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Purpose: Advanced breast cancer is a heterogeneous disease with several well-defined
subtypes, among which, hormone receptor-positive/human epidermal growth factor
receptor 2-negative (HR+/HER2-) is most prevalent. Determination of HR and HER2
status influences prognosis and, thus, disease management. Although literature on these
prognostic factors exist, especially in the early breast cancer setting, it remains unclear
to what extent these factors can guide clinical decision-making in the advanced disease
setting. Therefore, we sought to identify the strength and consistency of evidence for
prognostic factors in patients with HR+/HER2- advanced breast cancer.

Methods: A systematic literature review (SLR) of the major electronic databases was
conducted in November 2018 for primary research studies published since 2010. Endpoints
of interest were tumor response, progression-free survival (PFS), overall survival (OS), and
breast cancer-specific survival (BCSS).

Results: Seventy-nine studies were included wherein all patients were diagnosed with
advanced breast cancer and >50% of the population were HR+/HER2—-. OS was the
most commonly assessed endpoint (n=67) followed by PFS (n=33), BCSS (n=5) and
tumor response (n=3). The prognostic factors with strongest evidence of association
with worse OS were negative progesterone receptor status, higher tumor grade, higher
circulating tumor cell (CTC) count and higher Ki67 level, number of metastatic sites
(eg multiple vs single) and sites of metastases (eg presence of liver metastases vs
absence), shorter time to recurrence or progression to advanced breast cancer, poor
performance status, prior therapy attributes in the early or metastatic setting (type of
therapy, treatment line, response of prior therapy), and race (black vs white). The
prognostic factors that had strongest evidence of association with PFS included CTC
count, number and sites of metastases, and absence of prior therapy or higher lines of
therapy in the early or metastatic setting. The directionality of association was con-
sistent for all prognostic factors except between lymph node and OS, and de novo
metastatic breast cancer and PFS.

Conclusion: Multiple disease, treatment, and patient-related prognostic factors impact
survival, particularly OS, in patients with HR+/HER2- advanced breast cancer.
Treatment outcomes can vary considerably due to these factors. Understanding poorer
prognostic factors for patients can result in improved clinical decision-making.
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Introduction

Advances in screening and treatment paradigms for breast
cancer has led to an overall decline in mortality rate in the
past decade." The survival rate depends on stage of breast
cancer at diagnosis, among other factors.” The five-year survi-
val rate for patients diagnosed with Stage IV breast cancer is
22%, for Stage III is 72% and Stage II is >90%.” Clinical
decision-making in breast cancer management relies on deter-
mination of receptor status, as therapies have been developed
that specifically benefit patients depending on hormone recep-
tor (HR) and human epidermal growth factor (HER2) receptor
status.* ® HR+/HER2- status is the most common molecular
subtype, accounting for two-thirds of US female breast cancer
cases.””

In addition to advancements in treatment options over
time, prognosis of breast cancer is influenced by factors
that indicate growth, invasion, and metastatic potential of
disease, thereby informing disease course and clinical
outcome.” The HR+/HER2— subtype has been associated
with improved survival compared with other subtypes in
the metastatic setting, also indicating some prognostic
relationship between survival and receptor status.*'”
Amongst HR+/HER2— subtype, survival is influenced by
other disease-related factors such as tumor grade, site of
the metastasis (eg bone, liver, lung, or brain), prior ther-
apy, as well as patient-related factors (eg age, race).'""'?

Although several studies have identified prognostic factors
associated with survival, especially in the early breast cancer

13715 it remains unclear to what extent these factors

setting,
impact prognosis in advanced breast cancer. Currently, there is
no comprehensive summary assessing the collective available
evidence and the strength of evidence for these prognostic
factors among patients with HR+/HER2— advanced breast
cancer that can aid clinical decision-making. Therefore, we
conducted a systematic literature review (SLR) based on a pre-
specified protocol to identify the prognostic factors associated
with survival endpoints in patients with HR+/HER2-
advanced breast cancer and qualitatively assess the evidence
and its strength and consistency.

Method

Data Sources and Search Strategies

A SLR was conducted and reported in accordance with guide-
lines established by the Centre for Reviews and Dissemination
(CRD),'® Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement,'” and Cochrane
guidebook.'® Comprehensive searches were conducted in

major electronic databases (MEDLINE, EMBASE, and
Cochrane Controlled Register of Trials) to identify primary
research studies published between January 1, 2010 and
November 15, 2018. These were supplemented by searches
of relevant conference proceedings (American Society of
Clinical Oncology, European Society for Medical Oncology,
European Cancer Organization, European Cancer Summit,
Improving Care and Knowledge through Translational
Research Breast Cancer Conference, The International
Consensus Conference for Advanced Breast Cancer, San
Antonio Breast Cancer Symposium, and American
Association for Cancer Research) held in the two prior years
to identify abstracts of interest. The primary publications
related to the conference abstracts were searched. Relevant
SLRs published recently were cross-checked to find additional
studies. The search strategy was designed to include an exten-
sive list of search terms (including MeSH/Emtree terms and
natural language terms) which were broadly grouped into: 1)
HR+/HER2- breast cancer, 2) advanced disease stage, 3) prog-
nostic factors, 4) outcomes—including tumor response, also
referred to as objective response or clinical benefit, progres-
sion-free survival (PFS), overall survival (OS), and breast
cancer-specific survival (BCSS). Disease terms included a
combination of terms to identify “advanced stage” breast can-

cer in combination with terms specific to “HR+/HER2-" status.

