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Nonoperative management of
rectal cancer
Hannah Williams, Christina Lee and Julio Garcia-Aguilar*

Colorectal Service, Department of Surgery, Memorial Sloan Kettering Cancer Center, New York,
NY, United States
Themanagement of locally advanced rectal cancer has changed drastically in the

last few decades due to improved surgical techniques, development of

multimodal treatment approaches and the introduction of a watch and wait

(WW) strategy. For patients with a complete response to neoadjuvant treatment,

WW offers an opportunity to avoid themorbidity associated with total mesorectal

excision in favor of organ preservation. Despite growing interest in WW,

prospective data on the safety and efficacy of nonoperative management are

limited. Challenges remain in optimizing multimodal treatment regimens to

maximize tumor regression and in improving the accuracy of patient selection

for WW. This review summarizes the history of treatment for rectal cancer and

the development of a WW strategy. It also provides an overview of clinical

considerations for patients interested in nonoperative management, including

restaging strategies, WW selection criteria, surveillance protocols and long-term

oncologic outcomes.
KEYWORDS
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1 Introduction

Colorectal cancer is one of the most common malignancies in the United States, with a

third of cases located in the rectum (1). The management of rectal cancer has changed

drastically in the last few decades due to improved surgical techniques and the development

of multimodal treatment approaches. Until recently, the standard of care for locally

advanced rectal cancer (LARC) included neoadjuvant chemoradiation and total

mesorectal excision (TME) followed by adjuvant chemotherapy. With this approach, up

to 18% of patients had complete eradication of tumor, or a pathologic complete response

(pCR), on surgical specimen (2, 3). Studies of patients with a pCR demonstrated excellent

long-term outcomes, with 5-year overall survival and disease-free survival rates

approaching 90% and 87%, respectively (4–6).

This excellent prognosis raised the question of whether patients with a pCR gained any

oncologic benefit from surgical resection. In 2004, Habr-Gama et al. reported outcomes

from the first group of highly selected patients enrolled in a watch and wait (WW)

surveillance program (7). The safety and efficacy of this approach relied on accurately
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identifying a complete response using a clinical assessment in place

of histologic confirmation of a pCR. WW offered the promise of

organ preservation and improved quality of life by eliminating the

long-term functional deficits associated with TME. Since Habr-

Gama et al’s landmark paper, an extensive volume of literature has

demonstrated that WW is a viable treatment strategy that does not

compromise long-term oncologic outcomes (8–11). However,

challenges remain in accurately identifying patients with complete

eradication of disease and in optimizing multimodal treatment

regimens to maximize tumor response.

In this article, we review the history of multimodal treatment for

LARC and the development of a WW approach. Next, we

summarize the restaging process and assess the selection criteria

for WW, surveillance strategies and long-term outcomes.
2 Common terms and definitions in
watch and wait

Before exploring the history of WW and its current

applications, it is important to first define several common terms

used in the literature. LARC includes stage II (T3/T4N0) or III (T1-

4N1-2) rectal tumors. A pCR is the gold-standard for confirming

eradication of tumor and corresponds to ypT0N0 on TME

specimen. In patients considered for nonoperative management, a

clinical complete response (cCR) is used as a surrogate marker for a

pCR. Patients with a cCR have no evidence of residual disease on

restaging flexible sigmoidoscopy, MRI or clinical exam after

completing neoadjuvant treatment. Current assessment measures

cannot predict a pCR with absolute accuracy, and some of the

patients with a cCR subsequently develop local regrowth (12).

Patients who continue to have no evidence of residual disease for

two years after restaging are considered sustained cCRs (s-cCR).

Organ preservation refers to the desired outcome whereby a patient

with a s-cCR successfully preserves the rectum with a WW strategy.

A near complete response (nCR) is a relatively recent addition

to the clinical response ranking system. These patients have minor

abnormalities at restaging, which may resolve into a s-cCR with a

longer period of observation. However, some patients with a nCR

never achieve a cCR. The exact criteria and management guidelines

for a nCR are poorly described, and subsequent sections will discuss

this topic in more detail. An incomplete clinical response (iCR)

refers to patients who have evidence of residual tumor at restaging.

These patients are not candidates for WW and should proceed to
Abbreviations: LARC, locally advanced rectal cancer; TME, total mesorectal

excision; pCR, pathologic complete response; WW, watch and wait; cCR, clinical

complete response; s-cCR, sustained clinical complete response; nCR, near

complete clinical response; iCR, incomplete clinical response; LR, local

recurrence; SCRT, short-course radiotherapy; LCRT, long-course radiotherapy;

TNT, total neoadjuvant therapy; INCT-CRT, induction chemotherapy followed

by chemoradiation; CRT-CNCT, chemoradiation followed by consolidation

chemotherapy; DRE, digital rectal exam; EMVI, extramural venous invasion;

LAR, low anterior resection.
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TME. In addition to clinical response, other patient factors may

influence recommendation for surgical resection, including baseline

fecal incontinence and anticipated difficulty adhering to a strict

WW surveillance schedule.

Local regrowth refers to disease reappearance at the site of the

treated tumor in patients managed with a WW strategy (Figure 1).

Local regrowth can occur in the rectal wall, mesorectum or within

the lateral internal iliac or obturator lymph nodes (13). The

majority of patients with local regrowth undergo successful

salvage TME with R0 margins (11, 14, 15). This term should be

distinguished from local recurrence (LR), which refers to non-

salvageable local regrowth or recurrent cancer in the pelvis

following a curative resection.
3 Historical management of locally
advanced rectal cancer

Until the 1980s, the effectiveness of surgical resection for LARC

remained limited with 15-40% of patients developing pelvic

recurrence, significant rates of postoperative mortality, and 5-year

overall survival rates of 50-70% (16–19). Two innovations-

preoperative (chemo)radiation and TME– greatly improved

locoregional outcomes. Heald et al. first reported their

institution’s experience with TME in 1986, noting that the

technique greatly reduced rates of LR and improved overall

survival (20). Subsequent pathologic studies reinforced the

importance of TME for local disease control by demonstrating

that specimens with a violated mesorectal plane were more likely to

have positive circumferential resection margins or an inadequate

lymph node harvest (21, 22). During the same period, the Swedish

Rectal Cancer Trial found that patients who received preoperative

short course radiotherapy had significantly lower rates of LR

compared to patients who proceeded directly to surgery (23–25).

However, the study was criticized for the use of non-standardized

surgical techniques, which may explain the higher-than-expected

rates of LR in the surgery only group. The subsequent Dutch TME

trial demonstrated that preoperative radiation followed by TME

reduced LR by 50% without any improvement in overall survival

compared to TME alone (26, 27). The CAO/ARO/AIO-94 trial

addressed the question of whether radiation should be delivered

before or after surgery, with results showing that the preoperative

chemoradiation arm had better compliance, less toxicity, increased

tumor downstaging and lower rates of LR (28).

Two types of preoperative radiation regimens are available.

These include short-course radiotherapy (SCRT) delivered as 25 Gy

in 5 fractions and long-course radiotherapy (LCRT) delivered as 45-

54 Gy in 25-30 fractions with sensitizing fluorouracil or

capecitabine. While LCRT is favored by most providers in the

United States, SCRT offers several advantages such as more efficient

resource utilization, lower cost to the healthcare system and shorter

treatment duration with fewer hospital visits for patients (29).

Multiple randomized control trials have compared LCRT to

SCRT and found no differences in terms of toxicity, local tumor

control, survival or quality of life (30–32).
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Simultaneous with the attempts to improve local tumor control,

trials explored the use of systemic chemotherapy to reduce the risk

of distant metastases, which remained a major driver of mortality in

patients with LARC (33, 34). The results of these studies are mixed,

with some showing a survival benefit (35, 36), while others found no

improvement in oncologic outcomes (37–39). Additionally, these

trials demonstrated poor adherence to adjuvant chemotherapy,

with nearly 50% of patients declining treatment or receiving less

than the recommended dose (33, 40).

Poor tolerance of adjuvant chemotherapy, along with the

realization that tumor response to neoadjuvant chemoradiation

was time-dependent, generated interest in total neoadjuvant

therapy (TNT) (3). TNT delivers chemotherapy preoperatively,

either as induction chemotherapy followed by chemoradiation

(INCT-CRT), or as chemoradiation followed by consolidation

chemotherapy (CRT-CNCT). The most common systemic

chemotherapy regimens involve either eight cycles of FOLFOX

(leucovorin, fluorouracil, oxaliplatin) or five cycles of CapeOx

(capecitabine, oxaliplatin).

