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Tumour budding predicts increased recurrence
after curative resection for T2NO colorectal cancer
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Background: Tumour budding is defined as the presence of a cluster of fewer than
5 cells along the invasive margin. It may confer a worse prognosis in colorectal cancer,
but its importance in pT2NO colorectal cancer is unknown. This study aimed to
determine the prognostic value of tumour budding in pT2NO colorectal cancer.

Methods: This was a retrospective cohort study with prospective assessment of
tumour budding by 2 pathologists. We included all patients who underwent elec-
tive curative resection for pT2NO colorectal cancer except those with hereditary
colorectal cancer syndromes, inflammatory bowel disease or positive resection
margins, those who received neoadjuvant or adjuvant therapy and those who died
within 90 days of operation. Patients were classified as having high-grade tumour
budding (> 10 budding foci per high-power field) or low-grade tumour budding
(< 9 budding foci per high-power field). The main outcome measure was loco-
regional or distant recurrence.

Results: Of 85 patients, 36 had high-grade tumour budding and 49 had low-grade
tumour budding. The overall recurrence rate was 11% (9/85) and median follow-up
was 41.0 months (interquartile range 22.0-68.0). Interrater reliability for tumour bud-
ding assessment was excellent (k = 0.86, 95% confidence interval [CI] 0.76-0.96).
There were more recurrences in patients with high-grade tumour budding (7/36,
19.4% v. 2/49, 4.1%; p = 0.020). On multivariate analysis, after we adjusted for con-
founders, the presence of high-grade tumour budding was independently associated
with recurrence (hazard ratio 5.11,95% CI 1.01-25.9).

Conclusion: Tumour budding was independently associated with increased recur-
rence after pT2INO colorectal cancer resection. It offers additional prognostic infor-
mation that may affect treatment strategy.

Contexte : Le bourgeonnement tumoral se définit par la présence d’un amas de
5 cellules ou moins le long de la marge invasive. Il pourrait conférer un pronostic
plus sombre dans le cancer colorectal, mais on ignore sa portée dans le cancer
colorectal de stade pT2NO0. Cette étude visait a2 déterminer la valeur pronostique
du bourgeonnement tumoral dans un cancer colorectal de stade pT2NO.

Méthodes : Il s’agit d’une étude de cohorte rétrospective avec évaluation prospec-
tive du bourgeonnement tumoral par 2 pathologistes. Nous avons inclus tous les
patients ayant subi une résection curative non urgente pour un cancer colorectal de
stade pT2NO, sauf ceux qui présentaient un syndrome de cancer colorectal hérédi-
taire, une maladie inflammatoire de I'intestin ou des marges de résection positives
ceux qui avaient recu des traitements néoadjuvants ou adjuvants et ceux qui étaient
décédés dans les 90 jours suivant l'intervention. Les patients ont été classés selon
qu’ils avaient un bourgeonnement tumoral de haut grade (= 10 foyers bourgeon-
nants par champ a fort grossissement) ou bourgeonnement tumoral de bas grade (<
9 foyers bourgeonnants par champ a fort grossissement). Le principal parameétre
était la récurrence locorégionale ou distante.

Résultats : Sur 85 patients, 36 présentaient un bourgeonnement tumoral de haut
grade, et 49, de bas grade. Le taux de récurrence global a été de 11 % (9/85) et le
suivi médian a été de 41,0 mois (intervalle interquartile 22,0-68,0). La fiabilité inter-
évaluateur de I’évaluation du bourgeonnement tumoral a été excellente (x = 0,86,
intervalle de confiance [IC] de 95 % 0,76-0,96). Les récurrences ont été plus nom-
breuses chez les patients qui avaient un bourgeonnement tumoral de haut grade
(7736, 19,4 % c. 2/49, 4,1 %; p = 0,020). A I'analyse multivariée, aprés ajustement
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pour tenir compte des variables de confusion, la présence de bourgeonnement
tumoral de haut grade s’est révélée indépendamment liée a la récurrence (risque relatif

5,11, IC de 95 % 1,01-25,9).

Conclusion : Le bourgeonnement tumoral s’est révélé indépendamment lié a
laugmentation des récurrences apres la résection pour cancer colorectal de stade
pT2NO. 1I offre une information pronostique additionnelle qui pourrait influer sur la

stratégie thérapeutique.

he prognosis and treatment of colorectal cancer

depends largely on the stage of the disease as classi-

fied by the TINM staging system. Even though the
rate of overall survival for stage I colorectal cancer is high,'
some tumours behave more aggressively and patients have
a worse prognosis than would be predicted by TNM stage
alone. There are well-established prognostic factors, such
as lymphovascular and perineural invasion,** that help cli-
nicians identify such tumours. There is an increasing body
of evidence to support the use of tumour budding in iden-
tifying these high-risk tumours as well.

