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Background: Aim of our study is to evaluate the economic impact of NASH among diabetic population in Italy and potential benefits
of treatments that can slow the disease progression.

Methods: A Markov model was conducted from the Italian National Healthcare System perspective reporting results at 3, 5, 10 and
15 years. The model included NASH and T2DM patients with all stages of fibrosis (F0-F3), compensated cirrhosis (CC), decom-
pensated cirrhosis (DCC), hepatocellular carcinoma (HCC), liver transplant (LT), post-LT and death. A 1-year model cycle length was
considered, with each patient passing through the stages and exiting the model when reached one of mortality states. Transition
probabilities and annual cost related to health states were derived from published literature. Moreover, the model made it possible to
develop a scenario analysis to simulate the impact of treatments capable of slowing the disease progression in phases F0-F4 (CC).
Results: The results highlighted an economic burden of NASH in T2DM patients of approximately € 1.4 billion, € 3.1 billion, and €
9.4 billion, respectively, after 3, 5 and 10 years, reaching about € 17.3 billion after 15 years. The slowing down of the progression in
the early stages of the disease (fibrosis FO-CC) has led to significant savings corresponding to € 2.3 billion at 15 years. These savings
were generated by the reduction of the patients in the advanced stages of the disease, which is linked to a reduction in deaths, equal to
92,208 deaths avoided over a 15-year time horizon.

Conclusion: Patients with NASH and T2DM reported an important burden in Italy. It is important to investigate the potential clinical
and economic benefits of antidiabetic drugs that have been shown to be effective in preventing the transition to advanced disease,
simultaneously acting on the therapeutic goals of diabetic disease.
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Introduction

NAFLD and his progressive more aggressive form, non-alcoholic steatohepatitis (NASH), will represent a new public
health challenge in the coming years, ranging their prevalence between 20% and 30% among adults in western world
(estimated prevalence of 2-3% in the general population), and with a growing trend as well." A 2016 study, performing
a projection of the development of the disease in several countries, identified for Italy, all ages, a prevalence of 25.4%
rising to 29.5% up to 2030, as well as an analogous pattern for NASH prevalence, from 4.4% to 6.3, in the same period.’
NAFLD is therefore recognized as the most prevalent chronic liver disease worldwide. It is defined by the presence of
hepatic steatosis, diagnosed by either imaging or histology, and concomitant lack of secondary causes of liver disease
(ethanol abuse, long-term use of a steatogenic medication, monogenic hereditary disorders). In the Mediterranean area,
NAFLD is more common in men in the third and fourth decade of life (70%) than in women, but the women’s protection

is lost after the onset of menopause. The clinical importance of NAFLD is also linked to the independent effect of
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promoting cardiovascular damage, which is added to one of the metabolisms itself. Furthermore, NAFLD seems to be
associated with an increased risk of cancer (hepatocellular cancer), not only in the liver. Finally, the presence of steatosis
in itself represents an additional factor of hepatic suffering in patients with acute or chronic liver disease of other
etiology, conditioning its evolution and often interfering with treatments.

NASH is distinguished from NAFLD by the presence of inflammation and hepatocyte ballooning, and later of
fibrosis.>* The fibrosis stage and its evolution are related to the clinical risk of progression to cirrhosis and long-term
liver-related outcomes and mortality, as well as to the increase in healthcare and social costs of the disease.” The
pathology accounts for about 75% of all chronic liver disease in USA and represents a potentially underlying cause of
hepatocellular carcinoma (HCC) in 14.1% of all cases.®” In the near future, NALFD and NASH are expected to become
the most common liver transplant indication. The management of hepatic steatosis and advanced nonalcoholic steato-
hepatitis is costly and early diagnosis need to be improved to avoid the economic burden associated with disease
progression. The economic burden of the disease is very relevant: the GAIN study, a real-world data analysis that
collected direct medical, direct non-medical, and indirect costs associated with NASH among Europe and USA, detected
mean total annual per patient cost, respectively, of € 2763, € 4917, and € 5509.% As far as Italy is concerned, a recent
study has evaluated the healthcare resource utilization and costs associated with patients with NAFLD/NASH and
advanced liver disease (defined as NAFLD/NASH patients with compensated cirrhosis (CC), decompensated cirrhosis
(DCC), liver transplant (LT), or hepatocellular carcinoma (HCC)). The researchers looked at data from 9729 Italian
patients with NAFLD/NASH who were hospitalized between 2011 and 2017 and identified 131 individuals (1.3%) with
CC, 303 (3.1%) with DCC, 11 (0.1%) with LT and 79 (0.8%) with HCC.” NAFLD/NASH patients with advanced liver
disease were hospitalized on average 4.2—4.4 times per year, compared with 2.9 times for those without advanced disease
(p < 0.05). Within the study cohort, the increase in annual health-care costs per NAFLD/NASH patient due to the
progression of the disease towards advanced stages was observed: this increase varied from 1.9 times in case of
hospitalization for diagnosis of CC, to 4.2 times for patients diagnosed with HCC; moreover, a 6.2-fold increase in
costs was observed when comparing the patient with transplant versus the uncomplicated one.’

