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Abstract:

Introduction: Total Neoadjuvant therapy (TNT), an emerging treatment strategy, involves the administration of
systemic chemotherapy before and after chemoradio therapy, with the goal of maximizing tumor response and en-
hancing long-term outcomes. This research article aims to investigate the incidence of pCR following TNT among
patients with locally advanced rectal adenocarcinoma at a tertiary care center in South India.

Methodology: This is a Prospective follow-up study conducted at a tertiary care center in the city of Chennai, South
India between January 2019 and December 2022. After obtaining informed consent from eligible study participants,
the investigator collected the sociodemographic and clinical profile information on demographics, tumor characteris-
tics, treatment details, and follow-up outcomes of the study participants. Data collected was entered in Epidata ver-
sion 3.1, while the data analysis was carried out using STATA version 12.0. Logistic regression analysis was used to
identify potential predictors of pCR, including patient demographics, tumor characteristics, and treatment complica-
tions. Chi square test was used to assess the significance among categorical variables. P-value less than 0.05 was
considered to be statistically significant.

Results: Out of 55 participants in the current study, 30.9% were females. Pathological Complete Response (pCR)
was seen in 21.8% of study population. The most common presenting symptom was Bleeding per rectum (63.6%)
followed by tenesmus seen among 20% of the study participants. Nearly every second female study participant had
mid rectum as the site of adenocarcinoma and more than 90% of female study participants had moderately differen-
tiated adenocarcinoma. Around two out of five study participants with hypertension alone as comorbidity was seen
among females, while more than half of the study participants (57.14%) with both diabetes and hypertension as
comorbidity were reported among males and it was found to be statistically significant (p = 0.014).

Conclusion: The present study provides important insights into the effectiveness of TNT in the treatment of locally
advanced rectal adenocarcinoma. Our findings demonstrate that TNT is provides better pCR and support the incor-
poration of TNT as a standard treatment approach in locally advanced rectal adenocarcinoma.

Keywords: Pathologic complete response (pCR), Prospective study, Rectal Carcinoma, Total neoadjuvant therapy
(TNT).

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided
original work is properly credited.

Introduction

Locally advanced rectal adenocarcinoma remains a
significant clinical challenge, requiring a multimodal
treatment approach to achieve optimal outcomes.
Neoadjuvant therapy, including chemoradiotherapy,
is preferably used in the management of locally ad-
vanced rectal cancer, as it facilitates tumor downstag-
ing, improves local control, and raises the possibility
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of attaining a pathological complete response (pCR).
[1, 2] Traditionally, the standard approach involved
administering neoadjuvant chemoradiotherapy fol-
lowed by surgery and adjuvant therapy as necessary.
Total Neoadjuvant Therapy (TNT), on the other hand,
aims to optimise treatment sequencing by administer-
ing systemic chemotherapy first, enabling the early
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eradication of micrometastatic disease and increasing
the possibility of attaining a complete response. This
strategy has gained traction due to accumulating evi-
dence supporting its efficacy and feasibility. [3]

With the aim of optimising tumour response and im-
proving long-term results, total neoadjuvant therapy
(TNT), an emerging treatment technique, involves the
administration of systemic chemotherapy before and
after chemoradiotherapy. (3, 4) TNT offers several
potential advantages over conventional treatment
strategies. By initiating systemic chemotherapy be-
fore surgery, TNT enables the identification of pa-
tients who may exhibit an exceptional response, al-
lowing for tailored management plans. [4] Moreover,
this approach offers the opportunity to downsize the
tumor, facilitating sphincter-preserving surgeries and
reducing the need for permanent colostomies. Addi-
tionally, administering systemic therapy early in the
treatment trajectory may help address micrometastat-
ic disease, potentially improving distant metastasis-
free survival.

In comparison to traditional neoadjuvant therapy,
TNT has demonstrated encouraging outcomes in
terms of raising pCR rates and lowering the risk of
disease recurrence. [5, 6] However, the incidence of
pCR following TNT among Indian patients with lo-
cally advanced rectal adenocarcinoma remains poorly
understood.