This multimodal approach offers several potential advantages,

including increased tumor downstaging, earlier introduction of

systemic chemotherapy to combat micrometasases, better

compliance and decreased time with a temporary ostomy

postoperatively (40–42). While approximately 18% of patients

receiving neoadjuvant chemoradiation have a pCR, studies

evaluating TNT regimens have demonstrated rates closer to 40%

(3, 41, 43). Additionally, randomized control trials have shown that

when compared to the standard of care (neoadjuvant

chemoradiation, TME and adjuvant chemotherapy), patients

receiving TNT have better disease-free survival and lower rates of
Frontiers in Oncology 03
distant metastases (3, 43–45). As a result, the National

Comprehensive Cancer Network (NCCN) now recommends TNT

as first line treatment for LARC (46).
3.1 Multimodal treatment for LARC:
ongoing controversies and
future directions

Many TNT sequences have been proposed, with studies

incorporating different neoadjuvant radiation regimens (SCRT vs

LCRT) accompanied by variable doses of systemic chemotherapy

(8, 43, 44, 47). Our understanding of the optimal dosing required to

obtain adequate local and distant disease control while minimizing

toxicity remains poor. Furthermore, it is unclear whether certain

patient subgroups benefit more from one TNT regimen

over another.

Randomized control trials have not yet directly compared SCRT

and LCRT as part of a TNT protocol. The RAPIDO, STELLAR and

POLISH II trials all randomized patients to a TNT arm consisting of

SCRT, consolidation chemotherapy and TME, or to a standard of

care arm (LCRT, TME, ± adjuvant chemotherapy) (43, 48, 49). The

STELLAR and POLISH II trials reported equivalent oncologic

outcomes for each treatment regimen (48, 49) while the RAPDIO

trial found a higher incidence of locoregional failure among patients

randomized to receive SCRT followed by consolidation

chemotherapy (50). The higher rate of LR in the RAPIDO trial’s

experimental arm is difficult to explain. It is possible that the longer

interval between radiation and TME in the experimental arm led to

increased pelvic fibrosis and therefore compromised the quality of
FIGURE 1

Representative endoscopic images from a patient with local regrowth. (A) Tumor at diagnosis (B) Shrinkage of tumor during TNT (C) Nodularity and
mild mucosal abnormality at restaging (D) A flat, white scar and telangiectasia consistent with a clinical complete response (E) Re-development of
some mild mucosal abnormalities (F) Obvious local tumor regrowth along right lateral wall.
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surgical resection. Whether a TNT regimen with LCRT offers better

locoregional control than a SCRT-based TNT sequence remains

unclear, as none of the above trials offered upfront chemotherapy in

the LCRT arm. Data from the ongoing ACO/ARO/AIO-18.1 trial

will provide the first opportunity to directly compare outcomes

between patients randomized to receive either SCRT or LRCT

followed by consolidation chemotherapy (51).

There is growing interest in exploring treatment de-escalation

strategies to reduce exposing patients to unnecessary toxicity. For

patients with high rectal tumors, the PROSPECT trial has

demonstrated that induct ion FOLFOX with select ive

chemoradiation is non-inferior to LCRT, TME and optional

adjuvant chemotherapy (52). Nearly 90% of patients randomized

to the induction FOLFOX arm were able to proceed directly to

surgery, indicating that most patients with high rectal tumors can

safely avoid neoadjuvant chemoradiation (52). However, these

findings are not generalizable to tumors with aggressive baseline

features or to patients pursuing nonoperative management. Specific

neoadjuvant treatment considerations for patients interested in

WW are discussed in further detail below.
4 Development of a watch and wait
approach to rectal cancer

Janeway first described the successful treatment of rectal tumors

with contact radiation and implantation of radioactive seeds in 1917

(53). While this approach remained a cornerstone of rectal cancer

management for decades, it fell out of favor with advances in

perioperative safety and improvements in surgical outcomes (54).

In the modern era, Habr-Gama has pioneered the study of non-

operative management for tumors with a complete response to

neoadjuvant chemoradiation (7). Her landmark paper from 2004

compared outcomes between 71 WW patients and 22 patients with

a pCR after surgical resection. Patients were evaluated 8 weeks after

completion of chemoradiation using endoscopy, digital rectal exam

(DRE) and CT imaging. Patients with a cCR followed a strict

surveillance schedule, including monthly clinical and endoscopic

exams, as well as pelvic CT scans every 6 months for the first year.

The surveillance interval increased to 2 and 6 months during the

second and third years, respectively. With a mean follow-up of 57.3

months, two (2.8%) WW patients developed salvageable local

regrowths and three (4.2%) developed distant metastases. Five-

year disease-free survival was 92% and did not differ significantly

from patients with a pCR (7).

Habr-Gama et al’s findings suggested that a clinical restaging

assessment could detect a complete response and that patients with

a cCR could be safely monitored using a strict surveillance protocol.

Subsequent studies validated these findings, repeatedly showing

that patients who achieved a s-cCR had oncologic outcomes

comparable to those with a pCR (9–11, 55–58). Nevertheless,

WW remained confined to specialized academic centers, with

many providers hesitant to adopt the approach in the absence of

data from a randomized control trial.
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The Organ Preservation in Rectal Adenocarcinoma (OPRA)

Trial was the first randomized phase II trial to evaluate long-term

oncologic outcomes in patients offered WW (8). Participants with

LARC were randomized to receive either INCT-CRT or CRT-

CNCT and were restaged 8 ± 4 weeks after completion of

neoadjuvant treatment using flexible sigmoidoscopy, DRE and

MRI. Long-term follow-up demonstrated that nearly half (46.7%)

of the enrolled patients achieved organ preservation (59). Oncologic

outcomes did not differ compared to historical controls that

underwent TME (8, 59).
5 Watch and wait: approach to
patient management

5.1 Diagnosis and neoadjuvant treatment

Patients with newly diagnosed rectal cancer should obtain a full

colonoscopy, mismatch repair (MMR) testing, pelvic MRI, CT

chest, abdomen, pelvis and a baseline serum carcinoembryonic

antigen (CEA) level to complete primary staging (46). MMR

deficient tumors are highly responsive to immune checkpoint

inhib i tors (60) . Whi le a more robust discuss ion of

immunotherapy’s long-term efficacy and safety in WW patients

lies outside the scope of this review, it is important to note that this

subgroup has alternative treatment options available. Among

patients with MMR proficient tumors, those with stage II or III

rectal cancer are potentially eligible for WW.

Several baseline tumor characteristics, including tumor length,

cN+ disease, extramural venous invasion (EMVI) and mesorectal

fascia involvement may be associated with a higher risk of residual

tumor after TNT and/or worse oncologic outcomes (45, 61–63).

However, the data on this topic can be contradictory, and further

research is needed to better delineate the prognostic significance of

baseline tumor features in patients treated with TNT. Presence of

these characteristics should not preclude patients from pursuing a

selective WW strategy.

Multidisciplinary management including colorectal surgery,

medical oncology, radiology, pathology and radiation oncology is

crucial for optimizing patient outcomes. Although many variations in

multimodal treatment exist, we will focus on TNT, as it is the

standard of care. Patients potentially eligible for nonoperative

management can receive either INCT-CRT or CRT-CNCT. No

consensus exists regarding the superiority of INCT-CRT versus

CRT-CNCT. The CAO/ARO/AIO-12 and OPRA trials have shown

a higher incidence of complete response among patients treated with

CRT-CNCT, suggesting that this may be the preferred sequence for

those interested in organ preservation (8, 47, 59). However, neither

trial demonstrated a significant difference between the two treatment

regimens in terms of oncologic outcomes or treatment-related

toxicities (47, 59, 64, 65). The duration of systemic chemotherapy

and type of radiation (SCRT vs. LCRT) needed to optimize a selective

WW strategy remain unknown and will require investigation with

randomized control trials.
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5.2 Components of the restaging exam

The safety and success of a WW strategy relies on accurately

selecting patients with a complete response to neoadjuvant

treatment, while also correctly identifying those with residual

tumor who require TME. All modalities of the restaging

assessment, which typically consists of DRE, flexible

sigmoidoscopy, and pelvic MRI, cannot predict a complete

response with absolute certainty (12). Endoscopic biopsies are not

routinely recommended, as they have a high false negative rate and

cannot be relied upon to guide patient management (66). Providers

should use information from all three components of the restaging

exam to categorize patients as a cCR, nCR or iCR. Table 1 presents

the DRE, endoscopic and MRI features developed through expert

consensus for the OPRA trial to stratify response at the end of TNT.

5.2.1 Digital rectal exam
Response on DRE can be divided into a completely normal

examination (cCR), induration or fullness (nCR) or palpable tumor

(iCR). While this is an essential component of the restaging exam, it

is important to note that DREs have poor accuracy in determining a

complete response (67). The physician should always note whether

the lesion is palpable at baseline, as some high rectal tumors cannot

be reached on digital exam.

5.2.2 Endoscopic exam
Endoscopy provides crucial information about a tumor’s

luminal response to treatment. The standardized definition of an

endoscopic cCR includes a flat white scar, telangiectasias and

absence of ulceration, nodularity or other mucosal abnormalities

(8, 68). Features of a nCR may include superficial ulceration, minor

mucosal abnormalities, erythema of the scar or nodularity (8).

