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Abstract

Purpose Organ preservation through a watch-and-wait (W&W) strategy has become a viable option for select rectal cancer
patients with clinical complete responses (cCR) to total neoadjuvant therapy (TNT). This approach limits the morbidity
associated with multimodal treatment. However, the optimal treatment strategy and predictors of treatment response are still
unresolved. Rectal cancer incidence is rising, particularly in developing countries, and the disease is a major public health
concern in Chile. Prior to the no operation after short-course radiotherapy followed by consolidation chemotherapy in locally
advanced rectal cancer (NOAHS-ARC) trial, TNT-based treatments and W&W programs had not been implemented in Chile.
Methods/design This single-arm, multicenter, phase II prospective trial, conducted in Santiago, Chile, will enroll patients
with stage II/III rectal adenocarcinoma. Treatment involves induction short-course radiotherapy (25 Gy in 5 fractions) fol-
lowed by consolidation chemotherapy (FOLFOX X 9 or CAPOX X 6 cycles). The response will be assessed 4-8 weeks after
chemotherapy completion. Patients achieving cCR will be offered W&W, while those with incomplete responses will undergo
total mesorectal excision. The primary endpoint is the rate of complete tumor response, combining pathologic complete
responses (pCR) and sustained cCR (> 1 year), compared to a matched cohort treated with neoadjuvant chemoradiation
alone. The trial aims to recruit 48 patients, assuming a combined pCR/sustained cCR rate of 12%. Quality of life measures
will be assessed, and a biorepository of tissue and plasma samples will be established for future research, alongside serial
endoscopic and MRI images.

Discussion NOAHS-ARC seeks to advance organ preservation strategies in rectal cancer while pioneering TNT and W&W
protocols in Chile. The study will also focus on functional outcomes and provide valuable data for improving patient care
both locally and globally.

Trial registration ClinicalTrials.gov identifier NCT04864067. Registered on April 28, 2021.

Keywords Organ preservation - Watch-and-wait - Nonoperative management - Short-course radiotherapy - Total
neoadjuvant therapy

Background
Colorectal cancer (CRC) is the third most common cancer
D4 Felipe F. Quezada-Diaz globally, comprising approximately 10% of all oncologic
ffquezad @ gmail.com diagnoses annually [1]. Although CRC incidence is greater
in developed countries [2], developing countries are antici-
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Concha y Toro #3459, 8150215 Puente Alto, Chile pated to experience a sharp rise in disease incidence, with

. an estimated 396,000 new cases per year in Latin America
Department of Surgery, Colorectal Surgery Service, R . .
Memorial Sloan Kettering Cancer Center, New York, NY, alone by 2030 [3]. In Chile, population studies have reported
USA annual percent increases of up to 4.1% since 1997 [4] and an
Escuela de Medicina. Pontificia Universidad Catodlica de actuarial 5-year survival rate of 43 2% from 2009 to 2018
Chile, Santiago, Chile [5], rendering it a major public health issue. Consequently,
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CRC has been included in Garantias Explicitas de Salud
(Explicit Guarantees in Health Programme; GES), which
provides Chileans with access to affordable and expedited
healthcare for prespecified diseases.

