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HER-2/neu gene amplification and cell surface overexpression are important factors in breast cancer for prognosis and
prediction of sensitivity to anti-HER-2/neu monoclonal antibody therapy. In lung cancer, the clinical significance of HER-2/neu
expression is currently under evaluation. We investigated 238 non-small lung carcinomas for HER-2/neu protein
overexpression by immunohistochemistry using the HercepTest. We found 2+ or 3+ overexpression in 39 patients (|6%),
including 35% in adenocarcinomas and 20% in large cell carcinomas, but only 1% of squamous cell carcinomas. Marked (3+)
overexpression was uncommon (4%). The association between protein expression and gene copy number per cell, as
determined by fluorescence in situ hybridisation assay, was investigated in 51 of these NSCLC tumours. Twenty-seven
tumours (53%) were negative by both tests. Marked (3+) protein expression and gene amplification were present in only 4%
of samples. In |'| tumours (21%), gene gain was accompanied by chromosomal aneusomy and did not result in high protein
levels while in 7 (14%) the score 2+ was associated with maximum number of signals per cell <9. The prognostic implication
of HER-2/neu protein expression was studied in 187 surgically resected tumours. No statistical difference in survival was
observed comparing patients with positive (2+/3+) and negative tumours (0/1+), although 3+ patients showed a tendency to
shorter survival. The therapeutic implications of protein expression and gene amplification in lung cancer need to be examined

in prospective clinical trials.
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Lung cancer is the leading cause of cancer death in both men and
women in the US (Greenlee et al, 2001). A better understanding of
the biologic pathways that drive neoplastic cellular proliferation has
led to the development of targeted therapies aimed at specific
proteins in these pathways. Among these are trastuzumab (Hercep-
tin®), a humanised monoclonal antibody that recognises the HER-
2/neu protein receptor. The human HER-2/neu oncogene is located
on chromosome 17 and encodes a transmembrane glycoprotein of
185 kD, which has intrinsic tyrosine kinase activity (Stern et al,
1986), and shares sequence homology with the epidermal growth
factor receptor (Coussens et al, 1985; Slamon and Clark, 1988).
HER-2/neu overexpression has been observed by various diag-
nostic modalities in 20—30% of human breast cancers and is
associated with a poorer overall survival and resistance to hormone
based therapy (Slamon et al, 1987, 1989; Berchuck et al, 1990; Liu
et al, 1992; Press et al, 1994; Pauletti et al, 1996; Allred and Swan-
son, 2000; Jacobs et al, 2000). Trastuzumab was approved by the
US Food and Drug Administration (FDA) for the treatment of
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breast cancer patients whose tumours overexpress HER-2/neu.
Trastuzumab produced objective responses in 26% of previously
untreated breast cancer patients (Vogel et al, 2001) and 15% of
breast cancer patients in the second line setting (Cobleigh et al,
1999). Response rates were considerably higher when trastuzumab
was combined with doxorubicin or paclitaxel (45%), and breast
cancer patients treated with the combination had higher response
rates and longer survival than patients treated with doxorubicin
or paclitaxel alone (Slamon et al, 2001).

Several studies evaluated HER-2/neu oncogene and protein
expression in lung cancers using immunohistochemical (IHC)
techniques (Schneider et al, 1989; Kern et al, 1990; Tateishi et al,
1991; Paakko et al, 1992; Tsai et al, 1993; Hsieh et al, 1998). These
studies reported overexpression of HER-2/neu in 27-57% of
patients with non-small cell lung carcinomas (NSCLC), with
adenocarcinomas having the highest rates of overexpression. This
wide variation in frequency is likely to be related to differences
in the methodologies tested and patient populations studied. The
overexpression of HER-2/neu in NSCLC has been associated with
a poorer survival and shortened time to relapse (Tateishi et al,
1991; Hsieh et al, 1998; Brabender et al, 2001; Korrapati et al,
2001) but these studies were limited by small sample sizes and
multivariate analysis was not performed. Additionally, in NSCLC
cell lines, overexpression of HER-2/neu has been reported to be
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associated with resistance to chemotherapeutic agents (Tsai et al,
1993) and a synergistic effect was obtained when trastuzumab
was combined with chemotherapeutic agents (Bunn et al, 2001).
The application of trastuzumab for the treatment of human lung
cancers that overexpress HER-2/neu is under investigation. In
breast cancer, a comparison between IHC and fluorescence in situ
hybridisation (FISH) analyses showed FISH to be the method of
choice for predicting the clinical outcome (Pauletti et al, 2000).
The method of choice and the level of HER-2/neu protein expres-
sion required to obtain a potential therapeutic effect from
trastuzumab monoclonal antibody therapy has not yet been estab-
lished in lung cancer.

The purpose of this investigation was to characterise HER-2/neu
in primary lung cancers at protein and gene levels using the
HercepTest and DNA FISH probes. Furthermore, the prognostic
impact of the HER-2/neu protein expression was studied on a
series of 187 tissue microarrayed lung tumours.

