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Abstract Our goal is to verify HER2 status variability be-
tween primary tumor and metastatic site. Our second intention
is to identify the most reliable criteria for pathological HER2
status assessment in gastric cancer node metastases since, at
present, there is not a validated standard. 3 independent path-
ologists evaluated HER2 immunohistochemical and gene sta-
tus (for IHC 2+ cases) in 34 gastric carcinoma metastatic
lymph nodes and in their corresponding primary tumors. For
primary gastric cancers, we followed the current HER2 as-
sessment guidelines and for nodal metastases, we applied two
immunohistochemical scoring systems with different cut-offs.
The immunohistochemical inter-pathologists mean agreement
was 71.4 % (k=0.45); a final score for each case was defined
after collegial revision. By applying the two immunohisto-
chemical criteria, we found 2 discordant cases, which can
imply different pathological management. Moreover, a signif-
icantly different HER2 status between lymph node metastasis
and primary tumor was obtained in 4 cases (concordance ratio
87.5 %). None of the patients would have undergone a differ-
ent therapeutic pathway despite the scoring method applied.
On the other hand we also detected a subset of patients who
could have their therapeutic management changed, according
to the differences between HER2 status in lymph nodes me-
tastases and primary tumor.
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Introduction

Lymph node metastasis is an early event in gastric carcino-
ma natural history. Sometimes, regional or distant node
metastasis is the first sign of the disease. Where eligible,
in metastatic patients, selective inhibitors of Human
Epidermal growth factor Receptor 2 (HER2) had been
added to conventional adjuvant and palliative chemotherapy
regimens, which consist in epirubicin, cisplatin and 5-
fluorouracil [1]. Nowadays, many groups are also evalu-
ating the possible role of HER2 inhibitors in neoadju-
vant regimens. Eligibility criteria are defined by HER2
positive immunohistochemistry (IHC) or gene amplifica-
tion in tumor cells, generally evaluated on endoscopic
biopsies or surgical specimens, but not on node metas-
tases. HER2 status in lymph node metastases is usually
scored in patients with nodal disease recurrence or in
inoperable cases, but not in lymphadenectomies per-
formed during gastrectomy. The main aim of this study
is to clarify HER2 status variability between primary
tumor and its nodal metastasis. We also want to inves-
tigate criteria to define HER2 positivity in node metas-
tases, since, at present, there is not a unique standard for their
evaluation.

Materials and Methods

Surgical specimens for our retrospective study were selected
among gastrectomies for gastric cancer performed between
January 2008 and January 2011, at Desio, Carate Brianza
and Giussano Hospitals (Italy), in patients who had not been
treated with neoadjuvant therapy before. 34 gastric cancers
with nodal metastases were chosen from this group and in-
cluded in our study. All the samples were fixed with 10 %
buffered formalin and, afterwards, paraffin-embedded. For
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Table 1 ToGA trial criteria

Biopsy specimen staining pattern

Resection specimen staining pattern

[HC 0 No reactivity or no membranous reactivity in any tumor cell

IHC 1+  Tumor cell cluster with a faint or barely perceptible membranous
reactivity irrespective of percentage of tumor cells stained

IHC 2+  Tumor cell cluster with a weak to moderate complete, basolateral or
lateral membranous reactivity irrespective of percentage of tumor
cells stained

IHC 3+  Tumor cell cluster with a strong complete, basolateral or lateral

membranous reactivity irrespective of percentage of tumor cells

stained

No reactivity or membranous reactivity in <10 % of tumor
cells

Faint or barely perceptible membranous reactivity in >10 %
of tumor cells; cells are reactive only in part of their
membrane

Weak to moderate complete, basolateral or lateral
membranous reactivity in >10 % of tumor cells

Strong complete, basolateral or lateral membranous reactivity
in >10 % of tumor cells

