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Abstract

Background Tumor budding (TB) is a negative prognostic factor in colorectal cancer; however, its prognostic impact
following neoadjuvant therapy for patients with rectal cancer remains unclear. This study aims to assess the prog-
nostic impact of TB and the correlation between TB and other pathological features in patients with rectal cancer
after neoadjuvant therapy.

Methods A comprehensive search of PubMed, Embase, Cochrane, Scopus, CNKI, Wanfang, and ClinicalKey databases
was conducted for studies on the prognosis of TB in rectal cancer after neoadjuvant therapy from the inception

of the databases to January 2023, and the final literature included was determined using predefined criteria. Quality
assessment of the studies included, extraction of general and prognostic information from them, and meta-analyses
were carried out progressively.

Results A total of 11 studies were included, and the results of the meta-analysis showed that high-grade tumor bud-
ding (TB-1) increased the risk of poor 5-year disease-free survival (HR=1.75,95% Cl 1.38-2.22, P<0.00001), 5-year over-
all survival (HR=1.77,95% Cl 1.21-2.59, P=0.003), local recurrence (OR=4.15,95% Cl 1.47-11.75, P=0.007), and distant
metastasis (OR=5.36, 95% Cl 2.51-11.44, P<0.0001) in patients with rectal cancer after neoadjuvant therapy. TB-1

was significantly associated with poor differentiation and lymphatic, perineural, and venous invasion.

Conclusion Tumor budding is significantly correlated with unfavorable prognosis and poor pathological characteris-
tics following neoadjuvant therapy for rectal cancer. We anticipate more high-quality, prospective studies in the future
to confirm our findings.

Systematic review registration PROSPERO CRD42022377564.
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Background

Neoadjuvant therapy is widely used in the treatment
of locally advanced rectal cancer because it markedly
reduces the tumor stage and improves patients’ chances
of undergoing radical surgery [1, 2]. With the develop-
ment of neoadjuvant therapies such as combined oxali-
platin neoadjuvant therapy, short-course neoadjuvant
chemoradiotherapy (nCRT), neoadjuvant immuno-
therapy, total neoadjuvant chemoradiotherapy (TNT),
contact X-ray brachytherapy, and radiotherapy dose esca-
lation, the tumor control and survival benefits of patients
with rectal cancer have been clearly enhanced [2-8]. Cur-
rently, however, the treatment of rectal cancer is mainly
based on the tumor-node-metastasis (TNM) staging
system, and it has been found that not all patients with
rectal cancer have good outcomes from the classic model
of “neoadjuvant therapy-radical resection-postoperative
adjuvant therapy” prompting researchers to explore bet-
ter markers to assist in identifying patients with rectal
cancer suitable for this treatment model to achieve pre-
cise treatment [9, 10].

Tumor budding (TB) is a negative pathological marker
for colorectal cancer and other tumors and is defined by
the International Tumor Budding Consensus Confer-
ence (ITBCC) as the presence of a single tumor cell or a
cluster of more than four tumor cells. Depending on the
location of the source of the pathological specimens, they
can be classified as follows: peritumoral budding (PTB),
which can only be detected in surgical resection speci-
mens, and intratumoral budding (ITB), which can be
detected in biopsies and surgical specimens [11-13]. TB
has been demonstrated to be associated with pT1 colo-
rectal cancer lymph node metastasis, and meta-analyses
and original studies have found that high-grade TB is
associated with poor clinical outcomes in patients with
colorectal cancer [14—17]. However, many studies and
meta-analyses analyzed colon and rectal cancers together
as a single population and have not controlled for neo-
adjuvant therapy which has been shown to be an impor-
tant prognostic factor for rectal cancer. In 2012, Du et al.
found that the morphology of TB was altered after neo-
adjuvant therapy for rectal cancer and that cancer cells
in the gland showed a “false budding” pattern after radia-
tion therapy subsided, which may make the assessment of
TB more difficult. This study also found that high-grade
tumor budding was an independent poor prognostic fac-
tor for 5-year overall survival (OS) but did not correlate
with the degree of response to neoadjuvant therapy [18].
However, subsequent studies have consistently shown
that positive or high-grade TB, whether PTB or ITB, is
strongly associated with a poorer response to neoadju-
vant therapy for rectal cancer [19-24]. At the same time,
researchers have offered different insights into aspects of
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the prognostic and predictive value of TB in patients with
rectal cancer after neoadjuvant therapy [13, 18, 20-28].
Recently, it has been shown that TB and lymphatic, peri-
neural, and venous invasion are all important prognostic
factors affecting the 5-year disease-free survival (DFS)
and OS of patients undergoing radical surgery for rectal
cancer after neoadjuvant therapy [29].