Although population statistics specifically pertaining to
rectal cancer in Chile are scarce, the rectum generally com-
prises one-third of all colorectal malignancies [6]. Locally
advanced rectal cancer (LARC), defined as stage II (T3-4,
NO) and stage III (T any, N1, or greater) disease, has his-
torically been treated in Chile with a multimodal approach
of neoadjuvant long-course chemoradiotherapy (LCRT)
followed by total mesorectal excision (TME) and adjuvant
chemotherapy. Over the past decade, there has been an inter-
national shift in the treatment paradigm of LARC toward
total neoadjuvant therapy (TNT) which entails the delivery
of systemic chemotherapy and pelvic radiotherapy prior to
surgical resection. The adoption of this treatment approach
has been supported by both retrospective and prospective
studies demonstrating superior treatment responses [7—10]
with pathologic complete responses (pCR) achieved in
over a quarter of patients [9, 10]. Consequently, the need
for radical surgery has been questioned, as TME is associ-
ated with significant complications in about 30% of patients,
including long-term impacts on bowel, sexual, and urinary
function [11]. Indeed, the concept of rectal preservation by
means of watch-and-wait (W&W) management is increas-
ingly accepted worldwide as mounting retrospective and
prospective evidence supports its efficacy and oncologic
safety in appropriately selected patients who achieve a clini-
cal complete response (cCR) [12-25]. Recently published
5-year data from the OPRA trial (NCT02008656) dem-
onstrates that organ preservation is achievable in approxi-
mately 50% of patients without compromising oncologic
outcomes [16]. Moreover, the treatment sequence of induc-
tion chemoradiotherapy followed by consolidation chemo-
therapy achieved superior organ preservation compared to
the inverse sequence. At present day, several randomized
control trials are accruing worldwide such as the Janus Rec-
tal Cancer Trial (NCT05610163) in the USA, the ENSEM-
BLE trial (NCT05646511) in Japan, the ACO/ARO/AIO-
18.1 trial (NCT02363374) in Germany, and CCHOWW
trial (NCT05000697) in Brazil to further elucidate treatment
regimens that optimally facilitate organ preservation.

Given that the demonstration of the safety and feasibility
of W&W is an iterative process, the importance of multiple
prospective studies cannot be understated. Herein, we report
on the details of the Chilean single-arm, phase II trial, no
operation after short-course radiotherapy followed by con-
solidation chemotherapy in locally advanced rectal cancer
(NOAHS-ARC, NCT04864067), hypothesizing that the uti-
lization of induction short-course radiotherapy (SCRT) fol-
lowed by consolidation chemotherapy as an investigational
TNT paradigm will achieve superior treatment response
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(sustained cCR > 1 year or pCR) compared to a matched
cohort treated with neoadjuvant LCRT alone. This repre-
sents an essential inquiry, as most organ preservation stud-
ies to date have been conducted in the context of LCRT.
Although SCRT has been demonstrated to be non-inferior to
LCRT in multiple prospective studies that entailed surgical
resection [10, 26-33], concerns remain regarding the risk
of local regrowth following SCRT in the context of organ
preservation and TNT approaches [23, 34-36]. Given that
SCRT is fundamentally delivered as 25 Gy in 5 Gy frac-
tions, (as opposed to 45-50.4 Gy in 1.8 Gy fractions with
LCRT), SCRT may provide practical yet effective treatment
for many Chileans who have limited access to healthcare,
such as rural communities or public hospitals. Moreover,
treatment response is recognized as a prognostic indicator of
long-term outcomes [37, 38], but molecular drivers of treat-
ment response remain undefined and the early identifica-
tion of responders versus non-responders remains an unmet
need. Our aim is to assess the efficacy of a standardized
SCRT-based TNT model in enhancing treatment response
(i.e., pCR/sustained cCR) and to develop a biorepository to
identify predictors of response using patient-derived tissue
and plasma specimens obtained longitudinally.

Methods/design
Trial design and setting

The NOAHS-ARC trial is a prospective, single-arm phase
IT trial based in Santiago, Chile, sponsored by Agencia
Nacional de Investigacion y Desarrollo (FONDECYT
#11,201,291, trial PI and Chair, F.F. Quezada-Diaz). Patients
with locally advanced rectal cancer are recruited from three
tertiary hospitals within the Health Service Network. All
patients are treated with TNT with the potential for W&W
management versus TME, based on the clinical response at
the time of reassessment (Fig. 1). This trial was approved
by Comite Etico Cientifico Servicio Salud Metropolitano Sur
Oriente and adhered to the SPIRIT reporting recommenda-
tions (Additional file 1). A list of study sites can be obtained
at ClinicalTrials.gov (identifier: NCT04864067).

