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Purpose: Cutaneous squamous cell carcinoma (CSCC) is a common cancer that in most 
cases is curable with surgery. About 3–5% of patients develop advanced CSCC (aCSCC) and 
are no longer responsive to surgery or radiation therapy. The aim of this study was to assess 
the cost-effectiveness and cost-utility of cemiplimab, the first systemic therapy approved in 
Italy for patients with aCSCC, vs platinum-based chemotherapy from the Italian National 
Health Service (SSN) perspective.
Methods: A partitioned survival model, which included three mutually exclusive health 
states, was developed to estimate costs and outcomes for patients with aCSCC, over a 30- 
year time horizon (lifetime). No direct evidence of the comparative efficacy and safety of 
cemiplimab versus other therapies currently exists. Therefore, a simulated treatment compar-
ison (STC) was conducted to estimate the comparative efficacy of cemiplimab versus che-
motherapy. Individual patient data for cemiplimab were collected from the EMPOWER-CSCC 
1 trial whereas chemotherapy data were derived from a retrospective study. In the STC 
a regression model was used to predict outcomes for cemiplimab in the population observed 
in the comparator study. Costs of drug acquisition/administration and management of adverse 
events were included. Costs and outcomes were discounted at 3% per year. Incremental cost- 
effectiveness ratio (ICER) and incremental cost-utility ratio (ICUR) were calculated; sensitivity 
and scenario analyses were performed to assess the robustness of results.
Results: In the base-case, treatment with cemiplimab was associated with a gain of 4.89 LYs 
and 3.99 QALYs, compared with a platinum-based chemotherapy regimen, resulting in an 
estimated ICER of 27,821 €/LY gained and an ICUR of 34,110 €/QALY gained. Both ICER 
and ICUR were below the commonly used Italian SSN willingness to pay thresholds.
Conclusion: The use of cemiplimab, compared with a platinum-based chemotherapy regi-
men, can be considered a cost-effective option for the treatment of aCSCC patients in Italy.
Keywords: Italian National Health Service, ICER, partitioned survival model, non- 
melanoma skin cancers

Introduction
Cutaneous squamous cell carcinoma (CSCC) represents about 20–25% of non- 
melanoma skin cancer.1,2 Although the incidence of CSCC is not well documented, 
some evidence has shown a rise in incidence by 3% to 7% per year in most 
countries.3,4 The incidence in Italy is not well defined due to the lack of updated 
national data1,5,6 and the last available data from the Italian Cancer Registry 
estimated about 11,000 new CSCC cases in 2018.7–9
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The main risk factors for CSCC are exposure to ultra-
violet radiation, fair skin, advanced age, and 
immunosuppression.1 In 90% of cases, lesions form on 
the sun-exposed parts of the body, such as the face, ears, 
neck, lips, and extremities.1,5,6 The current standard of 
care for localized CSCC is surgical resection after which 
the prognosis is highly favorable with a cure rate of more 
than 90% after 5 years.1,5,6 However, a small proportion of 
patients (3–5%) with localized CSCC develop advanced 
CSCC (aCSCC), which includes metastatic (mCSCC) and 
locally advanced disease (laCSCC) that can no longer be 
cured with surgery or radiotherapy.1,5,6,10

In a recent retrospective analysis of healthcare admin-
istrative data of more than 7 million Italian inhabitants, 
Ronconi et al11 reported a prevalence for aCSCC of 
5.8 per 1 million inhabitants which increases with age, 
reaching 38.6 per million among patients aged 75–79 
years. Advanced CSCC is associated with significant mor-
tality and the prognosis worsens as patients progress, 
particularly toward distant metastasis.12–14 Furthermore, 
aCSCC may result in severe disfigurement, mainly in 
exposed areas, which can negatively impact patients’ 
daily functioning and quality of life.15,16

Advanced CSCC is also associated with a high cost of 
illness, as reported in the study of Marcellusi et al17. This 
analysis, which aimed at assessing the total annual direct 
costs associated with the management of CSCC overall 
and in aCSCC patients in Italy, estimated an annual expen-
diture of about € 24.6 million, of which about € 2 million 
were attributed to patients with aCSCC. This means that 
about 3–5% of patients contribute to more than 8% of the 
total cost. Furthermore, the average annual cost per patient 
was higher in those with aCSCC compared to resectable 
CSCC (€ 3,319 vs € 2,237, respectively).

