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Abstract

Background Locally advanced rectal cancer is typically treated using a combination of neoadjuvant chemoradio-
therapy and total mesorectal resection. While achieving pathological complete response following neoadjuvant
chemoradiotherapy has been recognized as a positive prognostic factor in oncology, the necessity of adjuvant
chemotherapy for locally advanced rectal cancer patients with pathological complete response after surgery
remains uncertain. The objective of this meta-analysis was to examine the impact of adjuvant chemotherapy

on the oncological outcomes of rectal cancer patients who attain pathological complete response after neoadjuvant
chemoradiotherapy.

Methods This meta-analysis followed the guidelines outlined in the preferred reporting items for systematic review
and meta-analysis (PRISMA). The Web of Science, PubMed, and Cochrane Library databases were systematically
searched to identify relevant literature.

Results A total of 34 retrospective studies, including 9 studies from the NCBD database, involving 31,558 patients
with pathological complete response rectal cancer, were included in the meta-analysis. The included studies were
published between 2008 and 2023. The pooled analysis demonstrated that adjuvant chemotherapy significantly
improved overall survival (HR=0.803, 95% C| 0.678-0.952, P=0.011), and no heterogeneity was observed (/> =0%).
Locally advanced rectal cancer patients with pathological complete response who underwent adjuvant chemo-
therapy exhibited a higher 5-year overall survival rate compared to those who did not receive adjuvant chemotherapy
(OR=1.605,95% Cl 1.183-2.177, P=0.002). However, the analysis also revealed that postoperative ACT did not lead

to improvements in disease-free survival and recurrence-free survival within the same patient population. Subgroup
analysis indicated that pathological complete response patients with clinical stage T3/T4, lymph node positivity,

and younger than 70 years of age may benefit from adjuvant chemotherapy in terms of overall survival.

Conclusions The findings of this meta-analysis suggest that adjuvant chemotherapy has a beneficial effect
on improving overall survival among rectal cancer patients with pathological complete response. However, no such
association was observed in terms of disease-free survival and recurrence-free survival.
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Introduction

The latest statistics on cancer in 2022 reveal that colo-
rectal cancer (CRC) has emerged as a prominent cancer,
ranking third in terms of incidence and second in mortal-
ity rates. It is worth noting that the prevalence of CRC
is rapidly increasing [1]. Among all CRC cases, approxi-
mately 30% are attributed to rectal cancer, with a major-
ity of cases being classified as locally advanced at the
time of diagnosis [2]. The standard treatment approach
for locally advanced rectal cancer (LARC) involves the
utilization of neoadjuvant chemoradiotherapy (NCRT)
combined with total mesorectal resection (TME). This
treatment strategy offers multiple benefits, such as
improved local tumor control, complete tumor removal,
and sphincter preservation [3]. However, the response to
NCRT in LARC patients varies considerably.

While a considerable proportion of LARC patients
respond positively to NCRT, demonstrating tumor
regression, only a relatively small percentage (ranging
from 10 to 30% of cases) can achieve a pathological com-
plete response (pCR) [4]. The achievement of pCR stands
as a crucial milestone, indicating successful tumor eradi-
cation and favorable tumor biology. Extensive research
has shown that patients who achieve pCR have remark-
ably low recurrence rates (6—17%) and high 5-year over-
all survival (OS) rates (87-92.9%) [5, 6]. A meta-analysis
study revealed that patients with rectal cancer who attain
pCR exhibit longer disease-free survival (DFS) and OS
than those who do not achieve pCR [7]. Therefore, pCR
is increasingly being recognized as a relevant endpoint in
the design of clinical trials, acting as a surrogate marker
for long-term tumor prognosis.

Adjuvant chemotherapy (ACT) is a commonly
employed treatment modality for rectal cancer patients.
However, there remains a lack of robust evidence regard-
ing the use of ACT after NCRT and surgery. According
to current National Comprehensive Cancer Network
(NCCN) guidelines, all NCRT recipients should also
undergo 6 months of ACT after surgery, regardless of
their pathological regression response [8]. Neverthe-
less, the impact of ACT on OS and DFS among LARC
patients who undergo NCRT is a subject of contro-
versy. Some studies suggest that ACT may promote OS
and DFS in LARC, while others contend that it does
not affect the oncological prognosis of LARC patients
who receive NCRT [9-11]. It is noteworthy that in sev-
eral randomized controlled trials (RCTs) involving rec-
tal cancer patients, the choice of postoperative systemic
therapy is “at the discretion of the physician,” which con-
tradicts the recommendations provided by the NCCN
[12-14]. Despite the acknowledged prognostic advan-
tage of achieving pCR in oncology, the necessity of ACT
for LARC patients who attain pCR after surgery remains
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uncertain. Based on studies, some scholars argue that
ACT improves OS in patients with pCR, while oth-
ers assert that it may not be necessary for rectal cancer
patients with pCR [15-19].

Therefore, the objective of this comprehensive meta-
analysis was to investigate the impact of ACT on the
oncological efficacy of LARC patients who achieved pCR
after NCRT.

Material and methods

In this study, we meticulously followed the guidelines set
forth by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [20]. By adhering to
these rigorous standards, we aimed to ensure the credibility
and integrity of the investigation’s findings (Table S2). This
meta-analysis has been registered on the INPLASY plat-
form with the registration number INPLASY2023120101
(https://inplasy.com/inplasy-2023-12-0101/).

Literature search strategy

Two researchers performed an electronic literature
search utilizing esteemed databases including Web of
Science, PubMed, and Cochrane Library. The search
was conducted until May 30, 2023. The search terms or
keywords were as follows: [“Rectal cancer” OR “Rec-
tal tumor” OR “Rectal neoplasm”] AND [“neoadjuvant
radiotherapy” OR “neoadjuvant chemoradiation” “neo-
adjuvant chemoradiotherapy” OR “neoadjuvant treat-
ment” OR “neoadjuvant therapy” OR “preoperative
radiotherapy” OR “preoperative chemoradiation” OR
“preoperative chemoradiotherapy” OR “preoperative
treatment” OR “preoperative therapy”] AND [“adju-
vant chemotherapy” OR “adjuvant therapy” OR “adju-
vant treatment” OR “postoperative chemotherapy” OR
“postoperative therapy” OR “postoperative treatment”]
AND [“pathological complete response” OR “complete
pathological response” OR “pCR” OR “pathological
complete regression”]. Additionally, reference tracing
was performed to minimize inadvertent exclusion of
valuable studies. The detailed literature search strategy
is shown in Table S3.

