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Abstract

Background: Histopathological diagnosis is important for prognostication and choice of treatment in patients with
cancer in the lung. Metastases to the lungs are common and need to be distinguished from primary lung cancer.
Furthermore, cases with synchronous or metachronous primary lung cancers (although infrequent) are often
handled differently than cases with lung cancer with intrapulmonary metastasis or relapse, respectively. In some
cases, morphology and immunohistochemical staining is not sufficient for certain diagnosis.

Methods: The present study included six cases where molecular genetic analysis in form of pyrosequencing or
targeted next-generation sequencing was of value for certain diagnosis of selected tumours in the lung.

Results: Two of the included cases were rare metastases to the lung; colorectal cancer with IHC profile consistent
with primary lung cancer and malignant adenomyoepithelioma of the breast, respectively, where molecular genetic
analysis was of aid for proving the relationship to the primary tumour. The other four cases were multiple lung
adenocarcinomas where molecular genetic analysis was of aid to distinguish between intrapulmonary metastasis
and synchronous tumour.

Conclusions: Comparison of molecular genetic profile may be an important tool for determination of relationship
between tumours in some situations and should always be considered in unclear cases. Further studies on
concordance and discordance of molecular genetic profiles between spatially or temporally different tumours with
common origin may be helpful for improved diagnostics of pulmonary tumours.
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Background
Histopathological diagnosis is important for choice of
treatment in patients with cancer in the lung. Metastases
to the lungs are common and need to be distinguished
from primary lung cancer, and the treatment of primary
lung cancer is dependent on histopathological type [1–3].
Furthermore, cases with synchronous or metachronous
primary lung cancers (although infrequent [4, 5]) are often
handled differently than cases with lung cancer with intra-
pulmonary metastasis or relapse, respectively.

The basis for histopathological diagnosis is morph-
ology, with the addition of immunohistochemical (IHC)
staining when needed. For example, a limited panel of
thyroid transcription factor 1 (TTF-1) in combination
with estrogen receptor and GATA3 or with cytokeratin
(CK) 7 and CK20 normally separates lung cancer from
breast cancer and colorectal cancer, respectively, with
high accuracy [6–10]. However, sometimes the morpho-
logical appearance may be indistinct and the results of
IHC staining may differ from the typical, with for ex-
ample positive GATA3 reported in 8% of lung adenocar-
cinomas [11–16]. Thus, there is a need for additional
diagnostic analyses or markers, at least in some cases.
It may also be difficult to separate synchronous or meta-

chronous primary lung cancers from intrapulmonary
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metastasis or relapse, respectively. According to the TNM
staging classification and guidelines from the American
College of Chest Physicians (ACCP), separate tumours of
different histopathological type are to be considered syn-
chronous/metachronous [17, 18]. In a case with multiple
tumours of the same histopathological type, the TNM
classification underscores the pathologist’s opinion based
on differences in morphology, IHC and molecular genetic
characteristics and, in case of squamous cell carcinoma,
association with carcinoma in situ for consideration of
synchronous/metachronous primary lung cancer [18]. The
ACCP guidelines also acknowledge different molecular
genetic characteristics and association with carcinoma in
situ (though not limited to only squamous cell carcin-
omas), but emphasize a multidisciplinary approach and
that the tumours should be in separate lobes and not ap-
pear within 2 years, as suggested in the early study by
Martini and Melamed [17, 19, 20]. According to both
guidelines, nodal (mediastinal or with common drainage)
or distant metastases should not be present in synchron-
ous primary lung cancers.
Molecular genetic analysis is normally used for

treatment prediction (such as identification of epider-
mal growth factor receptor [EGFR] mutations). As
mentioned, it is also a recognised tool for distinguish-
ing synchronous primary lung cancer from intrapul-
monary metastasis, and its use in that respect has
been reported already from several years ago, [21] al-
though in our experience underused in the clinical
setting. Single gene assays, which may be sufficient
for treatment prediction today, may be of limited use
in the differential diagnostics of synchronous tumour
vs. intrapulmonary metastasis as most lung adenocar-
cinomas are not EGFR mutated. However, next gener-
ation sequencing (NGS), today implemented at many
sites, should be of more value for comparison of gen-
etic profiles, especially targeted NGS which is more
practical in the clinical setting than whole exome se-
quencing (WES), although the latter may be per-
formed on formalin-fixed paraffin-embedded (FFPE)
tissue as well [22].
Significant mutational intra-tumour heterogeneity

and discordance between primary tumour and metasta-
sis as well as temporal differences during treatment
has been reported in for example renal and ovarian
cancer [23–25]. However, in these studies with exten-
sive sequencing some ubiquitous mutations were com-
monly found in all spatially or temporally different
clones. Furthermore, a high or perfect concordance be-
tween primary tumour and metastasis has been seen
in colorectal and lung cancer and between areas with
different growth patterns within lung adenocarcinomas
when looking at common driver mutations such as
EGFR, KRAS, NRAS and BRAF [26–30].

In the present study, we present six cases where mo-
lecular genetic analysis aided in the diagnostics of pul-
monary tumours. With this case series, we aim to
highlight the topic of comparison of molecular genetic
profiles between two or more tumours as a diagnostic
tool in an accessible way that also is easy to relate to in
the clinical setting.

Methods
Patient selection and investigation
The present study included selected tumours of interest
from lung resections where molecular genetic analysis
had been an aid for definite diagnosis. All cases were
surgically treated for one or more lung tumours at the
Skåne University Hospital, Lund, Sweden during the
years 2011–2016.
The routine investigational work-up included com-

puted tomography (CT), positron emission tomography
with CT and bronchoscopy including endobronchial
ultrasound (EBUS) guided fine needle aspirations from
hilar and mediastinal lymph nodes. In some cases, trans-
thoracic core needle biopsy was also performed. After
surgical resection the lung specimen were fixed in 10%
neutral aqueous formalin (corresponding to 4% formal-
dehyde) for typically 48 h before gross sectioning and
further processing before paraffin-embedding. The rou-
tine sampling included embedding of all tumour if
≤2 cm in size and at least 1 section per cm (i.e. at least 3
if 2.1-3.0 cm) often including one super mega cassette if
more than 2 cm in size.

Immunohistochemical staining
Various IHC stains of relevance were performed in
the clinical setting at the Dept. of Pathology, Lund,
Region Skåne, Sweden, as part of the histopatho-
logical diagnostic procedure. Four micrometer thick
sections from FFPE tissue blocks were pre-treated
and stained in a Ventana Bench-Mark Ultra using
Ventana ultraView Universal DAB Detection Kit (Ventana
Medical Systems, Tucson, AZ). Recommended control
tissue was used on each slide. The clones and ven-
dors for the antibodies included in this study were
TTF-1 clone 8G7G3/1, CK7 clone OV-TL 12/30,
CK20 clone SP33, CDX2 clone EPR2764Y, S100 poly-
clonal, estrogen receptor clone SP1, progesterone re-
ceptor clone 1E2, HER2 clone 4B5, ALK clone D5F3,
all Ventana Medical Systems (Tucson, AZ), napsin A
clone IP64, CK5 clone XM26, both Novocastra/Leica
Biosystems (Kista, Sweden), p63 clone 4A4, smooth
muscle specific actin clone 1A4, both Dako (Glostrup,
Denmark), p40 clone BC28, Histolab Products/Biocare
Medical (Gothenburg, Sweden), and GATA3 clone
L50-823, Cell Marque (Rocklin, CA).
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Fluorescence in situ hybridization (FISH)
FISH for ALK gene rearrangements was performed in
the clinical setting at the Dept. of Pathology, Lund,
Region Skåne, Sweden. During the studied time
period, FISH was initially the only method for ALK
analysis in the routine practice, but was later only
used as complement if ALK IHC staining was unclear.
The Vysis Break Apart probe (Abbott Molecular, Abbott
Park, IL) was used according to the manufacturer's
protocol. Split red and green signals or isolated red signal
in ≥15% of at least 50 nuclei was considered positive
(in practice, normally >100 tumour cell nuclei were
evaluated).