NASH is firmly related to type 2 diabetes mellitus (T2DM). Patients that suffer both T2DM and NASH tend to be
more inclined to risk for adverse clinical outcomes, which results in a higher risk for mortality and morbidity.'*"'* T2DM
is a relevant public health problem worldwide due to its growing prevalence and socioeconomic burden. In 2019 in Italy
there were more than 3.6 million diabetic patients (prevalence: 6.1%) with a mean diabetes-related health expenditure per
person of $2849."> In addition, the prevalence of diabetes is also increasing year-on-year, with an estimated 4 million
patients by 2030."> Diabetes represents the most important risk factor for both NAFLD and NASH: the estimated global
prevalence among diabetic patients is 55.48% for NAFLD, and 37.3% for NASH.'® A recent study was able to develop
a model that predicts significant clinical and economic burden due to population with NASH and type 2 diabetes over the
next 20 years in the USA. It is highly likely that interventions reducing morbidity and mortality in NASH patients with
T2DM could potentially reduce this projected clinical and economic burden.'® The association between diabetes and
NASH therefore represents a threat to sustainability of chronic care costs in the coming years and it will therefore be
necessary to intervene, also pharmacologically, as early as possible to prevent its development.

Aim of our study is to evaluate the economic impact of non-alcoholic steatohepatitis among diabetic population in
Italy from the Italian National Healthcare System (INHS) perspective and evaluate the benefits of a possible disease
progression slowing in the early stages.

Materials and Methods
Model Design

A burden of illness analysis based on a Markov model with a 15-year time horizon was conducted with the aid of an
analytical support developed in MS Excel® and in compliance with the methodological guidelines published by the
International Society for Pharmacoeconomics and Outcomes Research (ISPOR).'” The Italian National Healthcare
System (INHS) perspective has been adopted with results at 3, 5, 10 and 15 years. This study is based on
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a simulation model starting from previously published literature data. For this reason, it did not require review and
approval by an institutional review board or ethics committee.

A prevalence module was used to define the overall target population of patients with NASH and T2DM in Italy. The
Markov model was then constructed considering specific health states referring to the natural evolution of the disease.
The model included NASH patients with all stages of fibrosis along with the advanced stages of disease. In detail, the
following health states were used in the Markov model: NASH with no fibrosis (F0), fibrosis stage 1 (F1), fibrosis stage 2
(F2), fibrosis stage 3 (F3), compensated cirrhosis (CC), decompensated cirrhosis (DCC), hepatocellular carcinoma
(HCOQ), liver transplant (LT), year-LT (yLT), post-LT (PLT), and death. Three absorbing mortality states were considered:
liver related (LRM), cardiovascular (CVM) and background mortality (BM). A 1-year model cycle length was
considered, with each patient passing through the stages and exiting the model when reached one of mortality states.
Within each cycle, the transition between health states was assumed to take place in the sixth month. For economic
evaluation, the cost of one state was therefore adopted for the first half of the cycle and the cost of the subsequent state
for the second half.

