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Association between adjuvant chemotherapy and survival in
patients with rectal cancer and pathological complete response
after neoadjuvant chemoradiotherapy and resection
Fang He 1, Huai-Qiang Ju 2, Yi Ding 3, Zhiqiang Jiang 4, Zhenhui Li 5, Bo Huang 6, Xiuhong Wang 7, Yuanyuan Zhao 8,
Yong Li 9, Bin Qi 10, Wenguang Luo 11, Zijian Zhang 12, Qian Pei 13, Haiyang Chen 1, Shuai Liu 1, Xiaolin Pang 1,
Jian Zheng 1, Jianping Wang 14, Jaffer A. Ajani 15 and Xiang-Bo Wan 1

BACKGROUND: For patients with locally advanced rectal cancer (LARC), it is unclear whether neoadjuvant chemoradiotherapy-
induced pathologic complete response (pCR) individuals would further benefit from adjuvant chemotherapy (ACT).
METHODS: The pCR individuals who received different ACT cycles were paired by propensity score matching. Overall survival (OS),
disease-free survival (DFS), local recurrence-free survival (LRFS), and distant metastasis-free survival (DMFS) were calculated by
Kaplan–Meier and log-rank test.
RESULTS: In total, 1041 pCR individuals were identified from 5567 LARC cases. Specifically, 303 pCR cases had no ACT treatment,
and 738 pCR patients received fluoropyrimidine-based ACT (median, 4 cycles) treatment. After 1:3 propensity score matching, 297
cases without ACT treatment were matched to 712 cases who received ACT treatment. Kaplan–Meier analysis showed that pCR
individuals treated with or without ACT had the similar 3-year outcome (OS, DFS, LRFS and DMFS) (all P > 0.05). Moreover, the pCR
patients received different ACT cycle(s) (0 vs. 1–4 cycles, 0 vs. ≥5 cycles) had comparable 3-year OS, DFS, LRFS and DMFS (all P >
0.05). In stratified analysis, ACT treatment did not improve 3-year survival (OS, DFS, LRFS and DMFS) for the baseline high-risk
(cT3–4/cN1–2) subgroup patients (all P > 0.05).
CONCLUSION: ACT, which did not improve survival, is unnecessary to neoadjuvant treatment-induced pCR LARC patients.
TRIAL REGISTRATION: 2019ZSLYEC-136 (24-6-2019).
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BACKGROUND
Currently, the standard therapeutic regimen for locally advanced
rectal cancer (LARC) is neoadjuvant chemoradiotherapy (nCRT),
followed by total mesorectal excision (TME) and adjuvant
chemotherapy (ACT).1–3 The majority of LARC patients achieve
tumour downsizing and downstaging after nCRT,4–6 and 15–38%
of these patients would have a pathologic complete response
(pCR, defined as ypT0N0),7–9 which is associated with an excellent
long-term survival outcome.5,10

The administration of ACT to patients with LARC has been
challenging, since the survival benefits of ACT were extrapolated
from studies of colon cancer.11–13 Although National

Comprehensive Cancer Network (NCCN) guideline recommend
ACT after nCRT and TME, the role of ACT in the treatment of LARC
remains unclearly. The large size, prospective QUASAR study
reported that ACT with fluorouracil and folinic acid could improve
survival for patients with stage II colorectal cancer, although the
absolute improvements were small.14 The European Organisation
for Research and Treatment of Cancer (EORTC) trial 22921, the
Dutch PROCTOR/SCRIPT trial and the I-CNR-RT trial all reported
that ACT conferred no overall survival (OS) or disease-free survival
(DFS) benefit.15–17 However, these trials were underpowered to
detect survival benefits due to poor accrual or compliance. Thus
far, available reported data do not significantly support the
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routine administration of ACT for LARC patients treated with nCRT
and TME surgery.18

Given the favourable prognosis of the pCR subgroup LARC
patients,5,10 the rational of adding ACT has been questioned
again.19 The National Cancer Database (NCDB)-derived analysis
reported that ACT might prolong OS for the pCR subgroup of
patients with LARC.14,20–22 For example, a survival analysis of 2455
pCR patients screened from the NCDB detected a 3.6% OS benefit
(with ACT vs. without ACT: 97.6% vs. 94.0%), particularly in patients
with baseline node-positive disease.23 Moreover, several NCDB
data-based meta-analysis indicated that ACT was associated with
improved OS in LARC patients with pCR after nCRT and TME
surgery.24,25 In contrast, other meta-analyses and multicentre-
based studies found that, compared to non-ACT treatment, ACT
did not improve the OS in the pCR subset of patients with LARC.26

