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Summary
Background Total neoadjuvant treatment (TNT) for locally advanced rectal cancer (LARC) increases pathologic
complete response (pCR) rate and reduces the risk of systemic recurrences over chemoradiotherapy (CRT) in
randomised trials, e.g., the RAPIDO trial. A modified RAPIDO schedule was prospectively explored in Sweden to
evaluate TNT in routine health care before the RAPIDO results were published.

Methods Between July 2016 and June 2020, 273 patients with high-risk LARC (clinical tumour stage cT4, clinical
nodal stage cN2, extramural vascular invasion, involved mesorectal fascia or enlarged lateral lymph nodes) were
treated in a prospective observational cohort study at 16 hospitals (LARCT-US). Another 189 patients at 18
(including the 16) hospitals were similarly treated (ad modum LARCT-US, AdmL) during the same period.
Inclusion and exclusion criteria were identical to the RAPIDO trial. Patients received short-course radiotherapy
(5 × 5 Gy for 5 days) followed by four cycles of CAPOX or six FOLFOX-6, followed by total mesorectal excision or,
if clinical complete response (cCR), inclusion into a watch-and-wait (W&W) study. The primary endpoint was
complete response (CR), i.e., the sum of pCR in specimens and cCR exceeding one year in W&W patients. Safety
was assessed in all patients.

Findings Compared to the RAPIDO trial, patients were older, and tumours more advanced. Median follow-up was 4.8
years (IQR 4.2–5.2). In LARCT-US all patients received radiotherapy and 268 (98%) started chemotherapy whereas in
AdmL all patients received radiotherapy and chemotherapy. In LARCT-US 34 patients had pCR and 31 sustained cCR
resulting in a CR-rate of 24% (95% CI 20–28). In AdmL, results were similar (23%, 95% CI 17–30). Locoregional
recurrences were 6% (95% CI 4–10) and 5% (95% CI 2–9), respectively, both at 3 years and at last follow-up.
Neurotoxicity, recorded in LARCT-US, was lower than in RAPIDO (EORTC-QLQ-CIPN20 tingling toes or feet
mean score 24 (SD 31) vs 43 (SD 37)). One treatment-associated death occurred.

Interpretation Despite older patients and more advanced tumours, results similar to the RAPIDO trial were obtained.
Hence, two chemotherapy cycles less do not compromise the results maintaining a high CR-rate. This TNT schedule
resulted in favourable outcomes in a nation-wide real-life situation.
*Corresponding author. Department of Immunology, Genetic and Pathology, Uppsala University Hospital, SE-751 85, Uppsala, Sweden.
E-mail address: bengt.glimelius@igp.uu.se (B. Glimelius).
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Research in context

Evidence before this study
On December 5, 2023, we searched PubMed, without any
language restrictions, using terms related to locally advanced
rectal cancer, radiotherapy, preoperative chemotherapy, and
total neoadjuvant treatment (TNT). When this cohort study
was initiated, two randomised trials had used 5 × 5 Gy
radiotherapy followed by preoperative chemotherapy for 6
and 12 weeks, respectively. The latter study had reported
short-term results in the first portion of included patients.
Research during the past decades had found that total
mesorectal excision (TME), often preceded by either short-
course radiotherapy or concomitant chemoradiotherapy, had
resulted in low locoregional recurrence rates in rectal cancers
considered locally advanced by MRI but the risk of distant
metastases and mortality had not substantially decreased.
Several randomised trials exploring adjuvant chemotherapy
failed to show convincing evidence of reduced recurrence risks
or improved survival. Despite this, adjuvant chemotherapy
was widely used, however, often with poor compliance. The
RAPIDO trial had just completed patient enrollment after
having randomised 920 patients with locally advanced rectal
cancer and high-risk criteria for recurrence between TNT using
5 × 5 Gy radiotherapy and 18 weeks of chemotherapy and
chemoradiotherapy with optional adjuvant chemotherapy.
Most Swedish hospitals that included patients in RAPIDO
decided to use the same schedule of TNT but with a reduction
in chemotherapy to only 12 weeks as reference treatment
while awaiting the results of the RAPIDO trial. One reason for
abbreviating the chemotherapy was the anticipation that
three months of adjuvant chemotherapy in colon cancer was
as effective as six months, which was later confirmed from an
analysis of several randomised trials (the IDEA consortium).

Added value of this study
The RAPIDO trial reported after three years minimum follow-
up that TNT reduced the rate of disease-related treatment
failure, mainly due to fewer distant metastases, without
increasing the risk of locoregional failures. TNT also doubled
the chance of pathological complete response and was neither
more toxic nor resulted in poorer quality of life compared to
chemoradiotherapy. During the four years prior to the

RAPIDO results being reported, 462 patients from 5/6
Swedish health care regions were treated according to this
new reference schedule, either after informed consent
(n = 273, LARCT-US) or similarly in routine care (ad modum
LARCT-US, AdmL, n = 189). The RAPIDO protocol was
adhered to apart from randomization and, in good-
responders, surgery could be deferred using a watch-and-wait
protocol (W&W). After comparable follow-up, the results of
the experimental arm of RAPIDO were replicated, i.e., high
complete response rates (complete pathological and clinical
response sustained for more than one year) with less
neurological problems. The results were achieved despite that
more advanced tumours and older patients were treated than
in the RAPIDO trial. Loco-regional recurrence rates were also
lower than reported in RAPIDO and distant metastasis rates
were similar.