Study Selection and Data Extraction

Patients with HR+/HER2- advanced breast cancer were
the population of interest for this SLR. However, there
were limited studies that included this patient population
exclusively. Besides, the proportion of patients with HR
+/HER2- subtype widely varied across studies. Hence we
decided to exclude studies where <50% of patients were
either HR+ or HER2-. Since the proportion of patients
with advanced/metastatic breast cancer also varied across
studies, we included studies where >80% of patients were
diagnosed with advanced breast cancer. These eligibility
criteria allowed for inclusion of studies with the popula-
tion of interest, thus striking a balance between validity
and generalizability of the review. Observational studies
with sample size of >300 patients and RCTs with sample
size of >300 patients were eligible for inclusion.
Editorials, letters, commentaries, reviews, invitro-studies,
and non-English publications were excluded. Since “prog-
nostic” and “predictive” terms are used, sometimes incor-
rectly as interchangeable in literature,'” we excluded
studies that reported the interaction p-value between a
factor and treatment — indicative of predictive association.
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After removing duplicates, two reviewers indepen-
dently screened abstracts and full-texts for eligibility.
Disagreements were resolved by consensus or by a third
reviewer. A single reviewer extracted all data, and a sepa-
rate reviewer independently validated extracted data.

Evidence Assessment

Strength of evidence was determined in terms of consistency
of evidence, directionality of association, use of multivari-
able analyses, and strength of association based on effect
size. If >50% of studies that assessed an association found
it to be significant, then evidence was considered consistent.
Similarly, if the direction of association was the same in
>50% of studies that demonstrated a significant association,
then directionality of association was deemed consistent. For
example, negative progesterone receptor status was asso-
ciated with worse survival in 100% of studies that reported
a significant relationship. Based on hazard ratios (HR) calcu-
lated in univariate and multivariate analyses, the strength of
associations was categorized as strong (HR>3), moderate
(HR=1.5-2.9), or weak (HR<1.5).%

Prognostic factors satisfying all the following criteria were
deemed to have the strongest evidence of association with OS
or PFS: i) consistency of evidence; ii) consistency in the
direction of association; iii) at least >5 studies demonstrating
a significant association. For example, circulating tumor cell
(CTC) count showed the strongest evidence of association
with OS in nine out of 10 studies (ie, achieved consistency
based on >50% studies with a significant association) and
showed consistency in direction of association as well as
strength of association based on effect size. The Quality In
Prognosis Studies (QUIPS) risk of bias assessment tool was
used to assess study quality.?' Based on our understanding of
the literature base and variability expected in the patient popu-
lation and study design, we did not plan to conduct a meta-
analysis of the relationship between prognostic factors and
survival endpoints.

Results

The PRISMA flow diagram summarizes the review
(Figure 1). Overall, the SLR included 72 full-text articles
and seven conference abstracts (Table 1).'%%?™® The stu-
dies identified included retrospective data analyses (71%),
prospective cohort studies (16.5%), studies with both ret-
rospective and prospective data collections (2.5%), rando-
mized controlled trials (RCTs) or clinical trials (7.5%), and
post-hoc analyses of RCTs (2.5%). OS was the most
commonly assessed endpoint (n=67), followed by PFS

(n=33), while BCSS (n=5) and tumor response (n=3)
were assessed less frequently. The majority of studies
were conducted in Europe (n=38), followed by North
America (n=15), Asia (n=18), Northern Africa (n=1), the
Middle East (n=1), and five studies were multinational.
One study did not report study location.

Baseline Characteristics

The median age of patients in the included studies
ranged between 44-68 years; age was not reported in
12 studies.?®:31:5%:66.84-87.93.97 1 95 studies, the entire
study population was HR+ and HER2-, while in eight
studies the proportion of patients with HR+ and/or
HER2- status was between 80-99%, and the remaining
49 studies included patients with HR+ and/or HER2—-
status ranging between 50-79%.