each case, three 3-um thick sections were cut from one pri-
mary tumor block, taking stock to select the most representa-
tive areas, avoiding necrotic and hemorrhagic spots; other
three sections from the largest metastatic node were cut. One
of'these sections was prepared for hematoxylin-eosin staining,
one section for IHC HER2 staining (a sample of IHC 3+
mammary tumor was put on each IHC glass as positive
control) and, in THC equivocal cases (2+), one further section
was set up for Fluorescence In Situ Hybridization (FISH).
When the THC status of the primary tumor sample resulted
negative, the test was repeated on other two representive
blocks in order to avoid false negative result due to tumor
heterogeneity. Instead, when the ITHC score of the largest
metastatic node was 3+, HER2 determination didn’t go fur-
ther, but in all the other cases, the test was repeated on all the
other metastatic lymph nodes. IHC was performed by
BenchMark XT immunostaining (Ventana, Tucson, Arizona)
and HER2 was detected with the monoclonal antibody CB11
(Invitrogen Corporation, Camarillo, California). FISH was
peformed using ZytoLight HER2/CEN17 Dual Color Probe
Kit (ZytoVision GmbH, Bremerhaven, Germany). Three in-
dependent observers scored HER2 THC status on each slide
and, in case of disagreement, the case was jointly discussed
(Cohen’s k test was used for statistical analysis). All the
observers were same-experienced in reading HER2 THC slides
and, purposely, no one was gastrointestinal or breast special-
ized pathologist: the aim of this choice was to obtain a stan-
dard assessment, comparable with the daily lab practice.
HER?2 expression was interpreted using criteria proposed by
ToGA (Trastuzumab for GAstric cancer) trial (Table 1), which
are suitable in biopsies and surgical specimens [2], and ob-
serving the three-steps “magnification rule” postulated by
Riischoff [3] The first step, which is evaluating each section
at low magnification (4x), allows to decide for [IHC 3+ posi-
tivity. But if membranous reactivity was seen only at medium
magnification (10-20x), the slide was scored as IHC 2+. [HC
1+ score needed high magnification (40x) to confirm mem-
branous HER2 expression. Each metastasis case was scored
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using both endoscopic biopsy and resection specimen criteria.
FISH was performed in all IHC 2+ cases. The total number of
HER2 and chromosome 17 centromere (CEN17) control
probe signals were counted in 20 interphase tumor cell nuclei
and ratio of HER2 signals to CEN17 signals was calculated.
When this ratio was >2.2, the gene was considered to be
amplified. In borderline cases, when ratio HER2/CEN17
was between 1.8 and 2.2, a group of other 20 nuclei was taken
into consideration and the ratio was recalculated. Every case
with IHC 3+ score or FISH amplification is eligible for target
therapy with trastuzumab.

Table 2 Tumors

characteristics Lauren histological type

Intestinal 19
Diffuse 11
Mixed 4
Site
Cardia 6
Corpus 11
Antrum 17
pTNM
Tla 2
T1b
T2 2
T3 15
T4a 11
T4b 3
NO 0
N1 10
N2 10
N3 14
Stage
I 3
I 6
11 25
v 0




HER?2 status of gastric carcinoma and corresponding lymph node metastasis

Results

The male female ratio was 0.89 (16M/18F); the mean age of
the case study population was 68.5 years. Table 2 resumes
tumors histopathologic features. Table 3 shows in the three
first columns HER2 THC scores in lymph node metastases,
given by each of the 3 pathologists, and in the fourth column
the score after collegial revision. A final column is dedicated
to IHC scoring in corresponding primary tumors. Table 4
analytically defines the percentage agreement between sin-
gle pathologists. The mean value was 71.4 % (k=0.45).
Table 5 correlates HER2 status in primary tumor and

metastatic site with Lauren histotypes. Comparative analysis
between different scoring methods (biopsy vs resection)
applied in lymph nodes revealed two discordant cases (#4
and #10). Case #4 was evaluated [HC 2+ when using biopsy
criteria and IHC 1+ with gastric resection scoring system.
FISH revealed absence of amplification. Case #10 was
evaluated IHC 1+ according to biopsy criteria and 0 accord-
ing to resection criteria. In case #1, at first, the largest node
was scored as positive (IHC 3+) with biopsy criteria, where-
as it resulted negative (IHC 0) applying resection criteria
(Fig. 1). Then IHC was repeated on the other metastatic
nodes (pN2) and we found other two completely positive

Table 3 Results of HER2 IHC

scoring in metastases and in METASTASIS RESECTION
corresponding resection SPECIMEN
specimens 1st pathologist 2nd pathologist 3rd pathologist After inter-pathologist
agreement
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Table 4 Inter-pathologists agreement

