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Abstract

Background Triple-negative breast cancer (TNBC) accounts for 10-20% of all breast cancers (BCs). It is more commonly
diagnosed in younger women and often has a less favorable prognosis compared with other BC subtypes.

Objective The objective of this study was to provide a literature-based extensive overview of the economic and humanistic
burden of TNBC to assist medical decisions for healthcare payers, providers, and patients.

Methods A systematic literature review was performed using multiple databases, including EMBASE, MEDLINE, Econlit,
the Cochrane Central Register of Controlled Trials, and the Cochrane Database of Systematic Reviews, from database incep-
tion to 16 May 2021. In addition, a targeted search was performed in the Northern Light Life Sciences Conference Abstracts
database from 2016 through June 2021. The bibliographies of included articles were reviewed to identify other potentially
relevant publications. Quality assessment of the included studies was conducted.

Results The review identified 19 studies assessing the economic burden and 10 studies assessing the humanistic burden of
TNBC. Studies varied widely in study design, settings, patient populations, and time horizons. The estimates of mean per-
patient annual direct medical costs ranged from around $20,000 to over $100,000 in stage I-IIIl TNBC and from $100,000
to $300,000 in stage IV TNBC. Healthcare costs and resource utilization increased significantly with disease recurrence,
progression, and increased cancer stage or line of therapy. Compared with the costs of systemic anticancer therapy, cancer
management costs comprised a larger portion of total direct costs. The estimates of indirect costs due to productivity loss
ranged from $207 to $1573 per patient per month (all costs presented above were adjusted to 2021 US dollars). Cancer recur-
rence led to significantly reduced productivity and greater rates of leaving the workforce. A rapid deterioration of health utility
associated with disease progression was observed in TNBC patients. Treatment with pembrolizumab or talazoparib showed
significantly greater improvements in health-related quality of life (HRQoL) compared with chemotherapy, as measured by
EORTC QLQ-C30, QLQ-BR23, and FACT-B.

Conclusion TNBC is associated with a substantial economic burden on healthcare systems and societies and considerably
reduced productivity and HRQoL for patients. This study synthesized the published literature on the economic and human-
istic burden of TNBC and highlighted the need for continued research due to the rapidly changing landscape of TNBC care.

1 Introduction

With an estimated 2.26 million new cases in 2020, breast
cancer (BC) is the most common cancer diagnosed globally.
It is the fifth leading cause of cancer deaths worldwide and is
estimated to have caused 684,996 deaths in 2020 [1]. Triple-
negative breast cancer (TNBC) [2], a molecular phenotype
of BC characterized by the absence of estrogen receptor
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(ER), progesterone receptor (PR), and human epidermal
growth factor receptor-2 (HER2) expression, accounts for
nearly 10-20% of all BCs [3]. TNBC is more commonly
diagnosed in younger women and has a higher risk of distant
relapse in the first few years after diagnosis than other types
of BC [4].

Past treatment options for TNBC patients were limited
and the established systemic treatment was mainly chem-
otherapy. The treatment landscape has expanded with the
recent regulatory approval of immuno-oncology agents in
both early stage and metastatic settings [5—7]. The National
Comprehensive Care Network (NCCN) guideline recom-
mends pembrolizumab in combination with chemotherapy
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Key Points for Decision Makers

Triple-negative breast cancer (TNBC) is associated with
a significant economic burden, with substantially greater
costs associated with increasing disease severity. TNBC
patients experience decreased work productivity, reduced
HRQoL, and rising out-of-pocket expenses.

Many studies reported that emergency department

visits and hospitalizations were the main cost drivers in
metastatic TNBC, while anticancer systemic therapies
accounted for only a small portion of the total medical
costs. This finding suggests that focusing on hospital and
terminal care is integral to managing overall costs in the
late stage of the disease.

With the emergence of new cancer therapies, especially
immuno-oncology treatments for TNBC, additional
research is required to evaluate the impact of these
therapies on the economic and humanistic burden of the
disease to assist medical decisions for healthcare payers,
providers, and patients.

as neoadjuvant treatment followed by pembrolizumab as a
single agent as adjuvant treatment for patients with high-
risk, early-stage TNBC (eTNBC). Chemotherapies with a
mix of regimens comprising chemotherapeutic drugs from
several classes, including anthracyclines, alkylating agents,
and taxanes are recommended by the NCCN and the Euro-
pean Society for Medical Oncology (ESMO) guidelines as
neoadjuvant or adjuvant treatment for patients with eTNBC
[8—10]. In patients with locally recurrent unresectable or
metastatic TNBC (mTNBC) with programmed cell death
ligand 1 (PD-L1)-positive tumors, the guidelines recom-
mend pembrolizumab in combination with chemotherapy
(including paclitaxel, nab-paclitaxel, or gemcitabine plus
carboplatin). Atezolizumab in combination with nab-pacli-
taxel is recommended by the ESMO guideline as first-line
treatment in this population. Platinum-based chemotherapy
and the targeted therapies olaparib and talazoparib are rec-
ommended for patients with BRCA mutations. Furthermore,
the anti-Trop2 antibody-drug conjugate sacituzumab govite-
can-hziy is recommended for patients who have received at
least two prior lines of treatment for mTNBC.

