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Abstract

Background To assess proportions of metastatic recurrence in women initially diagnosed with non-metastatic breast
cancer by stage at diagnosis, breast cancer subtype, calendar period and age.

Methods A systematic search of MEDLINE and Web of Science databases (January 2010-12 May 2022) was con-
ducted. Studies reporting the proportion of distant metastatic recurrence in women with non-metastatic breast
cancer were identified and outcomes and characteristics were extracted. Risk of bias was assessed independently
by two reviewers. Random-effects meta-analyses of proportions were used to calculate pooled estimates and 95%
confidence intervals (Cls).

Results 193 studies covering over 280,000 patients were included in the main analysis. Pooled proportions of meta-
static recurrence increased with longer median follow-up time from 12.2% (95% CI 10.5-14.0%) at 1-4 years post diag-
nosis, 14.3% (95% Cl 12.9-15.7%) at 5-9 years to 23.3% (95% Cl 20.1-26.8) at 10 years or more. Regional variation

was observed with pooled estimates ranging from 11.0% (95% Cl 8.5-13.7%) in Europe to 26.4% (95% Cl 16.7-37.4%)
in Africa (1-4 years follow-up). Proportions of recurrence were higher in studies with diagnosis before 2000 (22.2%,
95% Cl 15.1-30.3) compared to studies with diagnosis from 2000 onwards (12.8%, 95% Cl 11.7-14.0). At 1-4 years
median follow-up, pooled proportions of metastatic recurrence were higher in women with hormone receptor nega-
tive (15.2%, 95% Cl 12.0-18.7%) compared with receptor positive disease (9.6%, 95% Cl 6.2—13.6%) and in women
with locally advanced (33.2%, 95% Cl 24.7-42.3%) relative to early disease at initial diagnosis (4.8%, 95% Cl 2.5-7.8%).
Proportions were higher in those under 50 years compared with 70+ years, 18.6% (95% Cl 15.9-21.4%) versus 13.3%
(95% Cl 9.2, 18.0%), respectively. Heterogeneity was high in all meta-analyses and results should be interpreted

with caution.

Conclusions Higher proportions of metastatic recurrence in patients initially diagnosed at an advanced stage
and in earlier calendar period emphasises the importance of early detection and treatment advancements. As
the global number of breast cancer survivors increases, research and health policy efforts should be directed
towards timely diagnosis and access to effective treatments and care.
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Background
Breast cancer is the most common cancer diagnosed
worldwide in women with an estimated 2.3 million
new cases, and almost 700,000 deaths in 2022 [1, 2].
As both incidence and survival continue to increase in
many world regions, the number of women living with
a history of breast cancer (i.e. prevalence) continues to
rise steadily and currently amounts to an estimated 8.2
million globally [2]. This number comprises the survi-
vors but also the patients living with metastatic disease.
Almost all breast-cancer related deaths are due to dis-
tant metastatic spread of the tumour, which remains
incurable albeit treatable. While, in high-income coun-
tries, only a minority of breast cancer patients present
with distant metastases at diagnosis (so called de novo),
most cases of metastatic breast cancer (MBC) occur as
recurrent disease after an initial non-distant-metastatic
breast cancer diagnosis, treatment with curable intent
and a disease-free period. To-date, the prevalence of
recurrent MBC remains largely unknown, as histori-
cally population-based cancer registries (PBCRs) do
not routinely collect detailed long-term follow-up and
recurrence data and no international guidelines or defi-
nitions have been established. Yet, it is important to
quantify the burden of MBC to evaluate the effective-
ness of treatment, assess and compare outcomes on
the population level, and to improve the allocation of
resources as well as respond to the need for more infor-
mation for persons living with this disease. Although
studies have investigated proportions of (distant) recur-
rence in breast cancer patients, these are often based
on treatment-/site- specific groups, which are small in
sample size and not representative of all breast can-
cer patients. Randomized controlled trials (RCTs)
have played an important role in the understanding of
MBC [3], however, trials are often limited with shorter
follow-up time and not representative of the general
population compared to population-based studies.
Recently, the Lancet Breast Cancer Commission called
for the global collection of high-quality cancer regis-
try data on cancer relapses as one of the key points for
change [4]. To date, no effort has been made to compile
and assess the knowledge on the proportion of distant
recurrence, or the timing of recurrence, in women ini-
tially diagnosed with non-metastatic breast cancer on a
large scale.

In this study, we conducted a systematic review of
the literature and meta-analyses of studies that have

measured proportions of distant recurrence in women
diagnosed with an initial non-metastatic breast cancer
and assessed patterns of distant recurrence in daily clini-
cal practice.

Methods

Search strategy

A search strategy was developed (eTable 1 in the Supple-
ment) and a literature search carried out using Pubmed
and Web of Science. Articles were restricted to those
published between January 2010 and 12 May 2022.

Study selection

The screening process was divided and conducted inde-
pendently by two pairs of reviewers (EM, CON, MA and
AB) using Covidence Online Software (https://www.
covidence.org). Firstly, titles and abstracts were screened
and those that were deemed irrelevant by both reviewers
were immediately excluded. Where there was a screen-
ing conflict between two reviewers, these were discussed
and consulted with a third and fourth reviewer and a final
decision was made. Following this, full text papers were
requested and assessed for inclusion or exclusion.

Inclusion and exclusion criteria

The following eligibility criteria were applied: (i) the
study included women of any age with invasive non-
metastatic breast cancer (ICD10 C50) as initial diagnosis;
(ii) full research articles presenting findings from cohort
or case—control studies, excluding RCTs; (iii) the study
assessed the proportion of distant metastatic recurrences
[5]; (iv) there was sufficient statistical information on
the outcome of interest reporting both number of dis-
tant metastatic recurrences and total number of breast
cancer cases in the population under study; (v) articles
were published in the English language. Studies that
provided only combined estimates for all recurrences,
grouping distant metastases, loco-regional recurrences
and second primary breast cancers, were excluded, as
were studies including patients with in-situ or meta-
static cancer at baseline. Although previous studies have
investigated recurrence in breast cancer patients, these
have been based on clinical trials which are not repre-
sentative of the general population [3]. As such, RCTs,
microarray studies, or studies that investigated specific
diagnostic procedures were not included. Studies were
also excluded when data were only presented as survival
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curves without accompanying estimates. Two review-
ers reviewed studies that were from the same hospital or
PBCR to check for overlap and included the study with
the more recent period of diagnosis and longer follow-
up. If an overlapping study provided additional data by
another sub-group, these were included.

Data extraction

Data extraction was conducted using a predesigned tem-
plate including study design, author name, year of pub-
lication, location of the study, study setting, number
of patients included, mean age at diagnosis, diagnosis
period, specific breast cancer subtype, molecular groups,
stage at diagnosis, hormonal status, median follow-up
time, number of metastatic recurrences. Extraction was
conducted by two investigators (EM and CON).