First described by Jass and colleagues® in the character-
ization of the invasive margin, tumour budding was demon-
strated to be a prognostic marker in rectal cancer. Although
there are several different definitions,*® in essence, tumour
budding is defined as the presence of single or small clusters
of malignant cells (< 5 cells) scattered in the stroma at the
invasive margin. It is thought that the buds represent
tumour that has gained vascular and lymphatic invasive
ability. Histologic studies have shown that tumour buds are
located near or within areas of lymphovascular invasion.®’
Furthermore, tumour budding can predict isolated tumour
cells in lymph nodes of node-negative colorectal cancers.'’
Supporting this theory is the strong association between
tumour budding and lymph node metastases in tumours
confined to the submucosa (pT1).!"-1

Among patients with stage II colorectal cancer, tumour
budding has been associated with increased disease progres-
sion and cancer-related death.'*!7 However, few studies
have investigated the prognostic value of tumour budding
in early colorectal cancer. Two previous studies have
reported an association between tumour budding and
increased metastases and mortality in stage I and II colorec-
tal cancer,'®!? but no study has specifically investigated the
prognostic value of tumour budding in patients with
pT2NO colorectal cancer. We hypothesized that a high
number of tumour buds at the invasive margin will predict
worse outcomes in patients with early-stage colorectal can-
cer. The objective of this study was to determine the impact
of tumour budding on locoregional and distant recurrence
in patients with pT2INO colorectal cancer.

METHODS
After we obtained institutional ethics review board approval,

we identified all patients who underwent elective curative
radical resection (RO) for pT2NO (as per the TNM staging

system in the 7th edition of the American Joint Committee on
Cancer Staging Manual) colorectal cancer between 2000 and
2011 at a single university-affiliated institution through the
operating room and pathology databases. Patients with
hereditary colorectal cancer syndromes, inflammatory bowel
disease or positive resection margins, patients who received
neoadjuvant or adjuvant therapy and patients who died
within 90 days of operation were excluded. Patient charac-
teristics, operative variables and long-term outcomes were
obtained by retrospective chart review. All patients under-
went history and physical examination and had serum carci-
noembryonic antigen levels drawn every 3 months for the
first year, followed by a surveillance colonoscopy at years 1,
3 and 5 after resection. Imaging was performed at the sur-
geon’s discretion on the basis of symptoms and tumour
markers. The primary outcome was tumour recurrence,
defined as either locoregional recurrence or distant metasta-
sis. All anastomotic recurrences were detected on surveil-
lance endoscopy and were biopsy proven; locoregional
extraluminal recurrences, as well as distant recurrences, were
either biopsy proven or diagnosed on the basis of imaging at
a multidisciplinary tumour board meeting.

Eligible surgical pathology specimens from the index
operation were prospectively re-reviewed by 2 independent
pathologists for histopathologic criteria. All specimens were
fixated in formalin and stained with hematoxylin and eosin.
Tumour budding was assessed according to Ueno and col-
leagues, who defined budding foci as isolated cancer cells
derived from clusters of fewer than 5 cancer cells, situated in
the stroma of the actively invasive margin.” Figure 1 in a
report by Zlobec and colleagues? illustrates tumour budding
at the invasive margin. The budding number was determined
by counting the foci within 1 high-power field (x 25 magnifi-
cation) in an area chosen by the pathologist as maximal bud-
ding, known as the hotspot method. Tumour budding was
then classified using a 3-tier system as low budding (04 bud-
ding foci per high-power field), intermediate budding (5-9
budding foci per high-power field) or high budding (= 10
budding foci per high-power field). Both the hotspot method
and the 3-tier system were recommended by the Interna-
tional Tumor Budding Consensus Conference in 2016.*' For
this analysis, we divided patients into 2 cohorts, grouping low
and intermediate tumour budding together: the low-grade
tumour budding cohort had fewer than 9 budding foci per
high-power field, and the high-grade tumour budding cohort
had 10 or more budding foci per high-power field. Only
high-grade tumour budding has been associated with poor
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oncologic outcomes and this is the prognostic subgroup of
interest; this is why we grouped low and intermediate tumour
budding together.?'*? Patient, operative and histopathologic
characteristics were compared between the 2 groups.
Descriptive and summary statistics were calculated, as
appropriate. The Cohen kappa statistic (k) was calculated
to assess the interrater reliability of tumour budding assess-
ment by group (low-grade v. high-grade tumour budding).
Univariate analyses were performed using the Fisher exact
or ’ tests for categorical variables and the Student 7 or
Mann-Whitney tests for continuous variables. Multiple
Cox proportional hazards regression was performed to
investigate the association between recurrence and high-
grade tumour budding. Factors that were significant on
univariate analysis were included in the regression model.
Statistical significance was set at p = 0.05. All statistical
analyses were performed using Stata 12 (StataCorp).

