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Summary
Background Advances in breast cancer (BC) care have reduced mortality, but their impact on survival once diag-  eClinicalMedicine
nosed with metastasis is less well described. This systematic review aimed to describe population-level survival since ~ 2022;44: 101282

1995 for de novo metastatic BC (dnMBC) and recurrent MBC (rMBC). Published online o
https://doi.org/10.1016/j.

Methods We searched MEDLINE o1/01/1995—12/04/2021 to identify population-based cohort studies of MBC eclinm. 2022101282

reporting overall (OS) or BC-specific survival (BCSS) over time. We appraised risk-of-bias and summarised survival
descriptively for MBC diagnoses in 5-year periods from 1995 until 2014; and for age, hormone receptor and HER2
subgroups.

Findings We identified 20 eligible studies (14 dnMBC, 1 rMBC, 5 combined). Potential sources of bias in these stud-
ies were confounding and shorter follow-up for the latest diagnosis period.

For dnMBC, 13 of 14 studies reported improved OS or BCSS since 1995. In 2005—2009, the median OS was 26
months (range 24—30), a median gain of 6 months since 1995—1999 (range 0—9, 4 studies). Median 5-year OS was
23% in 2005—2009, a median gain of 7% since 1995—1999 (range -2 to 14%, 4 studies). For women >7o years, the
median and 5-year OS was unchanged (1 study) with no to modest difference in relative survival (range: -1-9%
(p = 0.71) to +2-1% (p = 0.045), 3 studies). For rMBC, one study reported no change in survival between 1998 and
2006 and 2007—2013 (median OS 23 months). For combined MBC, 76—89% had rMBC. Three of four studies
observed no change in median OS after 2000. Of these, one study reported median OS improved for women
<60 years (1995—1999 19-I; 2000—2004 22-3 months) but not >G6o years (12-7, 11-6 months).

Interpretation Population-level improvements in OS for dnMBC have not been consistently observed in rMBC
cohorts nor older women. These findings have implications for counselling patients about prognosis, planning can-
cer services and trial stratification.
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Research in context

Evidence before this study

Breast cancer survival has improved worldwide since
the mid-1990s, however survival trends for metastatic
breast cancer (MBC) are not routinely reported by can-
cer registries and are not well described at the popula-
tion level. We identified one prior systematic review of
post-metastasis survival from MEDLINE using a combi-
nation of search terms for breast cancer, metastasis, sur-
vival and population-based for the search period 1/1/
1995 to 12/4/2021. The authors reported median overall
survival improved between 1990 and 2010 for both
MBC occurring de novo and recurrent after an initial
diagnosis of non-metastatic disease, but studies were
not restricted to population-based cohorts.

Added value of this study

Our systematic review finding of sustained population-
level improvements in overall survival and breast can-
cer-specific survival since 1995 for de novo MBC is con-
sistent with prior evidence from more selected
populations. Our finding that at least three-quarters of
new MBC diagnoses represent recurrent disease, and
survival gains have not been consistently observed for
this group, is unique, and adds to evidence from trial
and institution-based studies that postulate an ‘adju-
vant therapy-related shortening of survival’ effect. We
further report consistent evidence of no to modest sur-
vival improvement over time for patients aged 70 years
and older, who make up around a third of new MBC
diagnoses.

Implications of all the available evidence

This evidence is valuable for counselling patients with
MBC about prognosis, planning cancer services, and
establishes the importance of the stratification of MBC
by de novo/recurrent status and age group for clinical
trial design. Given our finding of limited population-
level data on recurrent MBC, we advocate for cancer
registries to routinely report on distant metastases to
track population-level changes in characteristics and
prognosis.

Introduction

Breast cancer (BC) mortality rates have decreased by
approximately 40% since 1995,"* with population-based
cancer registries documenting improved survival world-
wide.> These survival gains correspond to major advan-
ces in BC multidisciplinary care, including the
introduction of population BC screening programs for
early diagnosis; adjuvant therapies to reduce the risk of
distant metastasis; and new effective systemic therapies
for metastatic BC (MBC). For early stage BC, there is
consistent evidence that distant disease-free survival has
improved over time.*> However, survival trends for

patients diagnosed with distant metastasis are not well
described at the population level. While registries report
on survival for de novo metastatic BC (dnMBC), com-
prising approximately 5% of incident BC,%® survival for
recurrent MBC (rMBC) after an initial diagnosis of early
BC is recorded less often, despite being much more
common.

A systematic review and meta-analysis of post-metas-
tasis survival estimated improvements in median over-
all survival (OS) between 1990 and 2010 for dnMBC
(20 to 31 months) and rMBC (21 to 38 months) follow-
ing no improvement in the prior decade.” However, the
analysis included both population-based and cohorts
receiving treatment. Survival will differ at a whole-of-
population level due to differences in baseline prognos-
tic factors, treatment eligibility and access to services
and clinical trials, in particular for older women. Fur-
ther, survival gains may vary substantially for those with
tumours that are hormone receptor or human epider-
mal growth factor receptor-2 (HER2) positive versus
negative, as new and effective targeted therapies are
introduced.

Documenting population-level changes in post-
metastasis survival is important for understanding the
full impact of changes in care on life span and the evolu-
tion of MBC prognosis over time. BC stakeholders have
highlighted the importance of this evidence to inform
individuals with MBC as well as cancer services plan-
ning and prioritising further research.”®"" While clinical
trials can provide the most valid estimates of treatment
efficacy and prognosis for well-defined patient groups,
population-level data are needed to assess the survival
gains across an entire BC population reflecting the
impact of BC services for the whole population.

This systematic review aims to assess: the extent sur-
vival has changed at a population-level for dnMBC and
rMBC since 1995; and how survival has changed for
age, hormone receptor and HER2 subgroups.

Methods

We performed a systematic review and report it accord-
ing to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines.”” We used the
American Joint Committee on Cancer (AJCC) 8th edi-
tion definition of distant metastasis.” We selected over-
all survival (OS) and BC-specific survival (BCSS) as
primary outcomes. We assessed OS as a measure of
actual survival (includes BC and non-BC deaths) most
relevant to clinicians and patients™; and BCSS to esti-
mate changes in MBC prognosis over time (BC death
only, non-BC deaths censored). Changes in BCSS can
be attributed to changes in BC diagnosis and treatment
plus any changes in tumour prognostic factors unre-
lated to BC care. The review was not designed to assess
a particular BC treatment or causal pathway. We
assessed MBC cohorts since 1995, when tamoxifen was

www.thelancet.com Vol 44 Month February, 2022



Articles

established as adjuvant therapy for those with hormone
receptor-positive tumours, to capture potential changes
in survival due to the introduction of treatment advan-
ces after 2000, such as trastuzumab for those with
HER2-positive tumours.

Search strategy and study selection
We searched MEDLINE for peer-reviewed studies pub-
lished between 1 January 1995 and 12 April 2021 using
keywords and MeSH terms including: breast neo-
plasms/breast cancer AND metastatic/Stage IV AND
survival/prognosis AND population-based/registries/
time trend/temporal trend (Supplementary 1). Studies
were eligible for inclusion if they: used a population-
based data source to assemble cohorts of women with
MBC by year of BC or MBC diagnosis; assessed survival
after MBC diagnosis as OS, BCSS or relative survival for
two or more cohorts since 1995, included at least one
cohort with a diagnosis since 2000; reported median
survival, 2-year or 5-year survival (or survival curves to
extract these data); and were reported in English.
Studies that assessed a single time period were eligi-
ble if an additional publication using the same popula-
tion-based data source reported on a second eligible
time period. Studies that assessed a review-defined sub-
group or specific distant metastatic sites were also
included. To exclude superseded studies, where two
studies reported survival for the same population and
time periods, we included the study that reported the
most complete data for the pre-specified outcomes. For
studies reporting on the same survival outcome mea-
sure for the same population, we included the study
that assessed the most recent time period. If two studies
of the same population each reported data for different
(non-overlapping) pre-specified outcomes (median sur-
vival, 5-year survival) or subgroups (eg. age or oestrogen
receptor status), we included both studies in the review.
Two investigators (KB, SL) reviewed search results inde-
pendently by scanning titles and abstracts to identify
potentially eligible articles. These were retrieved as full
text articles to identify eligible studies. Discordant find-
ings were resolved by discussion between the two inves-
tigators. We checked citations and reference lists of
included studies to identify additional potentially eligi-
ble articles.