Therefore, the aim of our study was to pool published
studies to (1) assess the impact of TB on the prognosis of
rectal cancer after neoadjuvant therapy and (2) assess its
correlation with other pathological features, to determine
if it could aid in clinical decision-making.

Methods

Search and screening of literature

PubMed, Embase, Cochrane, Scopus, CNKI, Wanfang,
and ClinicalKey databases were searched for literature
related to both TB and neoadjuvant therapy for rectal
cancer. The search period was from the establishment of
the database to January 2023, and the language was not
limited. To make the search as complete as possible, the
following search terms were selected: tumo(u)r budding,
budding of tumo(u)r, budding, rectal neoplasm, rectal
tumor, cancer of rectum, rectum cancer, cancer of the
rectum, rectal cancer, prognosis, overall survival, OS,
disease-free survival, DFS, local recurrence, LR, distant
metastasis, and DM (search strategy in Additional file 1).
The search results were screened independently by two
researchers to identify studies that matched the crite-
ria. This systematic review and meta-analysis was con-
ducted under the PRISMA2020 guidelines and has been
registered in PROSPERO (registration number: CRD
42022377564).

Inclusion and exclusion criteria

Inclusion criteria

(1) The study population included patients who under-
went radical surgical resection of rectal adenocarcinoma
after neoadjuvant therapy. (2) Studies with comparisons
between high-grade or positive (TB-1) and low-grade or
negative (TB-0) tumor budding groups and providing
survival analysis data. (3) The full text was fully accessi-
ble, and relevant data could be extracted. (4) The study
type was randomized controlled, case—control, and
cohort studies.

Exclusion criteria

The exclusion criteria are (1) studies without follow-up
and (2) studies with no separate analysis of comparative
survival between the two groups with rectal cancer after
neoadjuvant treatment.
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Bias and quality assessment

If the final included studies were cohort and case—con-
trol studies, we assessed the bias and quality of the
included studies using a Modified Newcastle Scale
(NOS). The rating of NOS is nine stars in total: low-
quality research, one to three stars; medium-quality
research, four to six stars; and high-quality research,
seven to nine stars. Randomized controlled trials were
assessed using the Cochrane Evaluation Scale.

Data extraction

Information on the basic characteristics of the included
studies, including first author, year of publication,
country, type of study, grouping criteria, type of bud-
ding, number of cases in both groups, age, sex, tumor
stage, distance of the tumor from the anal verge, neo-
adjuvant regimen, interval between neoadjuvant treat-
ment and surgery, mode of surgery, postoperative
adjuvant regimen, and follow-up period, was extracted
independently by two reviewers. Pathological data
included specimen source, staining method, degree of
differentiation, and lymphatic, perineural, and venous
invasion. Outcomes included OS, DEFS, cancer-spe-
cific survival (CSS), local recurrence (LR), and distant
metastasis (DM). Survival analysis data were extracted
from the original multivariate regression analysis for
hazard ratios (HR) and 95% confidence intervals (CI)
or from extracted Kaplan—Meier curve data using the
Engagement digitizer software, with subsequent sta-
tistical transformation using data tables developed by
Tierney et al.

