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Does evaluation of tumour budding in diagnostic biopsies have a clinical relevance?
A systematic review

Abstract: Tumour budding has emerged as a
promising prognostic marker in many cancers. We
systematically reviewed all studies that evaluated
tumour budding in diagnostic biopsies. We conducted
a systematic review of PubMed, MEDLINE, Scopus,
Web of Science and Cochrane library for all articles
that have assessed tumour budding in diagnostic (i.e.
pretreatment or pre-operative) biopsies of any tumour
type. Two independent researchers screened the
retrieved studies, removed duplicates, excluded irrele-
vant studies and extracted data from the eligible stud-
ies. A total of 13 reports comprising 11 cohorts were
found to have studied tumour budding in diagnostic

biopsies. All these reports showed that evaluation of
tumour budding in diagnostic biopsies was easily
applicable. A strong association was observed
between tumour budding score in diagnostic biopsies
and corresponding surgical samples. Evaluation of
tumour budding in diagnostic biopsies had a signifi-
cant prognostic value for lymph node metastasis and
patient survival. In all studies, tumour budding was a
valuable marker of tumour aggressiveness and can be
evaluated in technically satisfactory diagnostic biop-
sies. Thus, the assessment of tumour budding seems
to identify the behaviour of cancer, and therefore to
facilitate treatment planning.
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Introduction

Pre-operative/pretreatment biopsies are widely used
as diagnostic tools of different epithelial tumours, and

they are also used to determine the histological subtype
and degree of differentiation. The possibility to use
diagnostic biopsies to identify tumours with aggressive
behaviour is crucial for proper treatment planning.
Such aggressive behaviour is associated with unfa-
vourable histology. Unfortunately, the small amount of
tumour tissue in the biopsy (compared with postopera-
tive samples) can impede identification of some
histopathological markers (e.g. perineural invasion).
Moreover, a superficial diagnostic biopsy may not
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include histopathological features in the deep regions
of tumours. Therefore, it is of clinical interest to identify
reliable and simple prognostic marker(s) that can be
evaluated in diagnostic biopsies, particularly
histopathological parameters that can be identified in
routine haematoxylin and eosin (H&E) slides.
Tumour budding, or sprouting (Figure 1), is a

histopathological phenomenon that refers to the pres-
ence of single cancer cell(s) or small cluster(s) of up
to four cancer cells that are separated from the main
part of the tumour. It was speculated that tumour
budding is the result of interactions between cancer
cells and tumour microenvironment.1 Tumour bud-
ding represents active invasion, dissociation and
epithelial–mesenchymal transition.1,2 A relationship
to cancer stem cells3 has also been reported. Recent
and rapidly accumulating data indicate that tumour
budding may open new perspectives for prognostica-
tion and treatment planning of many cancers.2,4–7

The prognostic value of tumour budding in diagnostic
biopsies has been examined in recent studies.8–10 In
addition, some of these studies reported the concor-
dance of the score of tumour budding in pre-operative
diagnostic biopsy samples and postoperative surgical
specimens.11,12 However, the implementation of

tumour budding for pathology reports and treatment
planning still requires further studies.2,13

We conducted a systematic review of studies that
evaluated tumour budding in diagnostic specimens to
summarise the current understanding of this topic
and to guide pathologists in reporting this histopatho-
logical feature in daily practice.

Methods

S E A R C H P R O T O C O L

We systematically retrieved all studies that evalu-
ated tumour budding in pretreatment diagnostic
biopsies. The systematic search included databases
of PubMed, OvidMedline, Scopus, Web of Science
and Cochrane library from their inception until
March 2018. The search strategy was developed by
combining the search terms: ‘Tumour budding’
AND ‘biopsy’. Additional search using (‘Tumour
budding’) AND (‘diagnostic biopsy’ OR ‘pretreatment
biopsy’ OR ‘preoperative sample’) was also con-
ducted. References of the eligible studies were
searched manually to enhance the inclusion of all
relevant studies. The Preferred Reporting Items for
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Figure 1. Tumour budding (arrows) in a pre-operative diagnostic biopsy of colorectal cancer. A, Tumour budding (haematoxylin and eosin-

stained section) in the area inside the insert, which is magnified in B. C, Tumour budding (pancytokeratin-stained section) in the area inside

the insert, which is magnified in D.
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Systematic Review and Meta-Analysis (PRISMA)14

guidelines were followed.

I N C L U S I O N A N D E X C L U S I O N C R I T E R I A

All original reports that used pretreatment biopsies in
assessment of tumour budding were included. Eligible
studies must have evaluated tumour budding in diag-
nostic biopsies of a cohort. Review articles, case
reports, case series, conference abstracts, editorials,
letters to the editor and commentaries were excluded.
Our search was limited to articles in the English lan-
guage.

S C R E E N I N G

Two independent researchers (A.A., O.Y.) performed
the screening of retrieved studies at all stages to iden-
tify the eligible studies. Any disagreements between
the two researchers were resolved by discussion to
reach a consensus on which studies should be
included or excluded.

D A T A E X T R A C T I O N

We retrieved the basic information (name of the first
author, publication year, country, number of cases,
stage, type of tumour and main treatment) from all
eligible studies. Data regarding assessment of tumour
budding included the definition of buds, cut-off point,
microscopic magnification, staining and main find-
ings.