A long-term analysis of 566 pCR patients from the Gastro-
Intestinal Working Group of the Italian Association of Radiation
Oncology database found that ACT was even associated with a
worse outcome (borderline significance).27 Therefore, the efficacy
of ACT remains controversial in patients who achieve pCR after
nCRT.28

The objective of this study was to assess whether ACT treatment
would have any survival outcome benefit in LARC patients who
achieved pCR after nCRT treatment and TME surgery.

METHODS
Study population
This study recruited LARC patients (clinically T3–T4 and/or N
positive) with tumours within 15 cm of the anal verge from
January 2010 to December 2018. All cases were diagnosed by
colonoscopy biopsy and histologic examination. The clinical
tumour-node-metastasis (TNM) stage of each LARC patient was
defined by contrast-enhanced whole-body computed tomogra-
phy scan, transrectal ultrasound, or contrast-enhanced pelvic
magnetic resonance imaging. After nCRT treatment and TME
surgery, pathologically confirmed ypT0N0M0 patients were
studied to detect the association between ACT and prognosis.
Exclusion criteria were patients with R1 or R2 resection, given >7
cycles of nCRT, previous cancer history or with microscopic
tumour cell appearance (ypT0–4N1–2 or ypT1–4N0). This study was

Patients with rectal neoplasms (2010–2018)
(N = 6265)

Excluded (N = 666)
Had >1 cancer diagnosis (N = 57)
Not locally advanced tumours (N = 264)
Not invasive adenocarcinoma (N = 98)
Metastatic or unknown disease (N = 178)
Not treated at reporting facility (N = 69)

Locally advanced tumours
treated with nCRT+ TME surgery

(N = 5599)

Did not achieve pCR
(N = 4526)

Achieved pCR
(N = 1041)

Received ACT
(N = 738)

Did not receive ACT
(N = 303)

Cycle 0
(N = 303)

Cycle 1
(N = 57)

Cycle 2
(N = 110)

Cycle 3
(N = 92)

Cycle 4
(N = 166)

Cycle 5
(N = 80)
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(N = 124)

Cycle 7
(N = 48)

Cycle 8
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(N = 3)

1:1
(N:N)

297:297

Propensity score matching

1:2
(N:N)

297:579
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(N:N)

297:712

Cycle 10
(N = 4)

Cycle 11
(N = 1)
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(N = 1)

Excluded TNT
(N = 32)

Fig. 1 The Consort diagram.
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approved by the Clinical Ethics Review Committee at the Sixth
Affiliated Hospital of Sun Yat-sen University.

Treatment
All patients received neoadjuvant treatment and TME surgery.
Briefly, the neoadjuvant radiotherapy was delivered by direct-
beam radiation of 50.4 Gy in 25 fractions and concurrently
administered fluoropyrimidine, either orally or intravenously. To
achieve substantial tumour downsizing and downstaging, some
patients were treated with fluoropyrimidine-based chemotherapy
before concurrent chemoradiotherapy. Also, during the 4–8 weeks
waiting time before TME operation, some patients were given
fluoropyrimidine-based consolidation chemotherapy. A group of
patients with small LARC did not receive preoperative

radiotherapy. The curative intent operation was performed
according to TME principles 4–8 weeks after completion of
neoadjuvant treatment. Fluoropyrimidine-based ACT was admi-
nistered to most of patients, and the cycles of ACT to be given
were at the physician’s discretion.

Follow-up
After TME surgery, all patients were followed up at 3-month
intervals during the first 3 years and at 6-month intervals
thereafter, with physical examinations, contrast-enhanced pelvic
magnetic resonance imaging, complete biochemistry and tumour
biomarker tests. A contrast-enhanced whole-body computed
tomography scan and a colonoscopy were performed annually.
OS was defined as time from the date of diagnosis to death or,

Table 1. Patients baseline characteristics before and after propensity score matching.