Finally, an endoscopic iCR is defined as obvious residual tumor

on exam.
5.2.3 Pelvic MRI
MRI provides information about the status of the bowel wall,

mesorectum and regional lymph nodes. While no standardized

criteria of clinical response grade by restaging MRI exist, general

consensus is as follows. A cCR is defined as complete absence of

residual tumor, exclusively dark T2 signal, no restricted diffusion on
Frontiers in Oncology 05
diffusion-weighted imaging (DWI) and very small or invisible

lymph nodes. A nCR includes mostly dark T2 signal, significant

regression of restricted diffusion on DWI and partial regression of

visible lymph nodes during TNT. An iCR is defined as multiple

regions of intermediate T2 signal, persistent restricted diffusion on

DWI and persistently enlarged lymph nodes (8, 69). In addition to

these features, EMVI and abnormal lymph node morphology may

also indicate increased likelihood of residual disease (70–73).
5.3 Timing of the restaging assessment

Tumor response to neoadjuvant treatment is time-dependent,

and multiple studies have demonstrated that rates of pCR increase in

conjunction with time from end of neoadjuvant treatment (74–78).

Hesitancy about leaving potentially untreated disease in situ, as well

as concerns that severe radiation-induced fibrosis could complicate

surgical resection, made surgeons reluctant to delay TME beyond 6

weeks (3, 79). With the exception of the GRECCAR-6 trial, all other

studies on this topic have demonstrated similar rates of postoperative

morbidity and comparable oncologic outcomes among patients taken

to TME at a ≥ 6 week interval from end of neoadjuvant treatment

(76, 78, 80–82). When applied in the setting of WW, allowing more

time for tumor regression increases the proportion of patients with a

cCR at restaging. While it is now standard to perform the restaging

assessment approximately 8 weeks after end of neoadjuvant therapy,

Habr-Gama et al. have demonstrated that tumors take a median of

18.7 weeks to meet the strict criteria of a cCR (83).
5.4 Diagnostic accuracy and limitations of
the restaging assessment

The restaging assessment cannot predict a cCR with perfect

accuracy. With the exception of MMR deficient tumors, which are

targetable with immunotherapy, no genetic markers exist that

predict response to neoadjuvant treatment (60). Of the three

components that make up the restaging exam, endoscopy is the

most accurate. It has a reported sensitivity of 0.53, specificity of

0.92-0.97 and accuracy of 0.80-0.89 for detecting a complete

response (12, 84–86). Analyses of specific restaging endoscopic

features have found a flat, white scar predictive of a complete
TABLE 1 OPRA trial clinical response criteria.

Clinical Complete Response Near Complete Clinical Response Incomplete Clinical Response

DRE • Normal • Smooth induration • Palpable tumor

Endoscopy • Flat, white scar
• Telangiectasias
• No ulceration
• No nodularity

• Superficial ulceration
• Small nodules
• Irregular mucosa
• Mild erythema of the scar

• Visible tumor

MRI • Only dark T2 signal
• Invisible or very few lymph nodes <5mm in SAD
• Absent restricted diffusion

• Mostly dark T2 signal with 1-2 foci of
intermediate T2 signal

• Partially regressed lymph nodes (≥ 5mm in SAD)
• Significant regression of restricted diffusion

• More intermediate than dark T2
signal

• Persistently enlarged lymph nodes
• Persistent restricted diffusion
DRE, digital rectal exam; MRI, magnetic resonance imaging; SAD, short axis diameter.
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response (87, 88). Mild mucosal abnormalities are responsible for

most patients incorrectly classified as an iCR (87, 89).

The diagnostic performance for restaging MRI is slightly worse,

with a reported sensitivity of 0.50-0.65, specificity of 0.63-0.91 and

accuracy of 0.64-0.79 for predicting T stage, and an accuracy of

0.60-0.79 for detecting positive lymph nodes (12, 69, 70, 90–92).

Radiation-induced fibrosis, bowel wall edema and desmoplastic

reaction make interpreting post-treatment MRIs complex, as

residual tumor can be indistinguishable from the effects of

neoadjuvant treatment (93, 94). Multiple methods have been

investigated to improve the diagnostic performance of restaging

MRI. Adding DWI to conventional sequences improves accuracy,

but this technique is subject to high rates of interobserver variability

(90, 95–97). Other avenues of investigation include using dynamic

contract enhanced MRI, magnetic resonance tumor regression

grade (mrTRG) and MR volumetry (98).

A single prospective study of 50 patients by Maas et al.

evaluated the combined performance of restaging endoscopy,

DRE and MRI (12). The authors found that the combined results

yielded a positive post-test probability of 98% for detecting a

complete response when all modalities indicated a cCR.

Conversely, when all tests indicated a non-complete response,

there was a negative post-test probability of 15% that the patient

would have a pCR (12). Improving the diagnostic performance of

the restaging exam remains one of the greatest challenges to

expanding WW. Very little information exists on the accuracy of

the combined restaging assessment, or the prognostic implications

in situations where the clinical response grade differs between

endoscopy and MRI.
5.5 Which patients should be allowed to
enter watch and wait surveillance?

Due to concerns about the oncologic safety of WW, eligibility

for nonoperative management was initially restricted to patients

with a cCR at restaging (68). According to these criteria, any patient

with even mild abnormalities by endoscopy or MRI proceeded to

TME. Multiple studies have since shown that a large proportion of

patients who did not meet this narrow definition of a cCR had a

pCR by the time of surgery (87, 99–101). This observation, along

with data demonstrating the oncologic safety of delaying surgery by

several weeks, spurred interest in expanding eligibility for

nonoperative management. Several studies have allowed patients

with a nCR to enter WW surveillance (8, 102, 103). In the OPRA

trial, nearly 40% of patients with a nCR developed a s-cCR with

nonoperative management (59). The remainder went on to develop

signs of residual rectal tumor, highlighting the importance of short-

interval reassessment in this high-risk group.

Of note, several studies have explored performing local

excisions for patients with a nCR at restaging (103, 104).

Endoscopic mucosal excision may be appropriate for some

patients with a small area suspicious for residual tumor and an

endoscopic biopsy showing only high-grade dysplasia. The role of

full thickness local excision for invasive residual tumor is

controversial. While there is evidence that some residual tumor
Frontiers in Oncology 06
limited to the submucosa or muscularis mucosa could potentially be

cured by a full-thickness local excision, the distribution of the

residual cancer cells throughout the bowel wall in patients with

LARC treated with TNT is difficult to predict (105, 106). In these

cases, a local excision may be oncologically insufficient.

Furthermore, a failed local excision due to positive resection

margins, unfavorable histology, or local recurrence, can

compromise a salvage TME by violating the resection planes and/

or compromising the possibility of a sphincter-saving procedure

(107, 108). In addition to concerns about this approach’s oncologic

safety in LARC patients, local excision leads to high rates of wound

dehiscence, poor functional outcomes and worse overall quality of

life compared to those managed by WW alone (102, 104, 109).
5.6 Surveillance

No standardized surveillance protocols for patients managed by

WW exist. The OPRA trial followed patients for five years after

restaging (8). Surveillance included a H&P, flexible sigmoidoscopy

and CEA testing at 3- to 6-month intervals for two years and then at

6-month intervals for the remaining three years. A MR pelvis was

obtained every 6 months for the first year and then annually for the

remaining four years. A CT chest, abdomen, pelvis was performed

annually to monitor for development of distant metastases. Patients

with a nCR at restaging were often monitored with flexible

sigmoidoscopy at shorter intervals (4 to 6 weeks) to confirm

continued tumor regression. These patients were taken promptly

to TME if the tumor stopped responding to treatment or progressed

during the surveillance period.

While prospective long-term data on WW patients followed for

more than five years has not yet been reported, results from the

OPRA trial and the International Watch and Wait Database suggest

that very few treatment failures occur after 3 years of surveillance

(59, 110). Longer follow-up is needed to determine precisely when

patients can safely transition to survivorship care. Although not yet

used in clinical practice, circulating tumor DNA may offer another

method of surveillance, with increasing levels indicating possible

local regrowth or distant metastases (111).
6 Local regrowth

Patients with local regrowth harbor residual disease not clearly

evident during the restaging assessment. Between 15% to 36% of

patients who enterWW surveillance develop local regrowth, withmost

cases occurring within two years of restaging (10, 11, 59, 112–115).

Data from the International Watch and Wait Database indicate that

97% of all regrowths occur within the bowel wall, highlighting the

importance of careful endoscopic surveillance (9). Unlike local

recurrence following TME, where less than a third of patients have

resectable disease, the vast majority of regrowths are salvageable

(8, 11, 113).

The effects of local regrowth on oncologic outcomes remain

poorly described and are difficult to determine using retrospective

data. Studies suggest that patients with local regrowth have a higher
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risk of distant metastases compared to those with a s-cCR (11, 116)

but have similar survival outcomes to patients with an iCR taken to

TME immediately after restaging (59). However, local regrowths are a

biologically distinct set of tumors with an excellent (but incomplete)

response to neoadjuvant therapy. Therefore, patients with complete

eradication of disease (s-cCR) and those with a poor response to

treatment (iCR) cannot act as appropriate control groups.

