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2. Keywords

1. Abstract

Breast cancer is the commonest cancer and leading cause of cancer death in women. Triple
negative breast cancers are ER, PR and Her 2 Neu negative. These tumors have high propensity
for metastatic spread. The lack of expression of ER, PR and Her 2 Neu receptors makes chemo-
therapy only option available to treat these aggressive tumors. This study examines various clini-

cal trials that will help clinicians in selecting appropriate drugs for the treatment of this subset

Triple negative; Breast cancer; )
) of patients.
Metastasis

3. Introduction

Breast Cancer is the commonest cancer and leading cause of can-
cer death in women. In the year 2012 approximately 1,671,149
new patients were diagnosed with breast cancer and 521,907
deaths were attributed to this menace [1]. According to SEER
Cancer Registry 95% of the patients have localized disease at
initial presentation whereas 5% of patients present with meta-
static disease [2]. About 20-30% of early stage patients develop
systemic disease at some point in life [3]. In Pakistan every year
approximately 90,000 women are diagnosed with breast cancer
and most of these patients have either locally advanced or meta-
static disease [4]. A study conducted by Gilani et al. [5] showed
that 25-36% of Pakistani women present with disseminated dis-

ease.

The prognosis of patients with metastatic breast cancer is ex-
tremely poor. Despite recent advances and advent of novel ther-
apies, the disease remains incurable with mean survival of 31.8
months [6].

Breast cancer generally comprises of 4 subgroups: ER PR posi-
tive Her 2 Neu negative; ER PR Her2 Neu positive; ER PR nega-
tive Her 2 Neu positive and ER PR Her 2 Neu negative.

Triple negative phenotype also known as Basal breast tumors
are hormone receptors i.e. ER and PR and Her 2 Neu negative.
Different subtypes of TNBC have been lately recognized using
gene expression (GE) analysis. These subtypes include BL1 with
cell cycle and DNA damage response GE signatures, BL2 with

growth factor signaling and myoepithelial markers, two mes-
enchymal subtypes M and MSL with high expression of genes
involved in differentiation and growth factor pathways, Immu-
nomodulatory type and luminal subtype characterized by an-

drogen signaling [7].

Triple negative breast tumors have worst prognosis and are char-
acterized by an aggressive disease course and propensity for vis-
ceral metastasis leading to reduction in Disease Free Survival
and Overall Survival [8]. The median OS in patients with meta-

static triple negative tumors is just 13.3 months [9].

The lack of expression of hormone receptors and Her 2 Neu
makes chemotherapy only option available to date for the treat-
ment of these aggressive metastatic tumors. The aim of this arti-
cle is to review existing chemotherapy regimens and help clini-
cans in selecting appropriate chemotherapeutic drugs for the
treatment of this subset of patients Table 1. The choice of single
agent over combination chemotherapy in metastatic breast can-
cer depends on age, performance status, rate of tumor progres-
sion and disease burden. In patients who are elderly, have poor
performance status and have slowly growing tumors, single agent
chemotherapy is chosen where as in those having large tumor
burden or rapidly progressing disease, combination chemother-
apy is the preferred treatment modality [10]. A meta-analysis
was conducted by Dear et al. [11] in 2013 comparing sequential
single agent vs. combination chemotherapy in metastatic cancer.
The authors concluded that there was a greater risk of progres-
sion in combination arm compared to sequential single agent
arm (HR 1.16; 95% CI 1.03 to 1.31; P = 0.01), higher response
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rates were seen in combination arm at the cost of increased toxic-
ity and no difference in overall survival was observed between
the two groups (RR 1.53; 95% CI 0.71 to 3.29; P = 0.28) (11).
Conversely, some of the trials have revealed superiority of com-

bination chemotherapy over monotherapy.

4. Single agent Chemotherapy

4.1. Anthracyclines

Table 1: summarizes progression free survival, overall survival and response
rates of various chemotherapeutic agents used as single agent in the treat-
ment of metastatic triple negative breast cancer.