Risk of bias assessment

Risk of bias of the included studies was assessed inde-
pendently by pairs of two investigators (YS, RS, OL,
HE, CF) using an adaptation of a specific tool for preva-
lence studies [6]. Articles were confirmed as having low
risk or high risk of bias based on nine questions assess-
ing bias in sampling, information detection and report-
ing: 1. Was the study population a close representation
of the target population in relation to relevant variables?
2. Was the sampling frame a true or close representation
of the target population? 3. Was some form of random
selection used to select the sample, or was a population-
based study undertaken? 4. Was the likelihood of missing
information on distant recurrence and completeness of
follow-up minimal? 5. Were data collected directly from
patient examination, record linkage or scrutinising medi-
cal records? 6. Was an acceptable definition of distant
recurrence used in the study? 7. Was the study instru-
ment that measured the parameter of interest shown to
be reliable and valid? 8. Was the same mode of data col-
lection used for all subjects? 9. Were the numerator(s)
and denominator(s) for the parameter of interest appro-
priate? If a study scored high in one of the nine questions,
it was assigned with an overall high risk of bias score.
Where high or low risk of bias could not be determined,
moderate risk of bias was assigned.

Statistical analysis

A random-effects meta-analysis of proportions, with the
Freeman-Tukey double arcsine transformation, was used
to examine the proportions of metastatic recurrence in
women with breast cancer. A x’-test for heterogeneity
was calculated and the I? statistic was determined to esti-
mate the proportion of variation between study results
attributable to heterogeneity rather than chance [7].

Page 3 of 23

Random effects meta-analyses were used to examine
the proportion of metastatic recurrence according to
study setting (PBCR; hospital; other), median follow-up
time (1-4; 5-9; 10+ years), calendar period of diagnosis
(pre- and post- 1999), stage at diagnosis (early, stage I-1Ia;
locally advanced, stage IIb-IIlc), breast cancer subtype
(hormone receptor positive [HR+]; hormone receptor
negative [HR—]), age at diagnosis (< 50; 50—69; 70+ years)
and region (Europe and South America; North America
and Oceania; Asia; Africa). HR+tumours were defined
as tumours with estrogen receptors (ER+) and/ or pro-
gesterone receptors (PR+), HR- tumours were defined as
tumours that did not contain estrogen or progesterone
receptors. Details of cut-offs used by each study to define
receptor positivity were not extracted for this review.
Sensitivity analyses were conducted including studies
that were rated as having low risk of bias.

The analysis was conducted using the metaprop com-
mand using Stata 14 software (Stata Corporation, College
Station, Texas, USA).

PROSPERO registration

This systematic review was registered in PROSPERO
with the registration number CRD42022314500 (https://
www.crd.york.ac.uk/prospero/display_record.php?Recor
dID=314500).

Patient and public involvement

No patients or members of the public were involved in
the design, conduct, or reporting of the study, or in the
dissemination of findings. During their clinical routine,
however, several of the authors have regular contact with
patients with breast cancer during which clinical factors
such as breast cancer subtype, treatment and follow-up
for recurrence of breast cancer are discussed. The expe-
riences from these interactions have been taken into
account during the planning, conduct, and reporting of
this study.

Results

Characteristics of included studies

The database search using PubMed and Web of Science
yielded 10,138 articles to be screened (eFigure 1 in the
Supplement). After screening titles and abstracts, 8,668
articles were excluded, with 1470 full text articles remain-
ing to be screened for eligibility with the following rea-
sons for exclusion applied: (1) wrong outcomes (mainly
when locoregional and distant recurrence data were
inseparable); (2) wrong patient population; (3) wrong
study design; (4) missing or incorrect data reported; (5)
overlapping data; (6) full text was not available in English;
(7) duplicate and (8) multiple reasons, leaving 217 eligible
articles to be included.
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Appendix, Table 2 shows the characteristics of the 217
eligible studies. They were predominantly from hospi-
tal-based institutions (n=185), followed by population-
based cancer registries (n=23) and an additional 9 from
other settings (e.g. claims databases). Almost all studies
were cohort in design (n=213) and the rest were case-
control (n=2) or case series (n=2). Most studies were
from Asia (n=288), followed by Europe (n=71), North
America (n=43), Africa (n=6), Oceania (n=5), and
South America (n=4). Median follow-up duration for
the included studies ranged from 1.2 to 15 years with
most having 1-4 years (n=102) or 5-9 years (n=101)
median follow-up, and the remaining with 10+years
(n=14). There were 175 of the 217 (81%) eligible studies
that reported how recurrence data were assessed. Most
of these, (n=170, 97%) used medical records contain-
ing clinical and/ or pathological information to confirm
recurrence. The remaining studies used a combination of
medical records and contacting patient to obtain com-
plete information (n=4), one study was patient reported.

Overall proportions of distant recurrence in women

with non-metastatic breast cancer

After removal of overlapping studies, 193 studies includ-
ing 283,110 patients were included in the overall analy-
sis. As similar proportions of recurrence were observed
across hospital, PBCR (Fig. 1) and other settings (14.1%
vs. 13.6% vs. 10.0%, respectively), results will focus on
estimates combining these different source settings. The
proportion of metastatic recurrence increased accord-
ing to median follow-up time from 12.2% (95% CI
10.5-14.0%) at 1-4 years, 14.3% (95% CI 12.9-15.7%) at
5-9 years, and 23.3% (95% CI 20.1-26.8) at 10 years or
more (Table 1). Due to marked differences in proportions
of recurrence with increasing follow-up time, results will
be presented by median follow-up time.

Across regions, proportions of metastatic recurrence
were highest in Africa followed by South America at
1-4 years median follow-up with pooled proportions
of 26.4% (95% CI 16.7-37.4%) and 22.6% (95% CI 20.7—
24.6%), respectively. Pooled estimates at 1-4 years
median follow-up were considerably lower in other
regions with estimates of 11.0% (Europe), 10.2% (North
America) and 11.8% (Asia) (Fig. 2, i). Generally, pro-
portions were higher with increasing length of median
follow-up time where meta-analysis at regional level
was possible. At 5-9 years median follow-up, pooled
estimates were as high as 16.1% (Asia), 13.2% (Europe)
and 7.7% (North America) (Fig. 2, ii). Data permitted
regional pooled proportions for Europe at 10 years
or more median follow-up time to be estimated: an
increase to 21.9% (Fig. 2, iii).
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Significant heterogeneity was observed across all meta-
analyses of overall proportions of metastatic recurrence
(I2>96%, p<0.01).

Calendar period of diagnosis

In analyses by calendar period of diagnosis 167 studies
were included to compare metastatic recurrence propor-
tions in patients diagnosed before 2000 and from 2000
onwards. Pooled proportions of metastatic recurrence
were higher in studies that were restricted to women
diagnosed before 2000 compared with those diagnosed
2000 onwards with estimates of 22.2 (95% CI 15.1-30.3%)
and 12.8 (95% CI 11.7-14.0%), respectively (Table 1).
Proportions increased with increasing follow-up time in
studies with patients diagnosed from 2000 onwards from
11.8% at 1-4 years to 18.0% at 10+ years. Too few studies
with diagnosis period before 1999 were available to per-
mit analysis at all follow-up times, with proportions of
22.2% at 5-9 years.

