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Abstract

Scientific background: There is an extensive debate around whether unrelated future medical
costs (UFMC), derived from prolonging life expectancy and exposing patients to other health
conditions, should be included in CEA.

Objectives: To estimate of UFMC of women with breast cancer in Israel; and to ascertain the
influence of including these costs in CEA of trastuzumab (as a case study).

Methodology: First, we estimated UFMC through a retrospective cohort study based on
patient-level claims data of both breast cancer patients and matched control subjects during 14-
years of follow-up. UFMC were estimated twice. Once as the annual average all-cause
healthcare costs of the control subject, and once as predicted values based on generalized
linear model (GLM) adjusted to patients’ characteristics. Second, a CEA was performed using a
Markov simulation model comparing regimens of chemotherapy with/without trastuzumab, both
excluding and including UFMC and for each of the UFMC estimates separately.

Findings: Our cohort consisted of 696 patients with breast cancer and 2,568 control subjects.
The average annual healthcare costs in the control group was $2328 (+$5662) and these were
first considered as UFMC. The corresponding simulation model led to an incremental cost-
effectiveness ratio (ICER) of $42,638/QALY and $48,598/QALY, when UFMC were excluded or
included, respectively. Hence, trastuzumab was considered cost-effective compared to the
threshold of Israel’s 2019 GDP per capita of $43,600 only when UFMC were excluded. When
UFMC were estimated based on the prediction model, the ICERs were $28,996/QALY and
$36,004/QALY, when UFMC were excluded or included, respectively. Thus, in this simulation
trastuzumab was considered cost-effective, independent of the inclusion of UFMC.
Conclusions and policy implications: Inclusion of UFMC in CEA increase ICERs by 20%
and may alter the conclusion derived from this analysis. Thus, the evaluation of context-specific

maghnitude of UFMC is warranted to appraise its potential impact and promote evidence-based
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trastuzumab ,Twn JVYO , NI N7V ,N2VIN-NI7Y

YN

N7NIN NOIRN NIAPYA NINAXI X N7NN7 DNIYR 'R DMV DAY 2ThRN 72V YIT oyn v

2y yrown? nimwy (ni7a niri7y (707 unrelated future medical costs) n2iInn v 0NN
172750 NIPRTIN Nownn

NI'RTI NDWN 7Y [NYOYN NN [INQ71,781W TY-]U0A 719'0 7w NI N7y TINKRY :Anovn
.In12-Npnd Trastuzumab 7w N5

NIV 7NN NIYXNR TY-]0N02 NIZIN 7W NH7IN NIF7YN DR TR 7NRN L, N'URY DNIV'WY
Y .0Y 14 qund MIZR-NIMIRND 7W1 NT7IN 7Y NIRNA-NIN'Y DDNY 21N '0R90IN0N
(quality adjusted life years, QALYS) NI>'R7 NiMpinnn 0N DRI N7V TAR A7 77N
S219'07 nnivpn

NIMYY WX [TIND ,$2328-1 nTAXI MIZaN NXIAP 212 MY NYXImnNN NIy :D'Ny¥nn
NIy X77 $42,638/QALY X'n n'MooINN NIy 1 X¥N1 172790 NIPKTIN N>WNA NN
W7 ARIWNA N'70'70 N1'nan 'RT awna Trastuzumab ,1p%7 .oy $48,598/QALY nniv'? niia
NN 17921 X7 niian neri7yin AwRd 71 ($43,600) 2019-2 Fxaw m7ian mipnn aXImn
NIMO0INN NIMYYN MY ,N7INN 1"'9XN7 OXNINN N'TNNN 771N '9-7V 1R NN DI2YN TWURD
$36,004/QALY ,niia ninzy X747 $28,996/QALY) nral?1300n NIFRTD a7 AnIT Nagon? 171N
(oy

7¥ 0m X7 QITYN? 72107 n1YY N nifyn NINynn T alg'? nnbwal nnjpzon
TIN ,D'2IN N'OI72IN 1727 19'¥D0N WWZNA 1770 NIFYN qp'n X TIART? WAT .DIRIDT NIATIDL

VT Nooian NIv7nn N7ap 0TR'7 721 17700 NIFRTON NDWWN 7Y [NySwin
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[TAIX X TNN N771D 07NN 719107 NRIDT N1AI71100 7w N'25'70 NIFRTD NDWN 'y YN
IT N*2375 Nd>VNA 21707 DXRN |I'T W' D7IR ,N'7NN2A 719'0 'R/719'07 NN nNIwEn Nvn
N7INN 7w D'NN N7NIN NOIXRN NIV NNAXD X N7NN7 DNIYR [1'RY NIY7YN IR D2
National n 7w o'nmn o'npn -7y (N7 Ny ;707 unrelated future medical costs)
N>wNa N7 ninyn N 1'% ' L(NICE) Institute for Health and Care Excellence
NX 71737 nx¥7nn N 71N nTaw ,2"NINa 07K NRIDT NMAI7IDL 7w NP0 NIPRTON
NI'RTON NDWNN 7V Y'DYUNT NIMYY NIR N7 N7y Daw 21N 72v yIT oyn 1770 nriyn
Bl ysh

;INW TV (V02 719'0 W NN DY 7w ATMRT 10N owth1 NNoY (1 :apnna ninLvn
NIY¥NKY TY [VI0] 719'0 7W N'7370 NIRTD NDWN 72V DT [TAIX 7w NYOWNN DX [IN17 (2
2V N N7y n9ON YW nyswinin N7 (case study) |nia nnjnd trastuzumab
'72750 NIRTON NOIWNN NYANN NIzonn

TY |VY0Q NIZIN 7Y NI72N NI7YN DX TAR X 770 .0'770 W 770 Apnnn :apgnnn NIy
NIM7YN [TIXR 7¥ NYSWNN DX [N2 2 770 .0190 N2 NIRNA MDY NDMX 1IN NIYYXAND
Niy¥nxa TY VY01 719'0 7w (CEA) cost-effectiveness analysis 7y X 77n2a
.trastuzumab