Implications of all the available evidence
Several randomised phase II or III trials have reported that
TNT results in higher rates of complete response, fewer
distant metastases, and improved disease-free survival.
However, improved overall survival has been elusive. Various
TNT schedules have been used and some compared with each
other, but no reference treatment has yet emerged. The
RAPIDO trial reported a maintained reduction in distant
metastases after five years but an increased risk of
locoregional failures causing concern. Consequently, some
have started to disfavour short-course radiotherapy in favour
of long-course chemoradiotherapy. However, aggregating the
results of the Polish and the Chinese STELLAR trials with the
low locoregional recurrence rates reported from this
nationwide “real-life” cohort study confirms that TNT
including short-course radiotherapy is effective. Furthermore,
advantages for the patients and healthcare system resource
utilization are evident. The increased locoregional recurrence
rate after longer follow-up in RAPIDO remains to be explained
but it can be hypothesized that for non- or poorly responding
patients, 18 weeks of chemotherapy prior to surgery may be
too long. Twelve weeks appears to be sufficient to obtain
high response rates of importance if organ preservation is a
primary aim.
Introduction
In patients with locally advanced rectal cancer (LARC),
preoperative chemoradiotherapy (CRT) has been the
reference treatment for two decades.1,2 Frequently,
adjuvant chemotherapy is administered despite limited
evidence of improved disease-free and overall survival
(DFS and OS).3,4 CRT ± adjuvant chemotherapy together
with a total mesorectal excision (TME) have resulted in
www.thelancet.com Vol 75 September, 2024
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low locoregional recurrence rates (LRR, about 5–10%)
but without significant impact on distant metastases
(DM) or OS.5 This, and suboptimal compliance to
adjuvant chemotherapy attracted interest in delivering
neoadjuvant systemic treatment. Randomised phase III
trials using this approach, total neoadjuvant treatment
(TNT), have reported fewer DM, improved DFS or
disease-related treatment failure (DrTF) and higher
pathologic complete response (pCR),6,7 albeit not in all
trials.8,9 Different inclusion criteria and TNT schedules
were used, and the optimal regimen is unknown.10

The RAPIDO trial6 compared CRT with TNT using
short-course radiotherapy (scRT, 5 Gy x 5 for 5 days)
followed by six cycles of CAPOX (capecitabine/oxali-
platin) or nine FOLFOX (5-fluorouracil/leucovorin/oxa-
liplatin) preoperatively. In CRT patients, adjuvant
chemotherapy was optional. Patient accrual closed in
June 2016 at 920 randomised patients. Uppsala, the
largest recruiting centre, perceived positive experiences
with the TNT including a logistically advantageous
reduction of radiation fractions (5 vs 25–28), CAPOX
tolerability, and occurrences of complete responses
(CRs), and decided to continue TNT while awaiting the
RAPIDO results. It was then decided to modify the TNT
regimen and abbreviate the number of chemotherapy
cycles for the following two reasons: (i) the anticipation
that abbreviation of adjuvant chemotherapy in colon
cancer stage III should be non-inferior (IDEA con-
sortium11), and (ii) reports of pCR of 26% using scRT
followed by four cycles of CAPOX in LARC.12 Thus, a
modified RAPIDO schedule with four cycles of CAPOX
as reference treatment was introduced (locally advanced
rectal cancer treatment–Uppsala style, LARCT-US) and
ethical approval was obtained.

Many Swedish centres joined the study but some
lacked resources to prospectively include patients but
treated patients in accordance with the protocol “off-
study”. Because all patients are registered in the Swed-
ish Colorectal Cancer Registry (SCRCR), outcomes for
patients treated ad modum LARCT-US (AdmL) were
available for analysis.

We aim to report the results of all Swedish LARC
patients treated with an abbreviated RAPIDO TNT
schedule, while waiting for the presentation of the
RAPIDO trial results, after minimum 3½-years follow-
up. Results are primarily compared with those of the
experimental arm of RAPIDO.6
Methods
Sixteen hospitals joined the prospective LARCT-US
study, however, at some centres, some patients were
not formally included and, thus, became AdmL pa-
tients. Two non-participating hospitals treated patients
AdmL. During the covid-19 pandemic, study inclusion
was temporarily halted at most centres, but treatment
AdmL continued. Collectively, these 18 hospitals
www.thelancet.com Vol 75 September, 2024
(Appendix p 2) constituted all hospitals treating LARC
in 5/6 Swedish health care regions.

Staging and treatment
Patients with rectal adenocarcinoma less than 16 cm
from the anal verge were staged with pelvic magnetic
resonance imaging (MRI), as in the RAPIDO protocol,
and thoracoabdominal computed tomography (CT)
prior to a multidisciplinary team (MDT) conference. To
facilitate comparison with the RAPIDO trial, identical
criteria (at least one risk criterium on MRI: cT4, cN2,
involved mesorectal fascia (MRF+), extramural vascular
invasion (EMVI+), or enlarged lateral lymph nodes
(LN+)) were used. Staging, exclusion criteria and
follow-up were identical. Patients should have adequate
blood counts, no contraindications to treatment, be
above 18 years, an Eastern Cooperative Oncology
Group (ECOG) performance status ≤1, and adequate
potential for follow-up. In LARCT-US, written
informed consent was required. Extensive growth into
the cranial part of the sacrum or the lumbosacral nerve
roots indicating irresectability, DM or recurrent rectal
cancer, familial adenomatosis polyposis, Lynch Syn-
drome, active Crohn’s disease or active ulcerative co-
litis, concomitant malignancies (subjects with prior
malignancies should be disease-free for at least 5
years), known dihydropyrimidine dehydrogenase
(DPD) deficiency, contraindications to MRI, concur-
rent uncontrolled medical conditions, any investiga-
tional treatment for rectal cancer within the past
month, pregnancy or breast feeding, known malab-
sorption syndromes, clinically significant cardiac dis-
ease or myocardial infarction within the past 12
months and symptoms or history of peripheral neu-
ropathy were exclusion criteria.

