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ABSTRACT

Context: Neo-adjuvant chemotherapy (NACT) has become an integral part of multimodality treatment for locally advanced breast
cancer (LABC) worldwide. Predictors of therapeutic response to NACT are lacking. Whether carcinoembryonic antigen-related
cell adhesion molecules (CEACAMs) like CEACAM5 and CEACAM6 can act as a predictor of response to therapy is unclear. SLC7A5
gene in humans encodes a large neutral amino acid transporter protein, which has an essential role in tumor cell growth and
survival. Materials and Methods: Thirty histopathologically proven cases of LABC, being given NACT, were included in the study.
Immunohistochemical examination of the tumor sections was performed for CEACAM5, CEACAM6, and SLC7A5. Response to
chemotherapy was assessed using “Response Evaluation Criteria in Solid Tumors” (RECIST) 1.1 criteria. A total of three cycles were
given at 3 weekly intervals. After 3 weeks of the last cycle of NACT, the patients were taken up for modified radical mastectomy. The
specimen was subjected to histopathological examination. The immunohistochemical results were correlated with response to NACT
based on RECIST criteria and histopathology. Results: 12/30 (40%) of the patients had objective clinical response of which 4 (13.33%)
patients had pathological complete response. The relationship between CEACAM5 and CEACAM®6 and response to NACT was found to be
statistically significant, P = 0.004 and P = 0.020, respectively. Furthermore, relationship between response to NACT and node-positive
tumors with SLC7A5 immunoreactivity was found to be highly significant (P = 0.009). Conclusion: Biomarkers (CEACAM5, CEACAMS6,
and SLC7A5) showed promise as predictors of poor response to NACT and can help plan an alternative regime in likely nonresponders
to prevent the toxicity of chemotherapy and also in tailoring the therapy in a patient with LABC.
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countries, up to 25-30% of patients present as locally

INTRODUCTION

advanced breast cancer (LABC)."" An increasing trend in
the incidence rates of breast cancer has been reported from
the various registries of National Cancer Registry Project.™
The management of LABC has changed over decades from
primarily local modalities to regimens that combine systemic
and local therapy. It was the realization that patients with
LABC are likely to have undetectable micrometastases at
diagnosis that led to systemic treatment assuming the major
focus of the multimodality approach.?! The studies have
DOI: confirmed that surgery alone is an inadequate treatment in
the management of patients with LABC. Even aggressive
surgical techniques in patients with advanced local disease

Breast cancer is the leading cause of cancer mortality in
women worldwide. In India and in other developing
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have shown a high-incidence of local recurrence. Most
importantly, surgery did not change the pattern of distant
failure in these patients who probably had micrometastatic
disease at the time of diagnosis.?! Presently, neo-adjuvant
chemotherapy (NACT) with interval debulking surgery and
postsurgery chemotherapy, is also preferred for advanced
stage disease of serous ovarian cancers (Stage Illc or IV, of
the International Federation of Gynecology and Obstetrics
staging system)."!

One of the recommended protocols for management
of LABC presently is NACT with three cycles of CAF
regime (CMF regime in cardiotoxic patients) followed by
modified radical mastectomy (MRM) and subsequently
three or more cycles of adjuvant chemotherapy with or
without hormone therapy and/or radiotherapy.””! Down
staging of the tumor achieved with NACT facilitates
optimum surgery ensuring RO resection (microscopically
tumor-free margins).®» NACT represents an in vivo
chemosensitivity test for assessment of tumor response
to a particular regime from which prognostic information
for further treatment regimens can be obtained. While
some patients show partial or complete response to the
above drugs in the form of decrease in tumor size, and/or
down staging of lymph node status, others fail to do so.
Development of resistance to chemotherapeutic agents is a
major and evolving problem.®!! The above drugs for NACT
are potentially toxic to the patient with serious side-effects
and need close monitoring.["” Thus, to be able to predict the
response before initiating chemotherapy has always been
a challenge. Breast cancer is a heterogeneous disease, and
there is a continual drive to identify markers that will aid
in predicting response to therapy. While ER/PR status of
the tumor has been accepted as a predictive parameter for
response to hormone and chemotherapy in breast cancer,
the search for more sensitive biomarkers is still on. Thus,
studying the biological markers to predict response to
NACT may permit tailoring of regimens to achieve maximal
tumor response in a particular patient.