NIXMA 'MN'Y 7¢ DNT TINN NINVIAN 212 VXA A'0RPO0N0Y (cohort) NapIy NN -X 770
ninvin 1'n1 2005-2008 pawn 2 TV (VY02 NIWRTT NNAIXK TWKR (NY77D :707) N''HD
TINAN NP2 NINVIAN 'KIPX 91X INRNIN 17X NINVIANY .ApYAN N9IPN 7D (WNa NI7'Yo
MIPKRI'YIO XN ,OTAN ,NRON L (2£2) 7'a '97 1:4 onxa , T |VYOA NI7IN P'RY N'7'7D 7w DT
(2 n10 TY Yo NIApYA TN WY D -2 ,CCI) Charlson comorbidity index 1 (£2)

TyI (index date) jinaxn Tvimn o'wTIN 12 27U NIDIPNYT7 NTANI NIXNAN NN'Y DDA 21N
,012IN2X ,0'NINY ,D'TI9YN (1770 N7X 011N (2019 "anxT) AZnnn NOIPN DIN IX NN

, N TIDWUN L'RIDI-KID 719'0 ,NXVI' NRIDIA DR D01 'TIDUN L[I' 1 TN DI ,NI9INN
7 yximnn |'9"7nn 2w 97 (USD) 2"nX 2717 Nnimn ni7yn aima Nk N1iu7nnk 719l
generalized linear non .RStudio n1>na yxi 'vorvvo nini .USD 7 3.56 7w 2019
'TIN'Y NDMY |22 NIYY7 NYXINNN IRXINN 7¢ 0'X2IN NT'AXK? 1nwn 21 (GLM) model
(M2 N7 TV J10a NI7IN) AZNNN NXAR AN 17N M7A0 N0 NINWNn NI
Akaike’s .n'i71 nxI7NNI *20'70-'N12N ax¥N 11 0'9011 DM'A0N DINWNYT 7N 7TINN
nipnam 1N 0.05> 7wy 'mrosixkn YTimn n1rna? yro information criterion (AIC)

.N'uo'uvo
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Al 7T 1nno1 Jtronmivi (YB) n"wXRIN DPIND TNR 7w 0TI DI0NSY \wnna -2 77N
(quality adjusted life years, QALYS) ni>'x7 nimpzimnn o*nn DAY NIM7YN NTNIR?

TY |00 DY NI7ZINA ,NT 'NONN 719'0 77101 trastuzumab K77 ' N 719'07 nNIYEN
,N"A0IVOKN 727 .1arrn human epidermal growth factor receptor 2 (HERZ2) aion nT7in
7TIn%7 10101 NIIWXRIN NX7mroa .0'wa 10,000 7w n'onio'n NxIAp 2172 N'x7In'o nyxa
10121 ,N"IWN N'¥7In'oa .(7RW TY (VN0 NIZIN 7w AIYNN 7'a0) 63 7w aIvn 7'aa 0w
193 [N7W 'MOINNN 719'0N NOMX '9-72V arrn HER-2 a1on pTim VY07 NITMIYN D'wa 7TIN%
7w X 770 '9-7Y NNAIXK 1AW '9'¥90N 7'21 7TING 10101 N7X D'WI Apnnn 7Y X Pnn nyw
WL, NI N2y 7201 N iy 9710 X7 ,0Myo nyxina nx?mo 7 apnnn

N Ny 17701 ,1wRIn 7Tma .nwin incremental cost-effectiveness ratio (ICER)
NINVIANN 7Y NIRNAN MN'Y NDNMX NI7Y 7W MY YXINnd 7nnn 7¥ X 7702 1Imxy

7w X 7702 nonw GLM n 7Tm niy¥nxa nizan nii7yn msa Awn 27N .n1ipian nxinpa
NIY'AT NINY .DYY'RND NITOXRNT DRNNA N7 DY MR A0 757w 1 ajpnnn
D'RXNNN NIYAY DX [INQY7 Nan 2y yxia (probabilistic sensitivity analysis) 'minanon
2Tmn 7w DvN19N DY 1YY

7wal ,M19%) .M NINLIAN 2,568 1 Tw 0101 NI7IN 696 775 Ypnnn 7w X 770 :D'R¥Nnn
72 N1'NaN NIXIAPN 2 77a0 2 X7, DIRRN NXAP7 [pnnn NXRap 79 nnknnn )'7nn
CCI w1 ,(p=0.397 ,9.4 nn7 9.5) "70%-'n1an ax¥n ,(p=0.240 ,59.8 nniv? 60.5)
,90M1 .(p<0.001 ,3.7 nny? 5.7) Nnizan NXQpAY NtA 2 2 NIF NI DD NN DX
,20.6% nn1v'? 35.4%) 2jzynin NOIPNA NV ZNAN NXIAPN NI NI TINK ,'19X)

NNIA2A '19¥D NN'N 2YNN N9IPN 722 NIKNAN NN NDNX 7w n'7700 nitvn .(p<0.001
37y (p<0.001 ,$20,100 nniy? $46,470) nIiran NUoI7dIX? ANIWNA ,N7Nnn N'oi7aINa
3j7'v1) NI9SNN L(DM7101FTIRIE DTANDINY 1'YA) D'NINA NDN¥A Y1 770N

37'v1) NINK NMIVZIanR NI7'wo (antineoplastic and immunomodulating agents
NMYNINIYRIN DY DD W0 32 L ("A17172IK DI TIDWUKR j'va) DI 'TIDWUNI (RN
(£$5662) $2328 2 nTAX1 NIR'AN NXIAP 2772 NIYY? NYXINNN D17V L [INAND INK7Y

7w 2 p7na CEA ninma 725"'w T [0102 NIZIN W NN NIIYYT [TAIR DI AT Y

['A2 MW7 NyXINnn Ni7yn ,0MNX D200 DINYN NINdNAY n7yn GLM nima apnnin
95% CI: $1,677-$2,540, ) $2,445 2 2znnin N'0I731IX 2172 NNIAA NINMAN NN'W NDNN
.(p<0.001