Historically, there were no approved systemic therapies 
for patients with aCSCC who are not eligible for curative 
surgery or curative radiation. Published survival data with 
chemotherapy and best supportive care report a median 
survival of 15.118 and 4.7 months,14 respectively. To date, 
current Italian guidelines report platinum-based che-
motherapy as a first treatment option as well as the inte-
gration of early palliative care.1

Recently, cemiplimab, a monoclonal antibody that 
binds to the programmed cell death-1 (PD-1) receptor, 
became the first systemic therapy approved by both the 
Food and Drug Administration (FDA) and European 
Medicines Agency (EMA) for the treatment of adult 
patients with mCSCC or laCSCC who are not candidates 

for curative surgery or curative radiation therapy, based on 
the results of the EMPOWER-CSCC 1 study.19 This Phase 
2, non-randomized, 3-group, multicenter study19 enrolled 
193 patients with mCSCC (n=59 in group 1 and n=56 in 
group 3) or laCSCC (n=78 in group 2) who were not 
candidates for curative surgery or curative radiation. 
Patients received cemiplimab (groups 1 and 2: 3 mg/kg 
IV every 2 weeks, group 3: 350-mg IV fixed dose every 3 
weeks) until progression of disease, unacceptable toxicity 
or completion of planned treatment (groups 1 and 2: up to 
96 weeks, group 3: up to 54 weeks). Median progression- 
free survival (PFS) and overall survival (OS) had not been 
reached for all groups at the time of analysis. The 12- 
month event-free probability for PFS was 52.9% (95% CI: 
39.1–65.2), 58.1% (95% CI: 43.7–70.0), and 47.4% (95% 
CI: 26.5–61.3) in group 1, 2, and 3, respectively. The 
probability of OS from baseline through 12 months was 
81.3% (95% CI: 68.7–89.2), 93.2% (95% CI: 84.4–97.1), 
and 76.1% (95% CI: 56.9–87.6) in group 1, 2, and 3, 
respectively.

In the light of these clinical outcomes, the use of 
cemiplimab, which was also recently approved by the 
Italian Medicines Agency (AIFA)20 appears as 
a promising strategy for the treatment of aCSCC patients. 
The aim of this study was to assess the economic implica-
tion associated with cemiplimab by evaluating the 
cost-effectiveness and cost-utility compared with 
a platinum-based chemotherapy regimen in patients with 
aCSCC in Italy.

Materials and Methods
A partitioned survival model was developed to estimate 
cost-effectiveness and cost-utility of cemiplimab (350 mg 
administered intravenously every 3 weeks)19 vs che-
motherapy from the Italian National Health Service 
(SSN) perspective. The target population of EMPOWER- 
CSCC 1 Phase II clinical trial19 was considered in the 
model, namely, adult patients with locally advanced 
CSCC (laCSCC), who are not candidates for surgery or 
radiotherapy, and those with distant and/or regional metas-
tases (mCSCC).

Model Structure
The model included three mutually exclusive (ie patients 
can only be in one state at a time) and collectively exhaus-
tive (ie all patients must be captured in a state) health 
states: pre-progression, post-progression and death 
(Figure 1). At the beginning of the simulation, patients 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                               

ClinicoEconomics and Outcomes Research 2021:13 122

Ghetti et al                                                                                                                                                           Dovepress

http://www.dovepress.com
http://www.dovepress.com


are in the pre-progression health state, where they receive 
either cemiplimab or a platinum-based chemotherapy regi-
men. Over time, patients transitioned directly to the death 
state or the post-progression health state where they 
received post-progression care before moving to the 
death state. The partitioned survival model directly esti-
mates proportions of patients in each health state at each 
time point according to the treatment-specific PFS and OS, 
avoiding the need to estimate transition probabilities.21,22 

PFS and OS times were obtained by calculating the area 
under their respective curves while the time in post- 
progression was calculated as the difference of areas 
under the two curves. This approach is widely used in 
the modeling of advanced carcinoma treatments.21–23

