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Abstract

Introduction Total neoadjuvant therapy (TNT) is a new therapeutic strategy in patients with rectal cancer. We examined the
role of TNT, in addition to other pre-operative factors, as a predictor for pathologic complete response (pCR).

Methods A retrospective analysis of all rectal cancer patients who underwent surgery between 2016 and 2021 was conducted.
Patients were classified into two groups—pCR group and residual tumor group. Patient data were reviewed and entered into
univariate and multivariate analyses to determine predictors of pCR.

Results A total of 172 patients were treated with neoadjuvant therapy and underwent surgery during the study period. Sixty
patients (34.9%) were treated with TNT while 112 (65.1%) were treated with traditional neoadjuvant chemoradiation. The
overall pCR rate was 25.6% (44 patients), with 31.6% (19 patients) in patients who received TNT compared to 22.3% (25
patients) in patients who received neoadjuvant chemoradiation (NCRT). Univariate analysis of clinical and radiological
factors correlated with pCR demonstrated no significant differences between the two groups in cT stage (p =0.46), cN stage
(p=0.52), positive circumferential resection margin (CRM) (p =0.72), tumor location (p =0.35), symptomatic presentation
(»=0.09), and anal sphincter involvement (p =0.68). Multivariate logistic analysis demonstrated that only pre-operative TNT
(OR:2.35;95% CI 1.06-5.25; p=0.03) was predictive of pCR, while extramural vascular invasion (EMVI) was a predictor
for lower rates of pCR (OR: 0.28; 95% CI 0.09-0.9; p=0.03).

Conclusion Rectal cancer patients undergoing TNT prior to surgery have a higher chance of developing a complete pathologic
response. Evaluation of this therapy should be continued and extended to larger numbers of patients to see if the differences
we observed are real.
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Neoadjuvant therapy of rectal cancer, which includes pre-
operative radiation therapy often combined with a single
chemotherapeutic agent, has become the standard of care. Sev-
eral studies have demonstrated that neoadjuvant chemoradia-
tion therapy (NCRT) could significantly reduce the likelihood
of local recurrence following TME.%” With the widespread
implementation of NCRT as the standard of care, approxi-
mately 15-25% of patients who were treated with NCRT prior
to surgery had no traces of neoplastic cells in the pathological
specimen, a phenomenon widely known as pathological com-
plete response (pCR).® This finding has led to the introduc-
tion of a new therapeutic strategy of watch and wait that omits
surgery, with its significant implication on patients’ quality
of life. It includes close clinical, radiological, and endoscopic
follow-up in patients who achieve a complete response.'%!?

Recent studies showed that patients with locally advanced
rectal cancer treated with total neoadjuvant chemotherapy
(TNT) were more likely to complete the treatment proto-
col.!*!* The higher treatment response rates associated with
TNT could also improve overall survival and reduce the likeli-
hood of disease recurrence.'> Although TNT has been intro-
duced as the preferred therapeutic option for patients with
locally advanced rectal cancer and has been recommended by
the clinical guidelines of many associations and cancer-focused
organizations, including the National Accreditation Program
for Rectal Cancer (NAPRC)'® and the National Comprehen-
sive Cancer Network (N CCN),17 there are little data about the
effect TNT has on the patient’s pathological response.

In this study, we aimed to assess possible factors associated
with complete pathological response in patients with locally
advanced rectal cancer treated with neoadjuvant therapy prior
to surgery. Based on the recent changes in rectal cancer ther-
apy, we presumed that TNT played a significant role in achiev-
ing complete pathological response following surgery. We ana-
lyzed the different therapeutic approaches in addition to other
clinical and radiological pre-operative factors, to assess their
role as predictors for pathologic complete response (pCR).

Methods

We retrospectively analyzed an Institutional Review Board
(IRB)-approved (FLA 19-077) prospective database of
patients with rectal cancer who underwent surgery of cura-
tive intent in the Department of Colorectal Surgery at Cleve-
land Clinic Florida. This study was approved by the IRB at
Cleveland Clinic Florida. We included all adult patients who
underwent surgical resection of the rectum for rectal can-
cer and were treated with neoadjuvant therapy prior to sur-
gery over 6 years (October 2016 to October 2021). Patients
treated with a watch and wait protocol following neoadju-
vant therapy were excluded from the final analysis as we
did not have their TME pathological results. Therefore, we

@ Springer

excluded these patients from our final analysis. The cohort
was divided into two groups, based on the pathological out-
comes following surgery—the pathological non-complete
response (pNCR) group and the pCR group. We excluded all
patients with metastatic rectal cancer, patients with unknown
stage, and those who underwent treatments other than TME,
including watch and wait protocol. In addition, we excluded
all patients who were treated with surgery alone, without
pre-operative neoadjuvant therapy.