MATERIALS AND METHODS

Comparison of immunohistochemistry (IHC) and
fluorescence in situ hybridisation (FISH)

For the comparison of IHC and FISH, we studied 51 patients with
primary NSCLC treated at the University of Colorado and the
Veterans Administration Hospitals, Denver, CO. Sections of
tumour tissue were obtained by informed consent through the
Histopathology Core of the University of Colorado Cancer Center.
The tumour blocks were fixed in 10% buffered formalin for 5-
10 h and embedded in paraffin. The blocks were cut in consecutive
4-micron sections. One section was stained with Hematoxylin and
Eosin (H&E), and classified according to the World Health Orga-
nisation (WHO) histologic classification of lung tumours (Travis et
al, 1999). Areas rich in viable tumour cells were selected in the
H&E slides and subsequent sections were submitted for FISH
and HercepTest analyses in a blinded fashion.

The clinical characteristics of these patients were as follows:
There were 39 males and 12 females, and the median age was 65
years (range 46—79). According to the clinical stage, 15 patients
were classified in stage 1A, 17 in stage IB, four in stage IIA, four
in stage IIB and 11 in stage IIIA. Histologically, there were 24
adenocarcinomas, five large cell carcinomas (LCC), and 22 squa-
mous cell carcinomas (SCC). As positive controls, we used 12
pre-selected breast cancer specimens taken from the Histopatholo-
gic Core and known to be strongly positive (3+) by the HercepTest
method. In addition, 12 normal lung samples were selected from
autopsy material from patients without any history of neoplastic
or non-neoplastic pulmonary disease.

Immunohistochemistry (IHC) assay

The IHC procedure followed the DAKO’s protocol (DAKO
Corporation, Glostrup, Denmark) for the HercepTest. In brief,
the sections were deparaffinised, hydrated, and the antigen retrie-
val was performed at 95°C in citrate buffer for 40 min. The
slides were then cooled at room temperature for 20 min, washed
with TRIS-buffer 3 x3 min, and the peroxidase blocking was
performed for 5 min. After rewashing, the primary antibody
was applied for 30 min. Following the application of the second-
ary antibody the substrate—chromogen solution (DAB) was
added as a visualisation reagent. Finally the slides were counter-
stained with Hematoxylin.

Evaluation of the HercepTest followed the manufacturer’s
recommendation with a slight modification. Each sample was
placed into one of four categories (0, 1+, 2+, 34). Tumours with
complete absence of staining were scored as 0, those with weak,
incomplete membranous staining were classified as 1+. Tumours
with either strong, incomplete basolateral staining or weak,
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complete membranous staining in greater than 10% of the tumour
cells were classified as 2+, and those with strong, complete
membranous staining in greater than 10% of the tumour cells were
classified as 3+. According to the HercepTest protocol, all tumours
classified as 2+ and 3+ were considered ‘positive’, and all tumours
scored as 0 or 1+ were classified as ‘negative’. Two observers (WA
Franklin and FR Hirsch) scored each slide, discrepancies were
discussed, and a consensus score provided.

Fluorescence in situ hybridisation (FISH) assay

Tissue sections were incubated at 65°C for 4 h, deparaffinized in
three xylene washes for 10 min, and dehydrated in 100% ethanol.
After incubation in 2 x standard sodium citrate-SSC (pH 7.0) at
75°C for 20-25 min, sections were digested with proteinase K
(0.25 mg ml™ " in 2 x SSC, pH 7.0) at 37°C for 20—25 min, rinsed
in 2xSSC (pH 7.0) at room temperature for 5 min, and dehy-
drated in ethanol series. Dual-target, dual-colour FISH assays
were performed using the PathVysion Her2 DNA probe kit (Vysis,
Downers Grove, IL, USA), including the LSI Her2 sequence
labelled in SpectrumOrange and the chromosome 17 centromere
sequence labelled in SpectrumGreen. The probe set was applied
to the selected area on each slide, the hybridisation area was
covered with a glass coverslip and sealed with rubber cement.
The slides were incubated at 80°C for 10 min for co-denaturation
of chromosomal and probe DNA’s and hybridisation was allowed
to occur in a humidified chamber at 37°C for 16-20 h. Post-
hybridisation washes were performed in 1.5M urea/0.1xSSC
(pH 7.0-7.5) at 45°C for 30 min and in 2xSSC for 2 min at
room temperature. After dehydration in an ethanol series, DAPI
(0.15 mg ml™! in Vectashield Mounting Medium) was applied
for chromatin counterstaining. Each FISH assay included one or
two normal lung sections used as negative control, one or two
sections from breast adenocarcinomas previously identified as
carrying HER2 amplification used as positive control and five or
six sections of lung carcinomas.

Microscopic analysis was performed on an Olympus BX60
brightfield and epifluorescence microscope equipped with the
Quips XL genetic workstation (Applied Imaging, Santa Clara,
CA, USA). Fluorescence signals were scored using single-band
filters for DAPI, FITC, and Texas red, a double-band pass filter
(FITC and Texas red) and a triple-band pass filter (DAPI, FITC
and Texas red, Chroma Technology, Brattleboro, VT, USA). Repre-
sentative images of each specimen were acquired with a SenSys
cooled CCD camera (Photometrics, Tucson, AZ, USA) in mono-
chromatic layers which were subsequently merged by the
SmartCapture software (Vysis, Downers Grove, IL, USA).