Initial treatment was external radiotherapy to 5 Gy
for five consecutive days (week 1). A boost of two-three
2.0 Gy fractions was permitted. The 12-week CAPOX
(capecitabine 1000 mg/m2 twice daily for 14 days and
oxaliplatin 130 mg/m2 day 1) should preferably be
initiated within 11–18 days (week 3), but no upper limit
was defined. Alternatively, modified FOLFOX-6 (oxali-
platin 85 mg/m2 day 1, folinic acid 200 mg/m2 day 1
followed by bolus fluorouracil 400 mg/m2 and
fluorouracil 2400 mg/m2 for 46 h days 1–2) could be
given; the decision to start with FOLFOX-6 was up to the
discretion of the treating physician as was the case also
in the RAPIDO trial. Dose reductions due to toxicity
followed conventional rules.

Tumour response evaluation including digital rectal
examination, endoscopy, and pelvic MRI and thor-
acoabdominal CT should be performed 1–2 weeks after
completion of chemotherapy with an MDT the following
week. Surgery was performed within the following fort-
night (weeks 17–20) unless an excellent response was
achieved making organ preservation potentially possible.
Contrary to the RAPIDO trial, patients with clinical
3
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complete response (cCR) could enter a watch-and-wait
(W&W) protocol (clinicaltrials.gov NCT03125343). Sur-
gery was according to TME-principles and extended sur-
gery (“beyond TME”) was performed if indicated.

Postoperatively, follow-up consisted of serum carci-
noembryonic antigen (CEA) and thoracoabdominal CT
after 12 and 36 months according to Swedish guide-
lines.13 Patients entering the nationwide W&W protocol
were followed using pelvic MRI, CEA, and flexible
endoscopy every three months for two years and
six-monthly thereafter. In addition, CT scans were per-
formed at 12 and 36 months.

Endpoints
The primary endpoint was complete response (CR),
being the sum of pCR in operated patients and sus-
tained cCR (duration >12 months after the start of
radiotherapy, s-cCR) in patients where surgery was not
primarily done, i.e., W&W patients. Secondary end-
points were acute toxicity according to the Common
Terminology Criteria for Adverse Events (CTCAE)
version 4.0, DrTF, defined as any recurrence, a new
primary colorectal cancer or treatment related death,
DFS (any recurrence, a new primary cancer, all deaths),
OS (any death irrespective of cause), DM, LRF (any
unresectable tumour, local R2-resection and any LRR in
R0/R1-resected tumour) and LRR (locoregional recur-
rence in R0/R1, M0 resected tumours) rates, the neo-
adjuvant rectal score (NAR)14 and quality-of-life (QoL)
after three years. Since the NAR-score was developed for
operated patients, W&W patients with no regrowth
within one year were assigned a low score (0–6.7). For
the study to be considered positive, CR rate should
exceed that of CRT alone in similar patients (12–14%),
be similar to TNT in RAPIDO (29% in the intention-to-
treat, ITT, population), and median NAR score below 15.

Toxicity and quality-of-life (QoL) evaluations
The CTCAE, version 4.0 was used; however, only grade 3+
toxicity was recorded in the case registration forms
(CRFs). In SCRCR, only postoperative complications ac-
cording to the Clavien-Dindo classification were recorded.

For QoL assessment, identical questionnaires as in
RAPIDO were applied15 at three years after surgery/end
of treatment if W&W. Peripheral sensory neurotoxicity
was evaluated using EORTC QLQ-CIPN20.16 Since the
three-year evaluation coincided with the covid-19
pandemic, resulting in closure of most trial units, dis-
tribution of questionnaires was frequently postponed,
and questionnaires completed between three and five
years were accepted. Besides neurotoxicity, other QoL
data will be reported separately.

Statistical analyses and sample size determination
Analyses of the primary endpoint and the secondary
endpoints OS, DrTF and locoregional failure (LRF) were
in the eligible ITT-population. The secondary endpoints
DFS, LRR, and DM were analysed in patients with an R0/
R1 resection or entered W&W; surgical complications in
patients operated electively with curative intent; QoL in
resected patients or entered W&W and remained disease-
free; and toxicity in all patients who started treatment. All
calculated median values are accompanied by an IQR and
means with SDs. 95% confidence intervals (CI) were
calculated for proportions using the Clopper-Pearson
approach. Since the true population is not known, the
conservative Clopper-Pearson approach was considered
adequate. All outcome analyses (OS, DFS, time to DrTF,
LRF, DM, and LRR) were conducted using the Kaplan–
Meier approach. The cumulative incidence of recur-
rence was computed accounting for death as competing
risk. Patients who were alive and disease-free at last
follow-up were censored. For CR, odds ratios with the
corresponding 95% CIs were calculated. In all analyses
we used the current packages in R: survival version 3.5.5,
survminer version 0.4.9, epitools version 0.5.10.1, and
DescTools version 0.99.53.