A one-month model cycle was chosen (ie 30.4 days per 
month; 365 days/12 month), given that the Kaplan–Meier 
curves were divided into monthly cycles to generate the 
discrete hazards for PFS and OS, and half-cycle correction 
was applied in the model. The ISPOR/SMDM Modeling 
Good Research Practice guidelines state that the time 
horizon of a model should be long enough to capture 
relevant differences in outcomes across strategies;24 there-
fore, all outcomes were estimated over a 30-year time 
horizon (lifetime), deemed long enough to capture all 
health effects and costs of the treatment of aCSCC 
patients. Furthermore, no patient is expected to be still 
alive at the end of the follow-up period, given the mean 
age of the modeled population (71 years).19 Both effects 

and costs were discounted at 3% per year, in line with the 
Italian guidelines.25

The incremental cost-effectiveness ratio (ICER) and 
the incremental cost-utility ratio (ICUR) for cemiplimab 
versus chemotherapy were calculated and expressed as 
cost per LY gained and QALY gained, respectively.

Microsoft Excel 2010® was used for the development 
of the model (Redmond, WA, USA).

Clinical Inputs
PFS and OS
A systematic literature review was performed to identify 
studies that investigated the efficacy and safety of treat-
ments among patients with aCSCC. Relevant studies 
were identified through searches of Embase, 
MEDLINE, and Cochrane Central Register of 
Controlled Trials, as well as hand searches of relevant 
conference proceedings and online resources such as 
clinicaltrials.gov. The best available evidence for cemi-
plimab was the EMPOWER-CSCC 1 study whose 
results in the three groups were pooled for the purposes 
of this analysis.19 For the chemotherapy comparator 
arm, a study by Jarkowski et al was identified.18 This 
retrospective study reported PFS and OS Kaplan–Meier 
curves for aCSCC patients receiving platinum-based 
chemotherapy, a population that would be comparable 
to those patients that would be eligible for treatment 
with cemiplimab.

Figure 1 Structure of the partitioned survival model. 
Abbreviations: OS, overall survival; PFS, progression-free survival.
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Since the efficacy and safety of cemiplimab in aCSCC 
have not been directly compared against other interventions 
or against placebo within a randomized clinical trial, the 
comparative efficacy of treatments was estimated via an 
indirect treatment comparison (ITC).26 Network meta- 
analysis (NMA) is the most standard form of ITC, however, 
since the only trial available on cemiplimab is the single- 
arm EMPOWER-CSCC 1 study, performing a traditional 
NMA was not feasible.27 Therefore, individual patient data 
(IPD) from the EMPOWER-CSCC 1 study were used to 
perform a simulated treatment comparison (STC).27 This 
approach reflects a population-adjusted indirect comparison 
as recommended by NICE,28 which involves creating 
a model for cemiplimab that was then used to predict PFS 
and OS curves that aligned with the study-specific patient 
characteristics as observed in the study that informed the 
efficacy for chemotherapy. To reliably predict outcomes, the 
STC must adjust for all prognostic factors and effect modi-
fiers. The STC was performed using a Cox model to predict 
cemiplimab PFS or OS for the target population from 
Jarkowski et al18. Initially, models that described PFS or 
OS with cemiplimab as a function of relevant patient char-
acteristics based on IPD were identified. Prognostic factors 
included in the core model for the analysis were identified 
based on a targeted literature review and validated by 
clinical experts. Of these, only age, disease stage and 
tumor site were also reported in the comparator study and 
therefore could be adjusted for in the analyses. These prog-
nostic factors were also validated by oncologists. Additional 
covariates included in an extended model were those that 
were not found to be significant or those that had not been 
studied in CSCC but had been found to be significant in 
other tumor types: gender, ECOG performance score, prior 
systemic therapy, and prior radiotherapy. The fit of the two 
alternative models were compared using the Akaike infor-
mation criterion (AIC). The core model was used in the 
comparison as it was found to better fit the data. 
Subsequently, the absolute treatment effect with cemiplimab 
for the population as in Jarkowski et al27 was estimated 
using the selected model.