Author/Study Trial Treatment Regi- PFS 0s RR
Phase men
Liposomal doxo-
Harris et al'® Phase Il rubicin vs. 38vs. 16 vs. 20 26%
. 4.3months months
Doxorubicin
Seidman Phase i Wf’esk'g :Izzl'(‘fxe' 9vs.5 24vs.12 | 42vs.
etal™ - 4 months months 29%
Paclitaxel
Docetaxel 15.4 vs.
Ravdinetal® | Phase Ill vs. 3 weekly 57vs. 36 12 82vs.
. months 25%
paclitaxel months
Gradisher Nab Padiitaxel | 57 o 42 14 vs. 33
Phase Il vs. standard 11.6
etal' ) months vs.19%
paclitaxel months
Capecitabine vs. 3.0vs. 3.1 7.6vs. 94 36
21
Talbot et al Phase paclitaxel months months vs.26%
PELICAN Phase Ill Caﬁcg.::g;vs' Gmonths | 20Bvs- | 128vs.
Trial? posoma 233mon | 10.7%
doxorubicin
Gemcitabine vs. 3.4vs.6.1 11.8 vs. 16.4 vs.
25
Feher etal Phase Il epirubicin months 19.1 mon 40.3%
Vogel et al?’ Phase Il Vlnorelbln_e " 6 months - 38%
elderly patients
Role of platinum
28 - 0,
Isakoff et al Phase II in TNBC 89 days 25.60%
TNTtial® | Phasem | C2PoPlainvs. | oo o 48 - 68 vs.
Docetaxel in
BRCA1/2 muta- months 33.30%
tions
Eribulin vs. Phy-
Study 305 s .
and sicians choice | 36 35 | 15vs.126 .
Phase llI chemo Similar
301 pooled - months months
analysis30 Eribulin vs.
id capecitabine
Perez et al*? Phase Il Ixabepilone - - 6-55%

These are the most ancient and most acttaive class of chemothera-
peutic drugs used in the treatment of breast cancer. The anthracy-
clines approved for the treatment of metastatic breast cancer are
Doxorubicin, Epirubicin and Pegylated liposomal doxorubicin.
Response rate achieved with doxorubicin is around 50% in chem-

otherapy naive disseminated breast cancer [12].

Liposomal doxorubicin is equally effective but less cardiotoxic as
compared to doxorubicin. Harris et al conducted a study com-
prising of 224 patients with metastatic breast cancer (34% of
whom were ER negative in liposomal doxorubicin and 29% in
doxorubicin group) treated first line with either liposomal doxo-
rubicin or doxorubicin until disease progression or development
of toxicity. Overall response rate was similar in both groups i.e

26%. The risk of cardiotoxicity was much higher with doxoru-
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bicin as compared to liposomal doxorubicin (29% vs. 13%) (HR
=3.56) (P =0.0001). Median PFS was 3.8 vs. 4.3 months (p=0.59)
and Overall Survival was 16 vs. 20 months (p=0.09) in liposomal

doxorubicin vs. doxorubicin group respectively [13].
4.2. Taxanes

These are used as either first line or subsequent therapy for the
management of metastatic breast cancer. Taxanes approved for
the breast cancer treatment are Paclitaxel (weekly/3 weekly),

Docetaxel and Nab-Paclitaxel.

Weekly paclitaxel is considered to be superior to 3 weekly sched-
ules. A randomized phase III trial conducted by Siedman et al.
[14] randomized metastatic breast cancer patients to receive pa-
clitaxel as 175 mg/m? IV every 3 weeks or 80 mg/m’ IV every
week. Weekly paclitaxel was associated with superior response
rates (42% vs. 29%, p=0.0004), increased progression free sur-
vival (9 vs. 5 months p < 0.0001) and better overall survival (24
vs. 12 months p=0.0092) [14].

