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ABSTRACT

We present an interesting case of a 56-year-old female diagnosed with invasive high-grade triple-negative breast can-
cer, who developed diffuse liver metastases following lumpectomy and combination chemotherapy with docetaxel, dox-
orubicin and cyclophosphamide, re-excision and radiation therapy. Restaging CT and PET scans revealed massive in-
volvement of the liver. She was treated with a combination of gene targeted and cytotoxic chemotherapy including
capecitabine, erlotinib, bevacizumab and phenylbutyrate. She tested weakly positive for HER-2 despite prior negative
FISH, which prompted us to add trastuzumab to her regimen. Baseline CT revealed five liver tumors—the sum of the
products of the two largest perpendicular diameters was 110 cm? Follow-up CT after three months of treatment re-
vealed 62% decrease in total tumor load. More than 50% decrease in tumor size persisted on two follow-up CT scans,
confirming partial response. She developed progressive disease after 15 months of treatment. A group of 16 women,
including this patient, diagnosed with triple negative breast cancer with distant metastases were treated by our team
with a combination of gene targeted therapy and chemotherapy. Six percent of patients obtained partial response, 25%
minor response, 31% stable disease, and 38% progressive disease. The median duration of treatment in patients who
relapsed after the second-, third- and fourth- to seventh-lines of chemotherapy was 59 weeks, 22 weeks and 17 weeks,
respectively. Comparison of results obtained with cytotoxic chemotherapy revealed that MDT in the second- and
third-lines was only nine and four weeks, respectively. In conclusion, this case report indicates that it is possible to ob-
tain durable objective response of recurrent TNBC with a combination of gene targeted agents.
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1. Introduction therapy is not often used for TNBC compared to other

cancers. Traditional cytotoxic chemotherapy remains the
Gene expression studies have identified multiple sub- standard treatment. Patients with TNBC relapse quickly
types of breast cancer with different “genetic signatures” on chemotherapy, and, as a result the median duration of

[1,2]. Triple-negative breast cancer (TNBC) which does treatment (MDT) was proposed as a surrogate for dura-
not over-express HER-2 (human epidermal growth factor ~ tion of treatment response [4,5]. The feedback
receptor 2), estrogen receptor, or progesterone receptor  up-regulation of compensatory signaling networks has

creates the biggest challenge in the treatment of metas- been observed with single gene targeted agents that were
tatic breast disease [3]. Patients diagnosed with TNBC not successful in the treatment of TNBC. It has been
have shown an inferior prognosis with the increased like- proposed that successful treatment of this type of cancer

lihood of distant recurrence including brain metastases requires combined inhibition of PI3K/AKT and RAS/
within five years of diagnosis. The mean time to distant RAF/MEK signaling pathways [6]. The studies on
metastases with TNBC is approximately 50% shorter HER-2/neu, EGFR, and VEGF in serum indicate that
than that of other breast cancer groups [1]. The mean such tests can be used to select additional targeted agents
time to death for patients diagnosed with TNBC is 4.2  Wwhich effect single genes [7-9].

years compared to 6 years for other groups [1]. Due to Here we report the successful treatment of metastatic
the absence of specific genetic markers, gene-targeted TNBC with combination targeted therapy, and we dis-
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cuss MDT for a group of 16 women including this pa-
tient, whose treatment was based on the same principle.

2. Case Report

In January 2007 a 56-year-old Lebanese female was di-
agnosed with invasive high-grade TNBC with regional
lymph node metastases. Her initial treatment included
lumpectomy, TAC chemotherapy (six cycles of docetaxel,
doxorubicin, and cyclophosphamide), reexcision, and
radiation therapy, through September 2, 2007, which
resulted in complete response. In January 2008, she de-
veloped diffuse liver metastases, and presented to our
clinic on February 11, 2008, complaining of abdominal
pain, decreased energy level, nausea, night sweats and
depression (Figure 1).

Baseline PET/CT (positron emission tomography/
computed tomography) revealed multiple hypermetabolic
lesions replacing most of the normal liver structure as

CT, February 6, 2008

PET, February 11, 2008

Figure 1. Baseline PET/CT. Multiple liver tumors.
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shown in Figure 1. She signed the informed consent and
began treatment with capecitabine 1650 mg po daily,
erlotinib 150 mg po daily, bevacizumab 10 mg/kg IV
every 2 weeks, and phenylbutyrate 6 g po daily. She
tested weakly positive for HER-2 despite prior negative
FISH (fluorescent in situ hybridization); and she was
started on trastuzumab.

Baseline CT of February 6, 2008, revealed five tumors;
the sum of the products of the two largest perpendicular
diameters was 110 cm? Follow-up CT revealed de-
creased tumor size and by May 8, 2008 PR was reached
(62% decrease of the total tumor load) (Figure 2). Fig-
ure 2 represents a CT of May 8, 2008, which documents
a marked decrease of the lesions.