The role of carcinoembryonic antigen-related cell adhesion
molecules 5 and 6 (CEACAMS5 and CEACAMS®) is not yet
very well-established in predicting response to therapy in
carcinoma breast."*¥ SLC7A5 is the gene for solute carrier
family 7 which is a cationic amino acid transporter found on
chromosome 16 with expression in various normal tissues as
well as tumor tissues. By gene expression pattern, it clusters
with markers of proliferation in breast cancer and has been
previously noted to be highly expressed in some cancers.!"!
CEACAMS5, CEACAMSG, and SLC7A5 determination may
give additional predictive information on the behavior
of tumor tissue to NACT as well as antibody treatment
in breast cancer. Against this background, a prospective
study was contemplated with the hypothesis that these
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biomarkers can help predict the response to NACT in
LABC patients.

MATERIALS AND METHODS

Thirty cases of LABC (Stage IIb and III) were included in
the study. A written informed consent was taken from all
patients for inclusion in the study. The study was approved
by the Institutional Ethics Committee. The histopathological
diagnosis was based on a core needle biopsy. The biopsy
was also assessed for immunohistochemical expression
of CEACAMS5, CEACAMS6, and SLC7A5. All patients
underwent ultrasonography/mammography/magnetic
resonance imaging and metastatic workup (ultrasound
abdomen, bone scan, and diagnostic chest computed
tomography scans) for the accurate assessment of the
stage of the disease. Patients were evaluated for fitness for
receiving NACT based on blood investigations (complete
blood count, kidney function tests) and cardiac
evaluation (electrocardiogram and two-dimensional
echocardiography). All patients received three cycles of NACT
in the form of CAF regime (cyclophosphamide — 500 mg/m?,
adriamycin — 50 mg/m? and 5-fluorouracil — 500 mg/m?)
at 3 weekly intervals. Prior to each CAF cycle, patients
underwent clinical as well as ultrasonological assessment
of tumor size and axillary lymph nodes. Response was
assessed using Response Evaluation Criteria in Solid
Tumors (RECIST) (1.1)!"! criteria after three cycles. Three
weeks after the completion of the last cycle, patients were
taken up for surgery (MRM). All patients received adjuvant
chemotherapy and radiotherapy based on their disease
status.

Details of immunohistochemical assessment

The antibodies used included anti-CEACAMS5
antibody (ab131070) (Rabbit polyclonal), m/s Abcam,
anti-CEACAMBS6 antibody (ab56234) (Rabbit polyclonal),
and anti-SLC7A5 antibody (ab85226), (Rabbit polyclonal),
m/s Abcam. Immunohistochemical staining for CEACAMS5
and CEACAMS6 was defined as positive when cytoplasm
and/or membrane staining was present on >10% of invasive
tumor cells. For SLC7A5 positivity, plasma membrane
staining on >10% of invasive tumor cells was taken as a
criterion. Staining was further scored into four groups: (0)
Indicated negative staining. (1) Indicated scattered
cells weakly positive. (2) Indicated most cells weakly
to moderately positive. (3) Indicated all cells strongly
positive.

Statistical analysis of biomarkers - McNemar’s Chi-square
test and Student’s paired t-test were used to determine
the association between two variables. P < 0.05 was taken
as significant. Data analysis was performed by SPSS 18.0
version, Chicago, IL.
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RESULTS

A total of 30 histopathologically proven cases of carcinoma
breast who were fit to receive NACT were included in the
study. All the cases were staged as LABC based on American
Joint Cancer Committee criteria. Baseline clinical features
are depicted in Table 1. The mean age of the patients was
51.5+11.1 years (range - 32-72 years). Sixty percent patients
were postmenopausal, and only one patient had a positive
family history.