Stage at diagnosis
There were 26 studies that were included in the stage-
specific analysis. The overall pooled proportion of meta-
static recurrence in early stage (stage I-Ila) patients was
5.9% (95% CI 4.3-7.7%) and 34.5% (95% CI 30.3—38.9%)
in locally advanced stage (stage IIb-IIlc) patients. Pro-
portions of metastatic recurrence in early-stage patients
increased with increasing follow-up time but were con-
sistently higher in locally advanced patients across all
median follow-time points (Fig. 3).

Substantial heterogeneity was observed in both early
stage (I’=96.1%, p<0.01) and locally advanced stage
(I?=91.8%, p <0.01) meta-analyses.

Hormone receptor status
A total of 64 studies reported proportions of metastatic
recurrence in either or both HR+and HR— patients. The
proportion of women experiencing metastatic recur-
rences was lower in HR+ patients compared to HR—
patients with pooled proportions of 9.9% (8.0-11.9%) and
17.7% (95% CI 15.0-20.7%), respectively. Pooled propor-
tions of metastatic recurrence were consistently higher
in HR- patients compared to HR+ patients at 1-4 years
follow-up (15.3% vs. 9.6%, respectively) and 5-9 years
follow-up (22.4% vs. 10.0%). Although higher propor-
tions were also observed at 10+ years follow-up (40.5%
vs. 13.4%) these estimates were based on a small number
of studies (Fig. 4).

High heterogeneity was observed in pooled analyses
across both subtypes and follow-up times (I*>96.0%,
p<0.01).
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Table 1 Pooled proportions of metastatic recurrence rates in women diagnosed with breast cancer by median follow-up
Median follow-up time
1-4 years 5-9 years 10 +years Total
Studies (n) Pooled Studies (n) Pooled Studies (n) Pooled Studies (n)* Pooled
proportion proportion proportion proportion
(95% CI) (95% Cl) (95% Cl) (95% ClI)
Overall 95 12.2(105-140) 88 143(12.9-15.7) 13 23.3(20.1-26.8) 190 13.9(12.8-15.1)
Source setting
Hospital 91 12.2(103-142) 78 153(13.7-169) 7 23.8(182-29.8) 171 14.1 (12.8-15.5)
PBCR 5 12.2(7-18.8) 5 84 (6.8-10) 5 22.7(189-26.7) 15 13.6 (104-17.2)
Other 0 - 7 10.0 (5.7-154) 1 - 7 10.0 (5.7-154)
Region
Africa 5 264 (16.7-374) 1 - 0 - 6 21.7(11.7-33.8)
Asia 39 11.8(9.2-147) 43 16.1(13.9-184) 2 - 80 14.6 (126 6.7)
Europe 17 11.0(85-13.7) 31 13.2(11.4-15) 9 21.9(19-24.9) 55 13.8(12 5.7)
North America 29 10.2 (6.7-14.3) 10 7.7 (4.8-11.2) 2 - 41 10.2 (75 132)
QOceania 2 - 2 - 0 - 4 179 (10-27.5)
South America 3 226 (20.7-246) 1 - 0 - 31.5(18.9-45.6)
Calendar year of diagnosis
Until 1999 1 - 3 222 (15.6-296) 2 - 6 22.2(15.1-30.3)
From 2000 onwards 89 11.8(9.9-137) 73 139(123-155) 4 18.0(14.8-21.5) 161 12.8(11.7-14.0)
Stage at diagnosis
Early (I-lla) 48(2.5-7.8) 6 6.6 (3.8-10.0) 1 - 13 59 (43-7.7)
Locally advanced 332(24.7-423) 4 350(294-407) 4 353(28.9-42) 13 345 (30.3-38.9)
(Ilb=I1lc)
Hormone receptor status
HR+ 1 96 (6.2-136) 13 10.0 (7.5-12.7) 3 134 (85-19.2) 25 9.9 (8.0-11.9)
HR—- 24 153(12.1-188) 13 224(158-29.7) 3 405(114-737) 39 17.7 (15.0-20.7)
Age group
<50 years 9 16.1 (10.8-22.1) 14 19.7(159-239) 5 206 (15.6-26.0) 27 18.6 (15.9-21.4)
50-69 years 1 - 2 - 3 15.7(124-19.3) 5 10.9 (9.0-12.9)
70+years 1 - 0 - 2 - 3 13.3(9.2-18.0)

2 Studies do not always sum to the total due to exclusion of studies from the same city or hospital to avoid overlapping or duplicating when combining groups. Meta-

analyses were performed when more than 3 studies were available

Age at diagnosis

Pooled proportions of metastatic recurrence were highest
in the youngest age group at initial diagnosis (<50 years):
18.6% (95% CI 15.9-21.4%) and similar in the two older
age groups (50-69 years and 70+years) with pooled
estimates of 10.9% (95% CI 9.0-12.9%) and 13.3% (95%
CI 9.2-18.0%), respectively. In the youngest age group,
proportions of recurrence increased with increas-
ing follow-up time from 16.1% (95% CI 10.8-22.1%) at
1-4 years to 20.6% (95% CI 15.6—-26.0%) at 10+ years. At
10+years median follow-up, proportions of recurrence
were slightly lower in 50-69 year olds compared to their
younger counterpart with a pooled estimate of 15.7%
(95% CI 12.4-19.3%) (Fig. 5). Too few studies were avail-
able to assess proportions of recurrence in patients diag-
nosed at 70+ years by median follow-up times.

Sensitivity analyses

Sensitivity analyses restricting to 12 studies that reported
recurrence proportions for both HR+and HR- sub-
types was conducted and similar results were obtained
with pooled estimates of 10.4% (95% CI 8.3—-12.7%) and
19.7% (95% CI 15.8—-23.9%), respectively (eFigure 2 in the
Supplement).