Additionally, it remains unclear whether the delay in definitive

surgical resection for patients with local regrowth increases the risk of

distant metastases. Our understanding of the temporal relationship

between metastatic progression and local regrowth is limited. Distant

metastases may be a consequence of inherently poor tumor biology

already present at diagnosis or may develop after TNT from occult

cancer cells left at the primary tumor site (11, 116). Unfortunately, it

is difficult to provide a clear answer to this question, as evaluating the

impact of delaying surgery would require prospective randomized

control trials that are unlikely to accrue. Current focus lies in accurate

detection of regrowths with surveillance exams and an expedient

TME once residual disease is suspected.
7 Watch and wait outcomes

Definitive proof of the safety and efficacy of nonoperative

management requires a large phase III trial with a non-inferiority

design. However, randomized control trials comparing selective WW

and mandatory TME strategies are considered infeasible due to the

risk of patient crossover into the WW arm. Until recently, most

evidence supporting the safety of a WW strategy came from studies

using multi-institutional, retrospective databases. However, these

analyses could not account for differences in treatment regimens,

clinical response criteria, timing of restaging assessment or

surveillance protocols. The OPRA trial was the first prospective

phase II trial to demonstrate that patients with an excellent

response to TNT could achieve long-term organ preservation with

oncologic outcomes equivalent to historical controls treated with the

standard of care (chemoradiation, TME and adjuvant chemotherapy)

(8). While the OPRA trial provides the best information to date on the

safety and efficacy of nonoperative management, its findings are

limited by constraints in study design. The trial did not randomize

patients by treatment strategy (TME vs. WW) and instead relied upon

comparisons to historical controls treated with a different neoadjuvant

regimen (chemoradiation vs. TNT). Despite these limitations, the

OPRA trial considerably improved our understanding of patient

selection for WW and strengthened available evidence

demonstrating that nonoperative management is a viable treatment

option for patients with a complete response following TNT.
7.1 Long-term oncologic outcomes

The OPRA trial found similar rates of disease-free survival,

distant metastasis-free survival, local recurrence-free survival and

overall survival between patients treated with a selectiveWW strategy

and historical controls treated with mandatory TME (59). Oncologic

outcomes did not differ between patients who received INCT-CRT or
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CRT-CNCT (Table 2) (59) Given that historical controls were treated

with chemoradiation while patients in the OPRA trial received TNT,

it is possible that the benefits from upfront chemotherapy offset the

potentially adverse oncologic effects of nonoperative management.

However, the results of the OPRA trial are consistent with survival

outcomes reported in the TNT arms of the PRODIGE-23, CAO/

ARO/AIO-12, RAPIDO and GCR-3 trials (43–45, 47, 59, 117).
7.2 Organ preservation

The rate of organ preservation reported in the OPRA trial was

higher than rates of pCR in historical controls treated with TNT

followed by TME (3, 43, 44, 47, 59). This difference likely reflects the

OPRA trial’s duration of neoadjuvant treatment, extended interval (8 ±

4 weeks) between end of TNT and restaging, and broad selection

criteria permitting patients with a nCR to enter WW. A higher

proportion of patients who achieved a s-cCR were randomized to

the CRT-CNCT arm (54% vs. 39%; p=0.012) (59). Our understanding

of why patients receiving CRT-CNCT have higher rates of organ

preservation remains limited. Although the CAO/ARO/AIO-12 trial

did not offer patients WW, the study demonstrated a similar pattern

with higher rates of pCR in the CRT-CNCT group (47). While tumors

treated with CRT-CNCT have a longer time-interval to regress

between (chemo)radiation and restaging, this does not explain the

differences in s-cCR observed in the OPRA trial. Patients in the INCT-

CRT arm had a higher incidence of local regrowth, whichmay partially

account for the lower rates of organ preservation in this group (8, 59).

However, explanations of why INCT-CRT may predispose patients to

an increased risk of local regrowth remain purely speculative.

Secondary analyses of the OPRA trial have demonstrated higher

rates of organ preservation among patients with a cCR at restaging

compared to those with a nCR (118). These differences are due to

local regrowth, highlighting that patients with a nCR are high-risk

for harboring residual disease and should be followed at short

intervals if offered WW surveillance.
7.3 Quality of life

We would expect improved quality of life among WW patients

compared to those undergoing TME, as nonoperative management

preserves the rectum and patients have no postoperative recovery.
TABLE 2 Five-year survival outcomes from the OPRA trial.

Outcome
INCT-
CRT (%)

CRT-
CNCT (%)

P-value

Disease free survival 71 69 0.68

Local recurrence free survival 94 90 0.35

Distant metastasis free survival 80 78 0.64

Overall survival 88 85 0.25
fro
Five-year survival outcomes reported in the OPRA trial (59). INCT-CRT, induction
chemotherapy followed by chemoradiation; CRT-CNCT, chemoradiation followed by
consolidation chemotherapy.
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However, very little information on this topic exists and the long-

term effects of various multimodal neoadjuvant treatment regimens

remain unclear. A retrospective case-control study by Quezada-

Diaz et al. found that WW patients had better short-term bowel

function compared to matched controls that underwent TME (119).

A prospective study of 278 patients in the Dutch Watch and Wait

Registry provides additional insight into long-term quality of life

outcomes (120). The authors found that approximately 25% of WW

patients have major low anterior resection syndrome (LARS) at 24

months from restaging, which is roughly half that reported in

historical controls with a LAR (120, 121). Both male and female

patients also reported significant rates of sexual dysfunction (120).

These findings highlight that neoadjuvant treatment continues to

have long-term consequences in the absence of surgical resection.

Additional data from prospective studies comparing quality of life

and functional outcomes between TME and WW patients is needed

to better understand potential differences between the two groups.
8 Conclusions

WW has become an accepted alternative to TME in LARC

patients with a complete response to neoadjuvant treatment. The

OPRA trial demonstrated that over 45% of patients achieve long-

term organ preservation with oncologic outcomes comparable to

historical controls. While approximately 1/3 of patients who

entered WW experienced local regrowth, all were salvageable by

TME and this subgroup exhibited similar outcomes to patients with

an iCR after TNT. Several challenges to expanding the use of WW

remain. First, high-quality prospective data on the feasibility and

oncologic safety of this strategy is limited to a single, phase II

randomized control trial. Second, the restaging exam’s diagnostic

performance continues to suffer from sub-optimal accuracy,

particularly in identifying the presence of viable tumor cells that

later become local regrowth. Third, the advantages of various TNT

regimens with regards to maximizing a complete response,

decreasing risk of local regrowth and minimizing treatment-

associated toxicity remain unknown.

Future directions for research involve tailoring treatment

regimens to optimize patient outcomes. This includes identifying

genetic and molecular markers responsive to immunotherapy or

predictive of a complete response (60, 122, 123). The Janus Rectal

Cancer Trial, which randomizes patients to receive CRT-CNCT
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with doublet (FOLFOX or CapeOx) or triplet (mFOLFIRINOX)

chemotherapy will provide data on the potential efficacy of a triplet

chemotherapy regimen in improving rates of disease-free survival

and organ preservation (124). Machine learning and radiomics may

prove useful in improving the accuracy of restaging endoscopy and

MRI (125, 126). Finally, WW remains limited to stage II or III rectal

cancers. The ongoing STAR-TREC trial aims to evaluate the

suitability of this approach for stage I disease treated with

neoadjuvant (chemo)radiation (127).
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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) 22:702–15.
doi: 10.1016/S1470-2045(21)00079-6

45. Bahadoer RR, Hospers GAP, Marijnen CAM, Peeters KCMJ, Putter H, Dijkstra
EA, et al. Risk and location of distant metastases in patients with locally advanced rectal
cancer after total neoadjuvant treatment or chemoradiotherapy in the RAPIDO trial.
Eur J Cancer. (2023) 185:139–49. doi: 10.1016/j.ejca.2023.02.027

46. National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines
in Oncology (NCCN Guidelines®) for Rectal Cancer V.4.2023 (2023). Available online
at: https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1461 (Accessed
July 27, 2023).

