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Background: Potential differences in organ preservation between total neoadjuvant therapy (TNT) regimens integrating
long-course chemoradiotherapy (LCCRT) and short-course radiotherapy (SCRT) in rectal cancer remain undefined.
Patients and methods: This natural experiment arose from a policy change in response to the COVID-19 pandemic
during which our institution switched from uniformly treating patients with LCCRT to mandating that all patients be
treated with SCRT. Our study includes 323 locally advanced rectal adenocarcinoma patients treated with LCCRT-
based or SCRT-based TNT from January 2018 to January 2021. Patients who achieved clinical complete response
were offered organ preservation with watch-and-wait (WW) management. The primary outcome was 2-year organ
preservation. Additional outcomes included local regrowth, distant recurrence, disease-free survival (DFS), and
overall survival (OS).
Results: Patient and tumor characteristics were similar between LCCRT (n ¼ 247) and SCRT (n ¼ 76) cohorts. Median
follow-up was 31 months. Similar clinical complete response rates were observed following LCCRT and SCRT (44.5%
versus 43.4%). Two-year organ preservation was 40% [95% confidence interval (CI) 34% to 46%] and 31% (95% CI
22% to 44%) among all patients treated with LCCRT and SCRT, respectively. In patients managed with WW, LCCRT
resulted in higher 2-year organ preservation (89% LCCRT, 95% CI 83% to 95% versus 70% SCRT, 95% CI 55% to 90%;
P ¼ 0.005) and lower 2-year local regrowth (19% LCCRT, 95% CI 11% to 26% versus 36% SCRT, 95% CI 16% to 52%;
P ¼ 0.072) compared with SCRT. The 2-year distant recurrence (10% versus 6%), DFS (90% versus 90%), and OS
(99% versus 100%) were similar between WW patients treated with LCCRT and SCRT, respectively.
Conclusions: While WW eligibility was similar between cohorts, WW patients treated with LCCRT had higher 2-year
organ preservation and lower local regrowth than those treated with SCRT, yet similar DFS and OS. These data
support induction LCCRT followed by consolidation chemotherapy as the preferred TNT regimen for patients with
locally advanced rectal cancer pursuing organ preservation.
Key words: rectal cancer, organ preservation, long-course chemoradiotherapy, short-course radiotherapy, local
regrowth, natural experiment
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INTRODUCTION

The rapid rise in the incidence of rectal cancer, especially
among young adults,1 has spurred interest in treatment de-
intensification strategies that include organ preservation for
selected candidates who achieve a clinical complete
response (cCR) to total neoadjuvant therapy (TNT).2-4 In the
context of organ preservation, potential differences between
TNT regimens integrating long-course chemoradiotherapy
(LCCRT) and short-course radiotherapy (SCRT) have not been
delineated. While multiple prospective studies comparing
LCCRT and SCRT have shown similar oncological outcomes
(Supplementary Table S1, available at https://doi.org/10.
1016/j.annonc.2024.07.729), these studies were limited in
that all patients proceeded to surgery without the oppor-
tunity to be considered for watch-and-wait (WW) surveil-
lance.5-13 Although the National Comprehensive Cancer
Network (NCCN) recognizes both LCCRT and SCRT as
acceptable neoadjuvant treatment strategies to facilitate
organ preservation,14 it is unknown whether TNT regimens
integrating LCCRT and SCRT yield similar rates of organ
preservation. Most organ preservation studies to date have
utilized LCCRT (Supplementary Table S2, available at https://
doi.org/10.1016/j.annonc.2024.07.729).2-4,15-25 While SCRT
has advantages over LCCRT in terms of cost and conve-
nience,26,27 the oncological efficacy of SCRT-based TNT
regimens to facilitate organ preservation relative to LCCRT-
based TNT regimens remains unclear.

During the peak of the COVID-19 pandemic, the Memo-
rial Sloan Kettering (MSK) Cancer Center Colorectal (CRC)
Disease Management Team (DMT) mandated the use of
SCRT instead of LCCRT to ensure uninterrupted oncological
care while minimizing viral exposure to both patients and
staff.28 This approach aimed to mitigate chemotherapy-
induced immunosuppression by omitting concurrent
chemotherapy and to reduce health care resource utiliza-
tion.28,29 This policy created a natural experiment to
compare the oncological efficacy of organ preservation in
rectal cancer patients treated uniformly with SCRT-based
TNT versus those treated with standard LCCRT-based TNT.

METHODS

Study design and participants

This study was approved by the MSK Institutional Review
Board (IRB 16-370) with a waiver of informed consent.
Medical records were reviewed to identify patients with
biopsy-proven, locally advanced rectal adenocarcinoma who
received TNT from January 2018 to January 2021. Data were
collected through medical record review from inpatient and
outpatient visits at our institution, as well as from available
records from outside health care providers. Patient char-
acteristics and clinicopathologic data were collected,
including age at diagnosis, patient-reported sex, patient-
reported race and ethnicity, pathology, clinical tumor and
nodal staging, neoadjuvant treatment regimen, post-
treatment response, and surgical procedures. Exclusion
criteria included clinical stage IV disease, metachronous or
2 https://doi.org/10.1016/j.annonc.2024.07.729
synchronous cancers diagnosed within the past 5 years,
non-adenocarcinoma pathology, insufficient radiation data,
upfront radical surgery, prior pelvic radiation, receipt of
SCRT outside of the pandemic-related mandate periods, and
progression of disease while on TNT, as summarized in
Figure 1.

