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Introduction

Tumor-infiltrating
represented the cancer

lymphocytes
microenvironment

Abstract

BACKGROUND: Tumor microenvironment, represented by tumor-infiltrating lymphocytes (TIL), was dynamically
evolving throughout the time. Thus, in the interpretation of TIL as a prognostic factor overall survival of breast cancer,
it is essential to note the duration of the TIL examination until neoadjuvant chemotherapy is performed.

AIM: To determine whether the assessment of TIL at a particular duration still has value as a prognostic factor for the
overall survival of breast cancer and its cut-off point.

METHODS: This was a case-control study that included subjects with locally advanced breast cancer in Sanglah
General Hospital, registered in Bali’s Cancer Registry. The study has been approved by the institutional review board
of Udayana University, Denpasar, Bali. Data collected were age, breast cancer subtype, value of TIL, neoadjuvant
chemotherapy start, and survival duration. Missing data were obtained from electronic medical records. TIL are then
grouped into low TIL (negative and +1) and high TIL (+2 and +3). Data analysis was done with Statistical Package
for the Social Sciences 25.0.

RESULTS: The mean age of subjects in this study was 48.7 (SD 9.3) years with a median survival of 47 months. The
mean duration of the TIL assessment to neoadjuvant chemotherapy was 46.3 days (SD 24.5). The duration cut-off
point of TIL assessment to neoadjuvant chemotherapy is valuable as breast cancer’s overall prognostic value was
31 days (AUC 0.716, Sensitivity 64.1%, Specificity 35.5%). In subjects with TIL examined for <31 days, it was found
that TIL could significantly prognosticate the overall survival of breast cancer (p = 0.005).

CONCLUSION: The duration of TIL to neoadjuvant chemotherapy assessment was crucial in determining the TIL
value and the overall survival of locally advanced breast cancer. The short-term TIL assessment duration (<31 days)
predicted the survival well, but not if the assessment duration was longer than 31 days. In the future, it is hoped
that clinicians will be more critical in the interpretation of TIL, especially the duration of TIL assessment before
neoadjuvant chemotherapy.

important to assess whether the assessment of TIL at
a certain duration still has value as a prognostic factor.
Further, we need to determine the duration threshold
from TIL assessment until neoadjuvant chemotherapy
is still meant to be used as a prognostic factor.

(TIL)
as a

manifestation of the host immune response against
tumor cells [1]. TIL have been studied as a good
prognosticator for colorectal cancer [2], non-small-

cell lung cancer [3], and breast cancer [4]. High levels

Materials and Methods

of TIL were associated with better chemotherapy
response and cancer survival [5]. TIL was a tumor

microenvironment parameter that was assessed in
almost all histopathological examination.

The modern era has seen a spurt of knowledge
regarding TIL timing of collection. The presence of a
significant relationship between TIL and prognosis
of overall survival was controversial [5], [6]. Theories
have concluded that the tumor microenvironment
When cancer progresses, the
microenvironment will change, thus the outcome of
systemic therapy will change as well [7]. Therefore, it is

is dynamic [1], [5].

This was a case-control study that included
subjects with locally advanced breast cancer in Sanglah
General Hospital, registered in Bali’'s Cancer Registry.
The study has been approved by the institutional review
board of Udayana University, Denpasar, Bali. The study
has been approved by the institutional review board of
Udayana University, Denpasar, Bali.

All the data used in this study were obtained
from Bali's Cancer Registry and Medical records of
Sanglah General Hospital, Bali, Indonesia. We included
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150 random consented subjects in each survived and
died group based on the minimum sample calculation.
Subjects with immunodeficiency and other malignancy
were excluded from this study. Data collected were
age, breast cancer subtype, value of TIL, time of the
neoadjuvant chemotherapy start, and survival duration.
Missing data were obtained from electronic medical
records. Hematoxylin and eosin-stained (HES) slide
from pretreatment core biopsy specimens were
assessed for TIL.

TIL stromal assessment with Hematoxylin
and Eosin staining, using an Olympus binocular
light microscope conducted by researchers and
two specialists in Pathology Laboratory. TIL
interpretation was assessed by visual estimation using
recommendations by the 2014 International Working
Group, TIL was assessed as a percentage of stromal TIL
with the denominator being the area of stromal tissue
(i.e., the area occupied by mononuclear inflammatory
cells compared to total intratumoral stromal tissue).
Areas reported are TIL stromal area averages, not just
hotspots. TIL are then grouped into low TIL (negative
and +1) and high TIL (+2 and +3). The duration of TIL
assessment was determined as the time when TIL
are being assessed in biopsy specimen to the date of
starting chemotherapy, described in days.

