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Background
• Triple negative breast cancer (TNBC) refers to a complex form of breast cancer in which the

cancer cells lack expression of estrogen receptors (ER), progesterone receptors (PR), and
human epidermal growth factor receptor 2 (HER2)1

• Patients with TNBC account for 10-20% of all breast cancer diagnoses and do not respond to
therapies targeting ER/PR/HER2, leaving chemotherapy as the standard of care1,2

o In a population-based study from California Cancer Registry only 77% of women with TNBC
across all stages survived at least 5 years, compared to 93% of women with other types of
breast cancer3

o A recent retrospective analysis broke down TNBC survival by stage, and found the 5-year
survival rates to be 92.7% for stage 0, 95.8% for stage 1, 78.1% for stage 2, 54.2% for stage 3
and 26.1% for stage 44

• Recent advances in the understanding of biological processes underlying TNBC have revealed
novel targets for therapeutics, resulting in a variety of new treatment options. Therefore, a
comprehensive overview of the treatment landscape including approved and in-development
therapies is needed

Objective
• To describe the evidence landscape on the approved and in-development treatment options

for TNBC

Methods
• A systematic literature review (SLR) was performed by searching MEDLINE®, Embase, Cochrane

CENTRAL, and the US and European clinical trials registries covering the time period from
January 2003 to July 2018. Conference proceedings from the American Society of Clinical
Oncology (ASCO), the European Society for Medical Oncology (ESMO), and the San Antonio
Breast Cancer Symposium (SABCS) covering the period from 2016 through 2018 were also
searched

• Study identification and eligibility criteria were developed using the Population, Intervention,
Comparator, and Outcome (PICO) framework as described by Cochrane
Collaboration’s Handbook for Systematic Reviews of Interventions5

• Randomized controlled trials (RCTs) and comparative non-randomized clinical trials (non-RCTs)
on adult female TNBC patients receiving pharmacological-grade treatment were chosen.
Outcomes of interest were efficacy (survival, disease response, pathological response) and
safety (adverse events [AEs])

Search Results and Characteristics of Included Studies  
• Eighty-nine publications corresponding to 77 unique trials, predominantly open-label phase 2 or

3 studies (72 RCTs and 5 comparative non-RCTs), met eligibility criteria for our review after
title/abstract and full text screening (Figure 1)

• The SLR included 17,904 patients with TNBC, predominantly middle-aged women (median age
ranged from 42 to 59 years) with ECOG score of ≤2

• Immune checkpoint inhibitors were evaluated in 5 trials. Targeted therapies were evaluated in
40 trials. Thirty-two trials evaluated chemotherapy alone, with the majority (75%) assessing
chemotherapy combinations of 2 or more subclasses. More information regarding the included
therapies are outlined in Table 1

• Most studies evaluated treatments for metastatic or advanced TNBC (n = 35), including 18 
studies reporting on first line, one study on second line, and 16 on mixed lines of treatment. Thirty-
one studies reported on neoadjuvant and 11 studies on adjuvant treatment for TNBC patients 
with stage I-III disease (Table 2)

Figure 1 . PRISMA diagram
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* A total of 11 clinical trials records with study results were identified from US clinical trials registry, and 31 references were identified from reference lists of 
previously published SLRs on the same topic.

Immune checkpoint inhibitors (n=5) Targeted Therapies (n=40) Chemotherapy alone (n=32)

• nivolumab (n=2)
• pembrolizumab (n=1)
• atezolizumab (n=1)
• durvalumab (n=1)

• VEGF inhibitors (n=12)
o bevacizumab (n=11)
o ramucirumab (n=1)

• PARP inhibitors (n=7)
o iniparib (n=3)
o veliparib (n=3)
o olaparib (n=1)

• EGFR/HER2/HER3 inhibitors (n=7, cetuximab, 
gefinitib, lapatinib, AE37 vaccine, MM-121)

• multikinase inhibitors (n=3, sorafenib, sunitinib)
• AKT inhibitors (n=2, AZD5363, ipatasertib)
• mTOR inhibitor (n=2, everolimus)
• DR5 agonist (n=2, tigatuzumab)
• MET kinase inhibitor (onartuzumab), IAP 

antagonist (LC161), gpNMB antibody 
conjugate (glembatumumab), 
tumorenecrosis factor (TNF-T), and zoledronic 
acid in one study each