Characteristics Before matching After matching (1:3)

ACT no. (%) (n= 738) No ACT no. (%) (n= 303) P value ACT no. (%) (n= 712) No ACT no. (%) (n= 297) P value

Age, median 55 years

≤55 388 (52.6) 147 (48.5) 0.234 370 (52.0) 147 (49.5) 0.474

>55 350 (47.4) 156 (51.5) 342 (48.0) 150 (50.5)

Gender

Male 418 (70.6) 174 (29.4) 0.763 454 (63.8) 191 (64.3) 0.869

Female 224 (71.6) 89 (28.4) 258 (36.2) 106 (35.7)

Clinical T stage

cT1 1 (0.1) 0 (0.0) 0.893 1 (0.1) 0 (0.0) 0.922

cT2 36 (4.9) 13 (4.3) 34 (4.8) 12 (4.0)

cT3 462 (62.6) 196 (64.7) 449 (63.1) 194 (65.3)

cT4 239 (32.4) 94 (31.0) 228 (32.0) 91 (30.7)

Clinical N stage

cN0 160 (21.7) 74 (24.4) 0.442 156 (21.9) 73 (24.6) 0.647

cN1 522 (70.7) 189 (62.4) 501 (70.4) 188 (63.3)

cN2 56 (7.6) 40 (13.2) 55 (7.7) 36 (12.1)

Clinical stage

II 172 (23.3) 77 (25.4) 0.469 156 (21.9) 73 (24.6) 0.357

III 566 (76.7) 226 (74.6) 556 (78.1) 224 (75.4)

Location from anal verge (cm)

0–5 396 (53.7) 197 (65.0) 0.002 393 (55.2) 191 (64.3) 0.016

5–10 319 (43.2) 97 (32.0) 296 (41.6) 97 (32.7)

>10 23 (3.1) 9 (3.0) 23 (3.2) 9 (3.0)

Tumour differentiation

Highly differentiated 135 (18.2) 56 (18.5) 0.550 130 (18.3) 56 (18.9) 0.716

Moderately differentiated 472 (64.0) 200 (66.0) 463 (65.0) 194 (65.3)

Poorly differentiated 131 (17.8) 47 (15.5) 119 (16.7) 47 (15.8)

Radiation or not

Radiation 653 (88.5) 271 (89.4) 0.657 629 (88.3) 265 (89.2) 0.688

No radiation 85 (11.5) 32 (10.6) 83 (11.7) 32 (10.8)

NCT cycle, median 3 cycles

0 4 (0.6) 4 (1.3) 0.346 4 (0.6) 2 (0.7) 0.595

1–3 367 (49.7) 156 (51.5) 355 (49.9) 153 (51.5)

4–7 367 (49.7) 143 (47.2) 353 (49.5) 142 (47.8)

ACT cycle, median 4 cycles

0 0 (0.0) 303 (100.0) <0.001 0 (0.0) 297 (100.0) <0.001

1–4 425 (57.6) 0 (0.0) 403 (56.6) 0 (0.0)

≥5 313 (42.4) 0 (0.0) 309 (43.4) 0 (0.0)

NCT neoadjuvant chemotherapy, ACT adjuvant chemotherapy.
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when censored, at the latest date if the patient was still alive. DFS
was defined as time from the date of surgery to the date of
disease relapse, the date of death or, when censored, at the latest
time. Local recurrence-free service (LRFS) and distant metastasis-
free survival (DMFS) were defined as time from diagnosis to the
date of local or distant recurrence, respectively, or the date of
death or, when censored, at the latest date.

Propensity score matching
The propensity score model was used to minimise the potential
bias caused by confounding covariates. A multivariable logistic
regression model was constructed to generate propensity scores.
The clinicopathologic factors included in the model were age (≤55
or >56 years) at diagnosis, sex, clinical stage (II or III), preoperative
clinical T stage, clinical N stage, radiotherapy (with or without),
histologic grade (high, moderate or poor differentiation), tumour
distance from anus (≤5, 5–10 or >10 cm) and cycles of nCRT
courses (0, ≤3 or 4–7 cycles). Patients who received ACT were
matched to that who did not receive ACT at a 1:1, 1:2 and 1:3 ratio,
respectively, using a greedy nearest-neighbour matching algo-
rithm with no replacement. A calliper width equal to 0.2 of the
standard deviation was used as the logit of the propensity score.
Patient characteristics between the propensity score-matched
groups were compared using P values.

Statistical analysis
Kaplan–Meier survival curves were used to calculate OS, DFS, LRFS
and DMFS ratios between the propensity score-matched

subgroup patients. Statistical differences between curves were
assessed using the log-rank test. All P values were two sided, and P
values <0.05 were considered as statistically significant. Statistical
analyses were performed with SPSS software, version 24.0 (SPSS
Inc., Chicago, IL).

