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Abstract: Human epidermal growth factor receptor 2 (HER2) is a transmembrane growth factor
receptor with tyrosine kinase activity regulating cell growth and survival. HER2 amplification is re-
sponsible for protein overexpression with a negative impact on prognosis, but HER2-overexpressing
patients could be treated with anti-HER2 therapy. In gastric cancer HER2 overexpression is observed
in approximately 22% of patients, but prognostic significance in this context is not clear. In colon
adenocarcinoma, HER2 gene amplification is reported in a wide range from 0% to 83%. The wide
range of reported series could be essentially attributable to a difference in scoring systems for HER2
protein expression. The use of testing score, although measuring the same protein, is different from
gastric cancer to colorectal cancer. Herein the different scoring models are reported.
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INTRODUCTION

In 1998 the introduction of trastuzumab, an an-
ti-HER2-targeting antibody, in the treatment of
breast cancer (BC) patients, on the basis of immu-
nohistochemical score and Fluorescent In Situ Hy-
bridization (FISH), opened the way of predictive
pathology in BC patients, i.e. the tool allowing the
selection of patients for trastuzumab-based target
therapy. Afterwards anti-HER2 targeting antibody
was introduced to upper gastroesophageal carcino-
mas (GEC)'. In the last years, we are observing a pos-
sible extension of such therapy to other neoplasms,
such as colorectal cancer (CRC)?. Human epidermal
growth factor receptor 2 (HER2) is a transmem-
brane growth factor receptor protein encoded by a
protooncogene located on chromosome 17q213. The
receptor includes an intracellular tyrosine kinase
activity promoting cell growth and survival®. HER2
aberrant amplifications or rarely point mutations in

breast cancer and the subsequent protein overex-
pression impact on prognosis, showing HER2-over-
expressing BC patients, a poor prognosis*. But the
HER2-overexpressing BC patients can be treated
with anti-HER?2 therapy, with a significant improve-
ment of survival’. HER2 overexpression has been
demonstrated in other malignancies, mainly in gas-
tric (GC) and gastroesophageal cancer (GEC), but
also in CRC, ovarian cancer, prostate cancer and
lung cancer’. In GC/GEC, the incidence of HER2
overexpression was detected in about 22% of gas-
tric cancer patients, but prognostic significance was
controversial®’, although most series demonstrated
HER?2 as a negative prognostic factor, being related
to serosal invasion, metastases and higher disease
stage®®. In colon adenocarcinoma, HER2 gene am-
plification and the subsequent product overexpres-
sion have been variously reported, with a range rate
from 0% to 83%'%-'2. The wide range of reported se-
ries could be attributable to a substantial difference
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TABLE 1. Comparison of Her2 scoring in GC and CRC. Y/N eligibility to anti-Her2 Therapy depends upon FISH results,
being eligible in cases with Her2 amplification

IHC IHC pattern FISH Eligibility
score of positivity requirement to anti-her2
therapy
GC 0 Absent positivity NO NO
Biopsy 1+ Weak staining or partial staining of the NO NO
membrane in at least 5 cohesive cells
2+ Complete or basolateral moderate/weak membranous YES
staining in at least 5 cohesive cells
3+ Strong complete or basolateral membranous staining NO YES
in 5 cohesive cells
Surgical 0 Absent positivity NO NO
sample 1+ Weak staining or partial staining of the membrane NO NO
in > 10% of the neoplastic cells
2+ Complete or basolateral moderate/weak membranous YES Y/N
staining in > 10% of the cells
3+ Strong complete or basolateral membranous staining NO YES
in > 10% of the neoplastic cells
CRC 0 Absent positivity NO NO
1+ Faint, segmental or granular membranous staining NO NO
of any cellularity
2+<50%  Any membrane positivity in less of 50% of neoplastic cells  NO NO
2+>50%  Moderate circumpherential, basolateral and lateral YES Y/N
positivity in more than 50% of neoplastic cells
3+<10% Intense circumpherential, basolateral and lateral NO NO
positivity in 10%<> 50% of neoplastic cells
3+>10% Intense circumpherential, basolateral and lateral
positivity in more than 50% of neoplastic cells YES YES
(PREFERABLE)

in scoring systems for HER2 protein expression, a
difference of technical approach, sample size and
heterogeneity of the study population. When using
an accepted scoring system, the rate of HER2 mem-
branous and cytoplasmic positivity were observed
in approximately 5% and 30%, respectively". Thus,
in this view trastuzumab may be effective only in
HER2 membranous positive CRC in a low percent-
age of cases'. Also for CRC the impact of HER2
overexpression on prognosis is controversial>-%, In
this review we focus the different scoring system
through the different laboratory technique.