When patient recruitment to the ethically approved
LARCT-US observational study started at three hospitals
(population 0.7 million), we estimated that about 60 pa-
tients could be treated until the results of the RAPIDO
trial were reported after about 3 years. Many other
Swedish hospitals started to treat their patients similarly
and most of them gradually joined the prospective study.
Some hospitals declared that they would treat their pa-
tients similarly but not seek informed consent and not
complete any CRFs. Ethical approval to retrospectively
evaluate all patients in Sweden with LARC and high-risk
criteria treated with the LARCT-US schedule (ad modum
LARCT-US or AdmL) and registered in the SCRCR until
the results of the RAPIDO trial were released (early June
2020) was obtained. The totally 482 identified patients
(Flowchart, Fig. 1) constitute all patients thus treated in
Sweden during this almost four-year period. Since the
patient cohort constitutes all patients in a defined popu-
lation during a defined time period, no estimates of the
number of patients or power calculations were done.
Based upon the incidence of rectal cancer in Sweden and
the eligible proportion, i.e., having any of the risk criteria,
between 100 and 150 patients could be treated per year in
five out of six Swedish health care regions (population 8
million) (see also Appendix p 2).

Ethical approval
The research ethics committee at Uppsala University
approved the LARCT-US protocol as research (Dnr
2016/305) with an aim to report the results whereas the
Swedish Medical Products Agency (MPA) considered
this a reference treatment not requiring their approval.
The approved protocol was a minimally modified RAP-
IDO protocol. The written patient information was
modified, and patients provided informed consent prior
to treatment. An amendment concerned the NAR
score14 as a secondary endpoint (Dnr 2016/305/6).
www.thelancet.com Vol 75 September, 2024
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Fig. 1: Flow chart.
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Prospective
LARCT-US

Register
AdmL

Total 273 189

Age, median (range) 63 (28–79) 65 (24–81)

Gender, male 162 (60) 111 (59)

ECOG performance status

0 200 (73) NA

1 71 (26) NA

Not known 2 (1)

ASA class

1 43 (16) 15 (8)

2 141 (51) 103 (55)

3+ 38 (14) 44 (23)

Not known 51 (19) 27 (14)

Clinical T- and N-status

cT3N0 4 (1) 9 (5)

cT2-3N+ 124 (45) 67 (36)

cT4N0 12 (4) 17 (9)
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In a separate application, the ethics committee
approved a retrospective evaluation of data from SCRCR
on all patients treated with this schedule during the period
after the last patient had been included in RAPIDO and
the first presentation of the results of the RAPIDO trial
(Dnr 2016/305/9). SCRCR comprises limited information
compared to the CRFs of LARCT-US, however, retrieval of
missing information from treating hospitals was approved.
When approval to evaluate all patients thus treated in 5/6
Swedish health care regions was obtained, the study was
registered at clincialtrials.gov (NCT03729687). The report-
ing of the study followed the Strengthening the reporting
of observational studies in epidemiology, STROBE,
statement.

Role of the funding source
Study design, data collection, analysis, interpretation, and
writing of the report were independent of the funder.
cT4N+ 133 (49) 96 (51)

Risk factors

cT4 145 (53) 113 (59)

cN2 176 (64) 95 (50)

MRF+ 196 (72) 155 (82)

EMVI+ 165 (60) 83 (44)

LN+ 64 (23) 42 (22)

Number of risk factors

1 50 (18) 32 (20)

2 77 (28) 41 (26)

3 71 (26) 42 (24)

4 54 (20) 41 (24)

5 21 (8) 11 (6)

Tumour level

Low <5 cm 74 (27) 62 (33)

Mid 5–10 cm 93 (33) 76 (41)

High ≥10 cm 106 (39) 51 (27)

AdmL, Ad modum LARCT-US. Data for all risk factors (N-status, EMVI and LN)
were unavailable for 22 (13%) patients in AdmL. Risk factors were at least one in
12 patients, at least two in nine patients, and at least three in one patient.
Thus, the actual presence of risk factors was greater than shown in the AdmL-
group. Data were complete concerning cT4 and MRF + where higher
percentages were observed in the AdmL group. Percentages are calculated
based upon the 164–176 patients where all information was available. NA, not
available; ECOG, Eastern Co-operative Oncology Group; ASA, American Society
of Anesthesiologists; MRF+, mesorectal fascia involvement; EMVI+, extramural
vascular involvement; LN+, lateral nodes involved.

Table 1: Characteristics of rectal cancer patients in Sweden treated
with total neoadjuvant treatment according to the LARCT-US
concept.
Results
Patients and neo-adjuvant treatments
Between August 2016 and May 31, 2020, 282 patients
gave informed consent to participate in LARCT-US and
200 patients were treated with scRT followed by
chemotherapy and registered in SCRCR (AdmL).
Twenty patients were ineligible as presented in the
flowchart (Fig. 1) leaving 462 patients (273 LARCT-US
and 189 AdmL) for analysis. Follow-up on February 6,
2024, ranged between 3.6 and 7.6 years, median 4.9
(IQR 4.3–5.2) in LARCT-US (one recurrence-free patient
emigrated after 3.5 years) and 4.8 (IQR 3.9–5.8) in
AdmL. Fifty (18%) patients had died in LARCT-US and
37 (20%) in AdmL, most commonly from rectal cancer.

Patient and tumour characteristics (Table 1) were
similar between LARCT-US and AdmL. Performance
status was not registered in SCRCR, and data regarding
risk factors was incomplete in 22 AdmL patients,
although all had at least one. When data were complete,
AdmL patients tended to be more advanced regarding
ASA class, cT4 and MRF+. Compared with the experi-
mental arm of RAPIDO, tumours were more advanced
in both LARCT-US and AdmL (Appendix p 3).

All eligible patients received 5 × 5 Gy. Of consenting
patients, five (2%) did not start chemotherapy (Flow-
chart Fig. 1). All AdmL patients had a recorded date for
starting chemotherapy in SCRCR, however, actual
dosage of chemotherapy was unavailable.