Data extraction

One investigator extracted study data into tables which
were checked by a second investigator (KB, SL). Discor-
dant findings were resolved by discussion. Extracted
data included: number of women with MBC overall and
within our study periods of interest (>1995); population
characteristics (age, hormone receptor status, HER2 sta-
tus, adjuvant therapy use); and survival outcomes (OS,
BCSS, relative survival) as median survival, 2-year and
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5-year survival and hazard ratio (HR) for each MBC
cohort and subgroups. If not reported, we extracted
survival data from the survival curve where available
using WebPlotDigitizer (https://automeris.io/WebPlot
Digitizer/).

Assessment of risk of bias and applicability

One investigator assessed the risk of bias, which was
checked by a second investigator (SL, NH) based on five
domains: study participation; prognostic factor mea-
surement (time periods, age, tumour receptor status);
outcome measurement; confounding; and analysis
method using criteria adapted from QUIPS 2013" (Sup-
plementary 2). ‘Risk of bias’ refers to the identification
of a potential source of bias, not the magnitude. We
rated risk of bias for each domain as: ‘high’ (potential
source identified); ‘low’ (no potential source); or
‘unclear’ if inadequate information was reported for
assessment. We rated the overall risk of bias for each
study as high if one or more of the domains was rated
as high; and low if all domains were rated as low risk.
Studies without a high-risk rating but one or more
domains with unclear ratings were classified as unclear
for overall risk of bias. We assessed the applicability by
appraising whether study participation, prognostic fac-
tor(s) and outcome measurement matched the review
questions. We rated concerns about applicability as low,
high or unclear, using the same approach. Discordant
findings for risk of bias and applicability were resolved
by discussion and consensus between the two investiga-
tors. In addition to the assessment of risk of bias and
applicability, we considered precision of estimates and
consistency of results between studies for judgements
about the strength of the evidence underlying our
conclusions. '

Data synthesis

We assessed survival following a dnMBC and rMBC
diagnosis separately, using a descriptive approach.
Where dnMBC and rMBC were not reported separately,
we assessed them together as ‘combined” MBC and
reported%rMBC. For each study, we plotted median
and 5-year survival for each time period reported to pro-
vide a visual summary of temporal trends. To avoid
duplication of data for the same people, where studies
reported on the same source population, we extracted
data from the study that included the most recent time
period and/or longest follow-up period for the survival
outcome plotted. To summarise survival changes across
studies quantitatively we reported the median and range
for survival estimates for the following 5-year MBC diag-
nosis periods: 1995—-1999, 2000—2004, 2005—2009),
2010—2014; and calculated the median absolute differ-
ence in survival estimates between these periods to
describe changes over time. For this descriptive
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analysis, we included data from studies that reported
survival in each 5-year period or in a period that covered
at least 3 years of the period. We also summarised
change over time from the study-estimated HR and
95% confidence interval (CI), if available.

We defined subgroups as follows: age at MBC diag-
nosis (<50, 50—69, > 70 years), hormone receptor sta-
tus  (oestrogen receptor  (ER)-positive  and/or
progesterone receptor (PR)-positive tumours, herein
referred to as ER-positive; ER-negative and PR-negative
tumours, herein referred to as ER-negative), HER2 sta-
tus (HER2-positive, HER2-negative) and triple negative.
The review was designed to inform our ongoing
research program (research protocol: http://dx.doi.org/
10.1136 /bmjopen-2018-026414).” The review protocol
was not registered.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. SL and KB had access to the biblio-
graphic search database. All authors had access to the
included study data and all authors agreed with the final
decision to submit for publication.

Results

We identified 20 eligible studies assessing dnMBC (14
studies), tMBC (1 study), or ‘combined’ dnMBC and
rMBC without stratification (5 studies) (Figure 1, Sup-
plementary 3). Studies assessed city, regional or coun-
try-wide populations in North America and Europe,
grouping women by their MBC diagnosis date into one
to eleven-year periods to estimate OS (16 studies), BCSS
(4 studies) or relative survival only (3 studies). Fourteen
studies included diagnosis periods commencing from
2005; and five studies included the period 2010—2014
(Table 1, Supplementary 4).

Study design characteristics

The 14 studies of dnMBC were conducted in the US (6
studies), Netherlands (4 studies), Germany (1 study),
Italy (1 study), Sweden (1 study) and one study con-
ducted in both the US and Germany (Table 1). Of these,
five studies assessed age subgroups, including one
study restricted to women <40 years."” Four studies
compared ER subgroups, including one study that
reported survival stratified by ER status only.”” No stud-
ies of dnMBC assessed HER2-positive or triple-negative
subgroups. Sample size ranged from 514°° to 22,601.*"
The six US studies used data held by the National Can-
cer Institute's Surveillance, Epidemiology, and End
Results (SEER) Program registries for 9 to 18 geograph-
ical regions (denoted as SEER-9, 13, 18). All six studies
used data from at least 9 SEER registries in common,

but time periods and eligibility criteria varied, such as:
age limits'®'9**3; exclusion of participants with >1 pri-
mary cancer”’; inclusion of invasive ductal or lobular
tumours only># (Table 1).

The single study assessing rMBC included two diag-
nosis periods after 1995 (1998—2006 and 2007—2013,
Munich Cancer Registry, N = 5700).”° Five studies of
combined MBC, from British Columbia, Canada and
three regions in Sweden, included 76% to 89% rMBC
(Table 1). One study assessed brain metastasis alone,*
and one study was restricted to ER-positive HER2-nega-
tive tumours.>® Other differences in eligibility criteria
between studies of combined MBC were exclusion of:
women aged >75 years®; those with other cancer®’; or
contralateral BC*”*® (Table 1). One study assessed age
subgroups®?; and two studies assessed ER and HER2
subgroups.>®3°

Risk of bias and applicability

Of 17 studies reporting adequate information for
appraisal, 16 were assessed as having one or more
potential sources of bias, most commonly: confounding
(1o studies) eg. survival comparisons without consider-
ation of differences in age at BC diagnosis over time;
outcome assessment (9 studies) due to shorter follow-
up time for women diagnosed in the most recent study
period; or study participation (6 studies) eg. exclusion
of older women (Supplementary ;). Five studies were
assessed as high concern for applicability, most com-
monly due to no separate assessment of survival for
rMBC for studies of combined MBC (4 studies, Supple-
mentary 5).

Participant and treatment characteristics

Studies with no age restrictions reported at least one
third of women were aged >70 at diagnosis (dnMBC 33
—47%,743"3* tMBC 36%,”> combined MBC 34%°° from
the most recent diagnosis period). Five studies of rtMBC
and combined MBC reported an increased proportion
of women receiving neo/adjuvant chemotherapy or
adjuvant endocrine therapy or both since 1995 (Table 1).