TECHNIQUE OF HER2 STATUS
DIAGNOSIS IN GC/GEC

Immunohistochemistry (IHC) and in situ hybrid-
ization (ISH) in BC are two of the most commonly
used techniques for the identification of HER2 status.
Their main advantage is the possibility to use both
methods on formalin-fixed and paraffin-embedded
tissues. Although FISH is considered the gold stan-
dard, the higher cost addresses to this method, only
equivocal cases from IHC staining, being very high
the concordance of negative and positive cases be-
tween these two methodologies, with 87-98% concor-
dance rates”. The scoring system used for BC has not

applicable to GC. Thus, the scoring system proposed
by Hofmann et al, assimilated by the College of
American Pathologist (CAP) and Food and Drug Ad-
ministration (FDA), is currently used®. In addition it
is different when a bioptic sample or a surgical spec-
imen are evaluated?. Thus 0 score is applied when
no cell is positive at IHC in surgical specimen or rare
staining is observed in less than 5 neoplastic cells, 1+
when staining is weak or detected in only one part
of the membrane in > 10% of the cells or in at least 5
cohesive cells, 2+ or equivocal when moderate/weak
complete or basolateral membranous staining is pres-
ent in > 10% of the cells or in at least 5 cohesive cells
and 3+ when strong complete or basolateral membra-
nous staining is detected in > 10% of the neoplastic
cells or in 5 cohesive cells®. Differently from BC, cir-
cumpherential positivity is not observed in GC/GEC,
being positivity mainly basolateral or lateral, as the
physiological prevalence of growth factor receptors
is concentrated at these sites?*?. In addition the site
of cancer is related to Her2 positivity, being more fre-
quently observed in the proximal stomach, including
the esophageal gastric junction (33% of cases), than
in the distal stomach (21% of cases)*>?. The Her2
deregulation is also related to the histotype, being
Her?2 positivity almost exclusively observed in intes-
tinal-type carcinoma, the more frequent histotype in
GEC?* (Figure 1).
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ERBB2 protein expression by VENTANA 4BS in Gastric Cancer.
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Fig. 1. Immunohistochemistry and fluorescent in situ hybridization score
for HER2 receptor in gastric cancer. 4, no membranous staining of ne-
oplastic cells (score = 0, HER2 overexpression is negative); B, faint or
barely perceptible membranous staining in 10% or more of tumor cells
(score = 14+, HER2 overexpression is negative); C, weak to moderate
complete, basolateral or lateral membranous staining in 10% or more of
tumor cells (score = 2+, HER2 overexpression is equivocal and confir-
matory FISH testing is recommended); D, strong complete, basolateral or
lateral membranous staining in 10% or more of tumor cells (score = 3+,
HER2 overexpression is positive); E, HER2: CEP17 ratio <2.0 (amplifi-
HER? score = 3+ cation of ERBB2 gene copy number is negative); F, HER2: CEP17 ratio
>/=2.0 (amplification of ERBB2 gene copy number is positive).




Negative

Negative

g g e . o
R
HER? score =1+

NON-AMPLIFIED

< 50%: negative

>/=50%: equivocal »

Re-test immunohistochemistry
ERBB2 gene copy number
by fluorescent in situ hybridization (FISH)

HER?2 score = 2+

AMPLIFIED
</=10%: negative

>10% < 50%: equivocal/positive
Re-test immunohistochemistry

ERBB2 gene copy number

by fluorescent in situ hybridization (FISH)

>/= 50%: positive

»