Eligibility criteria

The search strategy was used to identify relevant stud-
ies from databases. Adhering to the PRISMA require-
ments, two researchers independently sifted through
the trove of included studies. After removing duplicates,
the researchers screened out studies based on titles and
abstracts. Only those studies that satisfied the predeter-
mined inclusion and exclusion criteria progressed to the
next stage, where a comprehensive review of the full text
ensued. The inclusion criteria were as follows: (1) patients
with primary rectal cancer who received neoadjuvant
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chemoradiotherapy or radiotherapy; (2) adjuvant chem-
otherapy or observation after pCR; (3) radical surgery
(APR, AR, Hartmann, ISR); and (4) outcomes including
multivariate estimates value (HR, 95% CI) of OS, DFS
or recurrence-free survival (RES) or 5-year OS, DFS, or
RES rates. The exclusion criteria were as follows: (1) local
excision or watch-and-wait patients; (2) no desired out-
come reported; (3) neoadjuvant chemotherapy only; (4)
ypTO0 patients with unknown lymph node status; and (5)
abstracts, meta-analyses, reviews, comments, and letters.
LARC was defined as cT3/4, NO, MO or cTx, N1-2, and
MO rectal cancer at initial diagnosis. pCR was defined
as the absence of tumor cells in the primary tumor and
lymph nodes after neoadjuvant therapy (ypT,N,M,). DES
was defined as the time from the date of surgery to the
detection of disease relapse or death. RFS was defined as
the time from the date of surgery to disease relapse (local
or distant metastases). OS was defined as the time from
the date of surgery to the date of death from any cause.

Data extraction and quality assessment

The information was extracted from the full text accord-
ing to a standardized form. The extracted information
included general information such as authors, date of
publication, source of data, and time period of the study.
Basic clinical characteristics such as age, sex, clinical
stage, neoadjuvant radiotherapy regimen, concurrent
chemotherapy regimen, interval between last radiation
and surgery, surgical modality, adjuvant chemotherapy,
and duration of follow-up were also recorded. Onco-
logical outcomes such as OS, DFS, and RES were also
recorded. To ensure the reliability and credibility of the
retrospective cohort studies, the quality and methodol-
ogy were assessed using the Newcastle-Ottawa Scale
(NOS) score, which encompasses patient selection (4
points), cohort comparability (2 points), and evaluation
of exposure or outcome (3 points) [21]. A score of 4 to
6 indicates moderate quality, while a score of 7 to 9 indi-
cates high quality. All processes, including data extrac-
tion and NOS scoring, were carried out independently by
two authors and meticulously cross-checked. In instances
of disagreements, a third individual was consulted, allow-
ing for robust discussions and the eventual attainment of
a consensus.

Statistical analysis

The primary focus was on hazard ratios (HRs) for OS,
whereas secondary outcomes involved HRs for DFS and
RFS. In addition, the researchers meticulously examined
the 5-year rates of OS, DFS, and RFS. The HR and 95%
confidence interval (CI) were considered the most appro-
priate statistic for evaluating the time-to-event outcomes
of OS, DFS, and RFS. In cases where direct HR values for
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OS, DFS, and RFS were not available, they were estimated
using Kaplan—Meier (KM) curves. Precision in estimating
HR values was ensured through the employment of the
eminent Parmar et al. and Tierney et al. specificity algo-
rithms [22, 23]. Odds ratios (ORs) emerged as the out-
come effect indicators, shedding light on the 5-year rates
of OS, DFS, and RFS. Furthermore, the researchers uti-
lized subgroup analyzes to explore age, clinical T-stage,
and lymph node status as potential drivers of heteroge-
neity. The data were pooled and analyzed using STATA
software (ver. 15; Stata Corp., College Station, TX, USA),
and the results were presented using forest plots. Statisti-
cal heterogeneity was assessed using the I and Cochrane
Q tests. If the p value exceeded 0.1 and I* was below the
50%, it indicated that the heterogeneity was not signifi-
cant, and a fixed-effect model was employed in this anal-
ysis. Conversely, statistical heterogeneity was recognized
when the p value was below 0.1 or I? exceeded 50%; the
random-effects model was selected [24]. Sensitivity anal-
yses were conducted to evaluate the reliability of the find-
ings, while subgroup analyses were carried out to identify
potential sources of heterogeneity. Funnel plots and
Egger’s test were utilized to assess publication bias in the
analyses of OS, DFS, and RES [25]. Additionally, adjusted
effect sizes were calculated using subtractive comple-
mentation if significant publication bias was detected. A
statistical significance level of p <0.05 was adopted.

Results

Literature selection and characteristics

Based on the subject terms, a total of 1835 articles
were retrieved from various sources, including Pub-
Med (n=1131), Web of Science (#=490), and Cochrane
Library (n=214). After removing 564 duplicate articles,
we were left with 1271 potential articles. Upon review-
ing the titles and abstracts, we were able to exclude 1196
articles that failed to meet the inclusion criteria. After
careful examination of the full texts, 35 articles were
further excluded for a multitude of reasons, such as fail-
ure to report primary outcomes (n=38), being abstracts,
meta-analyses, reviews, commentaries, or letters (n=14),
lacking English language (n=3), lacking ypT N, (n=3),
having only neoadjuvant chemotherapy (n=3),undergo-
ing local excision (n=2), or other reasons (n=2). Even-
tually, a total of 34 [15-19, 26-54]. retrospective studies
were included in the meta-analysis (Fig. 1).

The included studies were published between 2008 and
2023, with 9 [18, 26, 29, 31, 35, 38, 39, 43, 47]. of them
sourced from the NCBD database. Among these studies,
15 were contributed by the USA, and 9 originated from
China. In total, the meta-analysis included 31,558 rectal
cancer patients who achieved pCR after nCRT. Out of
these patients, 11,804 received postoperative ACT, while
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Fig. 1 The flow diagram of PRISMA

19,754 underwent only observation and follow-up after
radical surgery. The neoadjuvant therapy regimen com-
monly mentioned in studies consisted of long-course
radiotherapy (45-54.5 Gy) along with concurrent chem-
otherapy using 5-Fu/capecitabine. The specific details
about the included literature are presented in Table 1.
The methodological quality of the retrospective studies
was evaluated using the NOS scale, and all studies scored
between 5 and 8 points. Among them, 9 studies scored 5
points (Table S1). Hence, the included studies exhibited
an acceptable risk of bias.

The oncological outcome in pCR patients with or without
ACT

Overall survival

A total of 29 [15-19, 26, 28-31, 33-52]. studies, includ-
ing 9 [18, 26, 29, 31, 35, 38, 39, 43, 47]. from the NCBD
database, provided reporting on OS. For the pooled anal-
ysis, we only included the most recently published stud-
ies from this database. Given the 18 [16, 17, 19, 28, 30, 33,
34, 36, 37, 40-42, 4446, 50-52]. studies with reporting
on the effect of ACT on the hazard ratio of OS in patients
with rectal cancer in pCR, the pooled analysis showed
that ACT improved overall survival (HR=0.803, 95% CI
0.678-0.952, P=0.011) without any observed heteroge-
neity (P=0%, x>=14.66, P=0.620) (Fig. 2A). Addition-
ally, 19 [15-17, 19, 28, 30, 33, 34, 36, 37, 40-42, 45, 46,
49, 51, 52, 54]. studies reported on the 5-year OS rate,

and the analysis revealed that patients with pCR who
underwent ACT had a higher 5-year OS rate than those
who did not receive ACT (OR=1.605, 95% CI 1.183—
2.177, P=0.002). There was moderate heterogeneity in
the pooled analysis (=39.3%, X2=29.68, P=0.041), so
a random-effects model was used (Fig. 2B). To address
potential bias from duplicated patient data in the NCDB
cohort, we conducted separate pooled analyses for each
study in the NCBD database. These separate analyses also
indicated that postoperative ACT improved the OS in
patients with pCR (Table 2).

