
Vol.:(0123456789)

Clinical Drug Investigation 
https://doi.org/10.1007/s40261-026-01567-7

ORIGINAL RESEARCH ARTICLE

Assessing the Impact on Health and Productivity Outcomes 
of Anti‑PD‑(L)1 Agents to Treat Early‑Stage Cancers in Italy

Andrea Marcellusi1 · Fabio Calabrò2 · Anna Maria Di Giacomo3 · Fabio Puglisi4,5 · Alessio Cortellini6,7,8 · 
Isobel Thornton9 · Yan Zhi Tan10 · Alessandro Catanzaro10 · Catarina Neves10 · Fabrizio Ascone11 · 
Matilde Franceschini11 · Mario Calandriello11 · Raquel Aguiar‑Ibáñez12 · Yizhen Lai13

Received: 9 December 2025 / Accepted: 14 May 2026 
© The Author(s) 2026

Abstract
Background  Anti-programmed cell death-(ligand) 1 (anti-PD-[L]1) agents are approved for advanced and early-stage can-
cers. While they may offer clinical and economic benefits in the neoadjuvant and/or adjuvant setting, their population-level 
impact in Italy has not been thoroughly evaluated.
Objective  This study aims to estimate health and productivity outcomes of introducing anti‑PD‑(L)1 agents for neoadjuvant 
and/or adjuvant therapy in early‑stage cancers in Italy (melanoma Stage IIB/C, melanoma Stage III, renal cell carcinoma, 
triple‑negative breast cancer and resectable non‑small‑cell lung cancer) over a 10-year horizon.
Methods  We developed a model synthesising outputs from five indication-specific Markov models comparing two worlds: 
one without anti-PD-(L)1 agents use in the neoadjuvant and/or adjuvant settings versus one with their use. Italian-specific 
population and incidence inputs were used, with clinical and quality-of-life data from individual trials, from a societal per-
spective with 3% annual discount. Outcomes included total life years (LYs), recurrence- free (RF)/event-free (EF)/disease-
free (DF) LYs, quality-adjusted LYs (QALYs), number of recurrences/events, metastatic treatments, total deaths and deaths 
after first event/recurrence. Productivity gains were estimated using a human capital approach.
Results  Between 2025 and 2034, 118,329 patients with early-stage cancer were estimated to be eligible for anti-PD-(L)1 
agents in Italy. Compared with no early-stage use, neoadjuvant/adjuvant use was associated with increased total LYs 
(+ 20,458, + 5%), RF/EF/DF LYs (+ 60,631, + 19%), QALYs (+ 21,093, + 6%) and fewer recurrences/events (− 20,209, 
− 33%), metastatic treatments (− 25,220, − 38%), total deaths (− 7137, − 24%) and deaths after first event/recurrence (− 8021, 
− 32%). Productive years gained were 35,897 (+ 30%).
Conclusions  Our study suggests that the use of anti-PD-(L)1 agents in early-stage cancers is associated with substantial health 
and societal gains in Italy. Expanding their use across approved indications translates trial benefits into fewer recurrences, 
deaths and productivity losses, informing national planning and access decision.

Key Points 

Anti-programmed cell death-(ligand) 1 (anti-PD-[L]1) 
agents are used increasingly for advanced cancers, but 
its use in early-stage cancers is relatively understudied, 
despite demonstrating survival benefits.

In this analysis, introducing anti-PD(L)1 agents in the 
early-stage settings is associated with substantial health 
gains.

Additionally, the use of anti-PD(L)1 agents may lead to 
increased productivity for both patients and caregivers.

1  Introduction

There has been a notable increase in the incidence and prev-
alence of cancer across the EU over the past three decades. 
In Italy, the annual number of newly diagnosed cancers has 
risen by approximately 60% since 1995 [1], with at least 
400,000 cases diagnosed each year [2]. In 2022 alone, an 
estimated 407,240 new cancer cases were recorded, with 
breast, colorectal, lung and prostate cancers accounting for 
almost half of these [3]. Between 2010 and 2020, cancer 
prevalence in Italy increased by 27%, likely reflecting both 
rising incidence and longer life expectancy [1]. Despite this, 
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Italy’s age‑standardised cancer mortality was 6% lower than 
the EU average, largely due to medical advances [1]. With 
mortality falling but incidence and prevalence rising, the 
survivorship burden continues to grow in Italy, consistent 
with patterns reported across high-income nations [4]. Simi-
lar to other EU countries, cancer expenditure in Italy has 
steadily increased over the past decade, reaching an esti-
mated €20 billion in 2022 with indirect costs included [5]. 
In January 2023, the National Oncology Plan 2023–2027 
was adopted with a mission to identify and reduce known 
inequalities in cancer detection and care, and to improve 
patient outcomes and strengthen cancer prevention [6]. 
Among its objectives, the plan places an emphasis on the 
early detection of cancers.