Molecular genetic analysis
Molecular genetic analysis, in form of pyrosequencing
and targeted NGS, was performed at the Dept. of
Clinical Sciences Lund/Dept. of Pathology, Lund, Region
Skåne, Sweden. The analyses were previously validated
for routine clinical diagnostics within the department.
For each sample, a representative area with high fre-
quency of viable malignant cells (at least 10%) was iden-
tified by a pathologist on a hematoxylin-eosin (HE)
stained slide from a FFPE tissue block. Six five-
micrometer thick sections were then taken for molecular
analysis followed by a new HE stained section to ensure
the material being representative.

Pyrosequencing
For single gene analysis (routine analysis in Region
Skåne before 2015), DNA was extracted using the
QIAamp DNA FFPE Tissue Kit for paraffin embedded
tissues according to the manufacturer's protocol (Qiagen,
Hilden, Germany), except that the proteinase K digestion
was extended to overnight. Mutational status for hotspot
mutations in EGFR and KRAS were obtained using
pyrosequencing (PyroMark Q24 sequencer, TheraScreen
EGFR Pyro Kit and TheraScreen KRAS Pyro Kit, DxS/
Qiagen, Hilden, Germany) according to the manufactur-
er's protocol.

Targeted NGS
For targeted NGS, DNA was extracted using the Qiagen
AllPrep kit (Qiagen, Hilden, Germany) for FFPE tissue
and automated on the QIAcube instrument (Qiagen) ac-
cording to the manufacturer's protocol, except that the
proteinase K digestion was extended to overnight. The
NGS-based mutation analysis was performed using the
Illumina TruSight Tumor gene panel on a MiSeq instru-
ment according to manufacturer’s instructions (Illumina,
San Diego, CA, US). Analysed regions included a selected
set of complete exons in 26 genes: AKT1 (exon 2), ALK
(exon 23), APC (exon 15), BRAF (exons 11, 15), CDH1
(exons 8, 9, 12), CTNNB1 (exon 2), EGFR (exons 18, 19,

20, 21), ERBB2 (exon 20), FBXW7 (exons 7, 8, 9, 10, 11),
FGFR2 (exon 6), FOXL2 (exon 1), GNAQ (exons 4, 5, 6),
GNAS (exons 6, 8), KIT (exons 9, 11, 13, 17, 18), KRAS
(exons 1, 2, 3, 4), MAP2K1 (exon 2), MET (exons 1,
4, 13, 15, 16, 17, 18, 20), MSH6 (exon 5), NRAS
(exons 1, 2, 3, 4), PDGFRA (exons 11, 13, 17), PIK3CA
(exons 1, 2, 7, 9, 20), PTEN (exons 1, 2, 3, 4, 5, 6, 7, 9),
SMAD4 (exons 8, 11), SRC (exon 10), STK11 (exons 1, 4,
6, 8), and TP53 (exons 2, 3, 4, 5, 6, 7, 8, 9, 10, 11).
Prior to library preparation a quality control assay was
performed as described in the TruSight Tumor in-
structions. Alignment, quality filtering, variant calling,
and variant annotation were performed using the
standard MiSeq Reporter and VariantStudio analysis
pipeline (Illumina). Only nonsynonymous variants with
a quality score equal to 100 that passed the bi-
directional sequencing quality filter in TruSight Tumor
were considered. Non-targetable mutations with a fre-
quency of <3% were not routinely reported.
Due to change of platform in the clinical setting, for

two cases (no. 5 and 6) the NGS-based mutation ana-
lysis was instead performed using the Ion Ampliseq
Cancer Hotspot panel v2 on an Ion Torrent PGM
instrument according to manufacturer’s instructions
(Thermo Fisher Scientific, Waltham, MA, US). Ana-
lysed regions included a selected set of complete exons
in 50 genes: ABL1 (exon 4–7), AKT1 (exon 3, 6), ALK
(exon 23, 25), APC (exon 16), ATM (exon 8, 9, 12, 17,
26, 34, 35, 36, 39, 50, 54–56, 59, 61, 63), BRAF (exon
11, 15), CDH1 (exon 3, 8, 9), CDKNA2 (exon 2),
CSF1R (exon 7, 22), CTNNB1 (exon 3), EGFR (exon 3,
7, 15, 18–21), ERBB2 (exon 19–21), ERBB4 (exon 3, 4,
6–9, 15, 23), EZH2 (exon 16), FBXW7 (exon 5, 8–11),
FGFR1 (exon 5, 8), FGFR2 (exon 7, 9, 12), FGFR3
(exon 7, 9, 14, 16, 18), FLT3 (exon 11, 14, 16, 20),
GNA11 (exon 5), GNAQ (exon 5), GNAS (exon 8, 9),
HNF1A (exon 3, 4), HRAS (exon 2, 3), IDH1 (exon 4),
IDH2 (exon 4), JAK2 (exon 14), JAK3 (exon 4, 13, 16),
KDR (exon 6, 7, 11, 19, 21, 26, 27, 30), KIT (exon 2,
9–11, 13–15, 17, 18), KRAS (exon 2–4), MET (exon 2,
11, 14, 16, 19), MLH1 (exon 12), MPL (exon 10),
NOTCH1 (exon 26, 27, 34), NPM1 (exon 11), NRAS
(exon 2–4), PDGFRA (exon 12, 14, 15, 18), PIK3CA
(exon 2, 5, 7, 8, 10, 14, 19, 21), PTEN (exon 1, 3, 5–
8), PTPN11 (exon 3, 13), RB1 (exon 4, 6, 10, 11, 14,
17, 18, 20, 21, 22), RET (exon 10, 11, 13, 15, 16),
SMAD4 (exon 3–6, 8–12), SMARCB1 (exon 2, 4, 5, 9),
SMO (exon 3, 5, 6, 9, 11), SRC (exon 14), STK11
(exon 1, 4, 5, 6, 8), TP53 (exon 2, 4–7, 10), VHL (exon
1–3). Alignment, quality filtering, variant calling, and
variant annotation were performed using the standard
Ion Reporter and Torrent Suite software (Thermo
Fisher Scientific). Non-targetable mutations with a fre-
quency of <5% were not routinely reported.
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Results
Case 1
Case 1 was a 58 years old woman who was surgically
treated for one tumour in the liver and one in the lung.
Both were suspected to be metastases from a previous
rectal cancer treated 3 years earlier. There was no evi-
dence of lymph node involvement or other metastases.
Both the lung and liver tumour were adenocarcinomas.
The lung tumour was almost round, 1.5 cm in diameter,
with central necrosis, and exhibited mostly solid but also
partly cribriform growth and with a few separate glandu-
lar structures. The cells were cuboid or irregular to a
greater extent than cylindrical. The liver tumour had
similar morphology but somewhat more resembled colo-
rectal cancer. Both the lung and liver tumour was dif-
fusely positive for CK7 (>90% of the cells) and partially
for TTF-1 (15% of the cells in the lung tumour and in
5% in the liver tumour). CK20, CDX2, and napsin A
were completely negative. See Fig. 1.
The biopsy from the previous rectal cancer was