The changes in tumor size in response to NACT are shown in
Table 2. The mean size reduced from 6.3+2.3cmto4.3+2.6 cm.
This change was statistically highly significant (P < 0.001).

Response to chemotherapy, as assessed by RECIST criteria,
is shown in Table 3. 12/30 (40%) patients showed a positive
response while in 3/30 (10%) patients, the disease continued
to progress. Among those with a positive clinical response,
four patients had complete clinical response. The results of
immunohistochemical markers, viz; CEACAMS5 [Figure 1],
CEACAMSG [Figure 2], SLC7A5 [Figure 3], as related to
response to NACT are shown in Tables 4-6. It was observed
that CEACAM 5level correlated well with response to NACT
and this relation was found to be significant (P = 0.004).
CEACAM 6 level also significantly correlated well with
response to NACT (P = 0.020). Furthermore, relationship
between response to NACT and node-positive tumors

Table 1: Baseline clinical features

Age Age groups Number of patients Percentage (n=30)
31-40 7 23.3
41-50 8 26.7
51-60 9 30.0
>60 6 20.0

MP status Pre-MP 12 40.0
Post-MP 18 60.0

Family history Present 1 3
Absent 29 97

MP: Menopausal

Table 2: Change in tumor size

Pre-NACT tumor size (cm) Post-NACT tumor size (cm)

<2 - - <2 5) 16.7%
2.01-5.00 1 36.7% 2.01-5.00 14 46.7%
>5.00 19 63.3% >5.00 11 36.7%
Mean size 6.3+2.3 Mean size 4.3+2.6

NACT: Neo-adjuvant chemotherapy

Table 3: Assessment of response

Response Number of patients Percentage
PD 8 10

SD 15 50

PR 8 26.7

CR 4 13.3

with SLC7A5 immunoreactivity was found to be highly
significant (P = 0.009).

DISCUSSION

In India, breast cancer is the most common cancer among
women in urban areas, and its incidence is still rising.
LABC is the most common stage of presentation. NACT is a
preferred modality of treatment in these patients. Potential
advantages of administering NACT are manifold. Foremost
among them is the longer disease free survival (DFS).
In studies comparing NACT to adjuvant chemotherapy,
pathological complete response (pCR) is directly associated
with increased DFS and overall survivals.'””! Thus, the
primary aim of any NACT now is to achieve a pCR. NACT
allows the assessment of tumor response and analyses
of prognostic variables to suggest a positive correlation
between response and survival. With different approaches

Table 4: CEACAM5 expression in the study group

CEACAM5
Response Score (%)
0 1 2 3] Total

PD 0 0 0 3 (13.6) 3 (10.0)
SD 0 1(100.0) 2 (100.0) 12 (54.5) 15 (50.0)
PR 1 (20.0) 0 0 7 (31.8) 8 (26.7)
CR 4 (80.0) 0 0 0 4 (13.3)
Total 5(100.0) 1(100.0) 2 (100.0) 22(100.0) 30 (100.0)

£?=26.284, P=0.004 (S). PD: Progressive disease, SD: Stable disease, PR: Partial
response, CR: Complete response, CEACAMS5: Carcinoembryonic antigen-related
cell adhesion molecules 5

Table 5: CEACAM®6 expression in the study group

CEACAM6
Response Score (%)
0 1 2 3 Total

PD 0 0 2 (16.7) 1 (50) 3 (10.0)
SD 2 (22.2) 4 (57.1) 8 (66.7) 1 (50) 15 (50.0)
PR 3(33.3) 3 (42.9) 2 (16.7) 0 8 (26.7)
CR 4 (44.4) 0 0 0 4 (13.3)
Total 9 (100.0) 7 (100.0) 12(100.0) 2 (100.0) 30 (100.0)

%?=19.627, P<0.05(S) (0.020). PD: Progressive disease, SD: Stable disease,
PR: Partial response, CR: Complete response, CEACAMB6: Carcinoembryonic
antigen-related cell adhesion molecules 6