Disease-free survival

Thirteen [15-17, 28, 33, 34, 37, 40, 44, 48, 50-52]. stud-
ies compared the effect of ACT and non-ACT on DFS in
rectal cancer patients who achieved a pCR. The pooled
analysis revealed that ACT did not have a significant
impact on DFS in patients with pCR (HR=0.97, 95%
CI 0.81-1.16, P=0.765), with only mild heterogeneity
observed (I*=13.9%, x>=13.94, P=0.305) (Fig. 3A). Fur-
thermore, 11 [15-17, 28, 33, 34, 37, 40, 48, 51, 52]. stud-
ies examined the effect of ACT on the 5-year DFS rates
in patients with pCR. The results indicated that ACT
also failed to improve the 5-year DFS rate in rectal can-
cer patients with pCR (OR=1.192, 95% CI 0.818-1.736,
P=0.360), and there was moderate heterogeneity in the
pooled analysis (I =39.3%, x*>=29.68, P=0.041) (Fig. 3B).



Page 5 of 16

31

(2024) 22

Yang et al. World Journal of Surgical Oncology

Bl
auigeydaded XOadeD 595 910C Jued  -dads [£€]
L $4d'so 8el—Ll SLL 95 YN OLL=III"SG=Il ‘Xoaded ‘auiqeydaded 0s Ues L0 —900¢ 9lbuis  -onay eulyy  610¢ el NH
une|dijexo
'X04104
'xOaded X0Oaded ENN
'N4-G ‘suiqe 'XO4104 "duiqe 910¢ JEMVERJEN R 143
S S4d €9 Uesly ¥S  6ElL VN VN -1paded -1aded 'N4-§ VN VN VN —500¢ -HNW- -0l1syY VSN 0C0C  '[B 39 SSOA
1414704
I4IXO4104
'X04104 oAl
08/=1 ‘X0aded 14 ! SS 810¢ JPwed  -dads [o1]
8 S49's4a'so GE ‘Uelpsy L6 ClL 8-t ‘6c¢=11 ‘suiqendaded  -Adoiony Al /ei0 705 UBIpIW - 6LiL -010¢ dlbuis  -o13y BUIYD  0C0C  eIeeH
EIN
£€8'65 €10c ->ads [LE]eas
L SO VN 6ley  €lsl VN VN VN VN Uesy - 9Ll =-900¢ gdON  -0ney VSN 0cog  uebeyen
EIN
88LL=IIl 94 909 Sloc -ads [81]2 12
8 SO €TuRIpaN  €¥9L 8L/ VN ‘eczL=Il VN VN CUBIPIW  UBIPSN - 97L:l -900¢ gadON  -0l13y vSn  1eoc SUIOW
oAl
suigeynaded X0Oaded /10T J21udd  -dads [0€] e 1@
9 S44'sO €6 ‘UeIpaN 09 /81 =S 08L=1I"29=II ‘Xoaded ‘aulqelnade) S5-81 VN ¢l —600C 9lbuis  -onay eulyD  1C0C Buerr
oAl
oL =l T4 8L0C -2ads l67] e 12
8 SO ¥9G:uelpaN  ¢6Cl  6Cl 4] ‘ecLL=1 VN VN Sy ‘Uesy - GEL —#00¢ ddON  -Oney VSN ¢zoz  ahoyen
uned
-llexo+n4-9
'X02deD 'X04  d4N4N ‘ULoAodN) oAl
-104 2uige  ‘uneidijexo ‘suige ¥'0S /107 yDlpue  -dads [87l
S S40'SO 8805 Uelpay Sl Gl VN VN -1aded 4 Apaded N4 uelpsy VN VN =£00C QYIHN -0y eUlYyD  ¢coT e isony
oAl
/10T J20u9d  -dads 121
S S4 67 UeIpay 0€ SL 8-9 VN X04104 4 nd4-s  ¥0Ss/S¥ VN VN -010¢ SN -ohsy ueder  zzoz N34
oAl [9c) ;19
gLye=Ill 1Z'09 910z -2ads 18}1035
9 SO VN +S0L  v6r VN VS =ll VN VN S-St uesw 'L -010¢ ddDN  -0l13y VSN zzor  -usbblg
oAl
8ELL=IIl 6509 £102 1Bued  ->ads l61]
A SO 60S:UelpaN ¥yl 082 VN ‘€goL =1l VN VN  #05-05 ‘UelpsaN Gl ~¥00¢ -BINW -0lley VSN €coc  eieie
BN
1'€S 610C JRued  -dads [£1)e10
9 S44d'sO GG ueay €L L0C YN Z6L=IIl"88=Il 9XO4104W XO4104  ¥05-9% ‘UelpaN  9'lil -110z dlbuis  -onay eulyd  €coc usyd
1oV
-UoN 1DV
(yauowr) (3}99m) uoneisado (AD)
2100s awn syuaned pue Adeisayiolpes abeys Adessyjowayd  swibal (W:4) ejep jo
SON SsawodnQ dn-mojjo4 JOON uddM13( |BAIDIU| awibai | Y JuUdNdU0D 14 aby X3S uoneing aunos  adAl  Anuno)y  ueap Apnis
SoIPN1s papn DUl 9yl JO SOlSli=1deieyd diseg | ajqelL