Prognostic Factors

Disease-Related Factors

Progesterone Receptor (PR) Expression

Patients with breast cancer positive for progesterone, estro-
gen, or both receptors were deemed HR positive. The
relationship between PR status and OS (n=10), PFS (n=2),
and tumor response (n=1) was evaluated, with a significant
association reported in 80% (n=8), 50% (n=1), and 100%
(n=1) of studies, respectively,2®-*84%-36:66.7273.92.98 Tpe g550-
ciation of PR status with BCSS was assessed in one study,
and it did not report any significant relationship.*’ Patients
with negative PR status compared with positive were mod-
erately associated with worse OS. The evidence was insuf-
ficient to assess the strength of association between PFS/
tumor response and PR status.

Tumor Grade
The type of tumor grading system used was reported in
only four studies that assessed OS. Two studies used the

5288 one utilized the

Scarff Bloom Richardson grading,
modified Bloom-Richardson grading,’® and the other
study employed the Elston-Ellis modification of Scarff-
Bloom-Richardson grading system.®?

The relationship between tumor grade and OS (n=21),
PFS (n=4), BCSS (n=3), and tumor response (n=1) was
evaluated, with a significant association reported in 62%
(n=13), 75% (n=3), 100% (n=1), and 100% (n=1) of
studies, 26,28,29,38,42,55,66,73,78,81,82,85,88,90

Survival was worse in patients with poorly to moderately

respectively.

differentiated tumors compared with well-differentiated
tumors. Consistency in evidence and directionality of
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Figure | Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for study selection.

association was observed for all survival endpoints.
Overall, the effect size of the association between tumor
grade and survival endpoints was moderate.

Tumor Size

Relationship between tumor size and OS (n=12) and BCSS
(n=2) was evaluated, with a significant association
reported in 42% (n=5) and 50% (n=1) of studies,
respectively.?®3*81:9092 No included study assessed the
association between tumor size and PFS or tumor
response. In four studies, large tumors (>5 cm diameter)
were associated with worse survival,28’38’90’92 while one
study showed improved OS in patients with T2 tumors

(>2 cm and <5 cm) compared with T1 tumors (<2 cm).”'
Less than 50% of studies that assessed the association
between tumor size and OS reported a significant associa-
tion, although among those, directionality of evidence was
consistent in the five studies. Overall, the effect size of the
association between tumor size and survival endpoints
ranged from weak-to-moderate.

Lymph Node Involvement

The relationship between lymph node involvement and OS
(n=11), PFS (n=1), and BCSS (n=2) was evaluated, with a
significant association reported in 36% (n=4), 100% (n=1),
and 100% (n=2) of studies, respectively,?®:38:40:66.70.90
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In two of four studies demonstrating a relationship with
0OS, N1, N2, and N3 categories were associated with better
OS than patients with no lymph node involvement
(N0);*5%° these studies involved stage IV de novo meta-
static patients from the Surveillance, Epidemiology, and
End Results (SEER) registry. The trend, however, was
converse in the other two studies, among patients with
metastatic disease with no prior diagnosis and another
with recurrent disease after breast surgery or neoadjuvant
chemotherapy, in which greater lymph node involvement
was associated with greater risk of death.*®°® The two
studies focusing on BCSS and the one study’® focusing
on PFS also reported higher lymph node involvement was
associated with greater risk of death.”®° In summary, the
directionality of association was inconsistent across stu-
dies assessing OS and lymph node involvement. Overall,
the effect size of the association between lymph node
involvement and survival endpoints was moderate.

Histological Type

In Gampenrieder et al,*? patients with lobular carcinoma
(HR=3.44; 95% CI=1.07-11.11; P=0.039) or other type of
carcinoma (HR=3.19; 95% CI=1.05-9.70; P=0.041) were
associated with 3-fold greater risk of death compared with
ductal carcinoma; similar results were observed for PFS.
The effect size of the association between histological type
(lobular vs ductal) and survival endpoints was strong. The
evidence of association was insufficient as a significant
association was reported in only one of five studies with
OS and two studies with PFS.

Biomarkers

Relationship between CTC count and OS (n=10), PFS
(n=10), and BCSS (n=1) was evaluated, with a significant
association reported in 90% (n=9), 80% (n=8), and 0%
(n=0) of studies, respectively.?43!3%36:47.51.74-76.83 pe
presence of a higher CTC count (=5/7.5 mL whole
blood) was consistently associated with poor OS
and PFS.

The relationship between Ki67 expression and OS
(n=7), PES (n=4), and tumor response (n=1) was eval-
uated, with a significant association reported in 86%
(n=6), 100% (n=4), and 100% (n=1) of studies,
respectively,?’=04:37:60.66.67.80 gy, dies did not consis-
tently report the source of the Ki67 (primary or meta-
static tumor site). High Ki67 expression was associated
with worse OS, PFS, The

and tumor response.

thresholds for the Ki67 was inconsistent across studies,
with a Ki67 index of <14% vs >14% being the most
common.

The association of both CTCs and Ki67 with OS and
PFS was harmonious with respect to consistency of evi-
dence and directionality of association. Overall, the effect
size of the association between these biomarkers and sur-
vival endpoints were moderate.

