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Simple Summary: Modern rectal cancer treatment in the form of total neoadjuvant therapy (TNT)
offers additional opportunities for organ preservation and consideration for a watch-and-wait (WW)
surveillance only approach. Preoperative predictors of pCR after TNT can guide the ideal selection
criteria for WW in the current era. An exhaustive literature review found predictors for pCR to
include the following: (1) biochemical factors; (2) clinical factors; (3) patient demographics; and
(4) treatment sequence for TNT. Additional data from long-term trials using TNT is critical to better
inform those considering watch-and-wait approaches following a clinical complete response.

Abstract: The modern rectal cancer treatment paradigm offers additional opportunities for organ
preservation, most notably via total neoadjuvant therapy (TNT) and consideration for a watch-and-
wait (WW) surveillance-only approach. A major barrier to widespread implementation of a WW
approach to rectal cancer is the potential discordance between a clinical complete response (cCR) and
a pathologic complete response (pCR). In the pre-TNT era, the identification of predictors of pCR
after neoadjuvant therapy had been previously studied. However, the last meta-analysis to assess the
summative evidence on this important treatment decision point predates the acceptance and dissemi-
nation of TNT strategies. The purpose of this systematic review was to assess preoperative predictors
of pCR after TNT to guide the ideal selection criteria for WW in the current era. An exhaustive
literature review was performed and the electronic databases Embase, Ovid, MEDLINE, PubMed, and
Cochrane were comprehensively searched up to 27 June 2023. Search terms and their combinations

”ou

included “rectal neoplasms”, “total neoadjuvant therapy”, and “pathologic complete response”. Only
studies in English were included. Randomized clinical trials or prospective/retrospective cohort
studies of patients with clinical stage 2 or 3 rectal adenocarcinoma who underwent at least 8 weeks
of neoadjuvant chemotherapy in addition to chemoradiotherapy with pCR as a measured study
outcome were included. In this systematic review, nine studies were reviewed for characteristics pos-
itively or negatively associated with pCR or tumor response after TNT. The results were qualitatively
grouped into four categories: (1) biochemical factors; (2) clinical factors; (3) patient demographics;
and (4) treatment sequence for TNT. The heterogeneity of studies precluded meta-analysis. The level
of evidence was low to very low. There is minimal data to support any clinicopathologic factors that
either have a negative or positive relationship to pCR and tumor response after TNT. Additional
data from long-term trials using TNT is critical to better inform those considering WW approaches
following a cCR.

Keywords: rectal cancer; pathologic complete response; neoadjuvant therapy; watch-and-wait

1. Introduction

Total neoadjuvant therapy (TNT) for treatment of locally advanced rectal cancer has
emerged in recent years as a validated alternative to standard neoadjuvant chemoradiother-
apy (CRT) [1,2]. TNT combines multi-agent chemotherapy with chemoradiation therapy
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with the intent of maximizing presurgical treatment. Recent studies have validated this
treatment to be more effective than standard neoadjuvant CRT for disease-free survival and
overall survival, as well as for distant micro-metastasis with improved rates of pathologic
complete response (pCR) or absence of residual tumor cells (i.e., ypTONO) [1-5]. Recent
NCCN guidelines acknowledge the increasingly prominent role of TNT for rectal cancer,
with many phase 2 and phase 3 trials supporting these recommendations [6,7].

In a parallel timeline to the adoption of TNT, watch-and-wait (WW) strategies, or
organ-preserving nonoperative management, have also gained attention. Reported in
1998 by Habr-Gama, WW opts for close surveillance for those that achieve a clinical
complete response (cCR), or the absence of clinically detectable primary tumor, rather than
undergoing proctectomy. Major transabdominal surgery is effectively exchanged for an
intensive surveillance paradigm with multiple studies now showing favorable long-term
outcomes in select patients [8-14]. WW avoids the morbidity and mortality of surgery,
which includes anastomotic leak, complications related to ostomies, low anterior resection
syndrome, and sexual and urinary impairment [15-22]. Current guidelines for watch-and-
wait require clinical, radiologic, and endoscopic findings of cCR, including no evidence of
residual disease on digital rectal examination, MRI, and endoscopic evaluation [23].

Importantly, the standard of care for rectal cancer therapy is starting to divide be-
tween protocols that minimize treatment-related toxicity (i.e., PROSPECT) versus organ
preservation approaches that avoid surgery. Thus, identifying those who are most likely to
benefit from a WW approach is critical since the trend in treatment approaches for those
not undergoing a WW approach is favoring less TNT rather than a universal application.
Looking ahead, one’s likelihood of a true pCR after TNT may be the discriminating factor
between selecting either of the approaches [24]. Additionally, the higher pCR rates of
TNT compared to neoadjuvant CRT alone presents greater opportunities for increased
non-operative WW management. A successful watch-and-wait approach relies on a high
correlation between cCR and pCR. In the pre-TNT era, the identification of the predictors
of pCR after neoadjuvant therapy had been well studied and predictors included tumor
size, circumferential extent, the pre-therapeutic T and N clinical stage, tumor fixation, and
the distance of the tumor from the anal margin [25-29]. The last meta-analysis to assess the
summative evidence on this important treatment decision point predates the acceptance
and dissemination of TNT strategies. The purpose of this systematic review was to assess
preoperative predictors of pCR after TNT to provide the ideal selection criteria for WW in
the current era.

2. Materials and Methods
2.1. Search Strategy

An exhaustive literature review was performed and the electronic databases Embase,
Ovid, MEDLINE, PubMed, and Cochrane were comprehensively searched up to 23 June
2023. Search terms and their combinations included “rectal neoplasms”, “total neoadjuvant
therapy”, and “pathologic complete response”. In addition to these database searches, a
search by hand for articles on pCR and the response of TNT in rectal cancer was completed
based on the references from recent articles. References of included studies as well as other
studies from appropriate authors and journals were manually assessed for relevance. The

complete search strategy is provided in the Appendix A.

2.2. Eligibility Criteria
2.2.1. Inclusion Criteria

Our inclusion criteria were studies involving adults (18 years or older) with clinical
stage 2 or 3 rectal adenocarcinoma (T3-4, NO or TxN1-2M0) who underwent at least 8 weeks
(i.e., excluded short course regimens such as the PRODIGE-23 protocol) of neoadjuvant
systemic chemotherapy in addition to CRT, also known as TNT. The endpoint reported
for treatment was a pathologic complete response status, or pCR, following rectal cancer
resection. Due to there being little published data on patient and tumor characteristics
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leading to pCR after TNT, papers identifying pCR as a secondary endpoint as well as any
tumor response to TNT were also included. Only studies in English were included.

2.2.2. Exclusion Criteria

Studies that failed to meet the above criteria were excluded from this systematic
review. This included studies of non-adenocarcinoma rectal cancer or those that utilized
neoadjuvant CRT only or neoadjuvant chemotherapy only for treatment. Additionally,
those with incomplete staging histology of the primary tumor, including local excision or
non-total mesorectal excision, were excluded.

2.3. Data Extraction

Two authors (EF and KS) reviewed the list of retrieved articles and confirmed eligibility
of each study through a comprehensive screen of titles and abstracts. Titles with exclusion
criteria were removed. A complete full-text assessment was completed of approved studies
(EF and KS). Relevant features of each study were extracted including title, publication year,
country of origin, sample size, measure of pCR, and covariates included when comparing
those with pCR versus those without pCR. The alternative reviewer then reviewed the
extracted data against the full text for accuracy. Duplicate documents were removed. A
third reviewer (IL) arbitrated all inter-reviewer discrepancies with resolution through a
consensus approach involving all three authors.

2.4. Study Quality Assessment

The quality of each article for the primary outcome, pCR, was assessed using the
GRADE approach [30]. Each article underwent two-author review and initial quality level
assignment (very low, low, moderate, and high) with a third author (EF) serving as arbiter
for discrepancies.

2.5. Data Synthesis

We required a minimum of 3 studies with similar measures of pCR to perform data
synthesis. The primary outcome, pCR, was required for synthesis with the expected
common effect measure to be the odds ratio of each covariate being associated with a pCR.
Odds ratios were to be combined using a random effects meta-analysis and evaluated with
12 for heterogeneity. If not suitable for meta-analysis, a narrative qualitative synthesis alone
was planned, which would compare similarities and differences between studies.

2.6. Protocol Registration

The protocol was registered with the PROSPERO international prospective register of
systematic reviews (CRD42023453571).

2.7. Reporting Guidelines

This study was conducted and reported consistent with the PRISMA Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses framework.

3. Results

A total of 963 related studies were identified from databases Embase, Ovid, MEDLINE,
PubMed, and Cochrane. After removing duplicates and those lacking relevant information
or endpoints, nine papers met the inclusion criteria for this systematic review (Table 1). See
the flow diagram (Figure 1) for an overview of the search process.
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Table 1. Characteristics of Included Studies.