Page 6 of 16

31

(2024) 22

Yang et al. World Journal of Surgical Oncology

EIN
auigeinaded 6565 €107 -dads [S¥]e39
9 SO L€ UBIpaN Pl vl 98=8<'e/l=8> /L= Il VN unyebay 14 09-0% RO A =/00¢ 4Dl -Oney eulyd>  9loc ueny
oAl
aulqge €1L0¢ J2uad  -dads [ad!
9 $4d'so £'0L uesN (04 0s VN VN -Iaded 4 auigeinaded 14 ¥05-Gt VN VN -100¢ dIbuis  -013y BI0Y /10T eI Wy
EIN
6LCL=1l 1’09 €10c -dads [ev] 1219
8 SO VN 20LC 682 VN ‘ToL=l VN VN VN Uesy - G -900¢ gdON  -0ney vsSn  £10¢ geyeys
oAl
510¢ J2ued  -dads [ev] e e
9 SO 9'Lyuesy SSl LL VN VN VN -olony Al/eI0 95105 VN VN -500¢ SN -0ney Aley /10¢  uozuai0]
1414704
X04104 oAl [yl e
‘auigelnaded €107 J9ed  -dads 1pieyd
S SO VN Sl 6 VN VN ‘n+s M\ VN VN VN —C661 9lbuis  -onmay  Auewsso /107 -y
oAl [ov]
¥0S 685 z10z Pued  -dads e up
S S44'S4d'SO 7'89 (UBIN €8 A4 YN 99= I VN T4'Nd-G uepay Uy gl —000¢ 3lbuis  -ondy VSN ZL0C  -lvlewen
oAl
cel= L'LS L10C ->ads [6€] e 19
8 SO YN 9¢/c 6lel VN ‘esle=ll VN VN VN UeS - 9Ll ~900¢ gddON  -Oney VSN 8l0¢ Jauing
oA
¥8L=1Il [41V4 -dads [8el e 19
/ SO 6€ ‘URIPSN 72N 74 VN '869=1| VN VN VN UN vl —900¢ gaDN  -0l13Y VSN 8l0C  0duejod
oAl
67S 107 Jousd  -dads [£€] 119
/ S40°'SO 6 “URIPIN 44 €8 8-9  0/=Ill"sE=Il x0aded X0aded 05-9% uespy ¢l —800¢ slbuis  -onay eulyd  8loc buaq
1-S+une
-|dijexo
XO47104 BTN
‘suigernaded auige 10T Jolued  -dads [og]
9 ENRNG) 0 ueIpsy 6¢ 44 [/ UeIpaN VN 'X0aded  -daded ‘Xpaded 05-¢v VN VN -500¢ RN -0y eulyd  810c e
oAl
§9S cloc -dads (el e 9
8 SO 69¢ UeIpay [99 /99 YreE=6<'L76=6> VN VN VN 5=GF  fUelpsy €1iL ~900¢ gadON -0y VSN 810¢ essod
oAl
X04104 auige 71'8S Sl0cC 19> -dads el e1e
8 S4Q'SO 9L/ ues 9¢ 09 JACLE ‘Sg=II ‘auigeidaded -1aded 'N4-§ VN uespy ¢l -000¢ 3|buis  -onay VSN 6107 USANBN
1oV
-UoN 1DV
(yuow) (3}99m) uonesado (AD)
2100s awn syuaned pue Adesayiolpes abeys Adessylowayd  swibal (W:4) ejep jo
SON sswodInQ dn-mojjo4 JooN uaaMiaq [eAdslu]  WNL[eWD  swibai [ DY jua1INdu0) 14 aby xas uoneing aounos  adAl  Anuno)y  uesp Apms
(penunuod) | 3jqeL



Page 7 of 16

31

(2024) 22

Yang et al. World Journal of Surgical Oncology

|EAIAINS 92.1§-92UBAINDAI §4Y ‘|eAIAINS DI4-9SBISIP S ‘|BAIAINS

||BISAO0 SO ‘UBDSI0ULI + [1DIN0IONS + PIDE D1UI|04 14470 ‘Uire|dijexo + auigendaded X0adp) ‘UIOAOIN3| + |1D_IN0IONS T4 ‘|1DRIN0I0NS N4 ‘uiie|dl|exo + [19e1N0J0Ny + PIde D1Ul0) XO4704 ‘D|qe|IeAR 10U VN ‘@sedeieq Ud1easay
pue sawodInQ J2dUe) SAIsusyIdwod) ueljeisny gyOIDVY ‘dseqeieq A11sibay Jaoue) uemiel gy ‘aseqeieq Jaoued [euolieN ggoN ‘91edS eMeRO—31seIMaN SON ‘Adesayiowayd Juean(pe [ Dy ‘Sjew jy ‘S|ewsy 4 910N

auige
-Daded+une
-|dijexo ‘paxan
-1jes+ une(dijexo
‘N4-G+unedjexo
‘unedsp+n4-6 D

67 =Mouyun UIDAWONA + N4-§ 7
Sz =1l 'pOXaIUYe) 'BUIge 219 002 I -dads [S1]e 38
S S40'SO  9'Siuelpay 6€y /Tl OLL=0L<'9Sr=0l> '0SC=Il"cc=| VN -aded’N4-6 0§ uesyy uesw 6Ll -0061 NN -0l1vY Aley - 800T ided
XO4104
‘414704 'suip aulqe oAl
-lwpAdosony  -udaded ‘1414704 £00C J21uad  ->ads [#5]
9 S4a € ‘UBIPIN 8y 9SC 9:Uelpay VN N/eIO 'XO410414'N4-S ¥S-96¢ VN VN €661 9lbuis  -onay B2I0) QlOC  '[P19 094
Al [es] e
€007 J2uad  -dads uefelep
S S44 969 uURIPAIN 6 9 8-t XO41704 14 psseq-n4-g ¥'0S VN VN 6661 9lbuis  -onay vSn  L1oT -uino9
AR
800 J2Usd  -dads [esleas
9 S40'SO  9TG uelpay 123 ¥l VN VN VN T4'N4-S ¥'0S VN VN -000¢ 9lbuls  -onay vSn  ¢loc ueary
91
auiqe LS9 €10¢ Pued  ->ads [15]e1w
S S40'sO 6 UBIIN L1l SE 99'L L (uesy VN VN Apaded N4-6 ¥05  UeIpAN - 9LiL -100¢ slbuis  -onay [9BIS| ¥10C 9AED
XO4104
'Xx0aded 74 oA}
‘suigelnaded 19 Joued  -dads spue| [0s] 118
9 S49's4d'so VN 809  06C VN VN ‘n+-s XO4104 14 0SSt uesy - 6'liL VN -ninw - -ohsy -PYIBN - §10¢ SSe
auigeudaded ETN
‘SuIpLINYIXOp 600¢ Joued  -dads [6¥]
S S40'SO  S09:uBIpPS cl 43 8-9 WN  njebai-jioein auigeldade) 4 VN VN —6661 slbuis  -onay B3I0Y  GLOC B9 99
auigeinaded auige EI
G=140 ‘¥X04104 -Iaded ‘pX04 S0¥S €10¢ 19U -dads [8r] e 19
yA S4a /S UBIpSN 1c 6l YN ce=leL=l 'X0ade) 104 'x0aded 0S U L ~-500¢ slbuis  -onay euly>  910¢ noyz
E!
Loe -dads (¥)
9 SO VYN Eevcl  ¥8Y VN VN VN VN VN VN ~900¢ g0DON  -0l13y VSN 9loc  ewnx
I
14 'X04104 sulpiuy ¥10¢ -2ads [ov]
9 S44'SO  GShueIPaN 6C L6 VN VN ‘ouigeidade)  -Adoony /jeiQ 0S VN VN -€00C QYODDV -ondy  elensny  9l0c  eidAhep
10V
-UuoN 1DV
(yuow) (3}99m) uonesado (AD)
8100s awn syuaned pue Adeisayjoipes abeys Adessyjowayd  suwnbai (W:4) ejep jo
SON SsawodnQ dn-mojjo4 JoON udaM1aq [eAIRIU]  AINL[edIUID  dwibai | Y jud1INdU0) 14 aby xas uoneing aunos  adAl  Anuno)y  Jesp Apms
(penunuod) | 3jqeL



