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Abstract

Background : Real-world evidence from Japan for clinical outcomes and treatment
patterns in patients with hormone receptor-positive (HR+) and human epidermal
growth factor receptor 2-negative (HER2—) early breast cancer (EBC) is limited,
especially in the high-risk population. We aimed to provide recent evidence in this
population using a nationwide standardized and established dataset owned by National
Hospital Organization in Japan.

Methods : Adult females diagnosed with stage I -II breast cancer who underwent
breast resection surgery during April 2015-March 2020 were included. Patients with
>N2, or N1 and >T3 tumor as the record in DPC at surgery were considered ‘high-
risk’ patients. The primary objective was to evaluate disease-free survival (DFS) and
factors affecting DFS. The secondary objective was to describe the characteristics
and treatment patterns.

Results : Among 8579 included patients, 366 were high risk. Except cancer stage,
all other characteristics were similar between high-risk and overall population.
Neoadjuvant therapy (454% vs.7.9%) and adjuvant chemotherapy (36.6% vs. 194%)
use was more common in high-risk versus overall population. Cyclophosphamide-based
regimens were the most frequently used adjuvant chemotherapy regardless of risk
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profile. Five-year DFS was lower in high-risk versus overall population (80.4% vs.

95.5% ). High-risk was also the greatest factor affecting cancer recurrence/death in
the overall population (hazard ratio 5.0, 95% confidence interval 3.7-7.0 : p<0.001).
Conclusion : This study demonstrated a significantly higher probability of poor

prognosis in high-risk patients with HR +, HERZ2—EBC. Therefore, further improvement

of treatment outcomes in the high-risk population is desirable (Fig : Plain language

summary of the study).

Introduction
| 4

Breast cancer is the most commonly
diagnosed cancer among women'’, with
early breast cancer (EBC) accounting for
>90% of cases’. In Japan, hormone receptor-
positive (HR+) and human epidermal growth
factor receptor 2-negative (HER2-) is the
most common breast cancer subtype (>70%
of cases)”. The standard of care for EBC
includes surgery along with radiotherapy,
adjuvant or neoadjuvant chemotherapy, and
endocrine therapy (ET) based on individual
factors’. Around 10.4% of patients with EBC
(irrespective of HR-status) will experience
cancer recurrence’, however, this proportion
increases among patients with HR+, HER2—
EBC and certain high-risk features”
(approximately 30% to 37%)"".

To address this unmet need of high-risk
patients with EBC, the monarchE trial, an
open-label, Phaselll, randomized, global trial,
which enrolled 5637 high-risk HR +, HER2 —
patients with EBC, was conducted. Patients
were randomly assigned to standard-of-care
adjuvant ET with or without abemaciclib
for two years. Abemaciclib+ET was superior
to ET alone for the primary outcome (invasive
disease-free survival [IDFS] : hazard ratio
[HR] 0.75, 95% confidence interval [CI] 0.60-
093 p=001)". Based on the monarchE trial,
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the United States (US), the European Union,
and Japan approved the use of abemaciclib
+ET for patients with HR+, HER2 - EBC
at a high risk of cancer recurrence’ .

To understand how such clinical trial
results will translate into clinical practice,
real-world evidence on clinical outcomes for
HR +, HERZ —patients with EBC is essential.
However, published evidence is limited,
especially in the high-risk population treated
with the standard-of-care before monarchE
approval. Studies from the US have reported
three-fold greater risk of recurrence in high-
risk patients versus non-high-risk patients7>,
and the treatment patterns in patients with
EBCY. However, there are no large-scale
real-world Japanese studies demonstrating
clinical outcomes, especially among high-
risk patients with HR +, HER2 - EBC, in the
context of the overall journey of patients with
HR+, HER2-EBC. In the current study,
we aimed to generate recent evidence by
describing real-world patient characteristics,
treatment patterns, and clinical outcomes
among Japanese patients with HR+, HERZ2—
EBC, with focus on the high-risk patients
among them (based on a monarchE-like
definition)”, using a nationwide standardized
and established database.



— #r#E L J. New Rem. & Clin. Vol.72 No.10 2023 —

EROEERIZHT 58 U R 27 H0-E 2R KB HER2 M IR O B
EREMLET | c BFILTTF—F_R—REAVERE
H B, BEH. GRFRT, kA0 T, FHRTM, L. KERT, Nk, AR

HR+/HER2-EIAFLHE L 13T 5?2

» BETRLEWS A FOILMIT, Sk ELZEE (HR) LPEERD Y A2 HABRLTVWTE b EEERETZ
k2 (HER2) LPEThAZ A0 WHRELTWEEA, 20X A 7O, HR B (HR+) HER2EE (HER2-)
L TR ET,

o P, MEESELERITEOES O AT TOLED L, EOMOESIZIIERE L THWRWEOZ LT, U3
HHEZAB L, AnRET®T S/ hERGETT.

o U ATEBOBEN S, FBNEED R E DSORENALNLHEE, AMOERY A2 BE 2V ET,
REZDL S RHRET2 O TTH?
« FEEEEIZHV T, HRVHER2- REIRLEO B EALEICHT MoK o TOMEIZIELA LB T ER A,

B #: B T T & - 7 Stage I-INIOHR+HER2- LD B A AL ICH T 5 ROBREMET 52 L
ZOHFRTIEED L ) 2WEEITVE LA
o BARDELHBRIITAT S 2 2DF—F <2 15 B R E L,

[]| Medical Information Analysis (MIA) databant 5 Electronic medical records National Hospital

ZOTFT—HA—2 T, HRTOBRIIMTSLE Organization Clinical Data Archives (NCDA) -
7 MR L TWET, LOF—fA—AE, BEOWE, EREUHE

M SMEARE SR TOET.