Risk of bias

Most studies (163/217, 75.1%) showed some element of
high risk of bias (eFigure 3 in the Supplement). The most
common indicators of high risk of bias were related to
the representativeness of the study population to the tar-
get population (42.4% of studies high risk), the likelihood
of missing information on the outcome of interest (41.5%
of studies high risk), if the study instrument to measure
outcome parameter was shown to be reliable and valid



Morgan et al. Breast Cancer Research

(2024) 26:171

Page 6 of 23

(a) Patient Distant %
Study population recurrence ES (95% Cl) Weight
'
1
Doepker (2018) 1703 36 i 2.11(1.48,2.91) 20.10
1
;
James (2019) 1390 255 S 18.35 (16.34, 20.48) 20.03
1
:
Kwast (2012) 25336 2500 [ N 9.87 (9.50, 10.24) 20.36
;
1
Musolino (2011) 1458 190 - 13.03 (11.35, 14.87) 20.05
1
'
1
Tzikas (2020) 506 123 ] —&— 24.31(20.63, 28.29) 19.46
1
Overall (1"2 = 98.95%, p = 0.00) @ 12.24 (6.96, 18.75) 100.00
1
1
|
1
1
'
T T T T
0 10 20 30
Percentage of metastatic recurrence
(b)
Patient Distant %
Study population recurrence ES (95% ClI) Weight
:
1
Al (2022) 91 1 -— | 1.10 (0.03, 5.97) 5.95
:
1
Bodilsen (2016) 1519 126 . 8.29 (6.96, 9.80) 21.21
i
1
Colzani (2014) 9514 995 H | 10.46 (9.85, 11.09) 24.61
:
1
Cortesi (2013) 4970 368 [ ] 7.40 (6.69, 8.17) 23.94
1
‘
1
Tjokrowidjaja (2014) 6640 673 :. 10.14 (9.42, 10.89) 24.29
1
Overall (12 =92.90%, p = 0.00) @ 8.37 (6.85, 10.04) 100.00

0 10_ 20 30
Percentage of metastatic recurrence

Fig. 1 Forest plot of the proportion of metastatic recurrences in women diagnosed with breast cancer from PBCR studies at a 1-4 years; b
5-9 years; ¢ 10+ years median follow-up and d overall

population (12.4% of studies high risk). However, simi-
lar results were obtained when restricting to studies that
were of low or moderate risk of bias. Pooled proportions

(17.1% of studies high risk), if a random selection was
used to select the sample (12.9% of studies high risk) and
if the sampling frame was a representation of the target



Morgan et al. Breast Cancer Research

(2024) 26:171

Page 7 of 23

(C) Patient Distant %
Study population recurrence ES (95% ClI) Weight
Ess (2018) 3764 573 - E 15.22 (14.09, 16.41) 20.42
Fredholm (2016) 1120 317 E —— 28.30 (25.68, 31.04) 19.32
Holzel (2017) 60227 11983 | | i 19.90 (19.58, 20.22) 20.90
Quan (2017) 1381 362 i - 26.21(23.91, 28.62) 19.60
Schaffar (2019) 1586 403 i-— 25.41 (23.28, 27.63) 19.76
Overall ("2 = 97.49%, p = 0.00) @ 22.70 (18.93, 26.70) 100.00

T T T : T
0 10 20 30
Percentage of metastatic recurrence
(d)
Patient Distant %
Study population recurrence ES (95% CI) Weight
Ali (2022) 91 1 — E 1.10 (0.03, 5.97) 5.30
Bodilsen (2016) 1519 126 = 8.29 (6.96, 9.80) 6.74
Colzani (2014) 9514 995 L 10.46 (9.85, 11.09) 6.84
Cortesi (2013) 4970 368 u E 7.40 (6.69, 8.17) 6.83
Doepker (2018) 1703 36 i 211 (1.48, 2.91) 6.76
Ess (2018) 3764 573 ‘. 15.22 (14.09, 16.41) 6.81
Fredholm (2016) 1120 317 E - 28.30 (25.68, 31.04) 6.70
Holzel (2017) 60227 11983 ;om 19.90 (19.58, 20.22) 6.86
James (2019) 1390 255 ! - 18.35 (16.34, 20.48) 6.73
Kwast (2012) 25336 2500 | E 9.87 (9.50, 10.24) 6.86
Musolino (2011) 1458 190 & 13.03 (11.35, 14.87) 6.74
Quan (2017) 1381 362 ! & 26.21(23.91, 28.62) 6.73
Schaffar (2019) 1586 403 E & 2541 (23.28, 27.63) 6.75
Tjokrowidjaja (2014) 6640 673 u, 10.14 (9.42, 10.89) 6.84
Tzikas (2020) 506 123 : —&— 2431 (20.63, 28.29) 6.52
Overall (12 = 99.55%, p = 0.00) <> 13.62 (10.40, 17.19) 100.00
T | — |
0 10 20 30

Fig. 1 continued
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Abdulwassi (2020) 117 10 - 8.55 (4.17, 15.16) 2.45
Ahn (2017) 63 7 —!— 11.11 (4.59, 21.56) 2.24
Al-Masri (2021) 468 102 , 21.79 (18.14, 25.81) 2.68
Anwar (2020) 1059 271 L. 25.59 (22.99, 28.33) 2.72
Cabioglu (2021) 303 26 = 8.58 (5.68, 12.32)  2.63
Chen (2015) 219 32 E o 14.61 (10.21, 20.00) 2.59
Chitapanarux (2013) 114 31 ! —.— 27.19 (19.28, 36.33) 2.45
Choi (2017a) 90 9 - 10.00 (4.68, 18.14) 2.38
Cui (2017) 100 5 - 5.00 (1.64,11.28)  2.41
Gunduz (2015) 62 18 | —E—  29.03(18.20,41.95) 224
Hu (2020) 980 83 [ 1 8.47 (6.80,10.39) 272
Imasato (2010) 261 6 " ! 2.30 (0.85, 4.94) 2.61
Jamshed (2015) 2829 820 1 | | 28.99 (27.32,30.70) 2.75
Jo (2015) 508 1 o 2.17 (1.09, 3.84) 2.68
Kang (2019) 1484 42 [ 2.83(2.05, 3.81) 273
Kannan (2022) 171 45  —— 26.32 (19.89, 33.58) 2.54
Kim (2016) 139 14 :-— 10.07 (5.62, 16.32)  2.50
Kim (2019) 258 25 9.69 (6.37, 13.97) 2.61
Kiyoto (2016) 32 10 | ——@— 31.25(16.12,50.01) 1.90
Laohavinij (2013) 166 32 - 19.28 (13.57,26.11) 2.54
Lee (2015b) 1432 70 [ I 4.89 (3.83, 6.14) 273
Lee (2018) 9671 999 q 10.33 (9.73, 10.95) 2.76
Luangdilok (2014) 179 47 , - 26.26 (19.97, 33.34) 255
Miyake (2015) 125 8 L 6.40 (2.80, 12.22) 2.47
Mudduwa (2018) 182 21 - 11.54 (7.29, 17.10)  2.56
Park (2017) 61 9 —— 14.75 (6.98, 26.17)  2.23
Peng (2011) 1102 209 . 18.97 (16.69, 21.41) 2.72
Raghavan (2019) 170 6 ", 3.53 (1.31,7.52) 2.54
Ryu (2018) 187 34 - 18.18 (12.93, 24.47) 2.56
Sato (2020) 516 5 [ I 0.97 (0.32, 2.25) 2.68
Saw (2019) 523 134 A 25.62 (21.93,29.59) 2.68
Shandiz (2016) 106 8 -l‘l- 7.55 (3.31, 14.33) 2.43
Song (2011) 349 61 - 17.48 (13.64,21.88) 2.65
Tong (2020) 679 19 | 2.80 (1.69, 4.34) 2.70
Tonyali (2013) 424 45 '.- 10.61(7.85,13.94) 2.67
Ulas (2015) 210 30 - 14.29 (9.85, 19.76)  2.58
Wang (2021) 403 20 B 4.96 (3.06, 7.56) 2.66
Wang (2017) 1222 132 [} 10.80 (9.12, 12.68)  2.73
Yang (2018) 961 74 | | 7.70 (6.09, 9.57) 2.72