Work-up included examination by a radiation oncologist,
medical oncologist, and/or colorectal surgeon, including
digital rectal examination (DRE), endoscopy (anoscopy or
flexible sigmoidoscopy), routine blood work, and diagnostic
imaging [staging computed tomography (CT) of the chest,
abdomen, and pelvis and magnetic resonance imaging
(MRI) of the rectum]. All patients were staged according to
the American Joint Committee on Cancer (AJCC) eight edi-
tion.30 Tumor mutational profiling was carried out with In-
tegrated Mutational Profiling of Actionable Cancer Targets
(MSK-IMPACT), as previously described.31
Neoadjuvant therapy

During the institutional COVID-19 mandate periods, all pa-
tients with locally advanced rectal cancer were treated with
SCRT [2500 centigray (cGy) in 500 cGy fractions over
consecutive weekdays] between March 2020 and June 2020
and between November 2020 and January 2021. No ex-
ceptions were allowed during these mandate periods. It was
preferred, but not mandated, to initiate SCRT on Monday to
allow all five fractions to be administered consecutively
without a break. Five patients treated with SCRT outside of
the mandate periods were excluded (Figure 1). Three-
dimensional conformal radiotherapy (3DCRT) and intensity-
modulated radiotherapy (IMRT) were permitted.

During the peri-mandate periods (i.e. between January
2018 and February 2020 and between July 2020 and
October 2020), patients were treated with LCCRT as previ-
ously described.3,4,32 Briefly, patients treated with 3DCRT
received 4500 cGy in 25 fractions of 180 cGy followed by a
sequential boost to gross disease, reaching a total dose of
5040-5400 cGy in 28-30 fractions. Patients treated with
IMRT received 4698 cGy in 27 fractions of 174 cGy with a
simultaneous integrated boost to 5400 cGy in 27 fractions
of 200 cGy, or they received 4500 cGy in 25 fractions of 180
cGy with a simultaneous integrated boost to gross disease
to 5000 cGy in 25 fractions of 200 cGy followed by a
sequential boost to gross disease to a total dose of 5400
cGy in 27 fractions. All patients were evaluated weekly by
the treating radiation oncologist during radiation treatment
using a standardized toxicity assessment that integrated the
National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE), version 5.0.33

All patients were treated with induction or consolidation
chemotherapy, at the discretion of the treating physicians.
Standard systemic chemotherapy regimens included CAPOX
(capecitabine and oxaliplatin) or FOLFOX (fluorouracil, leu-
covorin, and oxaliplatin), as previously described.3,4,32 Dur-
ing chemotherapy, patients were evaluated at each cycle by
the treating medical oncologist. Generally, there was a
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434 Received LCCRT
(January 2018 to February 2020 and

July 2020 to October 2020)

129 Received SCRT
(March 2020 to June 2020 and 

November 2020 to January 2021)

53 Were excluded 
31 Clinical stage IV disease
11 Metachronous lesion
7 Previously other malignancy within 5 years
2 Non-adenocarcinoma pathology
2 Initiated on LCCRT and switched to SCRT

187 Were excluded 
62 Clinical stage IV disease
59 Metachronous or synchronous lesion
17 Non-adenocarcinoma pathology
13 Previous other malignancy within 5 years
12 No information about LCCRT data (outside clinic)
9 Upfront radical surgery
6 History of pelvic radiation
5 SCRT outside mandate
2 Initially intended for non-operative treatment
2 Progression of disease before assessment 

563 Patients received TNT
(January 2018 to January 2021)

247 Were included for analysis 76 Were included for analysis

Figure 1. Patient review and selection criteria.
LCCRT, long-course chemoradiotherapy; SCRT, short-course radiotherapy; TNT, total neoadjuvant therapy.
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4-week treatment-free interval between induction and
consolidation therapies, irrespective of the sequence of
treatments [i.e. induction (chemo)radiation followed by
consolidation chemotherapy versus induction chemo-
therapy followed by consolidation (chemo)radiation].

Clinical response

Approximately 8 weeks following the completion of TNT,
patients underwent response assessment via clinical exam,
endoscopy, and rectal MRI. The final assessment of clinical
response, as defined by the MSK rectal cancer regression
schema, was based on the clinical judgment of the treating
physicians in collaboration with the MSK CRC DMT.14,32

Patients with a cCR were considered WW eligible. Patients
with a near-complete response (nCR) were recommended
to undergo a clinical and radiographic re-evaluation in 6-12
weeks to allow additional time for the treatment response
to mature.14 Patients with nCR who subsequently achieved
cCR were considered WW eligible, while those who failed to
evolve to cCR were deemed to be incomplete responders
(non-cCR). All WW eligible patients were informed of the
risks, benefits, and alternatives to nonoperative manage-
ment. WW eligible patients who agreed to the requisite
follow-up assessments entered WW management. Surgery
[i.e. total mesorectal excision (TME)] was recommended for
all patients who did not achieve cCR and for patients who
declined WW management.

Treatment response monitoring

Surveillance for WW patients was per standard of care,14

which generally included a physical evaluation including
DRE, endoscopy, and laboratory tests including carcinoem-
bryonic antigen (CEA) every 4 months for 2 years and then
every 6 months up to year five. In addition, a rectal MRI was
Volume xxx - Issue xxx - 2024
generally obtained every 4-6 months for up to 3 years after
completing treatment, and a chest, abdomen, and pelvis CT
was generally obtained every 6-12 months for a total of 5
years after completing treatment. Patients who underwent
TME were followed with physical evaluation and laboratory
tests, including CEA every 4 months for 2 years and then
every 6 months up to year 5 and including a chest,
abdomen, and pelvis CT generally obtained every 6-12
months for 5 years after completing treatment.