47. Fokas E, Allgauer M, Polat B, Klautke G, Grabenbauer GG, Fietkau R.
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) 37:3212–322. doi: 10.1200/JCO.19.00308

48. Jin J, Tang Y, Hu C, Jian L, Jiang J, Li N, et al. Multicenter, randomized, phase III
trial of short-term radiotherapy plus chemotherapy versus long-term
chemoradiotherapy in locally advanced rectal cancer (STELLAR). J Clin Oncol.
(2023) 40:1681–92. doi: 10.1200/JCO.21.01667
frontiersin.org

https://doi.org/10.1097/01.sla.0000141194.27992.32
https://doi.org/10.1097/01.sla.0000141194.27992.32
https://doi.org/10.1200/JCO.22.00032
https://doi.org/10.1016/S0140-6736(18)31078-X
https://doi.org/10.1016/S1470-2045(15)00467-2
https://doi.org/10.1001/jamaoncol.2018.5896
https://doi.org/10.1245/s10434-015-4687-9
https://doi.org/10.1016/j.suronc.2022.101774
https://doi.org/10.1016/j.suronc.2022.101774
https://doi.org/10.1097/SLA.0000000000002761
https://doi.org/10.1097/SLA.0000000000002761
https://doi.org/10.1016/S2468-1253(17)30074-2
https://doi.org/10.1002/bjs.1800710105
https://doi.org/10.1002/bjs.1800671104
https://doi.org/10.1097/00000658-198308000-00008
https://doi.org/10.1097/00000658-198308000-00008
https://doi.org/10.1016/S0140-6736(86)91510-2
https://doi.org/10.1016/S0140-6736(86)92612-7
https://doi.org/10.1016/S0140-6736(86)92612-7
https://doi.org/10.1056/NEJM199704033361402
https://doi.org/10.1002/1097-0142(19950501)75:9%3C2269::AID-CNCR2820750913%3E3.0.CO;2-I
https://doi.org/10.1200/JCO.2005.08.144
https://doi.org/10.1056/NEJMoa010580
https://doi.org/10.1016/S1470
https://doi.org/10.1056/NEJMoa040694
https://doi.org/10.1016/j.ctrv.2021.102177
https://doi.org/10.1016/j.ctrv.2021.102177
https://doi.org/10.1002/bjs.5506
https://doi.org/10.1016/j.radonc.2007.07.007
https://doi.org/10.1016/j.radonc.2007.07.007
https://doi.org/10.1200/JCO.2012.42.9597
https://doi.org/10.1200/JCO.2012.42.9597
http://www.nejm.org
https://doi.org/10.1001/jama.264.11.1444
https://doi.org/10.1002/14651858.cd004078.pub2
https://doi.org/10.1200/JCO.19
https://doi.org/10.1016/S1470-2045(14)71199-4
https://doi.org/10.1093/annonc/mdu560
https://doi.org/10.1016/S1470-2045(13)70599-0
https://doi.org/10.1200/JCO.2009.25.8541
https://doi.org/10.1001/jamaoncol.2018.0071
https://doi.org/10.1002/onco.13824
https://doi.org/10.1016/S1470-2045(20)30555-6
https://doi.org/10.1016/S1470-2045(21)00079-6
https://doi.org/10.1016/j.ejca.2023.02.027
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1461
https://doi.org/10.1200/JCO.19.00308
https://doi.org/10.1200/JCO.21.01667
https://doi.org/10.3389/fonc.2024.1477510
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Williams et al. 10.3389/fonc.2024.1477510
49. Ciseł B, Pietrzak L, Michalski W, Wyrwicz L, Rutkowski A, Kosakowska E, et al.
Long-course preoperative chemoradiation versus 5 × 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) 30:1298–303. doi: 10.1093/annonc/
mdz186

50. Dijkstra EA, Nilsson PJ, Hospers GA, Bahadoer RR, Meershoek-Klein
Kranenbarg E, Roodvoets AG, et al. Locoregional failure during and after short-
course radiotherapy followed by chemotherapy and surgery compared to long-course
chemoradiotherapy and surgery-A five-year follow-up of the RAPIDO trial. Ann Surg.
(2023) 278:e766–72. doi: 10.1097/SLA.0000000000005799

51. Rödel C. Short-course radiotherapy versus chemoradiotherapy, followed by
consolidation chemotherapy, and selective organ preservation for MRI-defined
intermediate and high risk rectal cancer patients (2020). ClinicalTrials.gov. Available
online at: https://classic.clinicaltrials.gov/ct2/show/NCT04246684 (Accessed July 27,
2023).

52. Schrag D, Shi Q, Weiser MR, Gollub MJ, Saltz LB, Musher BL, et al. Preoperative
treatment of locally advanced rectal cancer. N Engl J Med. (2023) 389:322–34.
doi: 10.1056/nejmoa2303269

53. Janeway HH. Treatment of cancer, particularly of the tongue, tonsil and rectum,
by buried emanation. Third Annu Meeting Am Radium Society. Atlantic City. (1919).

54. Binkley GE. Radiation in the treatment of rectal cancer. Ann Surg. (1929)
90:1000–14. doi: 10.1097/00000658-192912000-00007

55. Habr-Gama A, Perez RO, Proscurshim I, Campos FG, Nadalin W, Kiss D, et al.
Patterns of failure and survival for nonoperative treatment of stage c0 distal rectal
cancer following neoadjuvant chemoradiation therapy. J Gastrointest Surg. (2006)
10:1319–29. doi: 10.1016/j.gassur.2006.09.005

56. Maas M, Beets-Tan RGH, Lambregts DMJ, Lammering G, Nelemans PJ, Engelen
SME, et al. Wait-and-see policy for clinical complete responders after chemoradiation
for rectal cancer. J Clin Oncol. (2011) 29:4633–40. doi: 10.1200/JCO.2011.37.7176

57. Smith JD, Ruby JA, Goodman KA, Saltz LB, Guillem JG, Weiser MR, et al.
Nonoperative management of rectal cancer with complete clinical response after
neoadjuvant therapy. Ann Surg. (2012) 256:965–72. doi: 10.1097/SLA.0b013e3182759f1c

58. Appelt AL, Pløen J, Harling H, Jensen FS, Jensen LH, Jørgensen JCR, et al. High-
dose chemoradiotherapy and watchful waiting for distal rectal cancer: A prospective
observational study. Lancet Oncol. (2015) 16:919–27. doi: 10.1016/S1470-2045(15)
00120-5

59. Verheij FS, Omer DM,Williams H, Lin ST, Qin L-X, Buckley JT, et al. Long-term
results of organ preservation in patients with rectal adenocarcinoma treated with total
neoadjuvant therapy: The randomized phase II OPRA trial. J Clin Oncol. (2023)
42:500–6. doi: 10.1200/JCO.23.01208

60. Cercek A, Lumish M, Sinopoli J, Weiss J, Shia J, Lamendola-Essel M, et al. PD-1
blockade in mismatch repair–deficient, locally advanced rectal cancer. N Engl J Med.
(2022) 386:2363–76. doi: 10.1056/NEJMoa2201445

61. Williams H, Yuval JB, Verheij FS, Miranda J, Lin ST, Omer DM, et al. Baseline
MRI predictors of successful organ preservation in the Organ Preservation in Rectal
Adenocarcinoma (OPRA) trial. Br J Surg. (2024) 111. doi: 10.1093/bjs/znae246

62. Taylor FGM, Quirke P, Heald RJ, Moran BJ, Blomqvist L, Swift IR, et al.
Preoperative magnetic resonance imaging assessment of circumferential resection
margin predicts disease-free survival and local recurrence: 5-Year follow-up results
of the MERCURY Study. J Clin Oncol. (2014) 32:34–43. doi: 10.1200/JCO.2012.45.3258

63. Lord AC, D’Souza N, Shaw A, Rokan Z, Moran B, Abulafi M, et al. MRI-
diagnosed tumor deposits and EMVI status have superior prognostic accuracy to
current clinical TNM staging in rectal cancer. Ann Surg. (2022) 276:334–44.
doi: 10.1097/SLA.0000000000004499

64. Fokas E, Schlenska-Lange A, Polat B, Klautke G, Grabenbauer GG, Fietkau R,
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) 8:1–
10. doi: 10.1001/jamaoncol.2021.5445

65. Verheij FS, Omer DM, Lin ST, Yuval JB, Thompson HM, Kim JK, et al.
Compliance and toxicity of total neoadjuvant therapy for rectal cancer: A secondary
analysis of the OPRA trial. Int J Radiat Oncol Biol Phys. (2024) 118:115–23.
doi: 10.1016/j.ijrobp.2023.07.043

66. Perez RO, Habr-Gama A, Pereira GV, Lynn PB, Alves PA, Proscurshim I, et al.
Role of biopsies in patients with residual rectal cancer following neoadjuvant
chemoradiation after downsizing: Can they rule out persisting cancer? Colorectal Dis.
(2012) 14:714–20. doi: 10.1111/j.1463-1318.2011.02761.x

67. Guillem JG, Chessin DB, Shia J, Moore HG, Mazumdar M, Bernard B, et al.
Clinical examination following preoperative chemoradiation for rectal cancer is not a
reliable surrogate end point. J Clin Oncol. (2005) 23:3475–9. doi: 10.1200/
JCO.2005.06.114

68. Habr-Gama A, Perez RO, Wynn G, Marks J, Kessler H, Gama-Rodrigues J.
Complete clinical response after neoadjuvant chemoradiation therapy for distal rectal
cancer: Characterization of clinical and endoscopic findings for standardization. Dis
Colon Rectum. (2010) 53:1692–8. doi: 10.1007/DCR.0b013e3181f42b89