s INEOT—FA—RERELT, LTOREEMETRIECMToMSESE L

— HR+/HER2- S Mi5L#5, 5>
— 201544 H ~20204E3 H AL O FHF A 2

WY AZMEA (LEOFERY 2 7 A tE)
M (AHOTERY 2 2 BV EiE - B < Aokl

+ BRI RHOR TV E LE s <

CEO et Wi Eis)
~ R 5o THOILBOERN L SN M- ki34 5
- FMBIC YO LS REREZTTOEN?
, A (il
2t 1045 H19.5%, (212 La DSBS
85794 HuhEHATLE
\W:&;m ° o EVESE G|
M 104 B84 [ AL O FEH A
HHREEATLE

EH SIS, BAOERYA FIA  cMLEbOTLE
HFOFERY A2 B#< RVKHE L B LT, LBOERY A2 BEHEETH

5x
HLAEO WA T 5 120 [ SEMO{L SR E b T iR
ST D PHERES S A £
PEE ST 23 LT HFRO 3 Fa dipe
ok BEFEASHREE < 72D £ TS, “ﬁ'&%ﬁ&”ﬁ?&’éﬁ;ﬂ}?““M"“”
HAT RS, AT SRR ET S - 2 Lo THONREES
i 0 Ak 0+ B A& HUT L ik = & T
HEPLTME NS LT H?

e Y A 2 A3V HRAHER2- BTN B A A Actid, TEMEESFEIZ BT bR USR5 alietEAi i< e £4,
ORI REEOEGFREFHDH LI, L0 AVEIGEBRIEEMB T AL ERSD LB ONET,

IOFRBAFES—TF LY ) - CHEREERIITV R, THR K] 20236108 %

Fig. Plain language summary of the study (Japanese only)
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I Methods
| 4

1. Data source

This retrospective observational study
was conducted using data from the hospital-
based claims Medical Information Analysis
(MIA) databank and the electronic medical
record (EMR) National Hospital Organization
(NHO) Clinical Data Archives (NCDA)
database'. Both the databases are owned
by the NHO. The MIA database has been
collecting administrative claims data from
140 hospitals since April 2010 with more than
8 million inpatients and outpatientsm. It also
includes discharge summaries containing
clinical information such as cancer stage, T/
N stage, initial versus recurrent flag, and
activities of daily living (ADL). The NCDA
database includes EMR data regarding the
disease, admission/discharge, transfer,
outpatient visits, diet, prescriptions,
medications, and laboratory test result data
for patients since January 2016. Only
anonymized data is provided for secondary
use, including this study. This study included
data from NHO hospitals that participate in
both the databases.
2. Study design and patient population

The date of the first breast resection
surgery (kubun codes K474-K476) was
defined as the index date and this date needed
to be in index period (April 1, 2015 to March
31, 2020). The hospitalization including the
index date was defined as the index
hospitalization. Patients were followed-up
for at least 1 year till the last hospital visit
up to March 31, 2021.

The study included patients who underwent
breast resection surgery in the index period ;

were diagnosed with stage 1-1I (based on

(844)

tumor, nodes, metastases classification
[TNM]) breast cancer (International
Classification of Diseases, Tenth Edition
[ICD-10] C50, except for sarcoma or
HER2 positive cancer)"” for the index
hospitalization ; received any endocrine
drugs (HR +surrogate) ; did not receive
HER2—targeting drugs (HER2—surrogate) ;
were diagnosed with initial and not recurrent
cancer at the index hospitalization ; were
female and aged >18 years at the index date ;
and had a follow-up duration of >1 year or
record of death after the index date. Patients
who underwent breast resection surgery
before the index date ; or had a diagnosis
of metastasis/recurrence except for axillary
lymph node metastasis before the index
date were excluded. According to our previous

' either the clinical or

validation study'
pathological stage retrieved from each
hospital matched 83.7% of overall stage,
95.8% of T-classification, and 89.8% of
N-classification in the DPC database, thus
we utilized the T/N classification retrieved
from DPC information as T/N stage at
surgery. In this study, >N2, or N1 and >7T3
tumor as the record in DPC data at surgery
were defined as ‘monarchE-like high-risk
criteria’, and the subgroup of patients with
this criteria as ‘high-risk . This definition is
not compatible to but partially match the
definition of high-risk criteria used in the
monarchE trial”. We could not use the exact
monarchE criteria since the NHO databases
do not record the tumor grade or Ki-67 index.

This observational study only used data
collected previously, does not include any
intervention, and deidentifies the data to
protect patient privacy. Therefore, a formal
consent form was not required. This study
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was conducted in accordance with the
ethical principles that have their origin in
the Declaration of Helsinki and that are
consistent with Good Pharmacoepidemiology
Practices and applicable laws and regulations
of Japan. This study was approved by the
Institutional Review Board of the NHO
Headquarters (R3-0614001).

3. Objectives and variables

We evaluated demographic and clinical
characteristics of the patients including age,
sex, body mass index, ADL, Charlson
Comorbidity Index (CCI), menopausal status,
and tumor stage. All the variables, except
menopausal status, were measured during
index hospitalization and obtained from the
discharge summary. Menopausal status was
defined based on the presence of goserelin/
leuprorelin prescriptions in the follow-up
period as a surrogate. ADL was evaluated
using the Barthel Index, a scale to evaluate
a person’s current level of ability to perform
10 everyday activities” . Patients were deemed
independent during admission if their Barthel
index score was 100 and dependent if they
scored<100.

The primary objective was evaluation of
duration of disease-free survival (DFS:
defined as time to metastasis or recurrence
or death) during the follow-up period in the
patients. These events were defined using
pre-validated algorithms'. Metastasis/
recurrence was defined using lasso-based
and rule-based algorithms. In the lasso-based
algorithm, presence of codes in Table S1
were used as independent variables for the
regression model. The event was defined as
present when the prediction score of the
lasso regression model was higher than the
threshold value that maximized the sum of

sensitivity and specificity in the receiver
operating characteristics curve, and the
event date was defined as the earliest date
among the dates with codes in Table S1. In
the rule-based algorithm, presence of any
metastasis/recurrence codes in Table S1
defined the event, and the event date was
defined as the earliest date among those
records. Death was defined as the presence
of a death record in the discharge summary,
EMR, or claims records (Table S1). The
earliest date among these events defined
the event date.