Most studies involved a 
combination of chemotherapy from 
2 or more different subclasses. 
Based on the main study 
interventions, the following 
subclasses were reported: 
• taxanes (n=9)
• platinum (n=7)
• anthracyclines (n=6)
• anti-metabolites (n=5)
• microtubule inhibitors (n=4)
• topoisomerase I inhibitors (n=1)

Table 1. Study interventions 

Efficacy Results   
• Efficacy outcomes were reported in all studies, including the following:

o Overall survival (OS) (n=32)
o Progression-free survival (PFS) (n=30)
o Overall response rate (ORR) (n=30)
o Pathological complete response (pCR) (n=28)

• The range of OS/PFS/ORR/pCR outcomes and the treatments significantly improving these
outcomes compared to study-specific controls are specified below for each treatment setting

• In studies assessing immune checkpoint inhibitors, a new class of therapeutics being evaluated
for TNBC, only 5 published studies met the eligibility criteria and 1 study on the PD-L1 inhibitor,
atezolizumab, used as first-line treatment reported significant improvement in OS/PFS in PD-L1
positive patients (median OS: 25 months; median PFS: 7.5 months)6

Safety Results
• Safety outcomes were reported in 39 trials, including the following:

o Aggregated (AEs) (≥ grade 3 [n=16]; total [n=12]; treatment-related [n=3])
o Drug discontinuation due to AEs (n=22)
o Mortality due to AEs (total [n=13]; treatment-related [n=10])
o Specific AEs of grade 3 or above (n=32)

Discussion and Conclusion
• This SLR describes the efficacy and safety of treatment options for TNBC across the clinical trials

landscape
• The overall characteristics of the trials were similar within the same treatment settings with

moderate differences across studies in terms of study duration and treatment history
• Trials were mostly conducted in the metastatic or advanced setting, followed by neoadjuvant

or adjuvant settings
• Most trials in TNBC studied targeted therapies, followed by chemotherapy in forms of

combinations of 2 or more subclasses, while immunotherapy was only rarely used in
comparative trials thus far

• Multiple interventions showed superior treatment effect across the different treatment settings
for TNBC based on the type of efficacy outcomes assessed. Similar safety profiles were
observed across the targeted therapy and chemotherapy treatment groups

• This SLR has some inherent limitations that should be acknowledged. For TNBC, there is a large
number of ongoing trials that have not yet published results, with some intervention classes
having no published results

• The current review qualitatively describes the evidence base with respect to the current
landscape of therapies for TNBC across comparative clinical trials. Multiple therapeutics show
promising results for TNBC treatment, but the relative efficacy and safety are not conclusive at
the qualitative synthesis level. As the evidence base evolves, a quantitative analysis would
allow a more defined comparison of studies across each category of therapies, to support
treatment development and optimization for TNBC patients

Table 2. Population treatment setting and study intervention class in 77 unique trials 

Treatment Setting
Immune 

Checkpoint 
Inhibitor

Targeted 
Therapy

Chemotherapy 
Alone Grand Total

Metastatic/Advanced Stage, First Line 1 11 6 18

Metastatic/Advanced Stage, Second Line -- 1 -- 1

Metastatic/Advanced Stage, Mixed Lines 2 12 2 16

Early Stage, Neoadjuvant 2 14 15 31

Early Stage, Adjuvant -- 2 9 11

Grand Total 5 40 32 77
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Metastatic:     
First Line

o Median OS ranged from 8.9 months (paclitaxel)7 to 32.8 months (cisplatin/docetaxel)8

o Treatment with cisplatin/docetaxel8 significantly improved OS compared to capecitabine/docetaxel
o Median PFS ranged from 2.8 months (nab-paclitaxel/tigatuzumab)9 to 10.9 months 