Table 6: SLC7A5 expression in the study group

SLC7A5
Response Score (%)
0 1 2 3 Total

PD 0 0 2 (22.2% 1(33.3) 3 (10)
) 2 (20) 7 (87.5) 4 (44.4) 2 (66.7) 15 (50)
PR 4 (40) 1(12.5) 3 (33.3) 0 8 (26.7)
CR 4 (40) 0 0 0 4 (13.3)
Total 10 (100) 8 (100) 9 (100) 3(100) 30 (100)

PD: Progressive disease, SD: Stable disease, PR: Partial response, CR: Complete
response
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PR: Partial response, CR: Complete response
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3 : L A
Figure 1: Photomicrograph showing membrane and cytoplasmic immunoreactivity
for carcinoembryonic antigen-related cell adhesion molecules 5 antibody (abcam)
in infiltrating duct carcinoma breast

Figure 2: Photomicrograph showing membrane and cytoplasmic immunoreactivity
for carcinoembryonic antigen-related cell adhesion molecules 6 antibody (abcam)
in infiltrating duct carcinoma breast
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Figure 3: Photomicrograph showing membrane immunoreactivity for SLC7A5
antibody (abcam) in infiltrating duct carcinoma breast
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to modulating neo-adjuvant therapy, there is a trend toward
greater emphasis on response benefit than on survival.
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Theoretically, remaining primary or drug induced resistant
cells could be present even in highly responsive tumors
and affect long-term outcome. Cellular drug resistance
mechanism need further study, preferably with repeated
analyses to understand the changes of phenotype over
time in tumor evolution from local to systemic disease.
Resistance to chemotherapy is a pertinent problem and
so identification of reliable biomarkers that can predict
response to chemotherapy is an important lacuna that
needs to be filled.

The human carcinoembryonic antigen (CEA) family has
seven genes belonging to the CEACAM subgroup. These
subgroup members are mainly associated with the cell
adhesion, migration and invasion. The cell adhesion
molecules of CEA attach with cell membrane and have
complex regulatory function of cell adhesion and tumor
cell chemosensitivity.'®'? These molecules have differential
expression in normal and cancerous tissues. Levels of
expression have important bearing in the determination of
response to chemotherapy.!"8 CEACAM5 and CEACAM
6 are important molecules of this category. CEACAMS5
expression is supposed to be a means for overcoming
the apoptosis-inducing therapies.!"* Increased expression
of both CEACAM5 and CEACAMSG6 inhibits apoptosis.
Also, CEACAMSG6 over expression has been shown to
independently predict poor overall survival and poor
disease-free survival.? Ultimately targeting these
molecules also serves as novel methods of modulating
chemosensitivity and apoptosis. Antibodies against these
drugs can act as chemosensitizers.*!]

In this study, 25 patients had detectable levels of CEACAMS.
Twenty-two patients had higher levels (3+) of CEACAM5
in tumor cells. Five patients had undetectable levels of
CEACAMBS. Of these 5, 4 had pCR. Twelve patients (40%)
had moderate levels (2+) of CEACAMS6 and nine patients
had undetectable levels of CEACAMS.

A significant NEGATIVE relationship between CEACAMS5
and CEACAMSG6 and response to NACT was found (P =0.004
and P =0.020, respectively). Association of CEACAMS5 and
CEACAMBS6 with breast cancer appears to be reasonably
well-established. The antibodies to these are an area of
on-going research; however, their dynamics with the
therapy is a relatively unexplored area. Duxbury et al. have
shown that silencing CEACAMBS6 by siRNA: (a) Enhances
cell anoikis, (b) increases caspase activation in response to
anchorage-independent conditions, (c) down-regulates the
Akt cell survival pathway, (d) inhibits metastasis in vivo,
and (e) enhances gemcitabine induced chemosensitivity.[?
Recent reports suggest that CEACAMG6 targeted antibodies
are excellent blockers of cancer progression! and vaccines
based on CEACAMG in clinical trials for preventing the
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progression of breast cancer have been highly promising.’®*!
Targeting CEACAMS and/or CEACAMS6 may therefore be
anovel method of modulating cancer cell chemosensitivity
and apoptosis. We could not come across a study similar
to ours, but our data appear to be in line with currently
available facts. Hence, according to the results, low
CEACAMS5 and CEACAMSG6 levels may be used as a
predictor for response to NACT in breast cancer.