Data analysis was done with Statistical Package
for the Social Sciences 25.0. Numeric data were
described as mean and standard deviation. Categorical
data were described as proportions and percentages.
After classifying TIL low and high, we performed the
diagnostic test with receiver operating curve, searching
for Youden Index, sensitivity, specificity, and area under
the curve. Kaplan-Meier log-rank analysis was carried
out to find the difference between high and low TIL in
predicting the overall survival in breast cancer. The
significance in this study was 95% confidence interval.

Results

In this study, as many as 150 locally advanced
breast cancer patients who survived and died in
2016—-2020 were analyzed (Table 1). The mean age of
subjects in this study was 48.7 (SD 9.3) years with a

Table 1: Characteristics of subjects included in this study

Characteristic N %
Age Mean 48.7 years SD 9.3
Subtype
Luminal A 52 17.3
Luminal B 62 20.7
Luminal B/HER2 66 22
HER2 102 34
TNBC 18 6
TIL
High 84 28
Low 216 72

Duration of TIL assessment SD 24.5

Median survival

Mean 46.3 days
47 months

TIL: Tumor-infiltrating lymphocytes

median survival of 47 months. The majority of patients
had the HER2 subtype (34%), followed by luminal B/
HER2 (22%), luminal B (20.7%), luminal A (17.3%),
and TNBC (6%). All patients included in the study were
locally advanced breast cancer patients. The biopsy will
be performed on patients and biopsy results are usually
included with TIL examination. After that, patients will
receive neoadjuvant chemotherapy for downstaging
before surgery.

The TIL are then grouped into groups with
low TIL (negative and +1) and high TIL (+2 and +3).
In survived group, the proportion of low and high TIL
was almost similar, and vice versa. In the death group,
50.5% of subjects had low TIL levels and in the survived
group, 51.2% of subjects had high TIL. Thus, no
significant difference was found between the TIL values
and the overall breast cancer survival (p = 0.098).

The authors then analyzed the duration
of the TIL examination until the neoadjuvant
chemotherapy was performed given the dynamicity
of the tumor environment. In this study, the average
duration of the TIL assessment to neoadjuvant
chemotherapy was 46.3 days but a significant
standard deviation of 24.5 days. The time when
chemotherapy resumed again was 4—446 days. The
reason could be subjects who have not yet been
controlled to outpatient after the biopsy, the process
of transfer from the primary or secondary hospital
where the biopsy was done to the tertiary hospital
for chemotherapy or the need for stabilization of
conditions such as heart function.

The threshold for how many days the duration
of the TIL examination to neoadjuvant chemotherapy
can become the overall survival prognostication value
was done by using ROC statistics. The comparison
was made between the duration of TIL examination of
the survived group with high TIL and those unsurvived
subjects with low TIL. Comparison between the two
groups showed Youden Index as a cut-off point at
30.5~31 days. AUC on ROC was 0.716 with a sensitivity
of 64.1% and specificity of 35.5% (Figure 1a and b).

Taking 31 days as the cut-off point, we
performed further survival analysis for confirmation. In
subjects with TIL assessed for more than 31 days, it
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Figure 1: (a) Cut off point of significant tumor-infiltrating lymphocytes
assessment duration for prognostication of the overall survival of
breast cancer, (b) ROC curve of diagnostic value of tumor-infiltrating
lymphocytes assessment duration
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was found that TIL were unable to propose the overall
survival of breast cancer (p = 0.692; Figure 2a). On the
other hand, in subjects with TIL examined for <31 days,
it was found that TIL could significantly prognosticate the
overall survival of breast cancer (p = 0.005; Figure 2b).
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Figure 2: (a) Kaplan-Meier curve of long-term tumor-infiltrating
lymphocytes duration assessment and overall survival of breast
cancer (log-rank), (b) Kaplan-Meier curve of short-term tumor-
infiltrating lymphocytes duration assessment and overall survival of
breast cancer (log-rank)

High TIL are associated with better overall
survival, and low TIL are associated with poor survival.
In the future, it is hoped that clinicians will be more
critical in the interpretation of TIL, especially the duration
of TIL assessment before neoadjuvant chemotherapy.
Examination of TIL for a long time until neoadjuvant
chemotherapy cannot be a prognostic factor for the
overall survival of breast cancer.

