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Abstract

Purpose: We aim to study the association between stromal tumor infiltrating lymphocytes (TILs) level and disease
free survival (DFS) in a group of ER and PR negative, HER2+ locally advanced breast cancer patients who underwent
curative intent surgery. Methods: This is a retrospective cohort study including 66 locally advanced hormone receptor-
negative; HER2+ breast cancer patients presented between 2013 and 2015 at NCI-Cairo, Egypt. Enrolled patients had
at least clinically T3 and/or node positive disease either clinically or radiologically. Metastatic workup included CT and
bone scans or PET-CT. Patients with hormone receptor positive, HER2 negative, inadequate paraffin block and who
lost follow up before or immediately after curative surgery were excluded. Patients were followed from breast surgery
till relapse date for a minimum of 36 months. TILs and CD8 antigen were assessed on paraffin-embedded blocks using
immunohistochemistry. Results: Patients with a median age of 52 years presented with clinical T3 stage (53%) and
N1 stage (61%). Modified radical mastectomy was performed in 79%. Only 41% received neoadjuvant chemotherapy
and 56% received trastuzumab. TILs were 50, 17 and 33% for absent, intermediate and extensive groups and CD8+
lymphocytes were present in 80% of cases. At the end of follow-up period, 23 patients (35%) were found to have disease
recurrence either loco-regional (22%) or distant (78%). TILs were 14, 4 and 5% for absent, intermediate and extensive
respectively; while CD8+ lymphocytes were absent in 6% and present (=1%) in 17%. Higher DFS was recorded for
patients with extensive TILs level only who received trastuzumab. Conclusion: High TILs is good prognosis in HER2
enriched breast cancer provided that patients received HER2 directed therapy. Moreover, CD8+ lymphocytes are highly
representative and maybe used as an alternative for TILs. We recommend considering TILs and specifically CD8+ as
one of the risk factors that predict prognosis of HER2+ breast cancer.

Keywords: Breast cancer- HER2+- Trastuzumab- Tumor infiltrating lymphocytes- CD8

Asian Pac J Cancer Prev, 23 (2), 553-560

Introduction

One of the most important goals of cancer research is
identification of robust prognostic and predictive markers.
In breast cancer, these biomarkers may play an important
role to estimate accurately the risk of relapse which allows
for optimization of different therapeutic options. Recently,
the interplay between immune system and cancer cells
has been highlighted. Several studies investigated the
interconnection between tumor infiltrating lymphocytes
and tumor cell progression, as well as, predicting response
to various anti-cancer therapies (Adams et al., 2014).

Clinical outcome does not only depend on the amount
but also the phenotype of the infiltrate. Type 1 T-cells are
associated with favorable prognosis; CD8+ cytotoxic
T-cells (CTL) are important for tumor destruction,
CD4+ T-helper 1 (Thl) cells cause activation of antigen
presenting cells and secretion of various cytokines which

facilitates antigen presentation. On the contrary, type 2
CD4+ T-helper cells (Th2), including Forkhead box P3
(FOXP3) CD4+ regulatory T-cells, inhibit CTL function,
and may promote an anti-inflammatory immune response
that could amplify tumor growth. In order to facilitate TILs
measurement; The International TILs Working Group has
developed a standardized evaluation of breast cancer TILs
that can be easily applied in clinical practice (Salgado et
al., 2015).

Several studies have highlighted the importance of
TILs as a prognostic biomarker in non-metastatic breast
cancer before starting any line of therapy. Regarding the
prognostic effect of cytotoxic CD8+ T cells, the percentage
of its presence is strongly associated with prolonged
survival outcome and good response to chemotherapy
(Liu et al., 2012; Seo et al., 2013).

In 2010, Denkert et al. identified the prognostic value
of TILs as a biomarker in breast cancer (Denkert et al.,
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2010). It was the first study to evaluate TILs using the
protocol of the International TIL working group. Since
then, many researchers have focused on the association
between presence of TILs and clinical outcome in various
breast cancer subtypes. The relevant correlation has been
shown among triple negative subtype, followed by the
HER?2 enriched breast cancer.

