View metadata, citation and similar papers at core.ac.uk

Histopathology

Histopathology 2019, 74, 536-544. DOI: 10.1111/his.13793

REVIEW

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

Alhadi Almangush,?>* Omar Youssef,'* Matti Pirinen,*® Jari Sundstrém,? Ilmo Leivo*

& Antti A Makitie”® "

¥

"Department of Pathology, University of Helsinki, Helsinki, Pathology, Institute of Biomedicine, University of Turku,
Turku, Finland, >Institute of Dentistry, University of Misurata, Misurata, Libya, *Institute for Molecular Medicine
Finland (FIMM), University of Helsinki, *Department of Public Health, University of Helsinki, ®Department of
Mathematics and Statistics, University of Helsinki, “Department of Otorhinolaryngology — Head and Neck Surgery,
HUS Helsinki University Hospital and University of Helsinki, Helsinki, Finland, and ®Division of Ear, Nose and Throat
Diseases, Department of Clinical Sciences, Intervention and Technology, Karolinska Institutet, Karolinska University

Hospital, Stockholm, Sweden

Almangush A, Youssef O, Pirinen M, Sundstrom J, Leivo I & Makitie A A
(2019) Histopathology 74, 536—544. https://doi.org/10.1111/his.13793

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
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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.

tumour budding

Introduction

Pre-operative/pretreatment biopsies are widely used
as diagnostic tools of different epithelial tumours, and
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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.! Tumour bud-
ding represents active invasion, dissociation and
epithelial-mesenchymal transition.!* A relationship
to cancer stem cells® 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.>*”
The prognostic value of tumour budding in diagnostic
biopsies has been examined in recent studies.®*!° 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.''?  However, the implementation of
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tumour budding for pathology reports and treatment
planning still requires further studies.”'*

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

SEARCH PROTOCOL

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

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.

© 2018 John Wiley & Sons Ltd, Histopathology, 74, 536-544.
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Systematic Review and Meta-Analysis (PRISMA)'*
guidelines were followed.

INCLUSION AND EXCLUSION CRITERTA

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.

SCREENING

Two independent researchers (A.A., 0.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.

DATA EXTRACTION

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.

QUALITY ASSESSMENT

As tumour budding is a prognostic marker, we used
the guidelines of reporting recommendations for
tumour marker prognostic studies (REMARK)'® 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,®'°1? two on colorectal cancer’!'! and three
(two cohorts) on oral cancer.'®!?2° There was one
study on breast cancer,’®> one on epidermoid anal
cancer?! and one on cancer of the external auditory
canal.”?

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,®? 11101719 distant metastasis” "' and
patient survival.®'® The relationship between pre-
operative tumour budding and the presence of extra-
nodal tumour deposits,'” lymphovascular invasion,’
tumour grade'! and stage’ 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.'?2 Pre-operative tumour budding in oral can-
cer also had strong correlations with tumour grade,
tumour depth and blood vessel invasion.!®?° In
breast cancer, tumour budding is associated with
venous invasion.'® A study of epidermoid anal cancer
revealed that pretreatment tumour budding was a
significant predictor of overall survival.?! In cancer of
the external auditory canal, a single study showed
that pretreatment tumour budding is associated with
expression of laminin 5-y2 and predicts disease-speci-
fic survival.?? Of note, a significant correlation
between tumour budding in pre-operative biopsies
and postoperative samples was reported in colorectal
cancer,,' ! breast cancer'® and oral cancer.'*°

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.''!7+1922

Discussion

Tumour budding is a hallmark of cancer invasion
and has been recently validated as a promising prog-
nostic marker in colon cancer,”®> oesophageal can-
cer,”* pancreatic cancer,”” lung cancer’ and oral
cancer.”® Interestingly, the meta-analyses conducted
on the published studies confirm the prognostic value
of tumour budding in oesophageal, colorectal and
oral cancers.>*> Moreover, tumour budding is cur-

rently considered as an additional prognosticator by

© 2018 John Wiley & Sons Ltd, Histopathology, 74, 536-544.
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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 e Retrospective or prospective cohort with a well-defined study population
e Medical treatment of the cases was explained
Material e Patient data such as age, gender, clinical stage and WHO grade were explained

Method of evaluation e Well-described method including the microscopic field/s and the cutoff point
e Routine HE-staining and/or immunohistochemistry (e.g. pan-cytokeratin (AE1/AE3))

Data analysis e The survival endpoint was well defined
e Estimated effect (e.g. hazard ratio, with confidence intervals) of preoperative tumour

budding was reported

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

outcome

e Multivariate estimate: adjusted for the conventional prognostic factors
e Inter-observer variability was evaluated
e The relationship between the pretreatment score of tumour budding and conventional

prognosticators was reported

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

reported

Discussion e The results about tumour budding were discussed in the context of the relevant studies
e The limitations of the study were explained
e Recommendation for further evaluation of tumour budding was suggested based on

published guidelines

the Union for International Cancer Control’s tumour—
necrosis—metastasis (TNM) classification.”?” 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.'® 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.”?® The
ability of tumour budding to prognosticate nodal
metastasis has also been reported in other can-
cers.”?? Moreover, the prognostic impact of tumour

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

budding for nodal metastasis, patient survival or both
was prominent in the early stages of other
cancers.’?>? 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.>® Interestingly, a recent
study on pancreatic cancer?> 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,> 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
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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.