Discussion

Host-tumor immune response in breast
cancer

Breast cancers encompass a heterogeneous
group of tumors. Effective immune surveillance by
the host immune system protects the body against
cancer [2]. The tumor microenvironment, represented
by TIL, is related to tumor therapy response and its
progression, the higher the TIL, the better prognosis of
cancer [8]. The subpopulation of T-cells played each role
in host-tumor immune response where CD8+ served to
the destroyed cancer cells and CD4+ served to cause
tumor immunosuppression [9]. In invasive breast cancer,
the greatest clinical benefits were seen in tumors with
>50% TIL [10]. Tumor infiltration by lymphocytes thus
develops to be a good prognostic factor, reflecting the
risk of recurrence or poor overall survival.

The role of TIL

Found by Aaltomaa in 1990, the role of TIL was
studied widely worldwide [11]. Several studies have
indicated that TIL were not universal as a prognostic
indicator due to the variability of the testing method and
complexity of breast cancer molecular subtypes [12].
Currently, researcher showed that the timing of TIL
analysis also matters as the microenvironment is

dynamically progressing. TIL value was dynamically
changed in a subset of time, following the tumor
microenvironment and host response to mediators.

The fact that TIL were dynamic that several
studies are examining that TIL changes with the
administration of systemic therapy [3]. Ladoire et al.
observed a higher infiltration of CD8+ TIL and lower
infiltration of FOXP3+ TIL after primary systemic therapy.
Therefore, it could be that the TIL biopsy examined is
neither representative of the survival prognostic nor
a predictor of neoadjuvant chemotherapy response
because it has been done for a long time and the
tumor environment has changed [13]. Besides that,
tissue biopsies are small, with a minimal area yielding
inadequate information on the position of the cancer
tissue.

Duration of TIL assessment to neoadjuvant
chemotherapy

Only one study has been conducted to show the
minimal duration of TIL to neoadjuvant chemotherapy
that can significantly predict overall and disease-free
survival. No study in Indonesia has been conducted.
In 239 subjects, Kashiwagi et al. (2019) showed that
the timing of TIL assessment during neoadjuvant
chemotherapy for breast cancer is more sensitive in the
short term group (<35 days) compared to the long term
group [14].

To improve the consistency and reproducibility
for evaluating TIL in research and clinical practice, we
analyzed the threshold of duration from TIL assessment
until neoadjuvant chemotherapy is still meant to be
used as a prognostic factor. In this study, we found a
slightly similar cut-off point of TIL assessment duration,
31 days. AUC on ROC was 0.716 with a sensitivity of
64.1% and specificity of 35.5%. In subjects with TIL
assessed for more than 31 days, it was found that TIL
were unable to propose the overall survival of breast
cancer (p = 0.692). On the other hand, in subjects
with TIL examined for <31 days, it was found that TIL
could significantly prognosticate the overall survival of
breast cancer (p = 0.005). High TIL are associated with
better overall survival and low TIL are associated with
poor overall survival [9]. In the future, it is hoped that
clinicians will be more critical in the interpretation of
TIL, especially the duration of TIL assessment before
neoadjuvant chemotherapy. The results of our study
showed that examination of TIL with a long period until
neoadjuvant chemotherapy could not be a prognostic
factor for the overall survival of breast cancer.

The timing theories have not been vyet
generalized, but the author believed this is due to
dynamically changing tumor microenvironment and
immune cells competition in peri or intratumoral
conditions. Immune cells reaching the tumor bed should
pass the extracellular matrix and hostile environment of
tumor epithelial [15]. Further, the author also suggested
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differentiating the location of TIL examination,
intratumoral or stromal, which has not been routinely
done in developing countries.

Strength and limitation of this study

This study is the first to determine the duration
of TIL to neoadjuvant chemotherapy as an essential
factor in predicting breast cancer subjects survival in
Indonesia. However, the limitation of our study was
status of TIL in the biopsy specimens may not reflect
that of the entire tumor, only some areas to evaluate the
status of TIL subset infiltration. Scanning of the whole
slide of the tumor and digital analyses of TIL subsets in
each compartment may be the next step to extend this
study.

Conclusion

The duration of TIL to neoadjuvant
chemotherapy assessmentwas importantin determining
the meaningful TIL value in the prognostication
overall survival of breast cancer. The short-term TIL
assessment duration (<31 days) predicted well, but not
in the long-term assessment duration.
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