The secondary objective described the
demographic and clinical characteristics
and treatment patterns. Use of endocrine and
chemotherapeutic drugs over two lines of
therapy (LoT) for neoadjuvant and adjuvant
therapy were assessed as per the definitions
in Table S1. Use of post-operative radiation
therapy within 180 or 365 days after the
index date was assessed too.

4. Statistical analysis

DFS was analyzed using the Kaplan-Meier
method with log-rank test and was censored
at the last hospital visit for patients who did
not have a record of metastasis/recurrence
or death. Median (95% CI) of DFS and DFS%
at specified time points (1, 2, 3, 4, and 5 years)
were estimated. The lasso-based algorithm
was considered as the main analysis and
rule-based algorithm as the sensitivity analysis.
Multivariable Cox regression analysis was
performed to assess the risk factors affecting
DFS. Values were missing in 0.5% and 1.2%
of the BMI and ADL data, respectively. Hence,
the missing values were imputed with
Multiple Imputation by Chained Equations
before the Cox regression analysis™ . The

demographic and clinical characteristics

(845)
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Diagnosed with breast cancer and received
first breast resection surgery in index period
(between April 1, 2015 and March 31, 2020)
N =22043

i

Diagnosed as stage I-1I and as initial cancer
Received any endocrine drugs
and not received drugs targeting HER2
n=11996

v

Female, and age 18 years or older at index date
n=11123

Excluded : diagnosis of metastasis/recurrence (except
for axillary lymph node metastasis) before surgery
n="789

Y

Overall study population
n=23579

Excluded : follow up period after surgery <1 year
without death in <1 year
n=2544

i

High risk population (>N2, or N1 and >T3)
n =366

HER2 : human epidermal growth factor receptor 2

Fig. 1

were described descriptively. Treatment
patterns were presented using Sankey
diagrams.

Similar analyses were performed for
‘high-risk’ patients for all the outcomes.
Subgroup analysis for DFS was performed
for patients stratified by stage (I vs. I vs.
), by T-stage (T1vs. T2 vs. T3 vs. T4), and
by N-stage (NO vs. N1 vs. N2 vs. N3). All
statistical analyses were conducted using R

19)

413 (R core team) .

Results
I | 4

1. Demographic and clinical characteristics

A total of 8579 patients met all the inclusion
and exclusion criteria while 366 patients
(4.3%) were considered ‘high-risk' among
them (Fig. 1). The median (range) age of
the overall study population was 62.0 (24.0-

(846)

Selection of the study population

990) years and the mean (standard deviation
[SD.]) follow-up period was 3.2 (14) years.
The majority of the patients were independent
(94.8%) in ADL. The most frequent tumor
stage was stage 1 (556%), followed by stage
DA (284%), and stage IB (8.3%). High-
risk patients reported similar characteristics
as the overall population, except for tumor
stage. In high-risk patients, stage IIB was
the most frequent tumor stage (41.5%),
followed by stage A (388%), and stage IIC
(19.7%) (Table 1).
2. Peri-operative treatment patterns

1) Neoadjuvant therapies

Neoadjuvant therapy use was more
common in high-risk patients than the overall
population (1" neoadjuvant:454% vs. 7.9%,
2" neoadjuvant : 314% vs. 4.0%) (Table 2).
The most common 1% neoadjuvant in high-
risk patients was b-fluorouracil + epirubicin



— FFE LK J. New Rem. & Clin. Vol.72 No.10 2023 —

Table 1 Patient characteristics

Parameter

Overall patients (N =8579)

High-risk patients (n=2366)

Age in years, median (range)

62.0 (24.0-99.0)

63.0 (29.0-93.0)

Follow-up period in years,

mean (SD.) 32 (14) 32 (14)
BMI, mean (S.D.) 235 (142) 237 (143)
BMI category, n (%)"
<0 | s | 20 656)
2250 2584 (30.1) 120 (32.8)
Activities of daily living
independence, n (%)"
Dependent | a8 (4) | 20 (79
Independent 8130 (94.8) 329 (89.9)
CCI, mean (SD.) 24 (10 27 (12)
CCI<2n (%) 6698 (78.1) 249 (68.0)
Pre-menopausal, n (%) 928 (10.8) 38 (104)
Tumor stage in the database,
n (%)
T e | 000
oA 2437 (284) 0 (00
IB 712 ( 83) 0 (00
mA 142 (17 142 (388)
B 282 ( 33) 152 (415)
mc 72 ( 08) 72 (19.7)
Unknown 164 (19 0 (00
Index year, n (%)
205 | wswao | 728
2016 1833 (21.4) 88 (24.0)
2017 1874 (21.8) 81 (22.1)
2018 1645 (19.2) 77 (21.0)
2019 1766 (20.6) 64 (175)
2020 258 (30) 9 (25)

a : Patients with unavailable data, n (%) ; Overall patients=47 (0.5%) and high-risk patients=6 (1.6%).

b : Patients with unavailable data, n (%) : Overall patients=101 (1.2%) and high-risk patients=8 (2.2%).
¢ * Menopausal status was defined based on the presence of goserelin/leuprorelin prescriptions in the

follow-up period.

N denotes the total study population size and n denotes the number of patients for individual cohorts or

parameters.

BMI : body mass index, CCI : charlson comorbidity index, S.D. : standard deviation

(847)
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Table 2 Neoadjuvant therapies in patients with HR +, HER2 — EBC

1" neoadjuvant

Overall patients (N =8579)

2" neoadjuvant

High-risk patients (n=2366)

1" neoadjuvant 2" neoadjuvant

Patients who

received each 677 (79) 343 ( 4.0) 166 (45.4) 115 (314)
LoT,n (%)
Duration in days, 579 (37.3) 62.1 (185) 569 (33.7) 634 (16.2)
mean (S.D.)
1" common FEC, 141 DTX, 169 FEC, 48 DTX, 60
regimen, n

nd
2" common

regimen, n

rd
3" common
regimen, n

th
5" common

. nab-PTX, 65
regimen, n

nab-PTX, 8

BEV+PTX +
TAM, 1

nab-PTX, 11

N denotes the total study population size and n denotes the number of patients for individual cohorts or

parameters.