To this end, we aim to investigate the association
between the level of stromal tumor infiltrating lymphocytes
(TILs) and DFS (after a follow-up period of 3 years) in
a group of ER andPR negative, HER-2 positive locally
advanced breast cancer patients who received curative
intent surgery at national cancer institute (NCI), Cairo
University from 2013-2015. Moreover, to study the
association between the levels of TILs at time of
presentation with other prognostic criteria in the same
group will be studied.

Materials and Methods

Ethical approval

The study protocol was approved by the Institutional
Review Board (IRB) of the national cancer institute
(NCI). All patients received the NCI standard-of-care
therapy. The study was conducted in accordance with the
ethical principles stated in the Declaration of Helsinki and
the guidelines of Good Clinical Practice (GCP). Patient
information was dealt with adequate confidentiality.
Results and other study material did not include items
that would reveal patients’ identities.

Study Design

This is a retrospective cohort study of patients with
locally advanced hormone receptor negative/ HER2
positive breast cancer who presented to medical oncology
department of National cancer institute, Cairo University;
and diagnosed between 2013 and 2015.

Follow up period of 3 years from date of curative
surgery and data was collected from patients’ files.
Correlation of the clinical outcome with TILs and CDS8
status was assessed by IHC on tumor paraffin-embedded
blocks. Patients were recruited in the study based on
the pathology results, therapy received and surgical
intervention. The patients were subjected to full history
taking and thorough clinical examination. Base-line
metastatic work up including CT chest, abdomen and
pelvis as well as bone scan to exclude distant metastasis
was performed. Regular follow-up visit for each patient
was done according to her treatment schedule, then they
were followed-up every 3 months.

Data Collection and follow-up

A case report form (CRF) was constructed and the
data of each patient were recorded including the age, the
date of diagnosis of BC, the date and type of surgery, the
histo-pathological criteria including: histological subtype
of the breast tumor, grade, size, number of positive axillary
lymph nodes, clinical and pathological TNM stage and
the IHC status of stromal TILs and CDS percentage. The
details of the neoadjuvant and adjuvant therapy were
recorded. The date and site(s) of relapse-if present-, the
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follow up dates, the date of last follow up visit, the status
at last follow up and the date of death were all recorded
in the CRF. BMI is defined as the body mass divided by
the square of the body height, (kg/m?).

Laboratory and radiological investigations were
requested upon symptom or clinical suspicion of
recurrence (local, contralateral or distant). Once recurrence
was documented, follow up period for the study was ended
and disease free survival is calculated.

Patients who did not relapse were followed up every
3-6 months for a minimum of 3 years period with regular
clinical assessment.

Immunohistochemistry

Tissue sections were prepared from samples of
patients before receiving chemo- or radiotherapy.
Biopsy specimens where used for patients who received
neoadjuvant chemotherapy. Hematoxylin and Eosin
stained slides were reviewed for adequacy of the tissue
material, histological type (Tan et al., 2020), histological
grade (modified Bloom and Richardson grading system
(ELSTON and ELLIS, 1991) presence of carcinoma
in situ, lymphovascular invasion and axillary lymph
node status. Basic biomarkers estrogen receptor (ER),
progesterone receptor (PR), HER2 status, and Ki-67
proliferation index were retrieved. Immunohistochemical
assessment for CD8 (SP57), Rabbit monoclonal antibodies
(Roche) was performed on routinely processed, formalin-
fixed, paraffin-embedded tissues. Unstained sections
were prepared at 4 microns thickness and mounted on
positive charged slides. Immunostaining was done for
all cases using BenchMark XT (Ventana) autostainer and
the assessment of immunostaining was performed using
Olympus light microscope (CX31).

Statistical analysis

All statistical analysis was performed using IBM SPSS
advanced statistics, version 24.0 (SPSS Inc., Chicago,
IL, USA). For the examination of qualitative variables
Chi-square-Fisher’s exact- test was used. Receiver
Operating Characteristics (ROC) curve was done to
estimate the best cut off point. Sensitivity and specificity
was then calculated with their 95% confidence interval.
Kaplan-Meier curves were used for survival analysis after
which log rank test was performed to compare between
the survival curves. Cox regression model was used for
multivariate analysis with calculating hazard ratio and
its 95% confidence interval. Bonferonni corrections of p
value was implemented. A p-value <0.05 was considered
statistically significant and all tests were two tailed. Graphs
were performed using Prism software program (GraphPad
Prism software, version 7, CA, USA) and analysis of data
was performed using GraphPad INSTAT (version 7).