Studies have shown that docetaxel has greater efficacy than 3
weekly paclitaxel Vu et al. [15]. Randomized 435 patients with
history of disseminated disease and anthracycline resistance to
docetaxel or 3 weekly paclitaxel. Twenty nine percent in pacli-
taxel group and 35% in docetaxel group were ER negative. Me-
dian OS was 10.9 months in docetaxel group and 8.3 months in
paclitaxel group. Another trial published in 2003 demonstrated
superiority of docetaxel over 3 weekly paclitaxel in terms of re-
sponse rate (32 vs. 25% p=0.10), progression free survival (5.7 vs.
3.6 months p=<0.0001) and overall survival (15.4 vs. 12 months
p=0.03) [16].

Nab paclitaxel demonstrates promising efficacy when compared
with standard paclitaxel. It does not include solvent thus reduces
the risk of hypersensitivity reactions and eliminates the need of
premedication. Nab paclitaxel was compared with standard pa-
clitaxel by Gradishar et al. [17]. The response rates and progres-
sion free survival were significantly higher for nab paclitaxel as
compared to conventional paclitaxel (33% vs. 19% p=0.001) and
(23 vs. 16.9 weeks p=0.006). The incidence of grade 4 neutrope-
nia was less common and grade 3 sensory neuropathy was more
common in patients receiving nab paclitaxel. Arpino et al .18]
reported a case of triple negative metastatic breast cancer patient
who received nab paclitaxel as second line treatment for chest
wall recurrence and regional lymphadenopathy after failure of
bevacizumab. Complete response was seen after 3 cycles reveal-
ing potential role of nab paclitaxel in metastatic triple negative
breast cancer [18]. Braiteh et al. [19] studied nab paclitaxel vs.
paclitaxel in metastatic triple negative breast cancer and found
that time to treatment discontinuation was significantly higher

for nab paclitaxel (3.3 vs. 2.8 months) Table 2. Time to next treat-
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ment though not statistically significant favoured nab paclitaxel
(6.2 vs. 5.4 months).

2. Soria JC, Ohe Y, Vansteenkiste J. Osimertinib in Untreated EGFR-
Mutated Advanced Non-Small-Cell Lung Cancer. N Engl ] Med. 2018;
378(2): 113-125.

Table 2: Summarizes progression free survival, overall survival and response
rates of various chemotherapeutic agents used in different combinations in
the treatment of metastatic triple negative breast cancer.

Author Trial Treatment Regi- PFS os RR
Phase men
Comventional 1865 | gye
Tannock etal® | Phase Ill - 12.8 .
dose months 1%
CMF
o
Lopez et al*® Phase Il FAC vs. FEC similar similar 46% vs.

44%

6.4,6.4, 226,257 30%,

Katsumata et AC vs. Docetaxel

Phase IIl 6.7 and 25 41%
37 - '
al vs. AC-T months months 35%
20.6 vs. o
Biganzoli etal® | Phase Ill AT vs. AC 6 months 205 54% vs.
58%
months
22.6vs.
Bontenbal 8vs. 6.6 58% vs.
ot al® Phase IlI AT vs. FAC months 16.2 37%
months
O’Shaughnessy Capecitabine 6.1vs. 4.2 14.5vs. 42% vs.
Phase III Docetaxel vs. 1.5
et al*? months 30%
Docetaxel alone monthes
Doce;:f\/'sc's')" 10.9 vs. 3238 3% ve
Fan et al*® Phase IIl ) 4.8 months el
Docetaxel 15.4%
- months versus 21.5
Capecitabine
Ixabepilone
PR capecitabine vs. | 5.8 vs. 4.2 35% vs.
Thomas et al Phase Il capecitabine months - 14%
alone
Clspellitil:e(iesmcn- 773 vs.
Hu et al*® Phase IlI o 6.47 _ _
Gemcitabine
h months
paclitaxel
nab paclitaxel+
Phase | Ccarboplatinor | ;5,6
Yardley et al* gemcitabine vs. _ _
1n - months
gemcitabine
carboplatin
Farhatetal® | Phasell Lipoplatin + | g o ths | 21 months | 53.10%
vinorelbine
4.3. Capecitabine

