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DE, a 31-year-old premenopausal woman with a nonsignificant medical
history, noticed a right breast mass after playing basketball in Septem-
ber 2011. She initially attributed the mass to slight trauma, but after 2
weeks, she realized the mass was increasing in size. Her primary care
physician ordered a bilateral screening mammogram and ultrasound.

Mammography revealed no evidence of malignancy in the left
breast. In the right breast, at the 7 o’clock position, a loose cluster of
faint calcifications spanned a 2.2-cm area. Ultrasound confirmed an
irregular hypoechoic mass in the right breast measuring 3.5 x 2.7 x
2.8 cm. Ultrasound of the right axilla identified two enlarged right ax-
illary lymph nodes. Ultrasound core-needle biopsy of the suspicious
right breast mass confirmed invasive ductal carcinoma, nuclear grade
2, Ki67 index of 55%, estrogen receptor-positive (H score of 180), pro-
gesterone receptor-positive (H score of 135), HER2-positive (3+ on
immunohistochemistry). Utilizing the TNM (tumor, node, metastasis)
staging system, she was clinically staged with a stage IIB (cT2, cNI,
MO) invasive breast tumor.

The computerized axial tomography (CT) scan of the chest, abdo-
men, and pelvis demonstrated the known right breast mass and two
enlarged right axillary lymph nodes; however, no metastatic disease
was noted. Nuclear bone scan revealed no bone metastases.

Her medical oncologist recommended she receive neoadjuvant che-
motherapy. The patient was treated with 6 cycles of neoadjuvant docetax-
el at 75 mg/m?, carboplatin at an AUC (area under the curve) of 6, and
trastuzumab (Herceptin) at 6 mg/kg (TCH), which she tolerated well.

She then underwent a right segmental mastectomy with axillary
lymph node dissection and was found to have a residual 1.0-cm inva-
sive ductal carcinoma, representing a 60% tumor volume reduction.
None of 13 axillary lymph nodes were positive for disease. Pathologic
staging confirmed a stage IA (ypT1, ypNO, MO) tumor.
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DE completed 33 fractions of radiation therapy to the right breast. She initiated endocrine
therapy with tamoxifen at 20 mg daily and received 1 year of maintenance trastuzumab (6 mg/
kg). Due to vaginal discharge and weight gain, endocrine therapy was switched from tamoxifen
to toremifene (Fareston), which she tolerated relatively well. She continued routine follow-up,
with no evidence of disease.

In September 2014, DE presented to her primary care physician complaining of left hip pain.
Magnetic resonance imaging (MRI) of the left hip revealed T2 hyperintense masses within the
right anterior superior iliac crest, right sacrum, and left iliac body consistent with skeletal metas-
tases. She was referred back to her medical oncologist, and per National Comprehensive Cancer
Network (NCCN) guidelines, a biopsy of the suspicious lesion was obtained. The bone biopsy of
the lytic lesion was consistent with metastatic breast cancer, which was estrogen receptor-posi-
tive, progesterone receptor-positive, and HER2-positive (3+ on immunohistochemistry).

Restaging CT scan of the chest, abdomen, and pelvis revealed new 4- to 6-mm pulmonary
nodules, hilar and mediastinal lymphadenopathy, new liver lesions, and bone lesions. Nuclear bone
scan confirmed multiple bone metastases of the right and left iliac bones and sternum. Complete
blood cell count with differential and complete metabolic panel were within normal ranges. The
CA 27-29 tumor marker for breast cancer was elevated at 495 U/mL (normal range, < 37 U/mL).

DE was understandably devastated by the new diagnosis. She questioned how the treat-
ment plan was to be established. Her medical oncologist struck a somewhat optimistic tone. He
explained that metastatic breast cancer was not yet considered to be curable, but periods of
disease stability and chronicity were possible. He explained that the HER2 positivity was perhaps
the most important factor in delineating her treatment options. He told her that current treat-

ment options were numerous and increasing in number.

crucial step in developing a treatment

plan for patients with metastatic breast

cancer involves repeating hormonal

studies and validating the HER?2 status
on the biopsied metastatic lesion. Testing valida-
tion of HER2 is extremely important, as approxi-
mately 20% of all breast cancers express HER2
protein, and there can be differences between pri-
mary and metastatic presentations (Schott, 2017).
Testing for HER?2 is performed using a validated
immunohistochemistry (IHC) or in situ hybrid-
ization (ISH)/fluorescent in situ hybridization
(FISH) assay.

Immunohistochemistry is the combination of his-
tologic, biochemical, and immunologic techniques
used to identify specific tissues components by the
interaction of target antigens with specific anti-
bodies. As a result, the distribution and localiza-
tion of targeted cellular components can be ob-
served (Chen, Cho, & Yang, 2010).