Death health state was managed in the same way, the dead patients abandoned the model; however, their economic
evaluation took place considering the death occurred in the middle of the year thus using the health state cost prior to the
death for six months. The economic impact was expressed for the total target population and per patient. The results were
expressed at 3,5,10 and 15 years, reporting the clinical effects of the disease evolution in these intervals and the estimated
cumulative costs. The quality of life correlated to different health states and how the disease progression affects the
patient over time was also considered. The model also made it possible to develop a scenario analysis to simulate the
clinical and economic impact of the use of therapies capable of slowing the disease progression in phases FO-F4 (CC),
before the development of more advanced complications.

Population and Transition Probabilities
Starting from the total Italian population in 2021, based on recent national epidemiological data,'®'’ the T2DM
diagnosed population was obtained. The prevalence rate of NAFLD (67.97%) and NASH (37.3%) in the diabetic
patients were then applied, leading to the target population of interest for the study.'® The prevalent NASH population
with T2DM as of 2021 in Italy was inserted in the model, and NASH prevalence was considered for all stages of fibrosis.
As for prevalence module the NAFL state was not considered, patients entered the model at NASH FO and remained in or
transitioned to another health state at the end of the cycle, with the possibility of progressing through the model to the
stages of fibrosis NASH F1-F3, CC, DCC, HCC, year of liver transplant (yLT), and PLT; three absorbing mortality states
(liver related, cardiovascular, and background mortality were adopted). The Meta-analysis of Histological Data in Viral
Hepatitis (METAVIR) scale was adopted to define the prevalence of NASH, considering any degree of fibrosis from
stages 0—4, where stage 4 is represented in the model as CC.?° Model predicted that every year patients transitioned to
a different state (or remained in the same state) based on the associated transition probability and that they exited the
model upon reaching one of three mortality states, Table 1. Transition probabilities were drawn from the literature.'*'®
These probabilities were obtained by balancing the relative risk of advanced fibrosis, cirrhosis, cardiovascular mortality
for patients with type 2 diabetes compared to the general population.'®'

Patients would then progress through the model according to appropriate transition probabilities until reaching one of
the three absorbing mortality states. For the analysis of the quality of life associated with the different health states and
the evolution over time, utilities data from the literature were used.®

Cost Inputs

Adopting the INHS perspective, the model considered as input data only the direct health-care costs, with the aim of
obtaining the annual direct average cost associated with each health state and the burden of NASH among diabetic
population in Italy. Annual cost related to health states was derived from published literature specific to the Italian
context. In detail, the costs referred to the NASH F0O were calculated based on national cost data referred to the diagnosis
and monitoring of this stage in Italy,”* cost of F1-F3 states and CC state were taken from multinational cost of illness
studies,® including Italy, while the costs referred to DCC, HCC, 1LT, PLT from Italian studies.”>?° In the literature
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Table | Annual Transition Probabilities for Prevalence of NASH Patients with T2DM

Health FO Fl F2 F3 | CC DCC HCC yLT PLT LRM CVM BM
State

FO 86% | 6% 3% 2% 1% - 0% - - 0% 1% 2%
Fl 2% | 89% | 4% 2% 0% - 0% - - 0% 1% 2%
F2 1% 4% | 85% | 3% 3% - 1% - - 0% 1% 2%
F3 - 4% 4% | 76% | 9% - 1% - - 2% 3% 2%
CC - - - 4% | 78% 10% 1% - - 2% 3% 2%
DCC - - - - - 54% 3% 12% - 25% 5% 2%
HCC - - - - - - 48% 15% - 28% 7% 2%
yLT - - - - - - - - 88% 7% 3% 2%
PLT - - - - - - - - 89% 7% 2% 2%

Abbreviations: CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver transplant; yLT, year-LT; PLT, post-LT; LRM, liver-
related mortality; CVM, cardiovascular mortality; BM, background mortality.

studies, the health state costs per-patient were estimated using national unit price, costs were calculated considering the
consumption of health resources related to the management and monitoring of the NASH patients (medication,
hospitalizations, consultations, tests, and procedures used for the diagnosis and follow-up of the disease and surgical

interventions).
Table 2 shows the health state costs considered for the development of the analysis.

Utilities Inputs

The model also considered the health-related quality of life associated with the evolution of the disease. To conduct this
evaluation, data was sought in the literature. In the absence of specific data for the Italian population, utility values were
adopted from international literature, considered applicable to the Italian context.' Table 3 shows the health state utility

inputs adopted in the model.