reviewed, and IHC staining showed positive CK7 while
CK20 and TTF-1 were both negative. The surgical speci-
men had the same profile, but there was very limited
amount of tumour due to neoadjuvant radiotherapy.
Clinico-radiologically metastasis of rectal cancer was
suggested, but considering the IHC profile, a separate
lung cancer with liver metastasis was proposed by the

pathologist, especially since TTF-1 (clone 8G7G3/1) was
positive in the lung and liver tumours, although the
CK7/CK20 profile was the same in the rectal cancer.
Molecular analysis using pyrosequencing showed the

same KRAS mutation (c.38G > A) in both the rectal can-
cer (tested on the biopsy) and the lung tumour, support-
ing that the lung and liver tumours were metastases of
the rectal cancer. Analyses of EGFR (pyrosequencing)
and ALK (FISH) were negative in the lung tumour.
There was insufficient material from the primary tumour
to enable a follow-up NGS analysis for comparison with
the metastases, but a later confirmatory targeted NGS
analysis of the liver metastasis showed the same KRAS
mutation and also a TP53 mutation (c.743G > A).
A second lung metastasis was surgically treated a year

after the first. It had the same morphology as the previ-
ous lung tumour and was partly TTF-1 positive as well.
Two years later, the patient presented with CNS symp-
toms, and a metastasis was found in the frontal lobe.
The metastasis was TTF-1 negative, but otherwise the
same IHC profile with positive CK7 and negative CK20
and CDX2.

Case 2
Case 2 was a 70 years old woman with two histologically
identical lung tumours in the right upper and lower
lobes, respectively, both surgically removed with wedge

Fig. 1 Case 1. Metastases of rectal cancer to the lung and liver with atypical immunohistochemical profile. a-f The metastasis to the lung. a HE,
(b) CK7, (c) CK20, (d) CDX2, (e) TTF-1, (f) napsin A. g-i The metastasis to the liver. g HE, (h) CK7, (i) TTF-1. Note that CK20 and CDX2 were also
negative in the metastasis to the liver (not shown). All images x10 objective
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resections. Both tumours were round and about 2 cm in
diameter and rather well-circumscribed. A previous bi-
opsy had suggested possible squamous cell carcinoma,
but the morphology and IHC profile with >90% of the
cells positive for p40, S100 and smooth muscle-specific
actin (CK5 was positive in about 40% of the cells) was
consistent with epithelial-myoepithelial carcinoma. See
Fig. 2. Based on the tumours’ macroscopic appearance
and peripheral location in the lung it was concluded the
tumours were metastases. There was no evidence of
epithelial-myoepithelial carcinoma in the salivary glands
or in accessory salivary glands in the bronchi.
The patient had a previous history of a breast tumour

originally suggested to be at first hand consistent with
ductal carcinoma in situ, approximately 2 cm in size,
surgically treated almost 5 years earlier. The tumours
from the lung and breast were reviewed by several pa-
thologists in Sweden and one international expert with-
out consensus regarding the breast tumour. The
morphology of the peripheral cells in the breast tumour
and the cells of the lung tumours was similar although
the growth pattern when comparing with the breast
tumour as a whole was not perfectly identical and there
were different opinions among pathologists whether the

breast tumour was invasive or not. However, additional
IHC staining of the breast tumour showed positive CK5,
p40, p63, S100 and smooth muscle actin in the basal
and peripheral cells, while the luminal cells were partly
positive for CK5 (about 15% of the luminal cells) and es-
trogen receptor (about 20%). See Fig. 2. Progesterone re-
ceptor and HER2 were negative. The lung tumours were
negative for estrogen and progesterone receptor and
HER2.
After targeted NGS analysis revealed the same

PIK3CA mutation in both the breast and lung tumours
there was a total agreement among the pathologists that
the breast tumour was a malignant adenomyoepithe-
lioma with metastases to the lung. In the breast there
was also a PTEN mutation in a low frequency not seen
in the metastases to the lung (checked for frequency less
than 3%). There were no other mutations detected. See
Table 1 for full NGS data. An initial FISH for ALK gene
rearrangements was inconclusive in one of the metasta-
sis in the lung, and further FISH analyses were not per-
formed after the result of the targeted NGS.
Exactly one year later one more metastasis, this time

in the left lung, was surgically removed. It had the same
morphological appearance as the previous metastases to

Fig. 2 Case 2. Malignant adenomyoepithelioma in the breast with metastases to the lung. a-f The breast tumour. a HE, (b) CK5, (c) p40, (d) S100,
(e) HE, peripheral part of the tumour suspicious for invasion, (f) p40, peripheral part of the tumour. g-l One of the metastases to the lung. g HE,
central part of the tumour, (h) HE, peripheral part of the tumour, (i) CK5, (j) p40, (k) S100, (l) CK7. Note the CK7-positive reactive alveolar epithelium
(positive also for TTF-1, not shown) leading to a papillary appearance at the periphery of the tumour. All images x10 objective.
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the lung. The patient was still alive 18 months later with
no evidence of any more metastases but with a suspicion
of local relapse of the metastasis in the right upper lobe
on a CT scan.

Case 3
Case 3 was a 68 years old male with two rather small
and slowly growing peripheral tumours in the lung, one
in the right upper lobe (5 mm in size) and one in the
right lower lobe (1.8 cm in size). There was no evidence
of lymph node or distant metastases or malignant
pleural exudate. Both tumours were surgically removed
with wedge resections and were TTF-1 positive non-
mucinous adenocarcinomas. The growth pattern was
50% papillary, 25% acinary, 20% lepidic and 5% mucin-
ous (mostly lepidic) in the larger lower lobe tumour and
60% acinary and 40% lepidic in the upper lobe tumour.
See Fig. 3. Both tumours exhibited some spreading
through air spaces (STAS) and the tumour in the lower
lobe also had pleural invasion but without any detected
extension to the pleural surface (i.e. PL1). Furthermore,
in the lower lobe there were a couple of additional, sep-
arate very small foci (<1 mm) of minimally invasive
adenocarcinoma with lepidic and acinary growth, also
detected during the surgical procedure.
The findings of the lower lobe was judged to be a

tumour with metastasis within the same lobe (pT3), but
it was discussed whether the tumour of the upper lobe
represented a separate synchronous tumour (pT1a) or a
metastasis (pT4). Targeted NGS analyses showed the
same KRAS and SMAD4 mutations in both the tumour
of the upper lobe and one of the tumours in the lower
lobe. See Table 1 for full NGS data. IHC staining for
ALK was negative in both tumours. A later analysis of

one of the very small tumours of the lower lobe (not of
relevance for the clinical handling of the patient) re-
vealed the same KRAS mutation while the SMAD4 mu-
tation was not seen.
Consequently, although the patient had a very small

separate tumour with partly different growth pattern in
the upper lobe and no lymph node or distant metastases,
the case was considered to be a metastasis to another
lobe (pT4) based on the identical molecular genetic pro-
file. The patient suffered from severe renal insufficiency
which limited the extent of surgical and chemotherapy
treatment. However, the patient was still alive 18 months
after surgery. At the time, a CT scan showed suspicious
growth of a lung nodule and mediastinal lymph node en-
largement, but EBUS-guided cytology was negative.

Case 4
Case 4 was a 64 years old woman with bilateral tumours
in the upper lobes, both removed with wedge resections
shortly after each other. The tumour in the left upper
lobe was 2.5 cm in size and the one in the right upper
lobe 1.9 cm. Both were TTF-1 positive non-mucinous
adenocarcinomas. The growth pattern was 80% acinary,
15% solid and 5% cribriform (counting as acinary ac-
cording to the WHO classification) in the tumour in the
left lung, while the tumour in the right lung was 60%
acinary, 30% cribriform and 10% solid. See Fig. 4. Al-
though the two tumours were rather small and located
in separate lungs and the patient had no evidence of
lymph node or distant metastasis, it was decided by the
multidisciplinary team to treat the patient as having
metastatic disease (pT1b N0 M1a) since the histological
type and growth pattern was identical. Thus, adjuvant
chemotherapy was administered.