The idea of obtaining pCR, which is defined as the
absence of residual tumour cells in the surgical spec-
imen after therapy, has drawn a lot of attention as an
alternative endpoint for better oncological outcomes.
[3] Patients who achieve pCR have demonstrated
superior disease-free survival, reduced risk of distant
metastasis, and improved overall survival rates [7,8].
Therefore, understanding the incidence of pCR fol-
lowing TNT and identifying predictors associated
with treatment response are essential for optimizing
therapeutic strategies and tailoring interventions for
Indian patients. Assessing the incidence of pCR fol-
lowing TNT will provide valuable insights into the
efficacy of this treatment approach and its potential
impact on long-term outcomes. Furthermore, the goal
of discovering treatment response predictors is to
help guide treatment decisions, optimise patient se-
lection for TNT, and improve individualised thera-
peutic methods for locally advanced rectal adenocar-
cinoma in Indian setting. This research article aims to
investigate the incidence of pCR following TNT
among patients with locally advanced rectal adeno-
carcinoma at a tertiary care center in South India.

Methodology
Study Design and Participants
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This is a Prospective follow-up study conducted at a
tertiary care center in the city of Chennai, South In-
dia. Lying in the heart of the city of Chennai, which
in itself one of the most populous metropolitan cities
in the country, this established tertiary care institution
receives patients not only from the city of Chennai,
but from across the states of South India. We includ-
ed all adult patients diagnosed with locally advanced
rectal adenocarcinoma who underwent TNT with
curative intent between January 2019 and December
2022. Locally advanced rectal cancer was defined as
T3 or T4 disease, staged according to AJCC 8" edi-
tion with or without nodal involvement on pretreat-
ment imaging. Exclusion criteria included patients
with incomplete data.

Since not much literature has been published on pCR
in rectal adenocarcinoma, all the cases satisfying the
eligibility criteria attending the medical oncology
OPD of the Government Kilpauk Medical College,
Chennai during the study period were included in the
study. Based on expert opinion, considering the aver-
age number of cases visiting the oncology OPD in the
last three years to be 50, the sample size for the cur-
rent study was considered to be 55 patients with lo-
cally advanced rectal carcinoma with attrition rate of
10%.

Data Collection

After obtaining informed consent from eligible study
participants, the investigator collected the sociodem-
ographic and clinical profile information on de-
mographics, tumor characteristics, treatment details,
and follow-up outcomes of the study participants.
Tumor characteristics included tumor stage, location,
and histology. Treatment included the Concurrent
chemoradiation (CCRT) using tab. Capecitabine
(825mg/m2) twice daily on radiation days, Consoli-
dation chemotherapy (CC) with CAPOX/FOLFOX4
regimen for six cycles after completion of CCRT. All
patients received a long course of radiotherapy with
dose of 50.4Gy in 28 daily fractions. This was fol-
lowed by surgery at an interval of 3-4 weeks after
completion of CC. Follow-up outcomes included the
incidence of pCR and complications such as Hand
Foot syndrome (NCI-CTCAE grading) and diarrhea
(NCI-CTCAE grading). [9]

Definition of Pathological Complete Response

We defined pCR as the absence of any residual inva-
sive tumor in the surgical specimen and lymph nodes,
as confirmed by pathological examination. We used a
standardized definition of pCR based on the guide-
lines of the College of American Pathologists and the
National Comprehensive Cancer Network. [8, 9]

Statistical Analysis
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Data collected was entered in Epidata version 3.1,
while the data analysis was carried out using STATA
version 12.0. [10, 11] Descriptive statistics were used
to summarize the sociodemographic and clincal pro-
file of the study population. The primary outcome of
interest was the incidence of pCR. Continuous varia-
bles were summarized as mean (SD), while categori-
cal variables were summarized as frequency (propor-
tions).

We used logistic regression analysis to identify po-
tential predictors of pCR, including patient de-
mographics, tumor characteristics, and treatment
complications. Chi square test was used to assess the
significance among categorical variables. P-value
less than 0.05 was considered to be statistically sig-
nificant.

Ethical Considerations

e-ISSN: 0975-1556, p-ISSN:2820-2643

This study was approved by the Institutional Review
Board of the study center. Informed written consent
was obtained from all participating patients prior to
the study.