Research over the last few decades has underscored the
substantial economic burden of BC, especially advanced or
metastatic BC [11-13, 15]. The overall economic impact
of BC was estimated to be approximately $88 billion glob-
ally in the year 2010 [14]. Patients with TNBC are gener-
ally diagnosed at later stages, have a poorer prognosis, a
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higher risk of recurrence, and incur higher hospital resource
use and higher costs of care compared with those of non-
TNBC subtypes [16]. Due to the increasing incidence and
prolonged patient survival, combined with higher unit costs
of cancer care, the economic burden of BC has most likely
increased over time [17]. The costs of breast cancer manage-
ment, primarily driven by outpatient, emergency department
(ED) visits and hospitalization, comprise the majority of
overall medical costs [18, 19]. Some studies suggested that
the costs of anticancer therapies accounted for only 12%
of total direct medical costs in metastatic BC in the US
[20]. The findings reflected the clinical reality when tradi-
tional chemotherapies were primary systemic treatments for
TNBC. The impact of emerging treatments (e.g., immuno-
therapies) on overall cancer care costs is unclear. BC also
poses a considerable economic burden on patients due to
high out-of-pocket costs and other expenditures relating to
informal care [21]. Moreover, work loss and disability, par-
ticularly among working-age patients, add additional burden
in young women [22]. Since TNBC commonly occurs at a
younger age, the TNBC population is likely to experience an
even greater economic burden. However, most publications
on the cost of TNBC were conducted from the healthcare
payer perspective. Research assessing the economic burden
on patients, caregivers, and society was limited.

TNBC is associated with reduced health-related quality of
life (HRQoL). Patients often experience distress because of
fear of death or disease progression, a changed body image,
and concern about loved ones [23, 24]. HRQoL is an impor-
tant outcome to be considered when evaluating anticancer
interventions. Previous studies have shown that with the
availability of newer treatments and better cancer manage-
ment, the quality of life of BC patients has improved in the
last decade; however, pain, lymphedema, and anxiety are
aspects of HRQoL that require further consideration [25].
Patients with TNBC are more likely to be associated with
negative emotional states and worse HRQoL in comparison
with non-TNBC subtypes. [26-28]

Although an increasing number of studies have been con-
ducted assessing the HRQoL impact and cost burden posed
by TNBC, to date these studies have not been reviewed sys-
tematically. A previous systematic literature review (SLR)
by Parisi et al. [29] investigated the treatments, quality of
life, and costs in metastatic HER2-negative breast cancer
and TNBC with a literature search date of 2016; however,
no studies of costs or quality of life in TNBC were included
in this review. The objective of our study was to provide a
systematic overview of the published literature and provide
insights into the economic and humanistic burden of TNBC
to assist medical decisions for healthcare payers, providers,
and patients.
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2 Methods
2.1 Literature Review

A systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines to identify publications
that describe the economic or humanistic burden of TNBC
[30]. A comprehensive literature search was conducted in
Excerpta Medica dataBASE (EMBASE), Medical Literature
Analysis and Retrieval System Online (MEDLINE), Econlit,
the Cochrane Central Register of Controlled Trials (CEN-
TRAL), and the Cochrane Database of Systematic Reviews.
The search included studies published from database incep-
tion to 16 May 2021. Additionally, a targeted search was
conducted in the Northern Light Life Sciences Conference
Abstracts database for the following conference proceed-
ings from 2016 through June 2021: the American Society of
Clinical Oncology Annual Meeting (2016-2020); the Euro-
pean Society for Medical Oncology Congress (2016-2020);
the International Society for Pharmacoeconomics and Out-
comes Research Annual European Congress (2016-2020),
the International Society for Pharmacoeconomics and Out-
comes Research Asia-Pacific Conference (2016-2021), the
International Society for Pharmacoeconomics and Outcomes
Research Annual International Meeting North America
(2016-2021), the National Comprehensive Cancer Net-
work Annual Conference (2016-2020), and the San Anto-
nio Breast Cancer Symposium (2016-2020). In addition,
the bibliographies of any relevant articles were reviewed
for any studies potentially not captured by the databases.
Only articles published in English were reviewed due to
resource challenges with respect to expertise in non-English
languages. Detailed search strategies are presented in elec-
tronic supplementary Tables S1-S7.

The eligibility criteria for study inclusion are summarized
in Table 1. The search strategy included studies in early-
stage, locally advanced non-mTNBC and mTNBC. This
review was limited to TNBC, but for studies that included
TNBC with other BC types, subgroup analyses for the
relevant patients from these studies were included in the
review. Eligible study designs included economic evalua-
tions, observational studies, and clinical trials. All abstracts
identified from bibliographic databases were screened for
study eligibility. Abstracts deemed eligible were screened
again by viewing the complete study publication to make
a final determination as to whether they met the popula-
tion, intervention, comparison, outcomes, and study design
(PICOS) criteria.

2.2 Study Selection and Data Extraction

The study screening and selection process are summarized
using a PRISMA flow diagram. [30] Only studies that had
primary data on the economic or humanistic burden of
TNBC were selected such that previously published infor-
mation was not repeated. Cost-effectiveness studies were
excluded because none of them were primary studies on
costs or HRQoL. They typically derived outcomes based on
simulation modeling using data reported from other stud-
ies. Study screening and data extraction were performed by
two individuals working independently. These individuals
compared their completed work to identify discrepancies and
resolve them through consensus, including a third individual
if needed.

Data were obtained from real-world studies, clinical tri-
als and economic evaluations. For the economic burden
of TNBC, data were extracted for healthcare resource uti-
lization (HCRU), direct costs, and indirect costs. For the
humanistic burden of TNBC, data were extracted for the
following generic patient-reported HRQoL measures: Euro-
Qol-5 Dimension (EQ-5D), Health Utilities Index Mark-2
(HUI-2), HUI-3, Short-Form Six-Dimension (SF-6D), Short
Form 36 Health Survey Questionnaire (SF-36), European
Organization for Research and Treatment of Cancer Qual-
ity-of-Life Questionnaire-Core 30 (EORTC QLQ-C30),
Patient-Reported Outcome Measurement Information
System Fatigue-Short Form (PROMIS F-SF-1), Quality-
adjusted Time Without Symptoms of Disease Progression
and Toxicity (Q-TWIST), Cancer Therapy Satisfaction
Questionnaire (CTSQ), etc., and disease-specific quality-
of-life measures: EORTC QLQ-Breast Cancer Module 23
(BR23), Functional Assessment of Cancer Therapy Breast
Symptom Index (FACT-B), Functional Assessment of Can-
cer Therapy-General (FACT-G), and utility measures.

