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Abstract
Next-generation sequencing of primary and metachronous metastatic cancer lesions may impact patient care. We present a case of relapsed 
metastatic breast cancer with a dominant pulmonary lesion originally identified as lung adenocarcinoma. A 72-year-old, never-smoker 
woman with a protracted cough was found to have a large lung mass and regional lymphadenopathy on a chest CT. Lung mass biopsy 
showed adenocarcinoma with focal TTF-1 (thyroid transcription factor 1) positivity, favoring a lung primary. In addition to stereotactic 
brain radiation for cerebral metastases, she was started on carboplatin/pemetrexed. As part of the workup, the tumor was analyzed by 
a 50-gene targeted mutation panel, which detected 3 somatic mutations: ERBB2 (HER2) D769H activating missense mutation, TP53 Y126 
inactivating truncating mutation, and SMARCB1 R374Q missense mutation. Of note, the patient had a history of stage IIA triple-negative 
grade 3 invasive ductal carcinoma of the left breast 1.5 years ago and received neoadjuvant chemotherapy and adjuvant radiation, and 
underwent a lumpectomy. Further analysis of her primary breast tumor showed a mutational profile identical to that of the lung tumor. 
Fluorescence in situ hybridization revealed HER2 amplification in the lung tumor, with a HER2/CEP17 ratio of 3.9. The patient was diag-
nosed with recurrent HER2-positive metastatic breast carcinoma with a coexisting ERBB2 (HER2) activating mutation. Chemotherapy was 
adjusted to include dual HER2-targeted therapy containing trastuzumab and pertuzumab, resulting in an ongoing partial response. This 
case demonstrates that a unique genetic mutational profile can clarify whether a tumor represents a metastatic lesion or new malignancy 
when conventional morphological and immunohistochemical methods are indeterminate, and can directly impact treatment decisions. (J 
Natl Compr Canc Netw 2015;13:947–952)

(HER2) includes trastuzumab and pertuzumab, whereas 
in the second-line setting, ado-trastuzumab emtansine 
and lapatinib have been approved (NCCN Guidelines 
for Breast Cancer).1 Given the central role of targeted 
agents in the management of patients with tumors har-
boring these types of changes, testing for genomic al-
terations is recommended as part of the workup in the 
NCCN Guidelines for several tumor types. Importantly, 
as the number of clinically relevant genes and targeted 
therapies for different tumor types expand, testing using 
a multiplex, high-throughput next-generation sequenc-
ing (NGS) platform offers a method for analyzing the 
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Cancer is a disease of genomic alterations and, based 
on the NCCN Clinical Practice Guidelines in Oncol-
ogy (NCCN Guidelines), the use of therapeutic agents 
that target specific genomic alterations is standard of 
care for several tumor types, including lung and breast 
carcinomas.1,2 First-line treatment of lung adenocarci-
nomas that have a sensitizing EGFR mutation or ALK 
rearrangement includes the use of a tyrosine kinase 
inhibitor, such as erlotinib or crizotinib, whereas ceri-
tinib is currently approved for ALK-positive patients 
in the second-line setting.2 Similarly, first-line treat-
ment of breast carcinomas with amplification of ERBB2 
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mutation status of multiple cancer-related genes, thus 
providing a genetic mutational profile of the tumor. 
This article describes a case in which the unique can-
cer signature (genetic mutational profile) of a tumor 
not only established the correct diagnosis, but also 
dramatically changed the course of treatment.

Case Presentation
The patient is a 72-year-old Caucasian female with-
out a family history of cancer but with a personal 
history of breast cancer. In 2012, at 70 years of age, 
she was found to have a left breast abnormality on 
a screening mammogram, and the result of a biopsy 
performed under ultrasound showed grade 3 invasive 
ductal carcinoma (clinical stage IIA, T2N0M0) that 
was estrogen receptor (ER)–negative, progesterone 
receptor (PR)–negative, and HER2 (ie, ERBB2)-
negative (triple-negative breast cancer [TNBC]; 
HER2 immunohistochemical stain was 0). She re-
ceived neoadjuvant dose-dense doxorubicin/cyclo-
phosphamide for 4 cycles and dose-dense paclitaxel 
for 1 cycle. The latter was stopped early because of 
hypersensitivity pneumonitis. She underwent left 
lumpectomy with sentinel lymph node biopsy, and 
her pathologic staging was ypT2N0M0, stage IIA. 
She then completed adjuvant radiation after surgery. 
She continued on an every-3-month clinical surveil-
lance until March 2014, when she developed a pro-
tracted cough that led to an emergency room visit.

