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Abstract
We report a case of a patient with invasive breast carcinoma which demonstrated HER-2 gene
amplification on core biopsy, who relapsed while on adjuvant Trastuzumab therapy following her
mastectomy and ultimately died 15 months after diagnosis. Surprisingly, analysis of multiple
metastases harvested at rapid autopsy demonstrated no evidence of HER-2 gene amplification.
Retrospective examination of the carcinoma in the patient’s mastectomy specimen revealed only
focal HER-2 amplification within the tumor, localized to the region of the prior core biopsy site. This
case highlights several important issues in HER-2 testing of breast cancer, including core biopsy-
excision specimen discordance, primary-metastasis discordance, and potential selection for
unamplified portions of a heterogeneously-amplified tumors by Trastuzumab.
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Introduction
Trastuzumab is a highly effective, relatively non-toxic therapy for the approximately 15% of
breast cancers which overexpress Her-2 protein, typically as a result of HER-2 gene
amplification. Previously, Her-2 status was almost always determined on the patient’s primary
cancer resection specimen (lumpectomy or mastectomy), which would allow identification of
intratumoral heterogeneity of HER-2 gene amplification and/or protein overexpression.
Currently, Her-2 status is more often performed on core biopsy specimens, due to the more
prevalent use of neoadjuvant chemotherapy. However, a core biopsy may not detect
intratumoral heterogeneity of HER-2 gene amplification or protein expression. We present a
distinctive case illustrating the clinical consequences of this dilemma and suggest possible
approaches to address this potential problem.
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Clinical Case
The patient was a 34-year-old female who presented with a 2.3 cm left breast mass. Core biopsy
demonstrated an infiltrating ductal carcinoma positive for estrogen receptor (10% of cells
labeled with moderate intensity) and progesterone receptor (10% of cells labeled strongly).
Her-2 protein expression by immunohistochemistry was scored as 2+ (equivocal); however,
HER-2 fluorescence in situ hybridization (FISH) analysis showed gene amplification
(HER-2/Chromosome 17 centromere ratio=5.6). One month after initial presentation, the
patient underwent bilateral mastectomy. The left breast revealed a 2.7-cm infiltrating ductal
carcinoma, Elston grade III of III, in the lower outer quadrant. One of eleven axillary lymph
nodes contained metastatic carcinoma. The right breast was free of cancer. One month later,
she was started on a regimen of 4 cycles of Adriamycin/Cyclophosphamide chemotherapy
followed by weekly Taxol plus Trastuzumab for 12 weeks followed by 9 more months of
Trastuzumab. She was also placed on Tamoxifen.

Eleven months after beginning treatment, the patient experienced increased shortness of breath.
A CT scan showed a large pleural effusion and pleural satellite lesions consistent with
metastasis. She was thought to be refractory to Trastuzumab, and was started on Tykerb plus
Xeloda as palliative therapy. Despite aggressive therapy, the patient continued to experience
drainage from her right chest tube site, recurrent fevers, and increasing pain. She was admitted
to hospice care two months later and expired within one month, a total of 15 months after
diagnosis. Before death, the patient had consented to participate in a rapid autopsy study at
Johns Hopkins. Upon her death, additional consent was obtained from her husband and a
complete autopsy was performed 4 hours later. This post mortem interval is similar to that
which usually occurs between removal of a surgical breast specimen, its dissection, and
immersion in formalin, so that the autopsy specimens are comparable to those derived from a
surgical pathology lab.

Results
At autopsy, on gross examination there was diffuse metastatic involvement of the right lung,
diaphragm, and pleural cavity. Microscopic examination showed evidence of disease also
involving her left lower lung lobe and mediastinal lymph nodes; however, no evidence of
disease was found below the diaphragm. A tissue microarray (TMA) was constructed from
formalin-fixed, paraffin-embedded tissue blocks of the metastatic cancers harvested at autopsy,
along with the patient’s primary tumor samples from her prior core needle biopsy and from
her mastectomy. The TMA consisted of 99 spots, each 1.4 mm in diameter. (Figure 1). These
included 4 spots from the core biopsy, 8 spots from the mastectomy specimen, 50 spots from
10 different grossly-identified metastases (4 lung, 3 pleural, 2 mediastinal, 1 diaphragm), 28
spots from normal tissues (including normal breast from the cancer resection specimens), and
9 spots from unrelated control tissues. Multiple spots were taken from each lesion to account
for intratumoral heterogeneity and for loss of individual spots on serial sections. Her-2 IHC
and FISH analysis was performed as previously described, using the Dako Herceptest kit
(Carpinteria, CA) and the Path Vysion FISH kit (Des Plains, IL)[1].

FISH analysis of the TMA revealed HER-2 gene amplification in the initial core biopsy in 2
of 2 evaluable spots (ratios 4.07 and 4.43) (Figure 2A). Analysis of the excision specimen
showed HER-2 gene amplification in 1 of 4 evaluable spots (ratio, 3.03) (Figure 2B), but the
others (Figure 2C) were non-amplified . Surprisingly, none of the 35 evaluable spots from the
10 metastatic lesions (Figure 2D) showed HER-2 amplification. IHC for Her-2 protein
paralleled the FISH results; the two spots from the core biopsy and the one spot from the
mastectomy were scored as 2+, the rest were scored as 0 (negative). FISH and IHC were then
performed on whole sections of the mastectomy specimen. FISH demonstrated amplification
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only in the area of previous core biopsy site (ratio=2.90), which constituted approximately 5%
of the total tumor area. IHC demonstrated heterogeneity of labeling for Her-2 protein which
paralleled the FISH results (Figure 3).