Simulation Scenario and Sensitivity Analysis

The analysis involved the development of a simulation scenario in which the impact on clinical and economic outcomes
of any future treatment capable of slowing the progression of the disease was assessed. Specifically, the effect of a 20%
variation in the transition probabilities referred to fibrosis states, up to CC (F4), was hypothesized, considering the
possibility of intervening with pharmacological treatments in the phases preceding the onset of DCC to be plausible. The
effect of slowing the disease progression through use of suitable therapies was thus tested. In addition, in order to assess

Table 2 Health State Cost Inputs

Health State Annual Cost
FO €139

Fl € 1189
F2 € 1189
F3 € 2989
ccC € 2989
DCC € 3194
HCC € 4001
yLT € 115,545
PLT € 39,798

Abbreviations: F, fibrosis; CC, compensated cirrho-
sis; DCC, decompensated cirrhosis; HCC, hepatocel-
lular carcinoma; LT, liver transplant; yLT, year-LT; PLT,
post-LT.
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Table 3 Health State Utility Inputs

Health State Utilities
FO-F3 0.730
CcC 0.710
DCC 0.570
HCC 0.496
LT 0.567
PLT 0.576

Abbreviations: F, fibrosis; CC, compensated cirrho-
sis; DCC, decompensated cirrhosis; HCC, hepatocel-
lular carcinoma; LT, liver transplant; PLT, post-LT.

the robustness of simulation scenario analysis, a one-way sensitivity analysis has been carried out, varying by +20% cost
data and utilities values adopted, and considering the effect of alternative variations in the health states transition
probabilities, respectively, of 15% and 25%.

Results

The results of the analysis estimated a prevalence of diagnosed T2DM in Italy equal to 3,673,969 patients in 2021. The
prevalence of NAFLD in the diabetic population was estimated to be 2,248,469 patients, and the prevalence of NASH
1,233,351 patients. The latter population was considered as a target for the model. Table 4 shows the evolution of the
health states of the population over the 15 years of analysis, with data referring to the end of each year. The model
calculated the burden of NASH in T2DM population considering a 15-year time horizon. Starting from the estimated
target population in 2021, after 15 years 620,540 NASH patient with FO-F3 were observed, of which 27% in FO0, 38% in
F1, 23% in F2 and 11% in F3. At the end of the 15th year 61,790 patients developed CC, 13,047 DCC and 4870 HCC,
Table 4. The Markov model based on the prevalence module assumed 21,613 transplants over a 15-year time horizon.
Liver-related mortality was estimated to be the cause of 89,410 deaths and cardiovascular diseases the cause of 142,136

Table 4 Clinical Impact of NASH in T2DM Population Over a |5-Year Time Horizon

N. Patients/Events Per Year 3 Year 5 Year 10 Year I5
Health State
FO 785,729 589,385 303,287 170,343
Fl 172,022 228,024 263,823 236,865
F2 91,637 124,734 152,222 141,972
F3 45,849 62,247 76,072 71,360
CC 32,964 47,084 62,655 61,790
DCC 2928 6458 11,943 13,047
HCC 1859 3,109 4751 4870
yLT 320 947 2039 2306
PLT 65 855 5833 11,083
LRM 4737 12,850 46,788 89,410
CVM 25,368 44,489 94,681 142,136
BM 69,872 113,169 209,257 288,169
Total 1,233,351 1,233,351 1,233,351 1,233,351
Live patients 1,133,374 1,062,843 882,625 713,636
Dead patients 99,978 170,508 350,726 519,716

Abbreviations: F, fibrosis; CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver
transplant; yLT, year-LT; PLT, post-LT; LRM, liver related mortality; CVM, cardiovascular mortality, BM, background mortality.
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Table 5 Economic Impact of NASH in T2DM Population Over a |5-Year Time Horizon

