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neoadjuvant chemotherapy response on
locally advanced rectal cancer patient

Florencia Adys", lwan Kristian?, Sahudi?, Alphania Rahniayu*

ABSTRACT

Background: In Indonesia, 16,000 new cases of rectal cancer were found in 2020, with a mortality rate up to 50%. Most
of the cases were locally advanced rectal cancer which requires neoadjuvant therapy. A predictive marker that can indicate
how neoadjuvant therapy is responding is thus required, and TILs is a biomarker that has been extensively studied as a
reliable predictive and prognostic marker in colorectal cancer. This study aims to determine if the response to neoadjuvant
chemotherapy in locally advanced rectal cancer (LARC) patients correlated with the density of TILs.

Methods: This study was a retrospective cohort study with samples taken from rectal cancer patients who visited Dr.
Soetomo General Hospital between 2017 and 2021. TILs density measurements were taken from stromal tumors on pre-NAC
biopsy examination with H&E staining. Evaluation of chemotherapy response based on abdominal CT scan. The density of TILs
using 45% cut-off.

Results: A total 38 samples were studied, 21 were male and 17 were female. Twenty-nine samples (86.2%) with weak TILs
density showed negative chemotherapy response or progressive tumors. There is a significant correlation between the density
of TILs and the chemotherapy response of the sample studied (p=0.002).

Conclusion: TILs are an excellent predictive marker for neoadjuvant chemotherapy response in LARC patients and can be
examined using H&E staining method which is cheap and fast but still has predictive value.

Keywords: infiltrating lymphocyte, rectal cancer, neoadjuvant chemotherapy.
Cite This Article: Adys, F., Kristian, I., Sahudi., Rahniayu, A. 2023. Tumour infiltrating lymphocyts (TILs) as an excellent
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INTRODUCTION

Colorectal cancer is one of the health
problems faced worldwide. In terms of
cancer incidence, colorectal cancer is the
third most common cancer in the world,
with 1.9 million new cases expected in
2020." According to GLOBOCAN data
2021, colorectal cancer has the second-
highest cancer mortality rate around the
world with approximately 900,000 deaths
in 2020. The incidence of colorectal
cancer is rather high in Indonesia. There
were 16,059 new cases of rectal cancer
in 2020, with Locally Advanced Rectal
Cancer (LARC) accounting for 49.7%
of those occurrences. Of those patients,
86.3% will be over 50, and 8,342 will die
from it.!

Chemoradiotherapy treatment is used
for locally advanced rectal cancer (LARC),
which is targeted to reduce size and stage of

tumor in order to maximize the likelihood
of sphincter preservation during surgery
and tumor-free resection while reducing
the risk of local recurrence.” Neoadjuvant
therapy will cause the patient harm when
it is ineffective, such as delayed surgery or
immune system suppression. FOLFOX
or its modification (mFOLFOX6), with a
range of 2 weeks between administrations,
is one of the neoadjuvant chemotherapy
regimens that can be used.’

Neoadjuvant  chemotherapy alone
without radiotherapy in patients with
locally advanced rectal cancer did not
significantly affect PCR, resection RO, or
local recurrence, according to a meta-
analysis study by Lin in 2020. Neoadjuvant
chemotherapy alone was stated to have a
lower incidence of distant metastases and a
higher rate of sphincter preservation than
the chemoradiotherapy group.” Therefore,

the subjects in this study were those who
had locally advanced rectal cancer that
just received neoadjuvant chemotherapy
alone without radiation.

Repeating a CT or MRI scan 6-8 weeks
after the initial treatment is the most
objective way to evaluate the patients
response to neoadjuvant chemotherapy.
Radiological exams performed before
and after the treatment were compared
to evaluate the effectiveness of the
administered neoadjuvant chemotherapy.
Pada penelitian ini, The RECIST 1.1
criteria have been followed for assessing
response to neoadjuvant chemotherapy
since they are easy to use, standardized
and reliable criteria for both clinicians and
radiologists.’