Results

Patient Characteristics

Between 2013 and 2015, 90 cases were collected that
fulfilled the inclusion criteria. However, paraffin blocks
for only 66 of them were recovered.

All 66 patients were females. The median age



Table 1. Clinico-Pathological Characteristics of the
Study Group

Characteristic Number of patients ~ Percent
Age

<65 years 62 94

>065 years 4 6
Pregnancy 3 5
Lactation 8 12
Oral contraceptive pills intake 23 35
Menopause

Pre 35 53

Post 31 47
Family History 16 24
BMI

<30 19 29

>30 47 71
Clinical (T) stage

11 12 18

I 35 53

v 19 29
Clinical (N) stage

0 17 26

1 40 60

2 9 14
TNM stage

1IB 27 41

1A 20 30

111B 19 29
Side affected

Right 33 50

Left 33 50
Tumor site

Central 16 24

Multicentric 4 6

LOQ 5 8

LIQ 2 3

uoQ 39 59

uUIQ 10 15
Surgery

MRM 52 79

CBS 14 21
Neoadjuvant chemotherapy 27 41
Adjuvant chemotherapy 42 64
Adjuvant radiotherapy 66 100
Received Trastuzumab 37 56
Grade

11 55 83

11T 11 17
Pathological (T) stage*

0 6 9

1 4 6

2 35 53

3 15 22

4 7 10
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Table 1. Continued

Characteristic Number of patients ~ Percent
Pathological (N) stage*

0 20 30

1 17 26

2 20 30

3 9 13
LVI 17 26
pCR* 7 26
Incomplete pCR*:

Mild 12 44

Moderate 8 29
TILs

Absent 33 50

Intermediate 11 17

Extensive 22 33
CD8+

Absent 13 20

Present 53 80

at presentation was 52 years (range 28-71).
Clinico-pathological characteristics of the study group
are shown in table. Pathological response assessment
was estimated using residual cancer burden (RCB) MD
Anderson criteria (Symmans et al., 2007). Notably,
44% (n=12) of the patients who achieved less than pCR
received only anthracyclines in neoadjuvant setting.
Characteristics of the studied population is shown in a
flow chart in Figure 1.

Disease recurrence and characteristics of the relapse

At the last visit with a median follow up period of
36 months (range 1-70), 35% (n=23) had evidence of
relapse. The median time of relapse as calculated from
date of curative surgery till date of relapse was 21 (range
1-61) months, with 13% (n=3) relapsing during the first
year of follow up.

Analysis of relapsed cases showed that 22% (n=5)
were local recurrence; and 78% of patient had systemic
recurrences. Lung was the commonest site of metastases
(n= 8). Among the relapsed case, 52% (n=12) did not
receive trastuzumab at any time during the course of
therapy.

Tumor infiltrating lymphocytes and CD8+ assessment
Measuring levels of stromal TILs on paraffin block
was done following the international TILs Working
Group standard guide for evaluating TILs in clinical
practice, that classify stromal TILs into absent (0-10%),
intermediate (>10-40%) and extensive (>40-90%). Figure
2 shows representative images of TILs and CDS after
immunostaining. In this cohort, examination of TILs
showed a mean value of 28.3% (range 1-90), median
15 and mode value of 2. Results were 50% (n=33), 17%
(n=11), 33% (n=22) for absent, intermediate and extensive
respectively. Out of the extensive subgroup, 9 patients
had >60% lymphocyte infiltration, which is defined as
lymphocyte-predominant breast cancer (LPBC).
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Her-2 enriched cases with adequate tumor tissue for testing TILs and CD8
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Figure 1. Flow Chart that Shows Treatment Received and Relapses in the 66 Her-2 Enriched Breast Cancer Patients in
the Study. CBS, conservative breast surgery; MRM, modified radical mastectomy; RTH, radiotherapy

After assessment and classifying TILs levels into
three groups in relapsed and non-relapsed patients, no
statistically significance difference were found between
the two groups (p=0.321). Assessment of the level of
TILs was done in the 23 relapsed cases and we found
a statistically significant difference (p=0.035) between
those who received neoadjuvant chemotherapy and
those who were managed with upfront surgery, where 11
patients with TILs less than 20% relapsed compared to 3
patients who were subjected to upfront surgery as shown
in figure 3. Values for CD8 show as mean of 12% (range
0-50%), median of 5% and mode of 1%. CD8 antibody
was analyzed as being present (>1%) or absent. Out of the
66 cases, 83% (n=20) showed absent CD8+ cells and 17%
(n=4) were CD8+ present. Relapses in CD8-ve cases were

26% (n=6) and 74% in CD8+ve cases (n=17). The mean
and median DFS was 33.8 and 36 months respectively.