! Gershon N, Berchenko Y, Hall PS, Goldstein DA. Cost effectiveness and affordability of trastuzumab in
sub-Saharan Africa for early stage HER2-positive breast cancer. Cost Effectiveness and Resource
Allocation 2019;17(1):1-10
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NI7910N 7Y D' TIN'N DI9ONNT7 NARNIN AN X7W) MIYKRID A'Y7In'on -2 j77n

7w n'mooin ni7va QALYs 0.97 q'oin trastuzumab 21 719'0w nn7yn ,(trastuzumab
NIWY yxinnn nian Ny mik N0 QALY 7 $42,638 7w ICER nid ,$40,963
trastuzumab 2 719'0n I7> .$48,598 2 N1 ICER ,(hpnnn 7w X 7702 7apnnw '9))
($43,600) 2019 2 78w mM7Ia0 MIPNN IXINN W7 ARIYNA D727 N1'Nan 'R Awn)
n7apnn ICER DA 7120 7w nniT nnan .nimta 1701 X7 ni7an nryn AURd N
NMIXN w1 trastuzumab 2 NI791VNN 7Y D' TINTD DI'OXRN7 NAXNINY NMIYD N'¥7IN'0
ICER n Dy v It nx7m'oa 071X .apnnn 7w X 770 'R¥nn n2yw 90 ,1n7Y nipan

I 72 N7y K77 QALY 7 $28,996) ntaizinoun yim'x 7w NRTON 127 nniT nagon 171in
(2 nin7w 7715 QALY 7 $36,004

TNN IX W' 27 ,YRIN NIN'DA TY |UN0Q 719'07 NNP'I NINTPENA NIFAIZIID0 :Njon
YIN'R 7¢ N'70750 NIPRTON NI'NA D2 1RO 1T N'OI7DIR 7W NIKNAN 'MN'Y NDNIX NT'NRA
77NN02 D D'7YN AENAN 'RYAN AT X 7V NRYY TYR L NN Ennn .na 719107 Niraizinoon
APV .NMIZRAN DMIRNN 2.3 '9 N2 NI7INN 7w NINNAN MDY NDNX NI ,apyn nnw 14
NNY7 1wy D730 NIf7yn N0 D R¥N1 TIY LJINQRN INKY? NRIYRIN D' NIYNN Y1 WoN
NIN' X'N ZNAN NN .NA1I71000 YRR 7w 170700 NIPRTON DT 227 najponn DX
NIN D21, TY [VY02 NIZIN 7Y NIRNA 'NN'Y NDMIX 7W NHO DINKR D'0I9T 7w VIIDNI 9N
NYOYNN NT'N DX TINXRY Y"'on 17Nnn ,NIY .n'7nna JNdn *73750 7010 1227 NImy'? qaoxn
¢ NR2UNN DX 9'¥Nn D21 ,N'Y7270 NI'KTD NdYNN NIYANRN Nzon 7y Ni7an nivn v
OQKI 78U 10N IR KIN IPNNANLINY'T 207 .NIND2 N7 D7y n775nn ninynn
YIn'yn 0I9A1 NN NIV DTN NYXIND NAITINNAN N1'NAN 'IX?IAN WWpna TNy
7NN .N"070N NIRTON NDIWNAN 'RYNN 7Y N7 NRDYYNAN DTN DI V19N NN DRINA
nX 7'07 nm 7y v (disease stage) 217w'71 n'7nnn NNINY NINYN DX PN YUK JUnn
MN'Y NDNXI DI 719'0 '019T [ WY NN .DT IWPNA NI07NNN 1727 DRI NN
DY NIXYT 171000 ''YUN 7Y NYOwNN N1aN7 Y107 721, DA JUNN NN WAIT NIKNA
[N TWXR JWUNN NN L1017 .0'7NN2a NN 70700 70101 NINNAN MIN'Y NDMX 01D T 7Y
NTNAXR NX 02 707 211 N0 Nii7y7 27NN 119NN 2 NYPRIVYIR 7W NYOWNN N
JY72700 NIRTIN MDA 'RXAN NIR 777 D71 nin7an nirvn

1202%5 701 192 NIAx D71V NIRNA NN NIv7NAN 72PN nix'aal nifrTA? Nd%wA
NY9IN) D'POON D'ARWYA ITY'N 7¢ TNNNN 2¥NN NIPATA-X? NIMND NI7NNa |Ndn T
,'MJIIN 7NN NDINWY 'ODW ,[11'DN .NA0'A MIXA NI'RID NIMAIZIDLV 9TyN? 2A*nn (honnn

NIN7YNN T™X ,N'72'70 NI'RTI NDIVNN NYaNnn N1zoNn NX NIRYY? MYy N7 N7y n'7'on
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[PNN 127 .(w91 TTINNN 7wUnY7 1N3) NIFTINY NI'OI72IX NYY7 N'uNYT 72N 1wy D7R Nifyn
NIXNNAN MDY NRYPZNA N79X Y17 'Nd27nan NIKN2A NI0A pIN 7¢ 7un 11un W nnon
TINY [9IXA NIRD NIM7YN q'D DX TINR? D'X¥'7MN KR L,'NDIN AZNNN 'R¥NN KT .0'NITRY?
17'7007 ™ ,NIynwn [TAIRN DX .DN7 Y107 NTVII NAITIN N2AI7100NY DY7INN NIFOI7DINT
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N71wUn N7 N7y 7w 0990 'R .NM2218 NN NN Nwal DRNNA N 072ynnY
7'007 'R T'ANY YIARY N1 ,NIR7Y NINNYT 'MNMY [DIXQ 09K KIN 21V D nyap?