Early detection enables treatment at earlier stages of dis-
ease, improving patient outcomes and reducing the overall 
cancer burden [7]. Anti-programmed cell death-(ligand) 1 
(anti-PD-[L]1) agents are already established as the standard 
of care in advanced and metastatic settings in Europe [8–11]. 
More recently, substantial benefits have also been observed 
in earlier-stage settings across multiple tumour types. Clini-
cal trials have shown improved overall survival (OS), pro-
gression-free survival (PFS) and recurrence-free survival 
(RFS) with the use of anti-PD-(L)1 agents versus stand-
ard of care in melanoma Stage IIB/C [12, 13], melanoma 
Stage III [14, 15], renal cell carcinoma (RCC) [16], triple-
negative breast cancer (TNBC) [17, 18] and non-small-cell 
lung cancer (NSCLC) [19–22]. These findings highlight the 
potential of anti-PD-(L)1 agents to alter disease trajectories 
when used in earlier-stage settings, for which they have also 
received reimbursement approval by the Agenzia Italiana del 
Farmaco (AIFA) [23–26].

While better outcomes have been reported for individual 
indications, the potential health and productivity benefits 
from the use of anti-PD-(L)1 agents across multiple early-
stage cancer indications on a population-level in Italy remain 
unknown. Understanding the broader implications of exten-
sive uptake of anti-PD-(L)1 therapies in clinical practice is 
essential, as their use expands beyond metastatic disease into 
early-stage settings. To explore these implications, a model 
was developed to assess the impact of the wide-scale adop-
tion of anti-PD-(L)1 agents for neoadjuvant and/or adjuvant 
treatment in five different early-stage cancer indications 
(melanoma Stage IIB/C, melanoma Stage III, RCC, TNBC 
and resectable NSCLC) over a 10-year period.

2 � Methods

2.1 � Model Overview

A model was developed to estimate the health and pro-
ductivity outcomes of introducing anti-PD-(L)1 agents for 

neoadjuvant and/or adjuvant treatment settings for early-
stage cancers in Italy over a 10-year period, from 2025 to 
2034. The model examined and compared the outcomes 
in two worlds: World without anti-PD-(L)1 agents used in 
the neoadjuvant and/or adjuvant settings versus world with 
anti-PD-(L)1 agents used in the neoadjuvant and/or adjuvant 
settings (Fig. 1). A 10‑year horizon was chosen to capture 
long‑term clinical and societal benefits that require time to 
fully accrue in early‑stage treatment settings [27].

All outcomes were discounted at 3.0%, in accordance 
with AIFA guidelines [28]. The difference in outcomes 
between the two worlds represent the impact of introducing 
anti-PD-(L)1 agents to neoadjuvant and/or adjuvant settings 
(Fig. 1). Results for individual indications were then aggre-
gated to derive the total impact at a multi-indication level.

Five licensed indications—melanoma Stage IIB/C, 
melanoma Stage III, TNBC, RCC and resectable 
NSCLC—were selected and examined in this analysis. 
The model was informed by five indication-specific 
Markov models [29–40]. The models had the same struc-
ture with four mutually exclusive health states (Fig. 2) and 
weekly cycles. The model was harmonised with the same 
model time horizon, weekly cycle length and discount-
ing rates across indications. New incident cohorts were 
assumed to enter the model in the recurrence-free (RF), 
event-free (EF) or disease-free (DF) state on a weekly 
basis, and were subjected to risk of three competing 
events: locoregional recurrence (LR), distant metastases 
(DM) or death, which comprises of all-cause mortality.

A targeted validation exercise was conducted to test 
key model assumptions and inputs. Clinical validation 
comprised of 1:1 discussions with Italian domain experts 
for each cancer site, and included inputs on patient funnel 
and epidemiology, treatment mix, plausibility of survival 
extrapolations, utilities and productivity inputs. Valida-
tion with an Italian health economist was also conducted 
to assess overall model structure, analysis schema, utility 
estimation and approach to productivity loss. Outcomes 
from the exercise informed refinements to selected inputs 
and documentation.