Study Outcomes

The primary outcome of the study was the rate of pCR in rectal
cancer patients who were treated with neoadjuvant therapy.
Secondary outcomes included the percentage of patients
treated with standard NCRT compared to TNT and the effect
on the pathological outcomes. Another secondary outcome
was to perform a multivariate analysis to recognize predic-
tive factors of pCR following neoadjuvant treatment. Unfor-
tunately, oncological outcomes were not assessed in our study
owning to short follow-up that may preclude accurate analysis.

Evaluation and Treatment of Rectal Cancer

The diagnostic process of patients who presented to our insti-
tute with rectal cancer included a complete physical examina-
tion with a digital rectal examination performed by a board-
certified colorectal surgeon, and full colonoscopic evaluation
with biopsies from suspected lesions to confirm the diagnosis
of rectal cancer. If the diagnosis was made prior to referral to
our institute, pathology reports and slides, endoscopy reports
and photographic images, and imaging reports and radio-
logic images were obtained and reviewed. We defined low
rectal cancer as lesions lower than 5 cm from the anal verge,
middle location as within 5-10 cm, and high rectal cancer
between 11 and 15 cm from the anal verge. All patients were
both locally and systemically staged. Local staging was per-
formed with MRI, using a standard protocol according to
the NAPRC.'® Systemic staging was mainly performed with
chest-abdominal-pelvic computerized tomography and posi-
tron emission tomography (PET-CT), if clinically required.
All patients were discussed in the weekly NAPRC MDT
meeting which includes colorectal surgeons, radiologists,
pathologists, and medical and radiation oncologists. MDT
discussions and decision-making in our institute follow the
NCCN guidelines and the NAPRC recommendations. TNT
has been adopted and increasingly employed at our institution
in recent years. Furthermore, we recently published a study
about the treatment of rectal cancer during the COVID-19
era, which demonstrated a significant increase in TNT during
this time period. We noticed an increase in TNT as in the first
phases of the pandemic, as patients were more often referred
to TNT to preserve healthcare resources. '®
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Treatment of locally advanced rectal cancer (T34, NO, or
node-positive) with NCRT consisted of long-course standard
radiotherapy (54 Gy) and 5 weeks of concurrent 5 fluoroura-
cil or capecitabine. TNT consisted of 6-8 cycles of modified
FOLOFOX6 or 5-6 cycles of CAPOX. All patients included
in the study were first given induction chemotherapy fol-
lowed by long-course chemoradiation therapy. The elective
nodal volumes received 45Gy and included the mesorectum,
obturator, internal iliac, and presacral nodes. The external
iliac nodes were included at the discretion of the treating
radiation oncologist for T4 disease. The gross tumor volume
received a boost dose of 50.4Gy—54Gy; no patients were
treated with short course radiation. Following treatment, all
patients were reassessed clinically and with a repeat pel-
vic MRI and were re-presented in MDT discussion for a
concise decision based on the outcomes of the neoadjuvant
treatment. Surgical treatment included open, laparoscopic,
or transanal approaches including transanal TME (TaTME),
with or without an anastomosis, based on tumor location and
infiltration of the surrounding structures.

Statistical Analysis

Data were analyzed with SPSS™ (IBM Corp; v23). Con-
tinuous data were expressed as mean and standard devia-
tion when normally distributed, otherwise as median and
range. Categorical data were expressed as numbers and pro-
portions. Continuous data analysis was undertaken by the
Student #-test and analysis of categorical data by the Fisher
exact test or chi-square test.

A univariate analysis identified the significant factors
associated with pCR; factors with a p value of less than 0.25
were entered into a multivariable binary logistic regression
analysis to determine the independent predictors of pCR. We
considered p values less than 0.05 as significant.