Health State Year 3 Year 5 Year 10 Year I5
Costs

FO € 386,127,739 € 569,450,860 € 871,442,235 € 1,046,686,343
Fl € 347,039,022 € 819,663,212 € 2,295,242,746 € 3,758,258,920
F2 € 184,801,772 € 444,681,045 € 1,288,702,497 €2,161,419,188
F3 € 218,039,471 € 523,703,684 € 1,517,616,789 € 2,551,430,514
CcC € 157,180,920 € 392,340,577 € 1,209,797,236 € 2,112,063,590
DCC € 12,887,836 € 47,927,051 € 207,819,537 € 410,085,020
HCC € 10,273,787 € 29,096,910 € 103,265,236 € 190,308,638
yLT € 23,498,529 € 117,393,580 € 617,158,078 € 1,286,160,109
PLT € 5,045,943 € 84,167,771 € 1,049,999,099 € 3,227,048,582
LRM € 4,570,997 € 19,919,036 € 116,416,372 € 277,288,131
CVM € 6,791,899 € 20,091,439 € 79,723,727 € 161,192,068
BM € 10,616,388 € 25,952,665 € 85,191,997 € 160,978,928
Total costs € 1,366,874,304 € 3,094,387,831 € 9,442,375,549 € 17,342,920,031
Costs per patient € 385 € 538 € 890 € 1,188

Abbreviations: F, fibrosis; CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver
transplant; yLT, year-LT; PLT, post-LT; LRM, liver related mortality; CVM, cardiovascular mortality, BM, background mortality.

deaths, Table 4. Over time, it has been observed that the disease progresses towards advanced health impairment and
increase in mortality.

As regards the quality of life, the study showed a reduction in 15 years from 0.729 to 0.726. Table 3 shows the
economic outcomes associated with the evolution of the disease estimated for the time horizon.

The results highlighted the economic burden of NASH in patients with type 2 diabetes in a time horizon of 3, 5 and
10 years, respectively, equal to about € 1.4 billion, € 3.1 billion, and € 9.4 billion, reaching an economic impact of about
€ 17.3 billion after 15 years, Table 5. These results, applied to each time horizon and live population, correspond to an
average annual cost per patient ranging from a minimum of € 385 at 3 years to a maximum of € 1188 at 15 years, Table 5.
Over time, the target population decreases due to mortality, however the costs increase due to the disease progression.
Overall, the annual cost per patient necessarily increases.

The results of the simulation scenario highlighted the potential benefits of slowing disease progression. Specifically,
the hypothesis of a 20% reduction in the early health states transition probabilities (FO-CC) has allowed to determine
a significant reduction in the INHS expenditure due to a slower progression of the stages with greater severity and cost.
Tables 6 and 7 show the clinical effects of this slowdown overtime, while Tables 8 and 9 shows the economic
implications. The slowing down of the progression in the early stages of the disease has led to significant savings
corresponding to € 2.3 billion at 15 years, equivalent to € 204 per patient, Table 9. These savings were generated by the
reduction of the patients in the advanced stages of the disease, which is linked to a reduction in deaths, equal to 92,208
deaths avoided over a 15-year time horizon, Table 7.

The sensitivity analysis has shown the robustness of the results. Figure 1 shows the results of the sensitivity analysis
referred to the difference in live patients and total costs. The £20% variation of cost and utilities data in scenario analysis
has not resulted in significant deviations from the variation obtained considering the starting inputs. Keeping the other
parameters unchanged, sensitivity analysis related to the simulation scenario showed how an alternative variation in the
health states transition probabilities (assuming a slowing of progression of 15% and 25%) affects the results more
significantly, Figure 2. Slowdown in the progression of the disease in its characteristic health states would be able to
determine significant effects from a clinical and economic point of view.
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Table 6 Clinical Impact of NASH in T2DM Population Over a |5-Year Time Horizon: Simulation Scenario
(20% Reduction in the FO-CC Health States Transition Probabilities)

N. Patients/Events Per Health Year 3 Year 5 Year 10 Year 15
State
FO 865,434 691,222 412,235 263,379
Fl 144,52 200,823 259,487 257,649
F2 76,019 107,250 142,846 144,942
F3 37,474 52,000 67,299 67,133
CcC 25,728 36,230 47,999 48,503
DCC 2317 5025 9137 10,119
HCC 1395 2,312 3603 3844
yLT 250 728 1553 1787
PLT 52 665 4456 8485
LRM 3633 9763 35,475 68,343
CVM 20,205 35,391 75,746 115,175
BM 56,323 91,943 173,516 243,990
Total 1,233,351 1,233,351 1,233,351 1,233,351
Live patients 1,153,190 1,096,253 948,615 805,843
Dead patients 80,161 137,098 284,737 427,508

Abbreviations: F, fibrosis; CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver
transplant; yLT, year-LT; PLT, post-LT; LRM, liver related mortality; CVM, cardiovascular mortality, BM, background.