De Novo Metastatic Breast Cancer (mBC)
The relationship between de novo mBC and OS (n=5),
PFS (n=3), and BCSS (n=1) was evaluated, with a sig-
nificant association reported in 100% (n=5), 67% (n=2),
and 0% (n=0) of studies, respectively.’**3-*376291 Four
studies demonstrated longer OS in patients with mBC at
diagnosis compared with recurrent breast cancer;*>*>"!
while one study reported shorter OS in patients with de
novo mBC.®? Similarly, one study showed longer PFS
associated with patients with de novo mBC,*® while
another study showed a reverse relationship.*

The association of de novo mBC with OS and PFS was
consistent with respect to evidence. The directionality of
association was consistent with OS but not with PFS. The
effect size of the association between de novo mBC and

survival endpoints ranged between weak to moderate.

Number of Metastatic Sites

The relationship between number of metastatic sites
and OS (n=27), PFS (n=11), and BCSS (n=1) was
evaluated, with a significant association reported in
89% (n=24), 55% (n=6), and 100% (n=1) of studies,
respectively, 10:28-30:33:38.39.41.43.44.48.51-55.57.59.60.66.69.71.
75.79.80.89 Muyltiple metastases were associated with sig-
nificantly worse OS and PFS. There were variations in
the way comparisons between the number of metastatic
sites were made across studies (eg, <l vs >1; <3 vs
>3); however, the multiple vs single site of metastases
(ie, >1 vs 1) comparison was the most common. Most
studies compared either the number of metastatic sites
(eg, >1 vs 1) or types of sites/location of metastasis
(eg, lungs vs brain, visceral vs non-visceral) However,

: 10,2 4
three studies!®?%>

compared multiple metastatic sites
(visceral, brain, skin, lymph nodes) to bone metastasis
and found significantly greater risk of death associated
with the former. Consistency in evidence and direction-
ality of association was observed for OS and PFS. The

effect size of the association between number of
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metastatic sites and survival endpoints ranged from
moderate to strong, depending on the comparison
groups.

Sites of Metastasis

Twenty-two of the 34 studies found a significant associa-
and

Sites

of metastasis were compared heterogeneously (eg, visceral

tion between sites of metastasis
08, 10:29.30.32,36,38,39.42-44.48,52,54,59,63.69.71,75.78-80.89

vs non-visceral, visceral vs bone, hepatic vs no hepatic,
brain vs no brain). Liver involvement was the most widely
studied (n=123032:38394348.59.6371.78.79.89)  goliowed by

brain/CNS (n:l410,29,30,38,43,48,54,61,63,69,78780,89)’ visceral
1 42-44,52,54
(n:13 0,30,36, ,52,5 ,63,69,75,78,99)’ bone (n:9_

l0,38,48,54,59,63,69,75,78) and ]ung (n:730,38,63,71,78,79,89) All
. .

these studies reported shorter OS associated with the pre-
sence of metastasis at these specific sites compared to lack
of it (eg, visceral vs non-visceral). Bone metastasis was
also often used as the reference category when comparing
the effect of other metastatic sites on survival, and was
associated with improved prognosis compared to these
other sites, 10:44:54.69.75.78

Ten of 13 studies reported a significant association with
PF§ 26:29-30.32.33.36.60.63.76.84 Bone was the most assessed
site (n=5>>30637684 " followed by liver (n=4263%326%)
and visceral (n=4>%"%%7%) " As with OS, the presence of
metastasis compared with absence in bone, liver, and
visceral sites was associated with worse PFS; visceral
sites reported worse PFS when compared with bone.'®’®
Only one study reported poor tumor response associated
with liver metastases.

The definition of visceral sites varied across studies,
most commonly defined as lung, liver, pericardial/pleural/
peritoneal, and brain. Consistency in evidence and direc-
tionality of association was observed for OS and PFS. The
overall effect size of association with survival was: mod-
erate for liver, brain, and visceral sites; weak for lung; and
ranged from weak to moderate for bone.

Time to Recurrence or Progression to

Advanced Breast Cancer

Time to recurrence or progression to advanced breast
cancer was most often defined as the time between date
of diagnosis of primary breast cancer, and date of diag-
nosis of first distant metastasis or recurrence. Disease-free
interval (DFT), metastasis-free interval (MFI), and recur-
rence-free interval (RFI) are other terminology used to

describe this. In Zhao et al,’® it was defined as the date
from surgery to first recurrence. Eight studies did not
report the definition,?6:4%:49-52734.66.71

The relationship between time to recurrence or pro-
gression to advanced breast cancer and OS (n=18) and
PFS (n=5) was evaluated, with a significant association
reported in 78% (n=14) and 80% (n=4) of studies,
10,29,36,39,45.48,49,52-54.60,66.70.71.91 [ |3 sty-

dies, shorter time to recurrence or progression to advanced

respectively.

breast cancer was associated with worse survival relative
to longer time, except in Jung et al,*® where the 1-5 years
vs <1 year MFI was associated with worse OS (HR=1.30;
95% CI=1.02-1.65; P=0.032). The 2-year time interval
was the most commonly studied cut-off point. Four studies
showed a shorter time to recurrence or progression to
advanced breast cancer (eg, <2 years) was associated
with worse PFS.>*%70 Consistency in evidence and
directionality of association was observed for OS and
PFS. The overall effect size of the association between
time to recurrence or progression to advanced breast can-
cer and survival endpoints was moderate.

