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ABSTRACT Objective: This study aimed to determine the relationship between immunoscore, CD73 expression, and P53 binding protein
1 (53BP1) expression in patients with locally advanced rectal cancer who received neoadjuvant chemoradiotherapy (nCRT) at the time of di-
agnosis and after treatment. Material and Methods: The patients with locally advanced rectal cancer treated with nCRT at diagnosis and after
treatment were included and immunoscore, CD73 expression, and 53BP1 expression were evaluated. Results: A total of 53 patients were in-
cluded in the study. Higher immunoscore and CD73 expression in the stroma (p=0.029 and p=0.011, respectively) were observed in the pathol-
ogy specimen, in patients who responded well to nCRT before neoadjuvant treatment than that in patients who did not respond well. However,
no association was noted between CD73 expression in tumor cells and pathological response (p=0.874). The immunoscore at diagnosis
(p=0.087), 53BP1 expression (p=0.871), and CD73 expression in the stroma (p=0.053) did not correlate with 3-year disease-free survival
(DFS). In contrast, an association between CD73 expression level in tumor cells (p=0.014), tumor regression grade (p=0.041), and patholog-
ical complete response (p=0.011) and 3-year DFS was found to be statistically significant. Conclusion: Our study revealed that in addition
to tumor-related factors, host-related factors were associated with treatment response. A significant association was observed between im-
munoscore, CD73 expression, and neoadjuvant therapy response. Markers that can predict the response to nCRT are still needed, and more
studies should be conducted to figure out how well immunomarkers work in this field.
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Neoadjuvant chemoradiotherapy (nCRT) is rec- fore, markers that can predict the response of patients
ommended as the standard alternative for treating lo- to treatment are needed.
cally advanced rectal cancer.! In recent studies, the The DNA damage response (DDR) pathway has

efficacy of total neoadjuvant therapy (TNT) hasbeen 5 r]e in tumor development and treatment resis-

demonstrated, with increased pathological complete tance.* A tumor suppressor gene in the DDR pathway
response (pCR) rates.* However, in all neoadjuvant is P53 binding protein 1 (53BP1), and the relation-
therapy studies, complete or near-complete response  ship between its expression and rectal cancer prog-
patients, as well as those who do not respond and de- nosis has been demonstrated.>® The loss of 53BP1
velop distant metastases, have been reported. Thereis  expression might reduce radiosensitivity.” In contrast,
also concern regarding the overtreatment of patients  a connection exists between 53BP1 expression and
with favorable prognostic characteristics possibly the T cell function of the host, and 53BP1 expression
having a complete response to de-intensified therapy, has a substantial effect on the immune system.®
in patients where TNT is used as a standard. There- Therefore, tumor-related mutations and factors and
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the host immune system will be determinants in the
treatment response. The immunoscore for colon can-
cer developed by Pages et al. has proven to be a prog-
nostic marker for adjuvant and palliative treatment
response.’ The CD3, CD8, and CD45 expressions are
assessed both in the center of the tumor and invasive
margin, and the immunoscore is calculated based on
the expression rates. An association between im-
munoscore and neoadjuvant treatment response in
rectal cancer has been demonstrated through a few
retrospective studies.®! Tumors with a high im-
munoscore respond better to nCRT. Consequently,
assessing the parameters that might also alter the im-
mune response will aid in the prediction of the treat-
ment results.

Adenosine is an immunosuppressive molecule
that directly influences both the innate and acquired
immune responses.!! The rate-limiting enzyme in
adenosine synthesis is CD73."? An increase in adeno-
sine inhibits the T cells, when CD73 expression is el-
evated, which negatively affects tissue homeostasis.
Numerous types of cancers, including colon cancers,
contain tumor cells expressing high levels of CD73."3
Moreover, there is inadequate data regarding the as-
sociation between CD73 expression in response to
neoadjuvant treatment and immunoscore.

This study aimed to determine the relationship
between immunoscore, CD73 expression, and 53BP1
expression in patients who received nCRT for locally
advanced rectal cancer at the time of diagnosis and
their treatment response. The study secondarily
aimed to determine the changes in immunoscore be-
fore and after CRT.