The overexpression of HER2 protein product
is noted by THC and is interpreted by a patholo-
gist. When IHC is O or 1+, HER2 is negative. If
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IHC is 2+, the result is equivocal, thus requiring
automatic testing with ISH or acquisition of a new
specimen and repeat HER2 testing using IHC. An
IHC of 3+ is HER2-positive (National Compre-
hensive Cancer Network [NCCN], 2016).

In situ hybridization is a technique that allows
the visualization and localization of targeted nu-
cleic acid sequence within a tissue sample by using
a reporter molecule (National Center for Biotech-
nology Information [NCBI] Probe, 2014). The ISH
is the ratio between HER2 and chromosome 17
enumeration probe (CEP17). In situ hybridization
is positive when the HER2/CEP17 ratio is greater
than or equal to 2.0, despite the average HER2
copy number signals/cells. In situ hybridization is
also positive regardless of the HER2/CEP17 ratio
when the average HER2 copy number is greater
than or equal to 6.0 signals/cells. In situ hybrid-
ization is negative if the HER2/CEP17 ratio is less
than 2.0 and the average HER2 copy number is
less than 4.0 signals/cell. In situ hybridization is
equivocal when the HER2/CEP17 ratio is less than
2.0 and the average copy number is greater than or
equal 4.0 signals/cell but less than 6.0 signals/cell.
When it is equivocal, reflex testing should be con-
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ducted to verify HER2 status (NCCN, 2016). Now
that DE has confirmed HER2 metastatic breast
cancer, her physician is able to choose from sev-
eral different treatment options.

In addition to systemic chemotherapy, DE’s treat-
ment team can utilize a group of targeted agents to
treat her HER2-positive disease. Multiple combi-
nation treatment regimens are available and vary
depending on hormonal status, metastatic disease
involving visceral vs. bone-only disease, and previ-
ous exposure to HER2-targeted therapy. Since DE
is a young female with metastatic visceral disease
and no comorbidities, her physician can choose
from several treatment regimens.

Recommendations state that women with
hormone-negative or -refractory, HER2-positive,
newly diagnosed metastatic breast cancer should
be treated with a combination regimen of trastu-
zumab (Herceptin), pertuzumab (Perjeta), and
a taxane (paclitaxel or docetaxel; Schott, 2017).
Trastuzumab and pertuzumab are both tyrosine
kinase inhibitors; however, they have different
mechanisms of actions. Trastuzumab is a mono-
clonal antibody that attaches to the extracellular
domain of the HER2 protein, thus promoting an-
tibody-dependent cellular cytotoxicity by inhibit-
ing cellular proliferation that causes overexpres-
sion of the HER2 protein (Schott, 2017).

Pertuzumab is also a monoclonal antibody
that is administered with trastuzumab to target
the HER2 protein. Specifically, pertuzumab at-
taches extracellularly to the arm of the HER2
molecule, thus promoting apoptosis by halting
cell signaling and growth (Schott, 2017). Studies
have shown that adding pertuzumab to trastu-
zumab and docetaxel improves overall response
and progression-free survival rates as compared
with trastuzumab and docetaxel (Baselga et al.,
2012; Schott, 2017).

If a patient cannot tolerate pertuzumab, the
NCCN recommends trastuzumab plus other cy-
totoxic agents such as anthracyclines, taxanes,
working anti-metabolites, and other microtubule
inhibitors. Examples of chemotherapy combina-
tions include trastuzumab plus pacilataxel with or
without carboplatin; trastuzumab plus docetaxel;
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trastuzumab plus vinorelbine; and trastuzumab
plus capecitabine (NCCN, 2016). Due to cardiac
toxicity, it is imperative that trastuzumab and an-
thracycline be used cautiously and that the appro-
priate cardiac monitoring is performed.

Another promising treatment option for indi-
viduals with visceral or symptomatic HER2-posi-
tive metastatic breast cancer is ado-trastuzumab
emtansine (Kadcyla; formerly known as T-DM1),
confirmed through the international MARTANNE
trial. Ado-trastuzumab emtansine is a HER2 anti-
body-drug conjugate with a microtubule inhibitor
(DM1) and thioether, which results in apoptosis
and cell-cycle arrest.

The MARIANNE trial examined the efficacy of
ado-trastuzumab emtansine as a first-line treatment
option. The MARTANNE trial enrolled 1,095 patients
with progressive/recurrent locally advanced breast
cancer or previously untreated metastatic breast
cancer with at least a 6-month treatment-free inter-
val from neoadjuvant or adjuvant treatment with a
taxane or vinca alkaloid. Ado-trastuzumab emtan-
sine was compared with standard anti-HER?2 ther-
apy through three arms: trastuzumab plus docetaxel
or paclitaxel (physician’s choice; trastuzumab/tax-
ane); ado-trastuzumab emtansine plus placebo; and
ado-trastuzumab emtansine plus pertuzumab.