RESULTS
Patient characteristics
Of 5567 consecutive nCRT and TME surgery-treated LARC cases,
1041 cases (18.7%) achieved a pCR (median age, 55.0 years; 56.9%
of male). For the pCR subgroup patients, 303 (29.1%) cases did not
receive ACT treatment. Seven hundred and thirty-eight (70.9%)
patients received ACT (range, 1–12 cycles; median, 4 cycles)
treatment. Of whom, 57.6% of individuals (425/738) received 1–4
cycles of ACT and 42.4% of patients (313/738) received 5 or more
cycles of ACT treatment (Fig. 1). As shown in Table 1 and
Supplementary Table 1, except for the number of ACT cycles (P <
0.001) and tumour location (P < 0.05), all other patient character-
istics were similar between the subgroup patients before and after
propensity score matching (all P > 0.05) (Supplementary Table 2).

Propensity score matching
Here, the propensity score model matched the clinicopathologic
variables between or among different subgroup patients,
including age (≤55 or >56 years), sex, clinical TNM stage, clinical
T stage, clinical N stage, radiotherapy (with or without),
histologic grade (high, moderate or poor differentiation),
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Fig. 2 The Kaplan–Meier curve analysis of OS (a), DFS (b), LRFS (c) and DMFS (d) for pCR LARC patients treated with or without ACT after
propensity score matching (1:3).
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tumour distance from anus (≤5, 5–10 or >10 cm) and nCRT
cycles (0, 1–3 or 4–7 cycles). In total, 712 patients who received
ACT treatment were matched to 297 patients who did not
receive ACT (1:3 matching) treatment. After propensity score
matching, the standardised differences of included covariates
between these two subgroups were all <0.1 (Supplementary
Fig. 1), suggesting a well-balanced covariate distribution of
these two subgroup patients. We also investigated the correla-
tion between ACT and survival outcome at 1:1 and 1:2
propensity score matching. As shown in Supplementary Table 1,
the included covariates between two subgroups were all similar,
at 1:1 or at 1:2 matching (Supplementary Fig. 2).

Association of ACT treatment and survival outcome
The median follow-up time for the entire cohort was 35.0 months
(interquartile range, 19.0–57.5 months). At 1:3 matching, the
ACT and non-ACT subgroup patients had similar OS ratios
(Fig. 2a): the 3-year OS rate was 95.5% for the ACT subgroup and
93.0% for the non-ACT subset (P= 0.095; hazard ratio [HR],
1.558; 95% confidence interval [CI], 0.921–2.637). Also, these two
subgroups had a similar DFS rates (Fig. 2b): the 3-year DFS rate
was 89.2% for the ACT subgroup and 89.6% for the non-ACT
subset (P= 0.815; HR, 1.053; 95% CI, 0.684–1.621). Moreover, a
comparable LRFS (Fig. 2c) and DMFS (Fig. 2d) rates were also
noted in these two subgroups: the 3-year LRFS rate was 97.6%
for the ACT subgroup and 98.0% for the non-ACT subset (P=
0.984; HR, 1.010; 95% CI, 0.392–2.603), and the 3-year DMFS rate

was 90.7% for the ACT subset and 90.1% for the non-ACT subset
(P= 0.808; HR, 1.056; 95% CI, 0.680–1.641). Additionally, at 1:1
and 1:2 matching, similar survival (OS, DFS, LRFS and DMFS)
ratios between these two subgroup patients were also observed
(all P > 0.05; Supplementary Figs. 3 and 4).
Next, we investigated whether different ACT cycles affected

survival outcomes for pCR LARC patients. As shown in Fig. 3, the
subgroups received 0 (303 patients), 1–4 (425 patients) and 5 or
more cycles (313 patients) of ACT treatment had similar 3-year OS,
DFS, LRFS and DMFS rates (all P > 0.05).
Similarly, the propensity score model was also performed by

matching the clinicopathologic factors of age (≤55 or >56 years),
sex, clinical TNM stage, clinical T stage, clinical N stage,
radiotherapy (with or without), histologic grade (high, moderate
or poor differentiation), tumour distance from anus (≤5, 5–10 or
>10 cm) and nCRT cycles (0, 1–3 or 4–7 cycles). At 1:3 matching,
two subgroup patients were identified according to their ACT
cycles: 294 pCR patients who did not receive ACT and 422
patients who received 1–4 cycles of ACT. Similarly, we also
matched 276 pCR patients who did not receive ACT to 311
patients who received 5 or more cycles of ACT. Compared to
observation (0 cycle), 1–4 cycles of ACT treatment conferred no
outcomes (OS, DFS, LRFS and DMFS) benefit to pCR patients (all
P > 0.05, Supplementary Fig. 5). As expected, observation (0
cycle) and ≥5 cycles of ACT treatment was correlated with
similar 3-year OS, DFS, LRFS and DMFS ratios (all P > 0.05,
Supplementary Fig. 6).