Prior Therapy

Given the patient population had advanced breast cancer,
patients were likely to have received prior therapy (except
those with de novo mBC) — such as surgery, chemotherapy,
radiation therapy, hormone therapy — to treat carly breast
cancer. Type of prior therapy, line of prior therapy received
in the metastatic setting, or clinical benefit to prior therapy
were all grouped under the “prior therapy” category in this
review.

Twenty-seven of 35 studies found a significant relation-
ship between OS and prior therapy.'(>-2%30-33.34.38:44.49.
52.54.55.57.58.60.66.71.7276.798088-91.94 prior therapy was either
adjuvant or neoadjuvant chemotherapy or hormonal therapy
in 19 studies that assessed OS.'0293032333841.42
4445.54.57.58.60.66.71.80.9192 1 9 e of 1 line hormonal therapy
in patients with advanced breast cancer was also associated
with worse survival compared with receiving hormonal
therapy.®® Furthermore, the absence of hormonal mainte-
nance therapy in the advanced setting was associated with
worse OS in three studies.***®** Two studies reported that
adjuvant hormonal therapy use was associated with shorter
survival compared with lack of use.**** Lobbezoo et al®*
reported shorter survival was associated with receipt of initial
chemotherapy compared with initial hormonal therapy in the
metastatic setting.
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Surgery was the prior therapy in ten studies that
assessed 0S,252%38:41.53.58.8890.94 goyen studies showed
that receipt of surgery, compared with lack of surgery or
best supportive care, resulted in significantly longer
survival; five of these studies included de novo mBC

28,55,89,90,94

patients and in the remaining two studies,

surgery was conducted in early stage breast cancer.’®"®

Prior radiotherapy was received in six studies that
evaluated OS.3%41:667982.89 Eirst line radiotherapy (yes
vs no) was significantly associated with longer survival
for rnBC;38 however, the association was not uniform for
1°“line chemotherapy (multiagent vs none/single—agent);
Li 2017 *® reported improved OS, while Xie et al®
reported worse OS.

Longer treatment durations in the advanced setting
were associated with improved OS, while greater lines of
treatment were associated with worse OS.°*’® Four studies
demonstrated that the presence of clinical benefit or
response to a specific treatment was associated with better
0§ 38:52.57.72

Fifteen studies assessed the association of PFS with
line/type of prior therapy; 13 showed a significant

23,27,29,30,32,33,38,47,54,58,60,70,76,84

relationship. Eleven of

the 15 studies reported adjuvant or neoadjuvant che-
motherapy or hormonal therapy,23:27:29:30:32:33.38.42.54.58.60
while four studies reported chemotherapy as prior
treatment,*”"7076-84

Four studies compared multiple vs single lines of treat-
ment and found that increasing treatment line in the meta-
static setting correlated with worse prognosis.””**>® In
two studies that included de novo patients, prognostic
relevance was shown for surgery vs no surgery as prior
therapy and found improved BCSS in patients undergoing
breast-conserving surgery/mastectomy.’>*°

There was substantial heterogeneity in reporting of
type/class of therapy received. In general, patients receiv-
ing interventions (surgery/radiotherapy/systemic therapy),
responding to treatments, or receiving fewer lines of treat-
ment in the metastatic setting were likely to have better
prognosis. Consistency in evidence and directionality of
association was observed for OS, PFS, and BCSS. The
effect size of the association between prior therapy attri-

butes and survival endpoints was moderate.

Patient-Related Factors

Age

Relationship between age and OS (n=37), PFS (n=7), and
BCSS (n=3) was evaluated, with significant association

reported in 46% (n=17), 29% (n=2), and 67% (n=2) of studies,

10,28.30.33,36,38,43.48.55.57.58,62,69.78.84.85.90-92 A

respectively.
ng studies that found a significant association, increasing age
was associated with worse OS, PFS, or BCSS. The time-point
at which age data was collected in the study (whether age at
diagnosis or at treatment initiation) was not reported in the
majority of included studies. Among studies that did report,
age at diagnosis was the most common. In three studies,
increasing age was associated with worse 0S.°%%% Age
groups compared across studies varied widely (eg, >50 vs
<50 years, >65, or 50—64 vs 18-49 years). Among the different
age group comparisons, age >50 years was the most common
10.5455,78.9091 [ oo han

50% of studies found a significant association between age

cut-off point, reported in six studies.

and OS as well as PFS, however, the directionality of associa-
tion was consistent (ie, increasing age was associated with
shorter survival). The effect size of the association between
age and survival endpoints varied widely across studies, ran-
ging from weak to strong.