2 X7 NTY 079N 17w aEnnn 'Rynn L"naivn Nt 0 nann 73" n1'naa N7 niriy
WX D7D NIV D700 Y nivnwunn NTNRALIT 2107 NIYTIMN NX7YNA XD, NN
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Section 5: Comprehensive scientific report - English

1. Scientific background

One driver of the continuous increase in health expenditure is adoption of new
health technologies. Cost effectiveness analysis (CEA) of these technologies may
optimize the allocation of the healthcare scarce resources [1,2]. Costs included in
CEA may be broadly divided into disease and treatment-related (thus, naturally
included in CEA) and future unrelated medical costs. These costs derive from the
fact that technologies may prolongs life expectancy, thus expose patients to other
health conditions (e.g., chronic diseases and injuries). Garber and Phelps [3]
defined unrelated costs as those that are independent of the intervention under
consideration; moreover, in cases where treatments extend life, costs are defined
as unrelated costs if they are independent of treatment but conditional on survival.
Conversely, all other costs that are not independent are defined as related. There is
an extensive debate around whether future unrelated medical costs should be
included in CEA [4-8].

The UK’s National Institute for Health and Care Excellence (NICE) guidance [9]
explicitly recommends that “costs that are considered to be unrelated to the
condition or technology of interest should be excluded”. It is argued, for example,
that the inclusion of future unrelated costs can increase the likelihood of a life-
extending technology being categorized as “not cost-effective” even at zero price,
which may seem counter-intuitive [5,10]. The second US panel on cost-
effectiveness in health and medicine, however, recommends that all current and
future, related and unrelated healthcare costs should be included in cost-
effectiveness analysis [11]. This reflects a growing consensus that all healthcare
costs should be included, particularly in extended years of life [6,11-13]. Indeed,
the guidelines employed in the Netherlands and by the LFN (Dental and
Pharmaceutical Benefits Board) in Sweden also recommend the inclusion of future

unrelated costs [14,15]

The case study addressing the inclusion of unrelated costs will be trastuzumab

treatment for breast cancer. Trastuzumab is a humanized monoclonal antibody that
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downregulates the extracellular domain of the human epidermal growth factor
receptor 2 (HER2) protein. Using trastuzumab to treat women with localized HER2-
positive breast cancer has been shown to improve survival. Innovative, effective,
and expensive technologies for treating breast cancer continuously emerge. In
addition, the incidence of the disease rapidly increases. This emphasizes the
importance of articulating the process of prioritization technologies for adoption. The
aim of the current research project was to highlight the impact of unrelated future
medical costs on the conclusion derived from CEAS, thus on prioritization
technologies. The cost-effectiveness of trastuzumab was examined previously in
western countries [16-25] and in Sub-Saharan Africa [26]. All studies ignored
unrelated future medical costs. In addition, this issue was not analyzed in the Israel

context.

2. Research objectives

The study overall aim was to analyze the impact of inclusion of unrelated future
costs in CEA of technology targeted at treatment of breast cancer in Israel.
Specifically, our objectives were:

a) To construct and apply procedures for the estimation and assessment of future
unrelated medical costs of women with breast cancer in Israel.

b) To ascertain the impact and importance of including unrelated future medical
costs in economic evaluations of treating breast cancer with trastuzumab (as a case

study).

3. Methodology

This research project was be comprised of two parts. Part A estimated unrelated
future medical costs of breast cancer based on patient-level data. Part B examined
the influence of these costs on CEA of trastuzumab (treatment of breast cancer as
a case study).

3.1. Part A

Study design and setting: A retrospective cohort study was conducted among the
Southern District of Clalit Health Services (henceforth: CHS) enrollees. The study
was approved by the Institutional Helsinki Committee (0200-19-COM2).

2020 10 6.0n 0910
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Study population: All female patients who met the following inclusion criteria: 1)
enrollees of the Southern District of CHS; 2) newly diagnosed with breast cancer
(ICD-9 code 174.9) between 2005-2008; 3) active enrollment during the entire
follow-up period (2005-2019). The exclusions criterion for control groups is: patient
with no matched control subject.

Control subjects were randomly selected and matched 1:4 to the study population
by: age (£2 yrs.), clinic, sector, socioeconomic status (SES, +2) and Charlson
comorbidity index (CClI, -2 since breast cancer patients have CCI of 2). The
inclusions criteria for the control group are: 1) enrollees of the Southern District of
CHS; 2) active enrollment during the entire follow-up period (2005-2019). The
exclusions criterion for the control group is: diagnosis of breast cancer (ICD-9 code
174.9) during the entire follow-up period.

Data source: All study variables were obtained from the Southern District
administrative claims database of CHS.

Study procedure: First, demographic, socio-economic and clinical characteristics
of study population were extracted from the CHS database. Then we matched
control subjects to each breast cancer patient. Finally, we extracted data on
healthcare utilization (HCU) for the entire cohort. All data were anonymized.
Healthcare utilization: HCU estimates analyzed in our study included:
hospitalizations, surgical procedures, diagnostic procedures, medications,
emergency room visits, one-day outpatient care, outpatient specialists’ consultation
visits, paramedical care, home care and other ambulatory care. Total cost was
calculated as the sum of all these estimates. Data on primary care physician visits
cost were not available, thus number of visits were analyzed separately. Cost
estimates were adjusted to 2019 prices and converted to US dollars (USD) using
the 2019 exchange rate of 3.56 Israeli shekels (ILS) per 1 USD.

The diagnosis month was defined as the index date. HCU data were calculated
separately for periods of 12 months from the index date and the end of follow-up
period or death. The index date for the control subject was identical to the index
date of her matched breast cancer patient.

Data analyses: Data were analyzed using RStudio software (version 1.3959,

RStudio, PBC, Boston, MA). Continuous variables were presented as mean £SD,
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median and interquartile range (IQR). Dichotomous variables were presented as
proportions. The T-test and Mann-Whitney U test were used to determine between-
group differences of continuous variable assuming normal or non-normal
distribution, respectively. A Chi-squared test was used to examine between-group
differences in dichotomous variables.