c d

a b

Number at risk
(number censored)
Non-ACT 303 (0) 211 (7) 109 (15) 50 (21) 29 (21) 10 (21)
1–4 cycles 425 (0) 291 (4) 163 (14) 93 (16) 39 (17) 11 (18)
��5 cycles 313 (0) 250 (6) 79 (13) 86 (17) 41 (19) 12 (22)

Number at risk
(number censored)
Non-ACT 303 (0) 180 (20) 92 (26) 42 (29) 24 (29) 9 (29)
1–4 cycles 425 (0) 235 (26) 144 (32) 79 (35) 32 (35) 10 (35)
� 5 cycles 313 (0) 225 (23) 155 (34) 68 (38) 33 (38) 11 (39)

Number at risk
(number censored)
Non-ACT 303 (0) 208 (5) 112 (5) 53 (6) 30 (6) 11 (6)
1–4 cycles 425 (0) 288 (6) 164 (9) 93 (9) 39 (9) 11 (9)
� 5 cycles 313 (0) 250 (2) 175 (7) 84 (7) 41 (7) 12 (7)

Number at risk
(number censored)
Non-ACT 303 (0) 200 (17) 105 (23) 47 (28) 28 (28) 10 (28)
1–4 cycles 425 (0) 276 (24) 159 (30) 89 (34) 37 (34) 10 (34)
� 5 cycles 313 (0) 239 (19) 167 (30) 81 (34) 38 (35) 11 (36)

HR 0.864 (95% CI 0.629–1.186); P = 0.211 HR 1.050 (95% CI 0.818–1.346); P = 0.579

HR 0.978 (95% CI 0.573–1.668); P = 0.968 HR 1.036 (95% CI 0.803–1.337); P = 0.692
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Fig. 3 The Kaplan–Meier curve analysis of OS (a), DFS (b), LRFS (c) and DMFS (d) for pCR LARC patients who did not receive ACT, who received
1–4 cycles of ACT and who received 5 or more cycles of ACT.
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Subgroup analysis (baseline clinical T3–4 and/or N-positive stage
subgroups)
Previous studies reported that pCR patients who were of baseline
cT3–4 or cN-positive stage might benefit most from ACT
treatment.23,29 Here, using propensity score matching method,
we identified 967 cT3–4 stage patients who received (680
patients) or did not receive (287 patients) ACT treatment, by
matching the clinicopathologic factors of age (≤55 or >56 years),
sex, clinical TNM stage, clinical N stage, radiotherapy (with or
without), histologic grade (high, moderate or poor differentiation),
tumour distance from anus (≤5, 5–10 or >10 cm), and nCRT cycles
(0, 1–3 or 4–7 cycles). The survival analysis confirmed that ACT
confers no survival outcomes (OS, DFS, LRFS and DMFS) benefit to
baseline cT3–4 stage pCR LARC patients (all P > 0.05; Fig. 4).
Moreover, the matched 759 cN-positive cases (with vs. without
ACT treatment: 533 vs. 226 patients) were also subjected to the
Kaplan–Meier survival analysis. Similarly, ACT treatment did not
correlate with statistically improved outcomes (OS, DFS, LRFS and
DMFS) for baseline cN-positive stage pCR LARC patients (all P >
0.05; Fig. 5).