2.3 Quality Assessment

Two different tools were used to assess the quality of the
included studies. The Cochrane Collaboration Risk of Bias
Tool [31] was used to evaluate the randomized controlled
trials (RCTs). The tool assesses risk of bias of studies as a
judgment (high, low, or unclear risk) for individual elements
from six domains (selection, performance, detection, attri-
tion, reporting, and other). The Newcastle—Ottawa Quality
Assessment Scale (NOS) [32], a 9-star system including
three broad perspectives (selection, comparability, and out-
come), was used to assess the quality of non-randomized
trials and cohort studies. Scores of 0-3, 4—6, 7-9 were con-
sidered as low, moderate, and high quality, respectively. An
adapted version of the NOS [32] was used for cross-sectional
studies. The quality assessment was conducted by two inde-
pendent reviewers. Following reconciliation between the
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Table 1 Eligibility criteria for study inclusion

Criteria Economic burden studies Humanistic burden studies
Population Early-stage, locally advanced, non-metastatic TNBC
Metastatic TNBC
Interventions  Not restricted
Comparators  Not restricted
Outcomes Direct costs Generic patient-reported outcomes measures (EQ-5D, HUI-2,
Indirect costs HUI-3, SF-6D, SF-36, EORTC QLQ-C30, PROMIS-Fatigue
Healthcare resource utilization SF1, Q-TWIST, CTSQ, etc.)
Disease-specific health-related quality of life (EORTC QLQ-
BR23, FACT-B, FACT-G)
Utility measures
Study design  Observational studies (e.g., prospective and retrospective cohort studies, case-control studies, cross-sectional studies, con-

trolled and uncontrolled longitudinal studies)

Randomized controlled trials and non-randomized clinical trials
Economic evaluations (e.g., cost-effectiveness analyses, budget impact analyses, and cost-of-illness analyses)
Literature reviews summarizing the results of primary research studies and/or economic evaluations®

CTSQ Cancer Therapy Satisfaction Questionnaire, EORTC QLQ-BR23 European Organization for Research and Treatment of Cancer Quality-
of-Life Questionnaire — Breast Cancer Module 23, EORTC QLQ-C30 European Organization for Research and Treatment of Cancer Quality-of-
Life Questionnaire-Core 30, EQ-5D EuroQol-5 Dimension, FACT-B Functional Assessment of Cancer Therapy — Breast Symptom Index, FACT-
G Functional Assessment of Cancer Therapy — General, HUI-2 Health Utilities Index Mark-2, HUI-3 Health Utilities Index Mark-3, PROMIS
Fatigue SF-1 Patient-Reported Outcome Measurement Information System Fatigue—Short Form, SF-6D Short-Form Six-Dimension, SF-36
Short-Form 36 Health Survey Questionnaire, SLRs systematic literature reviews, TNBC triple-negative breast cancer, Q-TWIST Quality-Adjusted

Time Without Symptoms of Disease Progression and Toxicity

“Literature reviews that involve some methodology for study identification and study selection were of interest for the purposes of cross-refer-
encing. This included SLRs, scoping reviews, and landscape reviews. Narrative reviews that did not involve study identification via databases
and that are primarily summarizing the author’s viewpoints are not of interest

two reviewers, a third investigator was included to reach a
consensus for any remaining discrepancies.

2.4 Cost Adjustment

To facilitate comparisons across studies from varying time
periods and country settings, costs were adjusted to 2021
US dollars (US$) using the methods outlined by Turner
et al. [33] All studies were conducted in developed coun-
tries; thus, costs were first converted to US$ using the
exchange rate during the cost year and then inflated using
the Consumer Price Index. [34] When the cost year was not
reported, the year of publication represented the cost year.
In this review, adjusted costs in 2021 US$ and the original
costs are both reported in summary tables.

3 Results

The selection process to identify studies that evaluate the
economic and humanistic burden of TNBC are presented
as PRISMA flow diagrams in Figs. 1 and 2. The searches
resulted in the identification of 1505 and 1364 citations
accessing the economic and humanistic burden, respectively.
After abstract screening, 39 full-text articles were assessed
for eligibility, and a total of 19 studies meeting the PICOS
criteria were included in the economic review. Sixty full-text
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articles were assessed for eligibility and 10 studies meeting
the PICOS criteria were included in the humanistic burden
review. A list of all studies included in the review is pre-
sented in Table 2.

3.1 Economic Burden of Triple-Negative Breast
Cancer (TNBC)

Table 2a displays the characteristics of the 19 studies pub-
lished between 2012 and 2021 that assessed direct medical
costs, HCRU, and indirect costs associated with TNBC. Ten
studies included in the review assessed both the direct costs
and HCRU [35-44]. Six studies only assessed the direct
costs [41, 45-49], while two studies only evaluated HCRU
associated with TNBC [50, 51]. Two studies assessed both
direct and indirect costs of TNBC [45, 52], although one
study reported indirect costs only [53]. Thirteen studies were
conducted in the US, and one study each was conducted
in Canada, Spain, Portugal, France, Belgium, and Sweden.