The histological areas previously selected in the H&E-stained
sections were identified in the FISH-treated slides. At least 200
non-overlapping interphase nuclei per site were scored for both
HER-2/neu and chromosome 17 centromere signals, following
strict scoring guidelines and constant adjustment of microscope
focus since signals located at different focal planes. Two indepen-
dent observers (L Chen and M Varella-Garcia) performed
analysis in a blinded fashion. All requisite techniques involved were
previously validated and results of scoring were found to be repro-
ducible between the two independent operators.

Prognostic implication of HER2 protein expression

Anonymous primary tumour tissue samples from patients diag-
nosed with non-small cell lung cancer pathological stage
(pStage) I-III were obtained from the University of Colorado
Cancer Center (UCCC) and the Johns Hopkins Medical Institu-
tions (JHMI) from 1993 through 1999. The Colorado and the
JHMI Institutional Review Boards approved the study protocol.
A total of 187 patients with complete medical records were
followed by the UCCC and JHMI tumour registries for survival
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time and outcome, and had adequate formalin-fixed, paraffin-
embedded tissue blocks available for tissue microarray (TMA)
construction. The study population included 111 males and 76
females with a median age of 65 years. Ninety-four per cent
of the patients underwent thoracotomy, in which lobectomy were
performed in the majority of cases. Surgical margins were posi-
tive for tumour involvement in 8%. Mediastinoscopy with lymph
node resection was performed in the 11 non-resectable patients.
The tumours were staged according to the International Union
Against Cancer (UICC) TNM classification, and histologically
subtyped and graded according to the WHO guidelines (Travis
et al, 1999). Histopathologic examination revealed that 52% of
the patients had pStage I disease. There were 95 SCC, 73 adeno-
carcinomas, 10 bronchoalveolar carcinomas (BAC), and 15 LCC.
Of all tumours, 52% were poorly differentiated. Median follow-
up was 51 months (range 18-100). Demographic and clinical
data were collected retrospectively. None of the patients received
radiotherapy or chemotherapy prior to surgery. The IHC proce-
dure was the same as described above. All tumour and control
tissues were reviewed by two pathologists (R Veve and WA
Franklin).

Tissue microarray construction

H&E stained sections were selected for tumour viability. Each
slide was marked, and the point in the corresponding paraffin
block was sampled for TMA construction. The TMAs were
assembled using a tissue-arraying instrument (Beecher Instru-
ments, Silver Springs, MD, USA), consisting of thin-walled
stainless steel biopsy needles and stylets used to empty and trans-
fer the needle content from the donor to recipient block. The
assembly is held in an X-Y position guide that is manually
adjusted by micrometers. Briefly, the instrument was used to
create holes in a recipient paraffin block and to acquire tissue
cores from the donor block by a thin-walled needle. The cylind-
rical sample was retrieved from the selected region in the donor
block and extruded directly into the recipient block with defined
array coordinates. A solid stylet, closely fit in the needle, was
used to transfer the tissue cores into the recipient block. Taking
tumour heterogeneity into account, we used a large diameter
stylet (1.5 mm) and the study specimens were routinely over-
sampled with three replicate core samples of tumour (different
areas of the tumour) and normal (one, if present) regions, from
each donor block. Normal lung and 15 other control specimens
were included in each of the tissue array blocks. Multiple 4 um
sections were cut with a Leitz microtome. Sections were trans-
ferred to adhesive coated slides using the adhesive-coated tape
sectioning system (Instrumedics, Hackensack, NJ, USA) as
described by Mucci et al (2000). Subsequently, UV light treat-
ment of the slides for 60 s polymerised the adhesive coating
into a plastic layer and sealed the sections to the slides. The tape
was then removed in a TPC solvent (Instrumedics, Hackensack,
NJ, USA). The sections were then deparaffinized with standard
xylene and hydrated through graded alcohols into water. One
section from each tissue array block was H&E stained and cover-
slipped. The remaining sections were stored at room temperature
for IHC staining.

Statistical analysis

Spearman correlation coefficient was used to examine the relation-
ship between the maximum and the average number of the HER-2/
neu gene per cell and the ratio gene/chromosome by histology. The
Mantel - Haenszel Chi-square test was applied to examine the
differences in linear trend of HercepTest score and HER-2/neu
copy number per cell across the histologic subtypes of lung cancer.
For the survival analysis, the Kaplan — Meier method was applied to
estimate the lung cancer-related survival for each category of
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HercepTest score. The log-rank test was applied to examine the
association between survival and HercepTest score. All statistical
analyses were carried out with SAS software (SAS Institute, Cary,
NC, USA).

RESULTS

Altogether, 238 patients with various NSCLC histologies were
included in the analyses. Thirty-nine patients (16%) had positive
HercepTest score (2+/3+), but only nine patients (4%) had a
strong positive result (3+). The distribution of the results from
the HercepTest according to the histological types is shown in
Table 1. Among 95 patients with adenocarcinomas, 33 patients
(35%) had a HercepTest positive tumour, and four out of 20
LCC patients (20%) had a positive tumour. Among 113 SCC
patients, only one (1%) had a HercepTest positive tumour. Typical
staining patterns are illustrated in Figure 1.

Correlation between FISH and THC

Tumours from 51 of the patients were evaluated by both IHC and
FISH techniques. The distribution of the IHC results in this subset
was not statistically different from the total set of 238 patients.
Strong positive staining (3+) was observed in 6% of tumours, a
positive 2+ result was found in 19%, and 75% of the tumours were
negative (0—1+4). The highest rates of positive staining were found
among the adenocarcinomas (42%) and LCC (40%), while only
5% of the SCC were positive. The difference across histological
subtypes was statistically significant (P<0.05, Mantel—Haenszel
Chi-square test for linear association).