Fig. 3 Case 3. Lung adenocarcinoma with intrapulmonary metastasis with partly different growth patterns but identical genetic profiles. a-d The
tumour of the lower lobe with papillary (predominant), acinary, lepidic and mucinous (about 5%) growth patterns. e-f The tumour of the lower
lobe with acinary (predominant) and lepidic growth patterns. All images HE and x10 objective
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After 3 years there was a suspected local recurrence in
the left upper lobe but no lymph node or distant metas-
tases. Molecular genetic analysis was performed on the
previously resected left upper lobe tumour with pyrose-
quencing showing an EGFR deletion in exon 19
(c.2235_2249del15) and negative IHC for ALK. A follow-
up targeted NGS (being introduced at the time) instead
detected a KRAS mutation in the tumour of the right
upper lobe. The different profiles supported synchron-
ous primary tumours (pT1b and pT1a). See Table 1 for
full NGS data.
Since there was no evidence of lymph node or distant

metastases, it was then decided to surgically remove the
rest of the left upper lobe. The tumour was again a TTF-
1-positive adenocarcinoma with mixed cribriform, acin-
ary and solid growth. Targeted NGS detected the same
EGFR deletion in exon 19 and also found a TP53 muta-
tion with a lower frequency. A later targeted NGS ana-
lysis confirmed the EGFR deletion in the original
tumour of the left upper lobe but did not detect any
TP53 or other mutation.
One year later metastases to lymph nodes 4R and 4 L

were confirmed on cytology from EBUS-guided fine nee-
dle aspirations. Again, a targeted NGS analysis con-
firmed the same EGFR deletion in exon 19 and the same
TP53 mutation. After the start of thyrosine kinase

inhibitor (TKI) therapy, a significant regression of the
enlarged mediastinal lymph nodes was seen.

Case 5
Case 5 was a 65 years old male with a centrally growing
lung tumour engaging both the upper and lower right
lobe and with radiologically suspected mediastinal inva-
sion (i.e. T4). EBUS-guided fine needle aspirations de-
tected a lymph node metastasis to position 12 only (N1).
The cytology favored adenocarcinoma, and targeted
NGS showed no treatment predictive mutations but a
BRAF (c.1406G > T) and a TP53 (c.375G > A) mutation.
Neoadjuvant chemoradiotherapy induced a significant
regression of the tumour, and a right sided pneumonec-
tomy was performed where also a second subpleural
tumour was discovered in the lower lobe. No lymph
node metastases could be detected in the pulmonary or
mediastinal lymph nodes.
Both the central and the subpleural tumours were

TTF-1 and napsin A positive non-mucinous adenocar-
cinomas. The central tumour, measuring at the most
5.3 cm, showed dense central fibrosis with focal micro-
calcifications constituting about 80% of the area, while
the viable tumour was acinary apart from about 5% le-
pidic growth pattern. The subpleural tumour measured
at the most 3.0 cm and exhibited micropapillary (60%)

Fig. 4 Case 4. Synchronous lung adenocarcinomas in upper lobes with similar morphology but different genetic profiles. a-c The KRAS mutated
tumour in the right upper lobe. a HE, x4 objective, b HE, (c) TTF-1. d-f The EGFR mutated tumour in the left upper lobe. d HE, x4 objective, (e) HE,
(e) TTF-1 (note the weaker TTF-1 may be due to suboptimal fixation). g-i Recurrence of the tumour in the left upper lobe. g HE, x4 objective,
(h) HE, (i) TTF-1. All images x10 objective unless otherwise stated
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and papillary (40%) growth. STAS and focal microcalcifi-
cations were seen, but no fibrosis or necrosis. See Fig. 5.
Due to the difference in growth pattern between the

tumours, both were analysed with targeted NGS. The
previously noted BRAF mutation was detected in both
tumours, while only the central tumour had a TP53 mu-
tation but not the same as in the previous cytological
sample. See Table 1 for full NGS data. Based on the
BRAF mutation it was concluded that the subpleural
tumour was an intrapulmonary metastasis rather than a
separate synchronous tumour.
One month after surgery the patient presented with an

advanced intrathoracic infection but was successfully
treated with intravenous and intrathoracic antibiotics.
Two months after the surgery there was no sign of add-
itional metastases or local relapse.

Case 6
Case 6 was a 59 years old non-smoking woman who
presented with a tumour in the right lower lobe, con-
firmed as an adenocarcinoma with a bronchial biopsy.
Pyrosequencing did not show any EGFR mutation (any
further analyses were not performed as the patient was
planned for surgery). An additional suspicious area in
the right upper lobe was detected on a CT scan before
surgery, and the patient underwent a lobectomy of the
lower lobe and a wedge resection of the upper right lobe.
The upper lobe lesion was also an adenocarcinoma. Both
tumours were non-mucinous, 4.0 cm (lower lobe) and
1.1 cm in size respectively. They were regarded similar
in appearance and the upper lobe tumour was consid-
ered an intrapulmonary metastasis (pT4). No lymph
node metastases were found and adjuvant chemotherapy
was initiated.
After four months additional mutational analysis on the

existing material was performed in order to investigate
additional lines of treatment as there was radiological
suspicion of more extensive tumour growth in the upper
lobe than initially suspected. Pyrosequencing showed an
EGFR mutation in the previously resected upper lobe
tumour, while FISH for ALK gene rearrangements was

negative (a later IHC staining for ALK was also negative).
It was assumed that the EGFR mutation was also present
in the lower lobe tumour, and that the first pyrosequenc-
ing analysis on the pre-surgical biopsy had failed to detect
it, being a newly introduced method at the time. As the
disease progressed, TKI was given for four months but
with continued progression with spreading also to the left
lower lobe. A core needle biopsy was taken from the latter
to investigate if an EGFR resistance mutation had devel-
oped, but unexpectedly targeted NGS did not detect any
EGFR mutation. See Table 1 for full NGS data.
In light of this, the tumours were again reviewed. The

tumour in the right lower lobe had 75% micropapillary,
15% acinary, 5% papillary and 5% lepidic growth pattern
and had a <5% mucinous component. The tumour in
the right upper lobe had 100% acinary growth (<5%
solid). Both were positive for TTF-1 and napsin A. The
adenocarcinoma in the left lower lobe had predominant
acinary but also micropapillary and lepidic growth on bi-
opsy. See Fig. 6.
Targeted NGS did not detect any mutations in the tu-

mours of the right lower lobe or the left lower lobe,
while the right upper lobe tumour exhibited the previ-
ously known EGFR mutation and a TP53 mutation.
Based on the morphology and genetic profiles, it was
concluded that the right upper and lower lobe tumours
were synchronous adenocarcinomas and the left lower
lobe tumour a contralateral metastasis from the EGFR
negative right lower lobe tumour (explaining the lack of
effect of TKI treatment). The patient was again put back
on chemotherapy. However, after two months, the on-
cologist asked for PD-L1 analysis and noted that ALK
analysis was missing from both the right lower lobe
tumour and its left lower lobe metastasis. IHC staining
for ALK proved to be positive in both tumours – see
Fig. 6 – why treatment with a TKI for ALK was started.