Table 7 Simulation Scenario Results Regarding Clinical Impact: Comparison with Basecase (20% Reduction
in the FO-CC Health States Transition Probabilities)

N. Patients/Events Per Health A vs Basecase
State
Year 3 Year 5 Year 10 Year 15

FO 79,705 101,837 108,948 93,036
Fl —27,502 -27,202 —4,336 20,784
F2 —15,619 —17,484 —9375 2971
F3 —8375 10,247 —8773 —4227
CC —7236 -10,855 —14,657 —13,287
DCC 611 —1433 -2,806 —2928
HCC —464 =797 —1149 —1026
yLT =70 -219 —486 -518
PLT =13 =191 -1,376 —2598
LRM —1104 —3087 -11,313 -21,067
CVM -5163 -9098 —-18,935 —26,961
BM —13,549 -21,226 —35,741 —44,179

A Live patients 19,816 33,410 65,989 92,208

Abbreviations: F fibrosis; CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver
transplant; yLT, year-LT; PLT, post-LT; LRM, liver related mortality; CVM, cardiovascular mortality, BM, background.

Discussion

Relationship and double causality between T2DM and NAFLD/NASH are now evident. As for these reasons it is
important to know how to manage this patient and the natural evolution of the disease. NASH is a serious public health
challenge that is predicted to become increasingly prevalent, and the simultaneous presence of diabetes complicates the

ClinicoEconomics and Outcomes Research 2022:14 https: 613
Dove!


https://www.dovepress.com
https://www.dovepress.com

Torre et al

Dove

Table 8 Economic Impact of NASH in T2DM Population Over a |5-Year Time Horizon: Simulation Scenario

(20% Reduction in the FO-CC Health States Transition Probabilities)

Health State Costs Year 3 Year 5 Year 10 Year 15

FO € 410,376,213 € 620,834,319 € 1,001,182,867 € 1,250,978,586
Fl € 286,860,880 € 697,941,630 € 2,087,281,071 € 3,613,094,308
F2 € 151,344,646 € 372,465,318 € 1,137,009,792 € 1,996,833,732
F3 € 177,066,135 € 431,136,209 € 1,290,864,052 € 2,238,880,187
CC € 122,378,617 € 301,766,380 € 920,657,116 € 1,614,127,660
DCC € 10,232,928 € 37,587,839 € 160,335,922 € 316,050,250
HCC € 7,787,328 € 21,757,380 € 77,262,439 € 144,489,362
yLT € 18,428,880 € 90,767,160 € 471,659,658 € 985,753,219
PLT € 4,036,754 € 65,574,956 € 805,000,749 € 2,469,192,341
LRM € 3,400,821 € 14,966,079 € 88,002,979 € 210,971,130
CVM € 4,917,307 € 14,573,289 € 58,934,237 € 121,299,792
BM € 7,816,146 € 18,946,014 € 63,339,448 € 122,462,867
Total costs € 1,204,646,657 € 2,688,316,573 € 8,161,530,330 € 15,084,133,433
Costs per patient € 336 € 461 € 746 € 984

Abbreviations: F, fibrosis; CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver transplant;

yLT, year-LT; PLT, post-LT; LRM, liver related mortality; CVM, cardiovascular mortality, BM, background mortality.