Patient-reported quality of life

Patient-reported questionnaires were integrated into
routine clinical practice, and bowel function was assessed
using the validated low anterior resection syndrome ques-
tionnaire (LARS-Q).34 Patients were asked to complete the
LARS-Q (Supplementary Figure S1, available at https://doi.
org/10.1016/j.annonc.2024.07.729) at baseline and at 6
months and 12 months following TNT completion.

Outcomes

The primary outcome was 2-year organ preservation. Organ
preservation time was defined as the time from the date of
TNT completion to the date of the first occurrence of the
following events: TME carried out or attempted, local
regrowth after an initial apparent clinical and radiological
complete response that could not be resected with an R0
TME, and death due to all causes. Patients with local
regrowth amenable to salvage by transanal excision (TAE)
were considered to have maintained organ preservation.
Secondary endpoints included 2-year local regrowth, distant
recurrence, disease-free survival (DFS), and overall survival
(OS) rates. Local regrowth was defined as any evidence of
pelvic tumor reappearance onWWsurveillance following the
confirmation of cCR. DFSwas defined as the time fromdate of
https://doi.org/10.1016/j.annonc.2024.07.729 3
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TNT initiation to the date of the first occurrence of the
following events: death due to all causes, pelvic tumor
recurrence after TME, local regrowth after an initial apparent
clinical and radiological complete response that could not be
resected with an R0 TME, and diagnosis of metastatic disease
at any point after initiation of treatment. Of note, any local
regrowth amenable to salvage with an R0 TME was not
considered to be a DFS event, as previously reported.3,35 OS
was calculated from the date of TNT initiation until the date of
death from any cause. For salvage surgery patients, all out-
comes were calculated from the date of salvage surgery. TNT
start dates for two patients and TNT completion dates for
three patients were used based on median lengths of TNT
given a patients’ sequence of treatment and cohort.
Statistical analysis

Patient demographics and tumor characteristics were
summarized using median and interquartile range (IQR) for
continuous covariates and percentages for categorical
covariates. Comparison of percentages between groups
were carried out using two-sided Fisher’s exact or Pearson’s
Chi-square tests. The Wilcoxon rank sum test was carried
out to compare medians between groups. A P value <0.05
was considered statistically significant. Median follow-up
time was estimated using the reverse KaplaneMeier
method. The Kaplan-Meier method was used to estimate
organ preservation, local regrowth, distant recurrence, and
survival (i.e. DFS, OS) at 2-year endpoint, with log-rank test
to assess for differences between survival curves. For tumor
mutational profiling analysis, differences in gene fre-
quencies were assessed with the Fisher’s exact test. All
statistical analyses were carried out using R 4.2.2.

RESULTS

Patient and tumor characteristics

Five hundred and sixty-three consecutive patients with
rectal adenocarcinoma were treated with TNT from January
2018 to January 2021, of whom 323 patients met study
eligibility (LCCRT ¼ 247 and SCRT ¼ 76) (Figure 1). The
LCCRT and SCRT cohorts did not differ in baseline patient
and tumor characteristics (Table 1). Among the 160 patients
(122 LCCRT and 38 SCRT) with pretreatment genetic
profiling data, a lower frequency of SMAD4 and SOX9 al-
terations was observed in the LCCRT cohort compared with
the SCRT cohort (Supplementary Figure S2, available at
https://doi.org/10.1016/j.annonc.2024.07.729). The median
follow-up was 31 months [95% confidence interval (CI) 30-
32 months], with a slightly longer follow-up for patients
treated with LCCRT (32 months; 95% CI 31-34 months)
compared with SCRT (28 months; 95% CI 26-29 months).
Treatment characteristics

Treatment characteristics are reported in Table 2. Most
patients were treated with induction chemotherapy fol-
lowed by consolidation chemoradiation (77% for LCCRT
versus 70% for SCRT). For these patients, there was no
4 https://doi.org/10.1016/j.annonc.2024.07.729
difference in the interval between the completion of
chemotherapy and initiation of chemoradiation [median
(IQR), 3.9 weeks (2.7-5.0 weeks) for LCCRT versus 4.4 weeks
(3.4-5.7 weeks) for SCRT; P ¼ 0.064]. For patients treated
with induction chemoradiation followed by consolidation
chemotherapy, however, the interval between the comple-
tion of chemoradiation and initiation of chemotherapy was
longer with LCCRT compared with SCRT [median (IQR), 5.4
weeks (3.5-9.1 weeks) for LCCRT versus 3.6 weeks (2.4-4.4
weeks) for SCRT; P ¼ 0.004]. The overall duration of TNT
was longer for patients treated with LCCRT compared with
SCRT [median (IQR), 23.5 weeks (21.9-25.2 weeks) for
LCCRT versus 18.8 (16.0-20.3 weeks) for SCRT; P < 0.001].