In both LARCT-US and AdmL, chemotherapy started
median 21 days (IQR 16–25) from the first day of radio-
therapy. In LARCT-US, 16 (6%) patients started with
FOLFOX, and 20 (7%) patients changed to FOLFOX dur-
ing cycle 2–4 (Figs. 1 and 2). Up-front FOLFOX was more
common in AdmL (17%) and at least eight (4%) changed
to FOLFOX. All but one patient received oxaliplatin during
cycle 1 in LARCT-US and all but 11 (6%) in AdmL. Fig. 2
shows compliance to treatment in LARCT-US.
Immediate outcome including surgery or watch-
and-wait (W&W)
After neoadjuvant treatment, 84% and 85% of patients
underwent elective surgery in LARCT-US and AdmL,
respectively, and 14% and 13% entered W&W. Five and
four patients, respectively, were not resected or included in
W&W (Fig. 1, Table 2). The R0/R1 resection rate was 98%
across groups. Fifty-two (23%) patients in LARCT-US and
www.thelancet.com Vol 75 September, 2024

http://clincialtrials.gov
http://www.thelancet.com


Fig. 2: Compliance to preoperative chemotherapy in LARCT-US. Proportion of patients treated with chemotherapy per course. Four CAPOX
cycles (or 6 FOLFOX) with at least 3 (5) cycles of oxaliplatin was provided to 208 (76%) patients and 239 (88%) patients received at least 75% of
the number of prescribed chemotherapy cycles.
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61 (38%) in AdmL underwent resection of other organs/
structures synchronously with TME (Table 2, Appendix p
4). In 17 (4%) patients, DM was detected after treatment
initiation before or during surgery, median 112 (IQR
105–119) days.

Time between the first day of radiotherapy and sur-
gery in non-W&W patients ranged from 64 to 273 days
(median 136, IQR 126–148 in LARCT-US and 139, IQR
129–160 in AdmL). In patients receiving four cycles of
CAPOX, the time within the IQRs corresponds to sur-
gery 4–8 weeks after the last chemotherapy dose. The
shortest time to surgery after four CAPOX was 113 days,
or two weeks after termination of chemotherapy. In
patients operated beyond 200 days, corresponding to 13
weeks after the last chemotherapy, unregistered W&W
attempts may have occurred.

Primary and secondary tumour outcomes
In LARCT-US, 34 resected patients had pCR and 31 s-
cCR, and in AdmL the corresponding numbers were 27
and 17. Thus, the primary endpoint was reached in 65/
273 (24%, 95% CI 20–28 and 44/189 (23%, 95% CI
17–30), respectively (Table 2). CR was associated with
cT-stage, number of risk factors, CEA-level (available in
LARCT-US) and tumour length (Appendix p 5 and 6).
www.thelancet.com Vol 75 September, 2024
A low NAR score was observed in 32–37% when
patients with s-cCR were attributed a low score. Median
scores were in the intermediate group (8.4–15, Table 2).

At data-lock, DrTF had occurred in 80 (29%, 95% CI
23–35) patients in LARCT-US (six non-resected including
one toxic death, five R2-resections, and 69 recurrences),
and 51 (27%, 95% CI 20–33) in AdmL (four non-resected,
four R2-resections, and 43 recurrences). DrTF at three
years was 28% (95% CI 23–34) and 26% (95% CI 19–31),
and OS 88% (95% CI 84–92) and 89% (95% CI 85–93),
respectively (Appendix p 7). Early locoregional failure
(eLRF, i.e., no resection unless the patient entered W&W,
or an R2-resection) occurred in 17 (4%) patients (Table 2),
10 of whom also had DM (Flowchart Fig. 1).

All patients undergoing an R0/R1 resection or
entering W&W (irrespective of duration) without DM
were considered curatively treated (Appendix p 8).
Among curatively treated LARCT-US patients, recur-
rence occurred in 69/258 (26%, 95% CI 21–33) and in
AdmL 43/179 (24%, 95% CI 17–30) patients (Table 3).
Of recurrences, 16 (6%, 95% CI 4–10) and nine (5%,
95% CI 2–9) were LRR, and 63 (24%, 95% CI 19–30)
and 40 (22%, 95% CI 15–28) DM in LARCT-US and
AdmL, respectively (Table 3). Only 7/25 LRR (28%, 95%
CI 12–49) were isolated. Of the 25 LRR, all occurred
7
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Prospective
LARCT-US

Register
AdmL

Total 273 189

Treatment outcome

No resection, M1, tox death
or non-resectable

5 (2%) 4 (2%)

Entered W&W 39 (14%)
(100%)

23 (13%)
(100%)

Regrowth within one year 8 (21%) 6 (29%)

Regrowth after one year 6 (15%) 1 (4%)

Remaining in W&W 25 (64%) 16 (67%)

Planned resection surgery 229 (84%)
(100%)

162 (85%)
(100%)

Type of resection

Anterior resection 118 (51%) 69 (44%)

Abdominoperineal excision 92 (40%) 74 (45%)

Hartmann’s procedure 19 (8%) 18 (11%)

Extended surgery 52 (23%) 61 (38%)

Resection plane

Mesorectal 113 (49%) 80 (45%)

Intramesorectal 16 (7%) 9 (5%)

Muscular 2 (1%) 15 (8%)

Not known 98 (43%) 73 (41%)

Residual tumour classification,
CRM

R0 (>1 mm) 210 (92%) 143 (88%)

R1 (≤1 mm) 14 (6%) 16 (10%)

R2 5 (2%) 4 (2%)

Pathologic T-stage if planned
surgery

ypT0 40 30

ypT1 6 9

ypT2 36 28

ypT3 118 82

ypT4 28 26

Pathologic N-stage if planned
surgery

ypN0 135 118

ypN1 73 48

ypN2 21 9

Complete response (CR) 65 (24%) 44 (23%)