Correlation between TILs/CD8 and study parameters

Univariate analysis was done to identify possible
correlation between TILs and other clinico-pathological
parameters. There was a significant correlation between
TILs and stage (p=0.028). Other factors failed to show
statistically significant relationship.

CDS8 analysis also showed a positive correlation with
stage (p=0.026) but also failed to show a statistically
significant correlation with other parameters.

Correlation between TILs and DFS
TILs showed a significant positive correlation with

40%  x200

Figure 2. Representative Immunohistochemistry Images of A, TILs using H and E stain; B, CD8 using DAB

chromogen.
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Figure 3. Level of Tumor TILs in the 23 Relapsed Patients According to A, the treatment received initially; B, disease

free survival.

disease free survival (p=0.006) (95% CI=0.099-0.532).
The mean DFS was 23, 39, and 41 months for absent,
intermediate and extensive TILs groups respectively;
which was statistically significant (p < 0.05). This shows
that there is a linear correlation between level of TILs and
DFS. Using Kaplan-Meier curve for analyzing correlation

between TILs and DFS was not of statistical significance
(p=0.150) as shown in Figure 4.

Analysis of each level of TILs showed statistical
significance in absent and intermediate groups, and not
with extensive group. Other parameters in this study
that may have affected the results were analyzed. Due
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Figure 4. Kaplan-Meier Curves for Disease-free Survival According to A, level of TILS in total number of patients; B,
level of TILS in patients who received trastuzumab in the adjuvant setting; C, level of intermediate and extensive TILS
combined, D, percentage of CD8+ T-cells; E, CDS in groups of < and > 7.5% in total population; F, CD8 in groups of

<and > 7.5% in trastuzumab subgroup.
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Figure 5. Receiver Operating Characteristic (ROC) Curve of A, TILs and grade; B, CD8 and stage.

to many regulations, trastuzumab was not offered to
44% of patients in this study which was a violation to
NCI guidelines and standard of care. After omitting this
subgroup, the correlation between DFS and intermediate
/ extensive groups were of statistical significance
(p=0.0056/ 0.011 respectively) and was not of statistical
significance in absent TILs group (p=0.438). This
relationship was reflected on Kaplan-Meier curve which
showed significant clinical correlation between TILs
and DFS in patients receiving trastuzumab (p=0.032).
Correlation of intermediate and extensive TILs groups
-combined- also showed a highly significant positive
correlation with survival (p < 0.0001).

Correlation between CDS8+ lymphocyte subset and DFS
As for CD8+ analysis, the cut-off value of >1% was
used initially and results showed a significant correlation
with DFS among the same study population (p=0.028,
95% C1=0.02-0.48). CD8 marker was also shown to be
highly representative of total TILs % (p<0.0001; 95%
CI=0.766-0.906), which suggests it may be used as a sole
representative for TILs. Unlike TILs measurement, there
is no standard cutoff value for defining CD8 positivity
up to date. Besides the one percent positivity, two other
methods were analyzed in order to find the value of highest
significance — the ROC curve and mean CD8 level.
Defining a cut-off point for TILs using receiver
operating characteristic (ROC) curve showed that level
of >20% has the highest sensitivity of 82% and specificity
of 56% (p=0.009; 95% CI=0.612-0.894). This suggests
that values of intermediate and extensive TILs are
positively correlated with increased DFS. The cut-off
for CD8 was 7.5%, with highest sensitivity of 52% and
specificity of 64% (p=0.008; CI=0.557-0.827) (fig.5).
Mean and median CD8 below the cut-off point (<7.5%)
were 3.3 and 1 respectively with standard deviation (SD)
of 4.4. While mean and median CD8 > 7.5 were 32 and
30 respectively with SD of 11.5. Using the new cut-off
points as a reference, mean DFS showed a significant
difference between negative and positive CD8 subgroups
after excluding the subset of patients who did not receive
trastuzumab (p=0.055) (Figure 4). Using the mean
CD8 level as a cutoff showed that values of >12% were
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significantly correlated with DFS. Patients with CDS level
0of' <12% had a mean DFS of 31.3 months while those with
values >12% had a mean DFS of 42.7 months (p=0.035)
(95%CI= 0.863-22.35).