Multivariable generalized linear models (GLM) were specified for predictors of the
average annual HCU costs. The core independent variable was the study group.
Both models were adjusted to additional independent variables (e.g., SES and
comorbidities), and the best specification of each was determined by the Akaike
information criterion (AIC). p values of <0.05 determined statistical significance in all

analyses.

3.2. PartB

In this part we examined the impact of unrelated future medical costs on CEA of
treating breast cancer with trastuzumab by comparing a CEA that includes only
related medical costs with a CEA that includes both related and unrelated future
medical costs as derived from part A of the study.

Model structure: Using Rstudio platform and following Gershon et al. [26] we used
a Markov model with monthly cycles and lifetime horizon. The model estimated the
costs and health outcomes (life years (LYs) and quality adjusted life-years (QALYS))
associated with two strategies, namely chemotherapy [27,28] and chemotherapy
with trastuzumab for treating early stage HER2-positive breast cancer.

The inputs of the model were based upon the HERA trial [27-29]. The model is
illustrated in Figure 1. It consists of five states: remission (R), locoregional
recurrence (LR), distant recurrence (DR) including metastasis, breast cancer death
(BCD), and death due to other causes (D). The influence of trastuzumab on the
patients was modeled by changing the transition probabilities from R to DR and
from LR to DR based on the hazard ratio. The probability of moving from DR to
BCD is identical for both model arms since trastuzumab only delays or prevents a
patient from moving to the DR state. It was assumed that the effect of trastuzumab
lasted 5 years and that there were no cancer recurrences after 20 years of follow-up
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[30]. Costs, LYs, and QALYs were discounted at a yearly rate of 3% as
recommended by the WHO [31].

Remission
(R)

Local recurrence '

(LR)

Death due to
other causes (D)

Distant
recurrence (DR)

' Breast cancer
death (BCD)

Figure 1. Markov model structure.

Patient population: For each treatment strategy, a hypothetical cohort of 10,000
patients was simulated.

In the first simulation, patients who entered the model were 63 years old based on
the median age of breast cancer patients in Israel [32]. Since only 25% of breast
cancers are HER2-positive, and only those patients are eligible to receive
trastuzumab, in the second simulation, subgroup of patients who were identified in
Part A of the study were randomly selected and entered to the model in their exact
age.

The background mortality information of the patients was retrieved from the Global
Health Observatory [33]

Costs: The total costs for the trastuzumab treatment as well as the costs for the LR
and DR states were based on a study of the Southeast Netherlands Breast Cancer
Consortium [16]. Following this study, we assumed that there is no cost for the R
state. All costs were adjusted to 2019 prices and converted to US dollars (USD)
using the July 2019 exchange rate of 1.12 Euro per 1 USD. Unrelated future
medical costs were estimated twice based on results of part A of the study. Namely,
once as the annual average all-cause healthcare costs of the control subject, and
once as predicted values based on the GLM adjusted to patients’ characteristics.
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Quality adjusted life years: were determined based on extant literature (Table 1),
and combined with the costs estimated, enables to calculate the incremental cost-
effectiveness ration (ICER).

Sensitivity analyses: To assess the influence of change in parameters’ value on
the simulation models’ results, a one-way probabilistic sensitivity analysis was
performed. Each parameter was varied separately based on its distribution as
presented in Table 1.

4. Findings

4.1. Part A

Our cohort consisted of 696 patients with breast cancer and 2,568 control subjects
(Table 2). As expected and due to the matching algorithm, both groups were
comparable with regard to age (p=0.240), SES (p=0.397), and with +2 higher CCI
(p<0.001).

In addition, as expected higher proportion of the study group died during follow-up
(<0.001). Higher proportion of the study group did not have supplementary health
insurance coverage (p<0.001) and had higher prevalence of hyperlipidemia
(p=0.005), diabetes (p<0.001), osteoporosis (p=0.029), mental disease (p<0.001),
renal failure (p<0.001), and other malignancies (p<0.001). However, both groups
were comparable with regard to other comorbidities, namely, arthropathy,
hypertension, obesity, CVD, CVA, gastrointestinal diseases, pulmonary disease and
dementia (Table 2).

Total all-cause healthcare costs during follow-up by study group is presented in
Table 3. These costs were significantly higher in patients with breast cancer
($46,470 vs. $20,100, p<0.001). Most of the difference stem from higher costs of
surgical procedures (mainly neurosurgical, and cardiovascular surgical procedures
(Table 4)), medications (mainly antineoplastic and immunomodulating agents
(Table 4)), other ambulatory care (mainly radiotherapy (Table 4)), diagnostic
procedures (mainly mammography and non-cardiac scans (Table 4)), and on-day

outpatient care (mainly in the oncology ward (Table 4)).
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As illustrated in Figure 2. Most of the difference in HCU costs between the study

group and the control subjects during follow-up was at the first and second year

after diagnosis. The average annual HCU costs in the control group was estimated

at $2328 (£5662) and these were firstly considered unrelated medical costs.

Table 1. Model parameters (base case), distributions and data sources

Parameter Value Distribution Source

Utilities

Remission (R) 0.94 Beta (89,6) [23,34]

Locoregional recurrence 0.82 Beta (77,23) [28]
(LR)

Distant recurrence (DR) 0.58 Beta (171, 79) (28]
Transition probabilities

R—LR 0.029 Beta (27, 983) [29]

R — DR 0.087 Beta (102, 1061) [27,28]

LR —>R 0.100 Beta (111, 899) (28]

LR — DR 0.261 Beta (119, 931) (28]

DR — BCD 0.325 Beta (15, 20) (28]

R, DR, LR—D Age-specific constant (33]

mortality
Hazard ratio years 1-5 0.59 Log-normal [19,28]

(-0.527,0.089)