Most patients were treated with IMRT (61% for LCCRT
versus 74% for SCRT) (Table 2). The median treatment dose
was 5400 cGy (IQR 5010-5400 cGy) in the LCCRT cohort and
2500 cGy (IQR 2500-2500 cGy) in the SCRT cohort (Table 2).
Most patients received FOLFOX or CAPOX chemotherapy
(96.4% for LCCRT and 98.7% for SCRT) (Table 2). The dura-
tion of systemic chemotherapy was similar [median (IQR),
14.0 weeks (13.7-15.0 weeks) for LCCRT versus 14.0 weeks
(10.8-15.0 weeks) for SCRT; P ¼ 0.072], between cohorts
(Table 2 and Supplementary Figure S3, available at https://
doi.org/10.1016/j.annonc.2024.07.729).

The median interval from completion of TNT to initial
restaging was similar between cohorts: 8.0 weeks (IQR 6.0-
10.3 weeks) for LCCRT versus 9.0 weeks (IQR 7.3-10.7
weeks) for SCRT. For patients who achieved cCR upon initial
assessment, the median intervals from completion of TNT
to date of cCR were similar: 8.1 weeks (IQR 6.6-10.1 weeks)
for LCCRT and 9.1 weeks (IQR 7.3-10.6 weeks) for SCRT. For
patients who evolved from nCR to cCR, the median intervals
from completion of TNT to date of cCR were also similar:
20.4 weeks (IQR 16.3-25.9 weeks) for LCCRT and 18.9 weeks
(IQR 18.0-19.7 weeks) for SCRT. Two patients (1%) died
during TNT in the LCCRT cohort, and one patient (1%) died
during TNT in the SCRT cohort.
LCCRT-WW cohort

Among the 247 patients treated with LCCRT, 110 (44.5%)
patients achieved cCR and were eligible for WW manage-
ment. This included 78 patients who achieved cCR upon
initial assessment and 32 who initially achieved nCR that
evolved into cCR upon later reassessment (Figure 2A). One
patient who achieved an initial cCR opted for TME. Patients
treated with induction LCCRT followed by consolidation
chemotherapy had higher rates of WW eligibility than those
treated with induction chemotherapy followed by con-
solidative LCCRT (50% for induction LCCRT versus 43% for
consolidation LCCRT; Figure 2B).

Of the 109 WW patients, 88 (81%) patients had a sus-
tained cCR and 21 (19%) patients experienced local
regrowth (20 endoluminal regrowths and 1 extraluminal
nodal regrowth) (Figure 2A and Supplementary Table S3,
available at https://doi.org/10.1016/j.annonc.2024.07.729).
Of the 88 patients with sustained cCR, 64 (73%) occurred in
patients who achieved cCR on initial assessment and 24
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Table 1. Demographics and clinical characteristics by cohort. AV, anal verge; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; IHC,
immunohistochemistry; IQR, interquartile range; LCCRT, long-course chemoradiotherapy; MMR, mismatch repair; NA, not applicable; SCRT, short-course
radiotherapy; TME, total mesorectal excision.

Characteristic Overall (n [ 323) LCCRT (n [ 247) SCRT (n [ 76) P value

Age, median (IQR), years 56.0 (49.0-67.0) 57.0 (49.0-67.0) 55.5 (49.0-66.0) 0.929
Sex, n (%) 0.987
Male 200 (61.9) 153 (61.9) 47 (61.8)
Female 123 (38.0) 94 (38.1) 29 (38.2)

Race and ethnicity, n (%) 0.207
Asian/Pacific Islander 27 (8) 17 (7) 10 (13)
Hispanic 30 (9) 26 (11) 4 (5)
Non-Hispanic black 13 (4) 9 (4) 4 (5)
Non-Hispanic caucasian 244 (76) 189 (77) 55 (73)
Other/unknown 9 (3) 6 (2) 3 (4)

BMI, median (IQR), kg/m2 27.1 (24.2-31.7) 27.2 (24.6-32.0) 26.4 (23.5-31.0) 0.168
Unknown 15 15 0

ECOG scale, n (%) >0.999
0, 1 301 (99.7) 225 (99.6) 76 (100.0)
�2 1 (0.3) 1 (0.4) 0 (0.0)
Unknown 21 21 0

Clinical stage, n (%) 0.996
cStage I 10 (3.1) 9 (3.7) 1 (1.3)
cStage II 44 (13.7) 32 (13.0) 12 (15.8)
cStage III 268 (83.2) 205 (83.3) 63 (82.9)
Unknown 1 1 0

cT stage, n (%) 0.411
cT1 5 (1.5) 3 (1.2) 2 (2.6)
cT2 27 (8.3) 17 (6.9) 10 (13.2)
cT3 230 (71.4) 181 (73.6) 49 (64.5)
cT4 60 (18.6) 45 (18.3) 15 (19.7)
Unknown 1 1 0

cN stage, n (%) 0.940
cN negative 56 (17.4) 43 (17.5) 13 (17.1)
cN positive 266 (82.6) 203 (82.5) 63 (82.9)
Unknown 1 1 0

Tumor location, n (%) 0.284
AV <5 cm 119 (37.4) 95 (39.3) 24 (31.6)
5 � AV < 10 cm 156 (49.1) 115 (47.5) 41 (53.9)
AV �10 cm 43 (13.5) 32 (13.2) 11 (14.5)
Unknown 5 5 0

Tumor size, median (IQR), cm 4.3 (3.4-5.6) 4.4 (3.4-5.6) 4.3 (3.4-5.4) 0.410
Unknown 9 9 0

Histologic grade, n (%) 0.355
Low grade 298 (92.3) 226 (91.5) 72 (94.7)
High grade 25 (7.7) 21 (8.5) 4 (5.3)