In the FISH study each tumour was assessed by the average and
the maximum numbers of copies of the HER-2/neu gene per cell,
the average ratio of HER-2/neu gene to chromosome 17 copy
numbers, and the pattern of signal presentation (Tables 2 and 3,
Figure 2). There was a strong and significant correlation between
maximum and average HER-2/neu copy numbers per cell (Spear-
man correlation coefficient=0.93; P<0.001). There was also a
significant correlation between the maximum HER-2/neu copy
number and the ratio of HER-2/neu to chromosome 17 (Spearman
correlation coefficient=0.54, P<0.001).

The average number of HER-2/neu gene signals per cell was 2.9
and the average number of chromosome 17 signals was 2.6. The
average ratio gene/chromosome signals was 1.2. Of these 51
NSCLCs, only two (4%) had a maximum of >16 copies of the
HER-2/neu gene per cell (mean=five copies/cell) with a gene/chro-
mosome ratio >2, indicating true gene amplification. The HER-2/
neu signals in these two tumours were presented in a clustered
pattern, consistent with that expected in homogenously staining
regions (Figure 2A,B). Fifteen cases (29%) had a maximum of
9-16 copies of the gene per cell (mean=three copies/cell). Small
clusters of signals were observed in seven of these 15 samples
(Figure 2C). In 26 cases (55%), the maximum number of copies
per cells was 5-8 (mean=2.6 copies/cell), and in eight cases
(16%) was <5 (mean=1.6 copes/cell). Except for the two tumours

Table | Distribution of the immunohistochemistry scores (HercepTest)
according to the lung cancer histology in 238 non-small cell lung carcinomas

HercepTest scores

Positive
Histology 0 I+ 2+ 3+ Total (2+/3+)
Adenocarcinoma 54 8 26 7 95 35%
Large cell carcinoma 14 2 2 2 20 20%
Bronchoalveolar carcinoma 9 0 | 0 10 10%
Squamous cell carinoma 93 19 | 0 113 19
Total NSCLC 170 29 30 9 238 16%
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HER2/neu expression patterns in adenocarcinoma of lung
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Near complete membrane (2+), moderately dlfferentlated

Figure |

Complete membrane (3+) poorly differentiated

Typical staining patterns by immunohistochemistry (HercepTest, Dako, Denmark): Normal epithelium with apical/lateral staining, but no baso-

cellular staining (Upper left). Modified 2+with a strong basolateral staining seen in some adenocarcinomas, but without complete membrane staining (Upper
right). A moderate near complete membrane staining in more than 10% of the cells, considered as 2+(lower left). Complete strong membrane staining,

considered as 3+(lower right).

Table 2 Results of the fluorescence in situ hybridisation (FISH) analysis accordingly to the histology in 51 non-small

cell lung cancer specimens

Ave. chr. 17 Ave. Her2 Ave. Ratio Her2/ Ave. Maximum
Histology No. tumours (range) (range) chr. 17 (range) Her2/cell (range)
Adenocarcinoma 24 22 (1.5-35) 28 (1.7-59) 1.2 (09-23) 8.1 (5-30)
Large cell carcinoma 5 28 (14-37) 34 (24-37) 1.3 (1.0-1.8) 8.8 (8-10)
Squamous cell carcinoma 22 26 (1.0-46) 27 (1.0-46) I.I (0.6—1.4) 7.1 (2-8)
Total 51 25 (1.0-4.6) 29 (1.0-59) 12 (09-23) 7.8 (2-30)
Breast control (+) 12 26 (24-28) 66 (55-72) 25 (22-28) 20.7 (14-30)
Lung control (—) 12 1.8 (1.7-18) 8 (1.8-19) 1.0 (1.0-1.0) 28 (2-3)

with clustered amplification, all other tumours had gene/chromo-
some ratios <1.5. Therefore, in the NSCLC tumours, increased
number of copies of HER-2/neu per cell were largely due to chro-
mosomal polysomy and both fluorescent signals (red for the gene,
green for the chromosome 17) displayed a scattered pattern as illu-
strated in Figure 2D.

In the normal lung specimens used as negative controls, the
maximum number of copies of the HER-2/neu gene per cell
was three, the average was 1.8 and the average ratio gene to
chromosome was 1.0. In contrast, all of the 12 breast cancer
samples used as positive controls had a clustered HER-2/neu
gene amplification. The maximum number of copies ranged
from 14 to 30 and averaged 21.0. The average number of
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copies per cell was 6.6 and the average ratio of gene/chromo-
some was 2.5.

The HER-2/neu gene copy number per cell did not differ
significantly among the NSCLC histologic subtypes (P>0.05 in
the Mantel—Haenszel Chi-Square test), but the normal lung
samples were statistically different from the cancer samples.
The maximum number of copies of HER-2/neu per cell averaged
8.1 in adenocarcinomas, 8.8 in LCC, and 7.1 in SCC. The aver-
age copy number of HER-2/neu per cell was 2.8 in
adenocarcinomas, 3.4 in LCC, and 2.7 in SCC. As presented in
Table 3, both of the lung tumour samples with a maximum
number of HER-2/neu copies per cell >16 were adenocarcino-
mas (4%). Among the 15 lung cancer samples with a
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maximum of 9-16 copies of HER-2/neu per cell, six were
adenocarcinomas, six were SCC and three were LCC. Among
the 34 tumours with a maximum <9 copies of HER-2/neu
per cell, there were 16 adenocarcinomas, 16 SCC, and two LCC.