Results

Out of 55 participants in the current study, 30.9%
were females. pCR was seen in 21.8% of study popu-
lation. The overall mean (SD) age of the study partic-
ipants was 57.05 (10.77) years, while the mean (SD)
age of male study participants was 56.24 (11.37)
years. Study participants of age group more than 60
years of age contributed for more than 40% in the
current study. 11 (20%) of the study participants be-
longed to age group of less than 45 years. (Table 1)
more the 40% of the study participants did not have
any comorbidities (41.8%), while 32.7% study partic-
ipants had both diabetes and systemic hypertension as
their comorbidities.

Table 1: Age wise distribution of cases among the study participants (N=55)

Age (in years) n (%)
<45 11 (20)
45 - 60 21 (38.18)
> 60 23 (41.82)

The most common presenting symptom was Bleeding
per rectum (63.6%) followed by tenesmus seen
among 20% of the study participants. Nearly every
second female study participant had mid rectum as
the site of adenocarcinoma and more than 90% of
female study participants had moderately differenti-
ated adenocarcinoma. More than 9 out of 10 female
study participants witnessed downstaging of tumour

30

26
25

~
o

No. of cases
-
w

9

[
o

15

MD-Adenocarcinoma

0 0

0

PD-Adenocarcinoma

after Total Neoadjuvant therapy. Grade III — IV HFS
(NCI grading) was seen in more than 25% of the
study participants, while One out of every ten study
participants reported Grade — IV diarrhea (CTCAE
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Figure 1: Distribution of histological classification of rectal adenocarcinoma among the participants in the
current study (N=55)
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One out of every five study participants had sphincter involvement. Sphincter preservation was carried out in nine
out of eleven participants with sphincter involvement. Only 3 participants with well differentiated adenocarcinoma
reported Grade — IV Hand Foot Syndrome (HFS) according to NCI grading. (Figure 1)

Table 2: Association between sociodemographic and clinical profile with pathological complete response
(pCR) among the study participants (N=55)

Pathological Complete Response (pCR)
No, n(%) Yes, n(%) Total, n(%) OR (95% CI) P - value
Gender
Female 11 (64.71) | 6 (3529) |17  (100) Ref - 0.105
Male 32 (8421) |6 (15.79) | 38 (100) 2.90 (0.77,10.92)
Presenting
symptoms
Bleeding PR 30 (85.71) |5 (14.29) |35 (100) Ref - 0.130
Constipation 3 (75) 1 (25) 4 (100) 2 (0.17,23.25)
Perianal pain 2 (40) 3 (60) 5 (100) 9 (1.18,68.13)
Tenesmus 8 (72.73) |3 (27.27) 11 (100) 2.25 (0.44,11.48)
Comorbidity
Nil 21 (91.3) 2 (8.7 23 (100) Ref - 0.005
DM 6 (85.71) |1 (1429) |7 (100) 1.75 (0.13,22.77)
SHT 7 (100) 0 (0) 7 (100) 1 -
DM, SHT 9 (50) 9 (50) 18 (100) 10.5 (1.88,58.61)
RECTUM-SITE
Lower 16 (100) 0 (0) 16  (100) Ref - 0.016
Mid 20 (64.52) |11 (3548) |31 (100) 3.85 (0.41,35.47)
Upper 7 (87.5) 1 (12.5) 8 (100) 1 -
Histology
MD - Adenocar- | 2 (66.67) |1 (33.33) |3 (100) Ref - 0.673
cinoma
PD - Adenocar- | 39 (78) 11 (22) 50  (100) 0.56 (0.04,6.81)
cinoma
WD - Adenocar- | 2 (100) 0 0) 2 (100) 1 -
cinoma
Pre Rx-Stage
T3INOMO 5 (50) 5 (50) 10 (100) Ref - 0.109
T3NIMO 7 (77.78) |2 (2222) |9 (100) 0.28 (0.03,2.11)
T3N2MO 8 (100) 0 (0) 8 (100) 1 -
T4ANOMO 7 (70) 3 (30) 10 (100) 0.42 (0.06,2.68)
T4N1MO 11 (84.62) |2 (15.38) |13 (100) 0.18 (0.02,1.27)
T4N2MO 5 (100) 0 (0) 5 (100) 1 -
Pre Rx-Stage
(based on T)
T3INxMx 20 (74.07) |7 (25.93) |27 (100) Ref - 0.346
T4NxMx 23 (82.14) |5 (17.86) | 28 (100) 0.62 (0.17,2.26)
HFS-NCI Grad-
ing
Grade | 17 (6538) |9 (34.62) |26 (100) Ref - 0.114
Grade 11 13 (86.67) |2 (13.33) | 15 (100) 0.29 (0.05,1.58)
Grade 111 10 (100) 0 (0) 10  (100) 1 -
Grade IV 3 (75 1 (25) 4 (100) 0.62 (0.05,6.96)
CTCAE Diar-
rhoea Grading
Grade | 17 (68) 8 (32) 25 (100) Ref - 0.137
Grade 11 12 (100) 0 (0) 12 (100) 1 -
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Grade 111 10 (83.33) |2 (16.67) |12 (100) 0.42 (0.07,2.40)