Alternative parametric models were fit to the PFS and OS 
of each comparator. We used multiple selection criteria, 
including the plausibility of alternative parametric distribu-
tion based on visual inspection of curves and extrapolation 
trend, and goodness of fit based on deviance information 
criteria (DIC), to select the best-fitting distribution. In parti-
cular, clinical plausibility was assessed based on long-term 
trend and curves that declined over time were preferred over 

curves that plateaued in order to be conservative. For cemi-
plimab the best-fitting distribution that declined over time for 
both PFS and OS was log-normal. For chemotherapy, the 
best-fitting distributions that declined over time for PFS and 
OS were Weibull and Gompertz, respectively.

Given the lifetime time horizon, extrapolation of PFS 
and OS hazard functions was required, as the clinical trials 
did not consistently report PFS and OS for lifetime dura-
tion. Given the ongoing maturity of the cemiplimab evi-
dence, the continuation of the cemiplimab effect beyond 
the maximum treatment duration is currently uncertain. 
Therefore, in the base, it was assumed that the cemiplimab 
hazard will gradually deteriorate (waning effect) between 
24 and 48 months before it is then set to be equal to the 
comparator arm’s hazard. In other words, in the absence of 
long-term data, it was assumed that the effect of cemipli-
mab over time fades away uniformly. The impact of this 
assumption was tested in a scenario analysis.

Utility Values
The EORTC QLQ-C30 data collected from EMPOWER- 
CSCC 1 were mapped to the preference-based EQ-5D 
instrument to derive a utility for the pre- and post- 
progression health states. Base-case utilities were esti-
mated using the Longworth et al29 algorithm, selected 
based on its predictivity ability for populations encom-
passing multiple cancer types, using the Italian tariffs 
described in Scalone et al30 (Table 1). From the ratio 

Table 1 Utilities and Disutilities Incorporated in the Model

Value Source

Utilities for health state

Pre-progression 0.869 EMPOWER-CSCC 1, Longworth 
et al29, Scalone et al30

Post-progression 0.846

Disutilities for AEs

Asthenia 0.073 Nafees et al32

Hypokalemia 0.090 Nafees et al32

Stomatitis or oral 

mucositis

0.151 Lloyd et al33

Neutropenia 0.090 Nafees et al32

Anemia 0.073 Nafees et al32

Thrombocytopenia 0.108 Tolley et al34

Febrile neutropenia 0.090 Nafees et al32
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between the utility values in the pre-progression and post- 
progression health states (Table 1) and the basic utility of 
the Italian population31 (0.926), with the same age and 
gender distribution of patients enrolled in the EMPOWER- 
CSCC 1 trials, a specific multiplier for each health state 
(pre-progression = 0.939, post-progression = 0.914) was 
obtained. These multipliers were applied to the age- 
specific utility of the Italian population31 to account for 
diminishing utilities.

The model also incorporated disutility associated with the 
AEs in the pre-progression health state (Table 1). The loss of 
QALYs per AE was calculated assuming AEs last for 30 days.

Cost Inputs
The analysis was conducted from the perspective of the 
Italian National Health Service (SSN), therefore, only 
direct health costs (drug acquisition and administration, 
disease monitoring, and costs of adverse events) were 
considered (Tables 2–4).

Drug Costs
Drug costs considered in the model include only drug acqui-
sition and administration in the pre-progression health state, 
whereas costs related to post-progression included drug costs 
that were related to routine care. Treatment cost for cemipli-
mab included the acquisition cost (ex-factory price net of 
mandatory discounts)20 and the cost of administration per 
cycle of treatment (DRG 410 in outpatient care,35 reduced by 
90%). The discount on the DRG tariff is a measure to adapt 
the tariff to hospitalization aimed at treating neoplasms with 
innovative and high-cost cancer drugs. The administration 
tariff includes ancillary therapies, any laboratory and instru-
mental diagnostic tests, oncological visit and supervision of 
medical personnel during the infusion phase.36 The cost of 
each cycle of chemotherapy, including both acquisition and 
administration costs, was proxied with the DRG 410 tariff in 
outpatient care35 (Table 2).