It can be used as either first, second or third line in the manage-
ment of disseminated breast cancer. Kotsori et al. [20] retrospec-
tively analyzed 89 patients with metastatic triple negative breast
cancer. Capecitabine was given as first line in 53% and as second
or third line in 47% patients. An overall response rate of around
21%, median progression free survival of 11 weeks and overall
survival of 39 weeks was seen. There was no difference in efficacy

when used as either line.

Capecitabine when used as first line is as efficacious as paclitaxel.
Talbot et al compared paclitaxel with capecitabine in patients
with prior anthracycline exposure. An overall response rate of
36% was seen in capecitabine group and 26% in paclitaxel group.
Median progression free survival (3.0 vs. 3.1 months) and overall

survival (7.6 vs. 9.4 months) were comparable in both groups

United Prime Publications: http://unitedprimepub.com

Review Article

[21].

This chemotherapeutic agent is preferred in elderly patients due
to better tolerability. Dose reduction in such patients from 1250
mg/m2 PO B.D to 1000 mg/m2 decreases the toxicity without
effecting on efficacy [22].

Capecitabine achieved equivalent results when compared with
liposomal doxorubicin. PELICAN trial was the first trial to com-
pare capecitabine and liposomal doxorubicin in terms of efficacy
and toxicity. The results of this trial have been recently published.
An overall response rate of 10.7 and 12.9 % was seen in liposomal
doxorubicin and capecitabine arm respectively. Median overall
survival was 23.3 months in liposomal doxorubicin and 26.8
months in capecitabine arm. Median progression free survival

was similar i.e. 6 months in both groups [23].

Gemcit binlt is not commonly used as single agent in the man-
agement of metastatic breast cancer. In heavily treated metastatic
breast cancer patients, Rha et al. [24] studied the role of gemcit-
abine monotherapy as salvage regimen. An overall response rate
of 20% was seen with two complete responses. The median re-
sponse duration was 9 months whereas median overall survival
was 12 months when used as third line and 7 months when used

as fourth line chemotherapy.

Gemcitabine is inferior to epirubicin when used as first line in
the treatment of metastatic breast cancer. Results of phase III
trial comparing gemcitabine and epirubicin revealed superior
response rates (40.3 vs 16.4 % p <0.001), better progression free
survival (6.1 vs. 3.4 months p=0.0001) and improved overall sur-
vival (19.1 vs. 11.8 months p=0.0004) for epirubicin [25].

4.4. Vinorelbine

It is a vinca alkaloid used as salvage chemotherapy after failure
of anthracyclines and taxanes in patients with metastatic breast
cancer. An overall response rate of 25% with median time to tu-
mor progression and overall survival of 6 months is achieved in
this setting [26].

Vinorelbine due to its better toxicity profile can be given as first
line in elderly patients in whom anthracyclines and taxanes are
contraindicated. Vogel et al conducted a multicenter phase II

trial in women aged 60 years or older

with advanced breast cancer. The objective response rate was

38% and median progression free survival was 6 months [27].
4.5. Platinums (Cisplatin/Carboplatin)

A number of studies with conflicting results have been carried
out evaluating the role of platinums in metastatic triple negative

breast cancer.
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TBCRCO009 was a multicenter phase II clinical trial in which
metastatic triple negative breast cancer patients were enrolled
to receive either cisplatin or carboplatin depending on physi-
cians’ choice. Overall response rate was 25.6% and was superior
with cisplatin compared with carboplatin (32.6 vs. 18.7%). RR of
54.5% was seen in patients with BRCA1/2 mutations. In patients
without germline BRCA 1/2 mutations BRCA-like genomic in-
stability signature distinguished responding and nonresponding
cases. Median PFS was 89 days but in those who responded well
to treatment median PFS was 242 days. Platinums were associ-
ated with a response rate of 33% and 17% when used as first line

and second line respectively [28].