AC : cyclophosphamide + doxorubicin, ANA : anastrozole, BEV : bevacizumab, DTX : docetaxel, EBC :
early breast cancer, EC : epirubicin + cyclophosphamide, FEC : 5-fluorouracil + epirubicin + cyclophosphamide,
HERZ - : human epidermal growth factor receptor 2 negative, HR + : hormone receptor-positive, LET :
letrozole, LoT : line of therapy, nab-PTX : nanoparticle albumin-bound paclitaxel, PTX : paclitaxel, S.D. :

standard deviation, TAM : tamoxifen

+cyclophosphamide (FEC) followed by
epirubicin + cyclophosphamide (EC). The
most common 1” neoadjuvant in the overall
population was FEC followed by letrozole
(Table 2).

Apart from reporting the neoadjuvant
therapy regimens, we presented the treatment
sequence of neoadjuvant therapies in the
overall and high-risk populations, starting
from the five most common 1™ neoadjuvant
regimens, using a Sankey plot (Fig. 2a and
2b). In both the populations, most patients
received up to two neoadjuvant therapies ;
only a few patients received a 3" neoadjuvant
therapy.

(848)

2) Adjuvant therapies in the overall study
population

Among the overall study population (n=
8579), 6445 patients (75.1%) initiated any
adjuvant therapy within 60 days after surgery.
Of those, 1253 patients (194%) first received
chemotherapy as adjuvant therapy. The
most common 1" adjuvant chemotherapy
was cyclophosphamide +docetaxel (DC) (n=
536) followed by EC (n=243) (Table 3).
Among the 1253 patients who received
adjuvant chemotherapy, 860 (686%) further
received adjuvant ET within 60 days after
adjuvant chemotherapy. The most common
1" adjuvant ET after adjuvant chemotherapy
was tamoxifen (n=373) followed by
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Treatment sequence including the five most common 1" neoadjuvant therapy and subsequent lines of
neoadjuvant therapy in the overall population (Fig. 2a) and high-risk population (Fig. 2b).

The numbers of patients for each regimen in the subsequent lines of therapy differs from those in Table 2
because only the treatment sequences starting from the five most common 1" neoadjuvant regimens are shown

here.

5-FU : 5-fluorouracil, ANA : anastrozole, CPA : cyclophosphamide, DOX : doxorubicin, DTX : docetaxel, EBC :
early breast cancer, EPI : epirubicin, EXE : exemestane, HER2 — : human epidermal growth factor receptor 2
negative, HR + : hormone receptor-positive, LET : letrozole, nab-PTX : nanoparticle albumin-bound paclitaxel,

PTX : paclitaxel, TAM : tamoxifen, UFT : uracil-tegafur

Fig. 2 Neoadjuvant treatment sequence in patients with HR +, HER2 — EBC

anastrozole (n=254) (Table 3).

Among the 6445 patients who received
any adjuvant therapy within 60 days after
surgery, 5192 patients (80.6%) started
adjuvant ET without chemotherapy (Table 4).
The most common 1% adjuvant ET in these
patients was anastrozole (n=2038) followed
by tamoxifen (n=1744).

The treatment sequence of adjuvant
therapies in the overall population were
presented using Sankey diagrams (Figs. 3a,
3b, and 4a). From the five most common 1"
adjuvant chemotherapy (n=1127), some
patients continued onto the 2" adjuvant
chemotherapy. The most common
chemotherapy sequence was from EC or
FEC to docetaxel (DTX) or paclitaxel (PTX)
(Fig. 3a). Major subsequent adjuvant ETs
after the major adjuvant chemotherapies
were tamoxifen (315% ; 355/1127), anastrozole

(20.7% ; 233/1127), and letrozole (16.9% ;
191/1127) (Fig. 3b). Among patients who
started the five most common ETs without
chemotherapy as adjuvant therapy, 12.1%
(626/5157) received the second adjuvant
ET (Fig. 4a).

3) Adjuvant therapies in the high-risk
population

Among the high-risk patients (n=366),
284 patients (77.6%) initiated any adjuvant
therapy within 60 days after surgery. Of
those, 104 patients (36.6%) first received
chemotherapy as the adjuvant therapy
(Table 3). The most common 1" adjuvant
chemotherapy was FEC (n=32) followed
by EC (n=21) (Table 3). Among the 104
patients who received adjuvant chemotherapy,
72 (69.2%) further received adjuvant ET
within 60 days after adjuvant chemotherapy
(Table 3). The most common 1" adjuvant

(849)
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Table 3 Adjuvant therapies in patients with HR +, HER2 — EBC who received adjuvant chemotherapy

Overall patients High-risk patients
with adjuvant chemotherapy (n=1253) with adjuvant chemotherapy (n=104)
I an 1.« | 2nd 15‘ 2nd 1 | an
adjuvant | adjuvant | adjuvant | adjuvant | adjuvant | adjuvant | adjuvant | adjuvant
CT CT ET ET CT CT ET ET
Patients who ;
received 1253 514 860 66 104 65 72 5
each LoT, (100) (41.0) (68.6) (5.3) (100) (62.5) (69.2) (4.8)
n (%)
g:r:‘t‘on m 978 96.7 953.3 496.9 1003 764 8729 272.0
e (1973) | (1830) | (5551) | (4651) | (192.1) (99.7) (5128) | (5485)
mean (S.D.)
L common | v sag | ppx 318 TAM, 3731 ANA, 19 | FEC, 32 | DTX, 42 | ANA,23 | ANA, 2
regimen, n : 3 R P o L
nd | | | H H H
27 common | pe g3 pTY 122 ANA, 254 TAM, 11| EC, 21 | PTX,15 | LET,23 | ~BE*
regimen, n : | | : : ¢ FUL, 1
rd | | | | |
3" common | ppe oss !t pRC 31 LET, 206 LET. 10 | AC, 16 | FEC.2 | TAM. 23 EXE 1
regimen, n : : 3 3 3
th
4" common 1~ g) EC,$ | EXE9 | EXE9 | DC 14 DC,1 | EXE?2 | FUL 1
regimen, n
th
bocommon | e st poy  TOR9 - TOR7 | DTX.6 | EC.1 | TOR 1 -
regimen, n