Currently, it is thought that tumor-
infiltrating lymphocytes (TILs) can be
used to predict how well the immune

Open access: www.balimedicaljournal.org
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system would respond to a tumor and
prevent it from growing. Accordingly,
numerous studies have been conducted
to determine whether TILs can be used as
a marker for neoadjuvant chemotherapy
response in patients with locally advanced
rectal cancer, with the conclusion that
patients with strong TILs density have
a favorable neoadjuvant chemotherapy
response.®® According to the International
TILs Working Group (ITWG) system,
this TILs examination can be performed
by measuring the lymphocyte cells in the
stromal tumor from a patients biopsy
sample before neoadjuvant treatment.
Even though it is commonly done,
reasonably quick, and inexpensive,
histopathological examination with H&E
staining still has the capacity to serve as a
predictor and prognostic factor."’

This study is expected to be able to offer
clinicians a new predictive marker that
can be immediately, inexpensively, and
easily performed in patients with locally
advanced rectal cancer before starting
neoadjuvant chemotherapy, assisting in
determining whether the chemotherapy
to be administered is beneficial or
ineffective and minimizing the chance of
postponing surgery.

METHODS

Study Design and Participants

This is a retrospective cohort study
conducted at Digestive Surgery Division
Outpatient Installation at Dr. Soetomo
General Hospital. We found 38 samples
that were taken using consecutive sampling
based on inclusion and exclusion criteria
by collecting medical record data of LARC
patients who visited between January 2017
and December 2021. Every patient with
LARC who underwent biopsy and received
neoadjuvant chemotherapy mfolfox6 met
the inclusion criteria for this study. These
patients previously underwent abdominal
CT scans before and after receiving
neoadjuvant chemotherapy mfolfox6 to
evaluate their chemotherapy response
using the CT scan findings. Patients with
inadequate medical record information,
those who received radiotherapy or
chemotherapy prior to biopsy, or those
who did not receive chemotherapy as
planned were excluded from the study.

Data Collection

We reviewed the medical records of
patients with LARC who met this
study’s inclusion and exclusion criteria.
We collected names, gender, age, body
mass index, comorbidities, pathological
examination results, and radiological
features from abdominal CT Scan
consisting of tumor size, lymph node, and
metastasis status. All patients received
neoadjuvant chemotherapy mfolfox6, as
scheduled for 8 to 12 weeks. All the data
were obtained from paper-based and
electronic medical records.

Tumor-Infiltrating
Measurement
TILs density was measured from biopsy
specimens stained using H&E, at the
Department of Anatomical Pathology,
Dr. Soetomo General Hospital, before
neoadjuvant chemotherapy mfolfox6 was
given. The measurement uses the criteria
of the International TILs Working Group
(ITWG) which have been adopted for
colorectal cancer. Infiltrating lymphocytes
only calculated on stromal tumors not
intratumoral. To prevent bias in calculating
the TILs percentage, the TILs were only
evaluated by a single expert pathologist in
this study.

Lymphocyte

Statistical Analysis

The data were analyzed using the SPSS
version 26.0 (IBM Corp., Armonk, NY,
USA). Cross-tabulations and frequency
distribution tables are used to present
the data. The Chi-square test and
logistic regression were used to analyze
independent and dependent variables.
The ideal cut-off value for the TILs to
predict the chemotherapy response was
determined using receiver operating
characteristic (ROC) curve analysis.

RESULTS

Characteristics of Subjects

As seen in Table 1, 17 women (44.7%)
and 21 men (55.3%) were among the
study subjects. The subjects’ ages varied
from the third to the sixth decade, with
the highest number in the fourth decade
(18 samples, 47.4%), followed by the fifth
decade (9 samples, 23.7%). In this study,
comorbidities were present in 4 samples
(10.5%) while 34 samples (89.5%) were

comorbidity-free. As for nutritional status,
most of the samples (32 samples, 84.2%)
had normal nutritional status, 2 samples
(5.3%) were underweight, 3 samples (7.9%)
were overweight, and 1 sample (2.6%)
with obesity. This study had three types of
tumor differentiation: well-differentiated

adenocarcinomas, moderately-
differentiated  adenocarcinomas, and
poorly-differentiated  adenocarcinomas.