Results

192 (78.7%) of 244 patients treated for rectal cancer, were
treated with neoadjuvant therapy. Twenty patients were
excluded from the study as they were followed by a watch and
wait protocol and did not undergo TME surgery. A total of 172
patients (70.5%) who were treated with neoadjuvant therapy
followed by TME surgery were included in our analysis. The
study flowchart can be seen in Fig. 1. Sixty patients (34.9%)
were treated with TNT, and 112 patients (65.1%) were treated
with NCRT prior to surgery. The median interval of time from
neoadjuvant therapy to surgery was 13.2 (range, 4-52) weeks.
Overall, pCR was achieved in 44 patients (25.6%),
whereas 128 patients (74.4%) had a residual tumor in the
pathologic specimens. There were no significant differ-
ences between the two groups in terms of demographics
such as age (58.3 vs. 59.3 years, p=0.64), sex (p=0.99),
American Society of Anesthesiologist (ASA) score
(p=0.78), and mean body mass index (BMI) (26.5 vs 26.8,
p=0.69). The rate of pCR was 31.6% in the TNT group
and 22.3% in the standard NCRT group (p =0.2).
Univariate analysis of pre-operative clinical and radio-
logical parameters demonstrated no significant differences

Fig.1 Study flow chart
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between the two groups. Pre-operative clinical factors includ-
ing cT stage (p=0.46), cN stage (p=0.52), and positive cir-
cumferential resection margin (CRM) (p =0.72) were all
comparable between the groups. Although non-significant,
we noticed that the rate of positive extramural vascular inva-
sion (EMVI) was higher in the non-complete response group

Table 1 Comparison of demographic and pre-operative clinical data
between patients who were found to have a non-complete versus a
complete pathological response

pNCR group pCR group )4

n/mean/ n/mean/
median (%/ median (%/
SD) SD)
n=128 n=44
Male sex 83 (64.8%) 29 (65.9%) 0.99
Age (years) 59.3 (12) 58.3 (12.5) 0.64
Body mass index (kg/m?) 26.5 (4.6) 26.8 (5.4) 0.69
ASA 0.78
1 1(0.8%) 1(2.2%)
2 77 (60.1%) 23 (52.3%)
3 50 (39.1%) 18 (40.9)
Clinical T
2 22 (17.2%) 7 (15.9%) 0.46
3 81 (63.2%) 32 (72.3%)
4 24 (18.7%) 5(11.3%)
Clinical N 0.52
0 40 (31.2%) 15 (34.1%)
1 75 (58.5%) 27 (61.3%)
2 13 (10.1%) 2 (4.5%)
Positive CRM (MRI) 54 (42.1%) 17 (38.6%) 0.72
Tumor location 0.35
Low 67 (52.3%) 18 (40.9%)
Mid 56 (38.9%) 21 (47.7%)
High 6 (4.6%) 4(9.1%)
Tumor size (cm) 4.8 (1.7) 4.6 (2) 0.57
Extramural vascular invasion 29 (22.6%) 4(9.1%) 0.07
Tumor shape 0.46
Polypoid 8 (6.2%) 5(11.4%)
Semicircular 61 (47.6%) 19 (43.2%)
Annular 45 (35.1%) 13 (29.5%)
Tumor grade 0.69
Low 105 (82%) 21 (47.7%)
High 13 (10.2%) 1(2.2%)
Sphincter involvement
Internal 27 21%) 7 (15.9%) 0.51
External 7 (5.4%) 1(2.2%) 0.68
Symptomatic presentation 0.09
Obstruction 9 (7%) 0 (0%)
Bleeding 75 (58.6%) 21 (47.7%)
Pain 4 (3.1%) 4(9.1%)

ASA, American Society of Anesthesiologists; CRM, circumferential
resection margin; MRI, magnetic resonance imaging; pNCR, patho-
logical non-complete response; pCR, pathological complete response
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(22.6% vs 9.1%; p=0.07). Sphincter involvement was also
similar between the groups, when the external sphincter (2.2%
vs. 5.4%; p=0.68) and the internal sphincter (15.9% vs 21%;
p=0.51) were involved. A comparison of patients’ demo-
graphic and pre-operative data can be seen in Table 1.

The majority of patients in both groups underwent
sphincter-preserving low anterior resection or coloanal
anastomosis (84.1% vs 75.8%; p=0.29) using a laparo-
scopic approach (86.3% vs. 81.2%; p=0.49). TME speci-
men completeness (88.6% vs. 80.4%; p=0.25) and number
of harvested lymph nodes (23.2 vs 25.1; p=0.46) were
comparable between the groups. The surgical outcomes
are detailed in Table 2.

Multivariate logistic analysis demonstrated that only pre-
operative TNT (OR:2.35; 95% CI 1.06-5.25; p=0.03) was pre-
dictive of pCR, while extramural vascular invasion (EMVI) was
a predictor for lower rates of pCR (OR: 0.28; 95% C10.09-0.9;
p=0.03). The multivariate analysis can be seen in Table 3.