Statistical analysis

A meta-analysis of outcome indicators for more than
three included studies was performed using the Review
Manager 5.4 and statal7 software. The 5-year DFS and
OS data were pooled using HRs and 95% Cls; LR, DM,
degree of differentiation, lymphatic invasion, perineural
invasion, and venous invasion data were pooled using
the odds ratios (OR) and 95% ClIs. Notably, Trotsyuk
et al. compared two pathological staining methods, and
to minimize heterogeneity among the included studies,
we selected data related to HE staining for the meta-
analysis [23]. A random-effects model was used to con-
duct a meta-analysis of all outcomes and pathological
characteristics. Differences in the meta-analysis results
were considered statistically significant if the com-
bined overall effect was P<0.05. Funnel plots and Egger
tests were performed on the 5-year DFS data to assess
publication bias, and sensitivity analyses were per-
formed to assess the robustness of the pooled results.
In this study, subgroup analysis was conducted only for
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the outcome indicator of 5-year DFS; however, other
outcome indicators were not available for subgroup
analysis.

Results

Search and filter results

A total of 500 papers were retrieved, and titles and
abstracts were browsed using the Endnote software
(version 20.0) to exclude duplicate publications and
those that failed to match the inclusion criteria. Thirty-
five papers were initially screened, and the full text was
obtained and browsed, resulting in the inclusion of 11
studies with a total of 2178 cases, the details of which
are shown in Fig. 1. All 11 studies were retrospective, of
which 1 was a case—control study and the remaining 10
were cohort studies. They were considered medium- to
high-quality studies because the NOS assessments were
all above 5 stars (Additional file 2). Patients with rectal
cancer were treated with neoadjuvant radiotherapy in
2 of the included studies, some patients received TNT
in 1 study, 3 studies involved neoadjuvant or adjuvant
chemotherapy with oxaliplatin, and 4 studies did not pro-
vide information on adjuvant chemotherapy. Specimens
assessed for TB were derived from pretreatment biopsies
in three studies and from surgically resected specimens
in eight. Detailed information is shown in Table 1, 2, 3,
and 4.

Results of meta-analysis
Oncology outcomes

DFS and OS Data from the HR and 95% CI of the
5-year DFS multivariate regression analysis were pro-
vided in eight studies, and the meta-analysis showed
no significant heterogeneity (*=2%, HR=1.75, 95% CI
1.38-2.22, P<0.00001) (Fig. 2a). This indicated that the
5-year DFS was significantly lower in the TB-1 group
than in the TB-0 group and that TB-1 was an independ-
ent poor predictor of 5-year DFS. Subgroup analysis
revealed that the two subgroups of both pretreatment
biopsies and postoperative specimens showed similar
trends as described above (HR postoperative=1.77, 95%
CI 1.36-2.31, P<0.0001), yet the pretreatment biopsy
subgroup showed significant heterogeneity (I*=55%),
with no statistically significant difference in the com-
bined results (HR pretreatment=2.03, 95% CI 0.86—4.75,
P=0.10) (Fig. 3a). After excluding the two included stud-
ies with unclear TB types, subgroup analysis showed that
both PTB (HR=1.70, 95% CI 1.28-2.25, P=0.0002) and
ITB (HR=3.39, 95% CI 1.47-7.80, P=0.004) increased
the risk of adverse 5-year DFS (Fig. 3b). The Demir et al.
study team analyzed the 1- and 3-year DFS rates compar-
ing the two groups, which were 86% vs 93% and 24% vs
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Fig. 1 Flow chart of literature screening

61%, respectively, and the results showed that the median
DFS was significantly shorter in the TB-1 group than in
the TB-0 group (HR=3.14, 95% CI 1.42-6.94, P<0.05)
[26]. Five studies provided data related to 5-year OS, and
meta-analysis of four of them showed I*=0%, HR=1.77,
95% CI 1.21-2.59, P=0.003, indicating that TB-1 was sig-
nificantly associated with a poor 5-year OS (Fig. 2b).