Loss of MMR �1 in IHC, n (%) 8 (2.7) 8 (3.7) 0 (0.0) 0.205
Unknown 36 29 7

Extra TME Node, n (%) 87 (27.7) 60 (25.1) 27 (36.0) 0.066
Unknown 9 8 1

Mesorectal fascia involve (�1 mm), n (%) 133 (47.8) 99 (47.6) 34 (48.6) 0.888
Unknown 45 39 6

Extramural depth of invasion, median (IQR), mm 4.0 (3.0-7.0) 4.0 (3.0-7.0) 4.0 (2.0-6.0) 0.080
Unknown 53 42 11

Extramural venous invasion, n (%) NA NA NA 0.129
Absent 237 (77.2) 180 (77.6) 57 (76.0)
Equivocal 22 (7.2) 13 (5.6) 9 (12.0)
Present 48 (15.6) 39 (16.8) 9 (12.0)
Unknown 16 15 1

A. Bercz et al. Annals of Oncology
(27%) occurred in patients who initially achieved nCR that
evolved into cCR upon later assessment. Of the 21 local
regrowth cases, 13 (62%) occurred in patients who achieved
cCR on initial assessment and 8 (38%) occurred in those
who evolved from nCR to cCR.

Distant metastases occurred in 16 (15%) of the 109 WW
patients, comprising 8 patients who achieved cCR on initial
assessment and 8 patients who achieved nCR that evolved
Volume xxx - Issue xxx - 2024
into cCR (Supplementary Table S3, available at https://doi.
org/10.1016/j.annonc.2024.07.729). Of the 88 patients
with a sustained cCR, 10 patients (11%) developed distant
metastases (7 lung, 2 liver, and 1 peritoneal). Of the 21
patients who experienced local regrowth, 6 (29%) devel-
oped distant metastases (4 liver, 1 lung, and 1 diffuse)
(Supplementary Table S4 and Figure S4, available at https://
doi.org/10.1016/j.annonc.2024.07.729).
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Table 2. Treatment characteristics by cohort. 3DCRT, three-dimensional conformal radiotherapy; 5-FU, 5-fluorouracil; cCR, clinical complete response; cGy,
centi-Gray; IMRT, intensity-modulated radiation therapy; IQR, interquartile range; LCCRT, long-course chemoradiotherapy; nCR, near complete response; SCRT,
short-course radiotherapy; SD, standard deviation; TNT, total neoadjuvant treatment.

Characteristic Overall (N [ 323) LCCRT (N [ 247) SCRT (N [ 76) P value

Type of TNT, N (%) 0.178
Induction chemotherapy þ consolidation chemoradiation 244 (75.5) 191 (77.3) 53 (69.7)
Induction chemoradiation þ consolidation chemotherapy 79 (24.5) 56 (22.7) 23 (30.3)

Radiation dose received, median (IQR), cGy 5040 (4500-5400) 5400 (5010-5400) 2500 (2500-2500) <0.001
Radiation duration, median (IQR), days 33 (33-40) 38 (37-41) 5 (5-7) <0.001
Radiation modality, n (%) 0.093
3DCRT 115 (35.9) 95 (38.9) 20 (26.3)
IMRT 204 (63.8) 148 (60.7) 56 (73.7)
Proton 1 (0.3) 1 (0.4) 0 (0)
Unknown 3 3 0

Day of chemoradiation initiation, n (%) 0.022
Monday 158 (49.2) 112 (45.7) 46 (60.5)
Tuesday 55 (17.1) 50 (20.4) 5 (6.6)
Wednesday 58 (18.1) 45 (18.4) 13 (17.1)
Thursday 40 (12.5) 30 (12.2) 10 (13.2)
Friday 10 (3.1) 8 (3.2) 2 (2.6)
Unknown 2 2 0

Regimen of chemoradiation, n (%) <0.001
None (radiation only) 78 (23.5) 2 (0.8) 76 (100.0)
Capecitabine 239 (74.0) 239 (96.8) 0 (0.0)
5-FU 5 (1.5) 5 (2.0) 0 (0.0)
FOLFOX 1 (0.3) 1 (0.4) 0 (0.0)

Regimen of chemotherapy, n (%) 0.816
Oxaliplatin-based (FOLFOX or CAPOX) 313 (96.9) 238 (96.4) 75 (98.7)
Single-agent (5-FU or capecitabine) 8 (2.4) 7 (2.8) 1 (1.3)
Irinotecan-based (FOLFIRI or FOLFIRINOX) 2 (0.6) 2 (0.8) 0 (0.0)

Interval from chemotherapy to chemoradiation, median
(IQR), weeks

3.9 (2.9-5.0) 3.9 (2.7-5.0) 4.4 (3.4-5.7) 0.064

Interval from chemoradiation to chemotherapy, median
(IQR), weeks

4.7 (3.4-8.6) 5.4 (3.5-9.1) 3.6 (2.4-4.4) 0.004

Duration of chemotherapy, median (IQR), weeks 14.0 (12.3-15.0) 14.0 (13.7-15.0) 14.0 (10.8-15.0) 0.072
Unknown 8 8 0

Duration of TNT, median (IQR), weeks 22.6 (20.5-24.8) 23.5 (21.9-25.2) 18.8 (16.0-20.3) <0.001
Unknown 5 5 0

Interval to restaging, median (IQR), weeks 8.3 (6.1-10.4) 8.0 (6.0-10.3) 9.0 (7.3-10.7) 0.111
Unknown 7 6 1