MBC survival

De novo MBC. Thirteen of 14 studies of dnMBC
reported improved survival (OS, BCSS or relative sur-
vival) since 1995, with 12 studies reporting 95% Cls for
survival estimates and/or statistical tests for compari-
sons between time periods (Table 2, Figure 2A-D).
Median of median OS was 20 months (range 18—206)
for dnMBC diagnosed in 1995—1999; and 26 months
(range 24 to 30) for dnMBC diagnosed a decade later in
2005—2009; a median OS gain of 6 months (range o to
9 months, 4 studies, Figure 2A).>%3"%3% Malmgren
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Duplicate records removed before screening

(n=3)

Records excluded by scanning title and abstract

(n=1766)

Reports excluded:
Not a population-based study (n =9)

Post-metastasis survival not reported (n =13)
Post-metastasis survival not reported for

cohorts assembled by year of BC or MBC
diagnosis (n = 18)

Cohort comparisons not in study time frame
21995 (n=8)

Superseded by a later report with more
comprehensive data (n=1)

)
5
B Records identified from:
& MEDLINE (n = 1836)
g Citations (n = 2)
=
N’/
Records screened
(n =1835)
v
Reports sought for retrieval of
a full text
' (n =69)
]
g
3 \ 4
Reports assessed for eligibility -
(n =69) "
N/
. \ 4
Studies included in review (n =20)
= Reports of included studies (n =20)
§ Study populations:
S de novo MBC (n=14)
= recurrent MBC (n=1)
combined de novo and recurrent MBC (n=5)
N/

MBC=metastatic breast cancer

Figure 1. PRISMA flow diagram of study selection
MBC=metastatic breast cancer.

et al. (2020) provided high quality data for women with
dnMBC <8j years and estimated median BCSS gains of
5 and 12 months in two US regions between 1999 and
2004 and 2005—2011 (p<o.oo1 for comparison of all
time periods, Table 2, Figure 2B).**

The median probability of OS >j5 years for dnMBC
1995—1999 was 16% (range 15—23%); and 23% (range
21—32%) for dnMBC 2005—2009, a median gain of 7%
(range —2 to 14%, 4 studies, 5 cohorts,
Figure 2C).>***3"3* Malmgren et al. (2020) assessed
both OS and BCSS and reported 5-year BCSS was 2—3
percentage points higher than s5-year OS in the two
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regions assessed (eg. SEER-9 without Seattle-Puget
Sound 2005—2011: 5-year BCSS 26% (95% CI 24—27);
5-year OS 23% (95% CI 22—24)).** Five-year BCSS for
dnMBC increased by 3% to 8% between 1999 and 2004
and 2005—2011 across both regions assessed, similar to
the 5-year OS gain of 3 to 7% during the same period
(Figure 2C-D, p<o.oor1 for BCSS and OS comparison of
all time periods).”* Another US study of overlapping
SEER populations also reported similar 8% gains for 2-
year OS (p<o.oo1) and BCSS (p<o.001).*" Three of four
studies assessing relative survival for dnMBC reported
5-year relative survival gains in the US, Germany and
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Study Study characteristics MBC subject characteristics Treatment MBC survival
author, year | population,  N.MBC Subject Study periods | Age, years Receptor subtypes MBC systemic therapy Survival measures by Subgroup
datasource  _all periods eligibility Periods 1995 Median (range) Neo/adjuvant therapy (prior to recurrent | diagnosis period analyses by
- periods in bold <50 year, 2 70 year Follow-up time period
>1995
De novo MBC
Malmgren | Region 1: Region 1: Age: 25-84 Period Age ER+/PR+ NR by period Survival curve: BCSS SEER
etal (2020) | SEER-9 12,121 years - Region
= excluding (11,967 1990-1998 All periods Al periods 5.yr survival: O, BCSS
Seattle- evaluated for 1999-2004 SEER-9 without (S- SEER-9 without (S-PS): 95%Cl, p Va,;je .
PugetSound  survival) PS): mean age 61 g
Region 2: 21999: 7698 2005-2011 (25-84) ER unknown 25% of Adiusted HR BCSS b
Seattle- (7052) SEER S-PS: mean age:  total ej:os;e v
Puget Sound 61(25-84) SEER S-PS: 77% P '
United ER unknown 15% of 95% Cl, p value
States Region 2: total
FU to 2016 (unclear if
93
1931 for both cohorts)
(1925
evaluated for
survival)
21999: 1273
(1188)
Guoetal SEER-9, 2320 Age: 20-39 Period Age Receptor subtypes NR Survival curve: BCSS 20-39 years
i
(2018) United 21995: NR years 1975-1979 Median age: NR NR only
States (range 20-39) ' .
1980-1984 5-year survival: 0S,
BCSS, relative survival,
1985-1989 95%Cl,
1990-1994
1995-1999 Adjusted HR OS per
2000-2004 year, 95% Cl
2005-2009
20102015 FU to Dec 2015
DiMeglioet | SEER-9, 10,639 All ages period Age ER+/PR+ NR Median survival: 05 Histology:
2 iy
al(2016) United 21996: NR 1990-1992 Al periods: All periods: 75% Ductal/
States Invasive ductal 19931995 <50 20% ER unknown 15% of Adjusted HR OS per 1- lobular
or lobular 27033% total year and S-year period | ER+PR+
cancer 1996-1998 = 95% Cl, p value<0-05 (no
Exclude: mixed  1999.2001 comparison
histology FU to Dec 2012 with ER-)
2002-2004 to Dec
2005-2007
2008-2011
Taoetal SEER-18, NR All ages period Age Receptor subtypes NR by period Median survival, S ER+, ER-
b
(2016) United 1988-2009 NR NR 3-year relative survival PR+, PR-
States Annual
estimates of FU to Dec 2011
median survival
Dawoodet | SEER-18, 22,601 All ages period Age ER, ER- NR 2-year survival: 05, BCSS | ER+
2 "
al (2015) ;’""9" 2199: single primary  1990-1995 Al periods: All periods ER-
tates
18,386 1996-2000 <60 years 44-1% ER# 69-4%, ER- 30-6% Adjusted OR >2-year S, | Race
ER unknown 29% of BCSS per 1-year period | Inflammato
2001-2007 total 95% Cl, p-value ry breast
cancer
FU to December 2009
Chenetal | SEER-13, 9333 Age: 20-79 Period Age Receptor subtypes NR 2-year survival: BCSS ER+PR+
(2014) United >=1996: NR years 19921995 NR NR by period for MBC 5-year survival: BCSS for ER+PR-
States (excludes ER diagnoses up to 2006 ER-PR+
unknown 14% 19961999 Annual percent change ER-PR-
of registry 2000-2003
records)
2004-2008 FU'to Dec 2011+
Holleczek et | 1.SEER-13,  USA:21,954  Allages Period Age Receptor subtypes NR 5-year relative survival | Age:
al (2012)* United >1997: 17,028 1993-1996 NR NR Crude and age <50, 50-69,
States Germany: standardised, standard | 70+
1997-2000
2.5aarland 1003 error
Cancer >1997: 775 2001-2004
Registry, 2005-2008 % difference relative