Stud Number of . .
(Public a;li 0¥1 Year) 11)1;1;1 ere11; so Study Type Comparators Assessed Primary End Point PCR Rate
Sex, age, BMI, race,
tumor characteristics
such as tumor distance
from anorectal ring, CEA
. level, and clinical staging 21.6% cCR;
Chap ngg;;)al. (311 102 Retrosp Ei[dg]e cohort characteristics such as CR (pCR or cCR) 23.8% pCR;
study T-stage CRM, tumor 37.3% CR
grade, and genetic
characteristics such as
MSI status, and genetic
mutation
Bedrikovetski Induction vs.
etal. [32] Prospective consolidation 40.5% cCR;
personalized TNT 79 observational study chemotherapy based on CR (pCR or cCR) 5.1% pCR
(2023) clinical stage
Induction vs.
Bedrikovetski Prospective consolidation 40.7% oCR;
et al. [33] sarcopenia 118 b tP 1 stud chemotherapy, ECOG CR (pCR or cCR) 36.4% cCR;
(2023) oObservational study performance status, stage, 9.4% pCR
BMI, RT dose
Age, gender, clinical . o
McDermott et al. [34] 350 Retrospective cohort  stage, insurance status, piﬁ;}; rcglgfrg)r I;Ery 1178'05/ & ‘;}E%g
2021 tud: i , bidi oo
( ) study ;I;g(;erzne comorbidity pCR of nodes (ypNO) 72% ypNO
Clinicopathological data
including clinical TNM
Zhang et al. [35] 120 Retrospective cohort  staging, mesorectal fascia Tumor regression N/A
(2022) study (MRF) and extramural response
vascular invasion (EMVI),
CEA level,
Single-center Patient demographics
observational including age, and
Foppa et al. [36] 16 (partially smoking status. a t}fglcoorii};}ettsmor N/A
(2023) retrospective) and Histopathological p resg onse
ambidirectional characteristics including P
parallel-cohort study  extramural invasion
12% pCR and 15%
M : PCR +cCR early
cKenna et al. [37] 7 Retrospective cohort  Age (<50 years and CR or cCR onset; 22% pCR and
(2022) study 250 years) F 30% pCR + oCR late
onset
Induction chemotherapy
with long-course 49% cCR and 43% CR
Multi-center, chemoradiation and 22.6% pCR in
Moyer et al. [36] 167 retrospective cohort (CRT-TNT) vs. CR (pCR or cCR) CRT-TNT; 5};% cCR
(2023) d short-course radiation d 53% CR and 6%
study and consolidative anCR P A’
in SCRT-TNT
chemotherapy p
(SCRT-TNT)
Induction chemotherapy
followed by 20% pCR for
Prospective chemoradiotherapy INCT-CRT; 35% for
Garcia-Aguilar dp . d, (INCT-CRT) or Disease-free survival ~ the CRT-CNCT; 53%
etal. [39] 324 randomize chemoradiotherapy (DFS); pCR; organ organ preservation
multicenter phase II . 110
(2022) trial followed by preservation for CRT-CNCT; 41%
! consolidation organ preservation
chemotherapy for INCT-CRT
(CRT-CNCT)

Abbreviations: CR—complete response; pCR—pathologic complete response; cCR—clinical complete response;
TNT—total neoadjuvant therapy; CRT—chemoradiation therapy; SCRT—short course radiotherapy; INCT—

induction chemotherapy; CNCT—consolidation chemotherapy.
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Electronic Database searches:
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Pubmed, and Cochrane
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Figure 1. PRISMA flow diagram of systematic review.

3.1. An Quverview of Study Populations

Studies were published between 2019 and 2023 with patients treated with TNT be-
tween 2014 and 2023. TNT regimens included induction chemotherapy (8 cycles of FOL-
FOX or 5-6 cycles of CAPOX) followed by long-course CRT therapy (25 to 28 radiotherapy
fractures with concurrent 5-fluorouracil or oral capecitabine) or short-course CRT ther-
apy (25 Gy in 5 fractions), or long-course CRT followed by consolidation chemotherapy
(8 cycles FOLFOX6 or 5-6 cycles CAPOX).

3.2. The Benefit of TNT Based on Biochemical Factors

Biochemical predictors, specifically the mutational analysis of tumors and blood
markers associated with rectal cancer, were examined in one study to assess predictors to
TNT. The retrospective cohort study by Chapman et al. identified 102 patients with stage 2
or 3 rectal adenocarcinoma who underwent TNT, and 38 of those had a complete response
(CR) after treatment. A CR was defined as those with a cCR undergoing nonoperative
management who remained cancer-free with a median follow-up of 23.3 months or patients
who underwent surgery with a pCR. Individuals with a CR were more likely to have a
normal pre-treatment CEA level. Patients with a CR were also less likely to have any
genetic mutation, which included KRAS, NRAS, BRAF, PIK3CA, p53, APC, FBXW?, or
SMAD4 (31.6% vs. 81.6%; p < 0.001). Only p53 (21.1% vs. 79%, p < 0.05) and SMAD4 (0%
vs. 100%, p < 0.05) mutations were independently significant in predicting an incomplete
response to TNT compared to wild type [31].

3.3. The Benefit of TNT Based on Clinical Predictors

Three studies meeting inclusion criteria analyzed laboratory findings for diagnosis
and staging, which were collectively grouped as clinical factors that were indicative of a
positive or negative response to TNT. While limited data exists on clinical factors best suited
for different regimens of TNT, a study by Bedrikovetski et al. introduced personalized
TNT treatment based on clinical stage at presentation [32]. Patients at risk of systemic
progression (liver or lung metastases, extramural vascular invasion, or abnormal mesorectal
or lateral pelvic lymph nodes) received induction chemotherapy whereas patients with a
risk of local progression (bulky tumors, T4 extension, or low tumors) received consolidation
chemotherapy. A total of 79 patients were included in this study, with 41.8% being treated
with an induction TNT approach and 58.2% receiving a consolidation TNT approach. While
this study did not compare pCR rates between induction and consolidation chemotherapy
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or other patient characteristics between the two groups that could affect tumor response,
40.5% of all patients had a ¢cCR and 5.1% of those who had surgery had a pCR. This
illustrates how a targeted approach to TNT based on clinical predictors could positively
affect tumor response [32].

Another paper by Bedrikovetski et al. prospectively analyzed 118 patients from 2019
to 2022 after TNT for clinical factors which predicted CR after TNT. Treatment was again
tailored based on risk of progression, and 30.5% of patients received induction TNT while
69.5% received consolidation TNT. Sarcopenia was diagnosed by universally accepted cut-
of points based on CT measurements of the psoas muscle cross-sectional area at the third
lumbar vertebral level, normalized for patient height. Univariate and multivariable logistic
regression analysis found sarcopenia and hypoalbuminemia to be statistically significant
negative predictors of cCR. Sarcopenia was also a negative independent risk factor for
overall clinical response (0CR), defined as the proportion of patients who achieved either
cCR or pCR [33]. After further analysis, a positive circumferential resection margin was
also a negative predictor of oCR [40].

A study from the United States analyzed patient and treatment characteristics associ-
ated with pCR for 350 patients in the National Cancer Database that underwent TNT [34].
When stratified by clinical stage, patients with cT4 disease were associated with worse pCR
rates and those with ¢T3 or cN1 disease had improved overall survival [34]. Additionally,
patients who underwent TNT had statistically significant improvement in nodal response
(ypT + NO) compared to those undergoing neoadjuvant CRT, further leading to improved
overall survival for patients with advanced stage cancer [34].

Zhang et al. analyzed the response of clinicopathological characteristics of 120 patients
who received TNT with consolidation TNT. Univariate and multivariable analysis found
those with MRI staging cN2, tumor diameter > 5 cm before treatment, and lower clearance
rate of CEA with elevated CEA levels > 5 ng/mL after CRT being negatively associated
with tumor response to TNT [41]. This study highlights the value of selection when
evaluating patients for the likelihood of complete response to TNT.

3.4. The Benefit of TNT Based on Demographics

As mentioned previously, Chapman et al. found that individuals with a CR were
more likely to be younger (median 49 years vs. 55 years in the non-CR group) [31]. Two
additional studies assessed the impact of the age of patients on response to TNT, with
contradictory results. Foppa et al. assessed the response to both TNT and standard CRT in
the treatment of rectal cancer [36]. A total of 16 patients underwent TNT, which included
four late-onset patients (age at diagnosis > 50 years) and twelve early-onset patients (age
at diagnosis < 49 years). Only 15% of early-onset individuals underwent TNT and the
rates of CR stratified by treatment type are not given, limiting the application of this study
to assess the response to TNT. While TNT was not a statistically significant risk factor in
the multivariable analysis, early-onset disease was a risk factor for an incomplete response
to therapy. Of note, a disease-free survival analysis still needs to be completed to assess
systemic control for younger patients who underwent TNT [36].