LR and DM Three studies provided both LR- and
DM-related data, and the heterogeneity test revealed no
significant heterogeneity (I>=0%). The pooled results
showed that, statistically, TB-1 has significantly higher
LR (OR=4.15, 95% CI 1.47-11.75, P=0.007) and DM
rates (OR=5.36, 95% CI 2.51-11.44, P<0.0001) com-
pared to TB-0 (Fig. 2c, d).

Other outcomes Only two studies provided relevant
data for the comparison of CSS between the two groups.
The 5-year CSS rates reported in the studies were 73.8%
vs 88.4% and 61.1% vs 87.3%, respectively (both P<0.05),
and the findings indicated that the 5-year CSS rates were
lower in the TB-1 group than in the TB-0 group, with sta-
tistically significant differences (Table 3).

Correlation of pathological features

Four studies provided comparative information on
the degree of differentiation between the two groups,
and meta-analysis results showed a significant asso-
ciation between TB-1 and pathological presentation of
lower differentiation (OR=3.52, 95% CI 1.10-11.25,
P=0.03); however, there was a significant heterogene-
ity in the combination (I?=73%) (Fig. 4a). Four studies
provided data on lymphatic invasion in both groups, and
the pooled results showed no significant heterogeneity
(I?=0%); TB-1 was significantly associated with the pres-
ence of lymphatic invasion by the tumor (OR=4.60, 95%
CI3.31-6.38, P<0.00001) (Fig. 4b). Four studies reported
perineural invasion, and the combined results showed no
significant heterogeneity (> =0%); TB-1 was significantly
associated with tumors presenting with perineural inva-
sion (OR=5.06, 95% CI 3.52-7.26, P<0.00001) (Fig. 4c).
Three studies reported venous invasion in both groups
and the pooled results revealed no significant hetero-
geneity (I>=0%); a significant association was observed
between TB-1 and tumors presenting with venous inva-
sion (OR=2.83, 95% CI 1.32-6.04, P=0.007) (Fig. 4d).
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Table 2 Information on the basic characteristics of the included studies
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Authors Year TB-1 Typeofbudding Stage of tumor Neoadjuvant Interval (weeks)  Pathology source Recognition
therapy methods
TB-1 TB-0
C.Du 2012 =10 PTB ypT1- ypT1- nRT 2-3 Postoperative H&E/IHC
2:ypl3-4=13:23, 2:ypl3-4=20:28, specimens
ypNO:ypN+ =16:20  ypNO:ypN+ =34:14
M. Huebner 2012 =10 PTB yp0=39;yp1=14;yp2=25;yp3=144; CRT 6-8 Postoperative H&E
yp4=15 specimens
A. C.Rogers 2013 =1 ITB ypl0-1=0;ypl2=4; ypl0=10;ypl1=6; CRT 6-8 Pretreatment H&E
ypl3=11;ypl4=3  ypl2=16;ypl3=33; biopsies
ypT4=6
J.W. Huh 2016 NA NA 1126; 111183 CRT 6-8 Pretreatment IHC
biopsies
T. Jager 2018 =5 PTB pl0=0;pT1=2; pl0=16;pT1=5; CRT 90 days Postoperative H&E
pl2=17;p13=57; pl2=19;pI3=7; specimens
pT4=5,pN-=>52; pT4=0, pN— =40;
pN+ =29 pN+=7
M. Swets 2018 =5 PTB [1=29;1I=192 nRT NA Postoperative H&E
specimens
A. Demir 2019 =10 PTB NA CRT 8-12 Postoperative H&E
specimens
J.W. Huh 2019 NA NA pT0=154; pT1=29; pT2=165; pT3=278; CRT 6-8 Postoperative NA
pT4=13, pN—=450; pN+ =189 specimens
|. Trotsyuk 2019 =5 PTB&ITB ypl0-1=0;ypT2=6; ypl0-1=10; CRT 4-6 Postoperative H&E/IHC
ypl3=26;ypl4=6, ypl2=16;ypl3=25; specimens
ypN—=12; ypT4=4, ypN— =40;
ypN+ =26 ypN+ =25
L. Farchoukh 2021 >2 ITB 0-1=49, lI-ll1=68 CRT/TNT NA Pretreatment H&E
biopsies
J.K.Shin 2021 =5 PTB ypll=26;ypTll=72; ypTl=24;ypTll=73; CRT 6-8 Postoperative H&E