DISCUSSION
The standard regimen for patients with stage cT3–4 or cN-positive
LARC is nCRT, TME surgery and 6 months of perioperative
chemotherapy.1 However, the lack of direct evidence to support
the use of ACT made the indication for ACT is questionable in
LARC, particularly in nCRT-induced pCR patients who have
favourable long-term outcome.30–32 In this study, a consecutive

cohort of 1041 pCR patients was enrolled to evaluate the
association between ACT treatment and outcome. We confirmed
that ACT did not improve the long-term outcomes for LARC
patients who have achieved pCR, even if given intensified ACT
cycles. Importantly, once the baseline high-risk patients achieve
pCR after the nCRT, ACT treatment would confer no additional
survival benefit.
Agreeing with our study, several randomised phase 3 trials

studied the effect of ACT for LARC, and none proved a survival
benefit from ACT treatment. The four-arm randomised EORTC 22921
trial examined the subgroups of patients in nCRT vs. neoadjuvant
radiotherapy alone and ACT vs. observation in LARC.15 Compared to
the observational arm, the 10-year long-term OS and DFS of other
three arms were similar. Subsequently, two randomised clinical trials,
the Dutch PROCTOR-SCRIPT trial and the I-CNR-RT trial, investigated
the survival benefit of ACT for LARC.16,17 These three trials all
showed that, compared to observation alone, ACT did not improve
OS and DFS for LARC patients, including the subgroup of pCR
patients. However, their conclusions were questioned, since poor
compliance to ACT protocol or premature closure due to poor
accrual limited their power to detect survival benefit. Thus far,
available data do not robustly support the routine use of ACT for
LARC patients treated with nCRT and TME surgery.18

In clinical practice, European Society for Medical Oncology (ESMO)
guideline recommends the ACT only to ypIII stage or high-risk ypII
stage LARC patients, rather than to pCR individuals.33 Similarly,
although NCCN guideline does not give a clear treatment
recommendation to pCR individuals, an observation, but not ACT,
is recommended for ypT1-2N0M0 patients.1 Therefore, it is

Number at risk
(number censored)
ACT 680 (0) 498 (10) 315 (25) 166 (31) 73 (34) 21 (37)
Non-ACT 287 (0) 202 (7) 105 (14) 48 (20) 28 (20) 10 (20)

c d

HR 0.662 (95% CI 0.387–1.132); P = 0.129

Number atrisk
(number censored)
ACT 680 (0) 425 (46) 274 (61) 137 (67) 61 (67) 19 (68)
Non-ACT 287 (0) 173 (19) 90 (25) 40 (28) 23 (28) 9 (28)

a b

Number at risk
(number censored)
ACT 680 (0) 495 (8) 312 (15) 164 (15) 73 (15) 21 (15)
Non-ACT 287 (0) 199 (5) 108 (5) 51 (6) 29 (6) 11 (6)

Number at risk
(number censored)
ACT 680 (0) 474 (40) 300 (55) 158 (62) 69 (63) 19 (64)
Non-ACT 287 (0) 192 (16) 101 (22) 45 (27) 27 (27) 10 (27)

HR 0.943 (95% CI 0.607–1.465); P = 0.794

HR 1.003 (95% CI 0.389–2.585); P = 0.996 HR 0.940 (95% CI 0.599–1.475); P = 0.787
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reasonable to believe that the option of observation should be an
appropriate choice for the pCR individuals, who theoretically have a
favourable survival outcome equal to or better than ypT1-2N0M0
patients.5 Our findings were in line with these clinical guidelines, and
found that ACT was unnecessary for pCR individuals. By contrast,
several back-to-back observational cohort studies and meta-analysis
were conducted that used the NCDB to investigate the association
between ACT and OS for pCR subgroups of LARC patients.20–25,29

These studies concluded that ACT might improve OS. In these
studies, ACT-treated pCR subgroups of patients, even among high-
risk patients, accounted for 25.0–28.0% of the entire pCR patient
cohort, reflecting that observation, but not given ACT treatment,
was a more acceptable selection for physician and pCR individuals in
North Americans. Moreover, their stratified analysis found that ACT
was more likely to be given to younger patients (age <60 years) and
to individuals with better performance status.20 It has been known
that younger age and better performance status are the favourable
and independent prognostic factors for OS, indicating that the OS
benefit might come from younger age and better performance
status rather than ACT treatment. Moreover, even the pCR
subgroups patients were identified from the same database (NCDB,
24418–27879 LARC cases) at the same time period (2006–2012) for
the same aim to detect the association of ACT with survival, the pCR
patient numbers (2455 vs. 5606) and ratios (9.18% vs. 23.0%) in
different studies were varied significantly.22,23,29 Therefore, the bias
in patient selection, younger age and better performance status
would cause an overestimation on the effect of ACT for OS to the
pCR LARC patients.30