Chest radiograph and contrast CT showed a 
large right upper lobe lung mass with mediastinal, 
hilar, and supraclavicular lymphadenopathy (Figure 
1A). Results of a fine-needle aspiration biopsy of the 
lung mass showed poorly differentiated adenocar-
cinoma that was positive for CK7, focally positive 
for TTF-1, and negative for p63 and ER (Figure 2). 
Based on the morphology and immunohistochemi-
cal profile, a lung primary was favored. A staging 
PET/CT confirmed the CT findings of at least stage 
IIIb disease. A brain MRI unfortunately showed 2 
small cerebral metastases in the right and left frontal 
lobes, and she was diagnosed as stage IV lung cancer. 

The patient had never been a smoker but grew 
up exposed to second-hand smoke. 

With a good clinical performance status (ECOG 
1) and minimal clinical symptoms, she received ste-
reotactic brain radiation to the 2 frontal lesions be-
fore starting palliative chemotherapy with carbopla-

tin/pemetrexed for 2 cycles with a partial response 
(Figure 1B). She tolerated chemotherapy very well, 
and her cough completely resolved.

As part of the workup for presumed stage IV 
lung cancer, NGS-based mutational analysis was 
performed on the tumor from the lung using the 
Ion Torrent Personal Genome Machine sequencer 
to identify somatic mutations in targeted regions 
of 50 cancer-related genes, including EGFR and 
other lung cancer–relevant genes. Three somatic 
mutations were detected by NGS: ERBB2 (HER2) 
D769H activating missense mutation, TP53 Y126* 
inactivating truncating mutation, and SMARCB1 
(SWI/SNF-related matrix-associated actin-depen-
dent regulator of chromatin subfamily B member 1) 
R374Q missense mutation. Because of the presence 
of the ERBB2 point mutation, NGS-based muta-
tional analysis was requested on the original inva-
sive ductal carcinoma of the breast, which revealed 
the same 3 somatic mutations in ERBB2, TP53, and 
SMARCB1. These findings provided strong genetic 
evidence that the tumor in the lung was actually a 
metastasis from the breast primary, because the 2 tu-
mors shared the identical genetic mutational profile. 
Immunohistochemistry (IHC) for HER2 expression 
performed on the lung tumor, according to guideline 
recommendations,3,4 was positive (3+), and fluores-
cence in situ hybridization (FISH) for HER2 showed 
HER2 amplification with a HER2/CEP17 ratio of 
3.9. Her chemotherapy was changed to docetaxel/
trastuzumab/pertuzumab to treat ER/PR-negative 
and HER2-positive metastatic breast cancer, and was 
subsequently switched to carboplatin/trastuzumab/
pertuzumab because of a hypersensitivity reaction to 
docetaxel. To date, she has experienced an ongoing 
partial response. 

Discussion
Recurrence of TNBC with residual disease after 
neoadjuvant chemotherapy is common and predict-
able. The most common sites for breast recurrence 
are bones, liver, and lung, and TNBC has more pro-
pensity to metastasize to viscera and brain.1,5–7 In 
light of this, the present case illustrates that a more 
thorough evaluation of patients who are nonsmokers 
with a history of TNBC and presumed lung cancer is 
needed to ensure the accuracy of the diagnosis. The 
patient presented had a prior history of stage IIA left 
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TNBC in 2012, and developed what appeared to 
be primary lung adenocarcinoma 1.5 years after her 
initial breast cancer diagnosis with brain metastases. 
The clinical presentation mimicked lung cancer, 
with a large solitary right upper lobe mass with medi-
astinal, hilar, and supraclavicular lymphadenopathy. 
The fine-needle aspiration biopsy showed adenocar-
cinoma that was positive for CK7, focally positive for 
TTF-1, and negative for p63 and ER, which favored 
a lung primary. Genetic mutational profiling of the 
lung tumor revealed 3 distinct somatic mutations in 
the ERBB2 (HER2), TP53, and SMARCB1 genes. 
Although HER2 mutations have been reported in 
breast cancer, HER2 driver mutations have also been 
reported in approximately 1.7% (65 of 3800) of lung 
adenocarcinomas,8,9 and there are ongoing clini-
cal trials for HER2-targeted therapy in lung cancer 
(ClinicalTrials.gov identifier: NCT01670877). 