Table 2 Pre-operative therapeutic and surgical outcomes

pNCR group pCR group p
n/mean/median (%/SD) n/mean/

n=128 median (%/
SD)
n=44
Mean time from neoad- 13.5 (9.8) 12.3 (6.5) 0.46
juvant end to surgery
(weeks)
TNT 41 (32%) 19 (43.2%) 0.2
Type of surgery 0.29
LAR 97 (75.8%) 37 (84.1%)
APR 31 (24.2%) 7 (15.9%)
Surgical approach 0.49
Laparoscopic 104 (81.2%) 38 (86.3%)
Open 24 (18.8%) 6 (13.7%)
Complete TME speci- 103 (80.4%) 39 (88.6%) 0.25
men
Harvested LN 25.1 (14.8) 232 (11.7) 046

PNCR, pathological non-complete response; pCR, pathological com-
plete response; LN, lymph node; TME, total mesorectal excision;
TNT, total neoadjuvant therapy; LAR, low anterior resection; APR,
abdominoperineal resection

Table 3 Multivariate logistic regression for factors correlated with
complete pathological response

Variable Odds ratio 95% C1 p value
Symptomatic presentation 0.72 0.32-1.65 0.44
Positive EMVI 0.28 0.09-0.9 0.03
TNT 2.35 1.06-5.25 0.03

CI, confidence interval; EMVI, extramural vascular invasion; TNT,
total neoadjuvant therapy
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Discussion

Modern rectal cancer treatment includes three primary
treatment modalities—radiotherapy, chemotherapy, and
surgical resection. Combining these three modalities
has led to increased survival and higher rates of curative
resection.” Chemotherapy, which was given following
surgery in the pre-TNT protocols, was often delayed or
not administered at all in certain patients, especially those
who suffered from significant surgical complications.'*=!
Pre-operative consolidation and induction chemotherapy,
as part of the TNT protocol, increases the likelihood of
treatment completion, translating into overall improved
oncological outcomes.”

Furthermore, in some cases, non-operative treatment
is so efficient that some patients can defer the surgical
resection and avoid surgical morbidity, thereby improving
their quality of life.!” As a result, many studies in recent
years started focusing on this group of patients to try and
stratify possible predictive factors that will enable a com-
plete response to pre-operative therapy. Assessment of
these factors could hopefully help clinicians to identify
potential candidates for a watch and wait management.?>~>*

In this study, we analyzed factors associated with a
complete pathological response to pre-operative neoad-
juvant treatment in patients with locally advanced rec-
tal cancer. Despite the limited cohort of patients, we
found that pre-operative TNT increased the likelihood
of patients to achieve a complete pathological response,
compared to standard NCRT. Furthermore, we performed
a logistic regression analysis that demonstrated that TNT
was the only predictor of higher rates of pCR. At the same
time, positive EMVI in the staging MRI was a predictor
of lower probability of complete pathological response.
Unfortunately, perhaps due to the relatively small sam-
ple size, none of these differences achieved statistical
significance.

None of the other factors we investigated showed a sim-
ilar correlation with pCR. Tumor size,? clinical T and N
stage,26 tumor grade,27 circumferential involvement, and
tumor shape®® were all equivocal in patients who achieved
PCR and those who did not, despite previous descriptions
in the literature regarding their possible predictive role for
pCR. However, it is plausible that a small sample size did
not allow enough power to detect significant associations
between these factors and pCR. Moreover, all of these fac-
tors are already determined prior to presenting with rectal
cancer, highlighting the importance of TNT as the main
interventional factor associated with an increased response
to therapy.

Our study has several limitations, including its ret-
rospective single-center nature, lack of long-term

oncological outcomes, and sample size. In addition, we
excluded patients followed up with a watch and wait pro-
tocol to minimize possible bias associated with the lack
of pathological assessment in these patients. However,
despite these limitations, our study suggests potential
advantages for implementing TNT as the primary ther-
apeutic strategy in patients with locally advanced rec-
tal cancer. Surgeons and other caregivers treating these
patients must be aware that TNT improves the probability
for a complete response, and be meticulous in the post-
TNT follow-up, given the increased likelihood of a pCR
and the chance to avoid surgery.

Conclusion

Patients with rectal cancer undergoing TNT prior to surgery
have a higher chance of developing complete pathologic
response. Evaluation of this therapy should be continued
and extended to validate these observations.
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