Twenty-seven tumours (53%) with HercepTest score of 0/1+
and a maximum number of copies of HER-2/neu per cell from
<9 were considered negative by both analyses. Six tumours
(12%) with HercepTest score 2+/3+ and the maximum number
of copies of HER-2/neu per cell >9 were considered positive by
both analyses. Discordant results were observed in 18 cases
(35%). In seven (14%), the HercepTest was 2+ and the maximum
number of copies of HER-2/neu per cell was <9; in the remaining
11 (21%) there was a maximum of >9 copies of HER-2/neu per
cell and the HercepTest score was 0 or 1+.

Table 3 Comparison of FISH with histology and IHC results in 51
NSCLC patients

Max. HER-2/neu per cell

Parameter 0-4 5-8 9-16 >16 Total
Histology
Adenocarcinoma 5 Il 6 2 24
Large cell carcinoma 0 2 3 0 5
Squamous cell carcinoma 3 I3 6 0 22
Total NSCLC 8 26 15 2 51
Breast Control (+) 0 0 3 9 12
Lung Control (—) 12 0 0 0 12
HercepTest score
0 | 10 5 I 17
I+ 4 12 5 0 21
2+ 3 4 3 0 10
3+ 0 0 2 I 3

HER-2/neu in lung cancer
FR Hirsch et al

Prognostic impact of HER-2/neu protein expression

Altogether 187 patients with NSCLC were examined for prognosis
related to HER-2/neu expression. Thirty-four tumours (18%) were
positive by HercepTest (2+/3+), but only six (3%) were strongly
positive (3+). Among 91 SCC, 8 tumours (9%) were positive
and all of them had 2+ HercepTest score. In contrast, among the
96 tumours with non-squamous histologies, 26 (27%) had a posi-
tive HercepTest score, and six of them were 3+. Seventy-one
tumours were adenocarcinomas, from which 23 (32%) were posi-
tive and five (7%) were 3+.

Kaplan—Meier survival curves for the different groups are
presented in Figure 3. Based on the 187 patients, no difference
in survival was found comparing patients with positive
(HercepTest 2+/3+, n=34) and negative (HercepTest 0/1+,
n=153 pts) tumours (P=0.86). The 3-year/5-year survival was
70/58% for the HER-2/neu positive patients, and 66/60% for
the negative patients. When the 3+ patients were analysed sepa-
rately (n=6), the survival for these patients tended to be shorter
(3-year/5-year survival=50%). However, statistical analysis was
not performed due to the small number of patients. No differ-
ence in survival was observed for patients with squamous
histology comparing those with HER-2/neu positive (n=8) and
negative (n=83) tumours (P=0.60). Similarly, no difference in
survival was observed comparing patients with positive (1n=26)
and negative (n=70) tumors in the non-squamous histology cate-
gories (P=0.91).

DISCUSSION

In the current study, we found HER-2/neu overexpression (2+ and
3+) by IHC in 16% of the NSCLC tumours, most frequently in
adenocarcinomas (35%) and LCC (20%). These results are similar
to most reports of NSCLC in the literature (Schneider et al, 1989;
Kern et al, 1990; Tateishi et al, 1991; Paakko et al, 1992; Tsai et al,
1993; Hsieh et al, 1998). Exceptions are some recent studies (Cox et

Figure 2 Dual-colour FISH assay using the PathVysion DNA probe (Vysis) in lung tissue sections. HER-2/neu probe is labelled in red (SpectrumOrange)
and chromosome |7 probe is labelled in green (SpectrumGreen). Chromatin in staining in blue (DAPI). Gene amplification (Gene/Chromosome ratio
>20) is illustrated in patients with adenocarcinomas with HercepTest score O in (A) and HercepTest score 3+ in (B). Small HER-2/neu clusters
(Gene/Chromosome ratio 1.2) are illustrated in (C) for a patient with squamous cell carcinoma and HercepTest |+. Balanced aneusomy (Gene/Chromo-
some ratio 1.0) is shown in an adenocarcinoma patient with HercepTest score 2+ (D).
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Figure 3 Kaplan—Meier survival curves according to the results of

HercepTest.

al, 2001; Hirashima et al, 2001), in which lower frequencies of
NSCLC tumours with HER-2/neu overexpression were reported.
Discrepancies among the reported frequencies might be due to
different factors, including distribution of histological types, tissue
processing, criteria for the scoring and interpretation of the stain-
ing results.