Clinical complete response (cCR), n (%) 0.863
Yes 143 (44.3) 110 (44.5) 33 (43.4)
No 177 (54.8) 135 (54.7) 42 (55.2)
Died before assessment 3 (0.9) 2 (0.8) 1 (1.3)

Interval to cCR, median (IQR), weeks
cCR upon initial assessment 8.2 (6.1-10.1) 8.1 (6.6-10.1) 9.1 (7.3-10.6) 0.781
Initial nCR which evolved to cCR 19.7 (16.3-25.4) 20.4 (16.3-25.9) 18.9 (18.0-19.7) 0.235

Annals of Oncology A. Bercz et al.
SCRT-WW cohort

Among the 76 patients treated with SCRT, 33 (43.4%) pa-
tients achieved cCR and were eligible for WWmanagement.
This included 25 patients who achieved cCR upon initial
assessment and 8 patients who initially achieved nCR that
evolved into cCR upon later reassessment (Figure 2A).While
most patients started SCRT on a Monday and received un-
interrupted treatment, there were no observed differences
in cCR rate between patients who began SCRT on Monday
and those who began SCRT on a non-Monday and had
treatment interrupted by the weekend (Supplementary
Table S5, available at https://doi.org/10.1016/j.annonc.
2024.07.729). Patients treated with induction SCRT fol-
lowed by consolidation chemotherapy had higher rates of
WW eligibility than those initially treated with chemo-
therapy (52% for induction SCRT versus 40% for consolida-
tion SCRT; Figure 2B).
6 https://doi.org/10.1016/j.annonc.2024.07.729
Of the 33 WW patients, 22 (67%) patients had sustained
cCR and 11 (33%) patients experienced local regrowth (10
endoluminal regrowths and 1 extraluminal nodal regrowth).
Of the 22 patients with sustained cCR, 18 (82%) occurred in
patients who achieved cCR on initial assessment and 4
(18%) occurred in patients who initially achieved nCR that
evolved into a cCR (Figure 2A and Supplementary Table S3,
available at https://doi.org/10.1016/j.annonc.2024.07.729).
Of the 11 local regrowth cases, 7 (64%) occurred in patients
who achieved cCR on initial assessment and 4 (36%)
occurred in patients who evolved from nCR to cCR.

Distant metastases occurred in 3 (9%) of the 33 WW
patients, all of whom achieved cCR on initial assessment
(Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2024.07.729). Of the 22 patients with sus-
tained cCR, 1 (5%) developed distant failure (liver). A total
of 2 (18%) of the 11 patients who experienced local
Volume xxx - Issue xxx - 2024
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1 Patient
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Figure 2. Treatment response categorized by cohort (A) and treatment sequence (B).
cCR, clinical complete response; chemo, chemotherapy; LCCRT, long-course chemoradiotherapy; nCR, near complete response; pCR pathologic complete response;
SCRT, short-course radiotherapy; TAE, transanal excision; TME, total mesorectal excision; TNT, total neoadjuvant therapy; WW, watch-and-wait.
aIncludes one patient with cCR who was offered WW, but declined due to preference for surgery. bIncludes four patients in LCCRT cohort and one patient in SCRT
cohort who underwent TAE for salvage surgery.
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regrowth developed distant metastases (liver; liver and
lung) (Supplementary Table S6 and Figure S5, available at
https://doi.org/10.1016/j.annonc.2024.07.729).
Organ preservation, local regrowth, DFS, and OS among all
patients

Among all 323 patients, the 2-year organ preservation rate
was 40% (95% CI 34% to 46%) for the LCCRT cohort and
31% (95% CI 22% to 44%) for the SCRT cohort (P ¼ 0.4;
Figure 3A). The 2-year distant recurrence (18% LCCRT, 95%
CI 13% to 23% versus 21% SCRT, 95% CI 10% to 30%; P ¼
0.6; Figure 3B), DFS (79% LCCRT, 95% CI 74% to 85% versus
70% SCRT, 95% CI 61% to 82%; P ¼ 0.07; Figure 3C), and OS
(96% LCCRT, 95% CI 93% to 98% versus 92% SCRT, 95% CI
86% to 98%; P ¼ 0.2; Figure 3D) rates were similar between
LCCRT and SCRT cohorts.
Volume xxx - Issue xxx - 2024
Organ preservation, local regrowth, DFS, and OS among
WW patients

Among the 142 (109 LCCRT, 33 SCRT) patients who entered
WW management, LCCRT-based TNT resulted in statistically
higher 2-year organ preservation (89% LCCRT, 95% CI 83%
to 95% versus 70% SCRT, 95% CI 55% to 90%; P ¼ 0.005;
Figure 4A) and lower 2-year local regrowth (19% LCCRT, 95%
CI 11% to 26% versus 36% SCRT, 95% CI 16% to 52%; P ¼
0.07; Figure 4B) compared with SCRT-based TNT. The 2-year
distant recurrence (10% LCCRT, 95% CI 4% to 16% versus 6%
SCRT, 95% CI 0% to 14%; P ¼ 0.5; Supplementary Figure S6,
available at https://doi.org/10.1016/j.annonc.2024.07.729),
DFS (90% LCCRT, 95% CI 84% to 96% versus 90% SCRT, 95%
CI 80% to 100%; P ¼ 0.8; Figure 4C), and OS (99% LCCRT,
95% CI 97% to 100% versus 100% SCRT, 95% CI 100% to
100%; P ¼ 0.4; Figure 4D) were similar between LCCRT and
SCRT patients managed by WW.
https://doi.org/10.1016/j.annonc.2024.07.729 7
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Figure 3. Organ preservation (A), local regrowth (B), disease-free survival (C), and overall survival (D) curves for all patients.
CI, confidence interval; DFS, disease-free survival; LCCRT, long-course chemoradiotherapy; SCRT, short-course radiotherapy; TME, total mesorectal excision; TNT, total
neoadjuvant therapy.
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Surgical salvage after local regrowth among WW patients