Correlation between other prognostic factors and DFS

Correlation between clinico-pathological parameters
and DFS was of no statistical significance. These
parameters include age, menopausal status, sidedness,
body mass index, pregnancy and/or lactation, and
family history. Results were also similar for pathological
characteristics including lymphovascular invasion and
presence of intraduct component. Patients with clinical
stage IIB and IIIA seem to be highly correlated with
survival; of which, tumor size shows highest significance
(p<0.001, 95.0% CI =1.719 - 9.32).

Discussion

HER2 gene amplification or protein overexpression
represents about 20-25% of breast cancers. This group
is characterized by a more aggressive behavior and poor
prognosis. The addition of the monoclonal antibody
trastuzumab to the adjuvant treatment of HER2-positive
breast cancer has shown a survival advantage in localized
and metastatic disease. However, primary and secondary
resistances to anti-HER2 targets is observed in about 50%
of HER2-postive patients which may be attributed to
heterogeneity of cancer cells from genetic and non-genetic
sources (Heppner et al., 2016).

In the current study, patients presented with median
age of 50 years (range 28-71) with 6% were >65 years
of age. More than half of them were premenopausal. The
lower median age in the current study is similar with
Western data showing that 44% of HER2 enriched cases
presenting between 50 and 64 years of age which indicates
that such aggressive breast cancer subtype has higher
incidence among younger women (Howlader et al., 2014).

As observed in our study, not all of the patients
received neoadjuvant chemotherapy despite that more
than 80 % of patients had tumors > 4 cm in maximum
dimension and the majority had clinically palpable
axillary lymph nodes, only 41% received neoadjuvant



chemotherapy (NACT) which is considered the current
standard of care. Reasons for low adoption of NACT were
mainly patient or surgeon preference, which is no longer
allowed at our institute due to compulsory incorporation
of multi-disciplinary meetings in decision making for
each patient. This has greatly reduced the incidence of
suboptimal treatment for such patients. Neoadjuvant
chemotherapy was anthracycline based +/- taxanes as
some of these patients were subjected to surgery after
adequate clinical response and continued chemotherapy in
the adjuvant setting. The combination of the higher stage
at presentation and paucity of adoption of neoadjuvant
therapy was reflected on the surgical decision favoring
MRM as the curative surgery rather than CBS (79 vs. 21%,
respectively), in addition that wire localization procedure
was not accessible for many patients. This contrasts
with the situation in Western countries where the earlier
presentation and the use of neoadjuvant therapies lead to
more adoption of CBS which is associated with better
quality of life and is preferred by most patients compared
with mastectomy (De Haes et al., 2003).

It was observed that more relapses were encountered
in patients who received neoadjuvant chemotherapy
compared with those who were subjected to upfront
surgery. This may be explained that a large subset of
patients received neoadjuvant anthracyclines only without
taxanes; also, patients were preferentially selected for
upfront surgery who had relatively “less” locally advanced
disease; in addition to the considerable number of patients
who did not receive trastuzumab. The combination of
these factors may explain the dismal outcome for this
group of patients in the study. Now, cases are discussed
in multidisciplinary meetings, therefore better decisions
are made.

Not all patients received trastuzumab during the
course of therapy. Although it has been standardized in
Egypt since more than 10 years, many patients did not
have access to the drug at that period and there reasons
are diverse; these include age policy, insurance issues and
transient periods of drug shortage.

Only quarter of the patients who received neoadjuvant
chemotherapy achieved pathological complete response
(26%) which is much lower than the standard rate,
according to a meta-analysis of 52 studies that showed a
36.4% pCR for HER2 +ve patients (Spring et al., 2020).
This can be explained by the fact that not all chemotherapy
course was given in neoadjuvant setting and was partly
completed after surgery.