%%\35 thg ﬁ D «; V'..;‘: &

i G-

10um
—m

HER2 score = 3+

Fig. 2. Immunohistochemistry and fluorescent in situ hybridization for HER2 receptors in colorectal cancer. 4, no membranous
staining of tumor cells (score = 0, HER2 overexpression is negative); B, faint, segmental or granular membranous staining of
any cellularity (score = 1+, HER2 overexpression is negative); C, moderate complete, basolateral or lateral membranous staining
in <50% of tumor cells (score = 2+, HER2 overexpression is negative) or moderate complete, basolateral or lateral membranous
staining in >/= 50% of tumor cells (score = 2+, HER2 overexpression is equivocal and immunohistochemistry re-test and FISH
confirmatory test are mandatory); D, intense complete, basolateral or lateral membranous staining in </= 10% of tumor cells
(score = 3+, HER2 overexpression is negative) or intense complete, basolateral or lateral membranous staining in >10% <50%
of tumor cells (score = 3+, HER2 overexpression is equivocal and immunohistochemistry re-test and FISH confirmatory test are
mandatory) or intense complete, basolateral or lateral membranous staining in >/=50% of tumor cells (score = 3+, HER2 ove-
rexpression is positive); E, HER2:CEP17 ratio < 2.0 (amplification of ERBB2 gene copy number is negative); F, HER2:CEP17
ratio >/=2.0 in >/=50% (amplification of ERBB2 gene copy number is positive).



HER2 EXPRESSION IN GASTROINTESTINAL TUMOR

HER2 IN COLORECTAL CANCER

Recently in colorectal cancer (CRC) HER?2 has been
described as a potential therapy target, because of the
demonstration of its overexpression subsequently to
HER2 gene amplification and sequence point muta-
tions??’. Moreover, HER2 genetic deregulation plays
a role in the resistance to epidermal growth factor
receptor (EGFR)-targeted therapies’®. Thus 30%
and 38% of objective response rates were observed
in CRC patients with Her2 overexpression respec-
tively in HERACLES and MyPathway studies®*.
Although Her2 overexpression does not predict CRC
patients’ prognosis, its incidence has been reported
in 6% of patients in a cohort of 365 consecutive CRC
and in a cohort of 174 advanced CRC. In the same
cohort HER2 gene amplification was documented
in 5.8% of the patients from cohort 1 and 6.3% of
the patients from cohort 2. In addition HER2 gene
amplification documented through SISH was more
frequently revealed in rectal site®. Although a sub-
stantial concordance rate of 95.5% between HER
overexpression documented through immunohisto-
chemistry and HER2 gene amplification obtained
through SISH, some biological condition, such as
erroneous post-translation processes leading to de-
creased HER2 protein expression in a status of
HER?2 gene amplification, also the interpretation of
HER2 status in CRC could impact on discordant
cases. Indeed the interpretation should be based on
specific criteria derived from the specific clinical set-
ting, not from experience in breast or gastric cancer?.
Thus, the clinical trial HERACLES (HER2 Ampli-
fication for Colo-Rectal Cancer Enhanced Stratifica-
tion), based on the use of trastuzumab and lapatinib
in metastatic CRC kRas wild type and Her2 ampli-
fication, represented the right base for a correct pro-
posal of a specific Her2 scoring system. The trial led
to an objective response in 8/27 patients and stable
disease in 12/27 patients®'. The trial was preceded by
an accurate definition of inclusion criteria, based on
Her2 status derived for immunohistochemistry and
in situ hybridization®. Thus the samples collected in
the HERACLES study were studied using HercepI-
est antibody (Dako A/S Glostrup, Denmark) and au-
tomatically on the automated Bench Mark Ultra sys-
tem using the VENTANA 4B5 antibody and then for
in situ hybridization through Her2 amplification anal-
ysis by FISH was performed with a PathVysion HER-
2 DNA Probe Kit (Abbott Laboratories, Des Plaines,
IL, USA) and SISH with a VENTANA 4B5 Inform
HER2 dual-color on the BenchMark Ultra system
(Inform HER2 DNA dual-color assay—Roche Tis-
sue Diagnostics, VENTANA Medical Systems, SA)
2 (Figure 2). The conclusion of this pre-clinical study
adds important information to the interpretation of
HER2 status as predictive biomarker in CRC. Par-