McKenna et al. assessed pCR rates after TNT for young-onset and later-onset patients,
with the same age cutoff as the Foppa et al. study [37]. This retrospective review included
72 patients, of which 61% were male with the median age in the young-onset cohort
being 43 years and the median age in the later-onset cohort being 64 years. The median
follow up was 38 months. Between the younger-onset and later-onset cohorts, there were
no statistically significant differences in pCR rates (12% and 15%, respectively), with
similar 5-year overall survival rates (86% and 84%, respectively). This contradicts earlier
findings which hypothesized early-onset rectal cancer responds differently to TNT [36,37].
Additional data is needed to assess whether age or tumor characteristics associated with
early-onset disease are risk factors for poor response to TNT, and therefore, not ideal for
WW approaches.
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3.5. The Benefit of the Order of Therapy Sequence in TNT

In search of a consensus on when and how to administer TNT, namely consolida-
tion compared to induction, for those pursuing non-operative management, two studies
analyzed the sequence of chemotherapy and CRT in TNT. The first study was a 2022 multi-
institutional study examining CR, again defined as a cCR for non-operative management
and pCR in patients who underwent total mesorectal excision, between two types of TNT
regimens. This retrospective study by Moyer et al. compared induction chemotherapy
with long-course CRT vs. short-course radiation and consolidation chemotherapy. Of the
167 patients, 84 received induction chemotherapy and 83 received consolidative chemother-
apy. This study found no difference in cCR between the induction and consolidation groups
(49% and 53% respectively, p = 0.659), and CR (43% and 53% respectively, p = 0.189). A total
of 39 (47%) consolidation chemotherapy patients underwent nonoperative management
with cCR and 17 (20%) induction chemotherapy patients underwent nonoperative manage-
ment with cCR. This discrepancy could be because 56% of induction chemotherapy patients
did not have a complete re-staging, possibly resulting in more operative management due
to an inability to assess for cCR. In this study, there was not a superior TNT sequence for
those that wished to achieve organ preservation [38].

Conversely, the Organ Preservation in Patients with Rectal Adenocarcinoma (OPRA)
trial, a randomized, multi-institutional, nonblinded phase II trial in the US, found su-
perior outcomes for rectal preservation with consolidation chemotherapy as the TNT
regimen. This study randomly assigned 324 patients to either induction chemotherapy or
consolidation chemotherapy, with those with a cCR offered WW. Organ preservation, or
non-operative management, after cCR was an endpoint along with disease-free survival.
The median age of patients was 59 years in the induction group and 56 years in the consoli-
dation group, with a median follow up of 3 years. A multivariable Cox regression analysis
found clinical T3, clinical nodal metastasis, and induction chemotherapy were associated
with tumor regrowth. Approximately half of the patients randomized to CRT with con-
solidation chemotherapy achieved cCR, leading to higher three year organ preservation
rates compared to patients who received induction chemotherapy with CRT (53% vs. 41%
respectively, p = 0.01) [39]. As over 50% of the patients who underwent consolidation
chemotherapy achieve rectal preservation, this might represent an optimal regimen for
patients hoping for a WW approach [39]. Additional studies are needed to provide optimal
treatment strategies to individuals who wish to pursue non-operative management.

Quality Assessment Summary

Overall, the quality of the studies was low to very low, with one high-quality study
(Table 2). Table 2 reproduces the included studies with evidence provided for GRADE
quality domains and a study-specific quality assessment. Eight of nine studies were obser-
vational, and all of these also had serious bias risks that further impacted their quality as-
sessment. The OPRA trial was a high-quality study, but pCR was not its primary endpoint.
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Table 2. GRADE Quality Assessment of Included Studies.

Detractors (Risk of Bias, Protective Factors Overall
Study Study Type Inconsistency, Indirectness, (Large Effect, Dose Response, Quality of
Imprecision) Opposing Bias) Evidence
Risk of Bias
e  The small cohort size limited
the ability to perform a
multivariable analysis for
factors independently
associated with a complete
response.
e  Population was mainly
white. Large Effect
Indirectness
e 100% of patients with a
e Complete response was complete response had a
defined as either patients wild-type SMAD4 mutation
with a clinical complete compared to 80.6% of
response u.ndergoing patients with an incomplete
nonoperative management or response. In other words, all
patients undergoing surgery patients with a SMAD4
with a pathological complete mutation did not have a
Cropman Rerogeetve _reponse. Complete sparse
’ Imprecision Opposing Bias
e Microsatellite instability was o  Patients who underwent
not routinely evaluated in consolidative chemotherapy
patients with proficient after radiation were excluded
mismatch repair, which may to minimize heterogeneity
impact response rates. with respect to the
e  Mutational analysis was not neoadjuvant therapy
routinely performed, and the regimen.
sample size for genetic
mutations may have been too
small to detect a significant
difference in complete
responders and incomplete
responders.
e Only patients with induction
chemotherapy were included,
which does not fully capture
current TNT practices.
Risk of Bias
e  No modeling was performed.
Inconsistency
e Only 73.4% of patients
Bedrikovetski completed the planned
etal. [32] Prospective number of cycles. Vi
. : . o ery Low
personalized observational study e  Seven patients (8.9%)
TNT received other tailored

treatment regimens including
FOLFIRI, TOMOX,
Bevacizumab,
Pembrolizumab and
Panitumumab.




Cancers 2023, 15, 5853

9 of 20

Table 2. Cont.

Study

Study Type

Detractors (Risk of Bias,
Inconsistency, Indirectness,
Imprecision)

Protective Factors
(Large Effect, Dose Response,
Opposing Bias)

Overall
Quality of
Evidence

Indirectness

e  The primary endpoint was
complete response rate
defined as the proportion of
patients who achieved either
a clinical complete response
or pathological complete
response.

Imprecision

e Race and ethnicity data were
not collected.

e  Eight patients declined
surgery after completing
TNT despite having residual
clinical disease.

Bedrikovetski
etal. [33]
sarcopenia

Prospective
observational study

Risk of Bias

e Sarcopenic patients were
more likely to have higher
ECOG, have higher T and N
stages, have shorter course
radiotherapy, be
non-compliant with

radiotherapy, and receive less

radiation.

e  The multivariable analysis
did not include important
predictors for complete
response including
circumferential resection
margin and pretreatment
carcinoembryonic antigen.

Inconsistency

. There were two different
TNT protocols.

Indirectness

o  The primary endpoint was
clinical complete response or
pathological complete
response.

Imprecision

e  Sarcopenia cutoffs should be
determined within each
specific patient population
and body mass index
category, but this study used
universally accepted cut-off
points.

Opposing Bias

Sarcopenic patients
completed more planned
cycles of chemotherapy.

Very Low
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Table 2. Cont.
Detractors (Risk of Bias, Protective Factors Overall
Study Study Type Inconsistency, Indirectness, (Large Effect, Dose Response, Quality of
Imprecision) Opposing Bias) Evidence
Risk of Bias
o  The study was a secondary
analysis of an administrative
dataset, which has inherent
limitations related to the
accuracy of the data,
selection bias, and Large effect
unmeasured confounders. 8
Inconsistency e  C(linical T4 disease was a
T significant negative predictor
McDermott Retrospective ° Rad,lajflon doses', length of of pCR(OR =02, p =0.02) L
etal. [34] cohort study rad¥at%0n' and tlm_e from Opposing bias ow
radiation completion to
surgery were not consistent o The study performed
among patients in the TNT propensity-score matching.
group.
Imprecision
e  The administrative dataset
used (NCDB) does not have a
variable for chemoradiation,
s0 assumptions were made to
define this variable.
Inconsistency
e  Surgery included low
anterior resection,
abdominoperineal resection,
or Hartmann'’s procedure. Opposing bias
Indirectness C
e  There were no significant
e The primary endpoint was differences in operation time,
not stated. The study’s blood loss, postoperative
primary focus was tumor complications, lymph nodes
Retrospective regression response and harvested, or
Zhang et al. [35] cohort study post-treatment lymphovascular invasion Very Low
carcinoembryonic antigen between the good response
clearance and not on and poor response groups.
pathologic complete e  Surgery was performed
response. regardless of evidence of
Imprecision complete clinical response.

e Only patients with
consolidation chemotherapy
were included, which does
not fully capture current TNT
practices.
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Table 2. Cont.
Detractors (Risk of Bias, Protective Factors Overall
Study Study Type Inconsistency, Indirectness, (Large Effect, Dose Response, Quality of
Imprecision) Opposing Bias) Evidence
Risk of Bias
e  Mean body mass index and
comorbidities were different Opposing Bias
between the early-onset )
rectal cancer and late-onset e  Thestudy used a strict
rectal cancer groups. The definition of early-onset
model adjusted for body rectal cancer according to
mass index but not for age.
comorbidities. e  The study focused on
e More late-onset rectal cancer preoperatively treated locally
patients underwent advanced rectal cancer
neoadjuvant patients, which presented a
Sinel chemoradiotherapy, but more homogenous population in
ng e—ce?nter early-onset rectal cancer terms of pre-treatment MRI
obser Vétlonal patients received total stage between the early-onset
(partlfilly neoadjuvant therapy (15% vs. and late-onset rectal cancer
Foppa et al. [36] retros%gctlve'e) anld 1%). groups. Low
am 1uniect1}?na The long time span of the e  The early-onset and
paralle ;ico ort study is a limitation as new late-onset rectal cancer
study approaches have developed. groups were balanced in
. terms of pathological
Indirectness
features.
o  The primary endpoint was e  Patients enrolled in the
the rate of incomplete watch-and-wait protocol and
response. operated on for a regrowth
o  Patients with DNA mismatch during follow-up were
repair mutations were excluded from analysis,
excluded. which made the population
Imprecision more homogenous.
e  The confidence interval for
age of onset was 1.02 to 3.16
in multivariable analysis.
Opposing Bias
Indirectness . There were no significant
differences in the baseline
e  The abstract does not state o
) the studv’s primary endpoint characteristics between the
McKenna Retrospective o ueysp y endpomt young-onset and later-onset Verv Low
et al. [37] cohort stud but it can be assumed to be y
y . locally advanced rectal
pathologic complete
cancer groups.
response.