Table 1 (Continued)
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Holleczek et | Germany All ages. Period Age Receptor subtypes NR survival 2005-08 vs Age:
s 1993-96
al (2012) 1993-1996 NR NR <50, 50-69,
70+
1997-2000 FU to Dec 2008
2001-2004
2005-2008
van der Netherlands 16,540 All ages. Period Age Receptor subtypes Year Chemo®  Endo’  Any® S-year relative survival Age
Meeretal | National . . i -
% 22001 1989-1992 NR by period for NR by period for MBC | 1989 28% 68% 85% 10-year relative survival | <40, 40-45,
(2021) Cancer 10,358 50-74,275
‘ ) MBC 15-year relative survival 2
Registry 1993199 1993 30% 69% 87%
1997-2000 1997 30% 69% 91%
2001-2004 2001 38% 60% 86% FU to 2016 for relative
2005-2008 2005 37% 8% 8% survival estimates,
period analysis
2009-2012 2009 43% 63% 91%
2013-2017 2013 41% 66% 89%
2017 41% 66% 90%
Vonderling | Netherlands ~ ~19,000% All ages Period Age Receptor subtypes NR 1-4 year survival: OS for | Nil
etal National 21999: NR — diagnoses 1989-2013
(2018 Cancer 1989-1992 NR NR
Registry 1993-1998 5-10 year survival: 0S
1999-2002 for diagnoses 1989~
2003-2009 2009
2010-2013 FU to 2014
deGlasetal | Netherlands 14,310 All ages. 1989-2012 Age ER status® Year Chemo®  Endo® Median 0S, Age
&
(2015) National 21995: NR 3-year moving Al periods: Al periods 1995 30% 68% 5-year relative survival | <65, 65-75,
Cancer >75
Regiatry mean <6551% ER+79% 2000 38% 60% -
g a1% justed HR per year,
65-7523% ER-21% 2005 37% a%
Iyear moving | 75 26% ER unknown 64% of 1995 30% 68% 95% Cl, pvalue
total
mean 2000 38% 0% FU to Dec 2012.
2005 37% 64%
2010 43% 63%
p< p<
00001 00001
Ruiterkamp | Netherlands ~ 8031 All ages Period Age <50, 270 Receptor subtypes Chemo  Endo Target  Any Survival curve: 05 Age:
etal National 21995: 8031 ed Median survival: 05 <50, 50-
(201) ;:;‘:l:y 1995-1999 20%, 44% NR 3% 66% na. 8% 95%Cl, p value 69,270
2000-2004 2%, 41% 3% 61% na. 86%
Adjusted HR by period
2005-2008 21%, 39% 37%  65% 10% 88% o v pert
95% CI, p value
;,:o.oo p=0-001 P=0001 | ¢ 45 sanuary 2010
Holzel etal | Munich 4756 All ages period Median age ER+/PR+  HER2+ | Primary systemic therapy Survival curve: 05 ER+/PR+,
5
(2017a) Cancer >1998: 3505 <50, 270 Median survival: 0S ER-PR-
Registry,
Germany 19781987 599 776% 15.2% ; Lo —
-year survival: 05, reatment:
1978-1987 25-8%, 213% ‘( :
hospital 1988 -1997 637 83.7% 13:5% relative survival surgery,
g t" ! - g 7% . systemic
ata only ¥ 6
1088-1997 19-0%, 33-4% Unadjusted, adjusted HR
70% 1998-2006 651 846% 225% | 310% by period, 95%Cl, p Matched
population 15.8%, 36-4% value prognostic
rou
coverage 2007 2013 689 84-4% 184% | 44.8% growp
19982013 12.6%, 46.9% Assume FU to 2013 from
population " curve Metastases
pased ER unknown NR 11,22
bone, liver
Nordenskjol | Southeaster 1092 <90 years Period Age Receptor subtypes NR 5-year relative survival, | Nil
detal nand 21994: 868 age-standardised
(2019)” western 1989-1993 All periods: NR 5-year excess mortality
regions, <40 4% rate ratio by period
breast i
1994-1998 y adjusted by age
cancer 40-69 48%
Table 1 (Continued)
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70-89 48%

registry, 1989-1993 NR
Sweden
1994-1998
1999-2003
2004-2008
2009-2013
Cortesietal | Modena 514 All ages Period Median age (range) ~ ER+*  HER2+ TN | Chemo Endo Trastuzumab Survival curve: OS Nil
(2015)° Cancer >1994: 441
Registry, 1990-1993 66 (43-88) 680 49-4%  46:6% na. S-year survival: 0S
taly %
1994-1997 65 (34-95) 583 263%  512% na. Adjusted HR by period
% 95% Cl, p-value
1998-2001 66 (34-95) 680 54-4%  53:5% na.
% Assume FU to ~2010
2002-2005 67 (30-93) 782 333% 61 | 555% 57:9% 7.9% from curve
% %
2006-2009 66 (25-92) 801  275% 64 | 597%  605% 16:8%
% %
ER unknown as % of p<0-0  p<0-001 p=0004
total, ranged from 01
1990-1993 66% to
2006-2009 7%
Recurrent MBC
Holzeletal  Munich 11983 All ages Period Median age ER+/PR+ Neoadjuvant therapy Survival curve: OS Metastasis
(2017b) Cancer >1998:5700  Single primary <50, 270 - MBC diagnosis period | Sites
Registry, -
G:f:a’: Recurrent 19781987 527 79-7% 09% - BC diagnosis period
v 0%
42.9%, 9.9% - BC & MBC diagnosis
period
1988-1997 549 86:6% 20%
34-6%, 15:6% "
5-year relative survival
1998-2006 598 80-8% 12:4% Unadjusted, adjusted HR
26-4%, 25-4% 95%Cl
2007-2013 628 70-2% 23-4%
Assume FU to 2013 from
2007-2013 26-1%, 357% 234% curve
ER unknown 33% of
total, <5% in 2007-
2013°
Combined recurrent and de novo MBC
Leetal Breast 2432 All ages Period Age ER+HER2- Adjuvant therapy | Systemic therapy Median survival: 05 ER+HER2-
(2020 Cancer 2:2003:2432 ER+/PR+ HER2- (% of rMBC) MBC 1* line (% of 95% CI only
O“‘"s’"“ Recurrent Excludes treated patients) 5-year survival: 05 Treatment:
Database, 745, contralateral BC Chemo  Endo Chemo  Endo >1
BC Cancer, Excludes £R systemic
xclu -
. 2003 - 2005 NR 100% 464%  711% 24% 76% FU to August 2017
Canada HER2S or therapy
unknown status 2007 = 2009 294%  742% 29% 71%
2011-2013 523%  79-6% 3% 68%
p-value p-value
01 0002 0004 0004
Chiaetal Breast 2150 Age<7Syears  Period Median age (range) ~ ER+ Adjuvant therapy | Systemic therapy Survival curve: 05 Site of first
(2007)” Cancer 21994: 1727 <45, 265 MBC Median survival: O metastasis
Outcomes  gocurrent 73-  Excludes Chemo  Endo Any Trastuz. | p-value visceral
Database, gt across  contralateral soft
British ! 1991-1992 585 (26-75:9) 595 421%  494% 75% 07%
time periods  BC, non-BC diusted HR b g | tissue/bone
Columbia o 18:8%, 37% Adjusted HR by perio
Cancer 95%Cl, p-value
Agendy, 1994-1995 56:0 (256-76) 58:7 542%  53:2% 89% 01% P
20-3%, 34%
Canada Assume FU to ~2003
1997-1998 568 (26:8-75:9) 631 590%  49-0% 90% 5% from curve
18%, 29%
1999-2001 553 (24:4-76) 683 599%  46:3% 90% 13%
14:9%, 27%
Unknown ER % NR P P
<0-001 <0-001
Sundquistet | Kalmar 784 All ages. Period Age ER+/PR+* HER2+* | NR Survival curve: 0S ER+/PR+,
al (2017)" County . ival: %
(2017) inty 21995: 513 1985 1989 R <2000 <2000 Median survival: O ER-PR-,
patient
- p-value HER2+,
registry, - % %
" gistry, Recurrent 1990 - 1994 62% 35% HER2-
weden .
8 1995 - 1999 22000 22000 2,3,5, 10 year survival: | Triple
os negative
2000 - 2004 74% 2%

