Immune Effects of Transtuzumab in HER2 Positive Breast Cancer
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The immune system could mediate the antitumor activity of several anticancer treatments. Several
chemotherapy compounds, including anthracyclines and oxaliplatin, induce immunogenic cell death that
in turn activates the antitumor immune response. Trastuzumab induces antibody-dependant cell-mediated
cytotoxicity. On the basis of this background, immune markers have recently been the focus of intense
translational research to predict and monitor the efficacy of treatments. Gene expression arrays and
immunohistochemistry have assessed immune activation and infiltration by macrophages, natural killer,
and T and B lymphocytes. In this paper we present the results of a study that included 22 patients diagnosed
with Her2 positive breast cancer undergoing treatment with Transtuzumab.
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Breast cancer is a multifactorial disease in which the
key mechanisms of cellular function are implicated,
involving molecules of different biochemical classes,
functions and types: hormones, growth factors, receptors,
signalling pathways, proteases, chromosomal genes, and
specific molecules of ribonucleic acids [1-2]. Each of these
factors represents a direct therapeutic target, describing a
new era in the cancer therapy-molecular biological therapy
[3].
The human epidermal growth factor receptor (EGFR)
family comprises four transmembrane receptors, which
are involved in the signal transduction pathways regulating
cell growth and differentiation: EGFR/HER1, c-erbB2/HER2,
HER3, and HER4 [2,3]. Breast cancers overexpressing the
human epidermal growth factor receptors, HER1 (EGFR/
c-erbB-1) or HER2 (neu-c-erbB-2), have been associated
with disease progression, survival, stage and treatment
response [4]. HER2 expression in breast cancer tissue is
indicative of an aggressive pathology and it is considered a
marker of poor prognosis.

The development of trastuzumab and lapatinib has
improved the way for women with HER2-positive disease
[5-6].

The targeted therapy of Trastuzumab represents the
standard treatment for breast cancer patients with HER2
positive [7]. There has been increasing evidence that the
immune system plays a significant role in the therapeutic
effects of HER2-targeted therapy [8].

Experimental part

The prospective study was conducted on a group of 22
women treated in The Institute of Oncology Bucharest.
The study group comprised breast cancer patients with
HER 2 positive.

The HER2 overexpression was assessed using the
immunohistochemical method in post radical mastectomy
or in samples obtained by thick needle biopsy. The second
part of the study was the test blood with flow cytometry.

The inclusion criteria for the treatment with Trastuzumab
were: LVEF>50% and medical history without major
pathologies.

Patients characteristics are shown in table 1.

Table 1

CHARACTERISTICS OF THE STUDIED LOT
Characteristics Cases (n, range, %)
MMedian age, years (range) 59.64 vears
Depth
TT (=2 cm) 4(18.1%)
T2 (=2 and =5 cm) 14 (63.8%0)
T3 (=3 cm) 4(18.1%)
MNumber of metastatic [ymph nodes
[ 4(18.1%)
1 1(0.211%)
23 5 (36.36%0)
=5 9 (49.90%)
Cut-off value of CD4/CDE ratio L.69
ER
MNegative ((-1+) 2 (9.09%%)
Overexpressed (21-3+) 20 (90.9%0)
353
Negztive (I-1+) 4 (13.18%0)
Overexpreszed (2-5+) 18 (81.81%)
K17 I1.50%
Treatment regimen
Surgery only [
Surgery plus postoperative C I (100%)
Surgery plus postoperative HT 13 (59.09%)
Surgery plus postoperative BT 9 (40.90%)

Abbreviations: R- radiotherapy; C- chemotherapy;
HT- hormonal therapy.

The mean age of the patients studied was 59.64 years,
the minimum being 31 years and the maximum 82 years.
The average follow-up was 27.18 months.

The low correlation test (0.0024) demonstrates a
correlation between the higher patient age and the positivity
for HER-2.

To evaluate the immune response, we evaluated the
percentage of T-lymphocytes in the peripheral blood for 19
patients diagnosed with Her2 positive breast cancer
undergoing treatment with Transtuzumab.