Only 68% of patients were
Caucasian.




Cancers 2023, 15, 5853

12 of 20

Table 2. Cont.

Study Study Type

Detractors (Risk of Bias,
Inconsistency, Indirectness,

Protective Factors
(Large Effect, Dose Response,

Imprecision) Opposing Bias)

Overall
Quality of
Evidence

Imprecision

The study was
underpowered to detect a
difference in pathologic
complete response between
the young-onset and
later-onset locally advanced
rectal cancer groups. The
pathologic complete response
was 12% in the young-onset
group compared to 22% in
the late-onset group. This
appears to be clinically
significant, but it was not
statistically significant likely
due to the small sample size
of the study.

Publication Bias

This was a conference
abstract.

Risk of Bias

Multi-center,
retrospective cohort
study

Moyer et al. [38]

The study had a small
sample size.

The two arms of the study
were conducted at different
centers by different surgeons.
Patients in the induction
chemotherapy and
long-course chemoradiation
group had a shorter interval
from completion of total
neoadjuvant therapy to
surgery compared to the
short-course radiation and
consolidative chemotherapy
group. There might have
been a selection bias as to
which patients were chosen
for the two different total
neoadjuvant therapy
protocols.

Some patients received total
neoadjuvant therapy at a
non-study center.

More patients in the
induction chemotherapy and
long-course chemoradiation
group were younger and had
at least 12 lymph nodes
obtained compared to the
short-course radiation and
consolidative chemotherapy

group.

Very Low
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Table 2. Cont.

Detractors (Risk of Bias, Protective Factors Overall
Study Study Type Inconsistency, Indirectness, (Large Effect, Dose Response, Quality of
Imprecision) Opposing Bias) Evidence
Inconsistency

° There was a high rate of near
complete and incomplete
total mesorectal excision.

Indirectness

e  The primary endpoint was
the rate of severe
postoperative complications.
The secondary outcome was
rates of complete response
(clinical or pathological).

Garcia-Aguilar
etal. [39]

randomized

Large Effect
Risk of Bias e  For the intention-to-treat
e  The study was nonblinded. POPUIatiOH, there was '
Prospective, (This is a non-serious risk of increased organ preservation
bias.) rates in the chemoradiation
. idati High
multicenter phase  [ndirectness and consolidative ig
11 trial chemotherapy group
o  The primary endpoint was compared to the induction
disease-free survival. chemotherapy and

chemoradiation group (53%
vs. 41%; p = 0.01).

4. Discussion

With several phase III trials recently completed or in process, TNT has been proven
as a safe and often superior standard form of treatment in patients with locally advanced
rectal cancer, with doubled pCR rates and a reduction in distant metastasis compared to
standard neoadjuvant CRT, total mesorectal excision, and optional adjuvant chemotherapy
based on surgical pathology [1,3,6,7,42]. However, a lack of standardization in treatment
duration, type of radiation therapy and chemotherapy, and the possibility of overtreatment
for low-risk patients poses a challenge when attempting to identify prospective patients
most appropriate for WW [16,42]. Selecting out high risk patients may reduce the risk of
WW salvage surgery or distant metastases with disease recurrence after WW.

In this systematic review, we reviewed nine studies for characteristics positively or
negatively associated with pCR after TNT. Key findings of predictors included biochemical
predictors, such as genetic mutations, clinical predictors, including sarcopenia, hypoalbu-
minemia and clinical stage at diagnosis, and patient demographics, including age, as well
as the order of therapy sequence in TNT for those that desire non-operative management.
The overall quality of evidence was generally low to very low, with only one study having
a high equality of evidence. The findings of this systematic review suggest that there are
minimal data assessing clinicopathological characteristics and their ability to predict pCR
after TNT. Future long-term trials on disease recurrence and overall survival are needed to
confirm patient selection for TNT.

4.1. Biochemical Predictors

Of the data identified, biochemical predictors that increase tumor susceptibility to TNT
include a normal pre-treatment CEA level [31] and an absence of genetic mutations (wild
type) [31]. While excluded from our analysis, a study by De Felice et al. highlighted an
interesting opportunity for personalized TNT treatment based on biochemical predictors.
In this phase 2 single-arm trial, mutated Ras-BRAF was treated with induction chemother-
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apy in the form of FOLFOXIRI plus bevacizumab, whereas wild-type patients received
FOLFOXIRI plus panitumumab /cetuximab. Although these were non-traditional regimens
of TNT, 32.1% of patients achieved a complete response with these targeted therapies.
While the single-arm design does not allow us to examine biochemical predictors of pCR
rates between traditional TNT and alternate regimens, it questions whether other treat-
ment regimens should be considered based on biochemical factors [43]. Unfortunately,
induction chemotherapy as used in the De Felice study is not as widely recommended
compared to consolidation chemotherapy [7,39], making these findings unclear in their
generalizability [43]. Additionally, the small sample size limits the power of both the De
Felice and Chapman studies [31,43]. Understanding the pretreatment genetic indicators of
rectal cancer can guide TNT treatment to obtain pCR, but further randomized, controlled
trials and phase 3 trials are needed. The current quality of evidence for biochemical and
genetic markers of pCR after TNT is very low.

4.2. Clinical Predictors

Four studies total, with three studies combined for a total of 317 patients, assessed
clinical predictors of response to TNT. These studies found that sarcopenia, hypoalbumine-
mia, a positive circumferential resection margin, stage cN2 and cT4, tumor diameter > 5 cm,
and lower clearance rate of CEA with elevated CEA levels > 5 ng/mL after treatment were
negatively associated with cCR [33,41]. While these findings align with previous studies of
sarcopenia associated with a poor response to neoadjuvant CRT [44], the imaging-based
assessment of sarcopenia lacks an evidence-based consensus on standardized thresholds
and is limited by inter-rater unreliability [45]. Conversely, tailoring TNT based on clinical
staging (risk of local recurrence versus systemic progression) was favorable for overall
cCR rates [32]. While Bedrikovetski et al. did not analyze cCR rates between different
regimens of TNT and specific clinical predictors of improved responses to TNT have yet
to be identified, a precision-guided treatment based on predictors may improve WW out-
comes. This is supported by other studies that tailored treatment for patients with rectal
cancer, including a study by Cercek et al. While not a TNT regimen, patients with mismatch
repair-deficient rectal cancer underwent treatment with anti-PD-1 therapy [46]. A total
of 100% of these patients had a cCR after this single agent therapy, suggesting modify-
ing treatment based on tumor characteristics may represent an optimal treatment plan
for future patients [32,46]. Two studies found advanced cancer staging, specifically cN2
and cT4, to be negatively associated with pCR after TNT. While the McDermott paper is
limited by uncertainties in the accuracy of the database as well as a lack of other prognostic
information not recorded [34], this sentiment is supported by the positive tumor response
after TNT in early rectal cancer as examined by Habr-Gama [47]. While excluded from our
analysis due to clinical stage as well as limitations in the implications and generalizability
of this study, they examined the effects of extended CRT with consolidation chemotherapy,
or tailored TNT, on patients with cT2NO. In this retrospective cohort study of 123 patients,
85.7% of patients had a cCR in the TNT arm compared to 56.6% having cCR after standard
CRT. This high rate of cCR, along with a 1- and 5-year surgery free survival of 82% and 67%,
respectively, illustrates a high likelihood of true pCR if surgical pathology was pursued,
further supporting tailoring treatment based on clinical stage [47]. For all included studies,
however, there was relatively low sample size of patients able to be analyzed, representing
a population sample limited in size given the relatively new regimen of TNT, decreasing
the power of the studies. Further research is needed to better understand how to tailor
TNT regimens to patient and tumor factors. The quality of evidence for clinical predictors
of pCR after TNT is very low.