3.1.1 Study Quality Assessment

The methodological quality of the 18 cohort studies was
assessed using the NOS. Twelve studies were rated as high
quality and six studies were rated as moderate quality. No
studies were categorized as low quality. The studies with
moderate quality usually failed to provide details on study
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follow-up periods or comparability of the cohorts. Formal
quality assessment was not conducted for the study by De las
Heras et al. [45] because the study adopted a cost-of-illness
modeling design and the risk of bias assessment tools do

not apply.

3.1.2 Direct Costs and Healthcare Resource Utilization

Studies evaluating direct costs and HCRU varied widely in
study setting, time horizon, patient populations, and treat-
ment patterns. Study country, perspective, and setting are
listed in Table 2a. Table 3 summarizes direct medical costs
by patient characteristics (including population size, age,
and cancer severity range of the study population), study
time horizon, subpopulations, treatment periods, base cost

year, currency, and cost elements evaluated. A summary of
hospitalization and ED resource utilization is presented in
Table 4. Cancer severity was reported by stage for many
cost studies, defined as non-recurrence, locoregional recur-
rence, and distant recurrence (metastases), or stage I, II, III,
and IV, with stage IV (mTNBC) being the most severe. The
treatment period was often categorized as the neoadjuvant
and adjuvant period for eTNBC (stage I-IIII) and by line of
therapy (first, second, third or late line) for mMTNBC. The
lifetime (or other time horizon) per-patient costs were esti-
mated in one US study and four ex-US studies (Table 3a),
while most studies focused on per-patient unit time (e.g.,
per month) costs (Table 3b). The studies were published
between 2012 and 2021 and assumed a base cost year rang-
ing from 2010 to 2020.
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Healthcare System Burden Studies showed that TNBC
was more resource-intensive and more costly to treat com-
pared with other BC subtypes. For example, Baser et al.
[36, 37] examined health outcomes and healthcare costs for
women with TNBC compared with non-TNBC in two ret-
rospective studies using a US managed care registry. The
studies showed that patients with TNBC had significantly
shorter survival, accompanied by greater inpatient and ED
utilization and higher healthcare costs. Other studies (Houts
et al. [38], Brandao et al. [46], and Parikh et al. [50]) also
reported more evident unmet need, poorer health outcomes,
and higher cost of care among TNBC patients than their
non-TNBC counterparts.

Aly et al. [35] estimated the lifetime direct medical
costs to be $83,033 per patient for patients diagnosed with
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mTNBC, from the US Medicare perspective. The total cost
of care for mMTNBC was also reported in a Spanish study
(De las Heras et al. [45]) over 5 years following metastatic
disease diagnosis ($118,635) and a French study (Mery et al.
[47]) for mTNBC patients who received bevacizumab plus
paclitaxel as first-line treatment ($32,106). Brandio et al.
[46] evaluated direct medical costs for eTNBC (stage I-I11I)
care in a Portuguese cancer center setting and reported a
median cost of $13,346 per patient over the first 3 years after
diagnosis. Similarly, total treatment costs of eTNBC were
evaluated (by Roman et al. [48]) at a breast clinic in Belgium
($28,003). All costs reported above were adjusted to 2021
USS$. Cost estimates vary widely across studies and are dif-
ficult to compare due to substantial heterogeneity in study
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design, time horizon, patient population, treatment pattern,
and healthcare systems.

On a per-unit time basis, estimates of the average per-
patient annual direct medical cost ranged from about
$20,000 to over $100,000 in stage I-III and around
$100,000-$300,000 in stage IV TNBC, from the US health-
care payer perspective. Brezden—Masley et al. [42] estimated
Canadian public health system-related costs in stage [-1II
and stage IV TNBC and the annual per-patient costs reported
were $29,625 and $118,418, respectively. Based on a study
in a single-center setting in France by Mery et al. [47], the
average cost of treating an mTNBC patient who received
first-line treatment with bevacizumab plus paclitaxel
was $580 per day. The highest estimate of over $300,000
annual cost was based on the study by Skinner et al. [49]
for patients during the third and later line of the treatment
period of mMTNBC, and the lowest estimate of about $20,000
was based on the study by Rhodes et al. [44] in eTNBC
after definitive surgery until the first recurrence. All costs
reported above were adjusted to 2021 USS$.

The economic burden associated with cancer recurrence
and progression was significant and greater costs were
associated with increasing disease severity. A retrospec-
tive cohort study conducted by Sieluk et al. [43] evaluated
HCRU and direct medical costs associated with recur-
rence in surgically treated eTNBC using the OptumHealth
Reporting and Insights database. The adjusted cost models
estimated that metastatic recurrent patients incurred $8322
more in total monthly all-cause costs than non-recurrence
patients, and locoregional recurrent patients incurred $3537
(in 2019 US$) more than non-recurrence patients (p < 0.001
for both comparisons). Adjusted incidence rate ratios of
all-cause inpatient admissions were 3.67 and 10.19 times
higher for locoregional and metastatic cohorts, respec-
tively (p < 0.001 for both comparisons). The locoregional
recurrence cohort had a significantly higher rate of breast
cancer surgery and the metastatic recurrence cohort had
significantly higher chemotherapy use compared with the
non-recurrence cohort. Brandao et al. [46] estimated direct
medical costs for eTNBC care in the first 3 years after diag-
nosis in a Portuguese cancer center setting and reported that
the median total cost per patient increased from stage I to
stage III (€9566—€14,645 in 2015 Euros). Brezden-Masley
et al. [42] conducted a retrospective study using a publicly
funded healthcare system in Ontario to descriptively com-
pare HCRU and healthcare costs by cancer stage (I-1II vs.
IV) in adult women diagnosed with invasive TNBC. The
study underscored substantially higher costs associated with
mTNBC, even considering the generally shorter treatment
duration and a lack of more targeted and expensive biologi-
cal treatments in this setting (total annual cost CAN$35,064
in stage I-IIT versus CAN$140,160 in stage IV; cost in
2017 CANS). Patients with mTNBC had more inpatient

hospital visits and a substantially longer average length of
stay (65.1 vs. 7.5 days) than eTNBC patients. Similar cost
patterns were observed in other studies. [36, 37, 39]