Correlation of SLC7A5 with response to neo-adjuvant
chemotherapy

SLC7A5 is part of a two-protein complex with SLC3A2, the
heavy chain of a neutral amino acid transporter implicated
in nutrient transport at the blood-brain barrier.?**! By gene
expression pattern, it clusters with markers of proliferation
in breast cancer and has been previously noted to be highly
expressed in some cancers.?**”! In this study, relationship
between response to NACT with SLC7A5 immunoreactivity
was found to be highly significant (P = 0.009). Hence,
according to the results, SLC7A5 may be used as a predictor
for response to NACT in breast cancer.

REFERENCES

1. Jemal A, Murray T, Samuels A, Ghafoor A, Ward E, Thun M]J.
Cancer statistics, 2003. CA Cancer ] Clin 2003;53:5-26.

2. Saxena S, Rekhi B, Bansal A, Bagga A, Chintamani C, Murthy NS.
Clinico-morphological patterns of breast cancer including family
history in a New Delhi hospital, India — a cross-sectional study.
World ] Surg Oncol 2005;3:67.

3. Bonadonna G, Valagussa P, Zambetti M. Locally advanced breast
cancer: 10 years results after combined treatment. Proc Am Soc
Clin Oncol 1988;7:9.

4. Khandakar B, Mathur SR, Kumar L, Kumar S, Datta Gupta S,
Iyer VK, et al. Tissue Biomarkers in Prognostication of Serous
Ovarian Cancer following Neoadjuvant Chemotherapy. Biomed
Res Int 2014;2014:401245.

5. Hortobagyi GN, Blumenschein GR, Spanos W, Montague ED,
Buzdar AU, Yap HY, et al. Multimodal treatment of locoregionally
advanced breast cancer. Cancer 1983;51:763-8.

6. Fisher B, Redmond C, Dimitrov NV, Bowman D, Legault-Poisson S,
Wickerham DL, et al. A randomized clinical trial evaluating
sequential methotrexate and fluorouracil in the treatment
of patients with node-negative breast cancer who have
estrogen-receptor-negative tumors. N Engl ] Med 1989;320:473-8.

7. Mansour EG, Gray R, Shatila AH, Tormey DC, Cooper MR,
Osborne CK, et al. Survival advantage of adjuvant chemotherapy
in high-risk node-negative breast cancer: Ten-year analysis — An
intergroup study. ] Clin Oncol 1998;16:3486-92.

8. Chintamani C, Singh JP, Mittal MK, Saxena S, Bansal A, Bhatia A,
et al. Role of p-glycoprotein expression in predicting response to
neoadjuvant chemotherapy in breast cancer — A prospective clinical
study. World ] Surg Oncol 2005;3:61.

9. Rodenhuis S, Mandjes IA, Wesseling ], van de Vijver MJ, Peeters M],

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

El-Didi MH, Moneer MM, Khaled HM, Makarem S. Pathological
assessment of the response of locally advanced breast cancer
to neoadjuvant chemotherapy and its implications for surgical
management. Surg Today 2000;30:249-54.

Rastogi P, Anderson SJ, Bear HD, Geyer CE, Kahlenberg MS,
Robidoux A, ef al. Preoperative chemotherapy: Updates of National
Surgical Adjuvant Breast and Bowel Project Protocols B-18 and
B-27. ] Clin Oncol 2008;26:778-85.

Blumenthal RD, Leon E, Hansen HJ, Goldenberg DM. Expression
patterns of CEACAMS5 and CEACAMS6 in primary and metastatic
cancers. BMC Cancer 2007;7:2.