2.2 � Model Inputs

2.2.1 � Population

The analysis was conducted from an anti-PD-(L)1 agent 
class perspective; accordingly, the target population com-
prised of patients eligible to receive anti-PD-(L)1 therapy in 
the perioperative/adjuvant setting. Baseline patient charac-
teristics in the model were informed by the inclusion criteria 
and baseline profiles from pivotal pembrolizumab trials in 
early stage-cancers (Table 1). These trials were used because 
patient-level data were available to parameterise the model, 
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Fig. 1   Analysis overview. The analysis examines the differences in 
outcomes in a world without anti-PD-(L)1 agents used in neoadju-
vant and/or adjuvant settings versus a world with anti-PD-(L)1 agents 
available. Each world is modelled separately, based on a population 

that is anticipated to be eligible for neoadjuvant and/or adjuvant treat-
ment over a 10-year period. Anti-PD-(L)1, anti-programmed cell 
death-(ligand) 1

Fig. 2   Model structure. All indications were modelled separately, following the same four-state Markov model. All patients enter the model in 
the recurrence-/event-/disease-free state and can move to locoregional recurrence or metastatic states. Death is the absorbing state
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whereas comparable data from other early-stage anti-PD-
(L)1 trials were not available.

The population size for each cancer was derived from 
Italian sources and the proportion of patients who are eligi-
ble for treatment with anti-PD(L)1 agents in each indication 
was subsequently estimated using a combination of epidemi-
ology data and clinical expert consultations (Supplementary 
Fig. S1, in Supplementary Materials) [2, 41].

2.2.2 � Treatment Patterns

The treatment mix, defined as the distribution of patients 
across different neoadjuvant and/or adjuvant treatments, was 
informed by market research and expert opinion (Table 2). 
In the world without anti-PD-(L)1 agents, all individuals 
with melanoma Stage IIB/C or RCC were managed through 
watchful waiting, while all patients with TNBC and resect-
able NSCLC Stage II–IIIB were assumed to receive neoad-
juvant chemotherapy. Individuals with melanoma Stage III 
were managed through watchful waiting (56%) or adjuvant 
dabrafenib and trametinib (44%).

In the world with anti-PD-(L)1 use in the neoadju-
vant and/or adjuvant settings, we assumed 100% uptake 
among eligible patients to estimate the potential impact of 
full access to this therapeutic class. The specific anti-PD-
(L)1 agent represented in each indication was determined 
by evidence availability; pembrolizumab was used as the 
proxy where robust comparative evidence across agents 
was not available. For resectable NSCLC Stage I–IIIB, 
where evidence was available to parameterise more than 
one agent, uptake was split 50/50 between pembrolizumab 
and nivolumab. For melanoma Stage IIB–C and Stage III, 
nivolumab was not explicitly modelled because its relative 
efficacy versus other treatments could not be robustly esti-
mated in the absence of a network meta-analysis (NMA) at 
the time of analysis. Therefore, pembrolizumab was used to 
represent the overall impact of perioperative/adjuvant anti-
PD-(L)1 therapy. The treatment mix was held constant over 
the model time horizon for all indications.

Patients who transitioned to the DM state were assumed 
to initiate first-line (1L) metastatic treatment. Treatment 
at this stage was contingent on two factors: (a) which 

Table 1   Pivotal trials informing baseline patient characteristics in the model

N/A not available, NSCLC non-small-cell lung cancer, RCC​ renal cell carcinoma, TNBC triple-negative breast cancer

Indication Melanoma, Stage IIB/C Melanoma, Stage III RCC, postnephrectomy TNBC, high-risk early-
stage

NSCLC resectable Stage 
II–IIIB

Key phase III trial KEYNOTE-716 [12] KEYNOTE-054 [14] KEYNOTE-564 [16] KEYNOTE-522 [17] KEYNOTE-671 [19]
Age (years) 59.3 54.0 58.9 49.0 63.1
Male (%) 60.4% 61.6% 73.3% N/A 70.6%
Trial intervention Pembrolizumab Pembrolizumab Pembrolizumab Pembrolizumab + 

chemotherapy
Pembrolizumab + 

chemotherapy
Trial comparator Watchful waiting Watchful waiting Watchful waiting Chemotherapy Chemotherapy

Table 2   Treatments used in neoadjuvant and/or adjuvant treatment settings for each indication