The cost impact of mTNBC was substantial and increased
with further lines of therapy and a shorter time to death. Aly
et al. [35] identified patients diagnosed with mTNBC from
the Surveillance, Epidemiology, and End Results (SEER)-
Medicare database. Within the chemotherapy-treated cohort,
total direct medical costs per patient increased as the line of
therapy increased (pretreatment: $13,188; during the first
regimen: $26,950; during the second regimen: $33,347; dur-
ing the third or later regimen: $50,627, in 2017 US$), and
greater ED and hospital utilization was observed in the third
or later regimen phase. Skinner et al. [49] examined health-
care costs of mMTNBC at community oncology practices and
suggested that the estimates of per patient per month costs
increased with further lines of therapy ($21,908, $24,891,
and $25,845 in 2017 US$ during the first, second, and third
or later lines, respectively). Sieluk et al. [41] highlighted
poor outcomes and high costs associated with mTNBC using
2010-2016 SEER-Medicare data. Direct costs were catego-
rized by the length of time to death. Total costs, as well as
inpatient, ED, and hospice costs, substantially increased as
the time period approached death.

Studies showed that patients who did not receive anti-
cancer treatment had more comorbidities and shorter life
expectancy. In addition, the mean monthly direct cost per
patient was higher in patients with mTNBC who did not
receive chemotherapy compared with those who did. [35]
For patients who received cancer treatment, costs were gen-
erally high during initial treatment following diagnosis and
decreased substantially during continuing care, but increased
again in the terminal care stage, mainly for hospitalization.
(39]

Most studies reported that the majority of healthcare costs
were due to outpatient visits for early-stage patients, while
ED and hospitalization were often the main cost drivers in
the metastatic setting, especially in patients without anti-
cancer treatments or towards the end of life. Several studies
reported costs of anticancer therapies separately from the
costs of cancer management. Mery et al. [47] reported that
bevacizumab treatment costs comprised nearly 75% of total
costs for the mTNBC patients who received bevacizumab
plus paclitaxel as first-line treatment in a single center in
France. Houts et al. [38] found systemic anticancer therapy
accounted for approximately 50% of the total cost of care
for BRCA-mutated mTNBC during first-line treatment in
US community oncology settings, while hospitalization
was the second largest cost driver. In contrast, studies that
adopted longer time horizons suggested that cancer treat-
ment accounted for only a small portion of the overall cost
of cancer care. A cost-of-illness study by De las Heras et al.
[45] evaluated the economic burden of mMTNBC in Spain
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over 5 years following metastatic disease diagnosis. It found
that over half of the total direct costs were attributable to
palliative/best supportive care, while <30% was attributable
to active cancer treatment. Similarly, two studies conducted
in the US [41, 49] suggested that cancer management for
mTNBC was costly and systemic therapies accounted for
only a small portion (5-30%) of the total medical costs over
patients' lifetime after diagnosis of metastatic disease. Rho-
des et al. [44] examined the HCRU and costs in patients
diagnosed with eTNBC (stage II-I1IB) at a US community
oncology practice, which found that infused supportive care
and systemic anticancer therapy were the primary cost driv-
ers during the neoadjuvant treatment period; however, the
majority of costs were attributable to hospitalization and
ED visits during the remainder of the follow-up after sur-
gery. Additionally, in the study by Brandao et al. [46], which
followed eTNBC patients over 3 years after diagnosis in a
Portuguese cancer center setting, only 7.5% of the cancer
care cost was attributed to systemic therapy, while surgery,
radiotherapy, and hospitalization accounted for the largest
proportions of the total cost.

Patient Out-of-Pocket Costs The high cost of care for TNBC
is not only a tremendous economic burden on healthcare
systems but it also poses a substantial burden on patients.

Four studies in the review reported patient out-of-pocket
expenditures in the US. The SEER-Medicare studies by Sie-
luk et al. [40, 41, 43] reported patient out-of-pocket expenses
for anticancer therapy and inpatient, ED, outpatient, skilled
nurse facility, and hospice visits in the Medicare setting.
Average patient costs were over $1000 per month in mTNBC
and over $2000 per month for eTNBC patients in both the
neoadjuvant therapy and adjuvant therapy period. In the two
studies by Baser et al. [36, 37], it was reported that health
plans covered 75.5% of the total direct medical costs for
patients with (stage I-1IT) eTNBC and 96.8% for (stage IV)
mTNBC in a US national managed-care health plan setting.
This led to annual patient costs of around $23,000 and $5000
in early-stage breast cancer and mTNBC, respectively.

3.1.3 Indirect Costs

The indirect costs of treating TNBC were assessed in only
three studies. Two studies conducted in the US were confer-
ence presentations [52, 53] and one study conducted in Spain
was a published manuscript [45]. An overview of indirect
costs is shown in Table 5. While these studies demonstrated
indirect costs related to productivity loss, the costs related to
premature mortality and caregiver costs were not included.