Grade IV 4 (66.67) |2 (3333) |6 (100) 1.06 (0.15,7.06)
Downgrading

Same stage 2 (100) 0 (0) 2 (100) Ref - 0.608
Downgrade 41 (77.36) |12 (2264 |53 (100) - -

Sphincter in-

volved

No 36 (81.82) |8 (18.18) [ 44  (100) Ref - 0.182
Yes 7 (63.64) |4 (36.36) |11 (100) 2.57 (0.60,10.93)

Table 2 shows the pathological complete response of
the study participants in association with sociodemo-
graphic and clinical profile. Pathological Complete
Response was seen in more than 35% of female study
participants. Comorbidities (p = 0.005) and site of
rectal adenocarcinoma (p = 0.016) showed significant
association with pCR among the participants in the

30
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w

Grade | Grade Il

current study. Histologically, none of the study partic-
ipants with well differentiated adenocarcinoma were
found to show pathological complete response, while
only 22% of the cases with poorly differentiated ade-
nocarcinoma showed pathological complete response
and it was not found to be statistically significant (p =
0.673). (Table 2).

Grade Il Grade IV

Diarrhea — CTCAE grading

M pCR achieved

M pCR - Not achieved

Figure 2: Distribution of Diarrhea - CTCAE Grading among the cases of rectal adenocarcinoma in the cur-
rent study (N=55)

Down staging of rectal adenocarcinoma after total
neoadjuvant therapy was noted in 25.93% and
17.86% study participants with pretreatment staging
of T3NxMx and T4NxMx respectively. None of the
study participants with Grade III HFS (NCI grading)
reported pathological complete response, while
34.62% of study participants with Grade II HFS
showed pathological complete response. (Table 2)

Similarly, none of the study participants with Grade
IT CTACAE diarrhea reported to have pathological
complete response after total neoadjuvant therapy,
(Figure 2) while 32% of study participants with
Grade I CTCAE diarrhea showed pathological com-
plete response which was not found to be statistically
significant (p = 0.137). (Table 2).

Table 3: Association between sociodemographic and clinical profile with gender among the study participants

(N=55)
Gender OR (95% CI) P - value
Male, n(%) Female, n(%) Total, n(%)
Presenting
symptoms
Bleeding PR 25 (71.43) | 10 (28.57) |35 |(100) Ref - 0.169
Constipation 4 (100) (0) 4 (100) 1 -
Karthikeyan et al. International Journal of Pharmaceutical and Clinical Research
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Perianal pain 4 (80) 1 (20) 5 (100) 0.62 (0.06,6.30)

Tenesmus 5 (45.45) | 6 (54.55) |11 (100) 3 (0.74,12.10)
Comorbidity

Nil 19 (82.61) | 4 (17.39) |23 | (100) Ref - 0.014
DM 7 (100) 0 0 7 (100) 1 -

SHT 4 (57.14) | 30 (42.86) |7 (100) 3.56 (0.56,22.54)