TNT trial revealed no benefit of carboplatin over docetaxel in
patients with triple negative breast cancer. However subgroup
analyses suggested that patients with BRCA1/2 mutations dem-
onstrated superior response rates (68 vs. 33.3%) and progression
free survival (6.8 vs. 4.8 months) with carboplatin compared with
docetaxel [29].

4.6. Eribulin

It is a microtubule inhibitor approved for the treatment of meta-
static breast cancer in patients who had received 1 or more chem-

otherapy regimens including an anthracycline and a taxane.

Data from two large multicenter trials (Study 305 and 301) was
collectively analyzed to assess the efficacy of eribulin in various
subgroups of patients with metastatic breast cancer. In study
“305” patients were randomized to Eribulin or treatment of clini-
cians choice after failure of 2 or more chemotherapeutic agents
whereas in study “301” patients were randomized to eribulin or
capecitabine. There were 1644 patients in both studies combined
out of which 352 were triple negative. Median overall survival (15
vs. 12.6 months p<0.01) and progression free survival (3.9 vs. 3.2
months p<0.05) was significantly longer with eribulin compared
to control arm respectively. The overall response rate was same in
both groups whereas clinical benefit rate was again significantly
superior with eribulin (30% vs. 27% p<0.05). The superiority of
overall survival and progression free survival with eribulin was
also seen in patients with triple negative breast cancer (12.4 vs.
8.1 months P<0.01) (2.8 vs. 2.5 months p=0.028) [30].

4.7. Ixabepilone

It is an Epothilone B analogue approved as single agent in patients
with metastatic breast cancer resistant to anthracyclines, taxanes

and capecitabine.

A retrospective analysis of 5 phase II trials was conducted by
Perez et al to see its efficacy in triple negative breast cancer pa-
tients. The overall response rates in these trials with pretreatment

status of no chemotherapy to progression on several lines ranged
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from 6 to 55%. Median PFS was 5.7 months whereas median OS
[31,32]

months .

was 8.6
5. Combination Chemotherapy
5.1. CMF (Cyclophosphamide, Methotrexate, 5 FU)

It is one of the oldest chemotherapy protocol which lost its popu-
larity after the introduction of anthracyclines and taxanes. Clas-
sical CMF (orally administered cyclophosphamide) was com-
pared with intravenously administered CMF and demonstrated
response rates of 44.5% and 39% respectively. PES and OS were
similar in both groups but patient’s acceptance was better for in-
travenous CMF [33].

Superior palliation is achieved with high dose CMF at the cost of
increased toxicity. A randomized trial was conducted in which
2 different dosage schemes of CMF in patients with metastatic
breast cancer were evaluated. Doses on the higher-dose arm
were 40 mg/m2 (M) and 600 mg/m2 (C,F); doses on the lower-
dose arm were 20 mg/m2 (M) and 300 mg/m2 (C,F). Response
rates were 30% vs. 11% and median survival was 15.6 months vs.

12.8 months in higher dose vs. lower dose arm [34].

CMF may have a substantial role in triple negative breast cancer.
Munzone et al. [35] in their review explored the potential benefit
of CMF in adjuvant setting. Cells that lack BRCA 1 have shown
an In vitro sensitivity to chemotherapies causing double strand
breaks in DNA such as 5 FU. Furthermore, antimetabolites like
MTX and 5 FU are appropriate for rapid proliferation index as-
sociated with TNBC. The greater sensitivity observed with these
agents’ warrants further clinical studies in evaluation of its role

in metastatic triple negative breast cancer.