There were 24 samples (63.2%) with well-
differentiated adenocarcinoma, 5 with
moderate differentiation (13.2%), and 9
with poor differentiation (23.7%).

Subjects Tumor Staging Before and
After Neoadjuvant Chemotherapy
Based on the Tumor-Nodule-Metastase
(TNM) features, the tumor stage was
classified into two groups: the stage before
neoadjuvant chemotherapy (pre-NAC)
and the stage group after neoadjuvant
chemotherapy (post-NAC). Following
the size of the tumor, from the pre-NAC
group, 34 study samples (89.5%) had T4b,
2 samples (5.3%) with T4a and 3 samples
(7.89%) with T3. As for nodal status, it was
discovered thatatotal of 23 samples (60.5%)
had N2b stage, compared to 1 sample
(2.6%) had N2a, 10 samples (26.3%) and 4
samples (10.5%) for N2 stage and N1 stage,
respectively. All samples (100%) in the
pre-NAC group had no metastases (MO).
In the post-NAC group, most of samples
(34 samples, 89.5%) had T4b stage and 4
samples for T4a stage (10.5%). For nodal
status, the N2b was found in 22 samples
(57.9%), the N2a in 1 sample (2.6%), the
N2 stage in 9 samples (23.7%), and the N1
stage in 6 samples (15.8%). Metastasis was
found in 17 samples and 21 samples with
MO stage (55.3%). Tumor staging before
and after neoadjuvant chemotherapy is
shown in Table 2.

Correlation Between Patient’s
CharacteristicsandThe Chemotherapy
Response

As shown in Table 3, We analyze
the  correlation  between  patient
characteristics and chemotherapy
response. Chemotherapy response in this
study was divided into positive responses
(complete response and partial response)
and negative responses (stable disease
and progressive disease). Five (23.8%)
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Table 1. Characteristics of Subjects.
Characteristics n Percentage
Sex
Male 21 55.3
Female 17 44.7
Age
<30 1 2.6
30-39 5 13.2
40-49 18 47.4
50-59 9 23.7
<=60 5 13.2
Nutritional Status
Underweight 2 5.3
Normal 32 84.2
Overweight 3 7.9
Obesity 1 2.6
Comorbidities
No 34 89.5
Yes 4 10.5
Histopathology Type
Adenocarcinoma Well Differentiated 24 63.2
Adenocarcinoma Moderately Differentiated 13.2
Adenocarcinoma Poorly Differentiated 23.7

Table 2. SubjectsTumorStagingBeforeand AfterNeoadjuvantChemotherapy.
Pre-NAC Post-NAC
n Percentage n Percentage
T T
T3 3 7.89 T3 0 0
T4a 2 5.3 T4a 4 10.5
T4b 33 86.8 T4b 34 89.5
N N
N1 4 10.5 N1 6 15.8
N2 10 26.3 N2 9 23.7
N2a 1 2.6 N2a 1 2.6
N2b 23 60.5 N2b 22 57.9
M M
MO 38 100 MO 21 55.3
M1 0 0 M1 17 44.7

of the 21 male sex samples had positive
chemotherapy responses, while 16 (76.2%)
had negative chemotherapy responses.
Meanwhile, in 17 female samples, 5
(29.4%) had a positive chemotherapy
response and 12 (70.5%) had a negative
chemotherapy response (p-value = 0.601).

In this study, the highest distribution
of age groups was found at the age of
40-49 years with total 18 samples. There

were 5 positive chemotherapy responses
(27.7%) and 13 negative chemotherapy
responses (72.2%) among the 18 samples.
In the 50-59 year age group, 4 samples
(44.4%) had a positive chemotherapy
response and 5 samples (55.5%) had a
negative chemotherapy response out of
9 samples. Out of five samples in the 30-
39 age group, all (100%) had a negative
chemotherapy response. In the over-60

age group, 1 sample (20%) had a positive
chemotherapy response and 4 samples
(80%) had a negative chemotherapy
response. Finally, one sample (100%) in
the general group under 30 years old had a
negative chemotherapy response (p-value
=0.412).