4.3. Patient Demographics

The three studies that assessed the response of patients to TNT by age had widely
varying results. The quality of the evidence is very low as small sample sizes decreased the
power of each study, with less than 100 patients between the Foppa and McKenna studies,
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which specifically analyzed early-onset rectal cancer responses to TNT. Previous studies
analyzing the predictive value of age for pCR after neoadjuvant CRT are also contradictory.
Zhang et al. in 2020 found young patients (<40 years old) had lower pCR rates [35]. A
2021 study out of Malaysia further supported those findings, with lower pCR rates after
neoadjuvant CRT [48]. However, a 2013 study from Memorial Sloan-Kettering, found
similar pCR rates despite early-onset rectal cancer [49]. Other studies have shown age
is not associated either positively or negatively with pCR [50]. A hypothesis for future
research to explore is if younger patients have other tumor and patient characteristics,
including more aggressive features, that are not responsive to treatment [48] or if younger
patients are more likely to receive maximum and aggressive treatment [36] with no actual
differences in pCR rate based on age.

4.4. The Order of Therapy Sequence

Two studies, including a randomized phase II trial, assessed outcomes based on the
order of therapy sequence, or induction versus consolidation chemotherapy. While Moyer
et al. did not find a superior sequencing of TNT, the OPRA trial supports consolidation
chemotherapy for those that wish to pursue WW. Additional trials also support consol-
idation chemotherapy, including the 2019 German trial CAO/ARO/AIO-12. While not
included in our analysis due to the abbreviated length of TNT, this multicenter phase
II trial randomized 306 patients to either three cycles of FOLFOX before (induction) or
after (consolidation) with pCR as the primary endpoint [51,52]. The first report from
2019 showed that consolidation chemotherapy was associated with a higher pCR (25% vs.
17%) and combined pCR and cCR rates (28% vs. 21%) [51]. Long-term results published
in 2022 illustrated no significant difference in toxicity, further promoting consolidation
chemotherapy with TNT for those prioritizing organ preservation [52]. This is consistent
with the previously mentioned OPRA trial, where 50% of patients who underwent consoli-
dation chemotherapy achieved a sustained cCR and therefore, had higher rates of organ
preservation [39]. Despite the variability between the three studies, based on the total
study population of over 600 patients between the two trials, consolidation chemotherapy
appears to be the superior therapy sequence for individuals undergoing WW. The quality of
evidence supporting consolidation therapy as a predictor of pCR is moderate, and therefore,
consolidation therapy is our most evidenced conclusion from the existing literature for this
systematic review.

4.5. Future Directions

As TNT is still a relatively new regimen for rectal cancer, there lacks robust predictors
of cCR or pCR. In the pre-TNT era, predictors of pCR after neoadjuvant CRT had only
recently been shown. A systematic review from 2016 found a lack of predictors of pCR
after neoadjuvant CRT, despite its presence in rectal cancer treatment for over 20 years [53].
However, in the last ten years, predictors of pCR after neoadjuvant therapy have been
further studied and recent 2023 papers identified potential biomarkers [54] and clinical
factors [55] that determine pCR after neoadjuvant CRT. Other studies have described
PCR relative to other predictors including tumor size, circumferential extent, the pre-
therapeutic T and N clinical stage, tumor fixation, and the distance of the tumor from
the anal margin [25-29]. Additional research should be aimed at validating these clinical,
biochemical, and patient predictors of pCR after TNT, rather than CRT alone.

Future directions are ongoing, as varying TNT regimens are currently being tested.
A study by Bujko et al. compared TNT with short course radiotherapy and three cycles
of FOLFOX compared with standard neoadjuvant CRT [56]. This shortened consolidation
chemotherapy and radiotherapy TNT had similar rates of pCR compared to CRT, and long-
term results published in 2022 had comparable overall survival rates [57]. Additionally,
the NOMINATE trial out of Japan is an ongoing, prospective, multicenter randomized
phase 2 trial that will assess pCR or cCR >2 years after either TNT with consolidation
chemotherapy or TNT with induction chemotherapy [58]. Future studies are needed to
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designate the optimal duration and regimen of TNT for patients in the context of non-
operative management.

4.6. Limitations

This study is not without limitations. Neoadjuvant regimens across the world are
so heterogeneous that making amalgamated conclusions about the existing published
literature in the TNT treatment context is hard. The studies that do exist are not directly
comparable and most are low to very low quality.

In addition, the priorities of neoadjuvant therapy are continually evolving. For ex-
ample, the PROSPECT trial is currently leading a wave of interest focused on reducing
neoadjuvant therapy exposure [24]. While these countervailing efforts to TNT impair
consensus development, they also highlight the importance of further research into pre-
dictors of pCR after TNT. If pCR is unlikely, current trends would typically favor reduced
neoadjuvant intensity in favor of surgical resection when feasible. Conversely, the best
watch-and-wait outcomes have come through a TNT paradigm. Thus, in an era where TNT
itself may be under threat as a standard of care, knowing who may benefit the most from
TNT will be essential to keeping this option available for the best selected patients.

5. Conclusions

The purpose of this systematic review was to assess preoperative predictors of patho-
logic complete response after total neoadjuvant therapy to provide the ideal selection
criteria for watch-and-wait strategies. Despite small sample sizes with heterogenous TNT
regimens, predictors were grouped into four categories. Key findings of predictors were
biochemical predictors, such as genetic mutations, clinical predictors, including sarcopenia,
hypoalbuminemia, and clinical stage at diagnosis, patient demographics, including age,
and the order of therapy sequence of TNT for those that desire non-operative management.
By confirming the findings in this systematic review and identifying additional pCR pre-
dictors in larger patient populations, a more validated and appropriate patient selection for
WW can be determined.
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Appendix A

Ovid: MEDLINE(R) ALL

1 . Rectal Neoplasms/ 45915

2 ((- rectum or rectal) adj3 (cancer or neoplasm or carcinoma*)).mp. 34112
3 lor2 56045

4 Neoadjuvant Therapy/ 25890

5 (neo$adjuvant adj2 (therap* or treatment*)).mp. 33544

6 4or5 33544

7 (pathologic adj complete adj response).mp. 3055

8 3and 6 and 7 400

9 limit 8 to humans 358
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Embase <1974 to 2023 June 27>updated 6/28/23

Embase <1974 to 2023 June 27>

rectum cancer/ or rectum carcinoma/ 56989

((rectum or rectal) adj3 (cancer or neoplasm or carcinoma®)).mp. 72923
lor2 72923

Neoadjuvant Therapy/ 23097

(neo$adjuvant adj2 (therap* or treatment*)).mp. 45032

4or5 45032

(pathologic adj complete adj response).mp. 6970

3and 6 and 7 600

limit 8 to human 582

Ovid MEDLINE(R) ALL <1946 to June 27, 2023> (DONE)-NO NEW PAPERS

O 0NN Gl WN -

1 Rectal Neoplasms/ 48055

2 ((rectum or rectal) adj3 (cancer or neoplasm or carcinoma®)).mp. 36570
3 lor2 59116

4 (total adj neoadjuvant therapy).mp. 273

5 3and 4 247

6 limit 5 to humans 194

7 (pathologic adj complete adj response).mp. 3481
8 5and 7 28

9 limit 8 to humans 21

Cochrane

Date Run: 6/27/2023

Comment:

ID Search Hits

#1 (rectum or rectal) NEAR/3 (cancer or neoplasm or carcinoma*) 4332
#2 neo$adjuvant NEAR/2 (therap* or treatment*) 383

#3 pathologic NEAR complete NEAR response 1001

All 3: 2 papers

References

1.

Liu, S,; Jiang, T.; Xiao, L.; Yang, S.; Liu, Q.; Gao, Y.; Chen, G.; Xiao, W. Total Neoadjuvant Therapy (TNT) versus Standard
Neoadjuvant Chemoradiotherapy for Locally Advanced Rectal Cancer: A Systematic Review and Meta-Analysis. Oncologist 2021,
26, €1555-e1566. [CrossRef] [PubMed]

Cercek, A.; Goodman, K.A.; Hajj, C.; Weisberger, E.; Segal, N.H.; Reidy-Lagunes, D.L.; Stadler, Z.K.; Wu, A.]J.; Weiser, M.R,;
Paty, P.B.; et al. Neoadjuvant chemotherapy first, followed by chemoradiation and then surgery, in the management of locally
advanced rectal cancer. J. Natl. Compr. Cancer Netw. 2014, 12, 513-519. [CrossRef] [PubMed]

Cercek, A.; Roxburgh, C.S.D.; Strombom, P.; Smith, J.J.; Temple, L.K.E; Nash, G.M.; Guillem, ].G.; Paty, P.B.; Yaeger, R.; Stadler,
Z.K,; etal. Adoption of Total Neoadjuvant Therapy for Locally Advanced Rectal Cancer. JAMA Oncol. 2018, 4, €180071. [CrossRef]
[PubMed]