5.2. FAC (5 FU, Doxorubicin, Cyclophosphamide)/ FEC (5 FU,
Epirubicin, Cyclophosphamide)

FEC is therapeutically equivalent to FAC but with reduced tox-
icity. M Lopez et al compared FAC and FEC. The objective re-
sponse rates were 46% with FAC and 44% with FEC. There was
no difference in PFS and OS between the two arms. Toxicities

were more frequently seen in patients receiving FAC [36].
5.3. Anthracyclines/Taxanes combinations

A phase IIT trial was designed to compare AC, single agent doc-
etaxel and AC followed by docetaxel as first line chemotherapy
in metastatic breast cancer. The overall response rates were 30%
for AC, 41% for docetaxel and 35% for AC followed by docetaxel.
The median PFS was 6.4, 6.4 and 6.7 months in AC, Docetaxel
(D) and AC followed by docetaxel arms and median overall sur-
vival was 22.6, 25.7 and 25 months in AC, D and AC-D arms

respectively.

Although there was no difference in PFS in between the three
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arms, nonetheless, there was a trend favoring docetaxel alone
arm in terms of RR and OS [37]. AT failed to demonstrate supe-
riority over AC. EORTC group compared AC (doxorubicin and
cyclophoshamide) with AT (doxorubicin and paclitaxel) in pa-
tients with metastatic breast cancer. The response rates were 58%
vs. 54% and median overall survival was 20.6 vs. 20.5 months in
AT and AC arms respectively. Median PFS was 6 months in both
groups. AT regimen was more toxic with 32% incidence of febrile

neutropenia in contrast to 9% seen in patients receiving AC [38].

AT is more efficacious when compared with FAC. Bontenbal
et al conducted a phase III study comparing Doxorubicin and
Docetaxel combination (AT) with FAC in metastatic breast can-
cer patients. Median time to progression and median OS were
significantly longer for patients on AT compared with FAC (8.0
vs. 6.6 months P = .004; OS: 22.6 vs. 16.2 months P = .019). The
overall response rates were also significantly higher in patients
on AT regimen i.e 58 vs. 37%. The incidence of neutropenic fever
was higher in patients treated with doxorubicin and Docetaxel
combination (33% vs. 9% p<0.001) [39].

No difference in efficacy was found between EC (Epirubicin
and cyclophosphamide) and ED (Epirubicin and Docetaxel) in
a randomized phase III trial conducted by Blohmer et al. [40].
Similarly, in another study by Langely et al. [41] Epirubicin and
Paclitaxel (EP) failed to prove its superiority over Epirubicin and
Cyclophosphamide (EC) in terms of PFS and OS.

These diverse results attained for Anthracyclines vs. Taxanes
combination in metastatic breast cancer patients necessitates

further clinical studies.
5.4. Capecitabine Combinations

Capecitabine (X) plus Docetaxel (T) is superior to Docetaxel (T)
alone in metastatic breast cancer. A phase III randomized trial
compared XT with T alone in patients with metastatic breast can-
cer previously treated with anthracyclines. The overall response
rates were 42% with XT and 30% with T(p=0.006). The Median
PES and OS were significantly higher for XT as compared to T
monotherapy (6.1 vs. 4.2 months), (14.5 vs. 11.5 months) “2.
This was the first phase III clinical trial in which combination
chemotherapy provided a significant survival advantage over

single agent chemotherapy.

An additional randomized trial was conducted comparing con-
comitant administration of capecitabine and docetaxel with se-
quential single agent docetaxel followed by capecitabine on pro-
gression in patients with metastatic breast cancer. Combination
capecitabine and docetaxel were significantly better over sequen-

tial administration of docetaxel and capecitabine [43].

A phase III study evaluated the role of maintenance capecit-
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abine in triple negative breast cancer patients who responded to
capecitabine and docetaxel. The median PES in the capecitabine
maintenance group and non maintenance group was 10.1 vs. 6.7
months respectively (p=0.003). However, there was no signifi-

cant difference in toxicities between the two groups [44].