Overall (12'= 97.72%, p = 0.00) S 11.81(9.17, 14.73)  100.00
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Fig. 2 (i): Forest plot of the proportion of metastatic recurrences in women diagnosed with breast cancer at 1-4 years by region: a Africa b

Asia ¢ Europe d North America e South America. (ii): Forest plot of the proportion of metastatic recurrences in women diagnosed with breast
cancer at 5-9 years by region: a Asia b Europe ¢ North America. (iii): Forest plot of the proportion of metastatic recurrences in women diagnosed
with breast cancer at 10+years in Europe
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i(C) Patient Distant %
Study population  recurrence ES (95% CI) Weight
Canada (2018) 203 8 - | 3.94 (1.72,7.62) 5.53

1
Cipolla (2021) 1080 11 L 1.02 (0.51, 1.82) 6.32
Echavarria (2017) 84 12 ——— 14.29 (7.61, 23.62) 455
Fortunato (2012) 1182 68 [ ] E 5.75 (4.49, 7.24) 6.34
Houvenaeghel (2016) 1237 148 - 11.96 (10.21, 13.90)  6.34
Kustic (2019) 375 50 -:-I— 13.33 (10.06, 17.20)  5.95
Kwast (2012) 25336 2500 ] 9.87 (9.50, 10.24) 6.52
Maanon (2018) 174 13 - 7.47 (4.04, 12.44) 5.40