As mentioned, the EMPOWER-CSCC 1 protocol 
implemented a stopping rule whereby patients in groups 
1 and 2 of the trial did not receive therapy beyond 96 

weeks. In the model, we applied a maximum treatment 
duration with cemiplimab at 22 months to correspond with 
the trial protocol. This assumption affected only the drug 
acquisition cost of cemiplimab, rather than the outcomes. 
For chemotherapy, a maximum of 6 cycles of 21 days was 
assumed.

Monitoring and Terminal Care Costs
Disease management costs and resource use data are 
shown in Table 3. The frequency of resource use and the 
proportion of patients who use resources in pre- and post- 
progression health states were sourced from an oncologist 
advisory board conducted by Sanofi in the UK (Data on 
file). Unit costs were derived from the Italian reimburse-
ment tariffs for outpatient specialist care services.35 A una 
tantum cost regarding terminal care was also applied for 
all patients. As no end of life data specific to patients with 
CSCC is available, we used data from Scaccabarozzi et al37 

to estimate the proportion of patients who receive terminal 
care at home, in hospital or in hospice.

Adverse Events Costs
The model considered resources used for the management 
of grade 3 or 4 AEs. For the cemiplimab arm, rates of 
grade 3 and 4 AEs were based on all treatment emergent 
AEs from EMPOWER-CSCC 1 study. The proportions of 
patients with each AE were pooled between the groups 
using an inverse weighted variance.

Since there was no connected network of RCTs avail-
able to estimate the relative effects (ie odds ratios), grade 3 
or 4 AE estimates for the chemotherapy comparator were 
based on the unadjusted estimates of AEs from a relevant 
clinical trial. In the case of chemotherapy, since no AEs 
were reported in Jarkowski et al18, or any other trials 
investigating platinum-based chemotherapy in CSCC 
patients, the rate of AEs was sourced from the control 
arm of the Vermorken et al41, 2013 trial, that enrolled 
patients with recurrent or metastatic head and neck squa-
mous cell carcinoma. The study was identified through 
a targeted literature review and was considered the most 

Table 2 Drug Costs Considered in the Model

Posology Acquisition Costs (€) Administration Costs (€) Sources

Cemiplimab 350 mg IV every 3 weeks up to 22 months 6,294.94 per 350 mg vial 37.1 GU n.134/2020,20 

DRG 41035

Chemotherapy 100 mg/m2 IV cisplatin every 3 weeks (up 

to 6 cycles)

371 DRG 41035
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appropriate due to the similarity in severity with CSCC as 
corroborated by experts, as well as being the trial with the 
largest sample size, therefore providing the most power to 
results.

Where available, unit costs per AE were sourced from 
literature; otherwise, specific DRG tariffs, coded through 
the specific diagnosis code, were applied (Table 4).

Sensitivity Analysis
A probabilistic sensitivity analysis (PSA) was conducted to 
assess the impact of uncertainties of input parameters. The 
PSA was performed by simultaneously and randomly 

varying (through 1,000 replications) the values of all para-
meters according to appropriate probability distributions 
(gamma for costs, beta for utilities and probabilities, normal 
for parameters of the PFS and OS distributions). The PSA 
result is presented as an incremental cost-effectiveness plane 
and cost-effectiveness acceptability curve.

Scenario Analysis
A range of scenario analyses were carried out to test the 
robustness of base-case results. Specifically, a variation of 
the following parameters was tested: time horizon (10 and 
20 years), annual discount rate (0% and 5%), maximum 

Table 3 Resource Use and Unit Costs in Pre-Progression, Post-Progression and End-of-Life Health States

Resource Frequency Proportion 
of Patients 
(%)

Unit 
Costs 
(€)

Source

Pre-progression

Surgery One time 15 1,895 DRG 272–27335

Oncologist visit 2 per month 100 20.66 General visit (89.7)35

GP visit 1 per month 100 20.66 General visit (89.7)35

Blood test 2 per month 100 5.75 Venous blood sampling (91.49.2)35 + blood count (90.62.2)35

Palliative RT 0.33 per month 45 987.75 Stereotactic radiotherapy (92.24.4)35

Complex palliative RT 0.33 per month 30 987.75 Stereotactic radiotherapy (92.24.4)35