Abbreviations: BCD, breast cancer death; D, death due to other causes.
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Variable Breast cancer Control P-Value
Observations, % (n)
Before Matching 100.0% (851) (11??8,'?2/ ;_)
After Matching 81.8% (696) 1.8% (2,568)
Age at diagnostic 60.50 £ 13.38  59.77 £ 13.10 0.240¢
(60, 19) (60, 20)
Year of Diagnosis (%) 0.987¢
2005 163 (23.4%) 585 (22.8%)
2006 172 (24.7%) 644 (25.1%)
2007 163 (23.4%) 607 (23.6%)
2008 198 (28.4%) 732 (28.5%)
Socioeconomic Status ° 9'5(19’15?;'20 9'3(99’15?3'19 0.397¢
Charlson Comorbidity 574+2.60 (5, 3.72+2.49 (3, c
Index b 3) 3) <0.001
Years of follow-up ° 9'??5 2595 11'(1172%23)'04 <0.001°¢
Survival (%) 443 (63.6%) 2,040 (79.4%) <0.001¢
Smoking (%) 104 (14.9%) 483 (18.8%) 0.021¢
Insurance Coverage 0.003¢
No Insurance Coverage 259 (37.2%) 787 (30.6%)
Gold 236 (33.9%) 1,007 (39.2%)
Platinum 201 (28.9%) 774 (30.1%)
Hyperlipidemia 546 (78.4%) 1,877 (73.1%) 0.005¢
Arthropathy 412 (59.2%) 1,486 (57.9%) 0.557¢
Hypertension 404 (58.0%) 1,430 (55.7%) 0.285¢
Obesity 311 (44.7%) 1,062 (41.4%) 0.125¢
Diabetes 261 (37.5%) 777 (30.3%) <0.001¢
CVD 246 (35.3%) 885 (34.5%) 0.697¢
Osteoporosis 230 (33.0%) 737 (28.7%) 0.029¢
Mental Diseases 228 (32.8%) 667 (26.0%) <0.001¢
Gastrointestinal diseases 170 (24.4%) 609 (23.7%) 0.7344
Renal Failure 136 (19.5%) 359 (14.0%) <0.001¢
't\)/'a"gnanc'es (excluding 121 (17.4%) 298 (11.6%) <0.001¢

reast cancer)
Pulmonary Disease 97 (13.9%) 319 (12.4%) 0.318¢
CVA 92 (13.2%) 283 (11.0%) 0.122¢
Dementia/Alzheimers/OMS 62 (8.9%) 273 (10.6%) 0.208¢
at-test
b Values are mean * SD (median, IQR)
¢ Mann-Whitney U test
d y2 test

2020 16 6.0n 091V




No. of research proposal

2018/275

Table 3. All-cause healthcare costs during follow-up, by study group

Average costs ($) Breast Cancer Control Difference P-Value
46,470 = 42,050 20,100 + 35,979 a
Total (35,853,33,772) (9,921, 17,885) ~ 20370 <0.001
- 9,030 + 17,799 6,110 + 15,945
Hospitalization 2,920 <0.0012
(2,829, 10,304) (647, 5,121)
Surgical 8,958 + 12,690 3,860 + 9,088 5008 <0.0012
procedures (5,806, 10,046) (0, 3,855)
o 7,308 + 16,650 2,908 + 7,711
Medications 4,400 <0.0012
(3,181, 4,413) (1,292, 2,332)
Other ambu|at0ry 6,513 + 8,803 2,144 + 18,660 4369 <0.0012
care (4,972, 5,302) (151, 549) ’ '
Diagnostic 5,996 + 4,851 2,166 + 2,349 3.830 <0.0012
procedures (5,030, 4,786) (1,455, 2,431) ’
One_day Outpatient 4,105 + 8,326 357 + 2,283 3.748 <0.0012
care (1,424, 4,955) (0, 0) ’ '
Outpatient 2,839 + 1,703 1,215 + 1,275
specialists’ 1,624 <0.0012
consultation visits (2,689, 2,050) (866, 1,273)
Emergency Room 890 + 1,123 626 + 913 264 <0.0012
visits (532, 962) (433, 806) '
) 648 £ 953 385+ 618
Paramedical care 263 <0.0012
(400, 640) (157, 510)
183 £ 1,546 330 £ 4,590
Home care -147 0.0032
0, 0) 0,0)
Values are mean £ SD (median, IQR)
a Mann-Whitney U test
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Table 4. All-cause HCU and costs, by study group and type of services

Type of service Breast cancer Control
(n = 696) (n = 2,568)
Hospitalization in general 5,145 + 9,723 3,254 + 9,066
wards (excluding geriatric, (1,607, 5,644) (0, 2,639)
mental and rehabilitation 71.8% (500) 47.5% (1,219)
wards 2.2+3.3(1, 3) 1.3+2.4(0,1)
Neurosurgical and surgical 4,463 + 7,164 746 £ 4,361
procedures (subcategory (2,078, 5,997) (0, 0)
of surgical procedures) 63.5% (442) 7.7% (198)
0.8+0.8(1,1) 0.1+0.3(0,0)
Radiotherapy (subcategory 4,439 + 4,755 155 + 2,033
of Other ambulatory care) (3,713, 5,641) (0, 0)
73.7% (513) 1.3% (33)
22 £ 16 (26, 35) 0.1+£1.9(0,0)
Antineoplastic and 4,147 + 15,202 509 * 6,286
immunomodulating agents (741, 2,034) (0, 0)
89.2% (621) 7.6% (194)
55 +41 (57, 71) 1.3+12(0,0)
One-day outpatient care in 3,071 £ 5,756 93+1,174
oncology ward (516, 4,306) (0, 0)
50.9% (354) 2.2% (56)
10+19(1, 13) 0.2+3(0,0)
Outpatient specialists’ 2,104 £1,169 810 + 852
consultation visits (2,046, 1,432) (573, 866)

99.7% (694)

96.4% (2,476)

57 + 34 (54, 46)

29 + 28 (22, 32)

Non-cardiac diagnostic 980 + 1,632 113 + 467
scans (subcategory of (476, 918) (0,0)
diagnostic procedures) 80.7% (562) 24.6% (632)
2+2(2,2) 0.4+£0.9(0,0)
Mammography 951 + 760 118 + 155
(subcategory of diagnostic (846, 948) (83, 183)
procedures) 94.7% (659) 68.0% (1,745)
6+4(7,6) 1.9+1.8(2,3)
Cardiovascular surgical 946 + 4,470 553 + 3,059
procedures (subcategory (0, 0) (0,0)
of surgical procedures) 9.1% (63) 6.0% (153)
0.1+£0.4(0,0) 0.1+£0.3(0,0)
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Figure 2. Mean annual HCU costs

Year from Dwagnésus

during follow-up.