Table 1 (Continued)
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Sundquist et | Kalmar 784 All ages Period Age ER+/PR+* HER2+* | NR Interquartile range Tumour
al (2017)* County . grade
o) o 21995:513 1985 - 1989 NR <2000 <2000
patien FU to 2016
registry, 1990 - 1994 62% 35%
Recurrent
Sweden
84% 1995 - 1999 22000 22000
2000 - 2004 74% 2%
2005 - 2009 ER unknown 28%
20102014 HER2 unknown 44%
Foukakiset | Stockholm- 5463 All ages Period Median age ER+* ER* Adjuvant therapy Combined MBC Age:
25
al (2011) rGDt_la"d 21995: 2328 <50, >70 Chemo Chemo  Endo  Both Survival curve: 05 <60, >60
eglon Recurrent andfor  only only Median survival: 05
breast 89% Endo
cancer p-value
registry, 1979-1984 65 74% 26% 288%  102% 150%  36%
Sweden 18:5%, 337% 2,3, 5-year survival: 05
1985-1989 64 67% 33% 261%  11:4% 118%  2:9% 2 5'_‘*7’ relative
227%, 32:2% survival
1990-1994 64 72% 28% 433%  137% 255%  42% Recurrent MBC
22:6%, 34-0% Adjusted HR by period,
1995-1999 65 71% 29% 56:8%  16:4% 304%  100% os
21-0%, 39-5% 95% Cl, p value
2000-2004 64 70% 30% 700%  22:3% 296%  181%
18:3%, 34:0% Adjusted relative
survival ratio by period
ER unknown 24% 95% Cl, p value
FU to December 2007
Selected MBC site - recurrent and de novo
Thulinetal | Sahlgrenska 191 Brain Period Medion ~ ER+  ER+ ER- TN* | Adjuvant  Systemic therapy after Median survival: S ER+/PR+
(2020 University  >7994: 191 metastasis age HER2+  HER2-"  HER2 therapy brain MBC HER2-,
s 5
'“’5‘";3‘“ Recurrent * FUNR ER+/PR+
records 9 Exclude if no 1994 - 2004 503 0% 31% 31%  28% | 62% 64% HER2+,
Gothenberg i -
Swed path. diagnosis 500 2014 502 15%  35% 18%  32% | 92% 61% ER-HER2+
weden and concurrent Triple
non-BC ER unknown 0% negative
HER2 unknown 5%
BC=breast cancer; BCSS= breast cancer specific survival; Cl=confidence interval; ER= oestrogen receptor; FU= follow-up; HER2= Human epidermal growth factor receptor-2 ; HR=Hazard ratio; IBC = Inflammatory
breast cancer; MBC= metastatic breast cancer; N= number; n.a. = not applicable; NR = Not reported; OR=odds ratio; OS= overall survival; PR=progesterone receptor; SEER = The US National Cancer Institute’s
Surveillance, Epidemiology, and End Results Program; S-PS= Seattle-Puget Sound; TN= triple negative; Trastuz =trastuzumab.
SEER-9 regions: lowa, Hawaii, San Francisco-Oakland, Connecticut, Detroit, Atlanta, New Mexico, Utah, and Seattle-Puget Sound; SEER-13: SEER-9 region and Alaska Native Tumor Registry, Rural Georgia, San Jose-
Monterey, Los Angeles; SEER-18: SEER-13 regions and Greater Georgia, Greater California, Kentucky, Louisiana, New Jersey.
*Number of women with MBC in study periods since 1995; tAssumed from text on 5-year survival for diagnoses up to 2006; ¥ Estimated at 5.9% of total breast cancer cases based on average proportion reported for
single years; § Percentages calculated from published data, excludes unknown where reported. § Reported as population-based because a sole regional treatment centre.
P . o 1837
Table 1: Characteristics of included studies

the Netherlands between 1995 and 2009
(Figure 2D).33"353° Two studies from the Netherlands
that included dnMBC diagnosed from 2010 reported a
further survival gain for this later period (2-year OS
2003—2009 53%, 2010—2013 58%, no statistical test
reported’’; 5-year relative survival 2000—2009 20-8%
(95% CI 18-0- 23-8), 2010—2016 33-2% (95% CI 29-4
—37-2)%° (Table 2).

Adjusting for prognostic factors that may change
over time such as age and tumour characteristics (ER
status, tumour grade and histology), two studies esti-
mated a reduction in the hazard of all-cause death of 1%
per year for dnMBC in the US (HR 0-99, 95% CI 0-98
—0-99 per year between 1990 and 2011, p<0-05),** and
the Netherlands (HR 0-99, 95% CI 0-99—1-00 between
1990 and 2010, p<o-oo1).”* An additional three studies
of dnMBC reported a statistically significant reduced
hazard of all-cause®**?* or BC death®* over time,
although these studies were less applicable to our review
question because they also adjusted for treatment fac-
tors such as surgery, radiotherapy, endocrine therapy
and chemotherapy. In contrast, using data from the
Munich Cancer Registry, Holzel et al. (2017a) did not
find an ongoing OS or relative survival gain for dnMBC
between study periods 1998—2006 and 2007—2013,
nor evidence of reduced hazard for all-cause death after
adjusting for age, primary tumour size, grade, ER
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status, lymph node involvement, multiple metastasis
sites and primary systemic therapy (HR 1-01, 95% CI
0-93—1-10, Table 2).'

Two studies observed no to very small differences in
OS and relative survival for women >7o0 years in three
geographical regions between 1993/1995 and 2008 (5-
year OS 11% for each period, 95% Cls not reported®?;
difference in s5-year relative survival —1-9, p = 0.71 to
+2-1%, p = 0.045, Supplementary 6—7).* Two addi-
tional studies reported relative survival did not improve
for women >75 years in the Netherlands (relative excess
risk per year 1990—2010, 1-01 (95% CI 1-00—1-02),
p = 0-2;3%% 5-year relative survival 2000—2009 21-1%
(95% CI 17-7—24-8); 2010—2016 21-1% (95% CI 17-0
—25-5).%° Studies observed the largest survival improve-
ments for women <50 years with more modest
improvement for women 50—G69 years (Supplementary
6—7).32%53% A study of women aged <40 years reported
a 24% increase in 5-year BCSS between 1995 and 1999
32:2%, (95% CI 26-7—37-9) and 2010—2015 56-5%
(95% CI 50-1—62-4)."°

Four studies reported longer survival for ER-positive
tumours than ER-negative tumours in all study periods
(Supplementary &). Of these, three US studies of over-
lapping SEER regions observed OS and BCSS improved
over time for ER-positive dnMBC."?*"** Two of these
studies reported 2-year*' and j5-year survival® also
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Author, year,MBC N dnMBC Median survival, Survival (95% Cl) Adjusted hazard ratio Co-variables
diagnosis periods or rMBC months (HR)(95% CI) for adjusted analysis

(95% Cl) 2-year 5-year
Malmgren et al. (2020)** dnMBC Median BCSS* 2-yr BCSS* 5-yr 0S 5-yr BCSS HR BCSS
SEER 9 without Seattle-Puget Sound
1990—1998 3988 All 23 49% 16% (15—18) 19% (18—21) 1-00 (reference) Age, race, ER+/PR+ status, surgery,
1999-2004 2958 26 54% 20% (19-21) 23% (21—-24) 0-85 (0-80—0-91), p<0-001 XRT, chemotherapy
2005—2011 4094 31 60% 23% (22—24) 26% (24—27) 0-72 (0-67—0-76), p<0-001

p<0-001 p<0-001 p<0-001
Seattle-Puget Sound
1990—1998 608 All 21 44 18% (15—21) 21% (18—24) 1-00 (reference)
1999—-2004 481 30 57 25% (21—-28) 27% (23—-31) 0-74 (0-63—0-87), p<0-001
2005-2011 707 42 66 32% (28-35) 35% (32—39) 0-57 (0-49—0-66), p<0-001

p<0-001 p<0-001 p<0-001
Di Meglio et al. (2016)** dnMBC Median OS HR 0S*
1990—1992 NR All 18 1-00 (reference) SEER registry, age, race, marital
1993-1995 18% 1-07 status, tumour grade, ER+/PR+
1996—1998 19* 1.05 status, histology
1999-2001 21* 1-00
2002—-2004 23* 0-95
2005—2007 26* 0-92
2008—-2011 28 0-85 (0-78—0-93)
20082011 vs 1990—1992 p<0-001
Per year 1990—2011 0-99 (0-98—0-99), p<0-05
Per 5 years 0-95 (0-93—0-97), p<0-05
Tao et al. (2016)** dnMBC Median OS* 3-year relative survival*
1995 NR All 17 31
2000 20 34
2005 24 39
2009 25 39
Dawood et al. (2015)°' dnMBC 2-yr 0S 2-yr BCSS 0Odds ratio per year
1990—1995 4215 All 36-2% 40-1% OS >2 years Age, race, marital status, tumour
1996—2000 5108 40-1% 44-0% 1-06 (1-05—1-07), p<0-001 grade, MBC site, ER, PR status,
2001—-2007 13,278 44-2% 481% BCSS >2 years surgery, XRT, inflammatory sub-

p<0-001 p<0-001 1-06 (1-05—1-07), p<0-001 type, SEER registry
Holleczek et al. (2012)*° 5-yr relative survival (SE),
age standardised