1
Meattini (2014) 95 7 —— 7.37 (3.01, 14.59) 4.72
Musolino (2011) 1458 190 - 13.03 (11.35, 14.87) 6.37
Nedumpara (2011) 587 128 S 21.81(18.53,25.37)  6.15
Orsaria (2021) 169 29 —— 17.16 (11.80,23.71)  5.37
Rosendahl (2015) 1082 65 " 6.01 (4.67, 7.59) 6.32
Sanpaolo (2011) 774 125 2 16.15(13.63, 18.93)  6.24
Schmidt (2016) 1013 135 EI- 13.33 (11.29, 15.58) 6.30
Sharma (2018) 190 26 - 13.68 (9.14, 19.40) 5.48
Tzikas (2020) 506 123 E - 24.31 (20.63, 28.29) 6.09
Overall ("2 = 96.70%, p = 0.00) S 10.95 (849, 13.69)  100.00
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i(d)
Patient Distant %
Study population  recurrence ES (95% ClI) Weight
Cherng (2020) 197 17 '.._ 8.63 (5.11, 13.46) 3.41
Crawford (2013) 561 43 - 7.66 (5.60, 10.19)  3.50
Doepker (2018) 1703 36 | 2.11(1.48,2.91) 3.54
Fayanju (2015) 86 5 - 5.81(1.91, 13.05) 3.23
Gagliato Dde (2014) 6827 1924 , ] 28.18 (27.12,29.27) 3.56
Hirko (2021) 201 77 ! —i— 38.31(31.56,45.41) 3.41
Keilty (2020) 416 89 - 21.39 (17.55, 25.65) 3.49
Kozak (2018) 225 63 , —- 28.00 (22.24, 34.35) 3.42
Larson (2018) 322 49 :-I— 15.22 (11.47,19.61) 3.46
Larson (2018b) 150 0 B, 0.00 (0.00, 2.43) 3.36
Libson (2019) 82 5 -I-:— 6.10 (2.01, 13.66) 3.21
Liu (2016) 166 37 1 —— 22.29 (16.21,29.39) 3.38
Macfie (2021) 3972 240 u, 6.04 (5.32, 6.83) 3.55
Malmgren (2019) 8292 964 II 11.63 (10.94, 12.34) 3.56
Migdady (2013) 161 4 ", 2.48 (0.68, 6.24) 3.37
Morris (2012) 1323 298 R 22.52 (20.30, 24.87) 3.54
Nagar (2015) 161 14 - 8.70 (4.84,14.16)  3.37
Perez (2013) 704 61 = 8.66 (6.69, 10.99) 3.52
Pomponio (2020) 1254 75 u 5.98 (4.73, 7.44) 3.54
Saha (2018) 971 85 | 8.75 (7.05, 10.71) 3.53
Saini (2018) 1486 4 [ . 0.27 (0.07, 0.69) 3.54
Sharp (2021) 190 19 - 10.00 (6.13, 15.18)  3.40
Shiao (2017) 222 48  —i— 21.62 (16.39, 27.62) 3.42
Smith (2017) 297 8 B 2.69 (1.17,5.24) 3.46
Soran (2019) 179 34 1 —i— 18.99 (13.53, 25.52) 3.39
Sun (2021) 329 38 E 11.55 (8.30, 15.51)  3.47
Tung (2014) 264 59 V. 22.35(17.47,27.86) 3.44
Wen (2017) 1406 6 . 0.43 (0.16, 0.93) 3.54
Zaky (2011) 193 1 - 5.70 (2.88, 9.97) 3.40
Overall (12 =99.11%, p = 0.00) 10.21 (6.74, 14.29)  100.00
:
1 1T 1 1
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i(e) Patient Distant %
Study population recurrence ES (95% ClI) Weight
T
H
'
Acevedo (2021) 439 108 —:‘.— 24.60 (20.64, 28.91) 24.45
'
H
'
Gomez (2015) 328 67 —— 20.43 (16.20, 25.20) 18.28
'
H
'
Marta (2020) 1029 232 <.- 22.55 (20.03, 25.22) 57.27
'
'
Overall (12 =0.00%, p = 0.39) 22.64 (20.73, 24.60) 100.00
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ii(a)
Patient Distant %
Study population recurrence ES (95% Cl) Weight
¥
Agarwal (2020) 224 72 1 - 32.14 (26.08, 38.69) 2.25
Atalay (2015) 88 21 :—I— 23.86 (15.42, 34.14) 1.93
Han (2015) 1580 61 . 3.86 (2.97, 4.93) 247
Harahap (2017) 121 10 /- 8.26 (4.03, 14.67) 2.06
He (2015) 697 127 - 18.22 (15.42, 21.29) 242
Jia (2014) 709 53 H . 7.48 (5.65, 9.66) 242
Joo (2019) 1697 205 | 12.08 (10.57, 13.73) 247
Kim (2011) 378 31 |} : 8.20 (5.64, 11.44) 2.35
Kwon (2022) 483 105 T J 21.74 (18.14, 25.69) 2.38
Lee (2015) 3770 442 [ B 11.72 (10.71, 12.79) 249
Lee (2017) 447 59 ‘ 13.20 (10.20, 16.69) 237
Li (2021) 1099 211 '] 19.20 (16.91, 21.65) 245
Liu (2011) 1270 213 16.77 (14.76, 18.94) 246
Lu (2013) 368 56 : 15.22 (11.70, 19.30) 2.34
Luo (2019) 497 135 1 '.- 27.16 (23.30, 31.30) 2.38
Luo (2022) 5466 533 [ ] : 9.75 (8.98, 10.57) 250
Ma (2016) 410 39 B, 9.51 (6.85, 12.77) 2.36
Miyashita (2019) 3226 679 ] | 21.05 (19.65, 22.50) 2.49
Mousavi (2019) 54 9 + 16.67 (7.92, 29.29) 1.69
Mu (2017) 757 43 | 5.68 (4.14, 7.58) 243
Nogi (2021) 323 47 » 14.55 (10.89, 18.88) 2.32
Park (2010) 427 15 ] : 3.51(1.98,5.73) 2.36
Prajoko (2019) 131 39 e 29.77 (22.10, 38.38) 2.09
Shen (2016) 116 71 ' —l— 61.21(51.72, 70.11) 2.05
Shim (2018) 238 37 i- 15.55 (11.19, 20.79) 226
Tokuda (2017) 116 36 1 —— 31.03 (22.77, 40.29) 2.05
Tovanabutra (2020) 462 90 _- 19.48 (15.97, 23.39) 237
Vu Hong (2019) 248 59 - 23.79 (18.63, 29.59) 227
Wang (2020) 1986 257 ] 12.94 (11.49, 14.50) 248
Wang (2019) 435 76 " 17.47 (14.02, 21.37) 237
Wu (2014b) 221 78 1 -l 35.29 (29.00, 41.99) 224
Wu (2014) 1044 110 | B 10.54 (8.74, 12.56) 245
Xu (2022) 548 50 ] : 9.12 (6.85, 11.85) 2.39
Xue (2015) 5330 1018 a 19.10 (18.05, 20.18) 2.50
Yamada (2018) 1806 144 n' 7.97 (6.77,9.32) 247
Yamada (2020) 239 6 | | : 2.51(0.93, 5.38) 2.26
Ye (2020) 501 28 . 1 5.59 (3.75, 7.98) 2.38
Yoon (2019) 442 97 . 21.95 (18.17, 26.10) 237
Zhang (2014) 2123 269 ‘ 12.67 (11.28, 14.16) 248
Zhang (2018) 340 116 [ 34.12 (29.09, 39.43) 2.33
Zhang (2021) 554 138 : » 24.91 (21.36, 28.73) 2.40
Zhao (2015) 120 45 o —il— 37.50 (28.83, 46.80) 2.06
Zhong (2019) 365 28 "' 7.67 (5.16, 10.90) 234
Overall ("2 =97.23%, p = 0.00) ° 16.06 (13.89, 18.36) 100.00
1
1
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Fig.2 continued
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ii(b) Patient Distant %
Study population  recurrence ES (95% Cl) Weight
Alanko (2021) 796 44 |, 5.53 (4.04, 7.35) 3.35
Beecher (2016) 229 30 :— 13.10 (9.02,18.17)  2.93
Bjohle (2019) 380 41 10.79 (7.85, 14.35)  3.15
Bjorner (2018) 1014 98 L 9.66 (7.92,11.65)  3.39
Bodilsen (2016) 1519 126 | I 8.29 (6.96, 9.80) 3.45
Colzani (2014) 9514 995 [ 10.46 (9.85, 11.09)  3.54
Cortesi (2013) 4970 368 || 7.40 (6.69, 8.17) 3.52
Crispo (2013) 448 86 : E 4 19.20 (15.65, 23.15) 3.21
Dieci (2016) 263 56 1 - 21.29 (16.50, 26.74) 3.00
Eulenburg (2016) 3012 228 u, 7.57 (6.65, 8.57) 3.50
Fastner (2016) 71 17 —— 23.94 (14.61,35.54) 2.1
Garcia Fernandez (2015) 1822 229 [ 12.57 (11.08, 14.18) 3.47
Gobardhan (2011) 1411 165 lI 11.69 (10.06, 13.49) 3.44
Grassadonia (2017) 130 59 1 —il— 45.38 (36.64, 54.35) 2.59
Guiu (2013) 348 114 ! - 32.76 (27.85, 37.96) 3.12
Jurrius (2020) 5392 612 | 11.35 (10.52, 12.23) 3.53
Krenn-Pilko (2015) 520 95 :I- 18.27 (15.04, 21.86) 3.25
Kummel (2015) 3054 245 [ | 8.02(7.08, 9.04) 3.50
Liikanen (2018) 936 47 | 5.02 (3.71, 6.62) 3.38
Mazzarella (2013) 759 112 14.76 (12.31,17.48) 3.34
Monrigal (2011) 210 54 - 25.71 (19.95, 32.18) 2.89
Orditura (2016) 300 37 E g 12.33 (8.83, 16.60)  3.06
Rahal (2015) 757 38 [ I 5.02 (3.58, 6.83) 3.34
Rakha (2012) 3812 736 | 19.31 (18.07, 20.60) 3.51
Ratosa (2021) 1360 48 [ [ 3.53 (2.61, 4.65) 3.43
Sabiani (2016) 5815 583 | [ 10.03 (9.27, 10.83)  3.53
Sanchez (2010) 402 99 o 24.63(20.49,29.14) 3.17
Simons (2021) 561 72 = 12.83 (10.18, 15.89) 3.27
White (2016) 172 48 , —i— 27.91(21.35,35.24) 2.77
Zouzoulas (2020) 159 18 - 11.32 (6.85,17.30)  2.72
van Asten (2019) 4228 329 || 7.78 (6.99, 8.63) 3.52
Overall (I"2=97.14%, p = 0.00) 13.18 (11.44, 15.03) 100.00
| | | [
0 10 20 30 40
Percentage of metastatic recurrence
ii(c)
Patient Distant %
Study population recurrence ES (95% Cl) Weight
Ali (2022) 91 1 —. 1.10 (0.03, 5.97) 8.33
Fehrenbacher (2014) 234 8 -.—: 3.42 (1.49, 6.63) 9.85
Gangi (2014) 1851 66 m 3.57 (2.77, 4.51) 10.97
1
Liu (2018) 3524 487 : 13.82 (12.70, 15.00) 11.06
Miller (2017) 59 5 —:l— 8.47 (2.81, 18.68) 7.33
Spring (2017) 170 50 : —8—  29.41(22.68, 36.87) 9.43
Wirtz (2013) 4216 289 l: 6.85 (6.11, 7.66) 11.07
Wobb (2016) 481 14 ", 2.91(1.60, 4.84) 10.48
Wu (2016) 1088 126 E = 11.58 (9.74, 13.63) 10.84
Zumsteg (2013) 646 52 - 8.05 (6.07, 10.42) 10.64
Overall (I"2 = 97.14%, p = 0.00) 7.73 (4.85, 11.20) 100.00
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iii(a)
Patient Distant