Q U A L I T Y A S S E S S M E N T

As tumour budding is a prognostic marker, we used
the guidelines of reporting recommendations for
tumour marker prognostic studies (REMARK)15 to
assess the quality of the studies. The main criteria of
REMARK guidelines are selected and summarised in
Table 1.

Results

Our search retrieved 13 studies (11 cohorts) that
evaluated tumour budding in pretreatment diagnostic
biopsies (Figure 2). The findings of these studies
(Table 2) indicated that tumour budding is an evalu-
able histopathological parameter in biopsy specimens
and could be used as a reliable prognosticator for
patient survival. The studies evaluated tumour bud-
ding in pretreatment samples in the following

cancers: five studies (four cohorts) on rectal
cancer,8,16–19 two on colorectal cancer9,11 and three
(two cohorts) on oral cancer.10,12,20 There was one
study on breast cancer,13 one on epidermoid anal
cancer21 and one on cancer of the external auditory
canal.22

In colorectal cancer, the studies (of rectal and col-
orectal cohorts) showed that the pre-operative score
of tumour budding was associated with lymph node
metastasis,8,9,11,16,17,19 distant metastasis9,11,19 and
patient survival.8,19 The relationship between pre-
operative tumour budding and the presence of extra-
nodal tumour deposits,17 lymphovascular invasion,9

tumour grade11 and stage9 was also reported in col-
orectal cancer. In oral cancer, pre-operative tumour
budding had a significant prognostic value for lymph
node metastasis, overall survival and relapse-free sur-
vival.10,20 Pre-operative tumour budding in oral can-
cer also had strong correlations with tumour grade,
tumour depth and blood vessel invasion.10,20 In
breast cancer, tumour budding is associated with
venous invasion.13 A study of epidermoid anal cancer
revealed that pretreatment tumour budding was a
significant predictor of overall survival.21 In cancer of
the external auditory canal, a single study showed
that pretreatment tumour budding is associated with
expression of laminin 5-c2 and predicts disease-speci-
fic survival.22 Of note, a significant correlation
between tumour budding in pre-operative biopsies
and postoperative samples was reported in colorectal
cancer,,11 breast cancer13 and oral cancer.12,20

The quality of the published studies was assessed
as satisfactory to good. Some studies did not follow
the REMARK guidelines correctly (Table 2), as they
reported the prognostic value of tumour budding
without multivariate analysis or did not analyse the
relationship between tumour budding and classic
prognostic factors (e.g. stage, grade, depth of inva-
sion). Some of the published studies suffered from the
limitations posed by a low number of cases.11,17,19,22

Discussion

Tumour budding is a hallmark of cancer invasion
and has been recently validated as a promising prog-
nostic marker in colon cancer,23 oesophageal can-
cer,24 pancreatic cancer,25 lung cancer7 and oral
cancer.26 Interestingly, the meta-analyses conducted
on the published studies confirm the prognostic value
of tumour budding in oesophageal, colorectal and
oral cancers.2,4,5 Moreover, tumour budding is cur-
rently considered as an additional prognosticator by
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the Union for International Cancer Control’s tumour–
necrosis–metastasis (TNM) classification.1,27 The
assessment of tumour budding in pretreatment diag-
nostic biopsies has been recently investigated by
many researchers. Here, for the first time to our
knowledge, we systematically reviewed the literature
to summarise the evidence on pretreatment assess-
ment of tumour budding. The published studies
showed that evaluation of tumour budding was appli-
cable to pretreatment diagnostic biopsies of oral,
breast, colorectal, epidermoid anal and external audi-
tory canal cancers.
The first study that evaluated tumour budding in

pre-operative/pretreatment biopsies was published in
1989 by Morodomi and colleagues on a cohort of
rectal cancer patients.16 Notably, most of the studies
that evaluated tumour budding in pre-operative biop-
sies were on colorectal cancer (Table 2), where a
strong correlation between tumour budding and
lymph node metastasis has been observed.9,28 The
ability of tumour budding to prognosticate nodal
metastasis has also been reported in other can-
cers.2,29 Moreover, the prognostic impact of tumour

budding for nodal metastasis, patient survival or both
was prominent in the early stages of other
cancers.30–32 These findings indicate that tumour
budding is an important step in the development of
metastasis.
The international tumour budding consensus con-

ference 2016 (ITBCC 2016) introduced guidelines to
standardise the scoring system of this prognostic mar-
ker in colorectal cancer.33 Interestingly, a recent
study on pancreatic cancer25 used the aforementioned
ITBCC evaluation method of ITBCC 2016, and found
that this method represents a simple and standardised
scoring system that facilitates inclusion of tumour bud-
ding in pathology reports. The recommendations
included 11 statements,33 starting with a definition of
tumour budding in colorectal cancer as: ‘a single
tumour cell or a cell cluster consisting of four tumour
cells or less’ and ending with a statement indicating
that: ‘Tumour budding and tumour grade are not the
same’. There were recommendations specific for prog-
nostic significance of tumour budding in colorectal
cancer indicating that: ‘Tumour budding is an inde-
pendent predictor of lymph node metastasis in pT1

Table 1. Items adapted from REMARK that were used to assess the quality of studies on tumour budding in preoperative
biopsies

Item Criteria

Introduction • The hypothesis about tumour budding and objectives of the study were explained

Study design • Retrospective or prospective cohort with a well-defined study population

• Medical treatment of the cases was explained

Material • Patient data such as age, gender, clinical stage and WHO grade were explained

Method of evaluation • Well-described method including the microscopic field/s and the cutoff point