Table 9 Simulation Scenario Results Regarding Economic Impact: Comparison with Basecase (20% Reduction in

the FO-CC Health States Transition Probabilities)

Health State Costs A vs Basecase

Year 3 Year 5 Year 10 Year 15
FO € 24,248,474 € 51,383,459 € 129,740,631 € 204,292,242
Fl -€ 60,178,142 -€ 121,721,582 -€ 207,961,675 -€ 145,164,612
F2 -€ 33,457,127 -€ 72,215,727 -€ 151,692,705 -€ 164,585,456
F3 -€ 40,973,337 -€ 92,567,475 -€ 226,752,737 -€ 312,550,327
CC -€ 34,802,304 -€ 90,574,197 -€ 289,140,120 -€ 497,935,930
DCC -€ 2,654,908 -€ 10,339,212 -€ 47,483,615 -€ 94,034,770
HCC -€ 2,486,458 -€ 7,339,530 -€ 26,002,797 -€ 45,819,276
yLT -€ 5,069,649 -€ 26,626,419 -€ 145,498,420 -€ 300,406,890
PLT -€ 1,009,189 -€ 18,592,815 -€ 244,998,351 -€ 757,856,240
LRM -€ 1,170,176 -€ 4,952,957 -€ 28,413,393 -€ 66,317,002
CVM -€ 1,874,592 -€ 5,518,150 -€ 20,789,490 -€ 39,892,276
BM -€ 2,800,242 -€ 7,006,651 -€ 21,852,549 -€ 38,516,061
Total costs -€ 162,227,647 -€ 406,071,257 -€ 1,280,845,219 -€ 2,258,786,598
Costs per patient -€ 48 €77 -€ 144 -€ 204

Abbreviations: F, fibrosis; CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver transplant;
yLT, year-LT; PLT, post-LT; LRM, liver related mortality; CVM, cardiovascular mortality, BM, background mortality.

patient’s metabolic state, making him a subject for which a diagnosis is required as early as possible, to allow clinical
action in the early phase of the disease, characterized by lower risks and costs. Our goal is to analyze the burden of illness
of the NASH and diabetes population in Italy, adopting NHS prospective and a 15-year time horizon. The study involved
the creation of a Markov model based on health states able to simulate the disease evolution and to assume the economic

and clinical impact of the disease over time.
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A live patients

Year 3 Year 5 emmmmmYegr 10 em=Year 15

Basecase
120.000

Simulation 25% Costs -20%

Simulation 15% Costs + 20%

QALYs +20% QALYs -20%

Figure | Sensitivity analysis results for scenario analysis: variation in the number of patients alive over time.

A Total costs

Year 3 Year5 emmmmYear 1) ems=Year 15
Basecase
€0
-€ 500.000.000
Simulation 25% -€1.0004600.000 Costs -20%

-£1.500.000.0Qp
€ 2.000.090.000
-€2.500.000.000

Simulation 15% Costs + 20%

QALYs +20% QALYs -20%

Figure 2 Sensitivity analysis results for scenario analysis: variation in the total costs over time.

It was highlighted that over time, due to the progression of the disease towards the most advanced states, the costs of
the target population are inevitably destined to increase, resulting in an expense of € 1.4 billion at 3 years, which
increases to about € 17.3 billion at 15 years. A significant increase in consideration of a reduction in the sample from
1,133,374 patients at 3 years to 713,636 at 15 years, due to mortality. The analysis also made it possible to highlight the
reduction in the quality of life over time and the potential benefits of a slowdown in the disease progression. The results
of the simulation scenario, in fact, showed how a 20% reduction of the progression within the transition states (FO-CC)
can lead to a significant decrease in costs by the procrastination of advanced stages, characterized by significant costs. In
addition, this slowdown would have a better impact on the quality of life and allow for a reduction in mortality in the
target population. In detail, this variation would result in a minimum saving of € 162.2 million at 3 years, which would
increase to € 406.1 and € 1.3 billion at 5 and 10 years, respectively, up to € 2.3 billion at 15 years. The 20% reduction
was chosen based on assumptions, the economic model is able to evaluate the effects of other variations as well, and it is
desirable that future studies allow to clearly identify the potential effects of therapies on the disease initial stages slowing.