69. Nahas SC, Nahas CSR, Cama GM, de Azambuja RL, Horvat N, Marques CFS,
et al. Diagnostic performance of magnetic resonance to assess treatment response after
neoadjuvant therapy in patients with locally advanced rectal cancer. Abdom Radiol.
(2019) 44:3632–40. doi: 10.1007/s00261-019-01894-8
Frontiers in Oncology 10
70. Van Den Broek JJ, van der Wolf FSW, Lahaye MJ, Heijnen LA, Meischl C,
Heitbrink MA, et al. Accuracy of MRI in restaging locally advanced rectal cancer after
preoperative chemoradiation. Dis Colon Rectum. (2017) 60:274–83. doi: 10.1097/
DCR.0000000000000743

71. Fornell-Perez R, Perez-Alonso E, Aleman-Flores P, Lozano-Rodriguez A, Loro-
Ferrer JF. Nodal staging in the rectal cancer follow-up MRI after chemoradiotherapy:
use of morphology, size, and diffusion criteria. Clin Radiol. (2020) 75:100–7.
doi: 10.1016/j.crad.2019.08.003

72. Lee MA, Cho SH, Seo AN, Kim HJ, Shin KM, Kim SH, et al. Modified 3-point
mri-based tumor regression grade incorporating DWI for locally advanced rectal
cancer. Am J Roentgenol. (2017) 209:1247–55. doi: 10.2214/AJR.16.17242

73. Yoen H, Park HE, Kim SH, Yoon JH, Hur BY, Bae JS, et al. Prognostic value of
tumor regression grade on MR in rectal cancer: A large-scale, single-center experience.
Korean J Radiol. (2020) 21:1065–76. doi: 10.3348/kjr.2019.0797

74. Garcia-Aguilar J, Smith DD, Avila K, Bergsland EK, Chu P, Krieg RM. Optimal
timing of surgery after chemoradiation for advanced rectal cancer: Preliminary results
of a multicenter, nonrandomized phase II prospective trial. Ann Surg. (2011) 254:97–
102. doi: 10.1097/SLA.0b013e3182196e1f

75. Huang Y, Lee D, Young C. Predictors for complete pathological response for
stage II and III rectal cancer following neoadjuvant therapy - A systematic review and
meta-analysis. Am J Surg. (2020) 220:300–8. doi: 10.1016/j.amjsurg.2020.01.001

76. Petrelli F, Sgroi G, Sarti E, Barni S. Increasing the interval between neoadjuvant
chemoradiotherapy and surgery in rectal cancer : A meta-analysis of published studies.
Ann Surg. (2016) 263:458–64. doi: 10.1097/SLA.0000000000000368

77. Francois Y, Nemoz CJ, Baulieux J, Vignal J, Grandjean J-P, Partensky C, et al.
Influence of the interval between preoperative radiation therapy and surgery on
downstaging and on the rate of sphincter-sparing surgery for rectal cancer: The
Lyon R90-01 randomized trial. J Clin Oncol. (1999) 17:2396–6. doi: 10.1200/
JCO.1999.17.8.2396

78. Akgun E, Caliskan C, Bozbiyik O, Yoldas T, Sezak M, Ozkok S, et al.
Randomized clinical trial of short or long interval between neoadjuvant
chemoradiotherapy and surgery for rectal cancer. Br J Surg. (2018) 105:1417–25.
doi: 10.1002/bjs.10984

79. Du D, Su Z, Wang D, Liu W, Wei Z. Optimal interval to surgery after
neoadjuvant chemoradiotherapy in rectal cancer: A systematic review and meta-
analysis. Clin Colorectal Cancer. (2018) 17:13–24. doi: 10.1016/j.clcc.2017.10.012

80. Lefevre JH, Mineur L, Kotti S, Rullier E, Rouanet P, De Chaisemartin C, et al.
Effect of interval (7 or 11 weeks) between neoadjuvant radiochemotherapy and surgery
on complete pathologic response in rectal cancer: A multicenter, randomized,
controlled trial (GRECCAR-6). J Clin Oncol. (2016) 34:3773–80. doi: 10.1200/
JCO.2016.67.6049

81. Lefèvre JH, Mineur L, Cachanado M, Denost Q, Rouanet P, De Chaisemartin C,
et al. Does a longer waiting period after neoadjuvant radio-chemotherapy improve the
oncological prognosis of rectal cancer? Three years’ follow-up results of the Greccar-6
randomized multicenter trial. Ann Surg. (2019) 270:747–54. doi: 10.1097/
SLA.0000000000003530

82. Ryan J, O’Sullivan DP, Kelly ME, Syed AZ, Neary PC, O’Connell PR, et al. Meta-
analysis of the effect of extending the interval after long-course chemoradiotherapy
before surgery in locally advanced rectal cancer. Br J Surg. (2019) 106:1298–310.
doi: 10.1002/bjs.11220

83. Habr-Gama A, São Julião GP, Fernandez LM, Vailati BB, Andrade A. Achieving
a complete clinical response after neoadjuvant chemoradiation that does not require
surgical resection: It may take longer than you think! Dis Colon Rectum. (2019) 62:802–
8. doi: 10.1097/DCR.0000000000001338

84. Chino A, Konishi T, Ogura A, Kawachi H, Osumi H. Endoscopic criteria to evaluate
tumor response of rectal cancer to neoadjuvant chemoradiotherapy using magnifying
chromoendoscopy. Eur J Surg Onc. (2018) 44:1247–53. doi: 10.1016/j.ejso.2018.04.013

85. Felder SI, Patil S, Kennedy E, Garcia-Aguilar J. Endoscopic feature and response
reproducibility in tumor assessment after neoadjuvant therapy for rectal
adenocarcinoma. Ann Surg Oncol. (2021) 28:5205–23. doi: 10.1245/s10434

86. Ko HM, Choi YH, Lee JE, Lee KH, Kim JY, Kim JS. Combination assessment of
clinical complete response of patients with rectal cancer following chemoradiotherapy
with endoscopy and magnetic resonance imaging. Ann Coloproctol. (2019) 35:202–8.
doi: 10.3393/ac.2018.10.15

87. Van Der Sande ME, Maas M, Melenhorst J, Breukink SO, Van Leerdam ME,
Beets GL. Predictive value of endoscopic features for a complete response after
chemoradiotherapy for rectal cancer. Ann Surg. (2021) 274:E541–7. doi: 10.1097/
SLA.0000000000003718

88. Williams H, Thompson H, Lin S, Verheij F, Omer D, Qin L, et al. Endoscopic
predictors of residual tumor after total neoadjuvant therapy: A post hoc analysis from
the Organ Preservation in Rectal Adenocarcinoma (OPRA) trial. Dis Colon Rectum.
(2024) 67:369–76. doi: 10.1097/DCR.0000000000003096

89. van der Sande ME, Beets GL, Hupkens BJ, Breukink SO, Melenhorst J, Bakers
FC, et al. Response assessment after (chemo)radiotherapy for rectal cancer: Why are we
missing complete responses with MRI and endoscopy? Eur J Surg Oncol. (2019)
45:1011–7. doi: 10.1016/j.ejso.2018.11.019

90. Yuval JB, Patil S, Gangai N, Omer DM, Akselrod DG, Fung A, et al. MRI
assessment of rectal cancer response to neoadjuvant therapy: a multireader study. Eur
Radiol. (2023) 33:5761–8. doi: 10.1007/s00330-023-09480-9
frontiersin.org

https://doi.org/10.1093/annonc/mdz186
https://doi.org/10.1093/annonc/mdz186
https://doi.org/10.1097/SLA.0000000000005799
https://classic.clinicaltrials.gov/ct2/show/NCT04246684
https://doi.org/10.1056/nejmoa2303269
https://doi.org/10.1097/00000658-192912000-00007
https://doi.org/10.1016/j.gassur.2006.09.005
https://doi.org/10.1200/JCO.2011.37.7176
https://doi.org/10.1097/SLA.0b013e3182759f1c
https://doi.org/10.1016/S1470-2045(15)00120-5
https://doi.org/10.1016/S1470-2045(15)00120-5
https://doi.org/10.1200/JCO.23.01208
https://doi.org/10.1056/NEJMoa2201445
https://doi.org/10.1093/bjs/znae246
https://doi.org/10.1200/JCO.2012.45.3258
https://doi.org/10.1097/SLA.0000000000004499
https://doi.org/10.1001/jamaoncol.2021.5445
https://doi.org/10.1016/j.ijrobp.2023.07.043
https://doi.org/10.1111/j.1463-1318.2011.02761.x
https://doi.org/10.1200/JCO.2005.06.114
https://doi.org/10.1200/JCO.2005.06.114
https://doi.org/10.1007/DCR.0b013e3181f42b89
https://doi.org/10.1007/s00261-019-01894-8
https://doi.org/10.1097/DCR.0000000000000743
https://doi.org/10.1097/DCR.0000000000000743
https://doi.org/10.1016/j.crad.2019.08.003
https://doi.org/10.2214/AJR.16.17242
https://doi.org/10.3348/kjr.2019.0797
https://doi.org/10.1097/SLA.0b013e3182196e1f
https://doi.org/10.1016/j.amjsurg.2020.01.001
https://doi.org/10.1097/SLA.0000000000000368
https://doi.org/10.1200/JCO.1999.17.8.2396
https://doi.org/10.1200/JCO.1999.17.8.2396
https://doi.org/10.1002/bjs.10984
https://doi.org/10.1016/j.clcc.2017.10.012
https://doi.org/10.1200/JCO.2016.67.6049
https://doi.org/10.1200/JCO.2016.67.6049
https://doi.org/10.1097/SLA.0000000000003530
https://doi.org/10.1097/SLA.0000000000003530
https://doi.org/10.1002/bjs.11220
https://doi.org/10.1097/DCR.0000000000001338
https://doi.org/10.1016/j.ejso.2018.04.013
https://doi.org/10.1245/s10434
https://doi.org/10.3393/ac.2018.10.15
https://doi.org/10.1097/SLA.0000000000003718
https://doi.org/10.1097/SLA.0000000000003718
https://doi.org/10.1097/DCR.0000000000003096
https://doi.org/10.1016/j.ejso.2018.11.019
https://doi.org/10.1007/s00330-023-09480-9
https://doi.org/10.3389/fonc.2024.1477510
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Williams et al. 10.3389/fonc.2024.1477510
91. Memon S, Lynch AC, Bressel M, Wise AG, Heriot AG. Systematic review and
meta-analysis of the accuracy of MRI and endorectal ultrasound in the restaging and
response assessment of rectal cancer following neoadjuvant therapy. Colorectal Dis.
(2015) 17:748–61. doi: 10.1111/codi.12976