• Routine HE-staining and/or immunohistochemistry (e.g. pan-cytokeratin (AE1/AE3))

Data analysis • The survival endpoint was well defined

• Estimated effect (e.g. hazard ratio, with confidence intervals) of preoperative tumour
budding was reported

• Univariate estimate: reported the effect of tumour budding in pretreatment samples on
outcome

• Multivariate estimate: adjusted for the conventional prognostic factors

• Inter-observer variability was evaluated

• The relationship between the pretreatment score of tumour budding and conventional
prognosticators was reported

• The prognostic value of the classical prognostic factors (e.g. stage and grade) were
reported

Discussion • The results about tumour budding were discussed in the context of the relevant studies

• The limitations of the study were explained

• Recommendation for further evaluation of tumour budding was suggested based on
published guidelines

© 2018 John Wiley & Sons Ltd, Histopathology, 74, 536–544.
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colorectal cancer, and for survival in stage II colorectal
cancer’. We noted that the majority of the relevant
studies were in accordance with the main recommen-
dations especially in colorectal cancer studies
(Table 2). It is important to take into consideration
that the studies included in our systematic review were
not limited to colorectal cancer. In addition, the
authors of the recommendations33 stated that the
ITBCC is not an end-point, but rather a step towards
further research.33 Therefore, it is necessary for future
research to follow the introduced guidelines and
update them if needed for each specific cancer type.
Tumour budding evaluated on H&E-stained slides

has shown a reliable predictive value.34–36 This simple

method has the potential to make the evaluation of
tumour budding more applicable to daily practice than
the use of biomarkers that require immunohistochemi-
cal staining. It has been stated in the recent recommen-
dation (ITBCC 2016)33 that: ‘Tumour budding is
counted on HE’ because a majority of the published data
were based on H&E assessment. Also, the low cost of
H&E staining is a factor that allows a worldwide evalua-
tion of tumour budding. The ITBCC group admitted that
this can change if future data on immunohistochemical
assessment indicate it to be superior to H&E staining.33

Of note, Kai and colleagues37 compared the usefulness
of cytokeratin staining compared with H&E staining (in
postoperative samples of colorectal cancer) and found
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Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. Number of articles included and

excluded along the steps of systematic searching for studies that examined tumour budding in pretreatment diagnostic biopsies.

© 2018 John Wiley & Sons Ltd, Histopathology, 74, 536–544.

540 A Almangush et al.



T
ab

le
2
.
Su

m
m
ar
y
o
f
th
e
st
u
d
ie
s
th
at

ex
am

in
ed

tu
m
o
u
r
b
u
d
d
in
g
in

p
re
tr
ea

tm
en

t
d
ia
g
n
o
st
ic

b
io
p
si
es

A
u
th
o
rs
,
ye
ar

C
o
u
n
tr
y

N
O
.
o
f

ca
se
s

St
ag

e

T
yp

e
o
f

tu
m
o
u
r

M
ai
n

tr
ea
tm

en
t

B
u
d

d
efi

n
it
io
n

C
u
to
ff

M
ag

n
ifi
ca
ti
o
n
/

fi
el
d

St
ai
n

Su
m
m
ar
y
o
f
re
le
va
n
t

fi
n
d
in
g
s

o
n
tu
m
o
u
r
b
u
d
d
in
g

Q
u
al
it
y
o
f

th
e
st
u
d
y

M
o
ro
d
o
m
i

et
al
,1
6
1
9
8
9

Ja
p
an

1
1
2

N
A

R
ec
ta
l
ca
n
ce
r

Su
rg
er
y

<
5
ce
lls

5
b
u
d
s1

9
4
0
0

H
E

T
B
in

p
re
o
p
er
at
iv
e
b
io
p
si
es

h
ad

a
st
ro
n
g

co
rr
el
at
io
n
w
it
h
LN

m
et
as
ta
si
s

( P
<
0
.0
0
1
;
O
R
8
.0
)

Sa
ti
sf
ac
to
ry

U
en

o
et

al
,1
7

2
0
0
2
*

Ja
p
an

8
5

A
d
va
n
ce
d

st
ag

e

R
ec
ta
l
ca
n
ce
r

Su
rg
er
y

<
5
ce
lls

5
b
u
d
s

9
2
0
0

H
E

T
B
in

p
re
o
p
er
at
iv
e
b
io
p
sy

si
g
n
ifi
ca
n
tl
y

as
so
ci
at
ed

w
it
h
n
u
m
b
er

o
f
LN

in
vo

lv
ed

(O
R
5
.3
,
9
5
%

C
I
1
.7
–1

6
.9
)
an

d
w
it
h

p
re
se
n
ce

o
f
ex
tr
an

o
d
al

tu
m
o
u
r

d
ep

o
si
ts

(O
R
5
.5
,
9
5
%

C
I
1
.8
–1

7
.1
)