Chau, I; Brown, G.; Cunningham, D.; Tait, D.; Wotherspoon, A.; Norman, A.R.; Tebbutt, N.; Hill, M.; Ross, PJ.; Massey, A; et al.
Neoadjuvant capecitabine and oxaliplatin followed by synchronous chemoradiation and total mesorectal excision in magnetic
resonance imaging-defined poor-risk rectal cancer. J. Clin. Oncol. 2006, 24, 668-674. [CrossRef] [PubMed]

Rettig, R.L.; Beard, B.W.; Ryoo, ].J.; Kulkarni, S.; Gulati, M.; Tam, M.; Attaluri, V. Total Neoadjuvant Therapy Significantly
Increases Complete Clinical Response. Dis. Colon Rectum 2023, 66, 374-382. [CrossRef]

Conroy, T.; Bosset, ].F.; Etienne, P.L.; Rio, E.; Francois, E; Mesgouez-Nebout, N.; Vendrely, V.; Artignan, X.; Bouché, O.; Gargot, D.;
et al. Neoadjuvant chemotherapy with FOLFIRINOX and preoperative chemoradiotherapy for patients with locally advanced
rectal cancer (UNICANCER-PRODIGE 23): A multicentre, randomised, open-label, phase 3 trial. Lancet Oncol. 2021, 22, 702-715.
[CrossRef]

Bahadoer, R.R.; Dijkstra, E.A.; van Etten, B.; Marijnen, C.A.M.; Putter, H.; Kranenbarg, E.M.; Roodvoets, A.G.H.; Nagtegaal, I.D.;
Beets-Tan, R.G.H.; Blomqvist, L.K,; et al. Short-course radiotherapy followed by chemotherapy before total mesorectal excision
(TME) versus preoperative chemoradiotherapy, TME, and optional adjuvant chemotherapy in locally advanced rectal cancer
(RAPIDO): A randomised, open-label, phase 3 trial. Lancet Oncol. 2021, 22, 29-42. [CrossRef]

Jimenez-Rodriguez, RM.; Quezada-Diaz, F.; Hameed, I.; Kalabin, A ; Patil, S.; Smith, J.J.; Garcia-Aguilar, J. Organ Preservation in
Patients with Rectal Cancer Treated with Total Neoadjuvant Therapy. Dis. Colon Rectum 2021, 64, 1463-1470. [CrossRef]


https://doi.org/10.1002/onco.13824
https://www.ncbi.nlm.nih.gov/pubmed/33987952
https://doi.org/10.6004/jnccn.2014.0056
https://www.ncbi.nlm.nih.gov/pubmed/24717570
https://doi.org/10.1001/jamaoncol.2018.0071
https://www.ncbi.nlm.nih.gov/pubmed/29566109
https://doi.org/10.1200/JCO.2005.04.4875
https://www.ncbi.nlm.nih.gov/pubmed/16446339
https://doi.org/10.1097/DCR.0000000000002290
https://doi.org/10.1016/S1470-2045(21)00079-6
https://doi.org/10.1016/S1470-2045(20)30555-6
https://doi.org/10.1097/DCR.0000000000002122

Cancers 2023, 15, 5853 18 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Dossa, F; Chesney, T.R.; Acuna, S.A.; Baxter, N.N. A watch-and-wait approach for locally advanced rectal cancer after a clinical
complete response following neoadjuvant chemoradiation: A systematic review and meta-analysis. Lancet Gastroenterol. Hepatol.
2017, 2, 501-513. [CrossRef]

van der Valk, M.].M.; Hilling, D.E.; Bastiaannet, E.; Meershoek-Klein Kranenbarg, E.; Beets, G.L.; Figueiredo, N.L.; Habr-Gama,
A.; Perez, R.O.; Renehan, A.G.; van de Velde, C.J.H,; et al. Long-term outcomes of clinical complete responders after neoadjuvant
treatment for rectal cancer in the International Watch & Wait Database (IWWD): An international multicentre registry study.
Lancet 2018, 391, 2537-2545. [CrossRef]

Simpson, G.; Hopley, P.; Wilson, ].; Day, N.; Haworth, A.; Montazeri, A.; Smith, D.; Titu, L.; Anderson, J.; Agbamu, D.; et al.
Long-term outcomes of real world ‘watch and wait’ data for rectal cancer after neoadjuvant chemoradiotherapy. Color. Dis. 2020,
22,1568-1576. [CrossRef] [PubMed]

Yu, G.; Lu, W,; Jiao, Z.; Qiao, J.; Ma, S.; Liu, X. A meta-analysis of the watch-and-wait strategy versus total mesorectal excision
for rectal cancer exhibiting complete clinical response after neoadjuvant chemoradiotherapy. World J. Surg. Oncol. 2021, 19, 305.
[CrossRef]

Chiloiro, G.; Meldolesi, E.; Giraffa, M.; Capocchiano, N.D.; Barbaro, B.; Coco, C.; Corvari, B.; De Franco, P.; D’Ugo, D.; Alfieri, S.;
et al. Could the conservative approach be considered safe in the treatment of locally advanced rectal cancer in case of a clinical
near-complete or complete response? A retrospective analysis. Clin. Transl. Radiat. Oncol. 2021, 28, 1-9. [CrossRef] [PubMed]
Habr-Gama, A.; de Souza, PM.; Ribeiro, U.; Nadalin, W.; Gansl, R.; Sousa, A.H.; Campos, F.G.; Gama-Rodrigues, J. Low rectal
cancer: Impact of radiation and chemotherapy on surgical treatment. Dis. Colon Rectum 1998, 41, 1087-1096. [CrossRef] [PubMed]
Kang, S.B.; Cho, ].R; Jeong, S.Y.; Oh, ]. H.; Ahn, S.; Choi, S.; Kim, D.W,; Lee, B.H.; Youk, E.G.; Park, S.C; et al. Quality of life
after sphincter preservation surgery or abdominoperineal resection for low rectal cancer (ASPIRE): A long-term prospective,
multicentre, cohort study. Lancet Reg. Health West. Pac. 2021, 6, 100087. [CrossRef]

Cerdan-Santacruz, C.; Sao Julido, G.P,; Vailati, B.B.; Corbi, L.; Habr-Gama, A.; Perez, R.O. Watch and Wait Approach for Rectal
Cancer. J. Clin. Med. 2023, 12, 2873. [CrossRef]

Grass, ].K,; Persiani, R.; Tirelli, F.; Chen, C.C.; Caricato, M.; Pecorino, A.; Lang, L].; Kemper, M.; Izbicki, ].R.; Melling, N;
et al. Robotic versus transanal total mesorectal excision in sexual, anorectal, and urinary function: A multicenter, prospective,
observational study. Int. J. Color. Dis. 2021, 36, 2749-2761. [CrossRef]

Celentano, V.; Cohen, R.; Warusavitarne, J.; Faiz, O.; Chand, M. Sexual dysfunction following rectal cancer surgery. Int. J. Color.
Dis. 2017, 32, 1523-1530. [CrossRef]

Varghese, C.; Wells, C.I.; O’Grady, G.; Christensen, P,; Bissett, I.P.; Keane, C.; on behalf of the Longitudinal LARS Group. The
Longitudinal Course of Low-anterior Resection Syndrome: An individual Patient Meta-analysis. Ann. Surg. 2022, 276, 46-54.
[CrossRef]

Alimova, I.; Chernyshov, S.; Nagudov, M.; Rybakov, E. Comparison of oncological and functional outcomes and quality of life
after transanal or laparoscopic total mesorectal excision for rectal cancer: A systematic review and meta-analysis. Tech. Coloproctol.
2021, 25, 901-913. [CrossRef]

Trenti, L.; Galvez, A.; Biondo, S.; Solis, A.; Vallribera-Valls, E.; Espin-Basany, E.; Garcia-Granero, A.; Kreisler, E. Quality of life
and anterior resection syndrome after surgery for mid to low rectal cancer: A cross-sectional study. Eur. J. Surg. Oncol. 2018, 44,
1031-1039. [CrossRef] [PubMed]

Law, W.L.; Choi, HK; Lee, YM.; Ho, ].W.; Seto, C.L. Anastomotic leakage is associated with poor long-term outcome in patients
after curative colorectal resection for malignancy. J. Gastrointest. Surg. 2007, 11, 8-15. [CrossRef] [PubMed]

Habr-Gama, A.; Perez, R.O.; Wynn, G.; Marks, J.; Kessler, H.; Gama-Rodrigues, ]. Complete clinical response after neoadjuvant
chemoradiation therapy for distal rectal cancer: Characterization of clinical and endoscopic findings for standardization. Dis.
Colon Rectum 2010, 53, 1692-1698. [CrossRef] [PubMed]

Schrag, D.; Shi, Q.; Weiser, M.R.; Gollub, M.].; Saltz, L.B.; Musher, B.L.; Goldberg, J.; Al Baghdadi, T.; Goodman, K.A.; McWilliams,
R.R; et al. Preoperative Treatment of Locally Advanced Rectal Cancer. N. Engl. J. Med. 2023, 389, 322-334. [CrossRef]