ABE : abemaciclib, AC : cyclophosphamide + doxorubicin, ANA : anastrozole, CT : chemotherapy, DC :
cyclophosphamide + docetaxel, DTX : docetaxel, EBC : early breast cancer, EC : epirubicin + cyclophosphamide,
ET : endocrine therapy, EXE : exemestane, FEC : 5-fluorouracil + epirubicin + cyclophosphamide, FUL :
fulvestrant, HER2 - : human epidermal growth factor receptor 2 negative, HR+ : hormone receptor-
positive, LET : letrozole, LoT : line of therapy, PTX : paclitaxel, S.D. : standard deviation, TAM : tamoxifen,
TOR : toremifene

ET after adjuvant chemotherapy was
anastrozole, letrozole, and tamoxifen (all n=
23). The mean (SD.) duration of 1" adjuvant
ET was shorter in high-risk patients compared
to the overall study population (8729 [512.8]
days vs. 953.3 [555.1] days).

Among the 284 high-risk patients who
received any adjuvant therapy within 60 days
after surgery, 180 patients (634%) received
adjuvant ET without chemotherapy
(Table 4). The most common 17 adjuvant
ET in the high-risk population was letrozole
(n=65) followed by anastrozole (n=61).

(850)

The mean (SD.) duration of 1" adjuvant ET
was shorter in high-risk patients compared
to the overall study population (866.0 [581.8]
days vs. 980.7 [584.3] days).

The treatment sequences of adjuvant
therapies in the high-risk population were
presented using Sankey plots. Starting
from the five most common 1% adjuvant
chemotherapy (n=89), a greater proportion
of these high-risk patients received the 2"
adjuvant chemotherapy compared to the
overall study population. Similar to the overall
population, the predominant chemotherapy
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Table 4 Adjuvant endocrine therapies in patients with HR +, HER2 — EBC who started adjuvant ET

therapy without chemotherapy

Overall patients who started High-risk patients who started
adjuvant ET therapy without adjuvant ET therapy without
chemotherapy (n=5192) chemotherapy (n=180)
I"adjuvant ET | 2" adjuvant ET | 1"adjuvantET | 2" adjuvant ET
Patients who
received each 5192 (1000 | 626 (121) 180 (100) § 40 (222)
LoT,n (%) | |
Duration in days. | gg07 (5813) | 5324 (4975) 8660 (5818) | 4213 (4455)
mean (SD.) | |
1" commeon ANA, 2038 = TAM, 189 LET, 65 LET, 9
regimen, n | |
2" common TAM, 1744 ANA, 135 ANA, 61 ANA, 8
regimen, n
rd
3" common LET, 1231 EXE, 93 TAM, 45 FUL, 7
regimen, n
th
4" common EXE, 106 LET, 92 EXE, 4 TAM, 6
regimen, n
th
5 common TOR, 38 TOR, 40 TOR. 3 EXE, 5
regimen, n

ANA : anastrozole, EBC : early breast cancer, EXE : exemestane, FUL : fulvestrant, HER2 — : human
epidermal growth factor receptor 2 negative, HR + : hormone receptor-positive, LET : letrozole, LoT : line
of therapy, S.D. : standard deviation, TAM : tamoxifen, TOR : toremifene

sequence in the high-risk population was from
EC or FEC to DTX or PTX as 2™ adjuvant
chemotherapy (Fig. 3c). The major ETs after
the major adjuvant chemotherapies were
tamoxifen (24.7% ; 22/89) and anastrozole
and letrozole (for both 22.5% ; 20/89)
(Fig. 3d). Among the patients who started the
five most common ET without chemotherapy
as adjuvant therapy, 21.9% (n=39/178)
received the 2" adjuvant endocrine therapy
(Fig. 4b).

4) Post-operative radiotherapy

Post-operative radiotherapy use was
similar within 180 days for high-risk patients
(434%) and the overall population (41.9%).

However, evaluation for radiotherapy use

within 365 days showed higher usage by
high-risk patients than the overall population
(57.7% vs. 470%). No total body irradiation,
electromagnetic thermal therapy, or interstitial
irradiation were recorded within the evaluated
periods.
3. Disease-free survival

Fig. 5 shows the lasso-based algorithm’s
DFS for the overall study population and
high-risk patients. The DFS% was lower for
high-risk patients versus the overall study
population for five years, ranging from 95.3%
vs. 99.3% at 1-year to 80.4% vs. 95.5% at
5-years. Cox regression analysis showed the
risk of cancer recurrence was highest in
patients with high-risk (HR 5.0, 95% CI 3.7-
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—— ANA + LET(1)

(a) (b)

TAM(355)

LET(191)

None(332)

ANA(233)

£ TAM(1)

-_Euf (1)

() (d)

LET(20)

TAM(22)

DTX(42)

CPA + nab-PTX(1)
DCc(1)

PTX(15)
EXE(2)
TOR(1)

EC(1)

Treatment sequences including the five most common 1% adjuvant chemotherapies and subsequent lines of
therapy among patients who received adjuvant chemotherapy in the overall population (Fig. 3a and 3b) and
high-risk population (Fig. 3¢ and 3d).

Among the subsequent lines of therapy, Figs. 3a and 3c only show the 2" chemotherapy regimens that started
within 60 days after the end of the 1" chemotherapy, and Figs. 3b and 3d only show the endocrine therapy
regimens that started within 60 days after the end of chemotherapy.

The numbers of patients for each regimen in the subsequent line of therapy differs from those in Table 3
because only the treatment sequences starting from the five most common 1" neoadjuvant endocrine regimens
are shown here.

