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Abstract

Purpose Definition of the lineage of poorly differentiated
neoplasms (PDNs) presenting as cancer of unknown pri-
mary site (CUP) is important since many of these tumors
are treatment-sensitive. Gene expression profiling and a
molecular cancer classifier assay (MCCA) may provide a
new method of diagnosis when standard pathologic
evaluation and immunohistochemical (IHC) staining is
unsuccessful.

Patients and Methods Thirty of 751 CUP patients (4 %)
seen from 2000-2012 had PDNs without a definitive lin-
eage diagnosed by histology or IHC (median 18 stains,
range 9—46). Biopsies from these 30 patients had MCCA
(92-gene reverse transcriptase-polymerase chain reaction
mRNA) performed. Additional IHC, gene sequencing,
fluorescent in situ hybridization for specific genetic alter-
ations, and repeat biopsies were performed to support
MCCA diagnoses, and clinical features correlated. Seven
patients had MCCA performed initially and received site-
specific therapy.

Results Lineage diagnoses were made by MCCA in 25 of
30 (83 %) patients, including ten carcinomas (three germ
cell, two neuroendocrine, five others), eight sarcomas
[three peritoneal mesotheliomas, one primitive neuroecto-
dermal tumor (PNET), four others], five melanomas, and
two lymphomas. Additional THC and genetic testing
[BRATF, i(12)p] supported the MCCA diagnoses in 11 of 16
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tumors. All seven patients (two germ cell, two neuroen-
docrine, two mesothelioma, one lymphoma) responded to
site-specific therapy based on the MCCA diagnosis, and
remain alive (five progression-free) from 254 to 72+
months.

Conclusion The MCCA provided a specific lineage di-
agnosis and tissue of origin in most patients with PDNs
unclassifiable by standard pathologic evaluation. Earlier
use of MCCA will expedite diagnosis and direct appro-
priate first-line therapy, which is potentially curative for
several of these tumor types.

Key Points

Molecular cancer classifier assays (MCCA) made
lineage diagnoses in 25 of 30 (83 %) patients with
poorly differentiated neoplasms who were not
diagnosed by histology or immunohistochemistry.

Seven patients had site-specific therapy based on
MCCA diagnosis, and remain alive from 25+ to 72+
months.

Earlier use of MCCA can expedite diagnosis and
direct appropriate first-line therapy.

1 Introduction

Cancer of unknown primary site (CUP) is a relatively
common clinical syndrome, and accounts for ap-
proximately 3 % of all advanced cancers annually in the
US [1]. The diagnosis is made by a biopsy of a metastatic
site, and the general cancer type or lineage (i.e. carcinoma,
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melanoma, sarcoma, lymphoma) is defined in the vast
majority of tumors. Recently, the ability to predict the site
of tumor origin in patients with CUP, particularly adeno-
carcinoma or poorly differentiated carcinoma, has greatly
improved with the introduction of more specific immuno-
histochemical (IHC) stains [2] and the development of
molecular cancer classifier assays (MCCA) [3]. Recent
studies have established the accuracy of these predictions,
and site-specific therapy based on MCCA diagnoses, rather
than empiric chemotherapy, is becoming the new standard
of therapy [3, 4].

Rarely in CUP, diagnosis of the lineage of the neoplasm
is not possible despite histopathologic examination and
extensive IHC study [1]. Although this group of patients is
small, correct diagnosis is important since the group con-
tains many treatable (and some potentially curable) tumors
[1]; however, the value of MCCA in determining the lin-
eage of these tumors has not been evaluated

In this study, we identified CUP patients with undif-
ferentiated neoplasms seen at our referral center, and per-
formed gene expression profiling on archived biopsy tissue
in an attempt to accurately identify the tumor lineage. Most
of the patients identified were seen and treated empirically
prior to the availability of MCCA for diagnosis; however,
several of the more recent patients had MCCA performed
at the time of the initial biopsy and received treatment
based on the MCCA results.

2 Patients and Methods

Patients with CUP seen at the Sarah Cannon Cancer Center
and the clinics of Tennessee Oncology in Nashville and
Middle Tennessee between 2000 and 2012 were retro-
spectively reviewed. A total of 751 CUP patients were
seen, and in 30 (4 %) of these patients a definitive lineage
could not be determined by standard histopathologic
evaluation and extensive IHC testing of the biopsy speci-
mens. Patients were not included if IHC staining defined a
specific lineage. All pathologic specimens were re-re-
viewed (WJL) to confirm that the tumor lineage could not
be determined and that the diagnosis of poorly differenti-
ated neoplasm was the most specific diagnosis possible.
Twenty-eight of 30 patients presented with advanced
cancers (two patients had single-site lesions) and had no
anatomical primary site detected after a standard work-up
for CUP. Archival biopsy specimens were obtained and,
when possible, additional biopsies were performed. Biop-
sies were tested by a 92-gene MCCA (reverse transcrip-
tase-polymerase chain reaction (RT-PCR) mRNA,
CancerTYPE ID, bioTheranostics, Inc., San Diego, CA,
USA), as previously described [5-10]. When feasible (if
remaining biopsy specimens were available or repeat
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biopsies were performed), additional evaluation of the tu-
mors was carried out after obtaining the MCCA results, in
an attempt to confirm or substantiate the MCCA diagnoses.
These additional studies were prompted by the MCCA
diagnoses and included directed IHC staining not initially
performed, fluorescent in situ hybridization (FISH) for
specific genetic alterations, genetic sequencing, and re-re-
view of specific clinical features. The MCCA diagnoses
were also correlated with the clinical features.