Race

Relationship between race and OS (n=13) and BCSS
(n=3) was evaluated, with a significant
reported in 54% (n=7) and 100% (n=3) of studies,
respectively,?228:38:33.73.7890 poorer OS or BCSS was

observed in blacks compared with whites.

association

One study
reported that better OS was observed for patients of
other races vs whites (HR=0.59; 95% CI=0.44-0.78;
P<0.001).*® One study evaluated but did not report a
and PFS.*
Consistency in evidence and directionality of association

significant association between race
was observed between race and OS as well as BCSS.
The effect size of the association between race and

survival endpoints was weak.

Performance Status

Relationship between performance status and OS (n=14)
and PFS (n=8) was evaluated, with a significant associa-
tion reported in 79% (n=11) and 50% (n=4) of studies,
respectively. ECOG scale was used in all but two studies;
one study employed the World Health Organization
(WHO) performance status scale,”’ and one did not define
the performance status scale.”® Comparison of different
ECOG statuses varied across studies; most studies com-
pared ECOG levels >2 vs 0—1, three studies compared >1

vs 0, while one
(0 33:34.37.42.51.63,71.80 5|

study compared >3 s
studies found poor performance

status or limitations in daily activity to be significantly
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associated with worse OS or PFS. Consistency in evidence
and directionality of association was observed between
performance status and OS. Less than 50% of studies
found a significant association between PFS and perfor-
mance status, however, the directionality of association
was consistent. The effect size of the association between

performance status and survival endpoints was moderate.

Strength of Evidence

Table 2 summarizes the strength of evidence between
prognostic factors and survival endpoints. Figure 2 shows
the number of studies that reported better, worse, or no
association between the prognostic factors and OS
(Figure 2A) and PFS (Figure 2B).

Associations between OS and PR status, tumor grade,
CTC count, Ki67 level, de novo mBC, number and sites of
metastases, time to recurrence or progression to advanced
breast cancer, race, and prior therapy attributes were con-
sistent (>50% of studies found a significant association).
However, the evidence was limited (<50% of studies
reported a significant association) for tumor size, histolo-
gical type, lymph node involvement, and age. The direc-
tion of association was consistent for all the prognostic
factors summarized in this study except for lymph node
involvement. Based on effect size, strength of association
with OS was moderate (HR=1.5-2.9) for PR status, tumor
grade, Ki67 level, number and sites of metastases, time to
recurrence or progression to advanced breast cancer, per-
formance status, and prior therapy attributes, and weak
(HR<1.5) for de novo metastatic breast cancer and race.

After applying the strongest evidence criteria, disease-
related factors — such as PR status, tumor grade, CTC
count, Ki67 level, number and sites of metastases, and
time to recurrence or progression to advanced breast can-
cer, performance status, prior therapy attributes, and race —
were found to have the strongest evidence of an associa-
tion with OS.

Associations between PFS and tumor grade, CTC
count, Ki67 level, number and sites of metastases, time
to disease recurrence or progression to advanced breast
cancer, and prior therapy attributes were consistent.
However, the evidence was limited for PR status, lymph
node involvement, histological type, performance status,
age, and race; no data were reported for association
between PFS and tumor size or marital status. The direc-
tion of association was consistent for all the prognostic

factors, except for de novo metastatic breast cancer.

Since fewer studies assessed PFS than OS, evidence on
prognostic factors related to PFS was limited. Thus, high
CTC count, number and sites of metastases, and prior
therapy attributes in the early or metastatic setting were
the only four prognostic factors with the strongest evi-
dence of an association with worse PFS. Similarly, there
was limited information for the other endpoints.

Other Variables

There were many other variables assessed in the included
studies. However, these were reported sparsely and we could
not assess strength of evidence for them. They consisted of
many genetic/biomarkers factors, for example, estrogen
receptor gene (ESR1) mutation status,’® ligand binding
domain (LBD) status,”” CA 15-3 level,”""° alkaline phos-
phatase level,”’ serum C-reactive protein level (CRP),” lac-
tic acid dehydrogenase (LDH) level,>'*"? along with other
demographic-related factors like marital status,”” income

1’55

level,”> menopausal status,” and education status.>> A high

level summary can be found in Table 3.

Quality of Evidence

The overall risk of bias was considered high for three
studies, moderate for 22 studies, and low for the remaining
47 studies (Figure 3). Studies that failed to report exclu-
sion criteria, definition of survival endpoints, or did not
perform multivariate analysis to account for confounding
were deemed “high” risk of bias.