ticularly the consensus of pathologist selected 4B5
clone for immunohistochemical evaluation of HER2
because of the lower incidence of false negatives re-
spect to HercepTlest. In addition, being HER2 am-
plifications supporting the trials, the Consensus of
pathologist define a diagnostic algorithm, in order to
minimize the false positive cases. Thus, on the base
of Her2 amplification data they define two order of 2+
and three order of 3+ immunohistochemical scores.
Indeed 2+ score with any membrane positivity in less
of 50% of neoplastic cells and 3+ score with intense
circumpherential, basolateral and lateral positivity
in less than 10% of neoplastic cells are not consid-
ered as eligible patients; 2+ score with moderate cir-
cumpherential, basolateral and lateral positivity in
more than 50% of neoplastic cells and score 3+ with
intense circumpherential, basolateral and lateral pos-
itivity in more than 10% of neoplastic cells but not
more than 50% of cells require further immunohisto-
chemical confirmation and then ISH documentation
of HER amplification to candidate the patients to the
treatment. Finally, 3+ score with intense circumpher-
ential, basolateral and lateral positivity in more than
50% of neoplastic cells, after immunohistochemical
confirmation, could be candidate to combined ther-
apy without ISH documentation of HER2 amplifica-
tion, although suggested? (Figure 2).

CONCLUSIONS

Multiple reports demonstrate a deregulation of
HER2 expression, mainly due to gene amplifica-
tion, in many cancer types. But the applicability of
such information to the specific HER2 target thera-
py should be revised in a clinical trial, being inter-
pretation of immunohistochemistry and ISH meth-
odologies quite different from a clinical neoplastic
setting to another.

CONFLICT OF INTEREST:
The authors declare no conflict of interest.

REFERENCES

1. Arteaga CL, Sliwkowski MX, Osborne CK, Perez EA,
Puglisi F, Gianni L. Treatment of HER2-positive breast
cancer: current status and future perspectives. Nat Rev
Clin Oncol 2012; 9: 16-32.

2. Valtorta E, Martino C, Sartore-Bianchi A, Penaullt-Llor-
ca F, Viale G, Risio M, Rugge M, Grigioni W, Bencardino
K, Lonardi S, Zagonel V, Leone F, Noe J, Ciardiello F,
Pinto C, Labianca R, Mosconi S, Graiff C, Aprile G, Frau
B, Garufi C, Loupakis F, Racca P, Tonini G, Lauricella C,
Veronese S, Truini M, Siena S, Marsoni S, Gambacorta
M. Assessment of a HER2 scoring system for colorectal
cancer: results from a validation study. Mod Pathol
2015; 28: 1481-1491.

5



10.

11.

12.

13.

14.

15.

16.

17.

18.

World Cancer Research Journal

. Akiyama T, Sudo C, Ogawara H, Toyoshima K, Yama-

moto T. The product of the human C-ErbB-2 gene: a
185-kilodalton glycoprotein with tyrosine kinase activ-
ity. Science 1986; 232: 1644-1646.

. Hicks DG, Kulkarni S. HER2+ breast cancer: review of

biologic relevance and optimal use of diagnostic tools.
Am J Clin Pathol 2008; 129: 263-273.

. Dawood S, Broglio K, Buzdar AU, Hortobagyi GN, Gior-

dano SH. Prognosis of women with metastatic breast
cancer by HER2 status and trastuzumab treatment: an
institutional-based review. J Clin Oncol 2010; 28: 92-
98.

. He C, Bian XY, Ni XZ, Shen DP, Shen YY:; Liu H, Shen

ZY, Liu Q. Correlation of human epidermal growth
factor receptor 2 expression with clinicopathological
characteristics and prognosis in gastric cancer. World J
Gastroenterol 2013; 19: 2171-2178.

. Janjigian YY, Werner D, Pauligk C, Steinmetz K, Kelsen

DP, Jager E, Altmannsberger HM, Robinson E, Tafe LJ,
Tang LH, Shah MA, Al-Batran SE. Prognosis of meta-
static gastric and gastroesophageal junction cancer by
HER2 status: a European and USA international collab-
orative analysis. Ann Oncol 2012; 23: 2656-2662.

. Jorgensen JT, Hersom M. HER2 as a prognostic marker

in gastric cancer - a systematic analysis of data from
the literature. J Cancer 2012; 3: 137-144.

. Kurokawa Y, Matsuura N, Kimura Y, Adachi S, Fujita

J, Imamura H, Kobayashi K, Yokoyama Y, Shaker MN,
Takiguchi S, Mori M, Doki Y. Multicenter large-scale
study of prognostic impact of HER2 expression in
patients with resectable gastric cancer. Gastric Cancer
2015; 18: 691-697.