(cisplatin/docetaxel)8

o Treatment with atezolizumab,6 ipatasertib,10 bevacizumab,11 cisplatin,8,12 nab-paclitaxel,13 and
carboplatin13 significantly improved PFS compared to study-specific controls

o ORR ranged from 14.8% (capecitabine/docetaxel)14 to 73% (nab-paclitaxel/carboplatin)13

o Treatment with atezolizumab6 significantly improved ORR compared to its study-specific control
o pCR was not reported for this treatment setting

Metastatic:    
Second Line 

or Mixed 
Lines

o OS ranged from median 6.5 months (single-agent chemotherapy)15 to 18 months 
(irinotecan/capecitabine)16

o Treatment with iniparib17 and eribulin mesylate18 significantly improved OS compared to study-specific 
controls

o PFS ranged from median 1.5 months (cisplatin)19 to 9.9 months (olaparib)20

o Treatment with bevacizumab,21,22 olaparib,20 iniparib,17,23 cetuximab,19 and irinotecan16 significantly 
improved PFS compared to study-specific controls 

o ORR ranged from 0% (single-agent chemotherapy)15 to 54.7% across 2 studies (bevacizumab/paclitaxel21; 
olaparib20) 

o No significant improvement of ORR was reported for the study-specific comparisons in this treatment setting
o pCR was not reported for this treatment setting

Neoadjuvant

o Median OS was only reported in 1 study, ranging from 53 months (chemotherapy alone) to 59 months 
(TNF-thymosin-alpha-1 with chemotherapy [cyclophosphamide/doxorubicin/fluorouracil/carboplatin])24

o PFS was not reported for this treatment setting
o ORR ranged from 45.2% (ixabepilone/cyclophosphamide/doxorubicin)25 to 100% (pembrolizumab/nab-

paclitaxel/carboplatin)26

o Treatment with lobaplatin27 significantly improved ORR compared to its study-specific control
o pCR ranged from 1.54% (cabazitaxel)28 to 100% (pembrolizumab/nab-paclitaxel/carboplatin)26

o Treatment with carboplatin29-33, lobaplatin27, nab-paclitaxel34, and veliparib29 significantly improved pCR
compared to study-specific controls

Adjuvant

o Median OS was only reported in 1 study, ranging from 34.4 months (docetaxel/carboplatin) to 36.4 months 
(doxorubicin/cyclophosphamide/ docetaxel/carboplatin)35

o Treatment with epirubicin,36 capecitabine,37-39 and paclitaxel weekly treatment40 significantly improved OS
when compared to study-specific controls

o PFS, ORR, and pCR were not reported for this treatment setting

Adverse Events 
(AEs)

o Patients experienced similar rates of total AEs when treated with targeted therapy (97%20 -
100%10,17,19,21,23) or with chemotherapy only (94%41 - 100%13,17,19,23,42)

o Among all the treatment groups and trials reporting safety outcomes, patients treated with 
gemcitabine/carboplatin experienced the highest rate of AEs that were grade 3 or above (84%).13

Patients treated with pembrolizumab/nab-paclitaxel/carboplatin26 or with 
ixabepilone/cetuximab43 experienced the highest rate of treatment-related AEs(100%)

Discontinuation o Patients treated with nab-paclitaxel/carboplatin experienced the highest rate of discontinuation 
due to AEs (45%)13,21

Mortality
o Patients treated with iniparib/gemcitabine/carboplatin experienced the highest rate of mortality due 

to AEs (5%)17

o Treatment-related mortality was as high as 0.66% in patients treated with atezolizumab/nab-
paclitaxel6

Hematological AEs o The most common hematological AE > grade 3 was neutropenia across 31 studies, with a maximum 
rate of 72.3% in patients treated with paclitaxel/carboplatin33

Non-hematological 
AEs

o The most common non-hematological AE > grade 3 was fatigue across 25 studies, with a maximum 
rate of 17% in patients treated with the combinations of gemcitabine/carboplatin17 or 
paclitaxel/everolimus44

o For rash, hypertension and pneumonitis, events were more frequently reported with targeted 
therapies, and with higher incidence compared to chemotherapy alone. Proteinuria, 
thromboembolic events, and left ventricular dysfunction were only observed with targeted therapy
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