— Women without Breast Cancer

Table 5 presents the results of the multivariable GLM for predictors of the annual
HCU costs. It reveals that these costs were $2,445 higher (95% CI: $1,677-$2,540,
p<0.001) among breast cancer patients compared to control subjects.

Table 5. Multivariable GLM for predictors of the average annual HCU costs.

Explanatory variables B B' ($) (95% CI) p-value
Intercept 6.96 1,054 (889 -1,249) <0.001
Study group 1.20 2,445 (1,677 — <0.001
2,540)

Socioeconomic Lower third Ref.
status Intermediate -0.07 -71 (-176 — 74) 0.345

third

Upper third 0.01 11 (-101 - 144) 0.845
Malignancies (excluding breast 0.81 1,315 (814 -1,480) <0.001
cancer)
Diabetes 0.24 286 (103 — 398) 0.000
Hypertension 0.19 220 (64 — 335) 0.003
CVA 0.26 313 (84 — 505) 0.004
Arthropathy 0.13 146 (9 — 252) 0.029
Osteoporosis 0.13 146 (9 — 264) 0.039
Pulmonary Disease 0.24 286 (64 — 451) 0.005
Renal Failure 0.62 905 (519 -1,050) <0.001
CVvD 0.42 550 (299 - 652) <0.001
Gastrointestinal diseases 0.22 259 (74 - 373) 0.002
Mental Disease 0.21 246 (74 — 360) 0.001
Has Insurance -0.48 -402  (-401 —-263) <0.001
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In the base case analysis of the first simulation model (not age-specific),

trastuzumab yielded a gain of 0.97 QALYs with incremental cost of $40,963, leading
to an ICER of $42,638 per QALY (Table 6). Part A of the study revealed that the
annual average HCU costs of the control subjects was $2,328. Adding these future
unrelated medical costs to the model yielded higher ICER of $48,598 per QALY

(Table 6). Hence, trastuzumab was consider cost-effective compared to the

threshold of Israel’'s 2019 GDP per capita of $43,600 [35]only when unrelated future

medical costs were excluded. Similar difference between ICERs was observed in

the second simulation that was calibrated to the specific characteristics of

trastuzumab users and their matched control subjects. Specifically, in this

simulation model the unrelated future medical cost were predicted based on results

presented in Table 7. Namely, women who entered to the model were randomly

selected from the subgroup of trastuzumab users and their corresponding unrelated

future medical costs were predicted based on their specific characteristics that are

included in the multivariable GLM model. However, in this simulation, both ICERs

(excluding/including unrelated future medical costs) led to the conclusion that

trastuzumab is a cost-effective technology (Table 8).

Table 6. Mean base case results of the CEA model.

Unrelated future Not included Included
medical costs
Cost QALY ICER Cost QALY ICER
($/QALY) ($/QALY)
No treatment 77,643 7.20 97,886 7.26
With treatment 118,606 8.17 139,183 | 8.11
ICER 42,638 48,598
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Table 7. Multivariable GLM for predictors of the average annual HCU costs of the

subgroup of trastuzumab user and match control subject.

Explanatory variables B B' ($) (95% CI) p-value
Intercept 6.59 728 (488 -1,108) <0.001
Study Group 1.98 5,543 (2,701 - <0.001
7,622)

Socioeconomic Lower third Ref.
status Intermediate -0.30 -189 (-384 - 118) 0.172

third

Upper third -0.45 -264 (-426 — -22) 0.029
Obesity -0.24 -155 (-316 — 61) 0.143
Current Smoker 0.28 235 (-101 - 767) 0.187
Dementia/Alzheimers/OMS 0.82 925 (85-2,913) 0.018
Hypertension 0.56 546 (144 — 1,154) 0.002
CVA 0.42 380 (-95-1,311) 0.155
Pulmonary Disease 0.31 264 (-89 — 876) 0.190
Renal Failure 0.44 402 (-69-1,331) 0.118
CVvD 0.46 425 (69 — 958) 0.021
Mental Disease 0.53 509 (144 - 1,044) 0.004
Table 8. Mean base case results of the age-specific CEA model.
Unrelated future Not included Included
medical costs

Cost QALY ICER Cost QALY ICER
($/QALY) ($/QALY)

No treatment 85,548 9.14 104,569 9.01
With treatment 126,630 | 10.54 149,616 | 10.26
ICER 28,996 36,004
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5. Discussion and conclusions

Advanced and costly pharmaceutical technologies to treat breast cancer
continuously emerge. Thus, it is continuously warranted to estimate patterns of
HCU of these patient as well as articulate the methodologies to appraise their cost-
effectiveness. The current research project was targeted at these two objectives. It
revealed that during 14 years of follow-up HCU of patients with breast cancer is
significantly higher than match controls, specifically during the first- and second
year following diagnosis. In addition, it revealed that including unrelated future
medical costs in CEA may alter the conclusion derived from the analysis, hamely,
lead to the conclusion that the technology is not cost-effective. These results will be
discussed in light of extant literature.

Similar to our results, previous evidence revealed that the first year following
diagnosis is considered to be the costliest in terms of HCU [36-39]. In addition, our
results substantiate previous results with regard to the significant economic

burden associated with breast cancer compared to control subject [36,39-41]. The
substantial economic burden was also previously demonstrated in Maccabi Health
Services, the second largest HMO in Israel [42].