ypTill=111

ypTll=112

specimens

NA not applicable, nRT neoadjuvant radiotherapy, CRT neoadjuvant chemoradiotherapy, TNT total neoadjuvant chemoradiotherapy

Publication bias and sensitivity analysis

The included studies with 5-year DFS were assessed for
publication bias, and the results presented substantial
symmetry on both sides of the funnel plot, with Egger
test results showing P=0.166 (P>0.05) (Fig. 5a, ¢, d),
indicating no significant publication bias. Sensitivity
analysis of the 5-year DFS inclusion studies was per-
formed using the one-by-one censoring method and
revealed that the included studies were concentrated and
within the 95% CI of the combined effect size, suggesting
that the results of the meta-analysis were robust (Fig. 5b)
(Additional file 3).

Discussion

Currently, the management of colorectal cancer is mainly
based on the TNM staging system and patients’ wishes
for staging and stratification, and further adjuvant treat-
ment is performed after assessing for the presence of
high-risk factors. Nevertheless, the prognosis of patients
at the same stage differs significantly, and researchers
continue to explore prognosis-related factors to better
guide precise clinical treatment. TB is an independent
poor prognostic factor in colorectal cancer, and studies
and meta-analyses have further validated that high-grade

TB is significantly associated with lymph node metastasis
in colorectal cancer (P<0.05) [15, 30]. In addition, it was
found that TB was significantly associated with poorer
5-year DFS, OS, and CSS in colorectal cancer (P<0.001),
and TB showed the same correlation with 5-year DEFS,
OS, and CSS in the neoadjuvant subgroup [16, 31]. How-
ever, the findings showed significant differences in the
5-year OS between rectal and colon cancers (2<0.001)
[32, 33], and distinct differences in pathological mani-
festations, tumor immune microenvironments, and gene
mutation profiles were found between tumor sites [21,
34]. The question therefore became: Does TB affect the
prognosis of patients with rectal cancer following neoad-
juvant therapy alone?

By pooling published studies, we found that TB-1 may
be an independent predictor of lower 5-year DES and OS
and that TB-1 was significantly associated with high LR
and DM rates. Notably, Jager et al. performed a compara-
tive analysis of the 5-year relapse-free survival rate in the
TB-1 group, which we also performed in a meta-analysis
because of its similar definition to that of DFS [21]. Six
of the eight included studies compared the 5-year DFS
rates between the two groups, and the pooled results
showed a 5-year DFS of 33.3-71% in the TB-1 group and
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Table 3 Tumor outcome information
Authors Year Outcome TB-1 TB-0 P-value HR HR_LI HR_UI
C.Du 2012 5-year DFS 55.6% 87.5% <0.001 145 0.13 15.71
M. Huebner 2012 5-year CSS 73.8% 88.4% - 6.73 1.56 28.96
A. C.Rogers 2013 5-year DFS 33.3% 77.5% <0.001 349 0.73 16.60
5-year CSS 61.1% 87.3% 0.021 5.79 0.44 76.62
LR 33% 10% 0.012 - - -
DR* 44% 15% 0.007 - - -
5-year CSD 39% 13% 0.01 3.51 1.03 11.93
J.W. Huh 2016 5-year DFS - - - 1.109 0.593 2.073
LR - - - 2.040 0.766 5429
T. Jager 2018 5-year RFS 71% 90% 0.02 344 123 9.63
5-year OS 80% 90% 0.09 - - -
LR 7% 0% 0.27 - - -
DR 12% 2% 003 - - -
M. Swets 2018 5-year DFS - - - 1.54 1.00 237
5-year OS - - - 1.54 1.09 3.03
DR - - - 1.60 1.00 2.57
A. Demir 2019 1-year DFS 86% 93% 0.01 - - -
3-year DFS 24% 61% 0.01 - - -
J.W.Huh 2019 5-year OS - - - 148 0.535 4.094
. Trotsyuk 2019 5-year DFS? 39% 75% <0.001 234 1.14 4.79
5-year OS? 53% 84% 0.001 2.72 1.15 6.44
5-year DFSP 44% 87% <0.001 4.59 1.79 11.72
5-year osP 59% 92% <0.001 519 1.62 16.61
L. Farchoukh 2021 5-year DFS 39% 87% 0.001 335 1.25 8.99
LR 4% 2% - - - -
DR 31% 7% - - - -
J.K.Shin 2021 5-year DFS 65.4% 80.5% <0.001 1.665 1.108 2.504
5-year OS 82.1% 94.7% <0.001 2.102 1011 9.979