92. Pangarkar S, Mistry K, Choudhari A, Smriti V, Ahuja A, Katdare A, et al.
Accuracy of MRI for nodal restaging in rectal cancer: a retrospective study of 166 cases.
Abdom Radiol. (2021) 46:498–505. doi: 10.1007/s00261-020-02708-y

93. Jang JK, Choi SH, Park SH, Kim KW, Kim HJ, Lee JS, et al. MR tumor regression
grade for pathological complete response in rectal cancer post neoadjuvant
chemoradiotherapy: a systematic review and meta-analysis for accuracy. Eur Radiol.
(2020) 30:2312–23. doi: 10.1007/s00330-019-06565-2

94. Horvat N, El Homsi M, Miranda J, Mazaheri Y, Gollub MJ, Paroder V. Rectal
MRI interpretation after neoadjuvant therapy. J Magn Reson Imaging. (2023) 57:353–
69. doi: 10.1002/jmri.28426

95. Van Der Paardt MP, Zagers MB, Beets-Tan RGH, Stoker J, Bipat S. Patients who
undergo preoperative chemoradiotherapy for locally advanced rectal cancer restaged by
using diagnostic MR imaging: A systematic review and meta-analysis. Radiology. (2013)
269:101–12. doi: 10.1148/radiol.13122833/-/DC1

96. Kim SH, Lee JM, Hong SH, Kim GH, Lee JY, Han JK, et al. Locally advanced
rectal cancer: Added value of diffusion-weighted MR imaging in the evaluation of
tumor response to neoadjuvant chemo- and radiation therapy. Radiology. (2009)
253:116–25. doi: 10.1148/radiol.2532090027

97. Lambregts DMJ, Vandecaveye V, Barbaro B, Bakers FCH, Lambrecht M, Maas
M, et al. Diffusion-weighted MRI for selection of complete responders after
chemoradiation for locally advanced rectal cancer: A multicenter study. Ann Surg
Oncol. (2011) 18:2224–31. doi: 10.1245/s10434-011-1607-5

98. Fernandes MC, Gollub MJ, Brown G. The importance of MRI for rectal cancer
evaluation. Surg Oncol. (2022) 43. doi: 10.1016/j.suronc.2022.101739

99. Ogura A, Chino A, Konishi T, Akiyoshi T, Kishihara T. Endoscopic evaluation of
clinical response after preoperative chemoradiotherapy for lower rectal cancer: the
significance of endoscopic complete response. Int J Colorectal Dis. (2015) 30:367–73.
doi: 10.1007/s00384-014-2105-6

100. Smith FM, Wiland H, Mace A, Pai RK, Kalady MF. Clinical criteria
underestimate complete pathological response in rectal cancer treated with
neoadjuvant chemoradiotherapy. Dis Colon Rectum. (2014) 57:311–5. doi: 10.1097/
DCR.0b013e3182a84eba

101. Smith FM, Chang KH, Sheahan K, Hyland J, O’Connell PR, Winter DC. The
surgical significance of residual mucosal abnormalities in rectal cancer following
neoadjuvant chemoradiotherapy. Br J Surg. (2012) 99:993–1001. doi: 10.1002/bjs.8700

102. Martens MH, Maas M, Heijnen LA, Lambregts DMJ, Leijtens JWA, Stassen
LPS, et al. Long-term outcome of an organ preservation program after neoadjuvant
treatment for rectal cancer. J Natl Cancer Inst. (2016) 108:1–10. doi: 10.1093/jnci/
djw171

103. Hupkens BJP, Maas M, Martens MH, van der Sande ME, Lambregts DMJ,
Breukink SO, et al. Organ preservation in rectal cancer after chemoradiation: Should we
extend the observation period in patients with a clinical near-complete response? Ann
Surg Oncol. (2018) 25:197–203. doi: 10.1245/s10434-017-6213-8

104. Habr-Gama A, Lynn PB, Jorge JMN, São Julião GP, Proscurshim I, Gama-
Rodrigues J, et al. Impact of organ-preserving strategies on anorectal function in
patients with distal rectal cancer following neoadjuvant chemoradiation. Dis Colon
Rectum. (2016) 59:264–9. doi: 10.1097/DCR.0000000000000543

105. Verseveld M, De Graaf EJR, Verhoef C, Van Meerten E, Punt CJA, De Hingh
IHJT, et al. Chemoradiation therapy for rectal cancer in the distal rectum followed by
organ-sparing transanal endoscopic microsurgery (CARTS study). Br J Surg. (2015)
102:853–60. doi: 10.1002/bjs.9809

106. Stijns RCH, De Graaf EJR, Punt CJA, Nagtegaal ID, Nuyttens JJME, Van
Meerten E, et al . Long-term oncological and functional outcomes of
chemoradiotherapy followed by organ-sparing transanal endoscopic microsurgery
for distal rectal cancer: The CARTS study. JAMA Surg. (2019) 154:47–54.
doi: 10.1001/jamasurg.2018.3752

107. Morino M, Allaix ME, Arolfo S, Arezzo A. Previous transanal endoscopic
microsurgery for rectal cancer represents a risk factor for an increased
abdominoperineal resection rate. Surg Endosc. (2013) 27:3315–21. doi: 10.1007/
s00464-013-2911-x

108. Perez RO, Julião GPS, Vailati BB. Transanal local excision of rectal cancer after
neoadjuvant chemoradiation: Is there a place for it or should be avoided at all costs?
Clin Colon Rectal Surg. (2022) 35:122–8. doi: 10.1055/s-0041-1742112

109. Perez RO, Habr-Gama A, Julião GPS, Proscurshim I, Neto AS, Gama-
Rodrigues J. Transanal endoscopic microsurgery for residual rectal cancer after
neoadjuvant chemoradiation therapy is associated with significant immediate pain
and hospital readmission rates. Dis Colon Rectum. (2011) 54:545–51. doi: 10.1007/
DCR.0b013e3182083b84

110. Fernandez LM, São Julião GP, Figueiredo NL, Beets GL, van der Valk MJM,
Bahadoer RR, et al. Conditional recurrence-free survival of clinical complete
responders managed by watch and wait after neoadjuvant chemoradiotherapy for
rectal cancer in the International Watch & Wait Database: a retrospective,
Frontiers in Oncology 11
international, multicentre registry study. Lancet Oncol. (2021) 22:43–50.
doi: 10.1016/S1470-2045(20)30557-X

111. Hofste LSM, Geerlings MJ, von Rhein D, Rütten H, Westenberg AH, Weiss
MM, et al. Circulating tumor DNA detection after neoadjuvant treatment and surgery
predicts recurrence in patients with early-stage and locally advanced rectal cancer. Eur J
Surg Onc. (2023) 49:1283–90. doi: 10.1016/j.ejso.2023.01.026

112. Kong JC, Guerra GR, Warrier SK, Ramsay RG, Heriot AG. Outcome and
salvage surgery following “Watch and Wait” for rectal cancer after neoadjuvant
therapy: A systematic review. Dis Colon Rectum. (2017) 60:335–45. doi: 10.1097/
DCR.0000000000000754

113. Chadi SA, Malcomson L, Ensor J, Riley RD, Vaccaro CA, Rossi GL, et al.
Factors affecting local regrowth after watch and wait for patients with a clinical
complete response following chemoradiotherapy in rectal cancer (InterCoRe
consortium): An individual participant data meta-analysis. Lancet Gastroenterol
Hepatol. (2018) 3:825–36. doi: 10.1016/S2468-1253(18)30301-7