DM, SHT 8 (44.44) | 10 (55.56) | 18 | (100) 5.94 (1.42, 24.65)
RECTUM-SITE

Lower 11 (68.75) | S (31.25) |16 | (100) Ref - 0.418
Mid 23 (74.19) | 11 (25.81) |31 | (100) 0.76 (0.20,2.88)

Upper 4 (50) 4 (50) 8 (100) 2.2 (0.38,12.57)
Histology

MD - Adenocar- | 2 (66.67) | 1 (3333) |3 (100) Ref - 0.628
cinoma

PD — Adenocar- | 34 (68) 16 (32) 50 | (100) 0.94 (0.08,11.16)

cinoma

WD - Adenocar- | 2 (100) 0 0) 2 (100) 1 -

cinoma

Pre Rx Stage

T3NOMO 8 (80) 2 (20) 10 | (100) Ref - 0.423
T3NIMO 5 (55.56) | 4 (4444 19 (100) 0.32 (0.42,24.41)

T3N2MO 5 (62.50) | 3 (37.50) | 8 (100) 24 (0.29,19.78)

T4NOMO 5 (50) 5 (50) 10 | (100) 4 (0.55,29.10)

T4NIMO 11 (84.62) | 2 (1538) | 13 | (100) 0.73 (0.08,6.31)

T4N2MO 4 (80) 1 (20) 5 (100) 1 (0.07,14.64)

Pre Rx Stage

(based on T)

T3NxMx 18 (66.67) | 9 (33.33) |27 |(100) Ref - 0.464"
T4NxMx 20 (71.43) | 8 (28.57) |28 | (100) 0.80 (0.25,2.51)

HFS-NCI Grad-

ing

Grade | 17 (6538) | 9 (34.62) | 26 | (100) Ref - 0.842
Grade II 10 (66.67) | S (33.33) | IS5 | (100) 0.94 (0.24,3.62)

Grade 111 8 (80) 2 (20) 10 | (100) 0.47 (0.08,2.71)

Grade IV 3 (75) 1 (25) 4 (100) 0.63 (0.05,6.96)

CTCAE Diar-

rhoea Grading

Grade | 18 (72) 7 (28) 25 1 (100) Ref - 0.405
Grade II 10 (83.33) | 2 (16.67) | 12 | (100) 0.51 (0.08,2.96)

Grade 111 7 (5833) |5 (41.67) | 12 | (100) 1.83 (0.43,7.77)

Grade IV 3 (50.00) | 3 (50.00) |6 (100) 2.57 (0.42,15.92)
Downgrading

Same stage 1 (50) 1 (50) 2 (100) Ref - 0.527"
Downgrade 37 (69.81) | 16 (3091) |53 |(100) 0.43 (0.02,7.35)

Sphincter in-

volved

No 29 (6591) | 15 (34.09) |44 | (100) Ref - 0.263"
Yes 9 (81.82) | 2 (3091) |11 (100) 0.43 (0.08,2.25)

Table 3 shows the association of sociodemographic and clinical profile with gender of the study participants. More
than 50% of the study participants with tenesmus as presenting symptom were females, but was not found to be sta-
tistically significant (p = 0.169). 3 out of 38 male participants and 1 out of 17 female participants in the current
study reported HFS Grade — IV according to NCI grading. (Figure 3)
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Figure 3: Distribution of HFS (NCI — Grading) among the cases of rectal adenocarcinoma in the current
study (N=55)

Around two out of five study participants with hyper-
tension alone as comorbidity was seen among fe-
males, while more than half of the study participants
(57.14%) with both diabetes and hypertension as
comorbidity were reported among males and it was
found to be statistically significant (p = 0.014). (Ta-
ble 3) 31.25% and 25.81% of study participants with
location of carcinoma as lower and mid rectum were
found among the females, while upper rectum as site
of adenocarcinoma was equal (50%) among both the
gender but was not found to be statistically signifi-
cant (p = 0.418). Downstaging (69.81%) and sphinc-
ter involvement (81.82%) was more predominant
among the males but were not found to be statistical-
ly significant. (Table 3)