Discussion
In the present study we describe six cases where mo-
lecular genetic analysis was a valuable or necessary aid
for accurate diagnosis. Two cases concerned metastases

Fig. 5 Case 5. Lung adenocarcinoma with intrapulmonary metastasis with different growth patterns but identical BRAF mutation. a The central
tumour with acinary and lepidic (not shown) growth patterns. b-c The subpleural tumour with micropapillary and papillary growth patterns. All
images HE and x10 objective
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to the lungs and proving the relationship to the primary
tumour when morphology and IHC staining was insuffi-
cient for definite diagnosis. The other four cases
concerned synchronous primary lung cancers vs. intra-
pulmonary metastasis. As evident, single gene assays
may be useful in some cases, but targeted NGS may be
even more so, as seen especially in case 2 and 5.
Case 1 is an example of an atypical presentation of a

common diagnosis. Colorectal cancer, a frequent cause
of metastases to the lung, is commonly positive for
CK20 and negative for CK7 [31]. Deviant CK7/CK20
pattern may be related to microsatellite instability, BRAF
mutation and perianal Paget’s disease [32–35]. Positive
TTF-1 (especially clone 8G7G3/1) is also very rare in
colorectal cancer and such tumours still tend to be
CK20+/CK7- [13, 15, 36–39]. Correct diagnosis is im-
portant as there is a difference in treatment and progno-
sis if a separate lung cancer with liver metastasis appears
in a patient with previous rectal cancer instead of metas-
tasis to the liver and lung from the rectal cancer. Al-
though KRAS mutations are common in both colorectal
and lung adenocarcinomas, [40] the finding of the same
mutation in both tumours strongly supported that the
pulmonary tumour was a metastasis. Although this case
could have been solved with morphology only, the mo-
lecular genetic analysis was of aid for correct diagnosis.

Malignant adenomyoepithelioma in the breast, case 2,
is a very rare diagnosis [41]. Epithelial-myoepithelial car-
cinomas are most often found in salivary glands, but
may also derive from submucous glands in bronchi as a
primary lung cancer. The diagnosis may be difficult, and
although morphology and IHC staining is normally suffi-
cient for the diagnosis, in the present case there were
different opinions among experienced senior patholo-
gists (who were all familiar with malignant adenomyoe-
pithelioma) concerning the breast tumour before
molecular genetic analysis. Although PIK3CA mutations
(and especially c.3140A > G) are common in breast can-
cer, [40] the genetic profile strongly suggested that the
lung tumours were metastases from the tumour in the
breast. Although the IHC staining also supported the
diagnosis malignant adenomyoepithelioma the molecular
genetic analysis with targeted NGS was essential for
diagnosis in this case.
Cases 3–6 are examples of multiple lung tumours

where molecular genetic analysis was of aid in the differ-
ential diagnostics between synchronous primary lung
cancer and intrapulmonary metastasis. Case 3 and 5 had
different or partly different growth patterns but identical
genetic profiles. In both cases, it did not really make a
difference for treatment that stage pT4 could be estab-
lished instead of the alternative pT3/pT2b plus a

Fig. 6 Case 6. Synchronous lung adenocarcinomas in right upper and lower lobes with different growth patterns and different genetic profiles
with the contralateral metastasis from the latter. (a-c) The EGFR mutated right upper lobe tumour with acinary growth pattern. (d-f) The right
lower lobe tumour with micropapillary (predominant), acinary and papillary growth patterns. (g-i) The metastasis to the left lower lobe.
(a-b, d-e, g-h) HE, (c, f, i) ALK. All images x10 objective
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separate pT1. However, case 3 is also a good example
that a tumour in a separate lobe may be a metastasis
even in absence of lymph node involvement or distant
metastasis. For example Klempner et al. has also previ-
ously shown that predominantly in situ (lepidic) growth
does not rule out metastatic disease [42]. Case 4 is an
example of adenocarcinomas with identical growth pat-
terns located in different lobes but that were synchron-
ous primary tumours. In case 5, the difference in growth
pattern may of course be at least partly due to the neo-
adjuvant therapy. Case 6 had two adenocarcinomas that
actually showed different growth patterns but was ini-
tially reported as having similar appearance, and optimal
treatment could probably have been given should
complete molecular analysis (with analysis of both EGFR
and ALK) have been performed for both tumours right
from the start.
Comprehensive histopathological subtyping, for adeno-

carcinomas preferably in 5% increments, with comparison
of growth patterns and other morphological features, has
been suggested as a tool for distinguishing synchronous/
metachronous primary lung cancer from metastasis/
relapse [1, 43]. However, non-mucinous lung adeno-
carcinomas with acinary, lepidic, papillary and/or
solid growth are the most common, why subtyping
may be of limited aid in many cases [44–46]. Also,
most lung adenocarcinomas have the same IHC pro-
file with positive CK7, TTF-1 and napsin A [1, 10].
Among the present cases, the results of IHC and
growth patterns in 5% increments was not very help-
ful in cases 3–5, but was so in case 6.
A recent study by Schneider and co-workers showed a

concordance between histological (Martini and Melamed
criteria [19]) and molecular classification of synchronous
primary lung cancers vs. intrapulmonary metastasis in
24 of 27 adenocarcinomas (89%) using a panel of seven
genes (analysis with Sanger sequencing and FISH) [47].
In that study, two cases with different morphological
features exhibited the same KRAS mutation (similar to
our case 5) while one case with morphologically similar
tumours had discordant KRAS mutation status suggest-
ing separate synchronous primary tumours (like our
case 4).
It is noteworthy that only selected cases were included

in the present study. During the same period of time
there were other cases at our department where molecu-
lar genetic analysis was not as helpful. For example, in
one patient with previous colonic cancer three small sus-
pected metastases to the lung were resected. One of the
tumours was a metastasis of the colonic cancer, while
two were non-mucinous lung adenocarcinomas with dif-
ferent growth patterns found in the same lobe. Targeted
NGS revealed a TP53 mutation in one of the lung can-
cers and no mutations in the other. Although a good

concordance for TP53 mutations has been reported be-
tween primary tumour and metastasis in some studies, a
significant discordance has been shown in others (also
our cases 4 and 5), making it a less reliable alteration for
molecular genetic comparisons [29, 48–51]. The pres-
ence of TP53 mutations in normal lung tissue of lung
cancer patients supports its role as an early driver in
lung cancer, [52] and it would be of interest to investi-
gate if some TP53 mutations more than others are prone
to arise early in the process and be concordant between
primary tumours and metastases.
In the literature, there are several studies on synchron-

ous primary lung cancer vs. intrapulmonary metastasis
with variable and rather limited number of included pa-
tients and with different molecular methods used. For ex-
ample, in three rather large studies, Girard and co-
workers used comparative genomic hybridization for
analysis of copy number variation, Warth and co-workers
used Sanger sequencing and loss of heterozygosity, while
Yatabe and co-workers used RT-PCR [21, 28, 53]. Ac-
cording to comprehensive reviews a generally high but
variable (61-100%) concordance for driver mutations
(EGFR and KRAS) between primary tumours and metas-
tases has been reported for lung cancer [30, 54]. It has
been discussed that discordance of molecular genetic
profiles between spatially or temporally different tumours
with common origin may partly be due to methodo-
logical issues [30, 54–56]. In recent well-performed stud-
ies using targeted NGS, Vignot and co-workers found no
discordance in driver mutations between primary lung
cancers and their metastases, while Goswami and co-
workers found a few cases of colonic cancer where a
pathogenic KRAS mutation was not found in distant me-
tastases [49, 50]. However, Pelosi and co-workers found
significant intra-tumour heterogeneity including co-
existence of EGFR and KRAS mutations in minority
clones using laser microdissection of multiple areas in
lung adenocarcinomas [57].
One problem for studies on multiple lung tumours is