G
o
o
d

U
en

o
et

al
,1
8

2
0
0
4
*

Ja
p
an

1
2
0

A
d
va
n
ce
d

st
ag

e

R
ec
ta
l
ca
n
ce
r

Su
rg
er
y

<
5
ce
lls

5
b
u
d
s

9
2
0
0

H
E

P
re
o
p
er
at
iv
e
as
se
ss
m
en

t
o
f

T
B
w
as

am
o
n
g
p
ar
am

et
er
s
o
f

u
n
fa
vo

u
ra
b
le

h
is
to
lo
g
y
th
at

as
so
ci
at
ed

w
it
h
d
is
ta
l
in
tr
am

u
ra
l
sp
re
ad

Sa
ti
sf
ac
to
ry

N
ils
so
n
et

al
,2
1

2
0
0
5

Sw
ed

en
2
0
9

T
1
-T
4

Ep
id
er
m
o
id

an
al

ca
n
ce
r

R
ad

io
th
er
ap

y2
<
5
ce
lls

N
A

N
A

La
m
in
in
-5

g
am

m
a

2
-c
h
ai
n

T
B
in

p
re
tr
ea
tm

en
t
d
ia
g
n
o
st
ic
b
io
p
si
es

h
ad

a
st
at
is
ti
ca
lly

si
g
n
ifi
ca
n
t

re
la
ti
o
n
sh
ip

w
it
h
5
-y
ea
r
O
S
(P

<
0
.0
5
)

Sa
ti
sf
ac
to
ry

G
u
zi
n
sk
a-

U
st
ym

o
w
ic
z,
1
9

2
0
0
5

P
o
la
n
d

3
4

T
1

R
ec
ta
l
ca
n
ce
r

Su
rg
er
y

<
5
ce
lls

1
b
u
d

Fi
el
d
si
ze

3
H
E

T
h
e
p
re
se
n
ce

o
f
p
re
o
p
er
at
iv
e
T
B
st
ro
n
g
ly

co
rr
el
at
ed

w
it
h
lo
ca
l
re
cu
rr
en

ce
,
LN

an
d
d
is
ta
n
t
m
et
as
ta
se
s
( P

<
0
.0
5
)

Sa
ti
sf
ac
to
ry

G
ig
er

et
al
,1
1

2
0
1
2

Sw
it
ze
rl
an

d
7
2

p
T
1
-T
4

C
o
lo
re
ct
al

ca
n
ce
r

Su
rg
er
y

<
5
ce
lls

R
ef
er
re
d
to

N
ak
am

u
ra

et
al
.

m
et
h
o
d
4

9
2
.5

&
9
1
0

H
E

P
re
o
p
er
at
iv
e
an

d
p
o
st
o
p
er
at
iv
e

T
B
w
er
e
co
rr
el
at
ed

(P
=
0
.0
0
8
).
T
h
er
e

w
as

a
si
g
n
ifi
ca
n
t
co
rr
el
at
io
n
b
et
w
ee
n

p
re
o
p
er
at
iv
e
T
B
an

d
LN

m
et
as
ta
si
s,

d
is
ta
n
t
m
et
as
ta
si
s
an

d
tu
m
o
u
r

g
ra
d
e
(P

<
0
.0
5
)

Sa
ti
sf
ac
to
ry

Z
lo
b
ec

et
al
,9

2
0
1
4

Sw
it
ze
rl
an

d
1
3
3

p
T
1
-T
4

C
o
lo
re
ct
al

ca
n
ce
r

Su
rg
er
y

<
5
ce
lls

Sc
al
e

9
4
0

A
E1

/A
E3

P
re
o
p
er
at
iv
e
as
se
ss
m
en

t
o
f
T
B
as
so
ci
at
ed

w
it
h
LN

m
et
as
ta
si
s,

d
is
ta
n
t
m
et
as
ta
si
s,

p
T
st
ag

e,
ly
m
p
h
at
ic
an

d
ve
n
o
u
s
ve
ss
el

in
va
si
o
n
(P

<
0
.0
5
)

G
o
o
d

R
o
g
er
s
et

al
,8

2
0
1
4

Ir
el
an

d
8
9

T
1
-T
4

R
ec
ta
l
ca
n
ce
r

Su
rg
er
y
+

n
eo

ad
ju
va
n
t

ch
em

o
th
er
ap

y

<
5
ce
lls

1
b
u
d

9
1
0

H
E

T
h
e
p
re
se
n
ce

o
f
T
B
in

p
re
-t
re
at
m
en

t

b
io
p
si
es

si
g
n
ifi
ca
n
tl
y
as
so
ci
at
ed

w
it
h
st
ag

e,
LN

,
D
FS
,
an

d
re
sp
o
n
se

to
n
eo

ad
ju
va
n
t
ch
em

o
ra
d
io
th
er
ap

y

(P
<
0
.0
5
).
T
B
in

p
re
tr
ea
tm

en
t
b
io
p
si
es

w
as

a
si
g
n
ifi
ca
n
t
p
re
d
ic
to
r
o
f
ca
n
ce
r-

re
la
te
d
d
ea
th
s
(H

R
3
.5
1
,
9
5
%

C
I
1
.0
3
–1

1
.9
3
,
P
=
0
.0
4
0
)

G
o
o
d

© 2018 John Wiley & Sons Ltd, Histopathology, 74, 536–544.