Pathologic complete response
(pCR)

34 27

Entered W&W, no regrowth first
year (s-cCR)

31 17

NAR scorea

Low 85 (32%) 67 (37%)

Intermediate 94 (35%) 72 (40%)

High 89 (33%) 40 (24%)

Median 13 8.4

Posttreatment M-stage

M0 261 183

M1b 11 (4%) 6 (4%)

(Table 2 continued on next column)

Prospective
LARCT-US

Register
AdmL

(Continued from previous column)

Early locoregional failure (eLRF)c 11 (4%) 6 (4%)

Curatively treatedd 258 (95%) 179 (95%)

AdmL, Ad modum LARCT-US, W&W, watch-and-wait; CRM, circumferential
resection margin; NAR, neoadjuvant rectal. Complete response (CR) is the sum
of pCR in planned resected patients (resection performed without a registered
period of W&W) and patients entering W&W without regrowth within a year
from the start of radiotherapy (s-cCR), no distant metastases. aPatients
remaining in W&W for more than one year were assigned a low score, for all
others, the actual score was used. bOne patient died during treatment and was
not evaluated. In LARCT-US, distant metastasis appeared during treatment or at
surgery in four non-resected patients, two R2-resected, four R0/1 resected and
one entering W&W with early regrowth. In AdmL, the corresponding numbers
were three non-resected, one R2-resected, and two R0/1 resected. cNon-
resected primary tumour (one patient with toxic death not included) unless the
patient entered W&W or an R2-resection. Ten of these patients also had distant
metastasis. dR0/1 resected or entered W&W, no distant metastases before or at
surgery.

Table 2: Treatment outcome in rectal cancer patients treated with
total neoadjuvant treatment according to the LARCT-US concept.
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before three years or, in 4 cases, at the three-year follow-
up with no recurrences after that. One hundred and
forty patients have completed their five-year follow-up.

No LRR occurred in patients with pCR. Among 62
patients entering W&W, regrowth rate was 34% (95% CI
22–47, Table 2). After regrowth, all patients had R0/R1
surgery with no subsequent LRR. Thus, no patient with
CR has had an LRR (Table 3). Following R0 resection,
LRR occurred in 20/353 patients (6%), and after R1 in 5/
30 (17%). The overall LRF rate (eLRF + LRR) in the ITT
population was 42/462 (9%). Patients with an LRF had
more advanced tumours that required extended surgery
more often than non-LRF patients (Appendix p 9–11).

At three years, DM in the ITT population was
detected in 112/462 patients (24% (95% CI 20–28), of
which 17 (4% (95% CI 2–6) occurred during treatment.
Table 3 shows DM risk according to treatment response
in curatively treated patients. A low risk was observed in
good-responders (pCR 1/61 (3%), s-cCR 4/48 (8%)). In
W&W patients with regrowth within one year, DM
occurred in 5/14 (36%).

NAR scores also discriminated between recurrence
risks (low <10%, intermediate about 20% and high
about 50%, Table 3). The individual components of the
NAR score, ypT, ypN, and cT-stage, also correlated with
recurrence risk. No association between type of surgery
and recurrence risks was observed, as opposed to
resection margin and quality of the specimen.

Toxicity to treatments
In LARCT-US, 19 (7%) patients reported radiotherapy
toxicity, mostly grade 3 diarrhoea (Appendix p 12).
www.thelancet.com Vol 75 September, 2024
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LARCT-US
total

LARCT-US
local

LARCT-US
systemic

AdmL
total

AdmL
local

AdmL
systemic

Total 69 (26%) 16 (6%) 63 (24%) 43 (23%) 9 (5%) 40 (22%)

Treatment

Entered W&W 6 (16%) 0 6 (16%) 3 (13%) 0 3 (13%)

Planned resection surgery 61 (28%) 16 (7%) 56 (25%) 40 (25%) 9 (6%) 37 (22%)

Type of resectiona

Anterior resection 35 (30%) 9 (8%) 31 (26%) 22 (31%) 3 (4%) 21 (29%)

Abdominoperineal excision 23 (27%) 7 (8%) 22 (26%) 15 (20%) 5 (7%) 14 (17%)

Hartmann’s procedure 3 (18%) 0 3 (18%) 3 (17%) 1 (6%) 2 (11%)

Resection planea

Mesorectal 28 (25%) 3 (3%) 27 (25%) 16 (22%) 3 (4%) 15 (19%)

Intramesorectal 5 (33%) 1 (6%) 5 (33%) 5 (56%) 1 (11%) 5 (56%)

Muscular 2 (100%) 2 (100%) 1 (50%) 4 27%) 2 (13%) 4 (27%)

Not known 26 (28%) 10 (10%) 23 (25%) 15 (22%) 3 (5%) 13 (19%)

Residual tumour classificationa

R0 (>1 mm) 54 (26%) 14 (7%) 49 (24%) 32 (23%) 6 (4%) 31 (20%)

R1 (≤1 mm) 7 (50%) 2 (14%) 7 (50%) 6 (40%) 3 (20%) 6 (38%)

Pathologic T-stagea

ypT0 1 (3%) 0 1 (3%) 0 0 0

ypT1-2 6 (!4%) 3 (7%) 4 (9%) 7 (20%) 1 (3%) 6 (17%)

ypT3 42 (36%) 10 (8%) 41 (35%) 24 (35%) 6 (9%) 22 (32%)

ypT4 12 (52%) 3 (11%) 10 (43%) 9 (34%) 2 (8%) 9 (29%)