Docetaxel Cisplatin may be superior to Docetaxel Capecitabine
in first line treatment of metastatic triple negative breast can-
cer. Patients were randomized to receive either docetaxel cispl-
atin or docetaxel capecitabine. Overall response rates (63% vs.
15.4% p=0.001), PES (10.9 vs. 4.8 months p<0.001) and OS (32.8
months versus 21.5 months P = 0.027) were significantly higher

in docetaxel cisplatin arm [45].

Ixabepilone and Capecitabine doublet demonstrated superior
outcome in contrast to capecitabine alone in metastatic triple
negative breast cancer patients previously treated with anthracy-
clines and taxanes. A study was designed to evaluate the efficacy
of capecitabine plus Ixabepilone vs. capecitabine alone. The trial
demonstrated superior PES (5.8 vs. 4.2 months P<0.0003) and
overall response rates (35% vs. 14% P<0.0001) with the doublet
as compared to monotherapy. Nonetheless Grade 3/4 toxicities
were more commonly seen in Ixabepilone and capecitabine arm
[46].

5.5. Platinum Combinations

Platinums are being extensively investigated in patients with tri-

ple negative breast cancer.

A retrospective analysis was conducted to see the response of pa-
clitaxel and carboplatin in metastatic triple negative breast can-
cer patients. The overall response was 57% and median PFS was

16 weeks with this regimen [47].

CBCSG006 was a randomized open label phase III trial compar-
ing cisplatin and gemcitabine with paclitaxel and gemcitabine as
first line for patients with metastatic triple negative breast can-
cer. Median PFS was 7.73 months with cisplatin plus gemcitabine

and 6.47 months with paclitaxel plus gemcitabine [48].

The tnAcity study is phase II/IIT assessing efficacy and safety of
first line nab paclitaxel plus gemcitabine or carboplatin versus
gemcitabine carboplatin as first line treatment of patients with
metastatic triple negative breast cancer. The results of phase II
portion were presented in San Antonio Breast cancer sympo-
sium in Dec 2016. The

median PFS was significantly higher with nab Paclitaxel carbopl-
atin vs. either nab-Paclitaxel Gemcitabine or Gemcitabine Car-
boplatin (7.4 vs 5.4 months, P = 0.03 and 7.4 vs 6.0 months, P =
0.02) [49].

Fewer studies have been carried out evaluating the role of lipopl-
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atin doublets in patients with metastatic breast cancer. One such
study was conducted by Farhat et al. [50] in which patients were
enrolled to receive lipoplatin and vinorelbine. The objective re-
sponse rate was 53.1% with complete response seen in 3 patients
(9.4%). Median PFS was 8 months and OS was 21 months.

6. Ongoing Chemotherapy Trials in Metastatic Breast
Cancer

Platinum rechallenge in patients with platinum sensitive mTN-
BC. (ClinicalTrials.gov Identifier: NCT02607215)

A double blind study of Paclitaxel in combination with Reparixin
or Placebo for metastatic triple negative breast cancer. (Clinical-
Trials.gov Identifier: NCT02370238) Ph3 study to determine
safety, tolerability & tumor response of Oraxol compared to
Taxol in metastatic breast cancer. (ClinicalTrials.gov Identifier:
NCT02594371) Capecitabine Maintenance Therapy Following
Capecitabine Combined With Docetaxel in Treatment of mBC.
(ClinicalTrials.gov Identifier: NCT01917279) A Phase Ib/II
Study of Eribulin in Combination With Cyclophosphamide in
Patients With Solid Tumor Malignancies.

(ClinicalTrials.gov Identifier: NCT01554371)

7. At Present Chemotherapy is the Mainstay of Treat-
ment and no Targeted Agents are Approved for the Man-
agement of Patients with Triple Negative Breast Cancer

7.1. Below we will Highlight Investigational Agents Targeting
Subtypes of Triple Negative Breast Cancer

7.2. Androgen Receptor Inhibitors

Androgen receptor inhibitors under active investigation in lu-

minal subtype characterized by androgen signaling TNBC are:
7.3. Enzalutamide

The drug had been evaluated in a phase II study in patients with
advanced androgen receptor positive TNBC. The clinical benefit
rate was 35% at 16 weeks and 29% at 24 weeks. The overall re-
sponse rate observed was 8% and median PFS was 14.7 weeks.
Fatigue, nausea and anorexia were the most common treatment

related adverse events [51].