Tumour budding in diagnostic biopsies 541



T
ab

le
2
.
(C
o
n
ti
n
u
e
d
)

A
u
th
o
rs
,
ye
ar

C
o
u
n
tr
y

N
O
.
o
f

ca
se
s

St
ag

e

T
yp

e
o
f

tu
m
o
u
r

M
ai
n

tr
ea
tm

en
t

B
u
d

d
efi

n
it
io
n

C
u
to
ff

M
ag

n
ifi
ca
ti
o
n
/

fi
el
d

St
ai
n

Su
m
m
ar
y
o
f
re
le
va
n
t

fi
n
d
in
g
s

o
n
tu
m
o
u
r
b
u
d
d
in
g

Q
u
al
it
y
o
f

th
e
st
u
d
y

Sa
lh
ia

et
al
,1
3

2
0
1
5

Sw
it
ze
rl
an

d
9
9

T
1
-T
4

B
re
as
t
ca
n
ce
r

Su
rg
er
y

<
5
ce
lls

1
0
b
u
d
s

9
4
0
0

A
E1

/A
E3

H
ig
h
T
B
in

p
re
o
p
er
at
iv
e
co
re

b
io
p
si
es

w
as

si
g
n
ifi
ca
n
tl
y
(P

=
0
.0
0
6
3
)

as
so
ci
at
ed

w
it
h
ve
n
o
u
s
in
va
si
o
n
.
T
h
er
e

w
as

a
si
g
n
ifi
ca
n
t
co
rr
el
at
io
n
b
et
w
ee
n

T
B
in

th
e
p
re
o
p
er
at
iv
e
co
re

b
io
p
si
es

an
d
in

th
e
su
rg
ic
al

re
se
ct
io
n
sp
ec
im

en
s

(P
<
0
.0
0
0
1
)

Sa
ti
sf
ac
to
ry

O
ka
d
o
et

al
,2
2

2
0
1
5

Ja
p
an

4
6

T
1
-T
4

SC
C

o
f
ex
te
rn
al

au
d
it
o
ry

ca
n
al

Su
rg
er
y;

n
eo

ad
ju
va
n
tc
h
em

o
-

ra
d
io
th
er
ap

y.

<
5
ce
lls

1
0
b
u
d
s

9
2
0
*

C
yt
o
ke
ra
ti
n

T
B
in

p
re
tr
ea
tm

en
t
b
io
p
sy

sp
ec
im

en
s

as
so
ci
at
ed

w
it
h
ex
p
re
ss
io
n
o
f
Ln

5
-c
2

(P
=
0
.0
4
).
P
re
tr
ea
tm

en
t
T
B
as
so
ci
at
ed

w
it
h
D
SS

( P
=
0
.0
0
0
7
)

Sa
ti
sf
ac
to
ry

Se
ki

et
al
,2
0

2
0
1
6
**

Ja
p
an

9
1

T
1
-T
4

T
o
n
g
u
e

an
d
FO

M
SC

C

Su
rg
er
y;

p
re
o
p
er
at
iv
e

C
T
(4
7
ca
se
s)

<
5
ce
lls

3
b
u
d
s

9
2
0

C
yt
o
ke
ra
ti
n

P
re
o
p
er
at
iv
e
T
B
w
as

si
g
n
ifi
ca
n
tl
y

as
so
ci
at
ed

w
it
h
LN

m
et
as
ta
si
s
(O

R
3
1
,

P
<
0
.0
1
),
O
S
an

d
R
FS

(P
<
0
.0
5
)

G
o
o
d

Se
ki

et
al
,1
0

2
0
1
7
**

Ja
p
an

2
0
9

cT
1
-T
4

O
ra
l
SC

C
Su

rg
er
y;

p
re
o
p
er
at
iv
e

C
T
(1
1
1
ca
se
s)

<
5
ce
lls

3
b
u
d
s;

5
b
u
d
s

9
2
0
*

C
yt
o
ke
ra
ti
n

St
ro
n
g
co
rr
el
at
io
n
s
(P

<
0
.0
1
)
w
er
e

o
b
se
rv
ed

b
et
w
ee
n
p
re
o
p
er
at
iv
e
T
B
an

d

tu
m
o
u
r
g
ra
d
e,

tu
m
o
u
r
d
ep

th
,
IN
F
an

d

b
lo
o
d
ve
ss
el

in
va
si
o
n
.
P
re
o
p
er
at
iv
e
T
B

co
rr
el
at
ed

w
it
h
LN

M
(O

R
3
0
.0
5
,

P
<
0
.0
1
)

G
o
o
d

A
lm

an
g
u
sh

et
al
,1
2

2
0
1
8

Fi
n
la
n
d

1
0
0

I-
IV

O
ra
l
to
n
g
u
e

ca
n
ce
r

Su
rg
er
y

<
5
ce
lls

5
b
u
d
s

9
2
0
*

H
E

T
h
er
e
w
as

a
st
at
is
ti
ca
lly

si
g
n
ifi
ca
n
t

re
la
ti
o
n
sh
ip

(P
<
0
.0
0
1
)
b
et
w
ee
n
T
B

sc
o
re

in
p
re
o
p
er
at
iv
e
an

d

p
o
st
o
p
er
at
iv
e
sa
m
p
le
s

Sa
ti
sf
ac
to
ry

A
E1

/A
E3

,
P
an

cy
to
ke

ra
ti
n
m
ar
ke

r
A
E1

/A
E3

;
C
I,
C
o
n
fi
d
en

ce
in
te
rv
al
;
C
T
,
C
h
em

o
th
er
ap

y;
D
FS

,
D
is
ea

se
fr
ee

su
rv
iv
al
;
FO

M
,
fl
o
o
r
o
f
th
e
m
o
u
th
;
H
R
,
H
az
ar
d
ra
ti
o
;
H
E,

h
ae

m
at
o
xy

lin
an

d

eo
si
n
st
ai
n
in
g
;
IH
C
,
Im

m
u
n
o
h
is
to
ch
em

ic
al
ly

fo
r
cy
to
ke
ra
ti
n
(A
E1

/A
E3

);
IN
F,

In
fi
lt
ra
ti
ve

p
at
te
rn
;
LN

,
Ly

m
p
h
n
o
d
e;

Ln
5
-c
2
,
La

m
in
in

5
-c
2
;
N
A
,
N
o
t
av

ai
la
b
le
;
O
R
,
O
d
d
s
ra
ti
o
;
O
S,

O
ve

r-

al
l
su
rv
iv
al
;
R
FS

,
re
la
p
se
-f
re
e
su
rv
iv
al
;
SC

C
;
sq
u
am

o
u
s
ce
ll
ca
rc
in
o
m
a;

T
B
,
T
u
m
o
u
r
b
u
d
d
in
g
.

