain our limited tumor relapse rate. The
maintenance of HHI therapy beyond CR achievement significantly affected the RFS rates,
with a risk reduction for patients continuing HHI > 6 months compared to patients who
stopped or underwent treatment duration for <6 months after CR. An Italian multicenter
retrospective study on vismodegib continuation after clinical CR achievement in advanced
BCC patients reported a similar result, with longer disease-free survival rates for patients
who continued HHI treatment beyond CR (Supplementary Table S1) [15]. Another retro-
spective observational study by Scalvenzi et al. [16] enrolled locally advanced BCC patients
who reached tumor clearance on vismodegib treatment: for patients who continued low-
dose vismodegib beyond CR (once-weekly vismodegib administration for 1 year after CR),
no advanced BCC recurrences were observed during a 1-year follow-up period. HHIs lead
to tumor regression via the inhibition of the proliferation and apoptosis of cancer cells [17];
nevertheless, a small subset of tumor cells is able to persist in a quiescent state, and it is
responsible for driving BCC recurrence after treatment discontinuation [18]. Extending
HHI treatment beyond CR achievement is likely to put a brake on locally advanced BCC
relapses. Further prospective studies are needed to provide optimal guidance on the long-
term management of advanced BCC patients after CR: the ongoing phase II open-label
SONIBEC trial (NCT04806646) is expected to clarify the unmet need of a tailored HHI
schedule after CR, maximizing treatment efficacy and balancing tolerability.

In the present study, longer time to CR achievement and high-risk advanced BCC
histology significantly predicted tumor recurrence: it is possible that patients with these
tumor characteristics present with a biologically more aggressive disease subset warranting
a short follow-up schedule. Previous studies [12,19,20] reported an association between
high-risk BCC histological subtypes (morpheiform, basosquamous, infiltrative, and mi-
cronodular) and disease progression on HHI treatment, highlighting the complexity of
treatment success and higher risk of relapse for this patient group. With regard to the
basosquamous BCC histology, it has recently been described as a pre-existing and HHI-
resistant cellular population that is marked with the surface antigen LYD6, and it is likely to
drive the poor clinical outcomes of this BCC subtype [21]. We reported a nearly significant
figure with regard to the locally advanced BCC primary tumor site and the RFS rates of
our cohort: patients presenting with locally advanced BCCs located in the head and neck
area were less likely to experience tumor recurrence after CR. This finding is in line with
the French retrospective study by Herms et al. [13], which found a greater relapse rate for
advanced BCCs arising in areas different from the head and neck localization. Chronic
ultraviolet (UV) light exposure is less prominent for advanced BCCs located on the trunk
and limbs; BCCs on different body sites might display a different molecular signature that
could possibly affect the RFS rates after tumor clearance on HHISs.

The assessment and grading of treatment emergent adverse events was beyond the
scope of the present manuscript, as was the investigation of the reasons for sonidegib or
vismodegib discontinuation and the implementation of subsequent lines of therapy in
case of advanced BCC recurrence, such as HHI rechallenge, anti-programmed-death-1
(PD-1) immunotherapy, surgery, or RT. We acknowledge that these factors, as well as the
retrospective nature of our multicenter study, are limitations.
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5. Conclusions

In conclusion, our study provides further insights into the identification of predic-
tive factors of locally advanced BCC recurrence after CR achievement on sonidegib or
vismodegib treatment. Patients requiring longer time to CR and presenting with high-risk
BCC histological subtypes are likely to represent a more aggressive BCC population which
warrants a tailored long-term management; the continuation of HHI treatment beyond CR
achievement positively affects the RFS rates of locally advanced BCC patients.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/cancers17111840/s1, Figure S1: Relapse-free survival probability
of the overall cohort; Figure S2: Relapse-free survival probability of patients grouped according to
tumor site; Table S1. Summary of studies investigating advanced BCC relapse after CR on HHIs.
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