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 recommendations®® stated that the
ITBCC is not an end-point, but rather a step towards
further research.>® 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.>*>° 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)*° 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 colleagues®” compared the usefulness
of cytokeratin staining compared with H&E staining (in
postoperative samples of colorectal cancer) and found

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



541

iopsies

in diagnostic bi

ing in

Tumour budd

(O¥0'0 =d '€6'LL—€0°L 1D

%G6 'LG'E YH) syreap pare|.

-190ued Jo Jojoipald JuedyIuSIS B Sem
saisdoiq juawieasiaid ul g1 (S0°0 > o)
Adesayjoipeiowaypd jueanipeoau 0}
asuodsas pue ‘s4q ‘N7 ‘o98els yum

pajeosse Apuedyiusis saisdoiq

Adesayowayd

jueAn(peoau

10C

poon juswiyeas)-aid ul g1 o souasaid sy IH oLx pnq | s|[92 6> + K1aging 190UBD [B103Y -1l 68 puepay| o[ 19 s1980y
(G0°0 > o) uoIseAU]
|9ssaA snouan pue oneydwA| ‘aSeys |d
ISBISEIOW JUBLSIP 'SISBISEIOW NT YIM JERIT]=0) 10T
poon  pajeIdoSse g] O Juswissasse aAneladoald €Iv/13Iv obx a[eds s|[92 G> K198ing [e30210]0D y1-11d €€l puBHIZIMS [ 32 23907
(500 > o) opess
inowiny pue sIse}se}aw Juelsip
‘sisejselaw N pue g1 aaneladoaid LPoyW
U99MJ9q UOIFR[R.LI0D JUBdYIUSIS B sem ViFE]
213y (800°0 = /) PaIe|a4I0d dIaM g rINWEREN J90UBD z102
Kioyoeysiyes anipesadoisod pue anijesadoaly IH oLX ® GZX 0} paliaey 190 G> K1a8ing [e30210]0D y1-11d 7L PpuBUIZIMS ,,'[e 39 13810
(G0'0 > ) Sasesejaw juelsip pue G00¢C
N '9ouaiindal [ed0] Y)M pajeja.iod ' ZoIMoWA}sN
Kioyoeysipes  Aj8uons g1 aanesadoasd jo souasaid ay IH £92IS plold pnq | s|[92 G> A1a8ing J90UBD 2109y 1l e puejod -Byjsuiznn
(S0°0 > o) SO Jeak-g yum diysuoneas ureyd-g
queoyiuis Ajjeansiyels e pey ewwed J20UBD [RUR 5007
Kioyoeysipes saisdoiq onsouSelp juawyeasiaid ur g1 G-uluiwe] VN VN s||92 G> Adesayroipey plowuapidy -1l 60T uapams 12'[B 32 UOSS|IN
peaids [eanwiesjul [e3sp Ypm
pajeosse Jey} ASojo3sly ajgeinoaejun
J0 siapowesed Suowe sem g1 a8eys *00T
Ki0yoeysies JO Juawssasse aAneladoald IH 00Z% spnq g 190 G> K198ing J2OUBD [B]09Y  PIdUBAPY ozl ueder .2 39 0uan
(L'£L-8'L 1D %56 'G'S YO) shsodep
Jnowny [epoues}xa Jo aouasaid
YUM pue (6'9L-LL 1D %SG6 '€'G ¥O)
POAJOAUI NT JO JaquINU Ylim paleldosse a8e1s +C00C
poon ApueoyiuSis Asdoiq annesadoaud ur g IH 007X spnq g S||90 G> K1a8ing J90UBD [B109Y  PaduBAPY a8 ueder ,/'[e 32 ouan
(0'8 ¥O ‘1000 > d)
SISBISEIaW N YHM UOIFe[2.1100 6861 o' 32
Ki0108)s17RS Buons e pey saisdoiq aanesadoasd ul g1 IH 00t % \SPnq g S||92 G> K1ading J90UBD 2109y VN Ll ueder 1ILOPOIOW
Apnjs ay} Suippnq Jnowny uo urels plRY Joind  uoniuysp juswieal} Jnowiny a8es S95BD Aiunod Jeak ‘sioyiny
jo Ayreno s3uipuy /uonedyuse png ureyy Jo adAL JO "ON

JueAd|al Jo Arewwng

saisdolq onsouSelp juswieasiaid ul Suippng Jnowiny paulwexa yey} salpnis ay} Jo Arewwns g ajqeL

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



542 A Almangush et al.

‘paddejsano are £10T 72 72 19S PUB 9L0T /2 79 PI9S« «
‘paddepiano are 00¢ 72 22 ousn pue o0z /2 79 OUdN,
‘PUNO) SeM pNq dUO I5B9| 3B Uaym aAiisod Suippng 4o ‘pantasqo sem pnqg ou uaym aaizedau Suippng :juiod Jond pnqg | 'spnq €< ySiH 'sa spnq £> mo1 :julod