N/A not applicable, NSCLC non-small-cell lung cancer, PD-(L)1 programmed cell death-(ligand) 1, RCC​ renal cell carcinoma, TNBC triple-
negative breast cancer

Melanoma, Stage IIB/C Melanoma, Stage III RCC​ TNBC NSCLC resect-
able Stage 
II–IIIB

World without anti-PD-(L)1 agents used in the neoadjuvant and/or adjuvant settings
Anti-PD-(L)1 agents 0% 0% 0% 0% 0%
Watchful waiting 100% 56% 100% N/A N/A
Chemotherapy N/A N/A N/A 100% 100%
Dabrafenib + trametinib N/A 44% N/A N/A N/A
World with anti-PD-(L)1 agents used in the neoadjuvant and/or adjuvant settings
Anti-PD-(L)1 agents 100% 100% 100% 100% 100%
Watchful waiting 0% 0% 0% N/A N/A
Chemotherapy N/A N/A N/A 0% 0%
Dabrafenib + trametinib N/A 0% N/A N/A N/A



Impact of Anti-PD-(L)1 Agents for Early-Stage Cancers in Italy

treatment had been previously received in the neoadjuvant 
and/or adjuvant setting and (b) whether re-treatment with 
anti-PD-(L)1 agents in the advanced or metastatic setting 
was permitted. The allowance and timing of re-treatment 
were based on clinical expert input and varied by indica-
tion. In the advanced or metastatic setting, the treatment mix 
was informed by market research and expert opinion and 
assumed to remain constant over the model time horizon.

2.2.3 � Efficacy

To model disease progression, patient movement across the 
four health states (Fig. 2 ) was informed by weekly transi-
tion probabilities derived from the cost-effectiveness models 
developed in line with published AIFA guidance [28–40]. 
Parametric survival curves were fitted to patient-level data 
(PLD) for the interventions (i.e. pembrolizumab-containing 
therapies) and comparators (i.e. watchful waiting or chemo-
therapy) included in the KEYNOTE trials across the five 
indications; these curves were used to estimate the probabil-
ity of transitioning from the RF/EF/DF states to LR, DM, 
or death [12, 14, 16, 17, 19]. All survival extrapolations 
followed standard modelling practices [42], with transi-
tions to death adjusted for background mortality [43]. The 
best fits were selected on the basis of visual fit to observed 
Kaplan–Meier curves during the trial observation period, 
statistical fit using Akaike information criteria, Bayesian 
information criteria and mean squared error, as well as vali-
dation with Italian clinicians to assess clinical plausibility 
(Supplementary Table S1). For the comparator not included 
in the KEYNOTE trials (dabrafenib + trametinib in mela-
noma Stage III), hazard ratios (HRs) from a published NMA 
study of the adjuvant treatment of Stage III melanoma were 
used to estimate transitions from the RF state to other states 
[44]. NMA-based HRs were also used to estimate EF transi-
tions for nivolumab in resectable NSCLC, based on an NMA 
conducted on the basis of trials in perioperative, resectable 
NSCLC [45].

From the DM state to death, several methods were used 
to estimate transitions for the different 1L treatments, 
including parametric models based on PLD or the observed 
median survival, and HRs derived from NMAs when avail-
able. Transitions for each 1L metastatic treatment were then 
weighted on the basis of the treatment mix and subsequently 
aggregated to derive overall transitions.

2.2.4 � Utilities

Health-related quality of life (HRQoL) was incorporated into 
the model by assigning distinct utility values to each health 
state, reflecting differences based on cancer progression 
and recurrence status. Utility values were derived from the 
respective pivotal clinical trials using the European Quality 

of Life Five-Dimension, Five-Level Version (EQ-5D) ques-
tionnaire and, when available, mapped to country-specific 
value sets using either EU or Italian algorithms, with adjust-
ments for age and sex [46]. The impact of treatment-related 
adverse events (AEs) on HRQoL was accounted for by 
applying a one-time reduction in utility (i.e. a disutility) at 
treatment initiation. These disutilities were based on data 
for Grade 3+ AEs with an incidence of 5% or more in the 
respective clinical trials.