We found that 38%, and 16% of total costs during follow-up were attributed to
inpatient care (hospitalization and surgical procedures) and medication. In a
population-based cost analysis across the European Union countries [43] these
two components were also the more prominent, however in this analysis
medication consist 46% of costs [43] significantly higher than our results. The
results with regard to inpatient care were similar to those from the European Union
[43] and the US [41], however significantly higher than result from Israel [44].
Nevertheless, the last analyzed the first year following diagnosis, thus, excluded
the terminal phase of the disease which is usually costly and includes a high
hospitalization rate [38]. It should be noted that, in Israel, patients with breast
cancer have mainly the invasive disease [32], thus, it may be assumed that a long-
term analysis of HCU during the whole disease course might result in a significant
proportion of hospitalizations.

In addition, while outpatient care was relatively negligible in the European Union

[43], these costs (including diagnostic procedures (mostly mammography), one-
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day outpatient care (mostly visits to the oncology outpatient clinic), outpatient
specialists’ consultation and other ambulatory care (mostly radiotherapy)
consisted 42% of costs.

Our results that are from a mostly publicly financed HMO are also different from
those estimated by Allaire et al. for the annual HCU costs during all of the disease
course among privately insured women [40], where outpatient care consisted 92%
of the total HCU costs for breast cancer. The different utilization of outpatient care
portrayed in our study emphasize the fact that HCU patterns are context-specific,

thus allocation decision should be context-specific.

Our CEA of trastuzumab revealed higher ICERs than most of current evidence from
Europe [16,19,23,24] and even the US [34]. In addition, and as expected the ICER
was also higher than a study that referred to low-income country [26] although
similar simulation model was conducted. However, it was comparable to that
observed in other European countries [17,21,25]. In all analyses [16,17,19,21,23-
25,34] as well in the current base case analysis trastuzumab was considered cost-
effective based on the GDP per capita threshold, however, all extant analyses
[16,17,19,21,23-25,34] ignored the unrelated future medical costs.

As expected, when unrelated future medical costs were included in the model the
ICERs increased by ~20%. However, in one out of the two simulations, it led to
change in the conclusion derived from the analysis. It is reasonable to assume that
the inclusion of unrelated future medical costs may mostly affect the result (thus
crucial to be included) as higher is the life-expectancy following treatment and as
the expected future costs are non-negligible (as in low-income countries). Our
estimation procedure of unrelated future medical cost was unique since it was
context-specific, namely estimation of the unrelated future medical costs associated
with breast cancer based on patient-level data. Briggs et al. [45] based their
estimation on the resource allocation formula which is broadly adjusted solely to
age and sex. Van Baal et al. [46] assumed that total healthcare expenditure can be
explained by age, sex and time to death, and used 2005 cost-of-illness (COI) data
from the Netherlands which covers 107 disease categories. Our analyses were
based on comprehensive and detailed information on healthcare utilization including

hospitalizations, surgical procedures, diagnostic procedures, medications,
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emergency room visits, one-day outpatient care, outpatient specialists’ consultation
visits, paramedical care, home care and other ambulatory care, while others [45]
estimated the relative health expenditure for four care categories (general and

acute care, mental health, prescribing, and primary care.

This study has several limitations. First, our analysis relied on financial data that
lack clinical information to confirm the disease stage and severity at diagnosis, thus,
analyses was not stratified by disease stage that may highly contribute to variability
in the HCU estimates. Second, HCU in our study included direct HMO costs and
ignored out of pocket costs for medication or other healthcare services. Third, cost
estimates of HCU may not be generalizable to other healthcare systems, as
practice patterns and tariffs may differ. This limitation, however, does not weaken
our analysis since our objective was to describe between-group differences in HCU
and the influence of this estimate on the relative ICER rather than to refer to
absolute values. Fourth, our CEA was not based on Israeli-specific clinical trial but
rather on data gathered from clinical trial in developed countries. Fifth, the treatment
costs utilized in the CEA was based on estimates from the Netherlands rather than
actual Israel data. However, since these estimates were equally included in both
simulations excluding/including unrelated future costs, this limitation only affect the
absolute ICER derived from each simulation, yet not the comparison between
models, which was the core objective of the current study.

Notwithstanding these limitations, we believe that our research project provides two
main contributions. First, it provides a comprehensive description of all-cause HCU
of breast cancer patients in Israel, thus, substantiating existing evidence about the
economic burden of breast cancer worldwide and leveraging it to estimate unrelated
future medical costs. Second, it provides empirical evidence for the influence of
these unrelated costs on CEA, thus enable policy makers to appraise the
implications of ignoring these costs. This research is not only the first of its kind in
Israel, but also quite rare and new globally. Furthermore, its strength is by using
patient-level data on HCU. Further research on long-term HCU and health
outcomes of patients with breast cancer stratified by disease stage and by
pharmaceutical care will enable more in-depth examination and is crucial for CEA of

the rapidly emerging technologies. In addition, further research may uncover the
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effects of interactions between patients’ characteristics on unrelated future medical
costs (e.g., the effect of comorbidities of depression and anxiety on future costs of
patients with breast cancer).

6. Policy implications and recommendations

Healthcare systems worldwide face major public health challenges from non-
communicable diseases and associated financial burden. The continuous state of
scarce healthcare resources highlights the need to optimally prioritize medical
innovations.

Since inclusion of unrelated future medical costs may alter the conclusion derived
from CEA (as was proved in our case study), then ignoring these costs will lead to
hidden biases against certain populations (such as the mentally frail). Hence,
violating the overall aim of the Israeli National Health Insurance Law to prevent
discrimination.

Based on study results we recommend evaluating the magnitude of these costs in
the specific context discussed (specific disease and treatment) and if of great
magnitude, then applying the model that is emerging in the US and the Netherlands
rather than the conservative model used in the UK. Excluding unrelated future
medical costs is equivalent to arbitrarily referring to these as equal to zero.
Although one might be tempted to hypothesize the answer to the question whether
to include unrelated future costs, is “very important. Always!”, it is important to
note that this is not universally true as was observed in our study. Our contribution
is to raise awareness to this issue and provide the magnitude of effect, both

crucial for evidence-based decision-making process.
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