Radiological 

examination

0.25 per month 100 125.28 CT of the most frequent metastatic sites:7 chest (87.41.1),35 upper 

abdomen (88.01.2),35 head (87.03.1),35 and upper-limbs (88.38.4)35

Post-progression

Palliative surgery, 

following cemiplimab

One time 8 1,895 DRG 272–27335

Palliative surgery, 

following 

chemotherapy

One time 3 1,895 DRG 272–27335

Oncologist visit 2 per month 100 20.66 General visit (89.7)35

GP visit 1 per month 100 20.66 General visit (89.7)35

Blood test 2 per month 100 5.75 Venous blood sampling (91.49.2)35 + blood count (90.62.2)35

Palliative RT 0.33 per month 45 987.75 Stereotactic radiotherapy (92.24.4)35

Complex palliative RT 0.33 per month 30 987.75 Stereotactic radiotherapy (92.24.4)35

Terminal care

At home One time 39 3,798 Regione Veneto38

In hospital One time 8 1,583 Zucco et al39

In hospice One time 53 6,439 Ministero della Salute40
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duration of therapy (until progression), and decrease in 
utility values (subtract the difference between general 
population and health states utilities).

A scenario analysis was also performed where, after 22 
months, hazards of cemiplimab were assumed to be equal 
to the hazards of chemotherapy (Figure 2). This was 
considered an unrealistic and pessimistic scenario as it is 
assumed that the clinical benefit of cemiplimab ceases 
when treatment ends.

An additional scenario was investigated with a naïve 
unanchored comparison between cemiplimab and che-
motherapy. In particular, a naïve analysis was performed 
where parametric models were fit independently to each 
intervention based on the observed data from the relevant 

studies: PFS and OS for cemiplimab were extrapolated from 
the Kaplan-Meier curves built on the data from the last 
available cut-off (October 2018) of the EMPOWER-CSCC 
1 study,19 through the use of parametric distributions. The 
best-fitting distribution was log-normal for both PFS and OS.

Results
Base-Case
Compared with a platinum-based chemotherapy regimen, 
cemiplimab was associated with a gain of LYs (+4.89) and 
QALYs (+3.99) for aCSCC patients, and an increase in the 
total costs of disease management, except for those related 
to AEs (Table 5), resulting in estimated ICER and ICUR 
of 27,821 €/LY gained and 34,110 €/QALY gained, 

Table 4 AEs Rates and Costs for Cemiplimab and Chemotherapy

Grade 3 and 4 AEs Rates (%) Cost per Event (€) Source

Cemiplimab1 Chemotherapy26

Asthenia 2.60 0.00 1,787 DRG 463–46435

Hypokalemia 1.04 7.10 2,053 DRG 296–29735

Stomatitis or oral mucositis 0.00 8.60 585 Lazzaro et al42

Neutropenia 0.00 32.60 511 Mickisch et al43

Anemia 4.17 14.50 1,323 Mickisch et al43

Thrombocytopenia 0.00 7.70 1,323 Mickisch et al43

Febrile neutropenia 0.00 5.20 5,983 Brown et al44

Figure 2 Hazard of progression: comparison between base case and pessimistic scenario.
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respectively. The estimated ICER was below the Italian 
SSN willingness to pay thresholds (WTP) of 60,000 €/LY 
gained45 and the estimated ICUR was below the reference 
value of € 63,358/QALY gained, calculated by applying 
the basic utility of the Italian population31 to the WTP 
thresholds of 60,000 €/LY gained.45

Sensitivity Analysis
The cost-effectiveness acceptability curve shows the prob-
ability that cemiplimab is cost-effective at various will-
ingness-to-pay thresholds, taking into account the 
uncertainty surrounding input parameters in 
a simultaneous manner. Figure 3 shows that at the Italian 
SSN currently used WTP thresholds of 63,358 €/QALY 
gained, cemiplimab is expected to be cost-effective in 
>90% of probabilistic iterations. Furthermore, cemiplimab 
is expected to be cost-effective in >60% of iterations when 
the WTP threshold of 40,000 €/QALY gained identified by 
the Italian Health Economics Association (AIES)46 is 
considered.