Methods of pathological staining of the specimen
NA not applicable

" Distant recurrence (DR): also known as distant metastasis (DM), refers to the tumor involving the peritoneum, liver, lung sites, and other distant organs

@ Hematoxylin and eosin (H&E) staining

® Immunohistochemical (IHC) staining

75-90% in the TB-0 group (P<0.05) (details are shown in
Table 3), and the studies all concluded that TB-1 signifi-
cantly affected the 5-year DFS rates in patients with rectal
cancer undergoing neoadjuvant therapy. However, there
was controversy among the included studies regarding
whether TB-1 was a predictor of poor 5-year DFS. Five
of the eight included studies concluded that TB-1 was an
independent poor predictor of 5-year DFS compared to
TB-0 (P<0.05), which is similar to our findings [13, 18,
21, 23, 27]. In contrast, Huh et al. and Swets et al. per-
formed multivariate regression analyses and found that
TB-1 was not an independent poor predictor of 5-year
DFS (P>0.05) [24, 28]. Furthermore, Huh et al. found
that TB was not a predictor of 5-year DFS in a study after
3 years (P=0.11 for univariate analysis) [22]. Huebner

et al. showed that TB was significantly associated with
5-year DFS in a univariate regression analysis (P=0.022);
however, no multivariate analysis was performed to fur-
ther explore its predictive value [25]. Demir et al. studied
patients with rectal cancer who opted for neoadjuvant
therapy with a median follow-up of 35 months, and
multivariate regression analysis revealed that TB was an
independent prognostic factor for DFS (P<0.01) [26].

To clarify whether the source of specimens evaluated
for TB differentially affects the 5-year DFS in patients
with rectal cancer after neoadjuvant therapy, we per-
formed a subgroup analysis and found that TB in both
pretreatment biopsy and surgical resection was associ-
ated with a poorer 5-year DFS. The risk of poor 5-year
DES in patients with rectal cancer with TB-1 assessed in
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Fig. 2 Forest plot comparing oncology outcomes between the TB-1 versus TB-0 groups. a 5-year DFS. b 5-year OS. c LR.d DM

specimens appeared to be higher than that in pretreat-
ment biopsies (HR pretreatment=2.03>HR postopera-
tive=1.75, Fig. 3a). However, it is possible that the few
studies included in this subgroup resulted in no statisti-
cally significant difference in the pooled results, showing
a need for further validation in the future. Addition-
ally, we attempted to explore the impact of compar-
ing PTB versus ITB on 5-year DFS, and after excluding
two included studies with unknown definitions of TB,
subgroup analysis revealed that both types of budding