Ist vs 2nd pathologist
Agreement = 82.48 %
Cohen’s k=0.61

2nd vs 3rd pathologist
Agreement = 66.67 %
Cohen’s k=0.3

Ist vs 3rd pathologist
Agreement = 80.43 %
Cohen’s k=0.42

K statistics interpretation for inter-rater reliability is: negative k, less
than chance; 0.01 < k < 0.2, slight agreement; 0.21 < k < 0.4, fair
agreement; 0.41 < k < 0.6, moderate; 0.61 < k < 0.8, substantial; 0.81 <
K < 0.99, basically perfect agreement

areas, using both biopsy and gastric resection criteria
(Fig. 2). In all other cases, the same result was found by
applying both criteria. In every IHC 2+ case, FISH analysis
resulted negative, meaning that none of the cases showed
HER2 amplification. The following step was to compare
IHC lymph node metastasis score with the primary tumor
one. Applying biopsy criteria, we observed concordance in
25 out of 34 cases (73.5 %), while, using resection criteria, it
was highlighted in 26 out of 34 cases (76.5 %). Six IHC 0
primary cancers were respectively assessed as IHC 2+
(cases #13 and #19, #30, FISH showed no amplification)
and 3+ (case #1, #5, #18) after IHC analysis on lymph
nodes. Cases #16 and #32, instead, resulted 2+ (FISH neg-
atives) on surgical specimens, while they were respectively

Table 5 Comparison between

HER? status in primary tumor Case Resection HER?2 status Histotype Grade Metastasis HER2 status Metastatic pattern

and metastatic site with histo-

pathological features 1 0 Int G3 3 Int
2 0 Dif G3 1 Dif
3 0 Int G3 1 Int
4 0 Int G3 2 (B)/1 (R) Int
5 0 Mix G3 3 Mix
6 0 Dif G3 0 Dif
7 0 Dif G3 1 Dif
8 1 Mix G3 1 Dif
9 1 Int G3 1 Int
10 0 Int G2 1 (B)/0 (R) Int
11 1 Int G3 1 Int
12 0 Dif G3 1 Dif
13 0 Dif G3 2 Dif
14 0 Int G2 1 Int
15 1 Int G3 1 Int
16 2 Int G2 1 Int
17 1 Dif G3 1 Dif
18 0 Int G3 3 Int
19 0 Mix G3 2 Mix
20 3 Int G3 3 Int
21 3 Int G3 3 Int
22 1 Dif G3 0 Dif
23 1 Dif G3 0 Dif
24 3 Int G3 3 Int
25 3 Int G2 3 Int
26 0 Int G3 0 Int
27 1 Int G3 1 Int
28 1 Int G3 0 Int
29 0 Dif G3 0 Dif
30 0 Mix G3 2 Dif
31 0 Int G3 0 Int
32 2 Int G3 3 Int
33 1 Dif G3 0 Dif
34 1 Dif G3 1 Dif
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Fig. 1 A very interesting metastatic lymph node section (case #1) in
which only a small cluster of tumor cells expresses membranous
reactivity for HER2. This case could be classified as 3+ by using
biopsy criteria, and as 0 if we adopt gastrectomy criteria

scored as 1+ and 3+ on node metastasis. Case #4 was
declared HER2 negative (IHC 0) on the primary tumor site,
while, only applying the biopsy criteria we observed a
discordant status in the metastatic node (IHC 2+, FISH
negative).

Table 6 defines the percentage distribution of HER2 THC
scores in our cases by using biopsy specimen criteria and
resection specimen criteria. Applying biopsy criteria we
observed 22 negative cases for HER2 protein expression
(64.7 %), 4 borderline cases (11.8 %) and 8 positive cases
(23.5 %), whereas the use of resection criteria showed 23
negative (67.7 %), 3 borderline (8.8 %) and 8 positive cases
(23.5 %).

Fig. 2 Another lymph node from case #1 with a clearly IHC 3+
metastatic localization

Table 6 Distribution of HER2 IHC scores in our cases by using
biopsy specimen criteria and resection specimen criteria

Score IHC With biopsy specimen With resection specimen
criteria n (%) criteria n (%)

0 8 (23.5) 9 (26.5)

1+ 14 (41.2) 14 (41.2)

2+ 4(11.8) 3(8.8)

3+ 8 (23.5) 8 (23.5)