More than 50% decrease persisted on CT scans of July
7 and September 26, 2008. The PET/CT (Figure 3) con-
firms the patient’s partial response (PR). Her last CT of
March 16, 2009, showed 49% decrease. Her radiological
improvement coincided with disappearance of symptoms,
reduction of tumor markers, and normalization of liver
tests. Baseline CEA, CA 27-29, and CA 125 were corre-
spondingly 1502 ng/mL, 632 U/mL, and 386 U/mL. By
May 5 2008, they had decreased to 339 ng/mL, 115
U/mL, and 54 U/mL.

On June 23, 2008, her tumor markers began to climb.
Capecitabine and erlotinib were discontinued, and re-
placed by lapatinib 750 mg po daily, sorafenib 200 mg
po bid, and vorinostat 100 mg po daily. Follow-up CT of
September 26, 2008, confirmed stabilization of her dis-
ease. Due to poor tolerance, lapatinib and bevacizumab
were discontinued on January 7, 2009. Due to increased
tumor markers, vinorelbine 20 mg/m® IV Days 1 and 15
was added to the treatment and was continued until April
7, 2009. CT of March 16, 2009 showed 49% decrease
compared to baseline. In May 2009 her tumor markers

CT, May 8, 2008

Figure 2. Beginning of partial response. Tumor size de-
creased by 62%.
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PET, September 26, 2008

Figure 3. Continuation of partial response. Tumor size
decreased by 50.3%.

continued to rise. CEA increased to 1912 ng/mL, and CA
27 - 29 to 1007 U/mL (May 18, 2009).

The treatment was discontinued on June 1, 2009, and
the patient passed away on July 4, 2009.

3. Discussion

This patient failed combination chemotherapy with both
anthracyclines and taxanes. The logical choice was the
treatment with capecitabine, which is FDA-approved for
such condition and recommended for TNBC [10]. Base-
line elevation in serum concentrations of VEGF and
HER-2/neu prompted us to add bevacizumab and trastu-
zumab [7-9].

Phenylbutyrate was added to inhibit AKT and ERK.
Erlotinib was added after elevation of EGFR in serum.
Sorafenib was introduced as VEGF and RAF inhibitor,
and vorinostat was added for its synergistic effect with
sorafenib, and inhibition of BCL-2 and BCL-X, (Figure
4) [11,12]. The diagram presented on Figure 4 provides
a graphic explanation of the rationale for the treatment of
this patient. The inhibition of two major signal transduc-
tion pathways, PI3K/AKT and RAS/RAF/MET, plays a
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crucial role in securing the response in TNBC. Cancer
growth stimulatory signals are represented by red ar-
rows and inhibitory interventions by green arrows and
break symbols. Likewise cancer growth stimulatory
proteins are shown in red and yellow, growth factor
receptors in yellow and oncogene products in orange.
Apoptosis inducing proteins are shown in green. It is
postulated that the successful blockade of PI3K/AKT
and RAS/RAF/MET pathways led to objective response
in this patient.

A group of 16 women, including this case, diagnosed
with TNBC with distant metastases, were treated by our
team with a combination of gene-targeted therapies and
cytotoxic chemotherapy. Prior treatments included sur-
gery in 81% of patients, radiation therapy in 69%,
first-line chemotherapy in 37.5%, second-line in 25%,
and the third- to sixth-line chemotherapy in 37.5%. The
selection of medications was based on determination of
expression of EGFR, HER-2/neu, and VEGF oncogenes.
Combination therapy included a tyrosine kinase and
HDAC inhibitors and/or monoclonal antibodies. In pa-
tients who responded to chemotherapy (62%. of pa-
tients), capecitabine, 5-florouracil, methotrexate, cyclo-
phosphamide, vinorelbine, and/or temozolomide were
added to their regimen. Six percent of patients obtained
PR, 25% minor response, 31% stable disease (SD), and
38% progressive disease (PD). The MDT in the second-,
third-, and fourth- to seventh-lines was 59 weeks, 22
weeks, and 17 weeks, respectively. Comparison of re-
sults obtained with cytotoxic chemotherapy reveals that
MDT in the second- and third-line was only 9 and 4
weeks, respectively [5]. The treatment was tolerated very
well, and in the majority of cases resulted in sympto-
matic improvement. In the majority of patients who did
not develop PD, successful treatment consisted of simul-
taneous decrease of signaling along PI3K/AKT,
RAS/RAF/MET and apoptosis pathways.

4. Conclusions

This case report indicates that it is possible to obtain an
objective response in the treatment of recurrent TNBC
with a combination of gene-targeted agents. The best
results can be obtained with a combination of drugs that
inhibit PI3BK/AKT and RAS/RAF/MEK pathways. The
selection of medication based on the determination of
expression of the most important oncogenes was suc-
cessful in accomplishing the disease control rate of 62%
(PR + minor response + SD) in a group of 16 women
diagnosed with TNBC with distant metastases. The MDT
in this group was substantially longer in comparison with
MDT reported for cytotoxic chemotherapy. These find-
ings may have implications for the design of clinical trials
involving molecular profiling of individual patients with
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Figure 4. Successful treatment of triple-negative breast cancer requires combined inhibition of PI3K/AKT, RAS/RAF/MEK
and apoptosis signaling pathways (PB-phenylbutyrate).

advanced TNBC.
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