This patient received treatment for lung adeno-
carcinoma until it was determined that the tumor 
from the lung had the identical genetic mutational 
profile as the original breast carcinoma, which proved 
that she in fact had metastatic breast cancer to the 
lung, lymph nodes, and brain. Although TNBC can 
certainly recur and metastasize in this pattern within 
the first 3 to 5 years,10 it is relatively less common for 
them to mimic primary lung adenocarcinomas. 

Primary lung adenocarcinoma can frequently be 
differentiated from a metastasis to the lung by using 
a panel of immunohistochemical stains, including 
TTF-1, CK7, CK20, and others, depending on the 
clinical history.11,12 However, the distinction be-
tween primary lung adenocarcinoma and metastatic 
TNBC can be very challenging because, by defini-
tion, the ER and PR breast biomarkers are negative. 
In addition, TTF-1 positivity has been reported in 
2.4% of breast cancer specimens.13 More recently, 

additional tests have been suggested and occasional-
ly used clinically to clarify the diagnosis of unknown 
primary tumors, such as CancerTYPE ID or other 
RNA- or miRNA-based profiling tests, or NGS ap-
proaches.14–16 Nevertheless, these are not yet widely 
accepted and may require a substantial amount of 
tissue for testing, and therefore their use is largely 
limited to academic centers. Furthermore, the 
NCCN Guidelines for Occult Primary17 do not yet 
recommend gene profiling or NGS as standard man-
agement (to view the most recent version of these 
guidelines, visit NCCN.org). The 50-gene panel 
used at our institution to help guide targeted therapy 
or trial selection for patients with solid tumors, such 
as those with lung adenocarcinoma, is a laboratory-
developed test based on the Ion AmpliSeq Cancer 
Hotspot Panel v2, which includes targeted regions of 
50 cancer-relevant genes, including EGFR, KRAS, 
BRAF, and ERBB2 (HER2). Indeed, the timing 

Figure 1  CT images of the chest and abdomen after oral and intravenous contrast administration at (A) baseline, (B) after 2 cycles of carboplatin 
and pemetrexed, and (C) after HER2-directed therapy. 

Figure 2  Histopathology of adenocarcinoma in the lung. Fine-needle 
aspiration biopsy of the tumor in the lung shows adenocarcinoma 
(formalin-fixed paraffin-embedded cell block, hematoxylin and eosin, 
original magnification x400). The inset shows focal nuclear staining of 
tumor cells with TTF-1 (original magnification x400). 
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and exact genes tested are an area of active inves-
tigation and remain experimental. Furthermore, 
therapeutic decisions based on genetic abnormali-
ties identified by NGS are not yet proven to have 
superior outcomes compared with standard clinical 
parameters guiding these decisions. Several recent 
publications suggest that targeted therapy in breast 
and other cancers based on NGS profiling could lead 
to a progression-free and overall survival benefit.18–20 
Therefore, NGS could be used clinically in the near 
future if validated by prospective randomized studies 
(ClinicalTrials.gov identifier: NCT01670877).21 In-
terestingly, this patient not only carried the ERBB2 
(HER2) D769H mutation, but the HER2 gene was 
also amplified (3+ by IHC and 3.9 by FISH) in the 
recurrent tumor. Repeat testing of the primary breast 
tumor by HER2 IHC showed the tumor was HER2-
negative (IHC 1+) despite the presence of the HER2 
driver mutation. These discrepancies in HER2 sta-
tus between the primary breast tumor and recurrent 
metastatic tumor may likely reflect clonal heteroge-
neity and selection. The recurrent HER2-positive 
clone was likely present at initial diagnosis but was 
probably selected for metastatic spread, and recurred 
as the dominant clone. This clonal heterogeneity 
and clonal evolution is well described in primary ver-
sus metastatic lesions,22,23 and the clonal mutations 
that passed on from the primary to metastatic disease 
in this case underscores the clinical relevance of this 
phenomenon. 