Study population recurrence
Botteri (2012) 650 151
Ess (2018) 3764 573
Fontes-Sousa (2020) 160 33
Fredholm (2016) 1120 317
Holzel (2017) 60227 11983
Houze de I'Aulnoit (2018) 1613 446
Ragage (2010) 931 143
Schaffar (2019) 1586 403
Schmidt (2011) 194 45

Overall (12 = 96.01%, p = 0.00)

Page 12 of 23

%

ES (95% Cl) Weight
5
- 23.23 (20.04, 26.67) 11.10
] 15.22 (14.09, 16.41) 12.40
—-i— 20.63 (14.64, 27.73) 7.99
'
- 28.30 (25.68, 31.04) 1.72
)
l 19.90 (19.58, 20.22) 12.70
- 27.65 (25.48, 29.90) 12.01
- 15.36 (13.10, 17.84) 11.54
E - 25.41 (23.28, 27.63) 12.00
"
—:-— 23.20 (17.45, 29.78) 8.54
@ 21.89 (18.99, 24.93) 100.00
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Fig.2 continued

of metastatic recurrence ranged from 11.1% (95% CI
8.6-13.9%), 16.1% (95% CI 13.1-19.3%) and 22.0% (95%
CI 14.6-30.5%) in low or moderate risk of bias studies at
1-4, 5-9 and 10+ years of median follow-up, respectively.

Discussion

This systematic review for the first time comprehen-
sively documents the occurrence of metastatic recur-
rence in women initially diagnosed with non-metastatic
breast cancer, comparing across follow-up and calendar
time and different data sources. Similar recurrence pro-
portions were observed when comparing PBCR- and
hospital-based studies with pooled estimates of around
13% within 5 years of diagnosis. In general, propor-
tions of recurrence increased as median follow-up time
increased, with overall proportions peaking at 23.3%
after more than 10 years median follow-up. Differences
were observed across world regions, with pooled esti-
mates ranging from 11% in Europe to as high as 26% in
African countries. Recurrence proportions were lower
in women with early stage disease at diagnosis and with
HR+tumours compared to women diagnosed with
locally advanced or HR— disease, respectively. To con-
sider the impact of advances in treatments including tar-
geted therapies (such as trastuzumab), the identification
of subtypes and genetic testing that were implemented

post-1999, recurrence patterns by calendar period of
diagnosis before and after 1999 were investigated. Pro-
portions of recurrence were higher in studies from earlier
calendar period (before 2000), particularly in studies with
5-9 years median follow-up. Improvements in outcomes
of patients in recent years compared with those treated
in earlier era (late 1980s/early 1990s) have been reported
in other studies and indicate improvements in efficacy of
evidence-based treatment guidelines in recent years [8].
The lower proportions of metastatic recurrence in recent
years could partly be due to reductions in loco-regional
disease as a result of multidisciplinary approaches in
treatment [9]. However, information on loco-regional
recurrence was not investigated in the context of meta-
static recurrence in this study and further investigation
warranted.

The regional variation observed could be in part
related to differing distributions in stage at diagnosis.
with a recent study reporting much lower proportions
of patients being diagnosed with early stage breast can-
cer in sub-Saharan African countries compared to Euro-
pean and US countries [10]. Such differences could partly
explain the lower proportions of recurrence in some
regions where early diagnosis is more common and cura-
tive treatments are more readily available. Late stage at
diagnosis and limited access to adequate treatment care
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i(a) Population Distant %
Study size recurrence ES (95% ClI) Weight
Canada (2018) 203 8 l:- 3.94 (1.72,7.62) 15.20
Dawood (2012) 570 88 : 15.44 (12.57,18.67) 17.32
Imasato (2010) 261 6 I‘ 2.30 (0.85, 4.94) 15.87
Macfie (2021) 2202 68 I: 3.09 (2.41, 3.90) 18.38
Malmgren (2019) 4199 163 il 3.88 (3.32, 4.51) 18.57
Raghavan (2019) 170 6 1— 3.563 (1.31, 7.52) 14.66
Overall (1"2 =95.03%, p = 0.00) @ 4.83 (2.51,7.84) 100.00
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i(®) Population Distant %
Study size recurrence ES (95% CI) Weight
Chan (2012) 51 10 —-—: 19.61 (9.82, 33.12) 13.58
Dawood (2012) 526 259 : & 49.24 (44.89, 53.60) 18.39
Hirko (2021) 201 77 J'-I— 38.31 (31.56, 45.41) 17.32
Larson (2018) 54 16 —'-E— 29.63 (17.98, 43.61) 13.80
Macfie (2021) 417 96 - : 23.02 (19.06, 27.37) 18.20
Malmgren (2019) 958 354 .-I- 36.95 (33.89, 40.10) 18.71
Overall (1"2 =93.73%, p = 0.00) <> 33.20 (24.66, 42.33) 100.00
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Fig. 3 Forest plot of proportion of metastatic recurrences in women diagnosed with a early (I-lla) and b locally advanced (llb-llic) breast cancer at (i)

1-4 years; (i) 5-9 years; (iii) 10+ years (locally advanced only) median follow-up
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“(a) Population  Distant %
Study size recurrence ES (95% CI) Weight
Fehrenbacher (2014) 234 8 lﬂ: 3.42 (1.49, 6.63) 14.97
Gobardhan (2011) 1411 165 E L] 11.69 (10.06, 13.49) 17.24
Liikanen (2018) 936 47 I: 5.02 (3.71, 6.62) 16.98
Xu (2022) 548 50 :rI- 9.12 (6.85, 11.85) 16.46
Zumsteg (2013) 646 52 Ih 8.05 (6.07, 10.42) 16.64
van Steenhoven (2020) 13512 516 IE 3.82 (3.50, 4.16) 17.71
Overall ("2 =96.75%, p = 0.00) @ 6.59 (3.82, 10.04) 100.00
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ii(b)
Population Distant %
Study size recurrence ES (95% Cl) Weight
Agarwal (2020) 224 72 _.._ 32.14 (26.08, 38.69) 26.70
Grassadonia (2017) 130 59 :+ 45.38 (36.64, 54.35) 21.58
Prajoko (2019) 131 39 —I—:— 29.77 (22.10, 38.38) 21.66
Zhang (2018) 340 116 —ll— 34.12 (29.09, 39.43) 30.07
Overall (1"2=63.90%, p = 0.04) @ 34.99 (29.45, 40.73) 100.00
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Fig. 3 continued

are factors that have been recently highlighted as need-
ing further attention in sub-Saharan Africa countries [11,
12]. Previous studies have found that African-American

women have higher risk of breast cancer recurrence than
other ethnic populations [13]. Another explanation could
be due to variations in the method of follow-up across
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iii Population Distant
Study size recurrence
Botteri (2012) 66 24
Ess (2018) 1152 361
Houze de I'Aulnoit (2018) 302 142
vandenHurk (2011) 2950 865

Overall (12 = 92.08%, p = 0.00)
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Fig. 3 continued

studies if some studies applied a more active and closer
follow-up that could lead to higher cases of metastatic
recurrence detected at an earlier time point. Although an
upward trend was mostly observed by increasing median
follow-up time, proportions of recurrence were some-
times similar when comparing estimates of 1-4 years
with 5-9 years of median follow-up with marked
increases mostly observed in studies with 10+years of
follow-up. Due to fewer studies with 10+ years median
follow-up, meta-analyses of this group were not always
possible and future studies on recurrence with longer fol-
low-up are needed to gain further understanding of long-
term outcomes of women with breast cancer.