RESuULTS

A total of 108 patients were identified as having pT2NO
colorectal cancer on final pathology. Twenty-three patients
were excluded: 9 patients had received neoadjuvant ther-
apy (yp12), 2 received adjuvant chemotherapy (patient
preference given young age and high-risk features), 5 had

inflammatory bowel disease with chronic colitis, 3 had
familial colorectal cancer syndromes, 2 had positive resec-
tion margins and 2 died in hospital within 30 days of their
operation. Therefore, a total of 85 patients met the inclusion
criteria, of whom 36 (42.4%) had high-grade tumour bud-
ding and 49 (57.6%) had low-grade tumour budding.
Median follow-up for all patients was 41.0 months (inter-
quartile range [IQR] 22.0-68.0). The characteristics of these
patients are reported in Table 1. Of note, patients with high-
grade tumour budding were more likely to be younger
(65.7 yr v. 70.5 yr, p = 0.047) and to have rectal tumours
(66.7% v. 36.7%, p = 0.006). There were no other differ-
ences in patient, operative, and histopathologic characteris-
tics, including tumour differentiation and lymphovascular
and perineural invasion. The interrater reliability of tumour
budding assessment was excellent (k = 0.86, 95% confidence
interval [CI] 0.76-0.96).

The overall recurrence rate over the study period was
11% (9/85). There was a higher incidence of tumour recur-
rence in patients with high-grade tumour budding than in
those with low-grade tumour budding (7/36, 19.4%
v. 2/49, 4.1%; p = 0.020) (Table 2). Of the 7 high-grade
tumour budding recurrences, 5 were in patients with rectal
primaries (1 with lung metastases, 1 with lung metastases
and anastomotic recurrence, 3 with locoregional pelvic
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Table 1. Characteristics of patients with low-grade or high-grade tumour budding

Low-grade tumour High-grade tumour

Characteristic budding (n = 49) budding (n = 36) p value
Age, yr, mean = SD 70.5+10.6 65.7+11.4 0.047
Male sex, no. (%) 24 (49.0) 17 (47.2) 0.87
Body mass index, kg/m?, median (IQR) 27.3(23.9-30.3) 26.2 (22.9-28.7) 0.38
ASA score 3v. 1and 2, no. (%) 15 (30.6) 6(16.7) 0.14
Location, no. (%) 0.006

Colon 31 (63.3) 12 (33.3)

Rectum 18 (36.7) 24 (66.7)
Tumour size, cm, median (IQR) 3.6(2.2-4.7) 3.4(2.1-4.0) 0.51
Lymph node harvest, median (IQR) 15.8 (10 -21) 16.0 (9.6 -20.5) 0.65
Differentiation, no. (%) 0.32

Well 16 (32.7) 9(25.0)

Moderate 31(63.3) 27 (75.0)

Poor 2(4.1) 0(0)
Lymphovascular invasion, no. (%) 16 (32.7) 13 (36.1) 0.74
Perineural invasion, no. (%) 6(12.2) 7(19.4) 0.36

ASA = American Society of Anesthesiologists; IQR = interquartile range; SD = standard deviation.

Table 2. Postoperative outcomes and follow-up of patients with low-grade or high-grade

tumour budding

Low-grade tumour High-grade tumour

Outcome budding (n = 49) budding (n = 36) p value
30-day postoperative complications, no. (%) 16 (32.7) 15 (41.7) 0.39
Anastomotic leak, no. (%) 1(2.0) 3(8.3) 0.18
Follow-up, mo, median (IQR) 38.0 (21.0 - 56.0) 475 (23.56-77.5) 0.10
Recurrence, no. (%) 2 (4.1) 7 (19.4) 0.020

IQR = interquartile range.
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recurrences) and 2 were in patients with colon primaries
(1 with liver metastases, 1 with intraluminal anastomotic
recurrence). Of the 2 low-grade tumour budding recur-
rences, 1 was in a patient with a rectal primary and the
other was in a patient with a colon primary (both locore-
gional recurrences). There were 4 cases of anastomotic
leak: 3 were in patients with high-grade tumour budding
and 1 was in a patient with low-grade tumour budding
(8.3% v. 2.0%, p = 0.18). All such cases occurred with
proctectomies, and 1 of these patients developed a locore-
gional recurrence (this patient had high-grade tumour
budding). Median time to recurrence in patients with
high-grade tumour budding was 20.5 months IQR 11.5-
49.5 mo) whereas it was 29.0 months (IQR 27.0-31.0 mo)
in patients with low-grade tumour budding. Unadjusted
survival curves demonstrated a trend toward improved
disease-free survival for patients with low-grade tumour
budding compared with high-grade tumour budding, but
this trend did not reach statistical significance (log-rank
p=0.07) (Fig. 1).