Discussion
This case highlights several important questions regarding Her-2 analysis of breast cancer.
First, how accurately do core biopsies reflect the status of excision specimens? The consensus
in the published literature (2,3) is that the status is usually concordant. However, heterogeneity
of HER-2 gene amplification in breast cancer is now well recognized, particularly in cases with
equivocal IHC or FISH results (4,5,6). This can reflect distinct well demarcated clusters of
amplified cells, or individual amplified cells scattered amongst unamplified cells. Variability
in inclusion or exclusion of these cells in scoring between the observers can lead to differing
results. A recent study suggested that FISH analysis of cases with equivocal 2+ IHC labeling
on core biopsy “almost completely resolves the issue of heterogeneous expression of
HER-2” (7). However, closer inspection of the data in that study indicates that 22% of the cases
which demonstrated amplification on the core biopsy did not show amplification in the excision
specimen. One wonders if these cases were similar to ours, where the core sampled a focus of
HER-2 amplified cancer cells in a background of unamplified cells. We suggest that it may be
wise to repeat the HER-2 IHC and FISH analysis in the excision specimens of cases which
show either borderline HER-2 overexpression (2+ score) or gene amplification (ratio 1.8-2.2)
on core biopsies. Regardless, at this time, the clinical consequences of HER-2 heterogeneity
remain incompletely understood.

Second, how often is Her-2 status different in metastases compared to the primary tumor? Some
of the IHC data on this cites high percentages of discordance, but differences in fixation
between primary and metastases likely account for some of this IHC discordance (8). FISH
analysis of HER-2 gene amplification minimizes the confounding variable of fixation. FISH
analyses have shown a discordance rate ranging from 0 to 22% (8,9), and the conclusions
reached by the authors of these studies have been disparate. One study found a 7% discordance
rate between metastases and primary tumors by FISH, leading the authors to state that retesting
of metastases was largely unnecessary (10). Another found a lower (2.9%) discordance rate,
yet advocated retesting all metastases (11). A reasonable approach may be to consider biopsy
and retesting of metastases of patients whose primary tumors showed amplification but do not
respond to Trastuzumab. If the metastases do not show protein overexpression and
amplification, one could consider stopping Trastuzumab therapy, particularly if cardiac
toxicity is a major clinical concern in that patient. Whether retesting of metastases of non-
amplified primary tumors is appropriate is a separate issue, but one report demonstrating
acquisition of amplification in 22% of evaluated metastases (4 of 18) would support this
practice (8).

Third, does Trastuzumab therapy select for relapse by the unamplified portions of a patient’s
tumor? In a heterogeneously amplified tumor, given that HER-2 activates multiple downstream
growth pathways, one would expect the portions with HER-2 amplification to grow differently
than the unamplified portions. While examination of the mastectomy specimen in our case
revealed that only a minority of the primary tumor was HER-2 amplified, the fact that that this
“clone” did not appear in any metastatic site suggests negative selection by Trastuzumab.
Several prior publications suggest that Trastuzumab may select for Her-2 negative tumor cells
in the metastatic setting. Kunitomo et al (12) reported a case of metastatic breast cancer in
which the primary tumor showed heterogeneity of HER-2 amplification. The patient’s liver
metastases (presumably HER-2 amplified) resolved on Trastuzumab therapy, while the pleural
effusion which persisted contained unamplified cells. Salomon at al (13) reported a case of a
relapsed axillary metastasis which showed heterogeneous Her-2 overexpression by IHC and
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responded completely to Trastuzumab therapy. A new axillary relapse 8 months later was Her-2
negative. Addition, Salomon et al reported a chest wall relapse which initially overexpressed
Her-2 by IHC and partially responded to Trastuzumab; the residual tumor did not overexpress
Her-2 by IHC. Pectasides et al (14) demonstrated that 6 of 16 metastatic carcinomas which
were HER-2 FISH-positive before Trastuzumab therapy developed additional FISH-negative
metastases. Finally, in the neoadjuvant setting, Burstein et al. (15) showed that 4 of 23 (17%)
of residual cancers which had been strongly positive for Her-2 (3+) by IHC became negative
(0 or 1+) after Trastuzumab therapy. How should this data affect clinical practice? One might
consider retesting cancers which persist or relapse while on Trastuzumab therapy to be sure
that they are still amplified; if not, one could consider stopping Trastuzumab and moving to
other therapeutic agents

Finally, our case highlights the educational and research value of the rapid autopsy in the study
of breast cancer metastases. Without the autopsy findings, this patient would have been
erroneously classified as showing primary Trastuzumab resistance in the face of documented
gene amplification. Instead, the autopsy demonstrated the otherwise unappreciated clinical
significance of heterogeneous HER-2 amplification in her cancer.
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Figure 1.
Single Patient Tissue Microarray Constructed from Patient’s Primary Tumor Core Biopsy
Specimen, Mastectomy Specimen, and Multiple Metastases harvested at Autopsy.
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Figure 2.
Fluorescence in Situ Hybridization (FISH) Analysis of HER-2 Gene Amplification in Primary
Tumors and Metastases. Orange signal is HER-2 probe, green signal is centromere probe. A.
Primary tumor in initial core biopsy shows HER-2 gene amplification. B. Focal area of primary
tumor in mastectomy specimen shows HER-2 gene amplification. C. Other areas of primary
tumor in mastectomy specimen do not show HER-2 gene amplification. D. No metastases
showed evidence of HER-2 gene amplification.
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Figure 3.
Heterogeneous HER-2 protein expression in primary tumor from mastectomy specimen by
Immunohistochemistry (Dako Herceptest), ranging from 0 (upper right) to 3+ (lower left).
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