Patient selection

Patients with biopsy-proven stage II (T3-4, NO) and stage III
(T any, N1 or greater) mismatch repair proficient adenocar-
cinoma of the middle/lower rectum (<7 cm from anal verge,
palpable by digital rectal exam, DRE) will be recruited and
provide written consent (patient or authorized surrogate) for
trial participation (Table 1). At the time of baseline assess-
ment, all patients will undergo a comprehensive evaluation
including DRE, flexible sigmoidoscopy with endoscopic
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Fig.1 NOAHS-ARC trial treatment schema

Table 1 Eligibility criteria

or
CAPOX x6

Inclusion criteria

e Histologically confirmed
rectal adenocarcinoma

e Mismatch repair proficient

e Stage II (T3-4, N-) or III (any
T, N+) based on MRI

e Tumor <7 cm from anal verge
(per MRI) and palpable on
digital rectal exam

o No prior history of rectal
cancer

o Age> 18 years

Exclusion criteria

e Stage IV disease at diagnosis

e Mismatch repair deficient

e Tumor> 7 cm from anal verge
(per MRI) or unpalpable
tumor on digital rectal exam

e Indication for pelvic exentera-
tion

¢ ECOG>1

e Recurrent rectal cancer

e Contraindication to radio-
therapy

e Contraindication to chemo-
therapy

e Contraindication to MRI (i.e.,
pacemakers)

e Untreated coronary artery
disease

e Acute coronary syndrome
within the past 12 months

e Congestive heart failure

e Peripheral neuropathy

e Pregnancy or breastfeeding

e Baseline hemoglobin < 8 g/dL

e Baseline white blood cell
count <4000/L

e Baseline platelets < 100,000/L

e Baseline creatinine clear-
ance <50 mL/min

e Baseline total biliru-
bin <5 mg/dL

e Inability to consent or follow-
up

Initial cCR or
nCR=cCR

WwW
(or TME)

4 weeks

Response
Assessment

N

TME

biopsies, rectal magnetic resonance imaging (MRI), stag-
ing computed tomography (CT) chest/abdomen/pelvis, and
bloodwork (Fig. 2). Exclusion criteria include tumors > 7 cm
from anal verge (as determined by MRI), unpalpable tumors
on DRE, evidence of metastatic disease at diagnosis, antici-
pated need for pelvic exenteration, age less than 18 years,
ECOG > 1, contraindication to radiotherapy or chemo-
therapy, prior pelvic radiation, active pregnancy or breast-
feeding, and failure to follow-up or consent. Comorbidi-
ties including untreated coronary artery disease or recent
acute coronary syndrome within 12 months, congestive
heart failure, and peripheral neuropathy are also grounds
for trial exclusion. Additional exclusionary criteria include
baseline laboratory values of hemoglobin < 8 g/dL, white
blood cell count <4000/L, platelets < 100,000/L, creatinine
clearance < 50 mL/min, and total bilirubin > 5 mg/dL. All
trial candidates are discussed by a disease management team
prior to inclusion.

Intervention/treatment

After informed consent is obtained, protocol therapy will
be initiated with induction SCRT, delivered as 25 Gy in
five 5 Gy fractions. Seven to 14 days following the comple-
tion of SCRT, consolidation systemic chemotherapy will
begin with either 9 cycles of FOLFOX (oxaliplatin 85 mg/
m?+ 5 fluorouracil bolus of 400 mg/m? + leucovorin 400 mg/
m? + 5-fluorouracil infusion of 2400 mg/m? in 46 h every
14 days) OR 6 cycles of CAPOX (capecitabine 1000 mg/
m? every 12 h for 14 days + oxaliplatin 130 mg/m?* on day
1, every 21 days). Treatment toxicity will be monitored and
classified according to CTCAE version 5.0 [39]. In the case
of treatment toxicity, the protocol provides explicit guidance
to the principal investigator on how to adjust or discontinue
chemotherapy. Prior to each chemotherapy cycle, patients
will undergo bloodwork including a complete blood cell
count, renal function panel, and hepatic function panel.