SEER-13 USA dnMBC

Table 2 (Continued)
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Author, year,MBC N dnMBC Median survival, Survival (95% CI) Adjusted hazard ratio Co-variables
diagnosis periods or rMBC months (HR)(95% CI) for adjusted analysis
(95% Cl) 2-year 5-year
1993—-1996 4926 All 20-2(0-7)
1997-2000 5386 22.5(0-7)
2001-2004 5626 25-2(0-7)
2005—2008 6016 26-7 (0-7)
2005—2008 vs 1993—1996 6-5%, p<0-001
Saarland, Germany dnMBC
1993—-1996 228 All 20-3(3-2)
1997-2000 262 221 (3-0)
2001-2004 271 19-0 (2-6)
2005—2008 242 23.7 (3-0)
2005—2008 vs 1993—1996 3:3%,p=0-11
van der Meer et al. dnMBC 5-yr Relative survival (95% Cl),
(2021)*° age standardised
1989—-1999 NR All 12:3(10-1, 14-8)
2000—2009 20-8 (180, 23-8)
2010-2016 33.2(29-4,37-2)
Vonderling et al. (2018)*’ dnMBC 2-yr 0S 5-yr OS
1989-1992 1990: 543 All 40% 14%
1993—-1998 1995: 493 44% 16%
1999-2002 2000: 562 43% 17%
2003—2009 2005: 612 53% 22%
2010-2013 2010: 573 58% NR
de Glas et al. (2015)°*° dnMBC Median OS* 5-year relative survival HR OS
1995 NR All 18 17 0-99 (0-99—1-00), p<0-001 Age at diagnosis, ER/PR status,
2000 17 16 per year 1990—2010 morphology, grade and num-
2005 24 22 ber of metastatic sites
2010 25 21 Adjusted relative survival
0-98 (0-98—0-99), p<0-001
Ruiterkamp et al. dnMBC Median OS 2-yr OS* 5-yr OS* HR OS
(2011)*”
1995 — 1999 2688 All 17-0(16-:0—18-4) 41% 15% 1-00 (reference) Age, primary tumour size, surgery,
2000 — 2004 2916 19-3(18:1—20-4) 44% 17% 0-95 (0-89—1-01), p = 0-081 XRT, systemic therapy
2005 — 2008 2427 23-4(21-6—25-0) 49% 21% 0-83 (0-77—0-89), p<0-001

Table 2 (Continued)
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Author, year, MBC N dnMBC Median survival, Survival (95% Cl) Adjusted hazard ratio Co-variables
diagnosis periods or rMBC months (HR)(95% Cl) for adjusted analysis
(95% Cl) 2-year 5-year
Holzel et al. (2017a)*’ dnMBC Median OS* 2-yr OS* 5-yr OS /relative survival HR OS
1978—1987 376 All 25 52% 17-6% /18-9 1-10 (0-95—1-26) Age, primary tumour size, grade,
1988—1997 875 26 54% 22-5% /24-7 1-05 (0-95—1-15) ER+/PR+ status, lymph node
1998—2006 1702 26 54% 24-7% /271 1-00 (reference) involvement, > 2 metastasis
2007-2013 1803 26 53% 20-5% /22-7 1-01(0-93—1-10) site, systemic therapy
p=0.52 p=077
Nordenskjold et al. dnMBC 5-yr relative survival* 5-year excess mortality rate ratio
(2019)**
1989—1993 224 All 1989—-1991: 12 1.00 (reference) Age
1994—1998 200 1992—-1994: 12 0.98 (0.79—1.21), p = 0.87
1999-2003 185 1995—-1997:9 0.91(0.73—1.13), p = 0.40
2004—-2008 223 1998-2000: 20 0.83 (0.67—1.03), p = 0.08
2009-2013 260 2001-2003: 12 0.69 (0.55—0.86), p = 0.001
2004—2006: 20
2007-2009: 23
p=0.03
Cortesi et al. (2015)*° dnMBC Median OS* 2-yr OS* 5-yr 0S HR OS
1990—1993 73 All 16 39% 1% 1-00 (reference) Age, tumour grade, ER, PR status,
1994—1997 82 21 46% 15% 0-76 (0-42—1-36), p = 0.357 Ki67, MBC site, chemotherapy,
1998—-2001 114 21 42% 12% 0-62 (0-36—1-09), p = 0.097 hormone therapy
2002—-2005 126 21 46% 20% 0-58 (0-33—1-00), p = 0.050
2006—2009 119 30 51% 29% 0-53 (0-30—0-95), p = 0.043
p=0-012
Holzel et al. (2017b)*® rMBC Median OS* 2-yr OS* 5-yr OS* /relative survival
1978 — 1987 1352 All 23 48% 20% /22-0
1988 — 1997 2170 21 45% 18% /22-6
1998 — 2006 3502 23 49% 21%/17-6
2007 — 2013 3172 23 48% 21%/11-8
p=0.029
MBC and BC diagnosis within same study period 4-yr OS* HR OS
1978 — 1987 1352 23 49% 26% 0-91 (0-82—0-99) Age at BC diagnosis, primary
1988 — 1997 1429 18 39% 20% 1-11(1-03—1-20) tumour size, tumour grade,
1998 — 2006 1788 20 43% 22% 1-00 (reference) lymph node involvement, ER
2007 — 2013 1187 14 32% 16% 1-24 (1-13—1-35) status
Table 2 (Continued)
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Author, year,MBC N dnMBC Median survival, Survival (95% CI) Adjusted hazard ratio Co-variables
diagnosis periods or rMBC months (HR)(95% CI) for adjusted analysis

(95% Cl) 2-year 5-year
Le et al. (2020)*° rMBC Median OS 5-yr 0S
2003 — 2005 755 77-9% 24.4(21-6—27-3) 18:1%
2007 — 2009 772 76-8% 23.1(20-7-25-5) 17-7%
2011-2013 905 74-1% 23-1(20-6—25-6) 17-3%f
Chia et al. (2007)*’ rMBC Median OS 2-yr OS 5-yr OS* HR OS
1991-1992 423 73% 143 33% 13% 1-00 (reference) Age at MBC diagnosis, tumour
1994—1995 561 82% 14-8 34% 14% 0-97 (0-85—1-11), p=0-65 grade, ER status
1997—-1998 641 80% 185 44% 15% 0-84 (0-74—0-96), p = 0-011
1999-2001 525 78% 217 45% NR 0-72 (0-61—0-84), p<0-001

1997—1998 vs

1999-2001,
p=0-05

Sundquist et al. (2017)*° rMBC Median OS (IQR) 2-yr 0S 5-yr 0S
1985 — 1989 124 76-6% 13 (4-31) 31% 10%
1990 — 1994 147 87-1% 161 (6—35) 38% 13%
1995 — 1999 160 85-6% 16 (7—36) 36% 9%
2000 — 2004 129 83-7% 20 (7—45) 43% 15%
2005 — 2009 152 81-6% 23 (6—48) 49% 17%
2010 — 2014 72 91-7% 33 (18-55) 64% 27%

p =0-009
Foukakis et al. (2011)*° rMBC Median OS 2-yr 0S 5-yr OS/Relative survival* HR OS rMBC (dnMBC excluded)
1979—-1984 899 84% 159 36-8% 11-4%/13 1-00 (reference) Age at MBC diagnosis, primary
1985—1989 1078 92% 151 36-1% 12-9%/14 0-99 (0-89—1-11), p=0-90 tumour size, ER status, recur-
1990—-1994 1158 90% 14.5 34.6% 12:5%/14 1-00 (0-89—1-12), p = 1-00 rence-free interval, systemic
1995—-1999 1196 87% 16-1 36-2% 13-6%/15 1-00 (0-88—1-12), p = 0-95 neo/adjuvant therapy, meta-
2000—2004 1132 89% 153 37-7% 15-2%/17 0-94 (0-83—1-07), p=0-34 static site (bone only, liver/

p=012 brain)
Thulin et al. (2020), Brain rMBC Median OS

metastasis”®
1994 — 2004 45 80% 115
2005 — 2014 146 84% 72
Table 2: Changes in post-n is survival over time.