An ongoing phase IIT ENDEAR trial will evaluate the role of en-
zalutamide in combination with paclitaxel or as monotherapy vs.

placebo with paclitaxel in patients with advanced stage TNBC.
7.4. Bicalutamide

Another drug evaluated in patients with advanced androgen re-
ceptor positive TNBC. Bicalutamide was given in a dose of 150
mg/day. The clinical benefit rate was 19% and median PFS was
12 weeks [52].
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An ongoing trial at MSKCC is evaluating the role of bicalutamide
in combination with CDK4/6 inhibitor Palbociclib in patients

with androgen receptor positive metastatic breast cancer.
7.5. Abiraterone Acetate

An additional phase II trial investigated the role of abiraterone
acetate. Patients were randomized to receive abiraterone and
prednisone, abiraterone, prednisone and exemestane or exemes-
tane alone. Although not statistically significant ORR was supe-
rior in patients receiving abiraterone, prednisone and exemes-
tane [53].

7.6. Other antiandrogenic agents

Another novel agent under exploration in this subtype of triple
negative breast cancer is Orteron et al. [54] a 17,20 lyase inhibitor

which is a key enzyme in androgen synthesis.

8. Tumor Infiltrating Lymphocytes and Immunomodu-
latory Agents

Tumor infiltrating lymphocytes have been suggested as a marker
of immune response. It predicts both prognosis and response to
treatment. Increased levels of either intratumoral or stromal T
cells are associated with improved OS and DFS in TNBC as com-
pared to other subtypes of breast cancer [55]. Growing interest is
seen in targeting immune system in patients with triple negative
breast cancer. New immune modulatory agents including im-
mune check point inhibitors have shown promising activity in

certain subtypes of TNBC.

KEYNOTE 086 trial is a Phase II trial evaluating the role of Pem-
brolizumab (PD-L1 inhibitor) in heavily treated TNBC patients
(Cohort A). The ORR observed was 4.7% and stable disease was
seen in 20.6% patients. The median duration of response was 6.3
months. The response was independent of tumor PD-L1 expres-
sion (ORR 4.8% in PD-L1 positive patients vs. 4.7% in PD-L1
negative patients) and was relatively inferior in patients with
poor prognostic factors (ORR 2% in patients with elevated LDH
vs. 7% in patients with normal LDH). The median PFS was 2
months and OS was 8.9 months. Cohort B of KEYNOTE 086
trial included untreated PD-L1 expressing TNBC. The ORR ob-

served in this cohort was 23% with complete response of 4% [56].

9. PARP Inhibitors

The OlympiAD Trial evaluated the role of PARP inhibitors in
patients with inherited BRCA mutated metastatic breast can-
cer. Median PFS was 7 months with Olaparib and 4 months
with standard therapy (HR for progression or death, 0.58; 95%
CIL, 0.43-0.8; P<0.001). The RR was 59.9% in Olaparib arm and
28.8% in standard therapy arm thus revealing the potential of

this new class to deliver better results for patients with BRCA
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positive breast cancer [57].
10. Conclusion

Metastatic triple negative breast cancer is a heterogeneous group

of diseases with variable response rates.

Anthracyclines and taxanes are still preferred by many oncolo-
gists as first line whereas role of platinums in patients with BRCA
mutation need to be elucidated further. Recent insight into
subtypes of TNBC and selective targeted therapies may help to
improve the prognosis. Participation in clinical trials should be
encouraged so as to gain more understanding into this diverse

group of disease.
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