114. Van der Sande ME, Figueiredo N, Beets GL. Management and outcome of local
regrowths in a Watch-and-Wait prospective cohort for complete responses in rectal
cancer. Ann Surg. (2021) 274:E1056–62. doi: 10.1097/SLA.0000000000003738

115. Habr-Gama A, Gama-Rodrigues J, São Julião GP, Proscurshim I, Sabbagh C,
Lynn PB, et al. Local recurrence after complete clinical response and watch and wait in
rectal cancer after neoadjuvant chemoradiation: Impact of salvage therapy on local
disease control. Int J Radiat Oncol Biol Phys. (2014) 88:822–8. doi: 10.1016/
j.ijrobp.2013.12.012

116. Fernandez LM, São Julião GP, Renehan AG, Beets GL, Papoila AL, Vailati BB,
et al. The risk of distant metastases in patients with clinical complete response managed
by watch and wait after neoadjuvant therapy for rectal cancer: The influence of local
regrowth in the international watch and wait database. Dis Colon Rectum. (2023)
66:41–9. doi: 10.1097/DCR.0000000000002494

117. Fernández-Martos C, Garcia-Albeniz X, Pericay C, Maurel J, Aparicio J,
Montagut C, et al. Chemoradiation, surgery and adjuvant chemotherapy versus
induction chemotherapy followed by chemoradiation and surgery: Long-term results
of the Spanish GCR-3 phase II randomized trial. Ann Oncol. (2015) 26:1722–8.
doi: 10.1093/annonc/mdv223

118. Thompson HM, Omer DM, Lin S, Kim JK, Yuval JB, Veheij FS, et al. Organ
preservation and survival by clinical response grade in patients with rectal cancer
treated with total neoadjuvant therapy: A secondary analysis of the OPRA randomized
c l in ica l t r i a l . JAMA Netw Open . (2024) 7 :e2350903. doi : 10 .1001/
jamanetworkopen.2023.50903

119. Quezada-Diaz FF, Smith JJ, Jimenez-Rodriguez RM, Wasserman I, Pappou EP,
Patil S, et al. Patient-reported bowel function in patients with rectal cancer managed by
a watch-and-wait strategy after neoadjuvant therapy: A case-control study. Dis Colon
Rectum. (2020) 63:897–902. doi: 10.1097/DCR.0000000000001646

120. Custers PA, van der Sande ME, Grotenhuis BA, Peters FP, van Kuijk SMJ, Beets
GL, et al. Long-term quality of life and functional outcome of patients with rectal cancer
following a watch-and-wait approach. JAMA Surg. (2023) 158:e230146. doi: 10.1001/
jamasurg.2023.0146

121. Chen TYT, Wiltink LM, Nout RA, Meershoek-Klein Kranenbarg E, Laurberg S,
Marijnen CAM, et al. Bowel function 14 years after preoperative short-course
radiotherapy and total mesorectal excision for rectal cancer: Report of a multicenter
randomized trial. Clin Colorectal Cancer. (2015) 14:106–14. doi: 10.1016/j.clcc.2014.
12.007

122. Akiyoshi T, Tanaka N, Kiyotani K, Gotoh O, Yamamoto N, Oba K, et al.
Immunogenomic profiles associated with response to neoadjuvant chemoradiotherapy
in patients with rectal cancer. Br J Surg. (2019) 106:1381–92. doi: 10.1002/bjs.11179

123. de Rosa N, Rodriguez-Bigas MA, Chang GJ, Veerapong J, Borras E, Krishnan S,
et al. DNA mismatch repair deficiency in rectal cancer: Benchmarking its impact on
prognosis, neoadjuvant response prediction, and clinical cancer genetics. J Clin Oncol.
(2016) 34:3039–46. doi: 10.1200/JCO.2016.66.6826

124. Alvarez JA, Shi Q, Dasari A, Garcia-Aguilar J, Sanoff H, George TJ, et al.
Alliance A022104/NRG-GI010: The Janus Rectal Cancer Trial: a randomized phase II/
III trial testing the efficacy of triplet versus doublet chemotherapy regarding clinical
complete response and disease-free survival in patients with locally advanced rectal
cancer. BMC Cancer. (2024) 24:901. doi: 10.1186/s12885-024-12529-7

125. Miranda J, Tan GXV, Fernandes MC, Yildirim O, Sims JA, Araujo-Filho J de
AB, et al. Rectal MRI radiomics for predicting pathological complete response: Where
we are. Clin Imaging. (2022) 82:141–9. doi: 10.1016/j.clinimag.2021.10.005

126. Williams H, Thompson HM, Lee C, Rangnekar A, Gomez JT, Widmar M,
et al. Assessing endoscopic response in locally advanced rectal cancer treated with
total neoadjuvant therapy: Development and validation of a highly accurate
convolutional neural network. Ann Surg Oncol. (2024) 31:6443–51. doi: 10.1245/
s10434-024-15311-y

127. Bach SP. Can we Save the rectum by watchful waiting or TransAnal surgery
following (chemo)Radiotherapy versus Total mesorectal excision for early REctal
Cancer (STAR-TREC)? Protocol for the international, multicentre, rolling phase II/
III partially randomized patient preference trial evaluating long-course concurrent
chemoradiotherapy versus short-course radiotherapy organ preservation approaches.
Colorectal Dis. (2022) 24:639–51. doi: 10.1111/codi.16056
frontiersin.org

https://doi.org/10.1111/codi.12976
https://doi.org/10.1007/s00261-020-02708-y
https://doi.org/10.1007/s00330-019-06565-2
https://doi.org/10.1002/jmri.28426
https://doi.org/10.1148/radiol.13122833/-/DC1
https://doi.org/10.1148/radiol.2532090027
https://doi.org/10.1245/s10434-011-1607-5
https://doi.org/10.1016/j.suronc.2022.101739
https://doi.org/10.1007/s00384-014-2105-6
https://doi.org/10.1097/DCR.0b013e3182a84eba
https://doi.org/10.1097/DCR.0b013e3182a84eba
https://doi.org/10.1002/bjs.8700
https://doi.org/10.1093/jnci/djw171
https://doi.org/10.1093/jnci/djw171
https://doi.org/10.1245/s10434-017-6213-8
https://doi.org/10.1097/DCR.0000000000000543
https://doi.org/10.1002/bjs.9809
https://doi.org/10.1001/jamasurg.2018.3752
https://doi.org/10.1007/s00464-013-2911-x
https://doi.org/10.1007/s00464-013-2911-x
https://doi.org/10.1055/s-0041-1742112
https://doi.org/10.1007/DCR.0b013e3182083b84
https://doi.org/10.1007/DCR.0b013e3182083b84
https://doi.org/10.1016/S1470-2045(20)30557-X
https://doi.org/10.1016/j.ejso.2023.01.026
https://doi.org/10.1097/DCR.0000000000000754
https://doi.org/10.1097/DCR.0000000000000754
https://doi.org/10.1016/S2468-1253(18)30301-7
https://doi.org/10.1097/SLA.0000000000003738
https://doi.org/10.1016/j.ijrobp.2013.12.012
https://doi.org/10.1016/j.ijrobp.2013.12.012
https://doi.org/10.1097/DCR.0000000000002494
https://doi.org/10.1093/annonc/mdv223
https://doi.org/10.1001/jamanetworkopen.2023.50903
https://doi.org/10.1001/jamanetworkopen.2023.50903
https://doi.org/10.1097/DCR.0000000000001646
https://doi.org/10.1001/jamasurg.2023.0146
https://doi.org/10.1001/jamasurg.2023.0146
https://doi.org/10.1016/j.clcc.2014.12.007
https://doi.org/10.1016/j.clcc.2014.12.007
https://doi.org/10.1002/bjs.11179
https://doi.org/10.1200/JCO.2016.66.6826
https://doi.org/10.1186/s12885-024-12529-7
https://doi.org/10.1016/j.clinimag.2021.10.005
https://doi.org/10.1245/s10434-024-15311-y
https://doi.org/10.1245/s10434-024-15311-y
https://doi.org/10.1111/codi.16056
https://doi.org/10.3389/fonc.2024.1477510
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Nonoperative management of rectal cancer
	1 Introduction
	2 Common terms and definitions in watch and wait
	3 Historical management of locally advanced rectal cancer
	3.1 Multimodal treatment for LARC: ongoing controversies and future directions

	4 Development of a watch and wait approach to rectal cancer
	5 Watch and wait: approach to patient management
	5.1 Diagnosis and neoadjuvant treatment
	5.2 Components of the restaging exam
	5.2.1 Digital rectal exam
	5.2.2 Endoscopic exam
	5.2.3 Pelvic MRI

	5.3 Timing of the restaging assessment
	5.4 Diagnostic accuracy and limitations of the restaging assessment
	5.5 Which patients should be allowed to enter watch and wait surveillance?
	5.6 Surveillance

	6 Local regrowth
	7 Watch and wait outcomes
	7.1 Long-term oncologic outcomes
	7.2 Organ preservation
	7.3 Quality of life

	8 Conclusions
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