2.2.5 � Productivity Losses

To assess the broader societal impact of adopting anti-PD-
(L)1 agents, the model accounted for productivity losses of 
both patients and caregivers using a human capital approach. 
The human-capital approach was used, as it was judged to 
be the most relevant and interpretable approach within the 
Italian context based on expert validation. In contrast, fric-
tion-cost approach, while considered, could not be imple-
mented due to a lack of detailed labour-market parameters 
(e.g. friction period) for Italy. Productivity was measured 
in terms of productive years lost due to illness or caregiv-
ing responsibilities, including both absenteeism (time off 
work) and presenteeism (reduced productivity while at 
work). Both patients and caregivers could experience either 
absenteeism or presenteeism across states. Model inputs 
for absenteeism and presenteeism were first informed by a 
US published survey on the human and economic burden 
of recurrences among patients diagnosed with early-stage 
cancers and thereafter confirmed with Italian clinical experts 
through 1:1 interviews. Productivity losses were greater for 
recurrences or events corresponding to metastatic disease 
rather than event-free or locoregional disease, reflecting the 
severity of late-stage disease [47]. Labour market parameters 
were based on Italian data, with average weekly working 
hours set to 36.2 [48], a retirement age of 67 years [49] and 
an employment rate of 62.4% [50].

2.2.6 � Outcomes

The modelled outcomes included total life years (LYs), RF/
EF/DF LYs, quality-adjusted LYs (QALYs), number of 
recurrences, active metastatic treatments, total deaths, deaths 
after first event/recurrence and productivity losses for each 
world. The impact of introducing anti-PD-(L)1 agents in the 
early-stage setting was estimated by comparing outcomes 
between the two worlds. Results were first generated for each 
individual indication and then aggregated to estimate the 
overall clinical, humanistic and societal impact of adopting 
anti-PD-(L)1 agents in early-stage treatment pathways.

We conducted sensitivity and scenario analyses to test 
uncertainty around key inputs and assumptions, respectively. 
One-way sensitivity analyses (OWSA) were conducted to 
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examine likely influence of parameters pertaining to epi-
demiology, baseline characteristics, utility decrements and 
measures of relative effectiveness on outcomes. For scenario 
analysis, alternative assumptions were explored. The first 
scenario considered a 6-month delay in access to anti-PD-
(L)1 agents in the early-stage setting, reflecting potential 
delays in patient access despite regulatory approval. The 
second scenario applied increasing annual incidence, rec-
ognising that real-world incidence may rise over time, in 
contrast to the static incident cases assumed in the base 
case. Annual growth was derived from the Global Burden 
of Disease Study 2021 [51], with increases of approximately 
0.71% for melanoma, 2.25% for RCC, 2.95% for TNBC and 
2.36% for NSCLC. We also investigated the likely effect of 
a 20% lower anti-PD-(L) 1 uptake (i.e. 80% anti-PD-(L) 1 
uptake).

3 � Results

From 2025 to 2034, 118,329 eligible patients are estimated 
to initiate neoadjuvant and/or adjuvant therapy with anti-
PD-(L)1 agents across five indications in the world where 
anti-PD(L)1 agents are used (Table 3).

The 10-year cumulative impact of early treatment with 
anti-PD-(L)1 agents was calculated for each health outcome, 
with results presented for both worlds alongside the direc-
tional difference and percentage change (Table 4). Across the 
time horizon, the use of anti-PD-(L)1 agents is associated 
with overall health gains across all five indications in the 
analysis, including increases in total LYs (+ 20,458, + 5%), 
RF/EF/DF LYs (+ 60,631, + 19%) and QALYs (+ 21,093, 
+ 6%). The use of anti-PD-(L)1 agents was also projected 
to reduce the number of recurrences or disease progression 
events (− 20,209, − 33%) and to lower the number of active 
treatments required for metastatic disease (− 25,220, − 38%). 

Fewer total deaths (− 7137, − 24%) and fewer deaths follow-
ing first recurrence or disease progression event (− 8021, 
− 32%) were also observed over the modelled period. As a 
result of increased survival and time spent in the RF/EF/DF 
health states, anti-PD-(L)1 use was associated with reduced 
absenteeism and presenteeism among both patients and 
caregivers, leading to a reduction in productive years lost 
(− 35,897, − 30%) (Table 4). The increases in total LYs, EF/
DF/RF LYs and QALYs, together with the reduction in pro-
ductive years lost, accumulated consistently over the 10-year 
period, reflecting the long-term clinical benefits of fewer 
progression events or recurrences (Fig. 3). Similar trends 
were also observed for each indication (Supplementary 
Table S2).