Yang et al. World Journal of Surgical Oncology (2024) 22:31 Page 8 of 16
Study % Hazrd Ratio (95% CI) Weight (%)
Chen et al 207 73 —0—;—— 0.33 (0.09, 1.20) 1.71
Lai et al 780 1441 — 0.65 (0.46, 0.93) 23.14
Kuo et al 115 155 —— 1.02 (0.79, 1.33) 42.27
Jiang et al 187 60 0.65 (0.12, 3.61) 0.99
He et al 712 297 —o—;— 0.64 (0.38, 1.09) 10.33
Hu et al 56 115 NS S— 0.74 (0.18, 3.09) 1.42
Nguyen et al 60 36 :“ 0.85(0.01, 61.65) 0.15
Luetal 22 29 : 0.49 (0.01, 21.63) 0.19
Peng et al 83 22 _ - 0.30 (0.07, 1.33) 1.32
Gamaleldinetal 47 83 —:L-v— 0.97 (0.30, 3.13) 2.09
Kim et al 50 40 : 1.33(0.12, 14.84) 0.49
Lichthardt et al 9 15 ' 0.18 (0.02, 1.62) 0.59
Lorenzon et al 77 155 A: 0.77 (0.14, 4.16) 1.00
Kuan et al 114 145 — 0.72(0.27, 1.93) 2.96
Tay et al 97 29 —E——o— 1.87 (0.42, 8.21) 1.30
Mass et al 290 608 —_—— 0.88 (0.48, 1.59) 8.00
Gave et al 35 17 + 0.37 (0.10, 1.37) 1.67
Kiran et al 14 34 : 3.04 (0.19, 48.90) 0.37
Overall (I-squared = 0.0%, p = 0.620) <> 0.80 (0.68, 0.95) 100.00
Note: Weigths are from fixed effect analysis i

1
I

I
100

01 Favours to ACT ! Favours to No-ACT
B
Study — r:fTTotal E‘Z‘:‘;‘:f;al Odds Ratio (95% Cl) Weight (%)
Tay et al 81 97 25 29 — e 0.81(0.25,2.65) 4.78
Luetal 21 22 26 29 ' 2.42(0.23,25.03) 1.55
Lorenzon et al 72 77 150 155 —o——:t 0.48 (0.13,1.71) 4.31
Capirci et al. 114 127 405 439 — 0.74 (0.38, 1.44) 9.34
Lai et al 729 780 1255 1441 —_ 2.12(1.53,2.93) 14.32
Kuo et al 107 115 144 155 — ==, 1.02 (0.40,2.63) 6.48
Chen et al 198 207 65 73 —é—o— 2.71(1.00,7.31) 6.08
Jiang et al 178 187 56 60 — - 1.41(0.42,4.76) 4.60
He et al 680 712 276 297 1—— 1.62 (0.92,2.85) 10.72
Hu et al 52 56 109 115 — &l 0.72(0.19,2.65) 4.13
Nguyen et al 55 60 33 36 —o—é— 1.00 (0.22,4.46) 3.35
Peng et al 77 83 14 22 L —— 7.33(2.20,24.40) 4.68
Lichthardtetal 9 9 11 15 : 7.43 (0.35, 156.28) 0.95
Gamaleldinetal 43 47 72 83 ——Io— 1.64 (0.49,5.48) 4.66
Lee et al 29 32 12 12 i 0.34 (0.02,7.02) 0.95
Gave et al 33 35 15 17 : 2.20(0.28,17.14) 1.96
Kiran et al 13 14 32 34 ' 0.81(0.07,9.76)  1.39
Yeo et al 246 256 43 48 —E—p— 2.86 (0.93,8.78) 5.17
Kuan et al 93 114 87 145 —_— 2.95(1.66, 5.26) 10.58
Overall (l-squared = 39.3%, p = 0.041) <> 1.60 (1.18, 2.18) 100.00
Note: Weights are from random effects analysis E
T I

.0064

Favours to No-ACT

Favours to ACT

156

Fig. 2 The effects of adjuvant chemotherapy on overall survival. A Hazard ratio of overall survival; B 5-year overall survival rate
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Table 2 The pooled analysis of OS from different NCBD database studies
Hazard ratio of OS 5-years OS rate
Study HR  95%Cl P(%) P Study OR  95%Cl ? P

LCI ucl LCl ucl
All[18,26,29,31,35,38,39,43,47] 065 057 074 46 <0.001" All[18,26,29,31,35,38,39,43] 1890 1623 2198 498 <0001
Laietal. [19] 0803 0678 0952 0 0011 Laietal [19] 1605 1182 2179 393 0002
Bliggenstorfer et al. [26] 0.756 0633 0903 258  0.002 Bliggenstorfer et al. [26] 1626 1179 2242 43 0003
Naffouje et al. [29] 0812 0716 0921 O 0.001 Naffouje et al. [29] 1543 1.159 2053 349 0003
Morris et al. [18] 0776 0658 0914 0 0.002 Morris et al. [18] 1600 1185 2160 387 0002
Gahagan et al. [31] 0.790 0694 09 0 <0.001 Gahaganetal.[31] 1546 1.175 2033 349 0002°
Dossa et al. [35] 0774 0648 0925 139  0.005 Dossa et al. [35] 1626 1175 2252 43 0003
Polanco et al. [38] 0662 0577 076 36 <0.001  Polanco et al. [38] 1616 1176 2222 41.1 0003
Turner et al. [39] 0831 0729 0947 0 0.005 Turner et al. [39] 1567 1.189 2066 354 0001
Shahab et al. [43] 082 068 098 0 0.031 Shahab et al. [43] 1650 1168 2331 521 0004
Xu et al. [47] 0.784 0654 0941 139  0.009

*random effects model; HR hazard ratio, OR odds ratio, C/ confidence interval, LC/ low confidence interval, UCI upper confidence interval, OS overall survival

Recurrence-free survival

We collected data on RFS from 11 [16, 27, 30, 32, 33, 36,
40, 46, 50, 52, 53]. studies, which indicated that the RFS
of pCR patients who received ACT was similar to that
of those who did not receive ACT (HR=1.087, 95% CI
0.838-1.410, P=0.531), and there was no heterogeneity
among the studies (I?=0%, x*=6.06, P=0.810) (Fig. 4A).
From the nine [16, 30, 32, 33, 36, 40, 46, 52, 53]. stud-
ies that included reporting of a 5-year RFS rate in pCR
patients, the pooled results showed that ACT also did
not improve the 5-year RFS rate (OR=1.084, 95% CI
0.780-1.507, P=0.630). No heterogeneity was observed
(P=0%, x*=3.27, P=0.916) (Fig. 4B).