C
at
eg

o
ri
es

fo
r
M
o
ro
d
o
m
i
et

al
.
1
9
8
9
w
er
e
as

fo
llo
w
s:

0
–4

b
u
d
s
w
as

co
n
si
d
er
ed

n
eg

at
iv
e
(�

),
5
–1

4
w
as

m
ild
ly

p
o
si
ti
ve

(+
),
an

d
1
5
o
r
m
o
re

w
as

st
ro
n
g
ly

p
o
si
ti
ve

(+
+
).
T
re
at
m
en

t
in

N
ils
so
n
et

al
.
2
0
0
5
w
as

ra
d
io
th
er
ap

y
w
it
h
o
r
w
it
h
o
u
t
co
n
co
m
it
an

t
b
le
o
m
yc
in
.
Su

rg
er
y
w
as

u
se
d
fo
r
p
o
o
r
re
sp
o
n
d
er
s.

Fi
el
d
si
ze

in
st
u
d
y
o
f
G
u
zi
n
sk
a-
U
st
ym

o
w
ic
z,

2
0
0
5
w
as

5
0
0
l
m

9
2
5
0
0
lm

sq
u
ar
e
at

4
lo
ca
ti
o
n
s
in

ea
ch

sl
id
e.

N
ak

am
u
ra

et
al
.3
6

9
2
0
o
b
je
ct
iv
e
le
n
s.

1
0
b
u
d
s
cu
to
ff

p
o
in
t:
Lo

w
<
1
0
b
u
d
s/
H
P
F
vs
.
H
ig
h
≥1

0
b
u
d
s/
H
P
F.

5
b
u
d
s
cu
to
ff

p
o
in
t:
Lo

w
(o
r
n
eg

at
iv
e)

<
5
b
u
d
s
vs
.
H
ig
h
(o
r
p
o
si
ti
ve

)
≥5

b
u
d
s.

3
b
u
d
s
cu
to
ff

p
o
in
t:
Lo

w
<
3
b
u
d
s
vs
.
H
ig
h
≥3

b
u
d
s.
1
b
u
d
cu
to
ff
p
o
in
t:
B
u
d
d
in
g
n
eg

at
iv
e
w
h
en

n
o
b
u
d
w
as

o
b
se
rv
ed

,
o
r
b
u
d
d
in
g
p
o
si
ti
ve

w
h
en

at
le
as
t
o
n
e
b
u
d
w
as

fo
u
n
d
.

*
U
en

o
et

al
.
2
0
0
2
an

d
U
en

o
et

al
.
2
0
0
4
ar
e
o
ve

rl
ap

p
ed

.

*
*
Se

ki
et

al
.
2
0
1
6
an

d
Se

ki
et

al
.
2
0
1
7
ar
e
o
ve

rl
ap

p
ed

.

© 2018 John Wiley & Sons Ltd, Histopathology, 74, 536–544.

542 A Almangush et al.



that cytokeratin staining was useful in the evaluation of
tumour budding by unexperienced pathologists, but for
expert pathologists the benefit of using cytokeratin was
only slight. In oral squamous cell carcinoma, evaluation
of tumour budding using cytokeratin produced higher
reproducibility than H&E staining, and interobserver
variation was higher among less experienced examin-
ers.38 Indeed, while pan-cytokeratin staining can detect
more tumour budding,39 H&E staining has been used
successfully in several studies with good reliability and
reproducibility.11,25,30 Thus, at present routine assess-
ment of tumour budding with H&E staining can be
used, while pan-cytokeratin staining may be considered
in selected cases. For example, immunostaining could
be used if there is a high density of inflammatory infil-
trate preventing accurate evaluation of tumour bud-
ding.
A satisfactory biopsy is necessary for appropriate

evaluation of tumour budding. A histopathological
study on pre-operative biopsies in colorectal cancer
reported that cases where at least three biopsies had
been taken yielded satisfactory results in assessment of
poorly differentiated tumour clusters of five cancer
cells or more.40 Such a procedure of multiple biopsies
might be necessary for representative samples. How-
ever, excessive fragmentation of the specimens, arte-
facts, effects of tangential biopsies and the presence of
extensive necrosis often reduce the quality of pretreat-
ment diagnostic biopsies, and these can prevent a
proper assessment of tumour budding. Interestingly,
intratumoural budding (i.e. buds within the tumour
centre) correlated significantly with peritumoural bud-
ding at the invasive front.41,42 Diagnostic biopsies
often do not include the invasive front, and it is also
challenging to identify this area from small biopsies.
Due to this fact, it seems more reliable to analyse
intratumoural budding in these diagnostic speci-
mens.11

In conclusion, our systematic review revealed that
tumour budding could be successfully evaluated in
diagnostic biopsies. The published studies had some
limitations; they were mainly retrospective in nature
and were commonly based on a single-institution expe-
rience. Due to heterogeneity between tumour types in
the published studies, we were not able to perform
meta-analyses. Therefore, the finding of our systematic
review is still preliminary, and requires further valida-
tion and multicentre collaborative efforts. Of note, the
finding was consistent between all eligible studies, indi-
cating that tumour budding is an evaluable marker in
diagnostic biopsy specimens and has a significant prog-
nostic value. Thus, the current evidence summarised
in our systematic review can be used as a starting-

point for future research. Such research should aim to
define distinctive criteria for assessment of tumour bud-
ding in diagnostic biopsies, and to be considered in
therapeutic decision-making.