The OWSA indicated that the most influential param-
eters were disease-specific incidences (driving RF/EF/DF 
LY gains), treatment effects of subsequent therapies (driv-
ing reductions in post-recurrence deaths and LY gains) and 
utility values (driving QALY gains). Tornado diagrams for 
selected outcomes are presented in Supplementary Fig. S1.

The 10-year cumulative impact of early treatment with 
anti-PD-(L)1 agents was also calculated under each scenario 
and compared against that of the main analysis (Table 5). 
Outcomes followed expected patterns: a 6-month delay in 
access to anti-PD-(L)1 agents resulted in fewer LYs gained 
(− 10% for RF/EF/DF LYs, − 13% for total LYs), fewer 
QALYs gained (− 13%) and fewer productive years gained 
(− 10%), but higher numbers of events/recurrences (+ 6%) 
and deaths (+8%). Conversely, higher incidence was asso-
ciated with increased absolute gains in LYs (+ 5% for RF/
EF/DF, + 4% for total) and QALYs (+ 4%), as the result of 
a greater number of affected individuals that directly drives 
larger overall gains. Additionally, a 20% lower anti‑PD‑(L)1 
uptake (80% versus 100%) resulted in a proportional reduc-
tion of approximately 20% across all estimated benefits and 
impacts.

Table 3   Estimated number of individuals for the world with anti-PD-(L)1s used in the early-stage setting

Numbers may differ marginally due to rounding-up
NSCLC non-small-cell lung cancer, PD-(L)1 programmed cell death protein (ligand) 1, RCC​ renal cell carcinoma, TNBC triple-negative breast 
cancer
Italics refers to the sum of the values of the individual indications in the rows below

Patients initiating early-stage treatment 2025 2026 2027 2028 2029 2030–2034 Cumulative

All indications 11,107 11,625 11,625 11,625 11,971 60,375 118,329
Melanoma Stage IIB/C 1535 1535 1535 1535 1535 7675 15,350
Melanoma Stage III 2235 2235 2235 2235 2235 11,174 22,349
RCC​ 4565 4565 4565 4565 4565 22,824 45,649
TNBC 1561 1561 1561 1561 1561 7805 15,610
NSCLC resectable Stage II–IIIB 1211 1730 1730 1730 2076 10,896 19,371
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4 � Discussion

This analysis, which focuses on the Italian population, rein-
forces the growing body of evidence on the clinical benefits 
of anti-PD-(L)1 agents in the treatment of early-stage can-
cers. Pivotal trials across multiple tumour types have dem-
onstrated the efficacy of anti-PD-(L)1 therapies in reducing 
recurrence risk and improving long-term outcomes [12, 14, 
16, 17, 19]. Our findings suggest that, over a 10-year period, 
the introduction of anti-PD-(L)1 agents in Italy could gener-
ate substantial health gains, including increases in LYs, RF/
EF/DF LYs and QALYs, and a reduction in mortality. These 
benefits are accompanied by reductions in cancer recurrence 
events and the need for active metastatic treatment, which 
may also translate into lower healthcare resource use for 
advanced disease management. Additionally, an increase in 
productive years of around 30% were estimated, suggesting 
that the value of early intervention with anti-PD-(L)1 agents 
extends beyond direct clinical outcomes to include broader 
economic and societal impacts.

The results of this study mirror that of previous analyses 
in Belgium [52], Switzerland [53] and the UK [54], whereby 
introducing anti-PD-(L)1 agents in early-stage cancers has 
also demonstrated favourable patient and societal outcomes. 
To our knowledge, no prior studies have been conducted to 
quantify the collective, population-level impact of introduc-
ing anti-PD-(L)1 agents across multiple early-stage cancers 
in the Italian setting. In addition to clinical outcomes, it also 
captures productivity impacts at the societal level in Italy, 
aligning to the overarching goals of the National Oncol-
ogy Plan 2023–2027 [6]. Productivity outcomes remain an 
important and often overlooked component of economic 
evaluations, particularly given the substantial and persis-
tent burden of cancer-related productivity losses projected 
across Europe in the coming decades [55]. By examining 
the population-level effects across five tumour types, this 

analysis offers a broader perspective on the clinical and soci-
etal value of early anti-PD-(L)1 treatment, addressing a gap 
in the existing Italian literature where such aggregation has 
not previously been undertaken.