The standard treatment for breast cancer patients
includes surgery, chemotherapy, radiotherapy and
hormonal therapy. This treatment was administered
according to the clinical and pathological characteristics
of the ESMO and NCCN guides [9-10].
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Descriptive Statistics®
N Mimmum | Mazmmum | Rean Std. Deviation
Months after 33 2 34 IT1% 17340 Table 2
dizsmosis DISTRIBUTION OF HER-2 / NEU POSITIVE
= PATIENTS BY AGE
Age 13 31 B2 064 15763
Valid N 33
(listwize)
a2 HEF. =Poaitive
Table 3
STATISTICAL CORRELATION BETWEEN HER-2 / NEU POSITIVE AND AGE
Independent Samples Test
Levene's Test for t-test for Equality of heans
Equality of
Variances
F Sig. t df Sig. Mean Std. Errer 053%: Confidence
(2- Difference | Difference | Interval of the
tailed) Difference
Lower Upper
Age Equal 020 ) S 1377 34 NI} 2001 382 1334 16360
Variances
azzumed
Equal 2231 3|OT5 ] 030 2001 3034 000 16.803
variances not
assumed

o (0,024=005 == rejection

The 22 patients included in the study underwent adjuvant
cytostatic and neoadjuvant chemotherapy using the CMF
chemotherapy followed by Docetaxel 100 mg / m? or EC
chemotherapy followed by Docetaxel. Patients who had
positive hormone receptors followed hormone treatment
(Tamoxifen or Anastrozole). For patients confirmed with
Her2 in the IHC or CISH, the treatment with Trastuzumab
was started.

In order to better understand the effects of Transtuzumab
on the adaptive immune system, peripheral blood samples
were collected from a group of 19 patients who had positive
HER-2 / neu in the second part of the study.

The mean CD3 + T score for Her-2 / neu positive patients
was 52.25%.

The mean CD4 + T score for Her-2 / neu positive patients
was 27.69%.
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- . Std. Std. Error
HER N Mean Dieviation Mean
Positive 19 51.2533 10,8316 2.4850
CD3.1
Negative 31 33.0790 10.1545 1.8238
Positiv 19 27.6963 5.8904 1.3534
CD4.1 gstve ° Table 4
Negative 3 201233 7.6048 13638 MEAN T LYMPHOCYTES ACCORDING TO
Positive 19 19.7905 59778 13714 HER-2/ NEU
CDE.1
Megative 3 19.8223 6.5913 1.1838
Positive 19 1.5316 1.5367 03323
DE.1 _ -
Negative 31 1.1826 1.6487 02058
Positive 19 3.2421 2.1602 0.4956
DN.1
Negative 31 26252 1.5231 02736
Positive 19 1.4916 0.4481 01028
CDd4 CDR.1 _ - -
- Megative 3 1.6897 0.9435 0.1693

REV.CHIM.(Bucharest) ¢ 70¢ No. 8 42019



The mean CD8 + T score for Her-2 / neu positive patients
was 19.79%.
The average CD4 + / CD8 + ratio was 1.69.
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The results were presented graphically in the form of
dot plot, each point representing an event / cell:

-Figure 1: FSC (cell size vs. SSC (granularity / cell
complexity; R1 = lymphocyte population;

-Figure 2: CD3-PerCP (anti-CD3 antibody-associated
fluorescence intensity) vs SSC; R2 includes the T
lymphocyte population (CD3 +);

-Figure 3: CD4-FITC (anti-CD4 antibody-associated
fluorescence intensity) vs. CD8-PE (anti-CD8 antibody-
associated fluorescence intensity).

Of the total of patients who had positive HER 2 positive,
only 9 received treatment with Transtuzumab at the time
of evaluation.

The mean CD3 T lymphocyte count was 43.88.
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Fig. 3 Flow cytometric evaluation of CD4-FITC vs CD8-PE

The mean CD4 T lymphocyte score of 23.78 and the
mean T lymphocyte CD8 of 16.72.
The mean CD4 / CD8 ratio was 1.48.
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Results and discussions

In practice, it was observed that the breast cancer
patients who are included in the same prognostic group in
relation to known prognostic factors (tumor invasive nodes,
tumor grading, tumor histology, presence or absence of
hormone receptors, KI67, presence or absence of HER2),
who underwent the same treatment, have different later
developments. This leads to the conclusion that there are
anumber of other parameters that influence the evolution
[11].