Subgroup analysis

Subgroup analysis revealed that ACT could enhance OS
in patients younger than 70 years old [43, 45]. with rectal
cancer who achieved a pCR (HR=0.443, 95% CI=0.295—
0.666, P<0.001). Furthermore, pCR patients with clini-
cal stage T3/T4 [16, 30, 38]. or lymph node positivity
[16, 19, 30]. also experienced improved OS with ACT
(cT3/4, HR=0.544, 95% CI=0.384-0.771, P=0.001; N¥,
HR=0.603, 95% CI=0.446-0.813, P=0.001) (Fig. 5).

Publication bias

Publication bias was assessed by visualizing the funnel
plots. The data analysis indicated that the funnel plots
were symmetrical for the included studies (Fig. S1). Fur-
thermore, Egger’s test also supported the absence of pub-
lication bias in the pooled studies (OS, P=0.242; DFS,
P=0.235; RES, P=0.628).

Discussion

The objective of this meta-analysis was to investigate the
influence of postoperative ACT on oncological outcomes
in patients with rectal cancer who achieved pCR follow-
ing NCRT. The pooled data indicated that ACT was inef-
fective in mitigating the hazard ratios relating to DFS and
RFS in rectal cancer patients with pCR. However, rectal
cancer patients with a pCR who received ACT exhibited
enhanced OS within the same patient cohort.

The justification for routinely administering ACT for
rectal cancer is primarily derived from extrapolating the
survival benefits of ACT for colon cancer patients [55,
56]. Nevertheless, there is no direct evidence to corrob-
orate that ACT after NCRT and TME surgery improves
the prognosis of rectal cancer patients [9—11]. The NCCN
guidelines advocate administering ACT for stage II/III
rectal cancer with or without NCRT, irrespective of post-
operative pathological stage [8]. Evidence supporting the
use of ACT after NCRT and surgery is primarily based
on the ability of postoperative chemotherapy or radio-
therapy to ameliorate oncological outcomes in rectal can-
cer. For example, a meta-analysis of 20 randomized trials
revealed that the utilization of fluorouracil-based ACT
in the treatment of rectal cancer significantly promoted
OS (HR 0.83, 95% CI 0.76—0.91) and DFS (HR 0.75, 95%
CI 0.68-0.83) following surgical intervention [57]. Nev-
ertheless, only one of the included randomized trials
involved administering NCRT prior to the operation [13].
According to the European Society for Medical Oncol-
ogy (ESMO) guidelines, ACT is solely recommended for
stage III rectal cancer or stage II rectal cancer with high-
grade risk factors after NCRT [58]. The ESMO guide-
lines also indicated that the evidence for the effectiveness
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A study % Hazard Ratio (95% CI) Weight (%)
Chen et al 207 73 —_— 0.47 (0.21, 1.03) 5.03
Kuo et al 115 155 —— 1.06 (0.81, 1.38) 44.82
He et al 712 297 —L— 0.95 (0.62, 1.46) 17.35
Hu et al 56 115 —_— 0.91 (0.34, 2.43) 3.29
Nguyen et al 54 23 0.61 (0.10, 3.86) 0.95
Peng et al 83 22 —_——— 0.27 (0.08, 0.92) 213
Gamaleldin et al 47 83 1.35(0.21, 8.54) 0.93
Zhou et al 19 21 —_— 0.37 (0.10, 1.90) 1.47
Mass et al 290 608 —— 0.94 (0.53, 1.69) 9.46
Kiran et al 14 34 - 1.81 (0.30, 10.90) 0.99
Capirci et al. 127 439 1+ 1.52 (0.90, 2.57) 11.56
Kim et al 50 40 —_— 0.60 (0.16, 2.26) 1.83
Geva et al 35 17 2.93 (0.05, 183.19) 0.19
Overall (I-squared = 13.9%, p = 0.305) < 0.97 (0.81, 1.16) 100.00
Note: Weigths are from fixed effect analysis

T T
00546 Favours to ACT ! Favours to No-ACT 183
ACT No-ACT
Study Events Total Events Total Odds Ratio (95% Cl) Weight (%)
Chen et al 182 207 59 73 ——E—.— 1.73 (0.84, 3.54) 13.06
Kuo et al 102 115 140 155 —+i— 0.84 (0.38, 1.84) 11.93
He et al 635 712 266 297 _._é_ 0.96 (0.62, 1.49) 18.54
Hu et al 49 56 102 115 —+_e— 0.89(0.33,2.38) 9.25
Nguyenetal 47 54 17 23 2.37(0.70,8.05) 6.85
Peng et al 79 83 16 22 i 7.41(1.87,29.28) 575
Gamaleldinetal 43 47 7 83 i 1.82(0.55,5.99) 7.10
Zhou et al 17 19 16 21 : 2.66 (0.45,15.69)  3.80
Kiran et al 11 14 30 34 i 0.49 (0.09, 2.54) 4.30
Capircietal. 104 127 375 439 _.__é. 0.77 (0.46, 1.30) 16.78
Geva et al 28 35 16 17 i 0.25(0.03,2.22) 2.65
Overall (I-squared = 42.8%, p = 0.064) <j> 1.19 (0.82, 1.74) 100.00
Note: Weights are from random effects analysis E
T

.0282 1 35.5

Favours to No-ACT Favours to ACT

Fig. 3 The effects of adjuvant chemotherapy on disease-free survival. A Hazard ratio of disease-free survival; B 5-year disease-free survival rate
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A
No of Patients . o . o
Study ACT NoACT Hazard Ratio (95% CI) Weight (%)

1

Fukui et al 75 30 ' + 2.22 (0.54, 8.78) 3.48
I

Jiang et al 187 60 T 0.73 (0.26, 2.05) 6.36

Voss et al 139 54 -+ . 0.28 (0.03, 2.40) 1.41

He et al 712 297 — 0.95 (0.64, 1.42) 42.67

Hu et al 56 115 — 0.91(0.34, 2.43) 7.01
|

Luetal 22 29 —_ 0.91(0.34, 2.34) 7.28

Gamaleldinetal 47 83 : 2 2.00 (0.12, 32.46) 0.86

Tay et al 97 29 - 1.37 (0.30, 6.31) 2.92

Mass et al 290 608 — 1.52 (0.68, 2.29) 18.38

Kiran et al 14 34 : * 2.57 (0.36, 18.30) 1.76
I

Govindarajan et al 64 9 —-:—0— 1.29 (0.51, 3.26) 7.87
I

Overall (I-squared = 0.0%, p = 0.810) ::> 1.09 (0.84, 1.41) 100.00
Note: Weigths are from fixed effect analysis |

I [

03 Favours to ACT ! Favours to No-ACT 333
B Study Eveftgotal Ev'::t':ﬁral Odds Ratio (95% Cl) Weight (%)
Voss et al 128 139 52 54 ‘ 0.45(0.10,2.09) 8.58
Luetal 20 22 22 29 3 3.18 (0.59,17.14) 2.50
Tay et al 87 97 25 29 : 1.39 (0.40,4.82) 5.75
Govindarajan etal 62 64 9 9 } 1.32 (0.06, 29.56) 0.92
Gamaleldinetal 45 47 79 83 ; 1.14 (0.20, 6.47) 3.52