negatively affected 5-year DFS, and the risk of lower
5-year DFS may be higher for ITB than for PTB (HR-
pre=1.70 <HR-15=3.39, Fig. 3b). Farchoukh et al. found
that ITB was significantly associated with the detection
of TB-1 in surgically resected specimens after neoadju-
vant therapy (P<0.001), whereas Du et al. showed that
significant necrosis and fibrosis of tumor glands after
radiotherapy made the assessment of TB after neoadju-
vant therapy more difficult, which may explain our find-
ings [13, 18]. Notably, subgroup analysis is only a method
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Fig. 3 Forest plot of subgroup analysis comparing 5-year DFS between the TB-1 versus TB-0 groups. a Source of the specimen. b Location of tumor

budding assessment

of indirect inference, and results need to be verified by
further studies.

Regarding the 5-year OS, a summary of four studies
showed 5-year OS rates of 53—-82.1% in the TB-1 group
and 84-94.7% in the TB-0 group. Only the study by Jager
et al. shows no statistically significant difference in 5-year
OS between the two groups (P=0.09) (Table 3), which
may be attributed to the fact that there were more cases
in the TB-1 group than in the TB-0 group in that study,

unlike other studies [13]. Whether TB-1 is a predictor
of poor OS is equally controversial in previous studies.
Some studies have shown that TB-1 is not an independ-
ent risk factor for OS [22, 28], while others have shown
that TB-1 is a strong predictor of inferior OS after neoad-
juvant therapy, even better than ypT and ypN status [23,
24, 27]. In addition, Demir et al. showed that TB-1 is a
prognostic marker for poor DFS and OS in patients with
rectal cancer, with or without neoadjuvant therapy [27].
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Fig. 4 Forest plot comparing the correlation of pathological features between the TB-1 versus TB-0 groups. a Degree of differentiation. b Lymphatic

invasion. ¢ Perineural invasion. d Venous invasion

Only three studies have analyzed LR and DM. Among
them, Farchoukh et al. and Rogers et al. studied ITB,
while Jdger et al. studied PTB, and their results sug-
gested a greater likelihood of LR and DM (OR > 1) in the
TB-1 group, which is similar to the results of our meta-
analysis [13, 20, 21]. It is likely that the differences in the
type of budding, neoadjuvant treatment modality, and
postoperative adjuvant treatment caused the results of
the Farchoukh et al. and Jager et al. studies to show no

statistical difference [13, 21]. PTB and ITB are signifi-
cantly associated with reduced tumor T-stage downstag-
ing and poorer pathological response to neoadjuvant
therapy (P<0.001) [13, 20, 21]. To the best of our knowl-
edge, no study has compared the prognostic roles of
the two budding types in patients after neoadjuvant
therapy for rectal cancer. Recent studies have shown
that patients with rectal cancer undergoing radical sur-
gical resection after long-course nCRT still have a 1.2%
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Fig. 5 Publication bias and sensitivity analysis for 5-year DFS between the TB-1 versus TB-0 groups. a Funnel plot. b Sensitivity analysis plot. ¢ Egger

test results. d Egger test figure

likelihood of distal rectal mesenteric cancer cell spread,
and distal surgical margins of 40 and 30 mm would
result in 10% and 32% residual tumors, respectively [35].
Furthermore, compared to nCRT, patients with TNT
and postoperative adjuvant treatment for rectal cancer
receive longer cycles of systemic chemotherapy, and this
treatment option is more likely to prevent and remove
residual cancer cells and occult metastatic lesions in
the area where the patient’s primary cancer is resected,
thereby diminishing the likelihood of LR and DM. How-
ever, systematic reviews and meta-analyses found that,
regardless of high risk, patients with stage III rectal can-
cer who underwent radical resection after nCRT did not
benefit from adjuvant chemotherapy [36]; the differences
between the TNT and nCRT groups with respect to LR
and DM were not statistically significant (LR: OR=1.82,
95% CI10.95-3.49, P=0.07; DM: OR=0.77, 95% CI 0.58-
1.03, P=0.08) [37].