Discussion

The purpose of our study was to evaluate the inci-
dence of pathological complete response (pCR)
among patients diagnosed with locally advanced rec-
tal adenocarcinoma who were treated with total neo-
adjuvant therapy (TNT) with curative intent. Our
study found that the incidence of pCR was 21.8%. On
comparison with previously published studies, the
incidence obtained in the present study was similar
with that of findings obtained by Schou et al.[12] It
was also observed that thepCR obtained in the cur-
rent study was significantly higher when compared
with a study conducted by Fernandez- Martos et al-
that reported a pCR of 14.3% among their study pop-

Karthikeyan et al.

ulation. (13) Similarly, lower pCR rate (19.5%) was
documented in a study conducted by Gollins et al in
2020 when compared with the results of the current

study. [3]

Studies conducted by Bujiko et al (Polish II trail),
PORDIGE study by Conroy et al,Zhu et al, and Gar-
cia-Aguilar et al reported pCR of 12%, 12%, 17%
and respectively 18% which is lower than the results
obtained from the current study. [14-17] Several stud-
ies which reported pCRafter TNT such as CONTRE
study by Perez et al, AVACROSS study Nogueby et
al Gao et al showed pCR of 33%, 34% and 36% re-
spectively which is higher on comparison with the
pCR obtained during the current study. [18 — 20]
Reasons behind such wide differences across studies
need to be explored, while study participants across
studies vary broadly on region, ethnicity and dietary
behaviours can be considered for such differences
elicited across study groups.

The study participants in the present study had an
overall mean (SD) age of 57.05 (10.77) years, which
is comparable with the results of the Brazilian study
conducted by Kim et al. (21)Moreover, the mean
(SD) age was very much lower when compared to the
Polish study conducted by Bujiko et al which report-
ed 62(6) years. [14] Bahadoer RR et al reported
Grade 3-4 diarrhea in 14.5% of their study population
which is lower when compared to the results of the
current study (32.7%). [22] This might be due to the
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region-specific differences across the globe. Similar
proportions of diarrhea such as 6.9%were reported on
comparison with a Dutch study conducted by Peeters
et al. [23]

One of the strengths of our study is the use of a
standardized definition of pCR based on the guide-
lines of the College of American Pathologists and the
National Comprehensive Cancer Network. [8,9] This
approach enhances the consistency and reliability of
the data, which is particularly important in retrospec-
tive studies. Furthermore, our study employed data
from a comprehensive 2-year follow-up period,
which provides useful insights into the long-term
durability of treatment response and outcomes.

Our research, however, has several limitations. First,
our study is limited by its retrospective nature and
single-center design., limiting the generalizability of
the obtained results. Second, the study did not evalu-
ate the impact of specific neoadjuvant chemotherapy
or radiotherapy regimens on the incidence of pCR,
which may be relevant in clinical decision-making.
Others include the single-center nature of the study
and the potential for selection bias. Finally, the study
did not evaluate the quality of life or functional out-
comes of patients, which are important considerations
in cancer treatment. The findings of this study may
not be generalizable to other populations or settings.

Conclusion

The present study provides important insights into the
effectiveness of TNT in the treatment of locally ad-
vanced rectal adenocarcinoma. Our findings demon-
strate that TNT is provides better pCR and support
the incorporation of TNT as a standard treatment ap-
proach in locally advanced rectal adenocarcinoma.
Despite these limitations, our study adds to the grow-
ing body of evidence supporting the use of TNT in
the treatment of locally advanced rectal adenocarci-
noma. Thecurrent study provides important insights
into the effectiveness of TNT in a real-world setting
with a standardized definition of pCR. The findings
of this study hold significant clinical implications for
the management of locally advanced rectal adenocar-
cinoma in the Indian population. The findings of this
study have the potential to improve treatment deci-
sion-making and optimize therapeutic strategies for
Indian patients with locally advanced rectal adeno-
carcinoma undergoing TNT. Further research, includ-
ing multicenter randomized controlled trials, is war-
ranted to validate these results and optimize the se-
quencing and duration of neoadjuvant and adjuvant
therapies in rectal adenocarcinoma management.
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