Discussion
This comprehensive SLR was conducted to evaluate the
strength and consistency of evidence of prognostic factors
associated with survival in patients with HR+/HER2-
advanced breast cancer. As commonly observed in oncol-
ogy literature, OS was the most widely assessed survival
endpoint, followed by PFS. The evidence was limited for
tumor response (n=3) and BCSS (n=5). Hence, this review
focused on prognostic factors associated with OS and PFS.
Higher CTC count, Ki67 level, number of metastases (mul-
tiple vs single), and sites of metastases (presence of liver
metastases vs absence), prior therapy attributes, negative PR
status, higher tumor grade, shorter time to recurrence or pro-
gression to advanced breast cancer, poor performance status
and race (black vs white) were the prognostic factors with
strongest evidence of association with OS and PFS.
studies'' 122410219 have also

demonstrated the prognostic relationship between survival end-

Previously published

points and disease-related factors — such as PR status, CTC
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A 0%

PR (- vs. +)

High tumour grade

Greater tumour size

Lymph node (N1-3 vs. NO)
Histological type (lobular vs. ductal)
Greater CTC count

Ki67 (high vs. low)

Metastasis at Diagnosis (yes vs. no)
Higher no. of metastatic sites

Site of metastasis

Time to recurrence or progression to ABC
Prior therapy

Higher performance/ECOG status
Increasing age

Race (black vs. white)

Marital status (unmarried vs. married)

Associated with worse OS

B 0%

PR (- vs. +)

High tumour grade

Lymph node (N1-3 vs. NO)
Histological type (lobular vs. ductal)
Greater CTC count

Ki67 (high vs. low)

Metastasis at Diagnosis (yes vs. no)
Higher no. of metastatic sites

Site of metastasis

Time to recurrence or progression to ABC
Prior therapy

Higher performance/ECOG status
Increasing age

Race (black vs. white) 0

Associated with worse PFS

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

8 0 2
13 0 8
4 1 7
2 2 7
1 0 4
9 0 1
6 0 1
1 4 0
24 0 3
21 0 12
14 1 4
24 8
11 0 3
17 0 20
7 0 6
5 0
Associated with better OS No significant association

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
1 0 1

3 0 1
1 0
1 0 1
8 0 2
4 0
1 1 1
6 0 5
9 1 )
4 0 1
12 1 2
4 0 4
2 0 5
1
Associated with better PFS No significant association

Figure 2 Association between selected prognostic factors and OS (A), and PFS (B).
Abbreviations: BCSS, breast cancer-specific survival; CTC, circulating tumor cell; ECOG, Eastern Cooperative Oncology Group; OS, overall survival; PFS, progression-free

survival; PR, progesterone receptor.

count, Ki67 level, number and sites of metastasis — and treat-  advanced breast cancer will be beneficial to further validate
ment-related factors and performance status. Other studies in  the collective set of prognostic factors with the strongest
the literature'®>'%>'%7 have also reported older age, black race, ~ evidence.

and unmarried status to be associated with shorter survival In the advance disease setting, breast cancer is incur-
rates. Future cohort studies exclusively in HR+/HER2- able and the treatment goal is mainly palliative, improving
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quality-of-life and prolonging survival. Many factors are
generally considered in developing treatment plans includ-
ing patient-related factors like patient preferences, age,
menopausal status, co-morbidities, performance status,
socioeconomic status, psychological factors, treatment
availabilities, and disease-related factors like DFI, pre-
vious therapies, tumor burden (number and sites), and
any need for rapid disease control.'”®

This comprehensive review substantiates the impor-
tance of these factors in clinical decision-making for HR
+/HER2- advanced breast cancer. The directionality of
relationship between the prognostic factors and OS and
PFS was largely consistent, except for lymph node involve-
ment with OS and de novo metastatic breast cancer with
PFS. Another published study'® also reported the divergent
association between lymph node involvement and OS. A
retrospective cohort study'® reported patients with N1
Stage IV BC had better OS than did those without lymph
(HR=0.902, 95% CI=0.825-0.986,
p-value=0.023). One potential explanation could be that

node metastasis
the invasion of tumor cell into lymph nodes may have
activated an antitumor immune response, which renders
beneficial effect on patients with lymph node metastasis.''°
Other studies'®'!""11? have observed better OS in patients
without lymph node metastasis compared to those with
lymph node involvement. Similarly, the prognosis of de
novo stage IV breast cancer was found to be better than
those with recurrent tumors in several studies.*!'*-'
Definitions of survival endpoints used across studies
varied. The most common definition of OS was the time
from diagnosis to death from any cause or last follow-up;
many studies calculated the time interval from date of
treatment initiation or patient selection. There was overlap
in definitions of OS and BCSS. Gong et al>> defined BCSS
as time from date of diagnosis to date of death attributed to
breast cancer or date of last follow-up, while Yerushalmi

et al”

defined BCSS as time from diagnosis of distant
metastasis to death or censor date; two other studies did
not define BCSS.?>%° It was observed that BCSS was not
commonly assessed across included studies.