Acknowledgements

The authors acknowledge the Helsinki University
Hospital Research Fund, The Finnish Cancer Society,
The Finnish Dental Society, Finska L€akares€allskapet
and the Maritza and Reino Salonen Foundation.

Conflicts of interest

None declared.

References

1. Zlobec I, Lugli A. Tumour budding in colorectal cancer: molec-

ular rationale for clinical translation. Nat. Rev. Cancer 2018;

18; 203–204.
2. Almangush A, Pirinen M, Heikkinen I et al. Tumour budding

in oral squamous cell carcinoma: a meta-analysis. Br. J. Cancer

2018; 118; 577–586.
3. Karamitopoulou E. Tumor budding cells, cancer stem cells and

epithelial-mesenchymal transition-type cells in pancreatic can-

cer. Front. Oncol. 2012; 2; 209.

4. Almangush A, Karhunen M, Hautaniemi S et al. Prognostic

value of tumour budding in oesophageal cancer: a meta-analy-

sis. Histopathology 2016; 68; 173–182.
5. Rogers AC, Winter DC, Heeney A et al. Systematic review and

meta-analysis of the impact of tumour budding in colorectal

cancer. Br. J. Cancer 2016; 115; 831–840.
6. Li X, Wei B, Sonmez C et al. High tumor budding count is asso-

ciated with adverse clinicopathologic features and poor progno-

sis in breast carcinoma. Hum. Pathol. 2017; 66; 222–229.
7. Kadota K, Miyai Y, Katsuki N et al. A grading system combin-

ing tumor budding and nuclear diameter predicts prognosis in

resected lung squamous cell carcinoma. Am. J. Surg. Pathol.

2017; 41; 750–760.
8. Rogers AC, Gibbons D, Hanly AM et al. Prognostic significance

of tumor budding in rectal cancer biopsies before neoadjuvant

therapy. Mod. Pathol. 2014; 27; 156–162.
9. Zlobec I, Hadrich M, Dawson H et al. Intratumoural budding

(ITB) in preoperative biopsies predicts the presence of lymph

node and distant metastases in colon and rectal cancer

patients. Br. J. Cancer 2014; 110; 1008–1013.
10. Seki M, Sano T, Yokoo S et al. Tumour budding evaluated in

biopsy specimens is a useful predictor of prognosis in patients

with cN0 early stage oral squamous cell carcinoma.

Histopathology 2017; 70; 869–879.
11. Giger OT, Comtesse SC, Lugli A et al. Intra-tumoral budding in

preoperative biopsy specimens predicts lymph node and distant

metastasis in patients with colorectal cancer. Mod. Pathol.

2012; 25; 1048–1053.
12. Almangush A, Leivo I, Siponen M et al. Evaluation of the bud-

ding and depth of invasion (BD) model in oral tongue cancer

biopsies. Virchows Arch. 2018; 472; 231–236.

© 2018 John Wiley & Sons Ltd, Histopathology, 74, 536–544.

Tumour budding in diagnostic biopsies 543



13. Salhia B, Trippel M, Pfaltz K et al. High tumor budding strati-

fies breast cancer with metastatic properties. Breast Cancer Res.

Treat. 2015; 150; 363–371.
14. Moher D, Liberati A, Tetzlaff J et al. Preferred reporting items

for systematic reviews and meta-analyses: the PRISMA state-

ment. BMJ 2009; 339; b2535.

15. Altman DG, McShane LM, Sauerbrei W et al. Reporting recom-

mendations for tumor marker prognostic studies (REMARK):

explanation and elaboration. BMC Med. 2012; 10; 51.

16. Morodomi T, Isomoto H, Shirouzu K et al. An index for esti-

mating the probability of lymph node metastasis in rectal can-

cers. Lymph node metastasis and the histopathology of actively

invasive regions of cancer. Cancer 1989; 63; 539–543.
17. Ueno H, Mochizuki H, Shinto E et al. Histologic indices in

biopsy specimens for estimating the probability of extended

local spread in patients with rectal carcinoma. Cancer 2002;

94; 2882–2891.
18. Ueno H, Mochizuki H, Hashiguchi Y et al. Preoperative param-

eters expanding the indication of sphincter preserving surgery

in patients with advanced low rectal cancer. Ann. Surg. 2004;

239; 34–42.
19. Guzinska-Ustymowicz K. The role of tumour budding at the

front of invasion and recurrence of rectal carcinoma. Anti-

cancer Res. 2005; 25; 1269–1272.
20. Seki M, Sano T, Yokoo S et al. Histologic assessment of tumor

budding in preoperative biopsies to predict nodal metastasis in

squamous cell carcinoma of the tongue and floor of the mouth.