Sieluk et al. [53] used the OptumHealth Reporting and
Insights database to evaluate work loss and indirect costs
due to medically-related absenteeism (ABS) and disability
in early-stage surgically-treated TNBC patients with and
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without recurrence. Compared with the non-recurrence
cohort, total work loss days were 1.51 and 2.08 times higher
with locoregional and metastatic recurrence, respectively
(p < 0.001 for both comparisons). Similarly, monthly pro-
ductivity costs were significantly greater for patients with
locoregional recurrence ($849) and metastatic recurrence
($1454) than patients without recurrence ($451). Driven
mainly by ABS and short- and long-term disability (STD
and LTD, respectively), the rate of leaving the workforce
was 63% greater in the recurrence cohort (p = 0.003).

Tabah et al. [52] assessed the indirect productivity burden
of mTNBC using employed patients’ ABS, STD, and LTD
data at 6 months after the initiation of treatment. Among
56 patients with data eligibility, four patients had an ABS
claim and missed a mean of 245 work hours, contributing to
a mean productivity loss of $6472 (in 2017 USS$) per patient.
STD and LTD claims were identified in 14 and 4 patients,
respectively, who missed a mean of 63 and 76 workdays,
leading to a mean productivity loss of $9265 and $11,192,
respectively.

The Spanish cost-of-illness study conducted by De las
Heras et al. [45] also reported indirect costs measured by lost
productivity due to missed workdays for the working popu-
lation. Total mean indirect costs for patients with mTNBC
were estimated to be €164 (in 2016 Euros) over 5 years fol-
lowing mTNBC diagnosis.

3.2 The Humanistic Burden of TNBC

Compared with the economic burden of TNBC, the human-
istic burden is more difficult to quantify; still, it is critical in
medical decisions, including managing patients’ conditions,
planning treatment pathways, and assessing the benefit-risk
of treatment options.

Table 2b displays the characteristics of the 10 studies
published from 2012 to 2020 that assessed quality of life of
TNBC patients, comprising five RCTs [54-58], two non-ran-
domized clinical trials [59, 60], two cross-sectional studies
[61-63], and one retrospective study [64]. Five of the studies
assessed HRQoL outcome data using FACT-B, four studies
reported EORTC QLQ-C30 and QLQ-BR23, and one study
reported EQ-5D. Three studies were conducted in the US,
one each in Italy and China, and the remaining studies were
multinational. Four studies were published manuscripts, four
were conference presentations, and two were both published
manuscripts and presented at conferences. Most of the stud-
ies evaluated interventions for mMTNBC, where the objective
of the interventions was not curative and the patient’s well-
being was essential.
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3.2.1 Study Quality Assessment

The five RCTs [54-58] had a low risk of bias in most
domains in the Cochrane Risk of Bias Tool, except that risk
of performance and detection biases was high in four stud-
ies due to the open-label trial design. The non-randomized
trials [59, 60] had moderate quality with high risk in the
NOS selection domain related to representativeness of the
sample at the time points when HRQoL was evaluated. The
cross-sectional studies [61-63] were rated as moderate qual-
ity with the adapted NOS, where the main risk of bias was
lack of description of the derivation or representativeness of
the included sample or the sample size calculation. Quality
assessment for Mocerino et al. [64] was not undertaken as
its English abstract and data tables did not contain sufficient
information for assessment, while the remainder of the arti-
cle was not in English.

3.2.2 Health-Related Quality-of-Life Outcomes

Treatment options affect patients’ quality of life in vari-
ous ways. An overview of HRQoL outcomes is presented
in Table 6. While the evidence base was sparse, the RCTs
showed that treatment with pembrolizumab and talazo-
parib statistically significantly improved HRQoL relative
to chemotherapy on several instruments in PD-L1-positive
mTNBC and BRCA-mutated TNBC, respectively. Exercise
and dietary counseling programs were also reported to sig-
nificantly improve HRQoL in TNBC survivors. In addition,
levels of hope, self-efficacy, and social support were positive
predictors of HRQoL.

EORTC QLQ-C30 and QLQ-BR23 EORTC QLQ-C30 is
an instrument that assesses HRQoL in cancer patients using
one global health scale, five functional scales (physical, role,
emotional, social, cognitive), and eight symptom scales
and single items (fatigue, pain, nausea/vomiting, appetite
loss, constipation, diarrhea, insomnia, dyspnea) [65]. The
EORTC QLQ-BR23 instrument is specific for BC patients
and is comprised of 23 items to assess four functional scales
(body image, sexual functioning, sexual enjoyment, future
perspective) and four symptom scales (systemic therapy
adverse effects, breast symptoms, arm symptoms, upset by
hair loss) [66]. For both instruments, higher scores on func-
tional scales suggest better status, while higher scores on
symptom scales indicate worse symptoms. A difference of
10 points is suggested as the minimal clinically important
difference for EORTC QLQ-C30 and QLQ-BR23 in BC
patients. [67]

Three RCTs assessed HRQoL improvements using
EORTC QLQ-C30 and QLQ-BR23. The phase III IMpas-
sion130 trial compared the combination of atezolizumab
and nab-paclitaxel with placebo and nab-paclitaxel as first-
line treatment in patients with mTNBC [54]. No significant
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differences between arms in time to deterioration (TTD)
were observed for physical or role functioning or global
health scale in PD-L1-positive patients. Change from base-
line values for treatment symptom scales was also compa-
rable between arms. The phase III KEYNOTE-119 trial
compared pembrolizumab with investigator’s choice of
chemotherapy in previously treated mTNBC patients [57].
In the PD-L1-positive (combined positive score [CPS] >10)
subgroup, there were statistically significant differences
between treatment arms in change from baseline values for
the global health scale, physical functioning scale, and nau-
sea/vomiting and diarrhea in symptom scales from the QLQ-
C30 instrument, and the systemic therapy adverse effects
scale on the QLQ-BR23 instrument measured at 6 weeks
from baseline. From the phase III EMBRACA trial, which
compared talazoparib with physician’s choice of chemo-
therapy in patients with advanced TNBC and a germline
BRCA mutation [56], a statistically significant difference in
change from baseline in global health status/quality of life
and several functioning and symptom scales on the QLQ-
C30 was observed between treatment arms.