the lack of diagnostic gold standard. If histopathological
features with/without addition of radiological findings
are used as basis, it may lead to wrong conclusions
about molecular concordance and discordance between
primary tumours and metastases. But then again, there
is insufficient knowledge when or how often the molecu-
lar genetic profile can be used as the sole diagnostic tool
to determine if two tumours are related or not. Liu and
co-workers argued that a case with three lung cancers,
all with the same EGFR mutation, still were likely to be
synchronous tumours based on about 40 discordant
non-driver mutations found with WES [58]. However,
given the number of mutations typically found with
WES in lung cancers, [26] it is difficult to be certain,
and WES is maybe not more helpful than targeted
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sequencing for comparison of molecular genetic profiles
in these situations.
In the IASLC lung cancer staging project for the up-

coming TNM8 it has been proposed to consider mul-
tiple tumours as from a single tumor source if exactly
matching breakpoints are identified using comparative
genomic hybridization [56] (although alternative tech-
niques for breakpoint analysis is also acknowledged
[59]). Different or same biomarker pattern (e.g. driver
mutations) is considered to be relative arguments that
favour separate or single tumour source, respectively.
We agree it is difficult to draw certain conclusions given
the evidence of today, though in our opinion, different
driver mutations (such as EGFR or KRAS mutations
or ALK or ROS1 rearrangements, like in our cases 4
and 6) probably quite strongly support synchronous/
metachronous tumours. According to the IASLC pro-
posals, multiple lesions of adenocarcinoma in situ, minim-
ally invasive adenocarcinoma or lepidic predominant
adenocarcinoma should be regarded as separate synchron-
ous tumours, [60] supported by highly discordant muta-
tional profiles, also for driver mutations [61].
The number of cases with multiple tumours in the

lung or with a lung tumour where the relationship to a
tumour in another organ cannot be established with
morphology and IHC staining (squamous and neuroen-
docrine cancers excepted) is quite limited. However, at
the present, it seems reasonable to perform treatment
predictive molecular analysis on all tumours in cases
with multiple lung nodules (at least if there are no nodal
or distant metastases) and also in cases where the rela-
tionship between two tumours (including tumours out-
side the lung) is unclear. Consequently, pathology
departments handling these cases need competence in
molecular pathology (including awareness of the possibil-
ities and pitfalls of molecular pathology for diagnostics in
patients with multiple tumours) and continue to introduce
techniques that may be helpful in these situations. Al-
though targeted NGS and other elaborate techniques cost
more than single-gene analyses, the price is still low com-
pared to the cost of e.g. treatment with TKI, and there is
possible gain also for treatment prediction. A more im-
portant limitation is turnaround time, which is often more
important than extreme sensitivity in daily health care.
For the future, there is a continuing need for relatively

large studies on heterogeneity within a single tumour
and between primary tumour and obvious metastasis
(such as lymph node or brain metastasis). The diagnostic
and clinical importance of minority clones should be
further examined. Which genetic changes are stable
from primary tumour to metastases and what techniques
are best at discovering them are both of great interest.
For example, the potential of single cell analyses (e.g.
PCR or NGS) should be further explored in solid tumours

[62]. If comparison of molecular genetic profile alone or
together with histopathological features and/or clinic-
radiological input is the best for diagnostics of multiple
lung tumours also needs to be further investigated.

Conclusions
Comparison of molecular genetic profile may be an im-
portant tool for determination of relationship between
tumours, at least in some cases. Such comparisons
should always be considered in unclear cases and inter-
national guidelines should preferably stress its role in
differential diagnostics of intrapulmonary metastasis vs.
synchronous primary lung cancers. Further studies on
concordance and discordance of molecular genetic pro-
files between spatially or temporally different tumours
with common origin and which analyses are best for
diagnostics of such cases may be helpful for improved
handling of patients with pulmonary tumours.

Abbreviations
ACCP: American College of Chest Physicians; CK: Cytokeratin; CT: Computed
tomography; EBUS: Endobronchial ultrasound; EGFR: Epidermal growth factor
receptor; FFPE: Formalin-fixed paraffin-embedded; FISH: Fluorescence in situ
hybridization; HE: Hematoxylin-eosin; IHC: Immunohistochemical; NGS: Next-
generation sequencing; STAS: Spreading through air spaces; TKI: Thyrosine
kinase inhibitor; TTF-1: Thyroid transcription factor 1; WES: Whole exome
sequencing

Acknowledgements
We wish to thank the molecular working groups at the Department of
Pathology in Lund and at the Division of Oncology and Pathology
(Department of Clinical Sciences) in Lund for all assistance.

Funding
This study was supported by the Regional Agreement on Medical Training
and Clinical Research (ALF, Swedish government funding), the Swedish
Cancer Society, the Mrs Berta Kamprad Foundation, the Gunnar Nilsson
Cancer Foundation, the Crafoord Foundation, the BioCARE Strategic Research
Program at Lund University, and the Gustav V Jubilee Foundation.

Availability of data and material
All data generated or analysed during this study are included in this
published article.

Authors’ contributions
KEL and HB designed the study. HB diagnosed the cases together with KEL
(case 1, 3 and 4), GE (case 2, also with two non-author pathologists) or AJ
(case 5 and 6). KEL, PL, GJ and JS performed the molecular analyses. AJ and
HB collected patient data. HB and AJ drafted the manuscript. All authors read
and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Written informed consent for publication of their clinical details and/or
clinical images was obtained from each patient. Copies of the consent forms
are available for review by the Editor of this journal.

Ethics approval and consent to participate
All cases were part of a larger cohort in one of two studies that has been
approved by the regional ethical review board in Lund (Dnr 2007/445, 2008/
35 and 2014/748, and Dnr 2007/445, 2008/35, 2014/748 and 2015/575,
respectively), and all research was performed in accordance with the
Declaration of Helsinki.

Ericson-Lindquist et al. Diagnostic Pathology  (2017) 12:31 Page 12 of 14



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Pathology, Regional Laboratories Region Skåne, SE-221 85
Lund, Sweden. 2Department of Pathology, Örebro University Hospital, SE-701
85 Örebro, Sweden. 3Department of Clinical Sciences in Lund, Division of
Oncology and Pathology, Lund University, SE-221 00 Lund, Sweden.

Received: 11 December 2016 Accepted: 20 March 2017

References
1. Travis WD, Brambilla E, Burke AP, Marx A, Nicholson AG. WHO classification

of tumours of the lung, pleura, thymus and heart. 4th ed. Lyon: IARC Press;
2015.

2. Ettinger DS, Wood DE, Akerley W, Bazhenova LA, Borghaei H, Camidge DR,
et al. NCCN guidelines insights: Non-small cell lung cancer, version 4.2016.
J Natl Compr Canc Netw. 2016;14:255–64.

3. Rudin CM, Giaccone G, Ismaila N. Treatment of small-cell lung cancer:
American Society of Clinical Oncology endorsement of the American
College of Chest Physicians guideline. J Oncol Pract. 2016;12:83–6.

4. Hida T, Ariyoshi Y, Sugiura T, Suyama M, Takahashi T, Ueda R. Synchronous
lung cancer presenting with small cell carcinoma and adenocarcinoma.
Chest. 1993;104:1602–4.

5. Chang YL, Wu CT, Lee YC. Surgical treatment of synchronous multiple
primary lung cancers: experience of 92 patients. J Thorac Cardiovasc Surg.
2007;134:630–7.

6. Chhieng DC, Cangiarella JF, Zakowski MF, Goswami S, Cohen JM, Yee HT.
Use of thyroid transcription factor 1, PE-10, and cytokeratins 7 and 20 in
discriminating between primary lung carcinomas and metastatic lesions in
fine-needle aspiration biopsy specimens. Cancer. 2001;93:330–6.