I MATERIAL AND METHODS

Patients with locally advanced rectal cancer who re-
ceived nCRT were included in the study. Locally ad-
vanced rectal cancer was determined as T3-T4 or N+
radiological stage. Patients whose locally advanced
disease was diagnosed using magnetic resonance
imaging and who were operated on after nCRT were
included. The data of the patients treated between
2014 and 2019 at our center were analyzed retro-
spectively. The clinical and pathological patient char-
acteristics were collected from the files and hospital
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operating system. Before data collection was initiated
for the study was carried out in accordance with the
Declaration of Helsinki. (Gazi University Ethics
Committee, date: December 1, 2021; no: 77082166-
604.01.02-224902).

The inclusion criteria were patients older than
18 years, with pathologically proven rectum adeno-
carcinoma, and with locally advanced disease at the
time of diagnosis. The exclusion criteria were pa-
tients who were not operated on after nCRT or whose
operative pathology specimens were not evaluated at
our center. It was a prerequisite for the colonoscopic
biopsy and magnetic resonance imaging for local stag-
ing at the time of diagnosis to be performed in our cen-
ter. Patients with stage four disease at the time of
diagnosis, those treated with TNT, or those receiving
only radiotherapy were excluded from the study.

The demographic and clinical characteristics of
the patients before treatment were determined. Data
regarding age, sex, Eastern Cooperative Oncology
Group performance status, tumor stage, tumor loca-
tion, and post-treatment pathological evaluation were
obtained from the patient files. The data of carci-
noembryonic antigen (CEA), carbohydrate antigen
19-9, and complete blood count, measured within 7
days before the start of nCRT, were recorded through
the hospital operating system. Data on overall sur-
vival (OS), progression-free survival, and local re-
lapse-free survival were evaluated. The time from
diagnosis to death was defined as the OS. Disease-
free survival (DFS) is defined as the time from diagno-
sis to progression or death. Local relapse-free survival
time was the time from diagnosis to local recurrence.

IMMUNOHISTOCHEMISTRY

The patient list was evaluated through the pathology
records and patients without residual tumors were ex-
cluded from the study. The hematoxylin and eosin
(H&E) slides were reviewed. The slide with the max-
imum inflammatory reaction was selected for the im-
munohistochemical analysis.

The substances such as anti-CD73 (MA5-29454;
rabbit monoclonal, Invitrogen, USA); anti-Maspin
(polyclonal, Invitrogen, USA); anti-53BP1 (OTI2H6,
mouse monoclonal, Invitrogen, USA); anti-CD8



Osman SUTCUOGLU, et al.

J Oncol Sci. 2023;9(1):23-32

(SP57, rabbit monoclonal, Roche, Switzerland); anti-
CD3 (2GV6, rabbit monoclonal, Roche, Switzer-
land), and anti-CD45 (2B11&PD7/26, mouse
monoclonal, Cell Marque, USA) were used to per-
form immunohistochemistry of formalin-fixed paraf-
fin-embedded tissue blocks. The staining was
performed using Ultraview DAB detection Kkits
(Roche, Switzerland) on Ventana XT automatic
strainers (Roche, Switzerland).

The area of interest within the tumor with the
most inflammatory cell infiltrate for lymphocyte sub-
typing was micrographed (BX52 Olympus micro-
scope with DP72 camera, Evident, Japan). First,
H&E, then consecutively, CD45, CD3, and CD8
stained slides were captured. The CD3 to CDS8 and
CD3 to CD45 ratios were manually estimated. Im-
munoscores were assessed based on the method pro-
posed by Anitei et al.!*

The 53BP1 staining grades were determined
with both percentages and intensities. The intensity
of staining in tumor cells was scored as 1+ (weak),
2+ (moderate), or 3+ (strong)."> CD73 staining was
evaluated separately on the tumor gland surface and
stroma.!'® The intensity of staining was scored as 1+
(weak), 2+ (moderate), or 3+ (strong). Based on the
dual cytoplasmic-nuclear expression of maspin in
tumor cells, maspin expression was assessed. Slides
were considered to be as follows: negative (no stain-
ing); carcinomas with cytoplasm positivity (cyto-
plasmic positivity, without nuclear expression); or
carcinomas with dual positivity (nuclear+cytoplas-
mic expression).!’

TUMOR REGRESSION GRADE

Based on the 8™ edition of the American Joint Com-
mittee on Cancer and the International Association
for Cancer Control systems, tumor regression of the
primary tumor after nCRT was evaluated in H&E
stained preparations. Tumor regression grade (TRGs)
were defined in the following manner: Grade 0, com-
plete response, no residual cancer cells; Grade 1,
moderate response, only small clumps or cells pre-
sent as cancer cells; Grade 2, minimal response with
predominant fibrosis and residual cancer cells; and
Grade 3 was defined as a poor response with exten-
sive residual cancer. Patients with TRGs 0 and 1, and
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2 and 3 were evaluated as having a good response,
and poor response, respectively.'® Histopathological
evaluations were reviewed by two gastrointestinal
pathologists (MAI and NA) independently.