In addition to the baseline tumor assessment, all patients
will undergo re-evaluation by a colorectal surgeon during the
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Fig.2 Schedule of tumor evaluation and data collection

middle of TNT (9 weeks after initiation of chemotherapy)
and upon completion of TNT (4 weeks after chemotherapy
completion). Importantly, the continued administration of
chemotherapy will not be influenced by the response assess-
ment at the mid-treatment evaluation. At each of the three
timepoints, patients will be evaluated with DRE, flexible
sigmoidoscopy with biopsy, rectal MRI, and bloodwork.
CT chest/abdomen/pelvis will be performed at baseline and
post-TNT. Four to 8 weeks following TNT completion, a
response assessment will be performed by two independ-
ent evaluators (PI and surgical staff) and described accord-
ing to the Memorial Sloan Kettering Regression Schema
[40]. In the event of discrepant assessments, the opinion of
a third evaluator will be rendered. Patients demonstrating
an incomplete clinical response (iCR) will undergo TME.
Patients with a cCR will be offered nonoperative manage-
ment with a W&W strategy or TME. Patients with a near
complete response (nCR) will be offered re-evaluation in
4 weeks, after which cCR or iCR will be assigned. Surgical
specimens will be processed in a standardized manner and
tumor regression grade will be assessed using the American
College of Pathologist Scale [41].

Follow-up

All patients will be followed for at least 2 years regardless
of whether they were managed with TME or W&W (Fig. 3).
TME patients will be followed with (a) clinical exam every
4 months for 2 years, (b) CEA and CBC every 4 months for
2 years, (c) CT chest/abdomen/pelvis at 12 and 24 months,
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Weeks

and (d) complete colonoscopy at 12 and 24 months postop-
eratively. W&W patients will be followed with (a) clinical
exam with DRE every 4 months for 2 years, (b) flexible
sigmoidoscopy every 4 months for 2 years, (c) CBC and
CEA every 4 months for 2 years, (d) CT chest/abdomen/pel-
vis annually for 2 years, (e) rectal MRI every 6 months for
2 years, and (f) complete colonoscopy annually for 2 years.
Local regrowth, defined as any endoscopic or MRI evidence
of pelvic tumor recurrence on W&W surveillance following
the confirmation of cCR, will require a recommendation for
TME. Sustained cCR will be defined as the absence of local
regrowth for at least one year following the completion of
TNT.

Functional and quality of life measures

Patients will be asked to complete multiple validated
questionnaires throughout the treatment course, includ-
ing at baseline, time of TNT completion, and at 6, 12, and
24 months post-TNT. To evaluate bowel function, the Low
Anterior Resection Syndrome (LARS) Score will be used,
which has previously been validated in the Chilean popula-
tion [42]. To assess sexual function, the IIEF-5 score and
FSFI score will be used for males and females, respectively.
Both scores have been translated and adapted to the Chil-
ean population. The urinary function will be assessed with
the IPPS score (male and female) at baseline, time of TNT
completion, and 6 months post-TNT. Quality-of-life (QoL)
evaluation will be conducted using the EORTC QLQ-C30
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Fig.3 Surveillance schedule based on the proposed management strategy

version 3.0 questionnaire (Chilean Spanish Version, Addi-
tional file 2).

Primary and secondary objectives

The primary outcome of NOAHS-ARC is the rate of com-
plete response, defined as the combined number of cases
with pCR and sustained (> 1 year) cCR. The rate of com-
plete response will be compared to the pCR rate reported
from a matched cohort of patients treated with neoadjuvant
chemoradiotherapy followed by TME. Of note, the clini-
cal response will specifically refer to the local (i.e., pelvic)
response. Distant metastases will not be considered in the
primary endpoint. A secondary outcome is the assessment of
quality of life and functional outcomes between W&W and
TME patients, using standardized evaluations with validated
questionnaires, as described previously. Additionally, sec-
ondary outcome measures include the incidence of adverse
events during treatment, which will also be compared to the
matched cohort.