Meanwhile, two samples with
underweight nutritional status had a 100%
negative response to chemotherapy. Of
the 32 samples in the normal nutritional
status group, 10 (31.2%) had a positive and
22 (68.8%) had a negative chemotherapy
response. Out of three total samples in the
overweight nutritional status group, all had
anegative chemotherapy response (100%).
A negative chemotherapy response (100%)
was obtained in the obese nutritional
status group (p-value = 0.0601).

Six samples (or 25%) of the 24 total
samples from the well-differentiated
adenocarcinoma group in this study
showed positive chemotherapy responses,
while 18 samples (or 75% of the samples)
had negative chemotherapy responses. Out
of a total of 5 samples in the moderately
differentiated adenocarcinoma group,
1 sample (20%) responded favorably to
chemotherapy, while the other 4 samples
(80%) did not. Out of a total of 9 samples in
the poorly differentiated adenocarcinoma
group, 3 samples (33.3%) responded well
to chemotherapy, while 6 samples (66.7%)
did not (p-value = 0.83).

We found no significant correlation
between sex, age, body mass index,
histopathology type, and tumor stage with
the chemotherapy response (P > 0.05 for
all).

The Cut-off Value for TILs Density

TILs high-low-density cut-off
measurements  using the  Receiver
Operating Characteristic (ROC) curve
(Figure 1). This curve analysis will enable
a comparison of the cut-off values, which
will be decided upon based on sensitivity,
specificity, accuracy, positive predictive
value (PPV), and negative predictive
value (NPV) percentages. The ROC curve
analysis found that 45% was the best cutoff
value, with accuracy of 81%, sensitivity of
60%, specificity of 89.3%, PPV of 66.7%,
and NPV of 86.2%. It was discovered
that 3 samples (33.3%) had a negative
chemotherapy response and 6 (66.7%)
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Table 3.

Correlation between Patient’s Characteristics and The Chemotherapy Response.

Chemotherapy Response

Characteristics n Positive Negative P value
(n=10) (n=28)
Sex
Male 21 5(23.8%) 16 (76.2%) 001
Female 17 5(29.4%) 12 (70.5%)
Age
<30 1 0 1 (100%)
31-39 5 0 5(100%)
40-49 18 5(27.7%) 13 (72.2%) 0.435
50-59 9 4 (44.4%) 5(55.5%)
>=60 1 (20%) 4 (80%)
Nutritional Status
Underweight 2 0 2 (100%)
Normal 32 10 (31.2%) 22 (68.8%)
Overweight 3 0 3 (100%) 0062
Obesity 1 0 1(100%)
Comorbidities
Yes 4 0 4 (100%)
No 34 10 (29.5%) 24 (70.5%) 0289
Histopathology type
Adenocarcinoma Well Differentiated 24 6 (25%) 18 (75%)
Adenocarcinoma Moderately Differentiated 1(20%) 4 (80%) 0.83
Adenocarcinoma Poorly Differentiated 9 3 (33.3%) 6 (66.7%)
Stage
3b 5 1 (20.0) 4 (80.0)
3c 33 9(27.3) 24 (72.7) 073

had a positive chemotherapy response
in the group with a strong TILS density,
which included 9 samples. In contrast,
it was discovered that out of a total of
29 samples in the group with weak TILS
density, 25 samples (86.2%) had a negative
chemotherapy response and 4 samples
(13.8%) had a positive chemotherapy
response (p-value = 0.002). Comparison
for each cut-off value of TILs Density was
shown in Table 4.

Correlation Between TILs Density and
The Chemotherapy Response

The Chi-Square Test was used to
determine the correlation between the
density of TILs and the chemotherapy
response (shown in Table 5), and it was
discovered that the stronger the density of
TILs, the more favorable the response to
chemotherapy was. On the other hand, the
response to chemotherapy will be more
adverse with a low TILs density (RR 12.5,

p-value = 0.002). Three samples (33.3%)
had a poor chemotherapy response,
while six samples (66.7%) had a good
chemotherapy response in the group with
a high TILS density, which included a
total of nine samples. Comparatively, out
of a total of 29 samples in the group with
weak TILS density, 25 samples (86.2%)
had a negative chemotherapy response,
whereas 4 samples (13.8%) had a positive
chemotherapy response.