We observed heterogeneity in the comparison groups
for certain prognostic factors — for example, different age
groups being compared (eg, >50 vs <50, >65, 50-64 vs
18-49); different cut-off points for Ki67 levels (10%,
14%, 25%, 30%); different prior therapies were compared
(initial chemotherapy vs initial endocrine therapy, adjuvant
endocrine therapy vs absence of prior therapy); site of
metastasis (eg, presence vs absence of liver metastasis,

visceral sites vs bone). Due to the differences in categor-
izations of prognostic factors as well as other factors —
such as differences in study design and patient population
— it was not possible to perform meta-analysis or derive a
single hazard ratio estimate representing the relationship
between the prognostic factors and survival endpoints.
Despite inconsistencies in comparators groups, Wwe
observed an overall trend in directionality of association
for some prognostic factors. For example, tumor size
>5 cm diameter, CTC count >5/7.5 mL whole blood,
time to recurrence or progression to advanced breast can-
cer of <2 years, and multiple vs single site of metastases
were associated with worse survival.

This review focused on patients with HR+/HER2-
advanced breast cancer; however, in 62% of 79 included
studies, the proportion of patients with HR+/HER2— breast
cancer ranged between 50—79%. The results of such studies
may not be reflective entirely of patients with HR+/HER2—
advanced breast cancer. We observed a dearth of studies
investigating the prognostic factors in exclusively patients
with HR+/HER2- advanced breast cancer. For studies that
included de novo metastatic patients, including in subgroups,
baseline characteristics were captured in the metastatic set-
ting. However, for the remaining studies, it was difficult to
distinguish whether baseline characteristics were collected at
initial diagnosis or when patients progressed to metastatic
stage (as this information was not reported).

This review was subject to some limitations. An overall
rating for risk of bias (low/moderate/high) was estimated for
each study by taking into account the risk levels for the six
domains of the QUIPS tool. The cut-off points chosen to
derive the overall rating, though based on previously published
SLRs, were essentially arbitrary.''> "' Other limitations may
be the exclusion of non-English studies, though English lan-
guage studies from across the globe were included, and that
studies published before 2010 and after 2018 were not
included. Since the studies included in this SLR were pub-
lished between 2010-2018, there were no studies that assessed
the association between the newer targeted therapies such as
CDK4/6 inhibitors, mTOR inhibitor, PI3K inhibitor, or kinase
inhibitors, and survival endpoints. The conference abstracts
included in this SLR contained limited relevant data and full-
text publications related to these abstracts were not available.
We found limited evidence on the prognostic value of genetic
or tumor biomarkers in patients specifically with HR+/HER2—
advanced BC. Some of these studies showed the relationship
between tumor markers such as LDH,> %" ALP,”° CEA,>7°
CA,>""° to be associated with survival. This review did not
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Figure 3 Risk of bias assessment for each domain of QUIPS tool.

distinguish the nature of the outcomes assessed (ie, primary or
secondary) and therefore findings must be interpreted cau-
tiously. Additionally, there was uncertainty around the power
of subgroup analyses data reported in both observational stu-
dies and trials.

Strengths of this review include that this is the first SLR, to
our knowledge, to comprehensively assess prognostic factors
associated with survival in patients with HR+/HER2-
advanced breast cancer. This review presents a complete over-
view of a large number of studies published recently with
multivariate robust results that would help account for con-
founding of other key variables in understanding the associa-
tion. This review was performed based on best practice
guidelines, included supplementary searches of key confer-
ence proceedings and cross-referencing of other SLRs, and
incorporated a double-blind study selection process, all of
which lend to the robustness of this review’s methodology.

Conclusion

The strongest evidence for prognostic factors associated
with worse OS included negative PR status, higher tumor
grade, higher CTC count (>5 vs <5), higher Ki67 levels
(>14%), number of metastatic sites (multiple vs single),
specific sites of metastases (presence of liver metastases vs
absence), shorter time to recurrence or progression to

No. of studies

advanced breast cancer, absence of prior therapy-related
attributes (type of therapy, treatment line, response of prior
therapy) in early or metastatic setting, poor performance
status, and race (black vs white). The strongest evidence
for prognostic factors associated with worse PFS included
higher CTC count, number and sites of metastases, and
prior therapy-related attributes in early or metastatic
settings.

Apart from the commonly used markers recommended
for routine use (eg, ER, PR, HER2), evaluation of the
aforementioned factors shed light on the history and patho-
physiology of the breast cancer in a patient, thereby pro-
viding a comprehensive clinical picture that may enable
clinicians to enhance personalized treatment approaches
and supportive care to improve patient outcomes.
Identification of these prognostic factors will also guide
future research in the HR+/HER2- advanced breast cancer
setting.
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