Schuell B, Gruenberger T, Scheithauer W, Zielinski C,
Wrba F. HER 2/Neu protein expression in colorectal
cancer. BMC Cancer 2006; 6: 123-125.

Caruso ML, Valentini AM. Immunohistochemical P53
overexpression correlated to C-ErbB-2 and cathepsin D
proteins in colorectal cancer. Anticancer Res 1996; 16:
3813-3818.

Ross JS, McKenna BJ. The HER-2/Neu oncogene in tu-
mors of the gastrointestinal tract. Cancer Invest 2001;
19: 554-568.

Blok EJ, Kuppen PJK, van Leeuwen JEM, Sier CFM.
Cytoplasmic overexpression of HER2: a key factor in
colorectal cancer. Clin Med Insights Oncol 2013; 7:
41-51.

Mojarad EN, Kuppen PJ. HER2 and immunotherapy
using monoclonal antibodies in colorectal cancer. Im-
munotherapy 2013; 12: 1267-1269.

Park DI, Kang MS, Oh SJ, Kim HJ, Cho YK, Sohn ClI,
Jeon WK, Kim BI, Han WK, Kim H, Ryu SH, Sepulveda
AR. HER-2/Neu overexpression is an independent prog-
nostic factor in colorectal cancer. Int J Colorectal Dis
2007; 22: 491-497.

Marx AH, Burandt EC, Choschzick,M, Simon R, Yeke-
bas,E, Kaifi JT, Mirlacher, M, Atanackovic D, Bokemeyer
C, Fiedler W, Terracciano L, Sauter G, Izbicki JR. Het-
erogenous high-level HER-2 amplification in a small
subset of colorectal cancers. Hum Pathol 2010; 41:
1577-1585.

Conradi LC, Styczen H, Sprenger T, Wolff, HA, Rodel
C, Nietert M, Homayounfar K, Gaedcke J, Kitz J, Ta-
laulicar R, Becker H, Ghadimi M, Middel P, Beissbarth
T, Ruschoff J, Liersch T. Frequency of HER-2 positivity
in rectal cancer and prognosis. Am J Surg Pathol 2013;
37: 522-531.

Sclafani F, Roy,A, Cunningham, D, Wotherspoon A,
Peckitt,C, De Castro DG, Tabernero J, Glimelius B,
Cervantes A, Eltahir Z, Oates J, Chau I. HER2 in high-

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

risk rectal cancer patients treated in EXPERT-C, a
randomized phase ii trial of neoadjuvant capecitabine
and oxaliplatin (CAPOX) and chemoradiotherapy (CRT)
with or without cetuximab. Ann Oncol 2013; 24: 3123-
3128.

Manion E, Hornick JL, Lester SC, Brock,JE. A compar-
ison of equivocal immunohistochemical results with
anti-HER2/Neu antibodies A0485 and SP3 with corre-
sponding FISH results in routine clinical practice. Am J
Clin Pathol 2011; 135: 845-851.

Hofmann M, Stoss O, Shi D, Buttner R, Van De Vijver
M, Kim W, Ochiai A, Ruschoff J, Henkel T. Assessment
of a HER2 scoring system for gastric cancer: results
from a validation study. Histopathology 2008; 52: 797-
805.

Ruschoff J, Dietel M, Baretton G, Arbogast S, Walch A,
Monges G, Chenard MP, Penault-Llorca, F, Nagelmeier,|,
Schlake W, Hofler H, Kreipe HH. HER2 Diagnostics in
gastric cancer-guideline validation and development of
standardized immunohistochemical testing. Virchows
Arch 2010; 457: 299-307.

Albarello L, Pecciarini L, Doglioni C. HER2 testing in
gastric cancer. Adv Anat Pathol 2011; 18: 53-59.

Kim MA, Lee HJ, Yang HK, Bang YJ, Kim WH. Hetero-
geneous amplification of ERBB2 in primary lesions is
responsible for the discordant ERBB2 status of primary
and metastatic lesions in gastric carcinoma. Histopa-
thology 2011; 59: 822-831.