HER2 is one of the most studied targets for active
immunotherapy. The therapeutic efficacy of Trastuzumab
involves the activation of the immune system.

In general, the lowering of the immunoreactive threshold
in the neoplastic patient is reflected in the numerical
balance of lymphoid cells in the peripheral circulation, that
shows deviations from the normal percentages of different
cellular sets and subsets, in particular the total T
lymphocytes (CD3 +), the T helper lymphocytes helper
CD4 +) and the cytolytic T lymphocytes and suppressor
(CD8 +) [9]. Therefore, the determination of the proportions
of CD3 +, CD4 + and CD8 + cells is useful in the process
of monitoring, by keeping under observation patients with
immune status afflicted by cancer, the values of the
parameters being obtained and correlated with either the
immunodepressive status of the tumor, the extent of its
expansion, and the consistency of the immunoreactive
means of the body, or with the immunological status
resulting from the application of the immunosuppressive
treatments (chemotherapy, radiotherapy or immuno-
therapy) [12].

Age-dependent progressive deterioration of the immune
response is referred to asimmunosenescence. In our study
we observed a significant correlation between
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N Range Minimum | Maximum | Mean Std. Deviation
o3 o0 g 3207 7300 506 | 439856 1124380
SIYEA] 3 7038 1084 10| 58 736628 Table 5

MEAN T LYMPHOCYTE FOR PATIENTS

CDR %) g 567 ] M52 | 16,7553 510330 UNDERGOING TREATMENT WITH
CDA'CDR 3 1721050 | 0050762 | 2671821 | 1280460 | 0521305 TRANSTUZUMAB
Vahd N 5
(listwize]
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overexpression of HER2 positive and age, the mean age at
diagnosis for the patients with HER2 positive being
significantly higher.

Previous studies have shown that the CD4 / CD8 T cell
response reflects the status of the immune system and
can independently predict all-cause mortality [13-17]. Shah
etal. [18] in their study reported that the low ratio of CD4 /
CD8 was significantly associated with the worse prognosis
of patients with cervical carcinoma, and in the study of
Chang-Juan Tao et al. in 2016, it was shown that the higher
CD4 / CD8 ratio (e™ 1.77) was associated with the free
disease entry.

Patients treated with Docetaxel and Transtuzmab
experienced a decrease in the percentage of CD4 + T
lymphocytes and an increase in the percentage of CD8 +
T lymphocytes, while the Transtuzumab and hormone
treated patients had a mean value for CD4 + T-
lymphocytes of 23.78 for CD8 + 16.73 over time, while the
patients who were only on hormone therapy had the mean
CD4 + cell count of 28.17% and CD8 + 20.67 without
showing any variations in the values in the successive
evaluations.

Recent studies have shown that the therapeutic effect
of trastuzumab depends on the acquired and adaptive
mechanisms, mediated by immunity. For example, a
combination therapy that inhibits the PI3K / AKT pathway
for resistance to trastuzumab increases the intratumoral
infiltration of T cells, thereby expanding the anti-tumor effect
and immune response mediated by CD8 + T cell, thus
enhancing the therapeutic effects of the anti-HER2
antibody [19-20].

Although it is considered that chemotherapy with
Transtuzumab treatment has immunosuppressive effects,
it has been shown that it also has immunomodulatory
effects.

Conclusions

Recently it has been found that the immune system
plays a critical role in the initiation, progression of the tumor
and/or response to treatments. The manipulation/targeting
of the inhibitory immune molecules has already
revolutionized the outcome of many cancers and is now
being investigated for the treatment of breast cancer.

Patients undergoing treatment with Docetaxel and
Transtuzmab showed a decrease in the percentage of CD4
+ T lymphocytes and an increase in the percentage of
CD8 + T lymphocytes, while patients treated with
Transtuzumab and hormone therapy had a mean value for
CD4 + T lymphocytes of 23.78 for CD8 + 16.73.
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It will be very important to note the interaction between
the immune system and the new targeted therapies
(Lapatinb, Pertuzumab) which may be different from that
of Transtuzumab.
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