The cost-effectiveness plane plots each iteration of the 
probabilistic sensitivity analysis in order to illustrate the 
variation in incremental costs and effects when parameters 
are varied simultaneously within their specified uncer-
tainty boundaries. Figure 4 confirms the robustness of the 
model with the iterations that are symmetrically distribu-
ted around the deterministic value.

Scenario Analysis
Table 6 reports the result of the scenario analyses carried 
out to test the robustness of the base-case.

Discussion
The present study assessed the cost-effectiveness and cost- 
utility of cemiplimab vs platinum-based chemotherapy for 
the treatment of aCSCC patients in Italy. The analysis, 
based on a partitioned survival model, mainly populated 
with clinical data from the EMPOWER-CSCC 1 trial,19 

showed that from the Italian SSN perspective over a 30- 
year time horizon, cemiplimab was associated with 

Table 5 Base-Case Results

Cemiplimab Chemotherapy Cemiplimab vs Chemotherapy

Pre-progression costs (€)

1. Drugs 120,560 1,892 118,668

2. Monitoring 7,902 5,200 2,701

3. AEs 123 966 −843

4. Total 128,585 8,059 120,526

Post-progression costs (€)

5. Monitoring and terminal care 27,015 11,494 15,521

Lys

6. Pre-progression 1.82 1.18 0.65

7. Post-progression 6.05 1.80 4.24

8. Total 7.87 2.98 4.89

ICER (€/LY gained) 27,821

QALY

9. Pre-progression 1.58 1.02 0.56

10. Post-progression 4.88 1.46 3.43

11. Lost due to AEs 0.00 −0.006 0.006

12. Total 6.46 2.47 3.99

ICUR (€/QALY gained) 34,110
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a significant improvement in LYs and QALYs both in pre- 
and post-progression health state as compared to 
chemotherapy.

Even though CSCC is the second most common non- 
melanoma skin cancer, progression to advanced disease is 
rare. It is well acknowledged that drugs developed to treat 
rare diseases may have high drug acquisition costs due to 
large investment in research and development activities and 
therefore they are not cost-effective when measured by the 
standard of care, considering the common WTP 
thresholds.47,48 In our analysis, the estimated ICER (27,821 
€/LY gained) and ICUR (34,110 €/QALY gained) were 
widely below the WTP thresholds for rare diseases of 

60,000 €/LY gained and 63,358 €/QALY gained, 
respectively.45 Furthermore, the ICUR was also below the 
WTP threshold of € 40,000/QALY gained identified by the 
Italian Health Economics Association (AIES)46 for the eva-
luation of health interventions in Italy. In addition, in the 
scenario analyses, ICERs and ICURs were below the WTP 
threshold for rare diseases in all tested scenarios but one. 
Indeed, results were most influenced by removing the 22- 
month treatment cap for cemiplimab, thus assuming treat-
ment with cemiplimab until progression, and at the same time 
assuming continuation of hazard trends for cemiplimab, 
which substantially increased the total cemiplimab drug 
cost and resulted in a much less favorable ICUR versus 

Figure 3 Cost-effectiveness acceptability curve.

Figure 4 Cost-effectiveness plane.
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chemotherapy of 75,270 €/QALY gained. Although it 
remains uncertain how cemiplimab will be used in the real- 
world context, the EMPOWER-CSCC 1 protocol included 
a stopping rule at 96 weeks in those patients receiving 
a weight-based dose of cemiplimab. Given that the modelled 
maximum treatment duration of cemiplimab was 22 months 
and as data to support the efficacy of cemiplimab beyond 22 
months is limited, there may be uncertainty around the long- 
term treatment effect of cemiplimab and the prognosis of 
patients who stop treatment at 22 months. To account for this, 
the base case assumed the long-term treatment effect would 
be limited to 2 years, and beyond this time point, the hazards 
will gradually deteriorate before becoming equal to those of 
the comparator.

Finally, even under the unrealistic pessimistic 
assumption in which at 22 months the hazards of 

cemiplimab were assumed to be equal to the hazards 
of chemotherapy, cemiplimab can still be considered 
a cost-effective option (ICER = 41,580 €/LY gained 
and ICUR = 50,699 €/QALY gained).