Given the expected rise in cancer incidence in Italy [3], 
the growing economic and humanistic burden highlights 
the need for comprehensive strategies to address and miti-
gate these impacts. The Italian National Oncology Plan 
2023–2027, in alignment with the EU’s Beating Cancer 
Plan, emphasises the importance of measures such as wide-
spread screening, early disease detection and improved 
access to effective treatments to enhance cancer care in Italy 
[6]. Initiatives such as early detection and screening have 
been shown to positively impact patient outcomes [3] by 
enabling earlier access to therapies that have a greater like-
lihood of halting progression. In this context, anti-PD(L)1 
agents have demonstrated significant benefits in early 
stage-cancers, including reductions in recurrence rates and 
improvements in OS [12, 14, 16, 17, 19]. Encouraging full 
adoption of anti-PD-(L)1 agents will help ensure that the 
benefits of early detection and screening translate into more 
substantial health gains for patients.

Expanding the use of anti‑PD‑(L)1 agents represents an 
investment in advancing population health and achieving 
optimal outcomes for those who are clinically eligible. Our 
analysis suggests that long-term savings are likely, driven 
by the anticipated reductions in recurrences and metastatic 
treatments needed with the adoption of anti-PD-(L)1 agents 
in early-stage settings. This finding is consistent with evi-
dence from another Italian study, which reported €121 mil-
lion in indirect cost savings following the introduction of 
immune checkpoint inhibitors for late-stage cancers, largely 
attributable to reduced premature mortality [56]. In addition, 
as clinical experience with anti-PD-(L)1 agents grows—and 
given their generally favourable safety profile and ease of 
administration [57, 58]—transitioning their administration 

Table 4   Health and productivity outcomes with anti-PD-(L)1 agents in neoadjuvant and/or adjuvant settings

A reduction in productive years lost as a result of the introduction of anti-PD(L)1 agents can be interpreted as a gain in productive years
LYs life years, PD-(L)1 programmed cell death protein (ligand) 1, QALYs quality-adjusted life years

Outcome World without anti-PD-(L)1 agents used 
in the neoadjuvant and/or adjuvant set-
tings

World with anti-PD-(L)1 agents used in 
the neoadjuvant and/or adjuvant settings

Difference (%)

LYs—recurrence-/event-/disease-free 323,677 384,308 + 60,631 (+ 19%)
LYs—total 441,040 461,498 + 20,458 (+ 5%)
QALYs 360,221 381,314 + 21,093 (+ 6%)
Events or recurrences 61,755 41,546 − 20,209 (− 33%)
Active treatments for metastatic disease 67,204 41,984 − 25,220 (− 38%)
Deaths—total 29,164 22,028 − 7137 (− 24%)
Deaths after first event or recurrence 25,378 17,357 − 8021 (− 32%)
Productive years lost 119,039 83,142 − 35,897 (− 30%)
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Fig. 3   Annual impact when anti-PD-(L)1 agents are used in neoadju-
vant and/or adjuvant settings on A LYs/QALYs, B event-based out-
comes and C productivity. For C, a reduction in productive years lost 
as a result of the introduction of anti-PD(L)1 agents (Table 4) can be 

interpreted as a gain in productive years. LY life year, PD-(L)1 pro-
grammed cell death protein (ligand) 1, QALY, quality-adjusted life 
year
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to outpatient settings, as recommended in the National 
Oncology Plan 2023–2027 [6], could help relieve capacity 
constraints in hospitals and tertiary centres, thereby expand-
ing patient access.

Cancer diagnoses generally result in reduced quality of 
life (QoL) for both patients [59] and caregivers [60]. Later-
stage diagnoses typically require more aggressive treatment 
regimens and are associated with poorer prognoses, which 
can exacerbate the burden on patients and caregivers [61]. 
The National Oncology Plan 2023–2027, noting that around 
one third of patients are of working age at diagnosis, high-
lights the importance of maintaining QoL throughout the 
entire care pathway [6]. Our findings suggest that adopting 
anti-PD-(L)1 agents in early-stage cancers could help pre-
vent disease progression and reduce recurrences, thereby 

potentially mitigating some of the QoL declines and car-
egiver burden associated with late-stage disease. Timely 
and effective interventions during early-stage disease may 
therefore play a key role in preserving QoL. Such benefits 
are also likely to extend to immediate family members and 
caregivers, helping avert potential negative health and men-
tal health implications [47, 62]. Adoption of effective treat-
ments in early-stage settings should therefore be encouraged 
to meet the overarching aims of the National Oncology Plan 
2023–2027.