Overall there was no significant difference among
progression-free survival between trastuzumab and
ado-trastuzumab emtansine as a first-line agent (El-
lis et al., 2015; Schott, 2017). In February 2013, the
US Food and Drug Administration (FDA) approved
the use of ado-trastuzumab emtansine as single-
agent treatment for patients with HER2-positive
metastatic breast cancer that was previously treated
separately or in combination with trastuzumab and
a taxane. There is no FDA indication for use of ado-
trastuzumab emtansine in individuals with HER2
de novo metastatic breast cancer (patients present-
ing with distant metastases at the time of diagnosis;
National Cancer Institute [NCI], 2013).

Lapatinib (Tykerb) is another HER2-targeted
therapy that can be used to treat metastatic breast
cancer. Due to an increase in incident adverse
events, lapatinib is typically administered as a
later line of therapy. Lapatinib inhibits the signal-
ing pathway of HER?2 as it is a tyrosine kinase in-
hibitor against epidermal growth factor receptor 1
(EGFR1) and HER2.
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The National Cancer Institute of Canada Clin-
ical trial group MA.31 trial showed a significantly
shorter progression-free survival between pacli-
taxel plus trastuzumab vs. lapatinib plus pacli-
taxel. Also, studies have revealed there was a dif-
ference in overall survival between paclitaxel plus
trastuzumab vs. lapatinib plus paclitaxel. Toxicity
was also higher with lapatinib, particularly diar-
rhea, rash, and anorexia. Similarly, febrile neutro-
penia was also noted more often in patients tak-
ing lapatinib (Gelmon et al., 2012; Schott, 2017). A
benefit of lapatinib is that it is an oral drug, so it is
ideal for patients who insist on oral therapies.

Lapatinib can also be combined with
capecitabine as a treatment option for individu-
als whose disease progresses on trastuzumab.
The combination of capecitabine and lapatinib re-
vealed a significant benefit in the time to disease
progression (median, 6 vs. 4 months). A compari-
son of lapatinib alone vs with trastuzumab showed
that individuals receiving combination therapy
had an improvement in progression-free survival
(median, 11 vs. 8 weeks). Also, patients enrolled
on the combination-therapy arm with lapatinib
plus trastuzumab demonstrated a benefit, with
improvement in overall survival compared with
individuals receiving monotherapy with lapatinib
alone (median, 14 vs. 10 months; Blackwell et al.,
2010, 2012; Schott, 2017).

Ultimately, DE’s physician decided to treat
her with ado-trastuzumab emtansine at 3.6 mg/
kg, given every 3 weeks, due to her previous treat-
ment with a taxane and trastuzumab, ado-trastu-
zumab emtansine’s promising anti-HER?2 activity,
minimal side-effect profile, and lack of alopecia
with this agent compared with other systematic
cytotoxic agents. Currently, DE is clinically stable.
She experiences intermittent diarrhea, which is
controlled with loperamide, and occasional pruri-
tus of her hands. She is scheduled for scans in 3
months. If her disease progresses through the cur-
rent treatment options available, she could possi-
bly enroll in a clinical trial exploring new HER2-
positive metastatic breast cancer drugs.

Several new and exciting treatment options for
HER2-positive metastatic breast cancer are cur-
rently being tested in clinical trials. The first one
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is neratinib, an oral agent used to treat previous-
ly treated or resistant HER2-positive metastatic
breast cancer. Neratinib is an irreversible tyrosine
kinase inhibitor of HER2 and EGFR. Preliminary
phase I data show promising antitumor activity
and time of progression-free survival. Current on-
going clinical trials are examining the use of nera-
tinib with paclitaxel, trastuzumab, and vinorelbine
in individuals who have trastuzumab-refractory
disease (Canonici et al., 2013; Markman, 2015).

Another novel treatment in development is
poziotinib, a pan-HER?2 tyrosine kinase inhibitor.
A phase II trial is being conducted to investigate
poziotinib as a potential salvage treatment option
for patients who fail to respond to a taxane plus
anthracycline (Park, 2016).

The development and utilization of HER2
therapies have been life-changing for patients
such as DE and many others with HER2-positive
breast cancer. With appropriate attention to test-
ing, clinical guidelines, and new treatment op-
tions, DE can continue to benefit from HER2
treatment options.
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The authors have no potential conflicts of interest
to disclose.