BCSS = breast cancer specific survival; CI =confidence interval; dnMBC = de novo MBC; HR = hazard ratio; IQR = Interquartile range; MBC = metastatic breast cancer; OS = overall survival; SE = standard error; rMBC = recurrent
MBC; XRT = radiation therapy.

* Extracted from published survival curve or figure; tExcludes women diagnosed after Aug 2012; § Results reported in text differ from published table/figure.
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Tao 2016. SEER-18, USA
s De Glas 2015, Netherlands
@ Ho|ze| 20173, Munich, Germany
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Year of MBC diagnosis

e \almgren 2020, SEER S-PS, USA, 25-84 years

Malmgren 2020, SEER-9 without S-PS, USA, 25-84 years

Figure 2. Survival over time for de novo MBC: (A) median overall survival; (B) median breast cancer-specific survival; (C) 5-year overall
survival; (D) 5-year breast cancer-specific survival, relative survival
BCSS = breast cancer specific survival; MBC = metastatic breast cancer
Where more than one study reported OS from the same region, we selected the study that included the most recent study

period.
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e /2 der Meer 2021, Netherlands,relative survival
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BCSS = breast cancer specific survival; MBC=metastatic breast cancer

Where more than one study reported OS from the same region, we selected the study that included the most recent study period.
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improved over time for ER-negative dnMBC (percentage
change per year, 5-year BCSS 1992—2006: ER-positive
2:3% (95%CI 1-0—3-6); ER-negative 3-6% (95% CI 13
—5-9))."? The third study reported median OS for ER-
negative dnMBC remained stable at around 14 months
between 1995 and 2009 (95% CI not reported).’* Hol-
zel et al. (20r17a) observed improved median survival
between the periods 1988—1997 and 1998—2006 for
ER-positive (31, 34 months, respectively) and ER-nega-
tive (14, 15 months respectively) but not between 1998
and 2006 and 2007—2013 (ER-positive 30 months, ER-
negative 13 months), statistical tests not reported (Sup-
plementary 8—9).*'

Recurrent MBC. For rMBC, using data from the
Munich Cancer Registry, Holzel et al. (2017b) observed
OS improved for rMBC diagnosed in 1998—2006
(median OS 23 months; 5-year OS 21%) compared to
the prior period 1988—1997 (median OS 21 months; 5-
year OS 18%); but no further improvement in 2007
—2013 (median OS 23 months; 5-year OS 21%),
p = 0.029 for comparison of all time periods, statistical
tests were not reported for individual time period com-
parisons (Table 2, Figures 3A & 3B).”> Taking into
account both the period of initial BC diagnosis and
period of rMBC diagnosis, women with BC and rMBC
both diagnosed 2007—2013 had a 24% higher risk of
all-cause death than women with BC and rMBC both
diagnosed 1998—2000, adjusting for age at BC diagno-
sis, tumour size, grade, lymph node involvement and
ER status (HR 1-24, 95% CI 1-13—1-35, Table 2).*> As
longer time to distant recurrence is associated with
improved prognosis, a potential source of bias for this
adjusted analysis is the 1998—2006 study period
includes women with rMBC within g years of BC diag-
nosis; while the 2007—2013 period is limited to women
with rtMBC within 7 years.

Combined (de novo and recurrent) MBC. Estimates of
median OS and s5-year OS from studies of combined
MBC are illustrated in Figures 3A and 3B. Comparing
MBC cohorts diagnosed between 1995 and 1999 and
2000—2004, two Swedish studies reported different
temporal trends for median OS (Foukakis et al. (2011)*?
1995—1999 16-1 months, 2000—2004 15-3 months,
p = o.12 for comparison of all time periods since 1979
—1984, no potential source of bias identified; Sundquist
et al. (2017)*° 16, 20 months respectively, p = 0.009 for
comparison of all time periods since 1985—1989, poten-
tial source of bias identified). For subgroup analysis by
age, Foukakis et al. (2011) reported median OS for
women aged <6o years at diagnosis of MBC improved
from 19-1 months in 1995-1999 to 22:3 months in
2000—2004 (p<0.0001 for comparison of all time peri-
ods); with no improvement observed for women

>60 years (12-7 months, 11-6 months respectively, and
reduced survival for comparison of all time periods,
p = o0.013 Supplementary 6—7).>° A third study, Chia
et al. (2007) that excluded women >75 years estimated
a 3 month gain in median OS for MBC diagnosed in
British Columbia, Canada between 1997 and 1998 (185
months) and 1999—2001 (21-7 months), p = 0.05.*”

Comparing MBC cohorts diagnosed after 2000,
Sundquist et al. (2017) reported a 13 month gain in
median OS between 2000 and 2004 (20 months) and
2010—2014 (33 months), p = 0.009 for comparison of
all time periods.*>® In contrast, Le et al. (2020) assessed
ER-positive, HER2-negative MBC from British Colum-
bia and reported no improvement in median or 5-year
OS across three study periods between 2003 and 2005
(median OS 24.4 months (95% CI 21.6—27.3) and 2011
—2013 (median OS 23.1 months (95%CI 20-6—25-6)).>*
Thulin et al. (2020) reported a reduction in OS for brain
metastasis (1994—2004 1I-5 months; 2005—2014 7-2
months, statistical test not reported) with no difference
in age at BC diagnosis.*® Le et al. (2020)** and Sund-
quist et al. (2017)*° did not assess or adjust for age as a
potential confounder.

For subgroup analysis by ER and HER2 status:
Sundquist et al. (2017) assessed post-metastasis survival
by tumour receptor status pre- versus post-2000.5°
Median OS remained at 10 months for triple negative
tumours but improved for other subgroups with the
largest improvement observed for HER2-positive
tumours (median OS 14 to 29 months; 5-year OS 2% to
31%, between 1996 and 1999 and 2000—2014, statisti-
cal test not reported Supplementary 8—9).

Discussion

This systematic review provides strong evidence that OS
and BCSS following de novo MBC have continued to
improve at a population-level since 1995 with a relative
reduction in the risk of all-cause death of 1% per year
across different populations. In contrast, the popula-
tion-level survival gains observed for cohorts of women
with recurrent and combined (recurrent and de novo)
MBC before 2000 were not consistently observed in
more recent cohorts, despite the introduction of new
therapies for metastatic disease. These findings have
implications for all stakeholders in advanced breast can-
cer, including cancer clinical services and surveillance
systems, as discussed below in our interpretation of the
evidence.

All included studies were conducted in North Amer-
ica or Europe highlighting the gap in evidence for post-
metastasis survival in low- and middle-income coun-
tries. Further, our finding of variation in tMBC survival
between regions demonstrates the importance of
region-specific data. For high-income countries with
similar health systems and available treatments, our
review also provides valuable evidence about the current
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population characteristics of MBC. From included stud-
ies, we estimate at least three-quarters of new MBC
diagnoses at a population level are recurrences follow-
ing an initial diagnosis of early BC (study range 76
—89%). Our review indicates that at least one third of
women are 70 years or older at MBC diagnosis (de novo
or recurrent). This finding is important given our review
shows consistent evidence for both de novo and
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recurrent MBC of no to modest survival improvement
over time for this older age group. Consequently, there
is a widening gap in prognosis between younger versus
older women with recent survival gains largely
restricted to women under 7o years.