FACT-B FACT-B is an instrument that assesses five
domains of HRQoL in BC patients (physical well-being,
social well-being, emotional well-being, functional well-
being, and BC subscale) [68]. Negative items are reverse
scored such that higher scores suggest greater health. The
minimal clinically important difference for FACT-B is esti-
mated to be 7-8 points. [69]

The studies by Vadaparampil et al. [62, 63] showed sig-
nificantly lower FACT-B total scores in TNBC participants
compared with non-TNBC participants and demonstrated
clinically meaningful differences in HRQOL among TNBC
and non-TNBC patients. Significant associations were also
reported between FACT-B scores and income, chemo-
therapy, current health, role limitation, anxiety, life stress,
collectivism, and fatalism. Shen et al. [61] showed positive
correlations between HRQoL and hope, social support, and
self-efficacy.

Swisher et al. [58] reported that supervised moderate-
intensity aerobic exercise and diet counseling in an RCT
led to significant HRQoL improvements from baseline in
TNBC survivors regarding physical, emotional well-being,
breast cancer subscale, and FACT-B total scores; however,
no significant improvement in FACT-B scores was observed
for TNBC interventions investigated in other studies. [59,
60, 64, 70]

3.2.3 Health State Utility Values

There is a paucity of health state utility values associated
with TNBC. One study by Huang et al. [55] reported utility
values in previously treated mTNBC patients derived from
EQ-5D-3L data collected in the phase IIIl KEYNOTE-119
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trial (see Table 7). Mean utility for patients in progression-
free and progressive disease states was 0.715 (95% CI
0.701-0.730) and 0.601 (95% CI 0.571-0.631), respectively.
In this study, utility values were also estimated by time-to-
death category. The results showed a rapid deterioration of
quality of life in mTNBC patients towards the end of life.
The utility decreases associated with disease progression
and time-to-death were clinically meaningful.

EQ-5D VAS?

4 Discussion

To our knowledge, this is the largest and most comprehen-
sive SLR that synthesized the literature on the economic and
humanistic burden of TNBC. While one targeted literature
review (Naidoo et al. [71]) and four SLRs (Frederickson
et al. [73], Frederickson et al. [74], Fu et al. [72], and Parisi
et al. [29]) were identified in our search, the evidence base
with particular focus on TNBC was limited in these studies.
With the rapid growth of research in this area, our SLR was
based on a broader set of evidence and included a total of 19
unique studies assessing the costs and HCRU and 10 studies
assessing HRQoL in TNBC patients.

HCRU and the direct medical costs associated with
TNBC were substantial and increased with disease severity.
For patients diagnosed with eTNBC, monthly costs of cancer
care were estimated to be three and seven times greater after
locoregional and metastatic recurrence, respectively. [43]

Considerable variations in cost estimates were observed
across studies. Estimates of the average per-patient annual
direct medical cost ranged from about $20,000 to over
$100,000 in stage I-III and around $100,000-$300,000 in
stage IV TNBC. The US and Canadian studies appeared to
report higher costs than those conducted in European coun-
tries. This could be due to differences in treatment guide-
lines and the nature of the healthcare systems, as well as the
patient populations evaluated in the studies. Within the US
studies, four assessed patients aged 65 years and older from
Medicare claims data [40, 41, 43, 53], which reported rela-
tively lower costs compared with other studies that included
younger patients with commercial health plans. Cost esti-
mates across the studies are not generally comparable as they
are highly heterogeneous in study setting, patient popula-
tions, time horizons, and cost elements evaluated.

Many studies found that outpatient visits accounted for a

EORTC-QLQ and QLQ-BR23?

0.01

=0.32

=0.01
0.04
0.01

0.12

vs. 19.6 (6.8); p
Social well-being: 18.7 (6.3) vs.

vs. 19.0 4.9); p
Functional well-being: 16.7 (7.6)

vs. 18.6 (7.1); p
Breast cancer scale: 19.0 (7.5)

vs. 21.5 (8.0); p

98.5 (27.6); p
Physical well-being: 18.2 (8.1)

19.7 (7.0); p
Emotional well-being: 17.5 (5.1)

TNBC vs. Non-TNBC group:
FACT-B overall: 90.1 (28.0) vs.

FACT-B?*

Invasive TNBC survivors

Population

TNBC vs. non-TNBC

Comparison

naire — Breast Cancer Module 23, EORTC QLQ-C30 European Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire-Core 30, EQ-5D VAS EuroQol-5 Dimension
Visual Analog Scale, FACT-B Functional Assessment of Cancer Therapy Breast Symptom Index, HR hazard ratio, BRCA BReast CAncer gene 1/2, mTNBC metastatic triple-negative breast can-

CFB change from baseline, CI confidence interval, CPS combined positive score, EORTC QLQ-BR23 European Organization for Research and Treatment of Cancer Quality-of-Life Question-
cer, SD standard deviation, TNBC triple-negative breast cancer, — indicates where data were not reported

#Data are expressed as mean (SD) or 95% CI unless otherwise indicated

(o]

? majority of the direct medical costs for early-stage patients.