In contrast to analyzing TB alone, Swets et al. ana-
lyzed TB separately and in combination with other
adverse pathological features such as lymphatic, peri-
neural, extramural venous, and intramural venous
invasion. This study found that TB-1, perineural

invasion, and extramural venous invasion were all
associated with reduced OS and DEFS in patients with
rectal cancer undergoing radical resection after short
neoadjuvant radiotherapy, that patients with>2
adverse pathologic features had a higher risk of
adverse OS and DFS and DM after neoadjuvant treat-
ment, and that neither alone nor in combination with
adverse pathologic features was found to be effective
in predicting the benefit of postoperative adjuvant
chemotherapy [24]. Kim et al. analyzed TB in combi-
nation with lymphatic invasion, perineural invasion,
and venous invasion as four risk factors and found
that two factors (medium-risk group) and more than
three factors (high-risk group) were poor independ-
ent predictors of 5-year DFS and OS after radical
resection following neoadjuvant therapy in patients
with rectal cancer (P<0.001). Moreover, postopera-
tive adjuvant chemotherapy was a prognostic factor
associated with 5-year OS in patients with rectal can-
cer who underwent neoadjuvant therapy in the low-
medium-high risk group (>1 factor) (2<0.007) [29].
Shivji et al. combined tumor outgrowth and hypo-
fractionated clusters into a “combined score” (CS) to



Li et al. Systematic Reviews (2024) 13:22

predict the prognosis of stage I-III colorectal cancer,
and multifactorial analysis found that high-grade CS
was significantly associated with poorer DES, OS, and
CSS, respectively (P=0.0002, 0.009, and 0.005); how-
ever, it was not controlled for tumor type and neoad-
juvant treatment factors [16]. Therefore, we attempted
to study the correlation between tumor budding and
other adverse pathological features and found that
TB-1 was significantly associated with adverse patho-
logical features such as poor differentiation and lym-
phatic, perineural, and venous invasion (P<0.05);
however, the predictive role of TB combined with and
without other adverse pathological features on the
prognosis of patients with rectal cancer after neoadju-
vant therapy needs to be further researched.

Limitations

To our knowledge, ours is the first systematic review
and meta-analysis on the impact of TB on the prognosis
of patients with rectal cancer after neoadjuvant therapy.
However, some limitations exist in our study: (1) The
included studies were all retrospective, and there is an
inherent effect of bias in such studies. (2) Inconsistent
criteria for TB grouping may have reduced the reliabil-
ity of the study results. The TB grouping criteria remain
controversial. Although the ITBCC strongly recom-
mends a three-tier system for low-, intermediate-, and
high-grade TB, most studies ultimately choose to divide
the study into low- and high-grade TB groups, given the
sample size and convenience of statistical analysis [11].
(3) Differences in neoadjuvant and postoperative adju-
vant therapy regimens among the included studies may
have caused inconsistencies in the study results and real-
istic clinical outcomes.

Conclusion

We found a significant association between tumor bud-
ding and adverse prognosis as well as poor pathological
features following neoadjuvant therapy for rectal can-
cer. Identifying the level of tumor budding can assist in
selecting an appropriate treatment regimen requiring
further investigation for patients with rectal cancer after
neoadjuvant therapy. It is anticipated that future high-
quality, randomized, controlled trials will be conducted
to validate our findings.

Abbreviations

@] Confidence interval
(@) Cancer-specific survival
DFS Disease-free survival
DM Distant metastasis

HR Hazard ratio
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TNM  Tumor-node-metastasis

ITBCC  International Tumor Budding Consensus Conference
LR Local recurrence

nCRT  Neoadjuvant chemoradiotherapy

NOS Newcastle Scale
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oS Overall survival

PTB Peritumoral budding

8B Tumor budding

TB-0 Low-grade or negative tumor budding
TB-1 High-grade or positive tumor budding
TNT Total neoadjuvant chemoradiotherapy
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