1.10 (0.70, 1.73) 50.59
0.89 (0.33, 2.38) 12.09
3.62

He et al 646 712 267 297
Hu et al 49 56 102 115
Kiran et al 12 14 30 34
Jiang et al 167 187 53 60

Overall (I-squared = 0.0%, p = 0.916)

Note: Weigths are from fixed effect analysis

I
! 0.80 (0.13, 4.96)
1
1.10 (0.44, 2.75) 12.43

1.08 (0.78, 1.50) 100.00

I
.0338
Favours to No-ACT

T
1 29.6
Favours to ACT

Fig. 4 The effects of adjuvant chemotherapy on recurrence-free survival. A Hazard ratio of recurrence-free survival; B 5-year recurrence-free survival

rate

of ACT for rectal cancer patients with NCRT is much
weaker in comparison to colon cancer. In rectal cancer, it
is probable that ACT would have a limited effect on OS,
but could enhance DFS after NCRT [55, 58]

In the EORTC 22921 trial, rectal cancer patients who
underwent neoadjuvant chemoradiotherapy or radio-
therapy were randomly assigned to receive either ACT
(5-FU/LV) or an observation. The findings revealed that
the Kaplan—Meier curves of DFS and OS seemed to
diverge after 2 and 4 years, respectively, with a preference
for the group receiving ACT. No benefit was observed
in terms of OS (HR 0.91, 95% CI 0.77-1.09) or DFS (HR

0.91, 95% CI 0.77-1.08) in the ACT group after a median
follow-up of 5.4 and 10.4 years, respectively [13, 59, 60].
The Dutch Proctor-SCRIPT trial and the I-CNR-RT trial
also highlighted that ACT with 5-FU/LV or capecitabine
did not improve DFS and OS in patients with rectal can-
cer when compared with observations alone [61, 62].
However, due to poor patient compliance with ACT, early
termination of the trials caused by poor recruitment, and
suboptimal chemotherapy regimens, the conclusions of
these randomized trials remain questionable. A meta-
analysis was conducted to investigate the impact of ACT
on the OS and DFS of LARC patients after NCRT. The
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No of patients . .
Study ACT No-ACT Hazard Ratio (95% Cl) Weight (%)
<70 years
Shahab et al 668 1532 kB 0.47 (0.31,0.72) 93.47
Kuan et al 96 113 - 0.19 (0.04, 0.97) 6.53
Subtotal (I-squared = 13.7%, p = 0.282) <> 0.44 (0.29,0.67)  100.00
cT3-4
He et al 680 287 —_— 0.66 (0.39, 1.13) 42.30
jiang et al 177 57 -+ 0.33 (0.04, 2.48) 2.86
Polanco et al 349 349 —_ 0.48 (0.30, 0.77) 54.84
Subtotal (I-squared = 0.0%, p = 0.603) <> 0.54 (0.38,0.77)  100.00
Node-positive
He et al 533 226 —_— T 0.66 (0.36, 1.23) 23.87
jiang et al 135 45 ¢ 0.36 (0.02, 5.42) 1.15
Lai et al 445 693 —— 0.59 (0.42, 0.84) 74.99
Subtotal (l-squared = 0.0%, p = 0.892) <> 0.60 (0.45,0.81)  100.00
Note: Weigths are from fixed effect analysis
I I

.02 Favours to ACT

Fig. 5 Subgroup analysis of oncological effects of adjuvant chemotherapy

study showed that ACT considerably improved both
OS and DFS in comparison to non-ACT. Additionally,
the subgroup analysis revealed that ACT was especially
beneficial for patients with node-negative or ypStage
III LARC in terms of OS. In non-RCT, the pooled data
indicated a marked rise in OS in the ACT group when
contrasted with the observation group. However, upon
isolating only randomized controlled studies, a signifi-
cant variation in OS between the ACT and non-ACT
groups was not observed [63].

The current clinical practice of administering ACT for
rectal cancer following NCRT and surgery lacks con-
sistency, particularly in patients who experience a pCR.
Rectal cancer patients with pCR have demonstrated
exceptional oncologic outcomes [5, 6]. This brings into
question the necessity of ACT for rectal cancer patients
with pCR and raises concerns regarding overtreatment.
Several cohort studies from the NCBD database have ret-
rospectively analyzed the prognosis of pCR rectal cancer
patients with ACT or observation [18, 26, 29, 31, 35, 38,
39, 43, 47]. The results have consistently demonstrated
that ACT is beneficial in improving OS in rectal cancer
patients with pCR. However, two of the studies indi-
cated that approximately 70% of rectal cancer patients
who underwent NCRT and surgery did not receive ACT,
which is divergent from the proportion of rectal cancer

1 Favours to No-ACT 50

patients receiving ACT reported in the SEER database
[35, 38, 64]. Furthermore, the significant advantage of
ACT for rectal cancer patients with pCR is perplexing.
There is a possibility that the effect of ACT for rectal can-
cer with pCR may be overestimated, although the patient
subgroup was identified from the NCBD database dur-
ing the same period to test the association of ACT with
survival. Moreover, the number and proportion of rec-
tal cancer patients with pCR varied considerably among
studies. Although some studies showed benefits, other
retrospective studies found no improvement in the OS of
rectal cancer patients with pCR who received ACT [16,
17, 28, 42, 45, 50]. He et al. enrolled 1041 rectal cancer
patients with pCR, of whom 303 patients did not receive
ACT, while 738 patients received fluorouracil-based
ACT. After propensity score matching, the analysis indi-
cated that the adjuvant and non-ACT groups exhibited
similar results in OS (HR=1.558, 95% CI 0.92-2.64),
DFS (HR=1.05, 95% CI 0.68-1.62), local recurrence-
free survival (HR=1.01, 95% CI 0.30-2.60), and distant
metastasis-free survival (HR=1.06, 95% CI 0.68—1.64).
Furthermore, there was no improvement observed in
OS and DFS for pCR rectal cancer patients adminis-
trated different cycle ACT cycles (0 vs.1-4 vs. >5) [16].
A recent study performed a subgroup analysis to examine
the oncological outcomes of pCR rectal cancer patients
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with acellular mucin pools. The findings revealed that
PCR rectal cancer patients without acellular mucin pools
had DFS compared to those with acellular mucin pools
(P=0.037). Furthermore, ACT was found to be associ-
ated with improved DFS (P=0.003) and OS (P=0.027)
in pCR rectal cancer patients with acellular mucin pools.
This could be attributed to the fact that the presence of
acellular mucin pools may indicate tumor invasion, and
for pCR patients with acellular mucin pools, ACT may
be beneficial in eradicating any residual micrometastatic
disease [17]. Therefore, it is suggested that ACT and close
follow-up are necessary for this particular subset of pCR
rectal cancer patients with acellular mucin pools.