After accounting for age and tumour location (colon v.
rectum) using a multiple Cox proportional hazards regres-
sion model, we found that the presence of high-grade
tumour budding was independently associated with recur-
rence (hazard ratio [HR] 5.11, 95% CI 1.01-25.90)
(Table 3). Age was also associated with recurrence (HR 1.11,
95% CI 1.02-1.21) but tumour location was not a significant
predictor (rectal tumour: HR 2.23,95% CI 0.54-9.24).
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Fig. 1. Kaplan-Meier disease-free survival curve for patients with
low or no tumour budding compared with that for patients
with high tumour budding.

Table 3. Multivariate Cox proportional hazards analysis

for tumour recurrence

Variable Hazard ratio (95% Cl)

High-grade tumour budding 5.11(1.01-25.90)
Age, per yr increase 1.11(1.02-1.21)
Rectal tumour 2.23 (0.54-9.24)

Cl = confidence interval.
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Discussion

There may be additional factors other than the TNM dis-
ease stage that will predict a worse outcome, even in early-
stage colorectal cancer. In this study, we have determined
that high-grade tumour budding is associated with a
higher risk of recurrence in patients with pT2NO colorec-
tal cancer than in similar patients with low-grade tumour
budding.

Only 2 previous studies have assessed the prognosis of
tumour budding in patients with pT2NO colorectal cancer
who underwent surgical resection. Losi and colleagues'®
compared 22 patients who died of stage I colorectal cancer
and matched them by sex, age, location of tumour, type of
resection and tumour depth (pT stage) with patients with
stage I disease who were still alive, and they found that
there was a higher incidence of tumour budding in patients
who died than in those who were still alive at 5-year
follow-up. Prall and colleagues'’ reported that high
tumour budding was associated with increased metastases
on survival analysis in patients with stage I/II colorectal
cancer, although the authors used a higher cut-off for the
number of tumour buds than either Losi and colleagues'®
did or we did in the present study. However, both of these
studies are limited by a relatively small number of patients
with pT2NO or by the inclusion of patients who received
neoadjuvant or adjuvant therapy.

"The present study is the largest to evaluate the impact of
tumour budding in pT2NO colorectal cancer and reports a
higher recurrence rate (19.4%) than would be predicted on
the basis of staging alone. The association between high-
grade tumour budding and tumour recurrence remained on
multiple Cox proportional hazards regression after we
accounted for possible confounders, such as tumour loca-
tion and age. These findings correlate well with what is
already known regarding tumour budding in colorectal can-
cer, where the negative prognostic impact of high-grade
budding has been demonstrated in both early and advanced
disease. In a large series of patients with stage III disease,
tumour budding was independently associated with worse
disease-free survival, and when combined with the N stage
(N1 v. N2), a better prognostic stratification was obtained
for 5-year disease-free survival when compared with nodal
staging alone.?* In node-negative colorectal cancer, tumour
budding has been more widely studied and may have larger
implications for clinical decision-making. Several studies
have reported worse outcomes in patients with stage II dis-
ease (pI3—4NO0) in the presence of high-grade budding,
citing survival rates in such patients equivalent to those of
patients with stage IIT disease.!*17*

The reason why early-stage cancers with high-grade
budding behave more aggressively than expected is not
clear. Tumour budding has been shown to be predictive of
isolated tumour cells in lymph nodes of node-negative can-
cers, and it is possible that tumour budding is associated
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with a higher rate of occult metastases.'® These patients are
consequently downstaged and inadequately treated. In our
cohort of patients with pT2NO disease and high-grade
tumour budding, a similar underestimation may have
occurred, which would explain the higher rate of distant
metastases in patients with high-grade tumour budding.
We believe that a referral to medical oncology to consider
adjuvant treatment is warranted in this subgroup of
patients, even in stage I (pT2N0) disease. We also found
that tumour budding was associated with locoregional pel-
vic recurrence in rectal cancer, which has been previously
described.”?¢ Although our rate of anastomotic recurrence
is higher than what would be expected, studies have dem-
onstrated an association between intramural tumour spread
and tumour budding, which could result in residual tumour
cells at the anastomotic line and explain our findings.?”” Per-
haps patients with high-grade tumour budding should
undergo more frequent surveillance of the anastomosis.
Future studies are needed to further investigate the associa-
tion between tumour budding and recurrence, to better
understand the pathophysiology of this adverse marker.