Head Neck 2016; 38(Suppl 1); E1582–E1590.
21. Nilsson PJ, Rubio C, Lenander C et al. Tumour budding

detected by laminin-5 {gamma}2-chain immunohistochemistry

is of prognostic value in epidermoid anal cancer. Ann. Oncol.

2005; 16; 893–898.
22. Okado Y, Aoki M, Hamasaki M et al. Tumor budding and

laminin5-gamma2 in squamous cell carcinoma of the external

auditory canal are associated with shorter survival. Springer-

plus 2015; 4; 814.

23. Oh BY, Park YA, Huh JW et al. Prognostic impact of tumor-

budding grade in stages 1-3 colon cancer: a retrospective

cohort study. Ann. Surg. Oncol. 2018; 25; 204–211.
24. Jesinghaus M, Boxberg M, Konukiewitz B et al. A novel grad-

ing system based on tumor budding and cell nest size is a

strong predictor of patient outcome in esophageal squamous

cell carcinoma. Am. J. Surg. Pathol. 2017; 41; 1112–1120.
25. Karamitopoulou E, Wartenberg M, Zlobec I et al. Tumour bud-

ding in pancreatic cancer revisited: validation of the ITBCC

scoring system. Histopathology 2018; 73; 137–146.
26. Shimizu S, Miyazaki A, Sonoda T et al. Tumor budding is an

independent prognostic marker in early stage oral squamous

cell carcinoma: with special reference to the mode of inva-

sion and worst pattern of invasion. PLoS ONE 2018; 13;

e0195451.

27. O’Sullivan B, Brierley JD, D’Cruz AK et al. UICC Manual of Clinical

Oncology, 9th ed. Hoboken, NJ: John Wiley & Sons, Ltd., 2015.

28. Ogawa T, Yoshida T, Tsuruta T et al. Tumor budding is predic-

tive of lymphatic involvement and lymph node metastases in

submucosal invasive colorectal adenocarcinomas and in non-

polypoid compared with polypoid growths. Scand. J. Gastroen-

terol. 2009; 44; 605–614.
29. Fujimoto M, Yamamoto Y, Matsuzaki I et al. Tumor budding is

an independent risk factor for lymph node metastasis in cuta-

neous squamous cell carcinoma: a single center retrospective

study. J. Cutan. Pathol. 2016; 43; 766–771.
30. Almangush A, Bello IO, Keski-Santti H et al. Depth of invasion,

tumor budding, and worst pattern of invasion: prognostic indi-

cators in early-stage oral tongue cancer. Head Neck 2014; 36;

811–818.
31. Landau MS, Hastings SM, Foxwell TJ et al. Tumor budding is

associated with an increased risk of lymph node metastasis

and poor prognosis in superficial esophageal adenocarcinoma.

Mod. Pathol. 2014; 27; 1578–1589.
32. Fukumoto K, Kikuchi E, Mikami S et al. Tumor budding, a

novel prognostic indicator for predicting stage progression in

T1 bladder cancers. Cancer Sci. 2016; 107; 1338–1344.
33. Lugli A, Kirsch R, Ajioka Y et al. Recommendations for report-

ing tumor budding in colorectal cancer based on the Interna-

tional Tumor Budding Consensus Conference (ITBCC) 2016.

Mod. Pathol. 2017; 30; 1299–1311.
34. Almangush A, Coletta RD, Bello IO et al. A simple novel prog-

nostic model for early stage oral tongue cancer. Int. J. Oral

Maxillofac. Surg. 2015; 44; 143–150.
35. O’Connor K, Li-Chang HH, Kalloger SE et al. Tumor budding is

an independent adverse prognostic factor in pancreatic ductal

adenocarcinoma. Am. J. Surg. Pathol. 2015; 39; 472–478.
36. Nakamura T, Mitomi H, Kikuchi S et al. Evaluation of the use-

fulness of tumor budding on the prediction of metastasis to the

lung and liver after curative excision of colorectal cancer.

Hepatogastroenterology 2005; 52; 1432–1435.
37. Kai K, Aishima S, Aoki S et al. Cytokeratin immunohistochem-

istry improves interobserver variability between unskilled

pathologists in the evaluation of tumor budding in T1 colorec-

tal cancer. Pathol. Int. 2016; 66; 75–82.
38. Leao PLR, Marangon Junior H, Melo VVM et al. Reproducibil-

ity, repeatability, and level of difficulty of two methods for

tumor budding evaluation in oral squamous cell carcinoma. J.

Oral Pathol. Med. 2017; 46; 949–955.
39. Koelzer VH, Zlobec I, Berger MD et al. Tumor budding in col-

orectal cancer revisited: results of a multicenter interobserver

study. Virchows Arch. 2015; 466; 485–493.
40. Barresi V, Bonetti LR, Ieni A et al. Histologic grading based on

counting poorly differentiated clusters in preoperative biopsy

predicts nodal involvement and pTNM stage in colorectal can-

cer patients. Hum. Pathol. 2014; 45; 268–275.
41. Lugli A, Vlajnic T, Giger O et al. Intratumoral budding as a

potential parameter of tumor progression in mismatch repair-

proficient and mismatch repair-deficient colorectal cancer

patients. Hum. Pathol. 2011; 42; 1833–1840.
42. Thies S, Guldener L, Slotta-Huspenina J et al. Impact of peritu-

moral and intratumoral budding in esophageal adenocarcino-

mas. Hum. Pathol. 2016; 52; 1–8.

© 2018 John Wiley & Sons Ltd, Histopathology, 74, 536–544.

544 A Almangush et al.