A total of 17 of the 21 LCCRT-based TNT patients with local
regrowth were successfully salvaged with surgery (13 TME
and 4 TAE), whereas the remaining 4 patients declined
surgery (Figure 2 and Supplementary Table S3, available at
https://doi.org/10.1016/j.annonc.2024.07.729). All 11 SCRT-
based TNT patients with local regrowth were successfully
salvaged with surgery (10 TME and 1 TAE) (Figure 2 and
Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2024.07.729). There were no differences in
permanent stoma rates, operative time, blood loss, or
morbidity between salvage cases following LCCRT and SCRT
(Supplementary Table S7, available at https://doi.org/10.
1016/j.annonc.2024.07.729). Among the patients who un-
derwent salvage TME, one (6%) in the LCCRT group and one
(9%) in the SCRT group developed pelvic recurrence. No
recurrences were observed after salvage TAE. Distant failure
occurred in one LCCRT patient and one SCRT patient
following salvage surgery.
Patient-reported quality of life among WW patients

Self-reported LARS-Q results were obtained from WW pa-
tients at baseline (n ¼ 55), as well as at 6 months (n ¼ 28)
and 12 months (n ¼ 47) following TNT completion. The
percentage of WW patients reporting major LARS symp-
toms following TNT were similar: 21% (n ¼ 7) for LCCRT
versus 18% (n ¼ 4) for SCRT at baseline; 38% (n ¼ 6) for
LCCRT versus 42% (n ¼ 5) for SCRT at 6 months, and 22%
8 https://doi.org/10.1016/j.annonc.2024.07.729
(n ¼ 6) for LCCRT versus 15% (n ¼ 3) for SCRT at 12 months
(Supplementary Table S8, available at https://doi.org/10.
1016/j.annonc.2024.07.729).
Local recurrence, distant recurrence, and DFS and OS
among patients who underwent upfront surgery

One hundred and sixty-two patients underwent upfront
surgery including 125 (51%) in the LCCRT cohort and 37
(49%) in the SCRT cohort (Figure 2). There was no difference
in the interval between the date of TNT completion to the
date of upfront surgery [median (IQR), 12.7 weeks (10.1-
18.9 weeks) for LCCRT versus 15.4 weeks (11.9-20.0 weeks)
for SCRT]. Among patients who underwent upfront surgery,
there were no differences in surgical procedure, operative
time, estimated blood loss, morbidity, or permanent stoma
rates (Supplementary Table S9, available at https://doi.org/
10.1016/j.annonc.2024.07.729) between cohorts. The R0
resection rates (98% for LCCRT and 100% for SCRT; P > 0.9)
and pathologic complete response (pCR) rates (14% for
LCCRT and 8% for SCRT; P ¼ 0.6) were similar. While there
was no difference in 2-year local recurrence (5.1% LCCRT,
95% CI 1.0% to 9.0% versus 2.8% SCRT, 95% CI 0% to 8.0%; P
> 0.9; Supplementary Figure S7A, available at https://doi.
org/10.1016/j.annonc.2024.07.729), distant recurrence
(22% LCCRT, 95% CI 15% to 29% versus 34% SCRT, 95% CI
15% to 48%; P ¼ 0.2; Supplementary Figure S7B, available
at https://doi.org/10.1016/j.annonc.2024.07.729), or OS
(96% LCCRT, 95% CI 92% to 99% versus 92% SCRT, 95% CI
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Figure 4. Organ preservation (A), local regrowth (B), disease-free survival (C), and overall survival (D) curves for WW patients.
cCR, clinical complete response; CI, confidence interval; DFS, disease-free survival; LCCRT, long-course chemoradiotherapy; SCRT, short-course radiotherapy; TME, total
mesorectal excision; TNT, total neoadjuvant therapy; WW, watch-and-wait.
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84% to 100%; P ¼ 0.6; Supplementary Figure S7C, available
at https://doi.org/10.1016/j.annonc.2024.07.729), patients
treated with SCRT-based TNT followed by upfront surgery
had worse 2-year DFS (75% LCCRT, 95% CI 68% to 83%
versus 57% SCRT, 95% CI 43% to 77%; P ¼ 0.03;
Supplementary Figure S7D, available at https://doi.org/10.
1016/j.annonc.2024.07.729).
DISCUSSION

This study is the first to compare the oncologic efficacy of
organ preservation following LCCRT- and SCRT-based TNT
regimens. Our findings indicate that similar WW eligibility
rates are achieved with LCCRT and SCRT (44.5% versus
43.4%). We observed higher organ preservation and lower
local regrowth rates, however, in WW patients treated with
LCCRT compared with SCRT. Importantly, there were no
differences in distant failure, DFS, or OS rates between the
WW cohorts. There were also no differences in local
regrowth and distant failure rates between patients who
achieved cCR immediately post-TNT and those who initially
achieved nCR that evolved to cCR. In both LCCRT- and SCRT-
based TNT cohorts, higher organ preservation rates were
observed with induction radiotherapy followed by consoli-
dation chemotherapy than those treated initially with
chemotherapy. To our knowledge, we are the first to report
demonstrating the oncological efficacy of consolidation
SCRT in a TNT regimen. Together these data support in-
duction LCCRT followed by consolidation chemotherapy as
Volume xxx - Issue xxx - 2024
the preferred TNT regimen for patients with locally
advanced rectal cancer pursuing organ preservation.