We noted clear differences in pooled recurrence
estimates and stage at diagnosis with higher propor-
tions occurring in women who initially presented with
locally advanced disease regardless of median follow-
up time, emphasising the importance of early diagno-
sis. The implementation of screening programmes and
early detection/awareness campaigns have resulted in
a stage shift in many countries allowing more oppor-
tunities for curative treatment and improved survival.
Yet, advanced cancer still represents a substantial pro-
portion of cases diagnosed in low- and middle- income
countries, likely due to barriers for early detection and
low awareness, as well as low accessibility to adequate
diagnosis and optimal treatment options [14]. The
Global Breast Cancer Initiative was launched by the

WHO and international partners aiming to address
the impact of breast cancer, particularly in transition-
ing countries. Such efforts are pivotal in increasing col-
laborative efforts to reduce breast cancer mortality via
improved access to early diagnosis and treatment [14].

Previous studies have shown how different HR sub-
types vary in their recurrence patterns, with some types
recurring earlier than others [15]. Hormone receptor sta-
tus has been included as a predictive factor in prediction
modelling studies of distant metastases within 5 years of
treatment in breast cancer patients [16].

There are several potential reasons why pooled pro-
portions of metastatic recurrence were highest in the
younger age groups. Younger women are more often
diagnosed with more aggressive and faster growing
tumours, more often triple negative breast cancers [17,
18], and differ in the treatment they receive from their
older counterparts. Another contributing factor could
be that younger women are more like to be diagnosed
at a later stage (which we have also found to have higher
recurrence proportions) because of delayed diagnosis due
to exclusion from national screening programmes and
lack of symptom awareness among younger people and
clinicians. Proportions of recurrence were slightly higher
in the oldest age group (70+ years) than 50-69 year olds,
which could be explained by older patients falling out-
side of the upper age limits for screening and presenting
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with later stage than those participating in screening
programs[10]. Other factors that could impact propor-
tions of recurrence in the older population include differ-
ences in treatment regimens, with older cancer patients
more likely to receive less aggressive treatment including
chemotherapy [19, 20] or competing risks of mortality
linked to comorbidities more prevalent in older age [21].

Since the 1980s, treatment of breast cancer has seen
revolutionary improvements with the introduction of
new chemotherapeutic agents, new categories of hor-
mone agents, several agents targeting HER2, and mul-
tiple additional targeted therapies some of which have
improved patient survival, including in some subtypes of
metastatic cancer [22—24]. Considering that the number
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Fig. 5 Forest plot of proportion of metastatic recurrences in women diagnosed at < 50 years (a—c) and 50-69 years (d) with a 1-4 years; b 5-9 years
and c-d 10+ years of median follow-up
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of breast cancer survivors continues to rise, in part due
to improvements in treatment options, further under-
standing is needed of the prognostic determinants of this
population.

Since the current review search was conducted, a few
studies have been published and similar results were

found [25, 26]. A study from Australia used cancer reg-
istry data to investigate long-term risk of distant metas-
tases in women diagnosed with non-metastatic breast
cancer and found that 22.2% of women had a distant
recurrence within 14 years of follow-up, similar to the
23.3% pooled estimate observed in the current study after
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10 years median follow-up [25]. Using the same data, the
authors also reported that distant recurrence incidence
declined over time, coinciding with the availability of
new adjuvant therapies in Australia [26].

Strengths and limitations

To our knowledge, this is the first study to systemati-
cally review the published literature of the proportion of
metastatic recurrence in women diagnosed with primary
non-metastatic breast cancer. We found high heterogene-
ity in the included studies for both overall and subgroup
analyses. The heterogeneity observed is suggestive of the
differences in the methods used across studies and the
high risk of bias. Risk of bias was high in most studies
however, sensitivity analyses restricting to low-risk stud-
ies showed similar results. Comparison across pooled
results is reported on different subgroups of interest and
therefore forest plots were not always based on the same
group of studies, however sensitivity analysis restricting
to studies that reported on both subtypes showed similar
pooled estimates. To-date, the proportion of women who
were diagnosed with early-stage breast cancer and later
develop MBC during disease recurrence, remains largely
unknown. This type of long-term follow-up information
is typically not routinely collected in most cancer regis-
tries and therefore not available at the population-level.
This might be improved in future as more metastases
will be pathologically confirmed and easier to notify by
the registries through the pathology data. We identified
35 studies from 15 PBCRs in 9 countries that investigated
metastatic recurrence in the current review. With new
therapies elongating survival from MBC, often for many
years, it is important that women with MBC are repre-
sented in research and in surveillance at the population
level.

The limitations of the studies included in this review
should be noted. Information on treatment regimens
were not collected therefore the impact of treatment
on MBC recurrence could not be investigated. Time-
to-event outcomes were not studied in this review and
changes in treatment over time were not considered.
Although it was not possible to calculate, for example,
10-year recurrence rates, to help ensure consistent fol-
low-up time we focused on describing events stratified by
median follow-up time which, to an extent, will account
for variations in time-to-event. Moreover, a combined
estimate (regardless of follow-up time from diagnosis)
should be interpreted with caution due to the change in
risk with longer follow-up. As few studies reported HER2
status, particularly older studies, we are unable to com-
ment on the impact of HER2 expression on recurrence
in this analysis. It is possible that differences in the fol-
low-up of patients across studies could explain some of
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the variation in proportions of metastases; often the fol-
low-up in hospital-based studies aimed to detect locore-
gional recurrences and not distant metastases. One could
expect that a very active and close follow-up and the
use of newer technologies would lead to more and ear-
lier detection of distant metastases. However, we did not
collect this information in detail. Finally, we found a lack
of homogeneity of definitions or approaches in record-
ing metastatic recurrence data, which make comparisons
challenging. There is a strong need for the application of
consistent definitions for registration in future studies
investigating metastatic recurrence in cancer patients.

Conclusions

In summary, this systematic review presents an over-
view of proportions of distant recurrence in women with
initial non-metastatic breast cancer, with higher pro-
portions particularly in those initially diagnosed under
50 years, with locally advanced disease and HR negative
breast cancer.

Future population-based studies are needed to pro-
vide important insights into the prevalence of MBC to
improve cancer control and allow adequate provision of
services for this population. International efforts includ-
ing the WHO Global Breast Cancer Initiative, The Lancet
Breast Cancer Commission and the ABC Global Alliance
are pivotal in improving outcomes for women with breast
cancer, including metastatic breast cancer.

Population-based cancer registries should be pro-
vided definitions and guidelines to collect these data and
encouraged to record recurrence information to facilitate
future studies.
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