7. Tot T. Cytokeratins 20 and 7 as biomarkers: usefulness in discriminating
primary from metastatic adenocarcinoma. Eur J Cancer. 2002;38:758–63.

8. Yang M, Nonaka D. A study of immunohistochemical differential expression
in pulmonary and mammary carcinomas. Mod Pathol. 2010;23:654–61.

9. Liu H, Shi J, Wilkerson ML, Lin F. Immunohistochemical evaluation of GATA3
expression in tumors and normal tissues: a useful immunomarker for breast
and urothelial carcinomas. Am J Clin Pathol. 2012;138:57–64.

10. Brunnström H, Johansson L, Jirström K, Jönsson M, Jönsson P, Planck M.
Immunohistochemistry in differential diagnostics of primary lung cancer –
an investigation within the Southern Swedish Lung Cancer Study. Am J Clin
Pathol. 2013;140:37–46.

11. Wang LJ, Greaves WO, Sabo E, Noble L, Tavares R, Ng T, et al. GCDFP-15
positive and TTF-1 negative primary lung neoplasms: a tissue microarray
study of 381 primary lung tumors. Appl Immunohistochem Mol Morphol.
2009;17:505–11.

12. Gomez-Fernandez C, Mejias A, Walker G, Nadji M. Immunohistochemical
expression of estrogen receptor in adenocarcinomas of the lung: the
antibody factor. Appl Immunohistochem Mol Morphol. 2010;18:137–41.

13. Matoso A, Singh K, Jacob R, Greaves WO, Tavares R, Noble L, et al.
Comparison of thyroid transcription factor-1 expression by 2 monoclonal
antibodies in pulmonary and nonpulmonary primary tumors. Appl
Immunohistochem Mol Morphol. 2010;18:142–9.

14. Turner BM, Cagle PT, Sainz IM, Fukuoka J, Shen SS, Jagirdar J. Napsin A, a
new marker for lung adenocarcinoma, is complementary and more
sensitive and specific than thyroid transcription factor 1 in the differential
diagnosis of primary pulmonary carcinoma: evaluation of 1674 cases by
tissue microarray. Arch Pathol Lab Med. 2012;136:163–71.

15. Ye J, Hameed O, Findeis-Hosey JJ, Fan L, Li F, McMahon LA, et al.
Diagnostic utility of PAX8, TTF-1 and napsin A for discriminating
metastatic carcinoma from primary adenocarcinoma of the lung.
Biotech Histochem. 2012;87:30–4.

16. Miettinen M, McCue PA, Sarlomo-Rikala M, Rys J, Czapiewski P, Wazny K, et
al. GATA3: a multispecific but potentially useful marker in surgical
pathology: a systematic analysis of 2500 epithelial and nonepithelial tumors.
Am J Surg Pathol. 2014;38:13–22.

17. Shen KR, Meyers BF, Larner JM, Jones DR, American College of Chest
Physicians. Special treatment issues in lung cancer: ACCP evidence-based
clinical practice guidelines (2nd edition). Chest. 2007;132:290S–305S.

18. Goldstraw P, International Association for the Study of Lung Cancer (IASLC).
Staging manual in thoracic oncology. Orange Park: Editorial Rx Press; 2009.

19. Martini N, Melamed MR. Multiple primary lung cancers. J Thorac Cardiovasc
Surg. 1975;70:606–12.

20. Kozower BD, Larner JM, Detterbeck FC, Jones DR. Special treatment issues in
non-small cell lung cancer: Diagnosis and management of lung cancer, 3rd
ed: American College of Chest Physicians evidence-based clinical practice
guidelines. Chest. 2013;143:e369S–399S.

21. Girard N, Ostrovnaya I, Lau C, Park B, Ladanyi M, Finley D, et al. Genomic
and mutational profiling to assess clonal relationships between multiple
non-small cell lung cancers. Clin Cancer Res. 2009;15:5184–90.

22. Astolfi A, Urbini M, Indio V, Nannini M, Genovese CG, Santini D, et al. Whole
exome sequencing (WES) on formalin-fixed, paraffin-embedded (FFPE)
tumor tissue in gastrointestinal stromal tumors (GIST). BMC Genomics.
2015;16:892.

23. Gerlinger M, Rowan AJ, Horswell S, Larkin J, Endesfelder D, Gronroos E, et al.
Intratumor heterogeneity and branched evolution revealed by multiregion
sequencing. N Engl J Med. 2012;366:883–92.

24. Bashashati A, Ha G, Tone A, Ding J, Prentice LM, Roth A, et al. Distinct
evolutionary trajectories of primary high-grade serous ovarian cancers
revealed through spatial mutational profiling. J Pathol. 2013;231:21–34.

25. Castellarin M, Milne K, Zeng T, Tse K, Mayo M, Zhao Y, et al. Clonal evolution
of high-grade serous ovarian carcinoma from primary to recurrent disease.
J Pathol. 2013;229:515–24.

26. Govindan R, Ding L, Griffith M, Subramanian J, Dees ND, Kanchi KL, et al.
Genomic landscape of non-small cell lung cancer in smokers and never-
smokers. Cell. 2012;150:1121–34.

27. Mattsson JS, Imgenberg-Kreuz J, Edlund K, Botling J, Micke P. Consistent
mutation status within histologically heterogeneous lung cancer lesions.
Histopathology. 2012;61:744–8.

28. Warth A, Macher-Goeppinger S, Muley T, Thomas M, Hoffmann H,
Schnabel PA, et al. Clonality of multifocal nonsmall cell lung cancer:
implications for staging and therapy. Eur Respir J. 2012;39:1437–42.

29. Brannon AR, Vakiani E, Sylvester BE, Scott SN, McDermott G, Shah RH, et al.
Comparative sequencing analysis reveals high genomic concordance
between matched primary and metastatic colorectal cancer lesions.
Genome Biol. 2014;15:454.

30. Sherwood J, Dearden S, Ratcliffe M, Walker J. Mutation status concordance
between primary lesions and metastatic sites of advanced non-small-cell
lung cancer and the impact of mutation testing methodologies: a literature
review. J Exp Clin Cancer Res. 2015;34:92.

31. Loy TS, Calaluce RD. Utility of cytokeratin immunostaining in separating
pulmonary adenocarcinomas from colonic adenocarcinomas. Am J Clin
Pathol. 1994;102:764–7.

32. Nowak MA, Guerriere-Kovach P, Pathan A, Campbell TE, Deppisch LM.
Perianal Paget's disease: distinguishing primary and secondary lesions using
immunohistochemical studies including gross cystic disease fluid protein-15
and cytokeratin 20 expression. Arch Pathol Lab Med. 1998;122:1077–81.

33. Ramalingam P, Hart WR, Goldblum JR. Cytokeratin subset immunostaining
in rectal adenocarcinoma and normal anal glands. Arch Pathol Lab Med.
2001;125:1074–7.

34. McGregor DK, Wu TT, Rashid A, Luthra R, Hamilton SR. Reduced expression
of cytokeratin 20 in colorectal carcinomas with high levels of microsatellite
instability. Am J Surg Pathol. 2004;28:712–8.

35. Gurzu S, Jung I. Aberrant pattern of the cytokeratin 7/cytokeratin 20
immunophenotype in colorectal adenocarcinomas with BRAF mutations.
Pathol Res Pract. 2012;208:163–6.

36. Compérat E, Zhang F, Perrotin C, Molina T, Magdeleinat P, Marmey B, et al.
Variable sensitivity and specificity of TTF-1 antibodies in lung metastatic
adenocarcinoma of colorectal origin. Mod Pathol. 2005;18:1371–6.