Prior meta-analyses examining the impact of ACT in
rectal cancer patients with pCR have yielded conflicting
results. Ma et al. conducted a meta-analysis and discov-
ered that ACT significantly improved OS (HR=0.65, 95%
CI=0.46-0.90) compared to observation alone in rec-
tal cancer patients with pCR [65]. Lim et al. conducted
a separate pooled analysis involving studies from differ-
ent NCBD sources. They observed a tendency toward
enhanced OS in pCR rectal cancer patients receiving
ACT, irrespective of whether studies from a specific
NCBD database were included in the statistical analy-
sis of various subgroups [66]. However, this analysis did
not consistently demonstrate any significant differences.
Another meta-analysis of 23 non-randomized controlled
studies also suggested that ACT promoted OS in pCR
rectal cancer patients (HR=0.68, 95% CI 0.55-0.84).
Nevertheless, there was no marked advantageous effect
on DEFS or REFS. Six of these studies were taken from the
NCBD database, and the existence of overlapping data
has the potential to exaggerate the perceived benefit of
ACT in rectal cancer patients with pCR, which could
introduce bias in the overall analysis [67]. In compari-
son to the prior meta-analysis, we more comprehensively
selected studies in this meta-analysis to permit a more
reliable evaluation of the correlation between ACT and
prognosis in pCR rectal cancer. We included ten studies
sourced from the NCBD database, specifically opting for
the most recently published studies to prevent duplica-
tion of data and ensure the precision of our findings. In
addition, we meticulously summarized the data for each
study obtained from the NCBD database individually
to avoid duplication of information that could result in
erroneous conclusions. We further performed subgroup
analyses on factors that could affect tumor outcome,
including age, lymph node status, and clinical T-stage.
The aim was to ascertain how these variables influence
the link between ACT and prognosis in pCR rectal can-
cer. These additions offer valuable insights into the rela-
tionship between ACT and prognosis in pCR rectal
cancer patients.
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Many factors can affect the oncological outcome of
rectal cancer after NCRT and surgery, such as age, per-
formance status, comorbidities, postoperative compli-
cations, colectomy, pathological TNM stage, and ACT
[68-71]. ACT was more likely to be used in younger
patients (age, <60) and in individuals with better perfor-
mance status [43]. It is well known that younger age and
better performance status are favorable and independ-
ent prognostic factors for OS. In addition, patients with
a younger age and a better performance status tend to
be more compliant and tolerant toward ACT than their
older counterparts with a poorer performance status.
Hence, when rectal cancer patients belonging to the ACT
cohort exhibit a younger age and better performance sta-
tus, an overestimation of the effect of ACT on OS could
result. Our meta-analysis indicated that ACT improved
OS only among rectal cancer patients with pCR, but had
no significant effect on DFS or RFS. A possible explana-
tion is that the OS benefit as a whole could be attributed
to younger age and better performance status, instead of
ACT treatment. If ACT does have a benefit, it is likely
to be minimal. The improvement in OS was driven pre-
dominantly by reductions in disease recurrence and can-
cer-related deaths. In addition, in the subgroup analysis
of this study, ACT was capable of decreasing the hazard
ratio of OS in pCR rectal cancer patients younger than
70 years. On the other hand, no benefit of ACT was
observed in rectal cancer patients with pCR who were
older than 70 years (Fig. S2). Owing to the absence of
detailed data on individual patients, we were not able to
explore the factors that influence OS and DFS in rectal
cancer patients with pCR. Therefore, this result should be
interpreted with caution.

In recent years, a novel treatment approach termed
total neoadjuvant therapy (TNT) has been proposed to
address the issue of poor compliance and tolerance to
ACT in patients with rectal cancer [72, 73]. This involves
strengthening the neoadjuvant therapy with induction or
consolidation chemotherapy in conjunction with NCRT.
Compared to conventional NCRT, TNT has shown
improvements in the resectability rate and pCR rate for
LARC. It also promotes compliance with systemic ther-
apy and increases the percentage of patients who com-
plete chemotherapy, thus boosting the probability of
organ preservation [74-76]. The NCCN guidelines rec-
ommend TNT as a viable treatment alternative for rec-
tal cancer patients diagnosed with T3 tumors exhibiting
positive circumferential resection margins, T4 stage, pos-
itive lymph nodes, locally unresectable tumors, or those
with a performance status that renders them unsuitable
for surgery [8]. For pCR rectal cancer patients who are
unable to receive ACT due to complications, colostomy,
poor performance status, or chemotherapy intolerance,
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TNT can enhance their oncological outcomes. Neverthe-
less, the optimal radiotherapy regimen (long/short course
radiotherapy), chemotherapy regimen, and the sequence
between radiotherapy and chemotherapy (induction/
consolidation chemotherapy) are still subjects of contro-
versy that demand evaluation by an experienced multi-
disciplinary team before implementation [77, 78].

There were some limitations that need to be acknowl-
edged in relation to this meta-analysis. First, the absence
of prospective randomized controlled trials investigating
the necessity of ACT for rectal cancer with pCR was a
notable limitation. The studies encompassed in this anal-
ysis were solely retrospective cohort studies, character-
ized by varying sample sizes, baseline characteristics, and
treatment protocols. Thus, the presence of information
bias and confounding factors was inevitable. Addition-
ally, certain studies only provided Kaplan—Meier curves,
which needed the estimation of HRs and 95% Cls for OS,
DEFS, and REFS. It was crucial to acknowledge that such
estimations extracted from Kaplan—Meier curves may
stray from the original data, resulting in likely inaccura-
cies in the pooled data. Third, the considerable heteroge-
neity observed in the sample sizes of the included studies
deserves attention. While 9 studies were derived from the
NCDB, each of these studies exhibited a large sample size
and yielded positive findings. This significant variability
in sample sizes potentially led to an overestimation of
the benefits associated with ACT. Furthermore, the lim-
ited number of studies reporting the impact of ACT on
patients with pCR rectal cancer, stratified by age, clini-
cal T stage, and lymph node status, is worth noting. The
findings of our study suggested that patients younger
than 70 years old, those with cT3/4 tumors, or those with
lymph node-positive pCR rectal cancer may derive ben-
efits from ACT. However, it is crucial to acknowledge
that these conclusions were based on a small number of
studies with inherent limitations. Moreover, it is impor-
tant to recognize that all the included studies originated
from the NCDB, potentially introducing selection and
information biases. Therefore, considering the limitations
identified within this study, it is imperative that further
high-quality randomized controlled trials are conducted
to validate the effects of ACT on the oncological progno-
sis of patients with pCR rectal cancer.

Conclusion

In conclusion, the results of our meta-analysis sug-
gested a beneficial effect of adjuvant chemotherapy in
improving overall survival in rectal cancer patients with
pathological complete response. However, this associa-
tion was not observed in terms of disease-free survival
and recurrence-free survival.
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