No standard immunohistochemical protocol has been devel-
oped for lung cancer. The HercepTest was developed and
approved by the US FDA for evaluation of HER-2/neu in breast
cancer. Lung tumours are, however, morphologically more hetero-
geneous than malignant breast tumours, which increases the
difficulties in the interpretation of the HER-2/neu staining results.
We observed that a few lung adenocarcinomas (<5%) had a
strong basolateral staining, but not a complete membrane stain-
ing. Because of the incomplete membrane staining, these
tumours might have been classified by others as ‘negative’, accord-
ing to the HercepTest. However, because of the strong intensity of
the staining pattern, we classified these tumours as having 2+
results (Figure 1). This could give a slightly higher frequency of
positive adenocarcinomas compared to other studies (Cox et al,
2001; Hirashima et al, 2001). However, the clinical significance
of this scoring may not be relevant because 2+ tumours do not
have a worse prognosis and may not have a significant benefit
from HER-2/neu targeted therapy.

The HER-2/neu gene status has been scarcely investigated in
lung tumours. We evaluated the copy number of HER-2/neu
sequences per cell using a dual-colour FISH assay which included
the gene probe and the centromere probe as a control. There is
no uniform criterion to determine gene amplification by FISH.
There is a general consensus that gene/chromosome ratio >2
represents gene amplification, however, other parameters have also
been used. For instance, Pauletti et al (2000) found that the maxi-
mum number of copies of HER-2/neu in breast cancer cells
correlated with the worsening of the prognosis supporting that this
is a good index for assessing amplification. In the current study, we
demonstrated that the maximum number of copies of HER-2/neu
per cell in lung tumours was positively correlated both with the
average number of HER-2/neu per cell and the gene/chromosome
ratio. Therefore, either one of these indices may be useful for
studying prognostic and therapeutical implications of the HER-2
overexpression.
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When comparing THC and FISH results, the HercepTest showed
positive results (24/3+) in 25% of cases while the FISH showed
>9 copies of the HER-2/neu gene per cell in 32% of cases but
>16 copies of HER-2/neu per cell in only 4% of cases. Overall,
HER-2/neu overexpression was more common in adenocarcinomas
and LCC and less common in SCC both at the surface protein level
and at the gene level.

HER-2/neu gene amplification, represented by the gene/chromo-
some ratio >2 was uncommon in the NSCLCs (two patients=4%)
and even when considering the adenocarcinomas, the fraction of
tumours with a maximum HER-2/neu copy number per cell
>16 was 8%. Other studies, such as Hirashima et al (2001) and
Cox et al (2001) also detected clustered amplification only in rare
cases of NSCLC. Disomic status for chromosome 17 was only
found in 16% of the NSCLC tumours included in our study. In
the majority of these tumours, there were increased numbers of
copies of HER-2/neu gene per cell accompanied by a balanced
chromosome gain (gene/chromosome ration ~1). Since low levels
of HER-2/neu cell surface protein expression was the most
common finding in these tumours, the results support the conclu-
sion that the extensive chromosome 17 polysomy detected in lung
tumours is not associated with HER-2/neu protein overexpression.

Other detailed studies comparing the levels of HER-2/neu
protein expression by IHC with different levels of gene gain/ampli-
fication by FISH have not been published in lung tumours.
Comparing our results with the large series of breast tumours
reported by Pauletti et al (2000), a marked gene amplification
and protein overexpression was considerably more common in
breast than in lung cancers (13% vs 4% for FISH results, 11% vs
6% for THC results). Similarly, the complete lack of protein surface
expression (score 0) and gene copy numbers per cell <4 were also
more common in breast than in lung cancer (55% vs 15% for
FISH, 70% vs 36% for IHC). None of the lung cancers in our
series, including adenocarcinomas, had a maximum copy number
per cell >32 whereas 5% of the breast cancers have been reported
in this category (Pauletti et al, 2000). More often lung cancers had
marked chromosomal aneusomy, with a balanced increase in the
number of copies of chromosome 17 and HER-2/neu gene copies.
This balanced increase does not represent true gene amplification
and its clinical implications remain to be determined.

There was a good correlation between the IHC and FISH results
in two-thirds of the tumours investigated. In the discrepant cases,
there were either increased aneusomy (no gene amplification) with-
out increased levels in the protein expression or increased protein
expression without significant increase in the number of copies of
the gene. Discrepancies between protein expression (IHC) and the
gene status (FISH) have also been reported in breast tumours
(Tubbs et al, 2001). Interestingly, one of our patients with true
gene amplification by FISH had a negative score by IHC (Figure
2A). There are several potential reasons for these discrepant results
comparing IHC with FISH. The discrepancies might be due to
quality of fixation and tissue processing, as well as disturbances
in the transcriptional or post-transcriptional controlling mechan-
isms.

The clinical relevance of gene amplification or protein overex-
pression of HER-2/neu in HSCLC as detected by FISH and THC
assays remains to be determined. Applying the HercepTest to a
tissue microarray of 187 surgically resected lung tumours, we could
not demonstrate any statistically significant difference in prognosis
between patients with negative (0/1+) and with positive tumours
(24/3+). A tendency of shorter survival was observed for patients
with 3+ tumours but no statistical analysis could be done due to
the small number of patients in this category.