In this study, we identified patients who achieved pCR from
consecutively treated patients with LARC. Indeed, LARC patients
who achieved pCR at the rate of 18.7% in this study was similar to
most of reported studies,34 suggesting that our pCR subgroup
patients were representative and therefore ideal for further
analysis. Moreover, even before propensity score matching, the
median age and other important clinicopathologic variables
(clinical TNM stage, age, sex, histologic grade and nCRT cycles)
between the subgroup patients with and without ACT treatment
were similar in this study (all P > 0.05), indicating that the
clinicopathological features of enrolled pCR patients were
balanced between these two subgroup patients. In NCDB and
other registered databases, the ACT regimen and cycles, disease
relapse, and cancer-related death information were always not
included.30 Therefore, it is difficult to conclude that the OS benefit
was due to ACT treatment, since improvement of OS was mainly
translated from reduced disease relapse and cancer-related death.
Here, we included ACT treatment regimen and cycle data (Fig. 1),
and detailed survival outcome (OS, DFS, LRFS and DMFS)
information of each pCR patient. Through propensity score
matching in a large cohort (1041 patients), we proved that ACT
did not improve OS, DFS, LRFS and DMFS, even considering the
influencing factors of ACT cycles and high-risk stage (cT3–4 and
cN positive at baseline) (Figs. 4 and 5).
Our study had limitations. First, the ACT regimens were varied

among patients (391 received XELOX, 47 received De Gramont,
211 received FOLFOX, 61 received Xeloda, 19 received FOLFOXIRI
and 9 received FOLFIRI), although previous studies suggested that

Number at risk
(number censored)
ACT 533 (0) 380 (7) 230 (20) 110 (23) 44 (24) 8 (27)
Non-ACT 226 (0) 54 (5) 75 (12) 33 (16) 16 (16) 6 (16)

HR 0.664 (95% CI 0.357–1.234); P = 0.192

Number at risk
(number censored)
ACT 533 (0) 312 (38) 201 (49) 87 (53) 35 (53) 6 (54)
Non-ACT 226 (0) 130 (15) 65 (19) 27 (22) 15 (22) 5 (22)

Number at risk
(number censored)
ACT

ACT

533 (0) 377 (7) 229 (12) 109 (12) 44 (412) 8 (12)
Non-ACT

Non-ACT

ACT

Non-ACT

ACT

Non-ACT

ACT

Non-ACT

226 (0) 152 (4) 77 (4) 36 (4) 17 (4) 7 (4)

Number at risk
(number censored)
ACT 533 (0) 361 (32) 220 (44) 105 (49) 41 (50) 6 (51)
Non-ACT 226 (0) 146 (12) 72 (17) 31 (21) 15 (21) 6 (21)

HR 0.963 (95% CI 0.586–1.583); P = 0.882

HR 1.222 (95% CI 0.394–3.790); P = 0.728 HR 0.980 (95% CI 0.589–1.631); P =  0.938
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Fig. 5 The Kaplan–Meier curve analysis of OS (a), DFS (b), LRFS (c) and DMFS (d) for pCR patients, who had baseline cN-positive stage, treated
with or without ACT (1:3 matching).
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there was no survival difference when patients received
fluoropyrimidine-based ACT. Second, the ACT cycles were
different among individual pCR patients (range, 1–12 cycles;
median, 4 cycles). We mitigated this limitation by including a large
number of patients (1041) and propensity score matching the ACT
cycles. Third, this was a retrospective cohort study. The
imbalanced clinicopathological characteristics among subgroup
patients might be of potential biases. We minimised this issue by
recruiting pCR subgroups from consecutive nCRT-treated patients
and by propensity score matching the important confounding
factors (Supplementary Figs. 1–3, Table 1). Additionally, compared
with NCDB-based studies, our study included a smaller patient
size, which probably lack the power to detect OS difference.
Finally, the median follow-up time for the entire cohort was
35.0 months in present study. Although this time should be
enough to detect the 3-year survival outcome difference between
subgroup patients, the findings of this study should be warranted
by long-term follow-up and other prospective clinical trials.

CONCLUSIONS
Our study demonstrated that ACT treatment was not associated
with prolonged survival outcome in nCRT-induced pCR LARC
patients, even if the intensified ACT cycles were given. Moreover,
when the baseline high-risk LARC patients achieve pCR, ACT
treatment would not confer additional survival benefit. Therefore,
ACT is unnecessary to pCR LARC patients and should be omitted.
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