37. Penman D, Downie I, Roberts F. Positive immunostaining for thyroid
transcription factor-1 in primary and metastatic colonic adenocarcinoma: a
note of caution. J Clin Pathol. 2006;59:663–4.

38. Mourra N, Bengrine-Lefevre L. TTF-1 positivity in metastatic colorectal
carcinoma: a diagnostic pitfall in transbronchial biopsy. Appl
Immunohistochem Mol Morphol. 2010;18:574–6.

39. Remo A, Zanella C, Pancione M, Astati L, Piacentini P, Cingarlini S, et al.
Lung metastasis from TTF-1 positive sigmoid adenocarcinoma. pitfalls and
management. Pathologica. 2013;105:69–72.

40. My Cancer Genome. Vanderbilt-Ingram Cancer Center, Nashville. 2010–2017.
https://www.mycancergenome.org/. Accessed 18 Feb 2017.

Ericson-Lindquist et al. Diagnostic Pathology  (2017) 12:31 Page 13 of 14

https://www.mycancergenome.org/


41. Ahmadi N, Negahban S, Aledavood A, Daneshbod K, Daneshbod Y.
Malignant adenomyoepithelioma of the breast: a review. Breast J.
2015;21:291–6.

42. Klempner SJ, Ou SH, Costa DB, VanderLaan PA, Sanford EM, Schrock A, et al.
The clinical use of genomic profiling to distinguish intrapulmonary
metastases from synchronous primaries in non-small-cell lung cancer: a
mini-review. Clin Lung Cancer. 2015;16:334–9. e1.

43. Girard N, Deshpande C, Lau C, Finley D, Rusch V, Pao W, et al. Comprehensive
histologic assessment helps to differentiate multiple lung primary nonsmall
cell carcinomas from metastases. Am J Surg Pathol. 2009;33:1752–64.

44. Yoshizawa A, Motoi N, Riely GJ, Sima CS, Gerald WL, Kris MG, et al. Impact of
proposed IASLC/ATS/ERS classification of lung adenocarcinoma: prognostic
subgroups and implications for further revision of staging based on analysis
of 514 stage I cases. Mod Pathol. 2011;24:653–64.

45. Warth A, Muley T, Meister M, Stenzinger A, Thomas M, Schirmacher P, et al.
The novel histologic International Association for the Study of Lung Cancer/
American Thoracic Society/European Respiratory Society classification
system of lung adenocarcinoma is a stage-independent predictor of
survival. J Clin Oncol. 2012;30:1438–46.

46. Nitadori J, Bograd AJ, Kadota K, Sima CS, Rizk NP, Morales EA, et al. Impact
of micropapillary histologic subtype in selecting limited resection vs
lobectomy for lung adenocarcinoma of 2 cm or smaller. J Natl Cancer Inst.
2013;105:1212–20.

47. Schneider F, Derrick V, Davison JM, Strollo D, Incharoen P, Dacic S.
Morphological and molecular approach to synchronous non-small cell lung
carcinomas: impact on staging. Mod Pathol. 2016;29:735–42.

48. Chang YL, Wu CT, Shih JY, Lee YC. Comparison of p53 and epidermal
growth factor receptor gene status between primary tumors and lymph
node metastases in non-small cell lung cancers. Ann Surg Oncol.
2011;18:543–50.

49. Vignot S, Frampton GM, Soria JC, Yelensky R, Commo F, Brambilla C, et al.
Next-generation sequencing reveals high concordance of recurrent somatic
alterations between primary tumor and metastases from patients with non-
small-cell lung cancer. J Clin Oncol. 2013;31:2167–72.

50. Goswami RS, Patel KP, Singh RR, Meric-Bernstam F, Kopetz ES, Subbiah V, et
al. Hotspot mutation panel testing reveals clonal evolution in a study of 265
paired primary and metastatic tumors. Clin Cancer Res. 2015;21:2644–51.

51. Vignot S, Lefebvre C, Frampton GM, Meurice G, Yelensky R, Palmer G, et al.
Comparative analysis of primary tumour and matched metastases in
colorectal cancer patients: evaluation of concordance between genomic
and transcriptional profiles. Eur J Cancer. 2015;51:791–9.

52. Chang YL, Wu CT, Lin SC, Hsiao CF, Jou YS, Lee YC. Clonality and prognostic
implications of p53 and epidermal growth factor receptor somatic
aberrations in multiple primary lung cancers. Clin Cancer Res. 2007;13:52–8.

53. Yatabe Y, Matsuo K, Mitsudomi T. Heterogeneous distribution of EGFR
mutations is extremely rare in lung adenocarcinoma. J Clin Oncol.
2011;29:2972–7.

54. Vignot S, Besse B, André F, Spano JP, Soria JC. Discrepancies between
primary tumor and metastasis: a literature review on clinically established
biomarkers. Crit Rev Oncol Hematol. 2012;84:301–13.

55. Cortot AB, Italiano A, Burel-Vandenbos F, Martel-Planche G, Hainaut P. KRAS
mutation status in primary nonsmall cell lung cancer and matched
metastases. Cancer. 2010;116:2682–7.

56. Detterbeck FC, Franklin WA, Nicholson AG, Girard N, Arenberg DA, Travis WD,
et al. IASLC Staging and Prognostic Factors Committee; Advisory Boards;
Multiple Pulmonary Sites Workgroup. The IASLC Lung Cancer Staging Project:
Background data and proposed criteria to distinguish separate primary lung
cancers from metastatic foci in patients with two lung tumors in the
forthcoming eighth edition of the TNM classification for lung cancer. J Thorac
Oncol. 2016;11:651–65.

57 Pelosi G, Pellegrinelli A, Fabbri A, Tamborini E, Perrone F, Settanni G, et al.
Deciphering intra-tumor heterogeneity of lung adenocarcinoma confirms
that dominant, branching, and private gene mutations occur within
individual tumor nodules. Virchows Arch. 2016;468:651–62.

58 Liu Y, Zhang J, Li L, Yin G, Zhang J, Zheng S, et al. Genomic heterogeneity
of multiple synchronous lung cancer. Nat Commun. 2016;7:13200.

59 Murphy SJ, Aubry MC, Harris FR, Halling GC, Johnson SH, Terra S, et al.
Identification of independent primary tumors and intrapulmonary
metastases using DNA rearrangements in non-small-cell lung cancer. J Clin
Oncol. 2014;32:4050–8.

60 Detterbeck FC, Nicholson AG, Franklin WA, Marom EM, Travis WD, Girard N,
et al. IASLC Staging and Prognostic Factors Committee; Advisory Boards;
Multiple Pulmonary Sites Workgroup; Participating Institutions. The IASLC
Lung Cancer Staging Project: Summary of proposals for revisions of the
classification of lung cancers with multiple pulmonary sites of involvement
in the forthcoming eighth edition of the TNM classification. J Thorac Oncol.
2016;11:639–50.

61 Wu C, Zhao C, Yang Y, He Y, Hou L, Li X, et al. High discrepancy of driver
mutations in patients with NSCLC and synchronous multiple lung ground-
glass nodules. J Thorac Oncol. 2015;10:778–83.

62 Ståhlberg A, Kubista M. The workflow of single-cell expression profiling
using quantitative real-time PCR. Expert Rev Mol Diagn. 2014;14:323–31.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Ericson-Lindquist et al. Diagnostic Pathology  (2017) 12:31 Page 14 of 14


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient selection and investigation
	Immunohistochemical staining
	Fluorescence in situ hybridization (FISH)
	Molecular genetic analysis
	Pyrosequencing
	Targeted NGS

	Results
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