Data collection and management

All data collected during the trial will be stored in a de-
identified and encrypted database, under the jurisdiction
of a data monitoring committee (authors FQD, JLE, NC,
LDF, EM, and GC). Upon obtaining informed consent, tis-
sue, and blood specimens will be collected longitudinally
during the treatment course to establish a biorepository
for future correlative and translational analyses (Fig. 4).

r | Clinical Evaluation + DRE
Clinical Evaluation (linical Evaluation | CT-CAP
CEA CEA CEA

QoL&Functional

| Colonoscopy
l Questionnaires

Endoscopic tissue biopsy specimens will be fixed in para-
formaldehyde, rinsed, and placed in ethanol before being set
in paraffin blocks and stored at 4°C. Histologic slides will
be prepared for pathologic assessment, including baseline
analysis for MMR protein expression using immunohisto-
chemistry. Peripheral blood specimens will be collected for
standard laboratory monitoring including complete blood
count (Beckman Coulter LH780, California, USA) and CEA
immunoassay (Roche Analytics E170, Basel, Switzerland).
An additional 3 mL peripheral blood sample will be col-
lected in EDTA tubes and centrifuged to isolate plasma,
which will be stored at— 80°C for future circulating tumor
DNA (ctDNA) analysis.

Next-generation targeted sequencing techniques such as
MSK-IMPACT will be used to analyze key genetic regions
of cancer-related genes [43], aiding in the evaluation of
targeted therapies and mutations associated with treatment
response. Whole exome sequencing (WES) will be utilized
as a complementary analysis for broad genetic evaluation
beyond those assessed by MSK-IMPACT, potentially iden-
tifying new genetic markers relevant to cancer treatment
and patient outcomes. Sequencing may be undertaken using
plasma or paraffin-embedded tissue samples.

Additionally, an imaging repository will be established
using endoscopic photographs/videos and MRI obtained lon-
gitudinally during the treatment course. Endoscopic images
will be collected via the Exera III capture system (Olym-
pus, Tokyo, Japan). MRI images are obtained via Philips
Achieva 1.5 T MRI. An exploratory objective is to correlate
and validate the findings of the prospectively banked tissue
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Fig.4 Anticipated analyses using tissue and blood specimens

and plasma specimens with radiographic, pathologic, and
clinical outcomes in collaboration with our translational
partners at Memorial Sloan Kettering Cancer Center to iden-
tify potential predictors of treatment response.

Statistical methods

For the sample size calculation, a pCR rate of 12% was
used based on historical data. The null hypothesis is that
the combined pCR/sustained cCR rate is 12%. For an alter-
native hypothesis where the combined pCR/sustained cCR
rate is greater than 12% powered at 30%, a target accrual
of 48 evaluable patients will be required to achieve statisti-
cal significance with a p-power of 80% and one-sided alpha
of 0.05. The principal investigator (FQD) will conduct an
interim analysis at 50% of the expected accrual (i.e., N=24
evaluable patients) for safety and data analysis. Lan-DeMets
alpha spending function with the O’Brien-Fleming bound-
ary will be used to test for efficacy, with consideration for
premature termination of the study due to efficacy if the
observed combined pCR/sustained cCR rate exceeds 35.7%
(i.e., responders > 9) or if p <0.006. If accrual continues to
48 patients, the null hypothesis will be rejected if the p-value
comparing the observed combined pCR/sustained cCR rate
to the estimated 12% rate is < 0.044, or if the observed rate
is greater than 23.0% (i.e., responders > 12).

Parametric or non-parametric tests will be used for con-
tinuous variables, while chi-square and Fisher exact tests
will be used for categorical variables. Group analyses will
assume a 5% a-error level, utilizing STATA Software for
the analysis.
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Discussion

The NOAHS-ARC trial adds to the ongoing global dialogue
around the optimization of total neoadjuvant treatment strat-
egies while addressing the growing challenge of rectal can-
cer in Chile, with recognition of the profound impact that
rectal cancer can have on an individual patient’s quality of
life and the economic strain on the individual and the col-
lective healthcare system. Our comprehensive study is a pio-
neering initiative in Chile, aimed to develop and implement
the first standardized TNT protocol in Chile and introduce a
dedicated W&W program that promises to enhance patient
outcomes by deferring radical surgery for well-selected
candidates.