Pathologic N-stagea

ypN0 16 (12%) 3 (2%) 16 (12%) 15 (13%) 6 (5%) 12 (11%)

ypN1 28 (45%) 9 (15%) 24 (39%) 21 (53%) 2 (5%) 21 (53%)

ypN2 17 (68%) 4 (16%) 16 (64%) 4 (50%) 1 (13%) 4 (50%)

Response

s-cCR 4 (13%) 0 4 (13%) 0 0 0

pCR 1 (3%) 0 1 (3%) 0 0 0

Non-CR 64 (33%) 16 (8%) 58 (30%) 43 (31%) 9 (7%) 40 (29%)

NAR scoreb

Low 6 (7%) 1 (1%) 6 (7%) 3 (4%) 0 3 (4%)

Intermediate 18 (20%) 3 (3%) 17 (19%) 18 (24%) 6 (8%) 15 (19%)

High 45 (54%) 12 (14%) 40 (48%) 23 (55%) 3 (8%) 23 (55%)

AdmL, Ad modum LARCT-US; W&W, watch-and-wait; s-cCR, sustained clinical complete response (i.e., no regrowth within one year after the start of radiotherapy); pCR,
pathologic complete response; NAR, neoadjuvant rectal. aRelates only to patients operated primarily (planned resection surgery, n = 220 in LARCT-US, n = 156 in AdmL).
bPatients entering W&W with a duration above one year were assigned a low score. All others had the score as recorded after surgery.

Table 3: Systemic and local recurrence risks in rectal cancer patients being either radically operated (R0/1, M0, n = 258 in LARCT-US, n = 179 in ad
modum larctus, AdmL) or having entered a watch-and-wait (W&W) programme and treated with total neoadjuvant treatment according to the
LARCT-US concept.

Articles
Toxicity was associated with prolonged time between
start of radiation and chemotherapy (median 29 days
(IQR 18–35) vs 21 (IQR 16–23) days), and treatment
failure (n = 2) or early discontinuation (n = 2).

During chemotherapy, 130 (47%) LARCT-US pa-
tients reported grade 3+ toxicity, mostly during the first
two cycles, however, less than in RAPIDO (Appendix p
12). Most common toxicities were diarrhoea and non-
febrile neutropenia. One toxic death occurred in a 61-
year-old male who suddenly died at home after the
third CAPOX cycle; no autopsy was performed because
of the covid pandemic. Surgical complications are
shown in Appendix p 13. No 30-day postoperative
mortality occurred.
www.thelancet.com Vol 75 September, 2024
Of curatively treated, recurrence-free patients, 144
(77%) responded to the QoL questionnaires. Detailed re-
sults will be reported separately. An anticipated reduction
in sensory problems following fewer oxaliplatin-containing
cycles compared to RAPIDO is shown in Appendix p 14.
For example, tingling and numbness in toes and feet,
being most problematic, had mean scores 24 (SD31) vs 43
(SD37) and 26 (SD29) vs 35 (SD37), respectively.

Discussion
Complete response rates (CR, sum of pCR and s-cCR)
after neoadjuvant treatment are chiefly dependent upon
the treatment efficacy and patient mix, given that
reasonable time elapses between treatment initiation
9
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and re-assessment/surgery. The CR-rate in the ITT-
population of LARCT-US/AdmL (23–24%) was sub-
stantially higher than that of CRT in the RAPIDO trial
(13%) and close to the experimental TNT arm (29% in
the ITT-population). This result was obtained with less
chemotherapy despite more advanced tumours (e.g.,
cT4 in 53–59% vs 33%, Appendix p 3), emphasized by a
high proportion of extended surgery (Appendix p 4).
Actually, more advanced tumour stages were included
in LARCT-US/AdmL than in any other TNT study,
except a Polish trial (Appendix p 15–19).9,17 In studies
with TNT, CR rates above 20% are repeatedly reported
whereas after CRT, the reported CR rates are 12–15%
(pCR/cCR). Higher rates are achieved in less advanced
stages, although referred to as locally advanced (cT3-4,
any cN+). CRT with increased radiation doses using
brachytherapy may provide higher CR-rates.18 Chemo-
therapy alone does not achieve the same CR rates un-
less, again, earlier stages are included.19

The CR rate in this study is also similar to the
STELLAR trial8 providing the same TNT (CR 22% vs 12%
after CRT), and to those in TNT studies using CRT, such
as the PRODIGE-23 trial (CR 26%)7 and the CAO/ARO/
AIO-12 trial20 (FOLFOX before or after CRT, CR 21% and
28%, respectively) (Appendix p 15–19). LARCT-US/
AdmL also included more advanced tumours than the
OCUM trial21 (cT4 30%) providing neoadjuvant CRT only
to patients with high-risk features.

Inclusion and exclusion criteria in LARCT-US/AdmL
were identical to RAPIDO and the teams including
patients were unchanged. However, RAPIDO was a
multicentre randomised trial whereby exclusion of
co-morbid patients and the most advanced tumours may
have occurred, whereas all patients were treated during
the inclusion period of LARCT-US. AdmL tumours were
even more advanced than LARCT-US, further support-
ing that routinely treated patients differ from those in
prospective studies/trials. Reaching the same CR rate
(W&W was not an option in RAPIDO although practised
in a few patients) with worse tumour and patient char-
acteristics indicate that after scRT, four cycles of CAPOX
are as effective as six cycles in reaching CR. It also ap-
pears equally effective to TNT schedules using CRT,
being used in most TNT studies (see Appendix p 15–19)
considering that younger patients and less advanced
tumours were treated. In LARCT-US/AdmL, cT-stage
and number of risk factors were, besides CEA-level and
tumour length, associated with obtaining CR.