Approximately 5% to 10% of patients have 
HER2 status changes at distant metastasis.24 Analysis 
of 235 patients with metastatic breast cancer found 
discordance in one or more receptors between the 
primary tumor and metastatic breast cancer in 42%  
of cases. ER, PR, and HER2 status change was found 
to be 17%, 29%, and 4%, respectively.25 Liedtke et 
al26 reported ER, PR, and HER2 receptor discor-
dance between primary and recurrent breast cancers 
in 18.4%, 40.3%, and 13.6% of cases, respectively. 
Therefore, a biopsy is always indicated at the diag-
nosis of metastatic breast cancer, whether distant 
or locoregional. Whether routine ERBB2 (HER2) 
and/or gene panel NGS interrogation would be-
come standard in clinical practice in breast oncol-
ogy remains to be seen. Currently, we believe that 
such testing may be limited to cases in which the 
diagnosis is unclear, or perhaps to help select pa-
tients with metastatic breast cancer who are suitable 

for targeted therapy trials, because not all mutations 
are presently actionable. Nevertheless, with the 
dramatic reduction of sequencing costs to approxi-
mately $1000,27 and ongoing expansion of targeted 
treatment options, one could foresee expansion of 
the use of such testing if ongoing prospective trials 
demonstrate utility. With an evolving list of new 
targets and drugs in testing, NGS technology could 
rapidly become a valuable resource in the search 
for biomarkers for newly approved targeted drugs 
in the near future. Indeed, this case is suggestive of 
the potential benefit of the NGS approach in both 
clarifying the diagnosis and therapeutic decisions. 
Currently, many prospective trials have been con-
ducted or are underway using NGS as an approach 
for therapy allocation, including the NCI-MATCH 
(Molecular Analysis for Therapy Choice) and Lung-
MAP (Lung Cancer Master Protocol) in lung, nera-
tinib for HER2 mutant breast cancer (ClinicalTrials.
gov identifier: NCT01670877), and others.21 Data 
from these and other trials may help to determine if 
the NGS approach will become routine practice in 
the near future, or will continue to be used for select 
patients only. 

A recent paper by Bose et al9 was the first to de-
scribe a 1.7% prevalence of HER2 activating muta-
tions in breast cancer, of which most (80%) were 
HER2-negative, 12% were HER2-positive, and the 
remaining 8% were HER2 equivocal. All of these 
mutations were sensitive to the irreversible kinase 
inhibitor neratinib, and either were relatively less 
sensitive or were resistant to lapatinib. Interestingly, 
of the 17 mutations described, the only one that was 
also unequivocally HER2-positive was the D769H 
mutation.9,28 This mutation was also reported in one 
patient with squamous cell lung cancer, although the 
prevalence of this HER2 mutation in these cancers is 
probably extremely rare.29 

The ERBB2 D769H mutation is a missense 
mutation within the protein kinase domain of the 
HER2 protein, which has been shown to be an ac-
tivating mutation,9 because ERBB2 D769H–ex-
pressing breast cancer cells increase the in vitro ki-
nase activity of HER2.9 The cell line harboring the 
ERBB2 D769H mutation was sensitive to neratinib, 
trastuzumab, and, although less so, to lapatinib.9 The 
D769H mutation results in substitution of asparagine 
to histidine at codon 769 in the alpha-helix within 
the kinase domain (Figure 3A), which is important 