While some retrospective series have shown an associa-
tion between local regrowth and distant metastases in WW
patients,25,36-38 we observed no difference in oncological
outcomes and survival between LCCRT and SCRT cohorts,
despite observing a higher local regrowth rate in WW pa-
tients treated with SCRT (Figure 4 and Supplementary
Figure S6, available at https://doi.org/10.1016/j.annonc.
2024.07.729). While LCCRT patients who underwent surgi-
cal salvage had similar 2-year DFS as those who underwent
upfront surgery (88% salvage versus 75% upfront), SCRT
patients who underwent surgical salvage had higher DFS
than those who underwent upfront surgery (72% salvage
versus 57% upfront; Supplementary Figure S8, available at
https://doi.org/10.1016/j.annonc.2024.07.729). These find-
ings suggest that delaying surgery in favor of organ pres-
ervation does not jeopardize oncological outcomes or
increase distant metastatic risk, regardless of radiation dose
and fractionation. Thus, patients may undergo salvage
surgery without compromising oncologic outcomes,
addressing a key concern for clinicians and patients
considering WW.

The biological equivalency of LCCRT and SCRT remains
under debate, particularly regarding organ preservation.
Although SCRT has been shown to be a noninferior alter-
native to LCCRT in the preoperative setting,10 emerging
evidence suggests that pCR rates are lower and local
recurrence rates are higher for patients treated with
https://doi.org/10.1016/j.annonc.2024.07.729 9
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SCRT-based TNT compared with LCCRT-based TNT.39,40 Our
observations that WW patients treated with SCRT-based
TNT have lower organ preservation rates and higher local
regrowth compared with those treated with LCCRT-based
TNT will likely add to this skepticism. It remains unclear
whether the higher rate of local regrowth following SCRT-
based TNT is due to the lower biologically effective dose
(BED) of SCRT (Supplementary Table S10, available at
https://doi.org/10.1016/j.annonc.2024.07.729) or due to
tumor repopulation.41-45 In this context, counteracting
repopulation by accelerating treatment may be more
effective to control microscopic disease when surgery is
planned than gross disease when surgery is not planned.
The ongoing German Rectal Cancer Study Group ACO/ARO/
AIO-18.1 trial (NCT04246684) will provide prospective data
on the durability of cCR relative to SCRT and LCCRT to help
answer some of these questions. Differences in treatment
protocols (e.g. radiation dose, addition of oxaliplatin to
concurrent chemotherapy regimen, and duration of
consolidation chemotherapy regimens) will complicate
direct comparison to our study. ACO/ARO/AIO-18.1, how-
ever, should provide a definitive conclusion regarding WW
outcomes for LCCRT-based and SCRT-based TNT. Addition-
ally, the planned pooled analysis of ACO/ARO/AIO-18.1,
JANUS, and the Japanese EMSEMBLE trials will allow us to
evaluate the relative contribution of BED and tumor repo-
pulation kinetics to organ preservation in the context of
TNT.46

Our observational study assessed outcomes and impacts
of a pandemic-driven policy change, rendering it a natural
experiment.47-51 The COVID-19 mandates minimized selec-
tion bias, thereby creating a consecutive cohort of patients
treated uniformly with SCRT-based TNT during mandate
periods for comparison with a cohort of patients treated
with LCCRT-based TNT during peri-mandate periods. The
impact of COVID on survival in the SCRT cohort represents
an important potential source of bias. Reassuringly, OS was
similar between cohorts and no patients died directly due
to COVID, suggesting that our mandates were effective in
ensuring patient protection. We observed a higher pro-
portion of SMAD4 genetic alterations in our SCRT cohort,
which will require additional investigation given SMAD4
alterations have been associated with aggressive clinico-
pathologic characteristics and carry a poor prognosis in
colorectal cancer.52,53 To minimize immortal time bias, or-
gan preservation time was calculated from the date of TNT
completion, whereas most of the time-dependent analyses
were evaluated from the date of TNT initiation. Although
median follow-up in this study was 30.4 months, the phase
II OPRA trial demonstrated that the majority (w95%) of
local regrowth events occur within the first 24 months after
TNT completion,4 a finding that has been reinforced by
several other series.15,25,54 Despite the longer follow-up in
the LCCRT cohort, the local regrowth rate was reassuringly
lower than in the SCRT cohort. Moreover, given the afore-
mentioned concerns for increased locoregional failure
following SCRT-based TNT,40 long-term reassessment of our
series will be important. Finally, while we did not observe
10 https://doi.org/10.1016/j.annonc.2024.07.729
differences in bowel function between LCCRT and SCRT in
patients on WW management, these results should be
interpreted with caution given the modest response rates
and limited assessment timepoints.

This natural experiment demonstrates that TNT regimens
integrating LCCRT and SCRT can achieve similar WW eligi-
bility; however, WW patients treated with SCRT had higher
local regrowth and lower organ preservation rates than
those treated with LCCRT. These findings provide timely
insights for patients considering organ preservation strate-
gies and support induction LCCRT followed by consolidation
chemotherapy as the preferred TNT regimen for patients
with locally advanced rectal cancer seeking an optimal tu-
mor response and organ preservation.
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