A pCR or a cCR are not identical although consider-
able overlap exists. If pCR is reached, the recurrence risk
is limited.22,23 In patients entering a W&W programme,
tumour regrowth occurs in about one third, mostly
salvageable by radical surgery.22,24 In LARCT-US/AdmL,
all W&W patients with regrowth underwent surgery
with no subsequent LRR. No specific quality control of
the cCR evaluation was made in this study, but all hos-
pitals followed a national protocol using standard
international criteria (clinicaltrials.gov NCT03125343).
The rate of regrowth (34%) was similar to that reported
from dedicated centres (cT3 31%, cT4 37%).22,25 Patients
with regrowth are at increased risk of DM, as also seen
here, and may indicate that further selection before
entering a W&W programme is preferable.26

To compare outcome of the secondary endpoints
LRF/LRR, DM, DFS/DrTF and OS between LARCT-US/
AdmL and RAPIDO is more difficult than pCR/cCR
rates, but only small differences were noted. The
numerically higher eLRF rates in LARCT-US/AdmL than
in RAPIDO (4% vs 2%), predominantly caused by no
resection following DM during the neoadjuvant chemo-
therapy, reflect more advanced tumours. CAPOX/FOL-
FOX has limited capability to prevent progression from
occult to detectable metastases. Overall, DM rates of 23%
in LARCT-US/AdmL are similar to the TNT and CRT
arms in RAPIDO at 20% and 27%, respectively.

Despite a higher proportion of cT4 and MRF+, the
numerical risk of LRR in R0/R1 resected patients in
LARCT-US/AdmL compares favourably to the TNT arm
of RAPIDO (overall 6% vs 7% after median 4.8 vs 4.6
years follow-up).6 LRR rate of LARCT-US/AdmL will be
monitored to compare with the concerning rate of 10%
reported in the TNT arm of RAPIDO after median 5.6
years of follow-up.27 The favourable LRR rate in LARCT-
US/AdmL with no LRR so far detected beyond
three years, together with the STELLAR8 trial, contra-
dicts scRT being inferior to CRT within a TNT schedule.
It is currently unknown why the increased LRR rates in
the TNT arm of RAPIDO occurred, despite being
extensively investigated. It can be speculated that 6
cycles of CAPOX (or 9 cycles of FOLFOX) may be too
long in non-responding patients; if this is the case, 4
cycles are less detrimental.

Intertrial comparisons of NAR-scores are difficult
where the proportions of operated and non-operated
differ. In this report, where patients with s-cCR were
assigned a low NAR score (a reasonable assumption had
they been operated), similar NAR scores to the TNT arm
in RAPIDO were observed (data not shown).

Treatment toxicity could be expected to be similar in
LARCT-US compared to the TNT arm in RAPIDO,
except for cumulative neurotoxicity due to the reduction
in oxaliplatin-containing cycles. Comparisons between
studies are difficult although the CRFs and the toxicity
grading were the same, but, if anything, overall and
individual toxicities were slightly less in LARCT-US
(Appendix p 12). Radiation-induced toxicity did, as
expected, not differ and was similar to the scRT arm
with delayed surgery in the Stockholm III trial,28 but less
than reported from a prospective study with detailed
toxicity reporting.29 Reasons for inferior chemotherapy
compliance in LARCT-US compared to RAPIDO are
unknown but could reflect a real-life situation and
slightly older patients and with worse performance sta-
tus. Postoperative morbidity was comparable to what
www.thelancet.com Vol 75 September, 2024
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was reported in a US retrospective rectal cancer con-
sortium study (cT4 in 13%).30

The pragmatic design of LARCT-US, and the register-
based data-capture in AdmL inevitably entails limitations,
particularly concerning toxicity reporting. During the
covid pandemic, the QoL evaluations for patients
included in LARCT-US were delayed which could have
resulted in less remaining neurotoxicity. However,
despite some missing data, the registered characteristics
of patients in LARCT-US, and in particular in AdmL were
worse, reflecting a real-life situation where all patients are
eligible and must be treated. This and the meticulous
registration of both pCR and cCR justifies comparison
with outcomes in RAPIDO. The SCRCR does not contain
complete information about all risk factors (cN2, EMVI,
and LN+) used to identify the patients, resulting in some
missing information in AdmL. However, this together
with no registration of ECOG performance status and
comorbidity resulted in that it is not possible to define the
group eligible for the treatment. Most probably, the
included 462 (+ the 20 excluded) patients constitute
the far majority of eligible patients diagnosed during the
defined period in the 5/6 participating Swedish health
care regions covering a population of about 8 million.

Further, it could be argued that time for s-cCR
should be calculated from reassessment rather than
start of radiotherapy, but the latter was chosen to facil-
itate comparisons between LARCT-US and AdmL. In
LARCT-US, complete three-year follow-up of all patients
was assured but some uncertainty existed concerning
AdmL. The reported lower recurrence risk in AdmL may
reflect less complete follow-up/registration in SCRCR.
The results in LARCT-US are, thus, slightly more valid.

In conclusion, in LARC with high recurrence risk, an
abbreviated TNT including scRT followed by four rather
than six CAPOX cycles as in the RAPIDO trial appears to
have the same tumour cell kill efficacy in a real-life sit-
uation including more advanced tumours than in trials.
The low risk of LRF/LRR appears promising and imple-
mentation of this resource-saving schedule in routine
care can be encouraged. Four cycles cannot prevent more
systemic recurrences than six but may reduce LRR if local
progression occurs in poor-responders.
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