The objectives of the study are multifaceted and ambi-
tious. Foremost, we seek to evaluate the efficacy, safety, and
feasibility of a TNT paradigm in the Chilean population.
This will serve as a proof of concept, demonstrating the
viability and potential for wider adoption and replication
of TNT strategies. Given the findings of prior prospective
investigations [8—10], we anticipate that our TNT protocol
will increase complete response (i.e., pCR and sustained
cCR) rates relative to the pCR rate of the historical standard
of neoadjuvant chemoradiation alone followed by resection.
Furthermore, this study represents one of the first prospec-
tive investigations on the oncologic safety and efficacy of
SCRT-based TNT in the framework of organ preservation. It
will be important to regard our results in the context of addi-
tional ongoing prospective trials evaluating SCRT and organ
preservation, such as ENSEMBLE (NCT05646511) investi-
gating SCRT with randomization to doublet (CAPOX) or tri-
plet (CAPOXIRI) chemotherapy and ACO/ARO/AIO-18.1
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(NCT02363374) randomizing patients to SCRT- and LCRT-
based TNT regimens. The current study can serve as a
platform for future studies in our unique population where
optimization of response and appropriate selection for non-
responders will be essential.

Moreover, the study aims to deepen the understanding
of the broader impact that rectal cancer can have on each
individual patient, particularly how the disease and associ-
ated treatments affect patient-reported quality of life. This
includes examining the psychological and physical burdens
placed on patients and the healthcare infrastructure. Dif-
ferences in functional and QoL outcomes between patients
treated with nonoperative management and TME will be
compared longitudinally using previously validated ques-
tionnaires, with the hypothesis that nonoperative manage-
ment will yield improved patient-reported outcomes com-
pared to those patients managed by total mesorectal excision.
By closely monitoring compliance and toxicity associated
with the protocol treatment, our goal is to develop meth-
ods for early detection and prevention of treatment-related
adverse effects, mitigating the morbidity associated with the
treatment of LARC.

Furthermore, the establishment of a biorepository in our
public hospital represents a critical step towards facilitating
future research efforts. An exploratory objective of NOAHS-
ARC entails the identification of predictive markers of treat-
ment response, which remains a critically unmet need. Given
the heterogeneity of treatment responses observed in rectal
cancer, we believe that a sensitive biomarker requires the
integration of multi-modal data points. To that end, we aim
to leverage tissue specimens, plasma specimens, endoscopic
images, and MRI images collected longitudinally during the
trial, along with histopathologic slides and patient-specific
molecular profiling data. These data points will serve as
critical inputs for future integrated analyses using artificial
intelligence (AI), which has demonstrated promise in revo-
lutionizing oncologic care and delivering targeted thera-
pies [44—-47]. Moreover, the repository of tissue specimens
may be harnessed to derive rectal cancer organoids, which
serve as invaluable platforms for translational research [48].
Research efforts employing Al and organoids may indeed
uncover clinical markers or molecular drivers of treatment
response, thereby enhancing the selection of patients who
will benefit most from treatment intensification or de-inten-
sification strategies and optimization of outcomes. Finally,
although the role of ctDNA has been explored for a range of
solid malignancies, in the context of rectal cancer, it has yet
to be implemented into routine clinical practice. We hypoth-
esize that plasma-based ctDNA analysis may correlate with
treatment response and detect disease relapse with a high
degree of sensitivity. To that end, we will explore the fea-
sibility of developing a surveillance protocol using ctDNA
to monitor for local regrowth/recurrence and determine

whether ctDNA can detect local regrowth/recurrence prior
to imaging/endoscopic assessments.

In conclusion, NOAHS-ARC is a prospective study that
not only seeks to introduce a novel and potentially transform-
ative treatment protocol for LARC in the Chilean population
but also aims to lay the groundwork for future advances in
the delivery of precision oncologic care. Through extensive
longitudinal assessments, consideration for functional and
QoL outcomes, and endeavors to identify predictive markers
of treatment response, this trial embodies a holistic approach
to addressing rectal cancer while seeking to contribute to
future scientific progress in our understanding of the biol-
ogy and underlying features of treatment response in rectal
cancer.

Trial status

The NOAHS-ARC trial opened for accrual on June 9, 2021,
with an estimated study completion date of May 30, 2025.
As of January 1, 2025, 46 patients had been enrolled.
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