Cloos, A.].; Schissel, M.; Batra, R.; Donahue, S.R.; Wenos, C.D.; Kumar, T.; Leinicke, J.A.; Thompson, ].S.; Langenfeld, S.J.
Characteristics of pathologic complete response for locally advanced rectal cancer. Am. J. Surg. 2023, 226, 873-877. [CrossRef]
Shin, ] K.; Huh, JJW,; Lee, W.Y.; Yun, S.H.; Kim, H.C.; Cho, Y.B.; Park, Y.A. Clinical prediction model of pathological response
following neoadjuvant chemoradiotherapy for rectal cancer. Sci. Rep. 2022, 12, 7145. [CrossRef]

Lutsyk, M.; Awawda, M.; Gourevich, K.; Ben Yosef, R. Tumor Volume as Predictor of Pathologic Complete Response Following
Neoadjuvant Chemoradiation in Locally Advanced Rectal Cancer. Am. J. Clin. Oncol. 2021, 44, 482-486. [CrossRef]

Engel, RM.; Oliva, K,; Koulis, C.; Yap, R.; McMurrick, PJ. Predictive factors of complete pathological response in patients with
locally advanced rectal cancer. Int. J. Color. Dis. 2020, 35, 1759-1767. [CrossRef]

Hajer, J.; Rim, A.; Ghorbel, A.; Amani, Y.; Ines, L.; Asma, B.; Chiraz, N. Predictive factors associated with complete pathological
response after neoadjuvant treatment for rectal cancer. Cancer Radiother. 2021, 25, 259-267. [CrossRef]

Schiinemann, H.; Brozek, J.; Guyatt, G.; Oxman, A. The GRADE Handbook. Available online: http:/ /gdt.guidelinedevelopment.
org/central_prod/_design/client/handbook/handbook.html (accessed on 18 July 2023).

Chapman, B.C; Lai, S.H.; Friedrich, T.; Lieu, C.H.; Moskalenko, M.; Olsen, J.R.; Herter, W.; Birnbaum, E.H.; McCarter, M.D.;
Vogel, ].D. Rectal Cancer: Clinical and Molecular Predictors of a Complete Response to Total Neoadjuvant Therapy. Dis. Colon
Rectum 2023, 66, 521-530. [CrossRef]


https://doi.org/10.1016/S2468-1253(17)30074-2
https://doi.org/10.1016/S0140-6736(18)31078-X
https://doi.org/10.1111/codi.15177
https://www.ncbi.nlm.nih.gov/pubmed/32686268
https://doi.org/10.1186/s12957-021-02415-y
https://doi.org/10.1016/j.ctro.2021.02.009
https://www.ncbi.nlm.nih.gov/pubmed/33732909
https://doi.org/10.1007/BF02239429
https://www.ncbi.nlm.nih.gov/pubmed/9749491
https://doi.org/10.1016/j.lanwpc.2020.100087
https://doi.org/10.3390/jcm12082873
https://doi.org/10.1007/s00384-021-04030-5
https://doi.org/10.1007/s00384-017-2826-4
https://doi.org/10.1097/SLA.0000000000005423
https://doi.org/10.1007/s10151-021-02420-z
https://doi.org/10.1016/j.ejso.2018.03.025
https://www.ncbi.nlm.nih.gov/pubmed/29665980
https://doi.org/10.1007/s11605-006-0049-z
https://www.ncbi.nlm.nih.gov/pubmed/17390180
https://doi.org/10.1007/DCR.0b013e3181f42b89
https://www.ncbi.nlm.nih.gov/pubmed/21178866
https://doi.org/10.1056/NEJMoa2303269
https://doi.org/10.1016/j.amjsurg.2023.07.023
https://doi.org/10.1038/s41598-022-10974-7
https://doi.org/10.1097/COC.0000000000000846
https://doi.org/10.1007/s00384-020-03633-8
https://doi.org/10.1016/j.canrad.2020.10.004
http://gdt.guidelinedevelopment.org/central_prod/_design/client/handbook/handbook.html
http://gdt.guidelinedevelopment.org/central_prod/_design/client/handbook/handbook.html
https://doi.org/10.1097/DCR.0000000000002245

Cancers 2023, 15, 5853 19 of 20

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Bedrikovetski, S.; Fitzsimmons, T.; Perry, ].; Vather, R.; Carruthers, S.; Selva-Nayagam, S.; Thomas, M.L.; Moore, ]. W.; Sammour, T.
Personalized total neoadjuvant therapy (pTNT) for advanced rectal cancer with tailored treatment sequencing based on clinical
stage at presentation. ANZ J. Surg. 2023, 93, 173-181. [CrossRef] [PubMed]

Bedrikovetski, S.; Traeger, L.; Price, T.].; Carruthers, S.; Selva-Nayagam, S.; Moore, ].W.; Sammour, T. Can sarcopenia predict
complete response after total neoadjuvant therapy in advanced rectal cancer? A multicentre observational cohort study. J. Surg.
Oncol. 2023, 128, 75-84. [CrossRef] [PubMed]

McDermott, D.M.; Singh, S.A.; Renz, P.B.; Hasan, S.; Weir, J. Predictors of Pathologic Response After Total Neoadjuvant Therapy
in Patients With Rectal Adenocarcinoma: A National Cancer Database Analysis. Cureus 2021, 13, e17233. [CrossRef] [PubMed]
Zhang, Y.; Yan, L.; Wu, Y.; Xu, M,; Liu, X.; Guan, G. Worse treatment response to neoadjuvant chemoradiotherapy in young
patients with locally advanced rectal cancer. BMC Cancer 2020, 20, 854. [CrossRef] [PubMed]

Foppa, C.; Maroli, A.; Luberto, A.; La Raja, C.; Spaggiari, P.; Bonifacio, C.; De Zanet, S.; Montorsi, M.; Piscuoglio, S.; Terracciano,
L.M.; et al. Early Age of Onset Is an Independent Predictor for a Worse Response to Neoadjuvant Therapies in Sporadic Rectal
Cancer Patients. Cancers 2023, 15, 3750. [CrossRef] [PubMed]

McKenna, E.; Oxencis, C.; Parish, M.; Eastwood, D.; Miller, J.; Shreenivas, A.V.; Kamgar, M.; George, B.; Hall, W.A.; Erickson, B.;
et al. Survival outcome and treatment response of patients with young-onset locally advanced rectal cancer (YO-LARC) receiving
total neoadjuvant therapy (TNT). . Clin. Oncol. 2022, 40, 44. [CrossRef]

Moyer, A.M.; Vogel, ].D.; Lai, S.H.; Kim, H.; Chin, R.I,; Moskalenko, M.; Olsen, J.R.; Birnbaum, E.H.; Silviera, M.L.; Mutch, M.G;
et al. Total Neoadjuvant Therapy in Rectal Cancer: Multi-center Comparison of Induction Chemotherapy and Long-Course
Chemoradiation Versus Short-Course Radiation and Consolidative Chemotherapy. J. Gastrointest. Surg. 2023, 27, 980-989.
[CrossRef]

Garcia-Aguilar, J.; Patil, S.; Gollub, M.].; Kim, ].K.; Yuval, J.B.; Thompson, H.M.; Verheij, ES.; Omer, D.M.; Lee, M.; Dunne, R.E;
et al. Organ Preservation in Patients With Rectal Adenocarcinoma Treated With Total Neoadjuvant Therapy. J. Clin. Oncol. 2022,
40, 2546-2556. [CrossRef]

Bedrikovetski, S.; Traeger, L.; Sammour, T. Reply to Letter to the Editor: Can sarcopenia predict complete response after Total
Neoadjuvant Therapy in advanced rectal cancer? A multicentre observational cohort study. J. Surg. Oncol. 2023, 128, 181-182.
[CrossRef]

Zhang, H.; Cao, K.; Li, G.; Zhai, Z.; Wei, G.; Qu, H.; Wang, Z.; Han, J. Active surveillance in long period of total neoadjuvant
therapy in rectal cancer: Early prediction of poor regression response. Front. Oncol. 2022, 12, 1049228. [CrossRef]

Aschele, C.; Glynne-Jones, R. Selecting a TNT Schedule in Locally Advanced Rectal Cancer: Can We Predict Who Actually
Benefits? Cancers 2023, 15, 2567. [CrossRef] [PubMed]

De Felice, F.; D’Ambrosio, G.; lafrate, F; Gelibter, A.; Magliocca, EM.; Musio, D.; Caponetto, S.; Casella, G.; Clementi, I.; Picchetto,
A.; et al. Intensified Total Neoadjuvant Therapy in Patients With Locally Advanced Rectal Cancer: A Phase II Trial. Clin. Oncol.
(R. Coll. Radiol.) 2021, 33, 788-794. [CrossRef] [PubMed]

Zhu, Y.; Guo, X.; Zhang, Q.; Yang, Y. Prognostic value of sarcopenia in patients with rectal cancer: A meta-analysis. PLoS ONE
2022, 17, €0270332. [CrossRef] [PubMed]