Theoretically it might be predicted that the protein expression
would be superior for assessing response to trastuzumab therapy
because the antibody binds to the cell surface protein. In breast
cancer, however, FISH technique has been demonstrated to be a
more accurate and reliable method for selecting patients eligible
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for treatment with trastuzumab (Jacobs et al, 1999; Mass et al,
2000; Pauletti et al, 2000; Tubbs et al, 2001). In our previous
studies with lung cancer cell lines, we detected a positive correla-
tion between HER-2/neu expression by IHC and effectiveness of
treatment with trastuzumab alone or in combination with cyto-
static drugs (Bunn et al, 2001). In lung cancer patients, we
currently do not know which level of HER-2/neu protein expres-
sion or gene gain/amplification will have prognostic/therapeutic
implications. These questions need to be addressed in prospective
trials. Based on the clinical experience from the breast cancer
studies, it might be of interest to focus on NSCLC patients with
3+ IHC results and/or those having tumours with gene amplifica-
tion. Data from the current and other studies (Cox et al, 2001)
show that these conditions seem to be limited to adenocarcinomas
and LCC. Thus, the number of patients who might be candidates
for trastuzumab treatment seems to be more limited in the NSCLC

REFERENCES

Allred DC, Swanson PE (2000) Testing for erbB-2 by immunohistochemistry
in breast cancer. Am J Clin Pathol 113: 171-175

Berchuck A, Kamel A, Whitaker R, Kerns B, Olt G, Kinney R, Soper JT,
Dodge R, Clarke-Pearson DL, Marks P et al (1990) Overexpression of
HER-2/neu is associated with poor survival in advanced epithelial ovarian
cancer. Cancer Res 50: 4087 —4091

Brabender J, Danenberg KD, Metzger R, Schneider PM, Park J, Salonga D,
Holscher AH, Danenberg PV (2001) Epidermal growth factor receptor
and HER-2-neu mRNA expression in non-small cell lung cancer is corre-
lated with survival. Clinical Cancer Res 7: 1850 —1855

Bunn PA, Helfrich B, Soriano A, Franklin WA, Varella-Garcia M, Hirsch F,
Baron A, Zeng C, Chan D (2001) Expression of HER-2/neu in human lung
cancer cell lines by immunohistochemistry and fluorescence in situ hybri-
dization and relationship to in vitro cytotoxicity by trastuzumab and
cytotherapeutic. Clinical Cancer Research 7: 3239 —3250

Cobleigh MA, Vogel CL, Tripathy D, Robert NJ, Scholl S, Fehrenbacher L,
Wolter JM, Paton V, Shak S, Lieberman G, Slamon DJ (1999) Multina-
tional study of the efficacy and safety of humanized anti-HER2
monoclonal antibody in women who have HER2-overexpressing meta-
static breast cancer that has progressed after chemotherapy for
metastatic disease. ] Clin Oncol 17: 2639 —2648

Coussens L, Yang-Feng TL, Liao YC, Chen E, Gray A, McGrath J, Seeburg
PH, Libermann TA, Schlessinger J, Francke U et al (1985) Tyrosine kinase
receptor with extensive homology to EGF receptor shares chromosomal
location with neu oncogene. Science 230: 11321139

Cox G, Vyberg M, Melgaard B, Askaa J, Oster A, O’Byrne KJ (2001) Hercept-
est: Her2 expression and gene amplification in non-small cell lung cancer.
Int J Cancer 92: 480 —483

Greenlee RT, Hill-Harmon MB, Murray T, Thun M (2001) Cancer Statistics,
2001. CA. Cancer J Clin 51: 15-36

Hirashima N, Takahashi W, Yoshii S, Yamane T, Ooi A (2001) Protein over-
expression and gene amplification of c-erb B-2 in pulmonary carcinomas: a
comparative immunohistochemical and fluorescence in situ hybridization
study. Mod Pathol 14: 556 — 562

Hsieh C-C, Chow K-C, Fahn H-J, Tsai C-M, Liu W-Y, Huang M-H, Wang L-
S (1998) Prognostic significance of HER-2/neu overexpression in stage I
adenocarcinoma of lung. Ann Thorac Surg 66: 11591164

Jacobs TW, Gown AM, Yaziji H, Barnes MJ, Schnitt ST (1999) Comparison
of fluorescence in situ hybridication and immunohistochemistry for the
evaluation of HER-2/neu in breast cancer. J Clin Oncol 17: 1974—1982

Jacobs TW, Gown AM, Yaziji H, Barnes MJ, Schnitt ST (2000) HER-2/neu
protein expression in breast cancer evaluated by immunohistochemistry.
Am ] Clin Pathol 113: 251258

Kern JA, Schwartz DA, Nordberg JE, Weiner DB, Greene MI, Torney L,
Robinson RA (1990) P185 expression in human lung adenocarcinomas
predicts shortened survival. Cancer Res 50: 5184 —5191

Korrapati V, Gaffney M, Larsson LG, Nunno LD, Riggs M, Beissner RS, Rine-
hart JJ, Mott FE (2001) Effects of HER-2/neu expression on survival in
non-small-cell lung cancer. Clin Lung Cancer 2: 216219

Liu E, Thor A, He M, Barcos M, Ljung B-M, Benz C (1992) The Her-2(c-
erbB-2) oncogene is frequently amplified in in situ carcinomas of the
breast. Oncogene 7: 1027 —1032

© 2002 Cancer Research UK

HER-2/neu in lung cancer
FR Hirsch et al

population than in the breast cancer population, and such prospec-
tive clinical trials in NSCLC will require multicenter studies.
However, taken the large amount of NSCLC patients into account,
still many patients might benefit from such a treatment. Clinical
trials with trastuzumab in lung cancer should assess HER-2/neu
expression by both methods to determine which test is superior
for predicting response.