5-FU : 5-fluorouracil, ABE : abemaciclib, ANA : anastrozole, CBDCA : carboplatin, CPA : cyclophosphamide,
DOX : doxorubicin, DTX : docetaxel, EBC : early breast cancer, EPI : epirubicin, EXE @ exemestane, FUL :
fulvestrant, HER2 — : human epidermal growth factor receptor 2 negative, HR + : hormone receptor-positive,
LET : letrozole, nab-PTX : nanoparticle albumin-bound paclitaxel, PAL : palbociclib, PTX : paclitaxel, TAM :
tamoxifen, TOR : toremifene, UFT : uracil-tegafur

Fig. 3 Adjuvant treatment sequence in patients with HR +, HER2 — EBC who received
adjuvant chemotherapy
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(a)

None(4535)

(Fig. 4a) and high-risk population (Fig. 4b) .

here.

Treatment sequences including the five most common 1" adjuvant endocrine therapies and subsequent line of
endocrine therapy among patients who did not receive any adjuvant chemotherapy, in the overall population

The number of patients for each regimen in the subsequent line of pherapy differs from those in Table 4 because
only the treatment sequences starting from the five most common 1" neoadjuvant endocrine regimens are shown

ABE : abemaciclib, ANA : anastrozole, EBC : early breast cancer, EXE : exemestane, FUL : fulvestrant, HER2 — :
human epidermal growth factor receptor 2 negative, HR + : hormone receptor-positive, LET : letrozole, MPA :
medroxyprogesterone, PAL : palbociclib, S-1 : tegafur/gimeracil/oteracil, TAM : tamoxifen, TOR : toremifene

(b)

TAM(45)

None(139)

W=

wmm ABE + FUL(2)
=3 FUL + PAL(3)

E v
B ExE(5)
—— - ] ruun
B TOR(3) =

I EXE(4) W i)

- - -

Fig. 4 Adjuvant endocrine therapies in patients with HR +, HER2 — EBC who did not receive adjuvant

chemotherapy

7.0), followed by those with CCI >3 (HR 1.8,
95% CI 1.4-2.3), and those who received
neoadjuvant chemotherapy (HR 1.8, 95% CI
1.3-24) (all p<0.001 ; Fig. 6). Fig. S1a shows
the DFS% from subgroup analysis based on
the cancer stage, T-stage, and N-stage in
the overall population, which showed poorer
prognosis in patients with higher stages
(Fig. S1b-S1d).

Similar results were observed using the
rule-based algorithm, although the observed
DFS% was numerically different from the
lasso-based model. The DFS% with the rule-
based algorithm was lower for high-risk

patients versus the overall study population
for five years (Fig. S2), and cox regression
analysis and subgroup analysis results were
also consistent with observations from analysis
with the lasso-based algorithm (data not

shown).

Il Discussion
| 4

Enhanced knowledge about recurrence risks
in real-world patients with HR+, HER2 —
EBC can enable physicians to identify and
treat patients who require additional therapy

and avoid overtreatment in those with low

(853)
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(a) - Overall (b) - High-risk
1.0 0 \
0.75 0.75
! :
g. 0.50 & 0.50
] Number of events: 242 Tg Number of events: 49
T 1-year DFS: 99.3% (95% CI 99.2-99.5) = 1-year DFS: 95.3% (95% Cl 93.2-97.5)
@ 025 2-year DFS: 98.4% (95% C198.1-98.7) @& g.25 2-year DFS: 92.6% (95% C 89.9-95.4)
3-year DFS: 97.3% (95% CI 96.9-97.7) 3-year DFS: 86.4% (95% Cl 82.5-90.5)
4-year DFS: 96.3% (95% Cl 95.8-96.8) 4-year DFS: 83.0% (95% Cl 78.4-87.8)
0.00 S-year DFS: 95.5% (95% C| 94.9-96.2) 0.00 5-year DFS: 80.4% (95% Cl 74.9-86.4)
0 1 2 3 4 -] 0 1 2 3 4 5
Year Year
Number at risk Number at risk
Overall {85?9 8440 6343 4521 2T 1102 "'ﬂmi 366 345 251 176 102 33
0 1 2 3 4 5 0 1 2 3 4 5
Year Year
Disease-free survival was analyzed using the Kaplan-Meier method with Log-rank test.
Figs. 5a and 5b represent lasso-based disease-free survival of the overall and high-risk patients, respectively.
CI : confidence interval, DFS : disease-free survival, EBC : early breast cancer, HER2 — : human epidermal growth
factor receptor 2 negative, HR + : hormone receptor-positive

Fig. 5 Disease-free survival of overall patients and high-risk patients with HR+, HER2—EBC (lasso-based)

risk of recurrence’”. This study provides
real-world information on DFS and treatment
patterns among Japanese patients with HR +,
HER2 - EBC, with focus on the high-risk
population. Among the overall population,
4.3% met the clinicopathological criteria for
high risk of recurrence (>N2, or N1 and >
T3). As described in the Study design and
patient population part of Methods section,
this high-risk definition partially matches
the definition used for the monarchE
eligibility criteria, but due to the nature of
the current study’s data source (ie. absence
of histological grade and Ki-67 index), we
could not completely replicate (mimic) the
monarchE eligibility criteria”. The high-risk
patients had worse 5-years DFS than the
overall population (804% vs. 955%).
Regarding peri-operative treatment

(854)

patterns, adjuvant chemotherapy use
(including anthracycline- or taxane-based
regimens) was more common in high-risk
patients than the overall population for both
1" adjuvant chemotherapy (36.6% vs. 19.4%
among those with adjuvant therapy) and
2" adjuvant chemotherapy (625% vs. 41.0%
among those who received 1% adjuvant
chemotherapy). Among the patients who
received adjuvant chemotherapy, the
proportion of the patients who further
received adjuvant ET within 60 days after
chemotherapy was similar between high-risk
patients and the overall population (69.2%
vs. 68.6%). Interestingly, the duration of ET
was slightly shorter in the high-risk population
than in the overall population. The shorter
duration could be attributed to the definition
of ET end date, which mentions that the end
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Overall patient  Hazard Ratio
(n=8579) (95%CI) Pval

Reference

No
High-risk population (n=8213)

<65y
(n=4760)

Reference

§

<25

Bmit (n=6989)

Reference

Dependent H

AL (n=383) Walwaride L
=2 H

cci (n=6698) Reference ?