Molecular Insights in Patient Care

Cancer Signature Investigation 

© JNCCN—Journal of the National Comprehensive Cancer Network  |  Volume 13 Number 8  |  August 2015

951

in the binding of ATP with ERBB2.29 By examining 
the HER2 structure (PDB code 3PP0, and derived 
heterodimer models), others have noted that either 
the loss of the acidic side chain or the addition of 
an aromatic ring at amino acid 769 must activate 
the HER2 tyrosine kinase, due to HER2-HER3 ki-
nase domain dimer interactions, involving residues 
HER2 Y772 and HER3 residues I919 and M923.9,30 
It was therefore postulated that the D769H/Y muta-
tions may increase hydrophobic contacts across this 
interface, and increase HER2 heterodimerization.9 
Alternatively, we note that a D769H change could 
have activating effects within the HER2 monomer 
by added hydrogen bonding with its own activation 
loop (see Figure 3A). The analogous activating mu-
tation in EGFR (D761H) examined in the activated- 
state crystal structure (Protein Data Bank [PDB] 
code 1M17, altered numbering D737H) would result 
in increased interactions with residues in the kinase 
activation loop.31 Finally, HER2 D769 is a highly 
conserved residue, invariant in all species down to 
the zebrafish homolog (Figure 3B), confirming that a 
drastic D769H change is predicted to be deleterious 
to regulated kinase function.

Conclusions
This case report illustrates a treatment benefit pro-
vided by application of NGS technology for a pa-
tient with questionable primary lung cancer based 
on pathologic and immunohistochemical evalua-
tion. Matching the genetic profile of the TNBC di-
agnosed 1.5 years before the new tumor in the lung 
allowed reclassification of her lung adenocarcinoma 
into a HER2-mutant, HER2-positive recurrent 
breast cancer. Because of the presence of HER2 posi-
tivity of the recurrent breast tumor, and the evidence 
that the HER2 mutation is activating, the patient’s 
chemotherapy was then appropriately adjusted to 
include dual HER2-targeted therapy with docetaxel, 
trastuzumab, and pertuzumab, as in the CLEOPA-
TRA trial.32 During her second cycle, she could not 
tolerate docetaxel because of a hypersensitivity reac-
tion, and her therapy was changed to carboplatin, 
trastuzumab, and pertuzumab, and she experienced 
an ongoing partial response.  

Genetic mutational profiling using NGS, al-
though not yet standard in patients with breast can-
cer or in patients with unknown primary tumors, may 

be extremely valuable in not only finding targetable 
genetic mutations but also potentially yielding rel-
evant diagnostic information when a unique genetic 
mutational profile is detected. A prospective, multi-
institutional clinical trial of neratinib in metastatic 
HER2 non-amplified but HER2 mutant breast can-
cer (ClinicalTrials.gov identifier: NCT01670877) is 
currently ongoing. We feel that the data presented 

Figure 3  HER2 structure and D769H location and conservation. (A) 
HER2 structure (Protein Data Base [PDB] code 3PP0) is shown focused 
on the region of D769 shown as spheres. The bound erlotinib inhibitor 
is shown as ball-and-stick, and the phenylalanine of the DFG motif is 
shown as magenta sticks. The activation loop is shown in yellow, and 
the figure is prepared with the UCSF Chimera Software.33 (B) Conserva-
tion of D769 region of HER2 proteins where the species are listed on 
the left, and D769 analogous residues have dark highlighting. The 
alignment was produced with MEGA6 software34 and displayed with 
BioEDIT.35
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herein further support the efforts to pursue detailed 
molecular characterization in select patients with 
cancer, especially in those with a history of breast 
cancer, regardless of ER, PR, or HER2 status; in pa-
tients with questionable primary tumor site; or in 
patients with a prior diagnosis of any other cancer 
type. Clinically relevant mandatory biomarker test-
ing (ER, PR, HER FISH/IHC for patients with prior 
breast cancer history, with the addition of NGS for 
select patients) reflects a personalized medicine ap-
proach, which allows one to find new therapeutic 
targets and identify the subset of patients who may 
derive benefit from targeted therapies that can dra-
matically impact their care. 
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