DISCUSSION

Males and women both develop colon
cancer at the same rate, but men are more
likely than women to develop rectal cancer,
and more than 90% of cases are discovered
in people between the ages of 40 and
50. According to this study, most of the
sample was male (55.3%), and 84% were
older than 40. Meltzer in 2020 investigated
at how gender affected the likelihood that
patients with locally advanced rectal cancer

would get distant metastases following
neoadjuvant treatment. According to the
study, men experienced a higher incidence
of liver metastases due to progression
following neoadjuvant chemotherapy than
women. This is because male patient’s
inferior ~mesenteric vein anatomic
structures are wider, which allows larger
tumor dissemination."" This is consistent
with this study, in which up to 16 male
patients (76.2%) had a poor response to
treatment. However, this study was unable
to demonstrate statistical significance
for the association between gender and
chemotherapy response. Rectal cancer
is said to progress most rapidly in those
over the age of 50, and start to increase
in those who are 40 years old and older."
In this study, it was discovered that 22
patients over the age of 40 (68.75%) had
a poor response to chemotherapy, despite
knowing that this correlation was not
statistically significant.
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Additionally, obesity has been
associated with a higher risk of colorectal
cancer. The amount of body fat can lead
to a variety of metabolic and systemic
changes that set oft the development of
cancer. According to a study, obesity
is linked to high levels of the hormone

leptin in the body, which increases colon
tissue cell differentiation and inhibits
cell apoptosis, making elevated leptin
levels one of the risk factors for tumor
development.”’ Rectal cancer patients who
are obese class 2 or more (BMI > 35 kg/
m?) and underweight (BMI < 18.5 kg/m?)

ROC Curve
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Figure 1. ROC Analysis of TILs Density.

Table 4.

Comparison of Cut-off Value for TILs Density.

Cut-off Value Sensitivity

Specificity

PPV NPV Accuracy

Cut-off TIL 15
Cut-off TIL 25
Cut-off TIL 35
Cut-off TIL 45

100%
80.00%
70.00%
60.00%

42.90%
64.30%
78.60%
89.30%

38.50%
44.40%
53.80%
66.70%

100%
90.00%
88.00%
86.20%

31.60%
68.40%
76.30%
81.58%

PPV: Positive Predictive Value; NPV: Negative Predictive Value

Table 5.

Correlation Between TILs Density and The Chemotherapy Response.

have a lower overall survival rate (HR =
1.6; 95% confidence interval (CI) 0.9-2.7)
and a higher risk of developing distant
metastases (HR = 1.7; 95% CI 0.9-3.3)
than patients who are normal weight (BMI
18.5 - 25 kg/m?). There was no noticeable
difference in the local recurrence rate
between the groups.”” According to a
study by Gan et al. published in 2021,
obesity is a risk factor for a low survival
rate for colorectal cancer patients
since it is an independent predictor of
their responsiveness to neoadjuvant
chemotherapy and is linked to an elevated
risk of tumor formation and progression.'*
This is consistent with this study, which
found that chemotherapy had a negative
effect on all patients with nutritional
status of obesity and underweight (100%,
p-value 0.06). However, statistical proof of
the association between nutritional status
and chemotherapy response in this study
was not preferable.