No
Neo Adj Chemo (n=7326)

Reference

i
0.5 1 2 5
+—  Favors reference parlmmerors mpmr —_—
parameter

Hazard ratios and 95% confidence intervals for each factor are presented.
' Missing values in the ADL and BMI were imputed with Multiple Imputation by Chained Equations and then
multivariable Cox regression was performed.

ADL : activities of daily living, BMI : body mass index, CCI : charlson comorbidity index, CI : confidence interval,
EBC : early breast cancer, HER2 — : human epidermal growth factor receptor 2 negative, HR + : hormone
receptor-positive, Neo Adj Chemo : neoadjuvant chemotherapy

Fig. 6 Risk factors affecting disease-free survival of overall patients with HR+, HER2—EBC (lasso-based)

date could be “one day before any other
breast cancer drug that was not a part of
the regimen was started”. Overall, the peri-
operative treatment patterns observed
were consistent with the Japanese Breast
Cancer Society’s clinical practice guidelines‘”.

Real-world studies from the US have
reported IDFS (defined as time from the
initiation of ET to the date of earliest event
[locoregional recurrence, distant recurrence

or death])” or 5-year mortality rate”, as per

the monarchE clinicopathological inclusion
criteria. In these studies, the 5-year IDFS
rate and 5-year mortality rate for patients
meeting monarchE criteria versus not meeting
the criteria was 70.2% vs. 90.9% and 16.5%
vs. 7.0%, respectively. This is consistent with
the current study, wherein high-risk patients
with HR+, HER2-EBC had lower 5-year
DFS than the overall population (80.4% vs.
955%). The overall population’s 5-year DFS

in our study (955%) was also similar to a
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prior Japanese study (recurrence-free survival
945%)". We also evaluated DFS based on
tumor, node, and cancer stages using both
lasso-based and rule-based algorithms. As
expected, DFS was poorer in patients with
severe disease, thus supporting the clinical
validity of NHO databases used in the current
study.

Using multivariable Cox regression analysis,
we identified the high-risk criteria used in
the current study as a strong independent
factor in predicting cancer recurrence.
Other factors included CCI >3 and receiving
neoadjuvant chemotherapy. Thus, monarchE-
like clinicopathological high-risk criteria can
be useful to identify patients with a poor
prognosis during real-world clinical practice
too. Other real-world studies have identified
older age, Black race, pre-menopausal status,
Eastern Cooperative Oncology Group
Performance Status score 1 or =2, Oncotype
DX Breast Recurrence Score>25, tumor size,
involved nodal status, histological grades, and
history of hormone therapy as prognostic

7)8)20)-22)
' . Our real-world

factors for recurrence
study has contributed to further confirmation
of such criteria for identification of high-risk
patients. Employing these criteria in clinical
practice may facilitate identifying patients
who require therapeutic advancements to

improve their clinical outcomes.

Limitations
| 4

Use of the nation-wide, large-scale NHO
databases is a major strength of this study.
These databases cover>8 million patients and
are one of the well-established administrative
claims/EMR databases in Japan. They have
also been used across multiple therapeutic

(856)

. . . 23)-25)
domains, thus showing their usefulness™ .

Additionally, the outcome definitions and
algorithms used in this study have been
validated earlier'”, thus demonstrating its
reliability. However, a few limitations should
be considered while interpreting the results
of this study. Metastasis/recurrence events
were defined using claims and EMR database
records, that were originally created for
administrative purposes, therefore they
may not fully reflect the true clinical status
of the patients. These limitations were
mitigated by conducting a validation study
before the current study, to understand the
algorithm'’s sensitivity and positive prediction
value'”. Some clinical variables such as
menopausal status, HR status, and HER2
status were not included in the databases.
Therefore, they were defined by surrogate
variables such luteinizing hormone-releasing
hormone agonists, ET, and drugs targeting
HER2, respectively. Another limitation is
how to define the “high-risk” patients with
EBC. Definition of high-risk EBC varies in
each clinical trial. In this study, a subgroup
analysis was conducted with the high-risk
criteria for monarchE in mind. However,
since it was difficult to identify a high-risk
EBC population in the NHO database that
perfectly matched those of monarchE due
to the limitation of data source, the T/N stage
of the DPC was used for convenience. As
described in the Study design and patient
population part of the Methods section, the
T/N stage of the DPC data was generally
consistent with the clinical or pathologic
stage at the time of surgery as documented
in the EMR. Since both MIA and NCDA
databases are owned by the NHO, only
hospitals affiliated with the NHO i.e. large,
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relatively well-resourced hospitals, participated
in this study. Hence, generalizability of the
results to other hospitals needs further
evaluation. Finally, as the MIA and NCDA
are hospital-based databases, patients only
be followed within the same hospital, and
were lost to follow-up if they moved to other
hospitals in or outside the NHO network.
Care provided outside the NHO network, if

any, could not be detected in these databases.

Conclusion
| 4

This study shows that high-risk patients
with HR +, HER2 — EBC have a higher
probability of recurrence/death than non-
high-risk patients. Moreover, the monarchE-
like clinicopathological criteria was shown
to be useful in identifying such high-risk
patients in real-world clinical practice. The
current treatment patterns in patients with
HR+, HER2-EBC are consistent with
Japanese guidelines, however, therapeutic
advancements are needed to provide better
clinical outcomes, especially for high-risk

patients.
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Table S1 Definition of variables

Definition of treatment lines with endocrine and chemotherapeutic drugs

Variables

Definition

Neoadjuvant chemotherapy

1" neoadjuvant
chemotherapy and its start
date

The first prescription of any endocrine and chemotherapeutic drug in
the 180 days time period before the index date was defined as the start
of the 1" neoadjuvant therapy. The combination of all endocrine and
chemotherapeutic drugs prescribed within 21 days from the start of the
therapy comprises the regimen.

1" neoadjuvant
chemotherapy’s end date

The date on which all the constituent drugs of 1" neoadjuvant therapy
regimen are terminated (i.e. the date of last estimated dose), or one day
before any other endocrine and chemotherapeutic drug that was not a
part of the regimen was started, or one day before the index date, whichever
occurred earliest.