From the limited data available for subgroup analysis
by ER and HER2 status, we observed population-level
survival gains for MBC for both ER-positive and ER-

17



Articles

18

negative subtypes. However, survival remained higher
for ER-positive versus ER-negative tumours at each
time period. One Swedish study provided evidence that
the introduction of targeted therapies for HER2-positive
MBC (of whom few rMBC received adjuvant HER2-tar-
geted therapy) has translated to substantial population-
level benefits with the median survival for this group
similar to that for ER-positive MBC after 2000.>° The
same study did not find evidence of improved survival
for triple negative MBC.

For dnMBC, our finding of improved survival since
1995 across 13 of 14 studies is consistent with Caswell-
Jin et al’s estimate from a meta-analysis of an 8 month
improvement in median OS from 2000 to 2010.? The
conflicting finding from one study of no survival gain
from 1998 to 2006 to 2007—2013*" may be explained
in part by changes in the prognostic characteristics of
the study dnMBC population over time that were not
shared by other studies. For example, the proportion of
women aged >70 years at dnMBC diagnosis increased
from 36-4% to 46-9% during this period, whereas other
studies did not observe an increase in age at dnMBC
over time. Holzel et al’s (2017a) finding of a survival
improvement for the subgroup assembled with similar
age and tumour prognostic characteristics (6 month
gain in median survival) support this explanation; while
their age-adjusted analysis did not, but was potentially
limited by shorter follow-up time for the final cohort.*
Other included studies of dnMBC were also appraised
as having one or more potential sources of bias. Never-
theless, the consistency of results for OS and BCSS
across these studies support conclusions that advances
in the diagnosis and management of de novo MBC have
translated to incremental population-level survival
gains.

Our review findings for rMBC and combined MBC
(which is mostly comprised of rtMBC) are more chal-
lenging to interpret. The variation in survival trends
between populations is an important finding in itself.
Evidence of no or limited OS gain in study periods after
2000 do not align with Caswell-Jin et al.’s (2018) review
estimate of a 12 month improvement in median OS for
rMBC between 2000 and 2010, possibly reflecting the
different review approaches. Caswell-Jin et al. included
trial and single institution populations, while our review
focused on changes in rtMBC survival in the entire MBC
population, which includes older patients and those with
co-morbidities who may not be eligible for clinical trials
and may not tolerate standard treatment protocols.

Together with evidence of the increased use of adju-
vant therapy since 1995, our finding of no to limited
improvement in prognosis for rMBC in some popula-
tions provides some support for the postulation from
clinical trials of an ‘adjuvant therapy-related shortening
of survival’ (ATRESS) effect in pre-treated patient
cohorts.**39 Recent institution-based cohort studies of
MBC treatment also provide evidence of this effect.**+*

Proposed causal pathways include the prevention of
treatment sensitive metastases in pre-treated patients,
leading to an apparent shift to more aggressive metasta-
ses as treatment non-sensitive tumours dominate; and
potentially adjuvant therapy induces treatment resis-
tance.*® At a molecular level, evidence of genomic differ-
ences between rMBC and treatment-naive dnMBC point
to biological differences requiring further investigation
to help elucidate the mechanisms for differences in
prognosis.**

Our descriptive approach for evidence synthesis does
not provide pooled estimates of changes in survival
from MBC. However, as the diagnosis periods, exclu-
sion criteria, and survival measures all varied between
studies, only a descriptive approach was possible. The
two major limitations for addressing our review ques-
tions were the paucity of published population-based
contemporary data for rMBC; and the methodological
limitations of the studies included in our review. The
most common potential sources of bias in our included
studies were: comparisons of survival over time without
adjustment for age at BC diagnosis; and a shorter fol-
low-up time, and thereby potentially more unreliable
survival estimate, for the most recent study cohort. For
ageing populations, the median age at BC diagnosis can
be expected to increase,*® increasing the risk of both BC
and non-BC death. Other sources of bias were the exclu-
sion of older women and those with prior non-breast
cancers, two groups which make up a sizeable propor-
tion of MBC populations. Most studies assessed OS
without separate assessment of BCSS. While OS is
important as a measure of actual survival, changes over
time reflect changes in survival from both cancer and
non-cancer causes. Thus, assessment of BCSS is also
needed to assess the impact of changes in BC care with-
out the potential for confounding by changes in comor-
bidities over time. Even so, we found that where both
were reported, BCSS gains were proportionally similar
to OS gains. No studies assessed BCSS for our subgroup
analysis of post-metastasis survival for women
>70 years. However, we believe our finding of no to
very limited survival gain for this age group is more
plausibly explained by limited benefit from advances in
BC therapy over time than an increase in non-cancer
mortality.

Our findings have implications for clinicians, cancer
service planning and the design of clinical trials. Clini-
cians can use this evidence to inform prognostic discus-
sions for patients with a new diagnosis of MBC. Our
finding of consistent evidence of survival improvement
over time for women with de novo MBC adds to evidence
from more selected BC populations and may provide
hope to women diagnosed today as they are likely to live
longer than published survival times which represent
women often diagnosed 10 years earlier. For cancer ser-
vice planning, our findings highlight the importance of
tracking the prognosis and care needs of women with
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rMBC, as distinct from dnMBC. While the clinical bene-
fits of adjuvant therapies to reduce the risk of rMBC and
improve BC survival are well established*”; our findings
have important clinical implications for those with a
diagnosis of rMBC. As new adjuvant therapies are intro-
duced, the characteristics of the rMBC population are
expected to change. For example, as practice has
changed to incorporate HER2-targeted therapies in the
adjuvant setting, most women with HER2-positive
rMBC will have previously received HER2-targeted ther-
apies. This contemporary population may be more resis-
tant to further HER2-targeted therapy than a population
such as assessed by Sundquist et al. (2017)*° where
many did not receive HER2-targeted therapy in the
adjuvant setting. The lack of survival improvement over
time for older women will help inform decisions and
timing on palliative care and appropriate accessible serv-
ices. For clinical trial design, our findings establish the
importance of stratifying randomisation by de novo/
recurrent MBC status and by age group; and the need
for more trials in older women to identify optimal treat-
ment strategies.

For research implications, given rMBC represents
the large majority of MBC diagnoses and thus clinical
load, our finding that most population-based studies of
MBC assess dnMBC alone represents an important evi-
dence gap, and highlights the limitations of current
reporting of MBC data by cancer registries. Further
research is needed to understand the extent new adju-
vant therapies may shift the biological profile of recur-
rent MBC toward more treatment resistant disease.
Most MBC trials of new therapies are conducted before
the treatment is tested in the adjuvant setting, thus
observational data are essential to assess how new adju-
vant therapies change the characteristics of tMBC. To
provide high quality evidence for these investigations,
we advocate for cancer registries to include and validate
notifications of distant metastasis in women with an ini-
tial diagnosis of early BC. Routine reporting of rtMBC by
cancer registries with population-based record linkage
to treatment data and death registrations would allow
critical post-marketing surveillance of new therapies
and outcomes in the real-world setting.

In conclusion, this review presents strong evidence
of population-level improvements in OS and BCSS fol-
lowing dnMBC since 1995. In contrast, we found lim-
ited and conflicting evidence of changes in survival
following rMBC, which represents the majority of new
diagnoses of MBC. In addition, we identified no to mod-
est survival improvement over time for women aged
70 years and older, who make up around a third of the
MBC population. These findings establish the impor-
tance of the stratification of MBC by de novo/recurrent
status and age group for clinical trial design; and sug-
gest that routine reporting on distant metastases by can-
cer registries would support future research on the

www.thelancet.com Vol 44 Month February, 2022

impact of new adjuvant therapies on the characteristics
and prognosis of rMBC.
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