In addition to the prognostic value of tumour budding,
we have also reported a very high interrater reliability (k =
0.86) in the assessment of high-grade versus low-grade
tumour budding, which is similar to that reported by other
single-centre studies.”!” Even though reliability decreases
slightly when multiple pathologists and institutions are
involved, reported interrater reliability remains reason-
able.'”?® Furthermore, our 42% detection rate of high-
grade tumour budding is congruent with what is generally
described in the literature, ranging around 29 %-43 %.7*+%
We assessed tumour budding with the hotspot method as
per Ueno and colleagues,” which was endorsed by the
International Tumor Budding Consensus Conference in
2016; however, other methods to count tumour buds have
been described.’’ We also grouped low and intermediate
budding together (both < 10 buds), a decision that is sup-
ported by the literature. In studies that use a binary cut-off
to define the presence or absence of tumour budding, a
cut-off of 10 or more budding foci is most commonly used
to signify its presence.”? Furthermore, in the largest sys-
tematic review and meta-analysis to date, whenever a 3-tier
system was used in individual studies, the authors grouped
together the mild and moderate budding cases and com-
pared outcomes with those of the highest budding cases.?
In a cohort study of 159 patients, high-grade tumour bud-
ding had a higher hazard of cancer-related death (HR 3.14,
95% CI 1.52-6.49) and disease recurrence (HR 3.24, 95%
CI 1.43-7.34) than low-grade budding, while intermediate
budding demonstrated no increased risk (HR 1.88, 95%
CI0.90-3.92, and HR 1.83, 95% CI 0.81-4.12, for cancer-
related death and disease recurrence, respectively).?
Tumour budding can also be assessed using immunohisto-
chemistry as opposed to hematoxylin and eosin staining,
but meta-analyses suggest that the prognostic capabilities

338 J can chir, Vol. 62, N° 5, octobre 2019

of tumour budding do not differ by technique.?>** Unlike
previous studies, we did not identify an association
between high-grade tumour budding and other histopath-
ologic markers of adverse prognosis, such as lymphovascu-
lar invasion, perineural invasion and tumour differentia-
tion. Although this result is probably due to our small
sample size, it lends further support to tumour budding as
an independent marker of poor prognosis.

The strength of this study lies in the fact that 2 pathol-
ogists blinded to the main outcome independently reviewed
all pathologic specimens, preventing observer bias. To our
knowledge, this is 1 of very few North American studies
that have investigated the prognostic value of tumour bud-
ding in colorectal cancer. Previous studies have originated
mainly from Japan; their results may not be completely
generalizable to a North American population because of
differences in social, cultural and genetic factors. We also
excluded patients with confounding factors, such as inflam-
matory bowel disease and hereditary cancer, to preserve the
validity of our findings, but at the cost of generalizability to
a wider patient population. Lastly, this is 1 of the very few
studies looking exclusively at T2NO colorectal cancer,
which can have a very heterogeneous behaviour. A better
understanding of the important prognostic factors in early-
stage colorectal cancer, which typically does not warrant
neoadjuvant or adjuvant treatment, can greatly improve the
management of this cohort of patients.

Limitations

Our findings must be interpreted in view of several limita-
tions. First, this was a retrospective analysis with a small
sample size, which limited both the number of covariates
that we could include in the multiple Cox proportional haz-
ards model and the width of the confidence intervals sur-
rounding the estimates. This was also a single-centre analy-
sis from a tertiary-care institution with specialized
pathologists and colorectal surgeons, which may decrease
the generalizability of the results to institutions that may not
have these specialists available. We also were not able to
obtain data on the molecular subtyping of the cancers, such
as the presence of KRAS or BRAF mutations, or the pres-
ence of microsatellite instability. This information would
have been useful to better understand the makeup of high-
risk early-stage cancers, as well as their association with
tumour budding. Finally, we did not assess cancer-specific
or overall mortality, as this analysis would have required a
much higher sample size to be adequately powered.

CONCLUSION

We have provided preliminary evidence for the prognos-
tic value of tumour budding in early-stage pT2NO
colorectal cancer. Future research should focus on vali-
dating these findings and evaluating whether additional



adjuvant therapy or more intensive surveillance is
required in patients with tumour budding. Tumour
budding represents an easily measurable prognostic
marker that has an increasing body of evidence to sup-
port its inclusion as part of the decision-making process
in early colorectal cancer.
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