In this analysis, we use a three-state partitioned survi-
val model structure, which has the main advantage to align 
with the endpoints as observed in clinical trial, allowing 
time-dependency in the risk of events over time to be 
captured since survival is modelled as a function of time 
since model entry. This implies a closer fit to the actual 
PFS and OS data as observed in the clinical trials for the 
relevant interventions. Although data for cemiplimab are 
immature, using an approach that aligns with the available 
data was important given that anti-PD-1s are expected to 
differ from traditional chemotherapies with respect to the 
mechanism of action, and as a result, the partitioned 

Table 6 Scenario Analysis Results

Parameter Base-Case Scenario Analysis ICER 
€/LY 
Gained

ICUR 
€/QALY 
Gained

Base-case 27,821 34,110

1 Time horizon (years) 30 10 38,379 46,516

2 Time horizon (years) 30 20 28,697 35,150

3 Annual discount rate 
(%)

3 0 23,155 28,510

4 Annual discount rate 
(%)

3 5 31,056 37,972

5 Maximum duration of 
therapy (months)a

22 Until progression 61,384 75,270

And

Extrapolation of PFS 
and OS hazard trend 
for cemiplimab

After 24 months, hazard trends increase 

linearly for 24 months to become equal to 
those of chemotherapy

Hazard trend is extrapolated based on the 

observed effects in the trial for the full- 
time horizon of the model

6 Age-related decrease 
in utility values

Estimated with a multiplier Estimated with a difference 27,821 34,246

Pessimistic scenario analysis

7 Extrapolation of PFS 
and OS hazard trend 
for cemiplimab

After 24 months, hazard trends increase 

linearly for 24 months to become equal to 
those of chemotherapy

Equal to those of chemotherapy after 22 

months

41,580 50,699

Naïve unanchored comparison

8 Method of modelling 
PFS and OS for 
cemiplimab

Simulated treatment comparison Parametric models fitted to each 

intervention on observed data

38,139 46,630

Note: aThis assumption does not affect treatment efficacy but only treatment costs.
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survival approach seems sufficiently flexible to account for 
these differences.

The main limitation of the CEA was that the efficacy 
estimates for PFS and OS were dependent on a single-arm 
clinical trial evaluating cemiplimab, rather than an RCT 
comparing cemiplimab to chemotherapy. Similarly, the 
PFS and OS estimates for the chemotherapy arm were 
based on a non-comparative, single-arm study. Single-arm 
trials on their own do not allow for between-trial compar-
isons of treatment effects among competing interventions, as 
their treatment effects cannot be disentangled from their 
study effects. In an attempt to adjust for between-study 
differences, an STC was performed to explore the impact 
of adjusting for patient characteristics, which reflects 
a population-adjusted indirect comparison as recommended 
by the NICE.28 An alternative scenario was also explored 
where estimated PFS and OS were based on the observed 
data for cemiplimab and chemotherapy.

The present study had other limitations due to data 
availability and assumptions made during the analysis. 
First, given the ongoing maturity of the cemiplimab data, 
there is still some uncertainty on the long-term effect. In 
the base-case, the partitioned survival approach allowed to 
extrapolate PFS and OS hazard trend over 24 months; as 
already mentioned, this assumption was tested in the sce-
nario analysis and confirmed the base-case results.

The results presented in the present article are based on 
preliminary data; therefore, the analyses conducted should 
be repeated when stronger data become available.

Conclusion
Cemiplimab, a human monoclonal antibody, is the first sys-
temic therapy that has been approved by EMA for the treat-
ment of mCSCC and laCSCC patients. The present analysis 
suggests that the use of cemiplimab, compared with 
a platinum-based chemotherapy regimen, which, in the 
absence of a standard of care, can be assumed to be the 
current treatment of choice, is likely to extend life expectancy, 
in pre- and post-progression health state, and to increase the 
quality of life of patients. When considering its costs to the 
Italian health care system, it can be considered a cost- 
effective option for the treatment of aCSCC patients in Italy.
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