Ordonez C, Screaton RA, Ilantzis C, Stanners CP. Human
carcinoembryonic antigen functions as a general inhibitor of
anoikis. Cancer Res 2000;60:3419-24.

Ring BZ, Seitz RS, Beck R, Shasteen W], Tarr SM, Cheang MC,
et al. Novel prognostic immunohistochemical biomarker panel
for estrogen receptor-positive breast cancer. ] Clin Oncol
2006;24:3039-47.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, et al. New response evaluation criteria in solid tumours:
Revised RECIST guideline (version 1.1). Eur ] Cancer 2009;45:228-47.
Wolmark N, Wang ], Mamounas E, Bryant ], Fisher B. Preoperative
chemotherapy in patients with operable breast cancer: Nine-year
results from National Surgical Adjuvant Breast and Bowel Project
B-18. ] Natl Cancer Inst Monogr 2001;30:96-102.

Glinsky GV. Anti-adhesion cancer therapy. Cancer Metastasis Rev
1998;17:177-85.

Zhou H, Stanners CP, Fuks A. Specificity of anti-carcinoembryonic
antigen monoclonal antibodies and their effects on CEA-mediated
adhesion. Cancer Res 1993;53:3817-22.

Jantscheff P, Terracciano L, Lowy A, Glatz-Krieger K, Johnson JP,
Bormer O, et al. Expression of CEACAMS in colorectal cancer:
Significant association with overall and disease-free survival. Eur
J Cancer 2001;37:5290.

Blumenthal RD, Hansen HJ, Goldenberg DM. Inhibition of
adhesion, invasion, and metastasis by antibodies targeting
CEACAMS6 (NCA-90) and CEACAMS5 (Carcinoembryonic
Antigen). Cancer Res 2005;65:8809-17.

Duxbury MS, Ito H, Zinner MJ, Ashley SW, Whang EE. CEACAM6
gene silencing impairs anoikis resistance and in vivo metastatic
ability of pancreatic adenocarcinoma cells. Oncogene 2004;23:465-73.
Marshall J. Carcinoembryonic antigen-based vaccines. Semin
Oncol 2003;30:30-6.

Kido Y, Tamai I, Uchino H, Suzuki F, Sai Y, Tsuji A. Molecular and
functional identification of large neutral amino acid transporters
LAT1 and LAT2 and their pharmacological relevance at the
blood-brain barrier. ] Pharm Pharmacol 2001;53:497-503.

Boado RJ, Li JY, Nagaya M, Zhang C, Pardridge WM. Selective
expression of the large neutral amino acid transporter at the
blood-brain barrier. Proc Natl Acad Sci U S A 1999;96:12079-84.
Kim DK, Ahn SG, Park JC, Kanai Y, Endou H, Yoon JH. Expression
of L-type amino acid transporter 1 (LAT1) and 4F2 heavy
chain (4F2hc) in oral squamous cell carcinoma and its precusor
lesions. Anticancer Res 2004;24:1671-5.

Kobayashi H, Ishii Y, Takayama T. Expression of L-type amino
acid transporter 1 (LAT1) in esophageal carcinoma. ] Surg Oncol
2005;90:233-8.

10.

Clinical Cancer Investigation Journal | November-December-2014 | Vol 3 | Issue 6

Sonke GS, et al. A simple system for grading the response of breast
cancer to neoadjuvant chemotherapy. Ann Oncol 2010;21:481-7.
Symmans WF, Peintinger F, Hatzis C, Rajan R, Kuerer H,
Valero V, et al. Measurement of residual breast cancer burden to
predict survival after neoadjuvant chemotherapy. J Clin Oncol
2007;25:4414-22.

Cite this article as: Bansal A, Garg M, Chintamani C, Saxena S.
Immunohistochemical expression of carcinoembryonic antigen-related
cell adhesion molecules 5, CEACAMS6, and SLC7A5: Do they aid
in predicting the response to neo-adjuvant chemotherapy in locally
advanced breast cancer?. Clin Cancer Investig J 2014;3:521-5.

Source of Support: Nil, Conflict of Interest: None declared.

525