Despite the extensively investigated association
between the tumor infiltrating lymphocytes and prognosis
in breast cancer, the effect of the lymphocyte subpopulation
ratios still remains unclear (Ravelli et al., 2017). High
levels of TILs indicate better prognosis than low TIL levels
in HER2+ breast cancer patients. Raphael et al. (Raphael
etal., 2016) reported that the higher the histological cancer
grade the higher was the percentage of TILs. Our study
did not show a similar correlation, probably because the
majority of the patients had grade 2 tumors, therefore
comparison between variables was not statistically
representative.

Over the past years, in several studies, TILs have been
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shown to be a positively correlated with survival in breast
cancer especially in TNBC and HER 2 enriched disease
(Jin and Hu, 2020). Our results echoed these findings
with linear correlation with level of TILs and DFS. To our
knowledge, a cut-off value of TILs level was not focused
upon in literature, yet, values >20 represent intermediate
and extensive TILs groups according to international TILs
Working Group and therefore the cut-off value reflects the
standard guide of TILs.

CDB8+ Cytotoxic T cells in particular has been focused
upon in tumor microenvironment for several reasons.
They have demonstrated reactivity to tumor-derived
self-epitopes in addition to being a potent cytotoxic agent.
They are also the most prevalent subset of lymphocyte in
tumor microenvironment and poses a positive prognostic
effect in breast cancer as well as other tumor types (Ziai
et al., 2018).

Seventy-five percent of TILs are found to be T
cells. Among these, CD8+ T cells represent the class of
lymphocytes that correlate better with overall favorable
clinical outcomes, usually infiltrating breast lesions in
the largest proportion (Ahn et al., 2015). CD8+ T cells
represented 80% of our studied specimens. It has been
widely documented that the presence of high rates of
infiltrating CD8+ T cells is associated with overall longer
survival rates (Mahmoud et al., 2011). These findings are
comparable to our study, in which relapses were much
higher in CD8 negative subgroup compared to positive
counterpart (18 versus 5 patients for negative and positive
CD8 respectively). In a recent study, CD8+ lymphocytes
cells were significantly associated with disease free
survival in young breast cancer patients under the age 40,
but not in their older counterparts (Jin and Hu, 2020). In
another study, TILs grade of the primary tumor was not a
significant prognostic factor. However, the prognosis of
the cases with high CD8+ TILs density was significantly
better than those with low CD8-positive TILs density
(Kurozumi et al., 2019).

CD8 antibody testing was assessed in tumor infiltrating
lymphocytes. Counting of CD8+ve T lymphocytes was
done in tumor-associated stromal and/or perivascular
spaces with high-power fields (HPF) at x 400 magnification.
Five areas were randomly selected and the average was
calculated. This technique was largely similar to that used
in other studies. In a recent study, CD8+ and FOXP3+ cells
were counted within the tumor and the surrounding area
(within 1 mm from tumor-invading front). The average
absolute count of positive staining cells in 10 HPF was
used instead of 5 (Zhao et al., 2020).

The value of 1% positivity was considered for CD8.
This value was utilized in our studies in comparing patient
groups. Although a significant relationship was found
between CD8+ levels of >1% and survival, other cut-offs
were used to highlight the value of greatest significance
and minimize the risk of false positive results. In the
study conducted by (Ziai et al., 2018), several cut-offs for
CD8+ lymphocytes were considered including 1%, 2%,
5% and 10%. These values were selected based on mean
CD8 value, sensitivity and specificity. He concluded that
the mean value for CD8+ cells in a tumor sample gives
highest accuracy. In our study, the ROC value of 7.5%
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showed marginal significance with DFS in trastuzumab
subgroup only, while the mean value of 12% showed
highest significance compared to other cut-offs that were
used. This suggests that higher values of CDS are better
correlated with survival, however a definitive cut off is
yet to be determined.

Despite the limitations associated with the number
of tumor samples included in this analysis, our results
highlight the practical importance of TILs and specifically
CDS8+ lymphocytes as a prognostic value and may suggest
a predictive utility for different treatment regimens.

In conclusion, in the current study, we concluded
that there is a direct correlation between level of TILs
and survival in HER2 enriched breast cancer patients.
Intermediate and extensive levels for TILs have shown to
be highly correlated with DFS in such population provided
that patients receive adequate anti HER2 therapy. CD8
lymphocytes may act as a surrogate marker for TILs. Level
of 12% was shown to have the highest clinical significance
as regards DFS in this study group.
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