2" neoadjuvant
chemotherapy and its start
date

The first prescription of any endocrine and chemotherapeutic drug after
the end date of the 1" neoadjuvant therapy and also within 180 days time
period before the index date is defined as the start of the 2" neoadjuvant
therapy. The combination of all endocrine and chemotherapeutic drugs
prescribed within 21 days from the start of the 2™ neoadjuvant therapy
comprises the regimen.

2" neoadjuvant
chemotherapy’s end date

The date on which all the constituent drugs of the 2" neoadjuvant therapy
regimen are terminated (ie. the date of last estimated dose), or one day
before any other endocrine and chemotherapeutic drug that was not a
part of the regimen was started, or one day before the index date, whichever
occurred earliest.

Adjuvant chemotherapy

1" adjuvant chemotherapy
and its start date

Defined by the prescriptions of any chemotherapeutics within 60 days
after the index date. The combination of all endocrine and chemotherapeutic
drugs prescribed within 21 days from the first prescription (i.e. start
date of the therapy) comprises the regimen.

1" adjuvant
chemotherapy’s end date

The date on which all the constituent drugs of 1 adjuvant chemotherapy
regimen are terminated, or one day before any other endocrine and
chemotherapeutic drug that was not a part of the regimen was started.

Duration of 1" adjuvant
chemotherapy

Interval between the start and end dates of the therapy

2" adjuvant chemotherapy
and its start date

Defined by the prescriptions of any chemotherapeutics within 60 days
after the end of the 1" adjuvant chemotherapy. The combination of all
endocrine and chemotherapeutic drugs prescribed within 21 days from
the first prescription (ie. start date of the therapy) comprises the regimen.

2" adjuvant
chemotherapy’s end date

The date on which all the constituent drugs of the 2 adjuvant
chemotherapy regimen are terminated, or one day before any other
endocrine and chemotherapeutic drug that was not a part of the regimen
was started.

Duration of 2" adjuvant
chemotherapy

Interval between the start and end dates of the therapy

(continued)

(861)
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(Table SI  continued)

Variables

Definition

Adjuvant ET

1" adjuvant ET and its start
date

Defined by the prescription of any endocrine drug within 60 days after
the index date (for patients without adjuvant chemotherapy) or within
60 days after the end date of the adjuvant chemotherapy (for patients
with adjuvant chemotherapy). The combination of all endocrine and
chemotherapeutic drugs that were prescribed within 21 days from the
first prescription (ie. start date of the first ET) comprises the regimen.

1" adjuvant ET’s end date

The date on which all the constituent drugs of 1" adjuvant ET regimen are
terminated, or one day before any other endocrine and chemotherapeutic
drug that was not a part of the regimen was started.

Duration of 1" adjuvant ET

Interval between the start and end dates of the therapy

2" adjuvant ET and its
start date

Defined by the prescription of any endocrine drug within 30 days after
the end of the 1" adjuvant ET. The combination of all endocrine and
chemotherapeutic drugs that were prescribed within 21 days from the
first prescription (ie. start date of the 2 ET) comprises the regimen.

2 adjuvant ET’s end date

The date on which all the constituent drugs of the 2" adjuvant ET regimen
are terminated, or one day before any other endocrine and chemotherapeutic
drug that was not a part of the regimen was started.

Duration of 2" adjuvant ET

Interval between the start and end dates of the therapy

Variables and codes used for lasso-based and rule-based algorithms

for metastasis/recurrence and death events

Variables

Code

Presence of ICD-10 code C77"

C77 @ Secondary and unspecified malignant neoplasm of lymph nodes

Presence of ICD-10 code C78

C78 : Secondary malignant neoplasm of respiratory and digestive organs

Presence of ICD-10 code C79"

C79 @ Secondary malignant neoplasm of other and unspecified sites

Presence of disease codes
for recurrent breast cancer

Japanese claims disease code 1749009 “breast cancer recurrence’
Japanese claims disease code 8849816 “breast cancer post-operative
recurrence on chest wall”

Japanese claims disease code 8849815 “breast cancer local recurrence”

Prescription of MBC drugs®

Fulvestrant, Denosumab, Bevacizumab, Everolimus, Palbociclib, Abemaciclib,
Capecitabine, Gemcitabine, S-1, Nab-Paclitaxel, Irinotecan, Eribulin,
Vinorelbine, Olaparib

Death event

Presence of either death record in the discharge summary, death outcome
of diagnosis, claims procedures implying death, or claims comment codes
implying death

a : The Japanese claims disease code 8842679 for “axillary lymph node metastases” that is mapped to ICD-
10 C77 was excluded from this definition.

b : The Japanese claims disease code 8848981 for “metastatic breast cancer” and some other disease codes
explicitly indicating metastasis of non-breast primary cancer that are mapped to ICD-10 C79 were
excluded from this definition.

¢ : This variable was defined as true when any of those drugs were prescribed 6 months after the index
date or later. This variable was only used for the lasso-based algorithm.

ET : endocrine therapy, ICD : international classification of diseases 10" edition, MBC : metastatic breast
cancer
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Disease-free survival was analyzed using the Kaplan-Meier method with Log-rank test.
Figs. a-d represent lasso-based disease-free survival of the overall study population, population stratified by
stage I -1, population stratified by T-stage, and population stratified by N-stage, respectively.

EBC : early breast cancer, HER2 — : human epidermal growth factor receptor 2 negative, HR + : hormone
receptor-positive

Fig. S1 Disease-free survival of overall patients with HR +, HER2 —EBC (lasso-based)
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Disease-free survival was analyzed using the Kaplan-Meier method with Log-rank test.

Online resources 6a and 6b represent rule-based disease-free survival of the overall and high-risk patients,
respectively.

CI : confidence interval, DFS : disease-free survival, EBC : early breast cancer, HER2 — : human epidermal growth
factor receptor 2 negative, HR + : hormone receptor-positive

Fig. S2 Disease-free survival of overall patients and high-risk patients with HR+, HER2—EBC (rule-based)
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