ACKNOWLEDGEMENTS

Supported in part by the NCI grants: Cancer Center Core Grant
2P30-CA46934, Specialized Program of Research Excellence PO1-
CA58187, and Early Detection Research Network U01-CA85070.
The authors acknowledge Drs Edward Gabrielson, Angelo Demar-
zo, and Roy Bremnes for establishing the lung tissue microarray.

Mass RD, Sanders C, Charlene K et al (2000) The concordance between
the clinical trials assays (CTA) and fluorescence in situ hybridization
(FISH) in the Herceptin pivotal trials. Proc Am Soc Clin Oncol 19:
75a (abstr)

Mucci NL, Adkas G, Manely S, Rubin MA (2000) Neuroendocrine expression
in metastatic prostate cancer: evaluation of high throughput tissue micro-
arrays to detect heterogeneous protein expression. Hum Pathol 31: 406 — 414

Paakko P, Nuorva K, Kamel D, Soini Y (1992) Evidence by in situ hybridiza-
tion that c-erbB-2 proto-oncogene expression is a marker of malignancy
and is expressed in lung adenocarcinomas. Am ] Resp Cell Mol Biol 7:
325-334

Pauletti G, Godolphin W, Press MF, Slamon DJ (1996) Detection and quan-
titation of HER-2/neu gene amplification in human breast cancer archival
material using fluorescence in situ hybridization. Oncogene 13: 63—72

Pauletti G, Dandekar S, Rong H, Ramos L, Peng H, Seshadri R, Slamon DJ
(2000) Assessment of methods for tissue-based detection of the HER-2/
neu alteration in human breast cancer: A direct comparison of fluorescence
in situ hybridization and immunohistochemistry. J Clin Oncol 18: 3651 —
3664

Press MF, Hung G, Godolphin W, Slamon DJ (1994) Sensitivity of HER-2/
neu antibodies in archival tissue samples: potential source of error in
immunohistochemical studies of oncogene expression. Cancer Res 54:
2771-2777

Schneider PM, Hung M-C, Chiocca SM, Manning J, Zhao X, Fang K, Roth JA
(1989) Differential expression of the c-erB-2 gene in human small cell and
non-small cell lung cancer. Cancer Res 49: 4968 —4971

Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL (1987)
Human breast cancer: correlation of relapse and survival with amplifica-
tion of the HER-2/neu oncogene. Science 235: 177 —182

Slamon DJ, Clark GM (1988) Amplification of c-erbB-2 and aggressive
human breast tumors?. Science 240: 17961798

Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG, Keith DE, Levin WJ,
Stuart SG, Udove J, Ullrich A, Press MF (1989) Studies of the HER-2/neu
proto-oncogene in human breast and ovarian cancer. Science 244: 707 —712

Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A, Flem-
ing T, Eiermann W, Wolter J, Pegram M, Baselga J, Norton L (2001) Use of
chemotherapy plus a monoclonal antibody against HER2 for metastatic
breast cancer that overexpresses HER2. N Engl ] Med 344: 783-792

Stern DF, Hefferman PA, Weinberg RA (1986) P185 a product of the neu
proto-oncogene is a receptorlike protein associated with tyrosine kinase
activity. Mol Cell Biol 6: 1729 —1740

Tateishi M, Ishida T, Mitsudomi T, Kaneko S, Sugimachi K (1991) Prognos-
tic value of c-erbB-2 protein expression in human lung adenocarcinoma
and squamous cell carcinoma. Eur | Cancer 27: 1372—1375

Travis WD, Colby TV, Corrin B, Shimosato Y, Brambilla E (eds) (1999)
World Health Organization International Histological Classification of
Tumors: Histological Typing of Lung and Pleural Tumours 3rd Edn Geneva:
Springer Verlag

Tsai CM, Chang KT, Li L, Perng RP, Yang LY (1993) Correlation of intrinsic
chemoresistance of non-small cell lung cancer cell lines with HER-2/neu
gene expression but not with ras gene mutations. J Natl Cancer Inst 85:
897-901

British Journal of Cancer (2002) 86(9), 1449 — 1456

1455

i)
o
S
®
o
1 9
L
=
]
O
=)
c
<
1
=&
S
(S}
<
o
=




@ HER-2/neu in lung cancer

FR Hirsch et al
1456
Tubbs RR, Pettay JD, Roche PC, Stoler MH, Jenkins RB, Grogan TM (2001) Vogel CL, Cobleigh MA, Tripathy D, Gutheil JC, Harris LN, Fehrenbacher L,
Discrepancies in clinical laboratory testing of eligibility for trastuzumab Slamon DJ, Murphy M, Novotny WF, Burchmore M, Shak S, Stewart SJ
therapy: apparent immunohistochemical false-positive do not get the (2001) First-line Herceptin® monotherapy in metastatic breast cancer.
message. J Clin Onc 19: 2714-2721 Oncology 61(Suppl S2): 37—42

X
=,
(03
o]
=
()
=
)
=
o
Q
o
£
()
=
-
o
-3
=
o
0Q
~<

British Journal of Cancer (2002) 86(9), 1449 — 1456 © 2002 Cancer Research UK



	tab_xref1
	fig_xreffig1
	tab_xref2
	tab_xref3
	fig_xreffig2
	fig_xreffig3