Despite the burden of the disease, there are still few studies evaluating its clinical and economic impact.>*'* We
believe that findings of this study are of great value and may be the basis for future observations and insights. There is
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currently no specific pharmacological treatment for NASH and the current standard of care comprises lifestyle changes
and medication for comorbidities, such as diabetes. Individuals with early NAFLD are generally managed in primary
care, with lifestyle modification, while patients with NASH and more advanced fibrosis require a multidisciplinary
approach. Although there are no specific treatments, the benefit of using some antidiabetic therapies, capable of acting
positively on NASH, is becoming evident. Based on the benefits brought by the disease evolution reduction highlighted
in the simulation scenario, the importance of investigating the effects of these therapies and possible future applications
emerges. In particular, the simulation scenario showed how over time the slowdown in the disease progression,
hypothesized in the analysis through the reduction of the health states transition probabilities, allow to reduce the
number of patients in the most advanced disease and mortality. From the economic point of view, it translates into lower
management costs for the advanced stages of the disease, and greater resources available for the management of the
patient without advanced liver disease. The reduction in overall mortality leads to an increase in the population in the
simulation scenario (92,208 deaths avoided), resulting in more patients requiring healthcare, but, overall, a lower annual
cost per patient.

This is the first study conducted for Italy evaluating the burden of NASH in T2DM patients and the potential benefits of
slowing the progression of the disease, and we believe that the availability of real world data would be fundamental to
support the results, provide further information on the study population, NHS costs and to monitor the disease evolution and
response to drugs acting on both NASH and diabetes. The developed Markov model allowed a 15-year projection of the
clinical and economic consequences of disease progression, with the typical limitations of this type of assessment, based on
literature and assumptions. Italian real-world data collection would make it possible to remove the limit of international
literature data adoption, used as a reference for the development of this study, in the absence of national data.

The lack of prospective real-world natural history data to determine the true incidence and progression of NASH
represents an important limit, however we have tried to refer to up-to-date and relevant literature for the development of
the model. The model considers only prevalence data, starting from the analysis of the current available data as cannot
precisely estimate the NASH and diabetes evolution in Italy. It also does not take into account the costs associated with
complications usually found in advanced liver disease and diabetes or the implementation of future costly treatment and,
in line with the NHS perspective, it does not consider indirect costs.

As far as costs are concerned, although a recent Italian study was available,” it was decided to adopt other
bibliographic sources referring to Italy, due to their easier interpretation and extrapolation. The sensitivity analysis
made it possible to verify the robustness of the results, and the choice to focus this analysis on the variation between the
simulation scenario and the base case was made to verify the solidity of the simulation scenario as well.

The results of the analysis are in line with a similar USA study, from which information on health states transition
probabilities was drawn.'® Both studies highlight that the clinical and economic burden of NASH in patients with T2DM
is currently substantial, and as the prevalence of T2DM increases globally, this burden will continue to rise. NAFLD and
its clinical evolution, NASH, represent the new frontier of diabetes management, both from clinic and health-care costs
point of view. Considering that globally over 55% of diabetic patients are interested by NAFLD, and over 37% by
NASH, the clinical implications of the disease among diabetic population are important in terms of both survival and
quality of life.

Recent studies demonstrated that several antidiabetic drugs such as pioglitazone, GLP1 agonists and SGLT2
inhibitors can be effective in preventing the transition from early to final stages of the disease, always and simultaneously
acting on the treatment goals of diabetic disease.>**2°

It is critical that clinicians, payers, policy makers, and the pharmaceutical industry not only understand the clinical
burden of NASH in patients with T2DM, but also the economic, patient reported outcomes burden and potentials of
effective therapies for the disease control.

Conclusion

The economic burden of the diseases in the Italian diabetic population ranges from € 1.4 billion over a period of three
years, up to € 17.3 billion reaching a time span of fifteen years. This last amount resembles a typical financial maneuver
in our country. The greater burden of these costs is due to the irreversible final stages of the disease (advanced cirrhosis,
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hepatocarcinoma and liver transplantation); therefore, also from an economic point of view it is a priority to prevent the
evolution of the disease. As shown above, we can then affirm that, assuming a 20% slowdown of the progression of
NASH employing appropriate drugs, we could obtain significant savings, ranging from € 162.2 million over a three-year
period, to € 2.3 billion up to fifteen years, without a real increase in the global costs of treatment of the globally
considered diabetic disease. Moreover, pharmacological treatment should also consider a dual treatment approach (ie:
Pioglitazone and GLP1ra, or SLT2i, or both the last ones) that would be cost-effective for the simultaneous presence of
diabetes and NASH.

Disclosure
This study was funded by unconditional and exclusive grant from NovoNordisk, Italy. The authors report no other
conflicts of interest in this work.
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