§ In contrast, ED visits and hospitalization were the main
S = cost drivers in the metastatic setting, especially in patients
é 5 without anticancer treatments or towards the end of life.
g y é Regarding anticancer therapy costs, four US studies and
;’ ez three ex-US studies reported such costs separately from
2 ,5 _§“ o the costs of cancer care management. Most of these studies
R Edh concluded that the majority of the total medical costs were
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Table 7 Health state utility values reported in the included studies

Study, year Population

Progression category

Time-to-death
category, days

Mean (95% CI) utility
value

Mean (95% CI) utility
value

Huang et al. (2020) [55] Patients with previously
treated mTNBC

Progression-free
survival

Progressive disease

0.715 (95% C10.701- > 360 0.765 (95% CI
0.730) 0.750-0.779)
180-360 0.655 (95% CI
0.624-0.687)
0.631) 0.549-0.624)
30-90 0.517 (95% CI
0.471-0.564)
> 30 0.264 (95% CI
0.128-0.401)

CI confidence interval, mTNBC metastatic triple-negative breast cancer

from cancer management and that only about 5-30% was
due to systemic anticancer therapy. The findings reflected
the clinical reality when traditional chemotherapies were the
primary systemic therapies for TNBC. With the emergence
of new cancer therapies, such as immune-oncology treat-
ments for TNBC, the cancer treatment costs will undoubt-
ably increase. On the other hand, the emerging therapies
may reduce HCRU related to cancer management, including
ED and hospitalization visits, due to better disease control.
In addition, these therapies will significantly reduce cancer
recurrence and progression, thereby decreasing annual medi-
cal costs per patient. Further research is desirable to evaluate
the cost impact and cost effectiveness of the novel therapies,
especially immunotherapies, in the real-life management of
TNBC.

Most studies focused on costs paid by healthcare payers.
Four studies reported patient out-of-pocket costs, ranging
from approximately $500 (in mTNBC) to $2000 (in e TNBC)
per month in the US [36, 37, 40, 41, 43]. The reported costs
did not take into account other expenditures such as needed
informal care or caregiver costs. These out-of-pocket costs
added a considerable burden to the TNBC patients who were
already suffering from decreased work productivity, reduced
income, impaired quality of life, and increased disability.

Although indirect costs were sparsely reported, studies
reporting cancer-related workplace absenteeism and dis-
ability suggested these were also important cost compo-
nents from patient and societal perspectives. For example,
the study by Sieluk et al. [53] reported monthly produc-
tivity costs ranging from around $500 to $1500. Disease
recurrence was associated with decreased productivity and
higher rates of leaving the workforce. Furthermore, the
incidence of TNBC is high among women under the age
of 65 years, which may substantially increase the risk of
productivity loss and lead to significant indirect costs due to
disability and early retirement among working-age women.
While these studies demonstrated indirect costs related
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to productivity loss, costs related to premature mortality,
comorbidity, and caregiver costs were not included. Thus,
the overall indirect costs and societal burden of TNBC were
likely underestimated.

Studies evaluating the humanistic burden of TNBC were
primarily randomized or non-randomized clinical trials con-
ducted internationally or in the US. Among the RCTs inves-
tigating HRQoL in mTNBC patients using EORTC QLQ-
C30, QLQ-BR23, and FACT-B questionnaires, treatment
with pembrolizumab and talazoparib showed significantly
greater improvements in HRQoL compared with chemo-
therapy in PD-L1-positive mTNBC and BRCA-mutated
mTNBC, respectively. [54, 56, 57] Another RCT found that
a diet and exercise program among TNBC survivors also
led to HRQoL benefits [58]. Health utility values specific
to TNBC were only reported in one study in the literature,
which included previously treated (progressed after first
line) mTNBC patients in an RCT [44]. While an SLR pre-
sented at a conference identified health utility values used
in cost-effectiveness analyses of TNBC interventions, the
authors of those studies elected to use utility estimates from
general BC patients [73]. Mean utility values for pretreated
mTNBC were reported much lower in the SLR compared
with the RCT (mean 0.45 vs. 0.715), which could be due to
differences in the patient populations. Furthermore, the util-
ity values cited in the SLR were based on an older study con-
ducted in Sweden in 2005, which did not reflect the devel-
opment of new, less toxic, and more efficacious therapeutic
options for BC during the past 15 years since the study was
conducted. Despite the difference, both studies showed a
rapid deterioration in quality of life in mMTNBC patients,
and a significant decrease in health utility associated with
disease progression.

This study has several limitations. First, we adjusted
reported costs to 2021 USS$ to facilitate comparisons across
studies; however, this conversion can be imperfect when
practice patterns and inflation rates differ between countries.
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Second, all SLRs are limited by publication bias with respect
to the available articles. Third, with the development of
novel therapies to treat patients with TNBC, older economic
evaluations and cost estimates may become dated, highlight-
ing the need for regular evidence synthesis of the available
literature to facilitate understanding of the burden of TNBC.
Lastly, the review includes studies from different countries
and regions. Thus, the studies are heterogeneous and the
results are not easily generalizable.

5 Conclusion

TNBC poses a tremendous economic burden on healthcare
systems and societies globally, with substantially greater
costs associated with increasing disease severity. TNBC
patients experience reduced HRQoL, decreased productiv-
ity, and rising out-of-pocket expenses.

ED visits and hospitalization were commonly reported
as the main cost drivers in mTNBC studies, suggesting that
focusing on hospital and terminal care could be imperative
for managing overall costs in the late stage of the disease.
TNBC care is changing rapidly, with immunotherapies
emerging as a new treatment paradigm. The new therapies
impose higher treatment costs but will reduce the need
for subsequent therapies and other healthcare resources
because of better disease control, improved HRQoL, and
delayed cancer recurrence. Additional research is required
to evaluate the impact of these therapies on the economic
and humanistic burden of TNBC to assist medical decisions
for healthcare payers, providers, and patients.
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