Discussion

The global frequency of HER2 gene amplification in gastric
cancer is between 7.1 and 42 %, while IHC protein over-
expression is between 6.8 and 34.9 % [2]. This broadness
highlights the lack of a high-reproducible reporting system.
The availability of extensive lymph node dissections de-
rived from gastrectomies for gastric cancer provides with
an excellent opportunity to test HER2 IHC and FISH and to
study diagnostic protocols. The determination of HER2 IHC
status in gastric carcinoma is harder than in breast carcino-
ma, because of peculiar features of this tumor. First of all,
the finding of incomplete immunoreactive membranes (so-
called “U” shape) is very common, because of high frequen-
cy of glandular formations. Thus, cells with basolateral
membrane reactivity should be considered identical to those
with complete membranous reactivity. Moreover, HER2
expression is very heterogeneous and it is common to find
alternation, within the same tumor, of areas with moderate to
strong reactivity and areas without reactivity. Literature has
therefore defined different interpretation criteria for biopsy
and resection specimen [1]. In biopsies, indeed, a tight
cluster of 5 immunoreactive cells is enough to define
HER?2 positivity, while in resection specimens membranous
reactivity is to be found in 10 % or more of tumor cells [4].
Preliminary data [5] report that HER2 status assessed in
resection specimens is generally maintained even in meta-
static cells, which are the main target of therapy in advanced
disease, because they should be a selection of cell clones
with greater invasive abilities. Despite their importance in
terms of prognosis, up to now there is not a standardized
evaluation system to graduate IHC reactivity in lymph node
metastases. As said before, one of the aims of this study is to
consider the differences that could emerge from application
of different diagnostic protocols in the assessment of HER2
IHC status in lymph nodes metastasis. We must underline
that a major limitation of our study is the number of cases.
Our purpose was only to suggest a debate in the pathologist
community, but surely multi-institutional and prospective
studies with larger populations could clarify this issue and
obtain more realistic data.
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Expected HER2 Positive Metastases Percentages

The distribution of HER2 positivity in our study is consis-
tent with few available data from literature and this is
necessary in order to prove our correct application of IHC
HER?2 status assessement criteria. For example, Bozzetti et
al. obtained 22 negative cases (56.4 %), 10 borderline
(25.6 %) and 7 positive (18 %) in a record of 39 gastric
adenocarcinoma metastases [6]. Moreover, this agreement
confirms that the tumor population of gastric adenocarcino-
mas presented in this paper is qualitatively similar to the one
of other study groups.

HER2 Status IHC Examination Inter-observer Variability

The mean value of inter-pathologist agreement was 71.4 %,
which is in line with data presented in literature [7]. Inter-
observer variability in HER2 status assessment was not
insignificant (percentage agreement was, respectively,
75 % between 1st and 2nd observer, 53.1 % between
2nd and 3rd and 78.1 % between Ist and 3rd): for this
reason, according to our experience, we suggest to
consider collegial discussion as the best way to decrease
inter-observer disagreement in the most equivocal cases.
This precaution, which is fundamental in gastric adeno-
carcinoma biopsy specimens, should be applied also in
nodal metastases.

HER?2 Status Variability Between Primary Tumor (gastric
resection) and Nodal Metastasis

In our study, we found a significant HER2 expression var-
iability between lymph node metastasis and primary tumor,
and this evidence reflects the concept of intratumoral het-
erogeneity. Despite preliminary studies [8] report that gas-
tric carcinomas do not show significant HER2 status
changes from primary tumor to metastatic sites, we
observed significant difference in 9 cases (with biopsy
criteria) of our record. Because of the small sample of
this study, we cannot provide a satisfactory answer
about this topic. Anyway, our results highlight the het-
erogeneity and the biological complexity of gastric tu-
mor and stress the importance of a reproducible and
analytical standardized system, which clearly defines
eligibility criteria to the target therapy.

Applying Different Scoring Systems Leads to Different
Assessment

ToGA trial defined two different scoring systems for prima-
ry tumor, respectively for endoscopical biopsies and surgical
specimens, but it did not suggest a diagnostic protocol for
node metastases. Thus, we are wondering what kind of
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criteria (biopsy vs resection) is the most suitable for HER2
IHC status assessment in lymph nodes. With the limits we
have discussed above, our study doesn’t identify a single
patient who would have undergone a different treatment,
depending on the scoring criteria. However, for case #1, the
first analyzed node, according to resection criteria, would
have been scored as IHC 0, not allowing the patient to be
eligible for target therapy (moreover, the primary tumor was
IHC 0). On the other hand, the biopsy criteria permits to
score this nodal metastases as IHC 3+. The evaluation of
every metastatic node interestingly revealed two other mas-
sively metastatic lymph nodes with diffuse immunoreactiv-
ity (IHC 3+ with both the criteria).

Possible Importance of Testing HER2 in Multiple Metastatic
Nodes to Avoid False Negatives Results Due to Tumor
Heterogeneity

In our report we detected some cases (also #5) which
stressed the importance of testing HER2 in multiple meta-
static nodes when the primary tumor and the largest node are
negative. In fact, only a complete evaluation of all the lymph
nodes permitted to reveal two intestinal pattern metastatic
areas with strong membranous immunoreactivity, virtually
enabling the use of trastuzumab for this patient.
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