HOMNd spnq € 'spnq G< (dasod 10) YSiH 'sA spnq G> (dAFeSau 10) Mo Julod Hoind spnq G “4dH/SPNg 0L< YSIH SA 4dH/Spnq OL> mo7 uiod 4oind spnq QL "sud| 2Ad3[qo 0T X
og /B 79 BANWENEN "3pI|S Yord Ul SUOIeIO| {7 T8 atenbs wn gogz %
wr 0OgG Sem GOOT ‘ZoImowAIsn-eysuiznD Jo Apnis ul azis pjald ‘siepuodsal dood 1oy pasn sem A198inS "UPAWOG JUBHWOOUOD INOYUM IO YHm Adeiayiolpes sem GOOZ 72 29 UOSS|IN
ul Juawieal] “(++) alisod AjSuoss sem alow J0 G| pue ‘(+) aalisod Apjiu sem -G ‘(—) dAIFESSU PaIaPISUOD SeM SPNQ —0 (SMO||0) SB JI9M 6861 /2 79 ILUOPOIO 10} SaLI0Sa1eD
‘Suippng Jnowin] ‘g ‘ewouidied [[92 snowenbs DS {[eAIANS da1y-asdejai 'S4y ‘[eAIANS |[e
-19AQ ‘SO ‘o11el SpPO ‘YO ‘B|qe|reAr 10N VN ‘zA-G uluiwe ‘zA-gu ‘opou ydwAT ‘N7 ‘uiened aaiegul ‘4N (ETV/1IVY) URIaN034AD 1o Ajedtwaydolsiyounwiw| ‘OH| ‘Sulurels uisos
pue uljAxoyewsaey ‘JH ‘ol piezeH “YH ‘Yypnow ay} 40 J0OoJ) ‘WOH ‘[BAIANS 931} aseasiq ‘s4q ‘Adesayjowayd ‘1D ‘[eAssjul 2ouapyuo) ‘I fETY/ LIV JaieW uljeIaNolhourd ‘€3v/ LIV

sa|dwres aaipesadojsod
pue aaneladoald ul 8100
41 usdaMIq (LO0'0 > o) diysuonelas

loued

8L0¢

Kioyoejsipes JuedyiuSis Ajfeonsiyels e sem aiay IH L0Tx spnq g s|[@2 G> Kia8ing anguoy [elQ Al-l 0oL puejui4 2,'[B 39 ysn3uewy
(100 >d
'G0°0€ YO) WNT YHm pajejariod
41 2AeI2doald "UOISBAUL [35S9A POO|q
pue 4N ‘yidap snowny ‘epeis nowny (sosed L) 1D
pue g aaneladoaid usamiaq paniasqo spnq g aAiesadoald «+/10C
poon 21am (100 > &) suoiepLI0d Suons  uneIaNoIhD) L0TX ‘spnq € s|[@2 G> ‘A1a8ung DS [eI0 v1-112 602 ueder o018 30 DIRS
(60°0 > o) S48 pue SO (L0'0 > d (s9s®d /) 1D
'LE YO) sisejselow N Yim pajerdosse anyesadoaid 2DS WO4 pue *x910C
poon Apueoyiusis sem g anipesadoald  unesad03hD 0zx spnq € S||92 G> ‘K1981ng an8uo] v1-11 16 ueder o0z I8 30 DIRS
(£000°0 =) SSA Yim
pajeosse g jusawiealidld ((#0'0 = o) *Adesayjoipes
ZA-GUT JO UOISSaIdXD UM pajeIoosse -owaydjurAn(peoaU jeued Aioypne 10T
Kioyoeysipes suawioads Asdoiq Juswieajaid ur g1 unesad03hD L0TX spnqg oL S||92 G> ‘K1981ng [BUJAIXd JO DDS vI-11 9t ueder 222 39 0p®YO
(L0000 >d)
suawiads uoNasal [ed18iNs ayy ul pue
saisdoiq 2100 aaiyesadoaid ayy ul g1
U99M}a(q UOIB[R1I00 Juedyiugis & sem
219U "UOISBAUI SNOUSA U}IM PI}RID0SSE
(€900°0 = o) Apuedyiusis sem GgLoc
Ki01oeys13eS saisdoiq 2102 aaesadoasd ur g1 ySiH €3v/13V 00p % spnq oL S|[92 G> Kia8ing 190UBD Jsealg v1-11 66  puBLIZIMS ¢ '8 39 BIyES
Apnis ayy Suippnq 4nowny uo ureys plaY Joind  uoniuysp BUUETITIN-EY Jnowny adeis sased Aiunod Jeak ‘sioyiny
0 Ayeno s3upuy /uoledyusey png urewy 0 adAL JO "ON

juBAQJal JO Arewiwng

(panunuod) *z a|qeL

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



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.’® Indeed, while pan-cytokeratin staining can detect
more tumour budding,>® H&E staining has been used
successfully in several studies with good reliability and
reproducibility.’*°3° 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.*® 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.*'"*? 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. !

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-

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