STATISTICAL ANALYSIS

The IBM SPSS Statistics 22(IBM Corp., Armonk,
NY, USA) program was used to analyze the data.
program was used to analyze the data. The data dis-
tribution (parametric or nonparametric) was deter-
the Kolmogorov-Smirnov
Shapiro-Wilk tests. The paired t-test was used to
compare two dependent groups when parametric test

mined using and

conditions were met; the Wilcoxon test was used in
nonparametric conditions. The student’s test was
used to compare two independent groups under para-
metric conditions, while the Mann-Whitney U test
was used under nonparametric conditions. The cor-
relation between categorical variables was compared
using the chi-square and Fisher’s exact tests. The di-
rection and strength of the association between the
two variables were determined using Spearman’s cor-
relation test. Kaplan-Meier analysis was used to cal-
culate DFS and OS times, and Kaplan-Meier curves
were used to represent the results. The impact of in-
dependent variables on survival was assessed using a
cox regression analysis. A p value of <0.05 was con-
sidered statistically significant in all analyses.

I RESULTS

A total of 53 patients were included in the study.
While 21 (40%) responded well to neoadjuvant ther-
apy, 32 (60%) had a poor response. pCR was detected
in 8 (15%) patients. The demographic and character-
istic data and their distribution in patients according
to the nCRT response are presented in Table 1. Pa-
tients who did not respond well to nCRT had greater
extramural vascular invasion (EMVI) positivity in
their magnetic resonance imaging at the time of di-
agnosis (p=0.027) and higher serum CEA levels at
the time of diagnosis (p=0.029). Patients who re-
sponded well to nCRT had higher immunoscore and
CD73 expression in the stroma (p=0.029 and
p=0.011, respectively) in the pathology specimen be-
fore neoadjuvant treatment than that in those who did
not respond well. However, no association existed be-
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TABLE 1: Patient clinical characteristics and response to neoadjuvant chemoradiotheraphy.
Total Responder Non-responder
Total number (%) number (%) number (%) p value
Age 0.264
<65 years 27 51 13 62 14 44
265 years 26 49 8 38 18 55

Distance to anal verge (cm)
<5
25

Clinical tumor (T) stage
cT1-2
cT3-4

Pre-treatment MRI evaluation of CRM
CRM ()
CRM (+)

Pre-treatment CEA level (ng/mL)
Low
High

53BP1 expression level
Negative
Positive

CD73 expression level in tumor cells
Negative
Positive

MRI: Magnetic resonance imaging; CRM: Circumferential resection margin; EMVI: Extramural vascular invasion; CEA: Carcinoembryonic antigen; 53BP1: P53 binding protein 1.

tween CD73 expression in tumor cells and patholog- tients died. The median value could not be reached
ical response (p=0.874). in both DFS and OS. Local recurrence was detected
in only three of 22 relapsed patients. The im-
munoscore obtained from the biopsy at the time of

The median patient follow-up duration was 47.9
months. Upon data analysis, recurrence was identi- - ‘ ‘ _
fied in 22 of 53 (42%) patients, while 14 (26%) pa- diagnosis of 3 patients with local recurrence was
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evaluated as 0. The 3-year DFS rate in the entire pa-
tient group was determined as 62% (n=33). The 3-
year DFS rates of subgroups are presented in Table 2.
The immunoscore at diagnosis (p=0.087), 53BP1 ex-
pression (p=0.871), and CD73 expression in the
stroma (p=0.053) did not correlate with 3-year DFS.
In contrast, an association between CD73 expression
level in tumor cells (p=0.014), TRG (p=0.041), and
PCR (p=0.011) and 3-year DFS was found to be sta-
tistically significant. Figure 1 illustrates the Kaplan-
Meier graphs illustrating the relationship between
DFS and immunoscore, 53BP1 expression level, and
CD73 expression level. The rate of the 3-year OS was
81%. The 3-year OS rates for subgroups are summa-
rized in Table 3. While only one of 12 patients with
a high immunoscore at the time of diagnosis died
within the first 3 years, 11 patients were still alive
(p=0.228). The only variable that affected 3-year OS
was the CD73 expression in tumor cells (p=0.010).