Following a research by Kristoffer,
patients with LARC with poorly
differentiated who got NCRT had a
worse prognosis than those in the groups
with moderately and well-differentiated
adenocarcinomas due to their poorer
chemotherapy response.”” There is
evidence that additional histological
characteristics  such  lymphovascular
invasion, lymph node metastases,
and tumor differentiation can affect a
patient’s prognosis for rectal cancer.
Poor differentiation, lymphovascular
involvement, and lymph node metastases
are all indicators of more aggressive
tumors that carry a poorer prognosis.'®

Patients who receive NCRT and have
poorly differentiated rectal cancer have
a poorer prognosis than those who have
moderately and highly differentiated
rectal cancer. First, poorly differentiated
rectal tumors are more likely to be
located at the anal verge than moderately
or well-differentiated tumors, which
increases NCRT complications and
surgical challenges. Second, cancers

Chemotherapy Response

TILs Density n

Negative Positive

P value RR 95% ClI

Strong > 45% 9
Weak < 45% 29

3(33.3%)
25 (86.2%)

6 (66.7%)
4 (13.8%)

0.002* 12.5 0.02-0.71
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with poor histological differentiation
are more likely to infiltrate vascular
and nerve tissues as well as to cross
the borders. Because undifferentiated
tumors are typically more aggressive than
differentiated tumors, NCRT may not be
able to improve the patient’s chance of
survival in cases of rectal cancer with this
histological type.'”*

In this study, 6 out of 9 samples (66.7%)
showed poor tumor differentiation,
were found to be progressing, and did
not respond well to the chemotherapy
mPFolfox6. Tumor differentiation can
affect chemotherapy response and tumor
progression, even though this study
did not find a statistically significant
association between tumor differentiation
and chemotherapy response (p-value =
0.83). This is possible because, regardless
that tumor differentiation is a potent
prognostic factor for survival rates in
colorectal cancer patients, the calculation
presents its own challenges because it is
subjective and relies on the anatomical
pathologist who performs the calculations.
The evaluation of tumor differentiation is
subjective and imprecise due to the very
heterogeneous nature of tumors and their
wide variety. *'**

TILs density and treatment response
were shown to be significantly correlated
in this study (p=0.002). This is shown
by the fact that out of 29 samples with
low TIL density, 25 samples (86%) had a
poor response to chemotherapy. This is in
line with studies done by Orhan in 2022
that found that in patients with LARC
undergoing NCRT, the density of TILs is a
predictive marker of therapeutic response
and long-term prognosis. Patients with
high pre-therapy CD8 + TILs density had
a better chance of achieving PCR and pTR
and also showed a better OS and DFS
than those with lower levels of CD8+ TIL
infiltration.’

All stages of tumor development
and progression are affected by the
body’s immunological response, which
influences tumor behavior** In CRC
histopathological  evaluation, tumor-
infiltrating  lymphocytes (TILs) are
frequently viewed as the body’s defense
mechanism  against tumor growth.
TILs aim to gain, develop, and activate
immune cells that inhibit the growth of

tumors. Along with other more traditional
prognostic factors, T cell tumor infiltration
is a very useful prognostic factor for CRC.*
Numerous studies have demonstrated that
CRC patients’ overall survival and disease-
free survival rely on kind, density, and
location of tumor-infiltrating lymphocytes
in the primary tumor.'**

In a number of recent studies, the
density of CD3+ and CD8+ TIL subsets
was found to be the best predictor of overall
survival (OS) and disease-free survival
(DEFS) in patients with LARC.®'®'*** The
higher the density, the better the OS and
DEFS rates. This may not be the issue for
one of the other TILs subtypes, such as
Treg or FOXP3+. Poorer OS and DFS rates
are correlated with high Treg or FOXP3+
density.”" This remains open to discussion.
Since this study only generally analyzes
the density of TILs, further precise
study based on the subgroup, is required.

The strength of this study is the first to
be conducted in Indonesia, which offers
advantages in examining the correlation
between the density of TILs in stromal
tumors and the response to neoadjuvant
chemotherapy in LARC patients.

The study’s weakness is that the density
of TILs is not calculated by subset, where
each TILs subset is thought to play a
different role in tumor immunity. As
a result, more research is required to
calculate the density of TILs based on
subsets and then evaluate the correlation of
each subset to the response to neoadjuvant
chemotherapy.

CONCLUSION

TILs are an excellent predictive marker for
neoadjuvant chemotherapy response in
LARC patients and can be examined using
H&E staining method which is cheap and
fast but still has predictive value.
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