Cho EY, Park K, Do |, Cho J, Kim J, Lee J, Kim S, Kim
KM, Sohn TS, Kang WK, Kim S. Heterogeneity of
ERBB2 in gastric carcinomas: a study of tissue microar-
ray and matched primary and metastatic carcinomas.
Mod Pathol 2013; 26: 677-684.

Koopman T, Smits MM, Louwen M, Hage M, Boot
H, Imholz ALT. HER2 positivity in gastric and esopha-
geal adenocarcinoma: clinicopathological analysis and
comparison. J Cancer Res Clin Oncol 2015; 141: 1343-
1351.

Van Cutsem E, Bang YJ, Feng-yi F, Xu JM, Lee KW, Jiao
SC, Chong JL, Lopez-Sanchez R, Price T, Gladkov O,
Stoss O, Hill J, Ng V, Lehle M, Thomas M, Kiermaier A,
Ruschoff J. HER2 screening data from ToGA: targeting
HER2 in gastric and gastroesophageal junction cancer.
Gastric Cancer 2015; 18: 476-484.

Bai J, Gao J, Mao Z, Wang J, Li J, Liw, Lei VY, Li S, Wu
Z, Tang C, Jones L, Ye H, Lou F, Liu Z, Dong Z, Guo
B, Huang XF, Chen SY, Zhang E. Genetic mutations in
human rectal cancers detected by targeted sequencing.
J Hum Genet 2015; 60: 589-596.

El-Deiry WS, Vijayvergia N, Xiu J, Scicchitano A,
Lim B, Yee NS, Harvey HA, Gatalica Z, Reddy S.
Molecular profiling of 6,892 colorectal cancer sam-
ples suggests different possible treatment options
specific to metastatic sites. Cancer Biol Ther 2015;
16: 1726-1737.

Richman SD, Southward K, Chambers P, Cross D,
Barrett J, Hemmings G; Taylor M, Wood H, Hutchins
G, Foster JM.; Oumie A, Spink KG, Brown SR, Jones
M, Kerr D, Handley K, Gray R, Seymour M, Quirke P.
HER2 Overexpression and amplification as a potential
therapeutic target in colorectal cancer: analysis of
3256 patients enrolled in the QUASAR, FOCUS and
PICCOLO colorectal cancer trials. J Pathol 2016; 238:
562-570.

Barry GS, Cheang MC, Chang HL, Kennecke HF. Ge-
nomic markers of panitumumab resistance including
ERBB2/ HER2 in a phase Il study of KRAS Wild-Type
(Wt) metastatic colorectal cancer (MCRC). Oncotarget
2016; 7: 18953-18964.



31. Sartore-Bianchi A, Trusolino L, Martino C, Bencardino

K, Lonardi S, Bergamo F, Zagonel V, Leone F, Depetris
I, Martinelli E, Troiani T, Ciardiello F, Racca P, Bertotti
A, Siravegna G, Torri V, Amatu A, Ghezzi S, Marra-
pese G, Palmeri L, Valtorta E, Cassingena A, Lauricella
C, Vanzulli A, Regge D, Veronese S, Comoglio PM,
Bardelli A, Marsoni S, Siena S. Dual-targeted therapy
with trastuzumab and lapatinib in treatment-refractory,
KRAS codon 12/13 wild-type, HER2-positive metastatic
colorectal cancer (HERACLES): a proof-of-concept, mul-
ticentre, open-label, phase 2 trial. Lancet Oncol 2016;
17: 738-746.

32.

33.

HER2 EXPRESSION IN GASTROINTESTINAL TUMOR

Hurwitz H, Raghav KPS, Burris HA, Kurzrock R, Sweeney
C, Meric-Bernstam F, Vanderwalde AM, Spigel DR, Bose
R, Fakih M, Swaton C, Guo S, Bernaards C, Swanton
C, Guo S, Stanley Beattie M, Sommer M, Hainsworth
JD. Pertuzumab + trastuzumab for HER2-amplified/
overexpressed metastatic colorectal cancer (MCRC):
interim data from mypathway. J Clin Oncol 2017; 35:
676-684.

Seo AN, Kwak Y, Kim DW, Kang SB, Choe G, Kim WH,
Lee HS. HER2 Status in colorectal cancer: its clinical
significance and the relationship between HER2 gene
amplification and expression. PLoS One 2014, 9: 9-12.