References

Baselga, J., Cortés, J., Kim, S.-B,, Im, S. A., Hegg, R., Im, Y.
H.,..Swain, S. M. (2012). Pertuzumab plus trastuzumab
plus docetaxel for metastatic breast cancer. New Eng-
land Journal of Medicine, 366(2), 109-119. http://dx.doi.
org/10.1056/NEJMoalll3216

Blackwell, K. L., Burstein, H. J., Storniolo, A. M., Rugo, H. S.,
Sledge, G., Aktan, G.,...0’Shaughnessy, J. (2012). Over-
all survival benefit with lapatinib in combination with
trastuzumab for patients with human epidermal growth
factor receptor 2-positive metastatic breast cancer: Final
results from the EGF 104900 Study. Journal of Clinical
Oncology, 30(21), 2585-2592. http://dx.doi.org/10.1200/
JCO.2011.35.6725

Blackwell, K. L., Burstein, H. J., Storniolo, A. M., Rugo, H.,
Sledge, G., Koehler, M.,...0’Shaughnessy, J. (2010). Ran-
domized study of lapatinib alone or in combination with
trastuzumab in women with ErbB2-positive, trastuzum-
ab-refractory metastatic breast cancer. Journal of Clini-
cal Oncology, 28(7),1124-1130. http://dx.doi.org/10.1200/
JCO0.2008.21.4437

Canonici, A., Gijsen, M., Mullooly, M., Bennett, R., Bou-
guern, N., Pedersen, K.,...Kong, A. (2013). Neratinib over-
comes trastuzumab resistance in HER2 amplified breast
cancer. Oncotarget, 4(10), 1592-1605. https://dx.doi.
org/10.18632/oncotarget.1148

Vol 8 m No 2 = Mar 2017



PORTER and ROSENZWEIG

Chen, X., Cho, D. B., & Yang, P. C. (2010). Double staining im-
munohistochemisty. North American Journal of Medical
Sciences, 2(5), 241-245. Retrieved from https://www.
ncbi.nlm.nih.gov/pme/articles/PMC3347652/

Ellis, A. P.,, Barrios, C. H., Eiermann, W., Toi, M., Im, Y. H.,
Conte, P. F.,...Perez, E. A. (2015). Phase III, randomized
study of trastuzumab emtansine * pertuzumab vs trastu-
zumab + taxane for first-line treatment of HER2-positive
MBC: Primary results from the MARTANNE study [Ab-
stract 507]. Journal of Clinical Oncology (Meeting Ab-
stracts), 33(suppl). Retrieved from http://meetinglibrary.
asco.org/content/147990-156

Gelmon, K. A., Boyle, ., Kaufam, B., Huntsman, D., Manikhas,
A., Leo, A. D.,...Parulekar, W. (2012). Open-label phase
11T randomized controlled trial comparing taxane-based
chemotherapy with lapatinib or trastuzumab as first-line
therapy for women with HER2+ metastatic breast can-
cer: Interim analysis of NCIC CTG MA.31/GCK EGF
108919 [Abstract LBA671]. Journal of Clinical Oncology
(Meeting Abstracts). Retrieved from http://meetinglib-
rary.asco.org/content/102986-114

Markman, M. (2015). Breast cancer and HER2 overview
of HER2 breast cancer: Novel HER2 receptor agents.

Retrieved  from  http://emedicine.medscape.com/
article/1689966-overview

National Cancer Institute (NCI). (2013). FDA approval for
ado-trastuzumab emtansine. Retrieved from https://
www.cancer.gov/about-cancer/treatment/drugs/fda-
ado-trastuzumab-emtansine

National Center for Biotechnology Information (NCBI)
Probe. (2014). In Situ Hybridization (ISH). Retrieved
from http://www.ncbi.nlm.nih.gov/probe/docs/techish/

National Comprehensive Cancer Network (NCCN). (2016).
NCCN Clinical Practice Guidelines in Oncology: Breast
cancer. Version 1.2016. Retrieved from https://www.
ncen.org/professionals/physician_gls/pdf/breast.pdf

Park, Y. A. (2016). A phase II, single-arm trial of poziotinib
as salvage treatment in patients with metastatic breast
cancer who has HER2 or EGFR mutation or activated
AR or EGFR pathway. In: ClinicalTrials.gov [Inter-
net]. Retrieved from http://clinicaltrials.gov/ct2/show/
NCT02544997

Schott, A. F. (2017). Systemic treatment for HER2 positive
metastatic breast cancer. Retrieved from http://www.
uptodate.com/contents/systemic-treatment-for-her2-
positive-metastatic-breast-cancer

Advanced Practitioners: Earn CE Credits!
Presentations from JADPRO Live at APSHO 2016 available online

Choose from 14 presentations and earn CE credits
on a variety of hematology/oncology topics

These CE/CME/CEU accredited activities are jointly provided by

ADPROJi = e ANNENBERG CENTER | == i
IADS J—% ey 1o Hamatoogy FOR HEALTH SCIENCES iﬂ Harborside
— AT EISENHOWER z
APSH o IR e it sy e, A0 PSS

J Adv Pract Oncol AdvancedPractitioner.com