There are some limitations in this study. The 10-year time 
horizon used in this model may not fully capture the long-
term benefits of early anti-PD-(L)1 treatment, particularly for 
patients who remain recurrence-free and continue to expe-
rience survival gains beyond this period. Longer horizon 

Table 5   Scenario-based sensitivity analysis presenting health and productivity outcomes with anti-PD-(L)1 agents in neoadjuvant and/or adju-
vant settings

LY life year, PD-(L)1 programmed cell death protein (ligand) 1, QALY quality-adjusted life year
a Difference shows the change relative to the main analysis (Table 4), with positive and negative values indicating increases or reductions, respec-
tively
b Reduction in productive years lost represents a net gain in productive years

Outcome Difference from 
main analysis 
(%)a

Scenario: 6-month delay in access to anti-PD-(L)1 agents
LYs—recurrence-/event-/disease-free − 6267 (− 10%)
LYs—total − 2731 (− 13%)
QALYs − 2632 (− 13%)
Events or recurrences + 1221 (+ 6%)
Active treatments for metastatic disease + 1682 (+ 7%)
Deaths—total + 594 (+ 8%)
Deaths after first event or recurrence + 647 (+ 8%)
Productive years gainedb − 3400 (− 10%)
Scenario: Assume annual increase in incidence for all indications
LYs—recurrence-/event-/disease-free + 2807 (+ 5%)
LYs—total + 717 (+ 4%)
QALYs + 762 (+ 4%)
Events or recurrences − 1459 (− 7%)
Active treatments for metastatic disease − 1474 (− 6%)
Deaths—total − 364 (− 5%)
Deaths after first event or recurrence − 455 ( −6%)
Productive years gainedb + 1680 (+ 5%)
Scenario: Assume 20% lower anti-PD-(L)1 uptake
LYs—recurrence-/event-/disease-free − 12,126 (− 20%)
LYs—total − 4092 (− 20%)
QALYs − 4219 (− 20%)
Events or recurrences + 4042 (+ 20%)
Active treatments for metastatic disease + 5044 (+ 20%)
Deaths—total + 1427 (+ 20%)
Deaths after first event or recurrence + 1604 (+ 20%)
Productive years gainedb − 7179 (− 20%)



	 A. Marcellusi et al.

results will be useful to confirm the sustained benefits but 
would introduce greater uncertainty due to extrapolation. In 
addition, the model used trial data cuts available at the time 
of model development and adopted the best-fitting parametric 
survival extrapolations from the underlying indication-spe-
cific cost effectiveness publications. While more mature data 
from later data cuts can be used to validate these extrapo-
lations, uncertainty in long-term survival remains and may 
affect the magnitude of the estimated outcomes. For all indi-
cations except resectable NSCLC, health utilities were not 
derived from Italy-specific value sets and were instead based 
on the broader EU algorithm, which may not fully reflect 
national preferences. While this may improve the accuracy 
of the impact on HRQoL, the overwhelming improvements 
in quality of life are likely similar regardless of mapping 
algorithms used. Furthermore, estimation of productivity 
gains was conducted based on findings from a US study 
combined with Italian employment inputs. We acknowledge 
potential cross-country differences in productivity impact of 
early-stage cancers for both patients and carers. Collecting 
Italian-specific productivity data would therefore reinforce 
and contextualise our results and provide stronger evidence. 
Lastly, this analysis is limited to a predefined set of early-
stage indications, reflecting the study focus on perioperative/
adjuvant settings and data availability. The model also does 
not account for future treatments, including anti-PD-(L)1 
agents or other novel therapies that may become available 
over the modelled time horizon. Uncertainty in treatment 
uptake assumptions could influence long-term outcomes.

5 � Conclusions

This analysis illustrates the potential health and societal ben-
efits of introducing anti-PD-(L)1 agents in the neoadjuvant 
and/or adjuvant settings in Italy, rather than deferring their 
use to the metastatic setting. By reducing recurrences, pro-
longing recurrence-/event-/disease-free life years and lower-
ing the need for metastatic treatment, early intervention can 
improve health outcomes while also increasing productivity 
among patients and caregivers.

As national strategies continue to focus on earlier detec-
tion and improved outcomes, these findings can support future 
planning and the appropriate allocation of oncology-related 
health care resources. Incorporating the broader value of 
early-stage treatment, both clinical and societal, will be key 
to shaping more effective and sustainable cancer care in Italy.
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