The immunoscore was evaluated on the diag-
nostic and postoperative pathology specimens. Im-
munoscore could not be assessed in the postoperative
pathology of 8 patients owing to the complete patho-
logical response. Twelve pathologies had a high im-
munoscore at the time of diagnosis. In contrast, the
immunoscore was found to be high in only 5 of 45
patients whose postoperative pathology was evaluated.
Two of five patients with a high postoperative im-
munoscore had a good TRG, while three had a poor
TRG. There was no statistically significant correlation
between the immunoscore measured in the diagnostic
biopsy and postoperative pathology (p=0.281, r=-168).

I DISCUSSION

The nCRT is the standard treatment approach for lo-
cally advanced rectal cancer, and markers to predict
patients who will respond well to nCRT are required.
In our study, the relationship between some immune
markers known to be closely related to the immune
system of the host and TRG was determined. A sig-
nificant relationship was found between im-
munoscore and CD73 expression and TRG. CD73
can be used along with immunoscore for selecting pa-
tients who will respond well to nCRT, and this result
will add to the scientific literature.
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The rate of pCR after capecitabine has been re-
ported to be between 13 to 18% with standard long-
course radiotherapy.'”?' In our study, TNT was
applied for any patient, and pCR rates were similar.
Although the 3-year DFS and OS rates appear to be
low in comparison to current studies, survival times
are increasing owing to the development of radio-
therapy techniques and the increased use of nCRT.
Additionally, circumferential resection margin and
EMVI involvement is associated with a poor prog-
nosis during preoperative radiological staging.” In
our study, the pathological responses were worse in
patients with EMVI involvement than that in those
without involvement. Therefore, additional studies
evaluating the immunoscore, CD73, and 53BP1 ex-
pressions in patients with the same radiological prog-
nostic features may elucidate the prognostic power of
these markers.

The 53BP1 is one of the DNA repair genes and
was closely related to TRG in a study published by
Huang et al. in 2019.5¢ In their study, 53BP1 was
stained positively in 28 (82%) of 34 patients with lo-
cally advanced rectal cancer. In our study, 53BP1
staining was observed in only 6% of patients, and no
significant conclusion could be drawn with such a
small sample size. Although 53BP1 expression was
examined immunohistochemically in both studies,
the difference in results may be owing to the differ-
ences in test kits and the inclusion of patients of dif-
ferent races. However, to evaluate the association
between 53BP1 expression and nCRT response, ad-
ditional studies involving larger patient populations
are needed. The relationship between CD73 expres-
sion and rectal cancer has been assessed previ-
ously.'** Tt has been demonstrated, particularly in
mouse models that CD73 expression can be elevated
in rectal cancer, and a high expression level is asso-

* Patients with

ciated with a poor prognosis.
metastatic colorectal cancer had a poor prognosis
when their expression levels were high. CD73 ex-
pression was also associated with a poor prognosis in
arecent study involving only patients with rectal can-
cer.”? In contrast, while 50% of the patients in this
study were at an early stage, the other 50% had a lo-
cally advanced or metastatic stage of rectal cancer.

The patients included in these studies were extremely
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TABLE 2: Three-year disease free survival rates in all patient groups and subgroups.
Total Progression Non-progression
Total number (%) number (%) number (%) p value
Age 0.577
<65 years 27 51 9 45 18 55
265 years 26 49 1" 55 15 45

Distance to anal verge (cm)
<5
25

Clinical tumor (T) stage
cT1-2
cT3-4

Pre-treatment MRI evaluation of CRM
CRM (-)
CRM (+)

Pre-treatment CEA level (ng/mL)
Low
High

53BP1 expression level 0.871
Negative 3 6 1 5 2 6
Positive 50 94 19 95 31 94

CD73 expression level in tumor cells 0.014
Negative 36 68 18 90 18 55
Positive 17 32 2 10 15 45

Pathologic complete response
Yes

No

MRI: Magnetic resonance imaging; CRM: Circumferential resection margin; EMVI: Extramural vascular invasion; CEA: Carcinoembryonic antigen; 53BP1: P53 binding protein 1.

28



Osman SUTCUOGLU, et al.