Tagliafico, A.S.; Bignotti, B.; Torri, L.; Rossi, F. Sarcopenia: How to measure, when and why. Radiol. Med. 2022, 127, 228-237.
[CrossRef]

Cercek, A.; Lumish, M.; Sinopoli, J.; Weiss, J.; Shia, J.; Lamendola-Essel, M.; El Dika, L. H.; Segal, N.; Shcherba, M.; Sugarman,
R.; et al. PD-1 Blockade in Mismatch Repair-Deficient, Locally Advanced Rectal Cancer. N. Engl. . Med. 2022, 386, 2363-2376.
[CrossRef]

Habr-Gama, A.; Sao Julido, G.P; Vailati, B.B.; Sabbaga, J.; Aguilar, P.B.; Fernandez, L.M.; Aratjo, S.E.A.; Perez, R.O. Organ
Preservation in ¢T2NO Rectal Cancer After Neoadjuvant Chemoradiation Therapy: The Impact of Radiation Therapy Dose-
escalation and Consolidation Chemotherapy. Ann. Surg. 2019, 269, 102-107. [CrossRef]

Leow, Y.C.; Roslani, A.C.; Xavier, R.G.; Lee, EY. Pathological Complete Response After Neoadjuvant Therapy in Rectal Adenocar-
cinoma: A 5-Year Follow-up. Indian J. Surg. 2021, 83, 768-775. [CrossRef]

Steinhagen, E.; Shia, J.; Riedel, E.; Nash, G.M.; Weiser, M.R.; Temple, L.K.; Paty, P.B.; Guillem, ].G. Response to neoadjuvant
therapy in patients with early age-of-onset rectal cancer. Dis. Colon Rectum 2013, 56, 58—-63. [CrossRef]

Peng, H.; Wang, C.; Xiao, W.; Lin, X.; You, K.; Dong, J.; Wang, Z.; Yu, X.; Zeng, Z.; Zhou, T,; et al. Analysis of Clinical
characteristics to predict pathologic complete response for patients with locally advanced rectal cancer treated with neoadjuvant
chemoradiotherapy. J. Cancer 2018, 9, 2687-2692. [CrossRef]

Fokas, E.; Allgauer, M.; Polat, B.; Klautke, G.; Grabenbauer, G.G.; Fietkau, R.; Kuhnt, T; Staib, L.; Brunner, T.; Grosu, A.L.; et al.
Randomized Phase II Trial of Chemoradiotherapy Plus Induction or Consolidation Chemotherapy as Total Neoadjuvant Therapy
for Locally Advanced Rectal Cancer: CAO/ARO/AIO-12. J. Clin. Oncol. 2019, 37, 3212-3222. [CrossRef]

Fokas, E.; Schlenska-Lange, A.; Polat, B.; Klautke, G.; Grabenbauer, G.G.; Fietkau, R.; Kuhnt, T.; Staib, L.; Brunner, T.; Grosu,
A.L,; et al. Chemoradiotherapy Plus Induction or Consolidation Chemotherapy as Total Neoadjuvant Therapy for Patients with
Locally Advanced Rectal Cancer: Long-term Results of the CAO/ARO/AIO-12 Randomized Clinical Trial. JAMA Oncol. 2022,
8, €215445. [CrossRef] [PubMed]


https://doi.org/10.1111/ans.18021
https://www.ncbi.nlm.nih.gov/pubmed/36059157
https://doi.org/10.1002/jso.27251
https://www.ncbi.nlm.nih.gov/pubmed/36971689
https://doi.org/10.7759/cureus.17233
https://www.ncbi.nlm.nih.gov/pubmed/34540460
https://doi.org/10.1186/s12885-020-07359-2
https://www.ncbi.nlm.nih.gov/pubmed/32891131
https://doi.org/10.3390/cancers15143750
https://www.ncbi.nlm.nih.gov/pubmed/37509411
https://doi.org/10.1200/JCO.2022.40.4_suppl.044
https://doi.org/10.1007/s11605-023-05601-3
https://doi.org/10.1200/JCO.22.00032
https://doi.org/10.1002/jso.27316
https://doi.org/10.3389/fonc.2022.1049228
https://doi.org/10.3390/cancers15092567
https://www.ncbi.nlm.nih.gov/pubmed/37174033
https://doi.org/10.1016/j.clon.2021.06.006
https://www.ncbi.nlm.nih.gov/pubmed/34176711
https://doi.org/10.1371/journal.pone.0270332
https://www.ncbi.nlm.nih.gov/pubmed/35749415
https://doi.org/10.1007/s11547-022-01450-3
https://doi.org/10.1056/NEJMoa2201445
https://doi.org/10.1097/SLA.0000000000002447
https://doi.org/10.1007/s12262-021-02945-5
https://doi.org/10.1097/DCR.0b013e3182707e47
https://doi.org/10.7150/jca.25493
https://doi.org/10.1200/JCO.19.00308
https://doi.org/10.1001/jamaoncol.2021.5445
https://www.ncbi.nlm.nih.gov/pubmed/34792531

Cancers 2023, 15, 5853 20 of 20

53.

54.

55.

56.

57.

58.

Ryan, J.E.; Warrier, S.K.; Lynch, A.C.; Ramsay, R.G.; Phillips, W.A.; Heriot, A.G. Predicting pathological complete response to
neoadjuvant chemoradiotherapy in locally advanced rectal cancer: A systematic review. Color. Dis. 2016, 18, 234-246. [CrossRef]
[PubMed]

Lee, T.H,; Jang, B.S.; Chang, ].H.; Kim, E.; Park, ].H.; Chie, E.K. Genomic landscape of locally advanced rectal adenocarcinoma:
Comparison between before and after neoadjuvant chemoradiation and effects of genetic biomarkers on clinical outcomes and
tumor response. Cancer Med. 2023, 12, 15664-15675. [CrossRef] [PubMed]

Zhou, C.; Wang, K.; Zhang, X.; Xiao, Y,; Yang, C.; Wang, J.; Qu, E; Wang, X.; Liu, M.; Gao, C.; et al. Assessing the predictive value
of clinical factors to pathological complete response for locally advanced rectal cancer: An analysis of 124 patients. Front. Oncol.
2023, 13, 1125470. [CrossRef]

Bujko, K.; Wyrwicz, L.; Rutkowski, A.; Malinowska, M.; Pietrzak, L.; Krynski, ].; Michalski, W.; Oledzki, J.; Kusnierz, J.; Zajac, L.;
et al. Long-course oxaliplatin-based preoperative chemoradiation versus 5 x 5 Gy and consolidation chemotherapy for ¢T4 or
fixed ¢T3 rectal cancer: Results of a randomized phase III study. Ann. Oncol. 2016, 27, 834-842. [CrossRef]

Cisel, B.; Pietrzak, L.; Michalski, W.; Wyrwicz, L.; Rutkowski, A.; Kosakowska, E.; Cencelewicz, A.; Spalek, M.; Polkowski, W.;
Jankiewicz, M.; et al. Long-course preoperative chemoradiation versus 5 x 5 Gy and consolidation chemotherapy for clinical
T4 and fixed clinical T3 rectal cancer: Long-term results of the randomized Polish II study. Ann. Oncol. 2019, 30, 1298-1303.
[CrossRef]

Akiyoshi, T.; Shinozaki, E.; Taguchi, S.; Chino, A.; Hiratsuka, M.; Tominaga, T.; Nonaka, T.; Toda, S.; Matoba, S.; Matsui,
S.; et al. Non-operative management after chemoradiotherapy plus consolidation or sandwich (induction with bevacizumab
and consolidation) chemotherapy in patients with locally advanced rectal cancer: A multicentre, randomised phase II trial
(NOMINATE trial). BMJ Open 2022, 12, €055140. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/codi.13207
https://www.ncbi.nlm.nih.gov/pubmed/26531759
https://doi.org/10.1002/cam4.6169
https://www.ncbi.nlm.nih.gov/pubmed/37260182
https://doi.org/10.3389/fonc.2023.1125470
https://doi.org/10.1093/annonc/mdw062
https://doi.org/10.1093/annonc/mdz186
https://doi.org/10.1136/bmjopen-2021-055140

	Introduction 
	Materials and Methods 
	Search Strategy 
	Eligibility Criteria 
	Inclusion Criteria 
	Exclusion Criteria 

	Data Extraction 
	Study Quality Assessment 
	Data Synthesis 
	Protocol Registration 
	Reporting Guidelines 

	Results 
	An Overview of Study Populations 
	The Benefit of TNT Based on Biochemical Factors 
	The Benefit of TNT Based on Clinical Predictors 
	The Benefit of TNT Based on Demographics 
	The Benefit of the Order of Therapy Sequence in TNT 

	Discussion 
	Biochemical Predictors 
	Clinical Predictors 
	Patient Demographics 
	The Order of Therapy Sequence 
	Future Directions 
	Limitations 

	Conclusions 
	Appendix A
	References