J Oncol Sci. 2023;9(1):23-32

Immunoscore and Disease Free Survival

08

0.6

04

Disease Free Survival

p=0.088 (Log-Rank)

02

High immunoscore
Low immunoscore

0.0

———T—TT T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
time (months)

CD73 expression in Stroma and Disease Free Survival

p=0.091 (Log-Rank)

Disease Free Survival

High expression
Low expression

Disease Free Survival

Disease Free Survival

53BP1 expression levels and Disease Free Survival

AN
_L‘—|‘

p=0.775 (Log-Rank)

Negative expression
Positive expression

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
time (months)

CD73 expression in Tumor and Disease Free Survival

0.8

0.6

04
p=0.017 (Log-Rank)

02

High expression
Low expression

0.0

LI S S S S S B S B R S S S S m e |

0 5 1015 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
time (months)

T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
time (months)

FIGURE 1: Immunoscore, 53BP1 expression, CD73 expression and disease-free survival.
53BP1: P53 binding protein 1.

diverse. One of these studies was conducted on mice,
another on patients with metastatic colorectal cancer,
and the third on those with rectal cancer of any stage.
In our study, no relationship was observed between
higher CD73 expression in tumor cells and 3-year
DFS. Moreover, contrary to previous research, in-
creased expression was associated with improved
median DFS. The difference between our results and
those found in the literature can be attributed to our
patients being more similar and receiving exactly
equal treatments. Additionally, every patient in our
study underwent RO resection; therefore, it can be
concluded that tumor-related immunosuppression
disappeared after neoadjuvant therapy and surgery.
Therefore, contradictory results may have been found
between CD73 expression and DFS or OS in the lit-
erature. The results of studies involving more patients
must be conducted in the same patient population. In
contrast, our DFS and OS data should be confirmed
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using a statistical analysis conducted after a longer
follow-up period.

The immunoscore was developed by Galon et
al., and its predictive and prognostic power in colon
cancer has been demonstrated in numerous stud-
ies.”??7 Tt was suggested after evaluating the im-
munoscore of patients enrolled in the International
Duration Evaluation of Adjuvant Therapy study that
the immunoscore should be assessed during the ad-
juvant treatment period.?” Studies have examined the
linkage between immunoscore and response to n"CRT
in patients with locally advanced rectal cancer.®!%2%%
In these studies, patients with a high immunoscore at
the time of diagnosis exhibited better treatment re-
sponses that were supported by our study. Addition-
ally, immunoscore was found to be associated with
DFS in the study conducted by Huang et al.’ In our
study, there was no correlation between immunoscore
and DFS or OS; however, patients with higher im-
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TABLE 3: Three-year overall survival rates in all patient groups and subgroups.
Total Dead Alive
Total number (%) number (%) number (%) p value
Age 0.745
<65 years 27 51 5 45 22 52
265 years 26 49 6 55 20 48

Distance to anal verge (cm)
<5
25

Clinical tumor (T) stage
cT1-2
cT3-4

Pre-treatment MRI evaluation of CRM
CRM (-)
CRM (+)

Pre-treatment CEA level (ng/mL) 0.645
Low 39 74 8 73 31 74
High 14 26 3 27 1 26

53BP1 expression level 0.361
Negative 3 6 0 0 3 7
Positive 50 94 1 100 39 93

CD73 expression level in tumor cells
Negative
Positive

Pathologic complete response
Yes
No

MRI: Magnetic resonance imaging; CRM: Circumferential resection margin; EMVI: Extramural vascular invasion; CEA: Carcinoembryonic antigen; 53BP1: P53 binding protein 1.
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munoscore had numerically longer survival times.
After the survival data has matured, the impact of the
immunoscore on DFS and OS must be re-evaluated.
In contrast, it may be rational to combine CD73 with
CD3, CD8, and CDA45, which comprise the im-
munoscore.

There are some limitations to our study. First, its
retrospective design and the small number of patients.
Additionally, the effect of the markers used on neoad-
juvant radiotherapy could not be determined com-
pletely. Considering that radiotherapy provides local
control, local recurrence was detected in only 3 pa-
tients; therefore, we could not make additional statis-
tics on the parameters that affect local recurrence.
Our study also had a few strengths. All patients were
given long-course radiotherapy and received
capecitabine in the presence of radiotherapy. These
patients, who received the same treatment and were
staged by the same radiologists and pathologists,
could eliminate individual differences in the results.
However, further studies should be conducted to
evaluate the immunoscore in patients receiving TNT

with a larger number of patients.

I CONCLUSION

In conclusion, our study revealed that host- and
tumor-related factors, were associated with treatment
response. An association existed between im-

munoscore and CD73 expression and the response to
neoadjuvant therapy. The markers to predict the
nCRT response are needed, and additional research
is required to evaluate the immunomarkers’ effects.
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