In the majority of patients, the MCCA was obtained
months to years after the initial pathologic evaluation and
diagnosis; therefore, the use of this diagnostic information
to help determine therapy was not possible. These patients
were usually treated with empiric chemotherapy regimens
for CUP, with the exception of two patients with BRAF
V600E mutations (one with an MCCA diagnosis of me-
lanoma, and one with an indeterminate MCCA diagnosis).
However, in 11 patients seen between 2008 and 2012, the
MCCA assay was obtained contemporaneously on the
initial biopsy specimens, and 7 of these 11 patients had
specific MCCA diagnoses (four had indeterminate/unclas-
sifiable diagnoses); these seven patients were treated ac-
cording to the MCCA diagnosis.

3 Results

The histology in all 30 initial biopsies was poorly differ-
entiated neoplasm without a diagnosis of a definitive lin-
eage. The lineage of these tumors remained undefined,
even after multiple IHC studies (median 18 stains; range
9-46 stains), although in several instances the lineage was
debated by two or more pathologists involved in the initial
evaluation of the biopsies. Upon re-review of the histo-
pathology and THC evaluation (WJL), there was no con-
sensus concerning the precise lineage in any of these
tumors.

An MCCA diagnosis was made in 25 of the 30 biopsy
specimens (83 %). The diagnoses by MCCA was indeter-
minate (unclassifiable) in four tumors (13 %) and in one
(4 %) there was insufficient tissue. Some details of these 30
patients are illustrated in Table 1. The MCCA diagnoses
included carcinoma in ten (40 %) patients, including three
germ cell tumors, two neuroendocrine tumors, and five
others. Sarcoma was diagnosed in eight (32 %) patients,
including mesothelioma in three, primitive neuroectoder-
mal tumor (PNET) in one, and four others. Melanoma was
diagnosed in five (20 %) patients, and hematopoietic neo-
plasms in two (8 %) patients, both lymphomas.

The MCCA diagnoses prompted additional evaluation
of the biopsy specimens when sufficient tissue was avail-
able in paraffin blocks, or available patients (three) con-
sented to repeat biopsies; these additional studies were
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Table 1 Poorly differentiated neoplasms of unknown primary site (N = 30)

Patient Sex/age Site of biopsy Initial lineage diagnoses based Number of IHC MCCA diagnosis

(years) on standard pathologic evaluation stains before

MCCA

1 M/62 Pelvic mass Unknown 12 Mesothelioma
2 M/56 Abdominal mass Unknown 15 Sarcoma
3 F/55 Inguinal mass Carcinoma versus sarcoma 15 Mesothelioma
4 F/57 Chest wall/abdominal nodes Carcinoma versus sarcoma 16 Uterine cervix adenocarcinoma
5 F/53 Breast Sarcoma versus carcinoma 18 Indeterminate
6 M/54 Scalp mass, lung nodules Sarcoma versus carcinoma 24 Indeterminate
7 F/84 Skin, subcutaneous mass Carcinoma versus sarcoma 9 Skin/neuroendocrine—Merkel cell
8 F/58 Axillary mass Carcinoma versus mesothelioma 26 Breast adenocarcinoma
9 M/60 Scalp mass Sarcoma versus carcinoma 15 Lung adenocarcinoma
10 M/86 Liver Carcinoma versus melanoma 12 Gall bladder adenocarcinoma
11 M/63 Liver Unknown 15 Indeterminate
12 M/36 Neck mass, lung nodule Carcinoma versus sarcoma 26 Sarcoma/PNET
13 F/39 Mediastinal mass Carcinoma versus sarcoma 39 Sarcoma/osteosarcoma
14 M/65 Brain, lung nodule Unknown 16 Germ cell tumor/non-seminoma
15 M/61 Chest wall mass Unknown 16 Indeterminate
16 F/68 Omental masses Carcinoma versus mesothelioma 15 Urothelial carcinoma/bladder
17 F/28 Soft tissue/subcutaneous nodule  Sarcoma versus melanoma 21 Melanoma
18 M/33 Paratracheal mass Unknown 46 Lymphoma
19 F/71 Mediastinal mass Unknown 9 Lung/neuroendocrine
20 M/38 Lung nodules Unknown 19 Melanoma
21 F/46 Axillary mass Unknown 18 Sarcoma
22 M/74 Bone, soft tissue mass Unknown 18 Lymphoma®
23 M/24 Abdominal and pelvic masses Unknown 20 Mesothelioma
24 F/59 Bone, soft tissue mass Carcinoma versus sarcoma 16 Sarcoma
25 F/79 Inguinal mass Sarcoma versus melanoma 9 Melanoma
26 M/38 Soft tissue, subcutaneous masses Unknown 11 Melanoma
27 F/46 Brain Carcinoma versus melanoma 14 Melanoma
28 M/44 Neck mass Lymphoma versus carcinoma 14 Germ cell/seminoma
29 M/50 Retroperitoneal masses Sarcoma versus carcinoma 14 Germ cell/seminoma
30 M/64 Lung, abdominal mass Unknown 13 Assay unsuccessful

IHC immunohistochemical, MCCA molecular cancer classifier assay, M male, F' female, PNET primitive neuroectodermal tumor, CML chronic

myelogenous leukemia

# Proved to be granulocytic sarcoma/CML (chloroma) with further diagnostic testing

performed in an attempt to provide confirmation of the
MCCA diagnoses (Table 2). In 12 of 16 tumors (75 %)
further studied, the MCCA diagnoses were confirmed or
supported. These diagnoses included germ cell tumor/
seminoma (two), melanoma (three), mesothelioma (two),
sarcoma (two), neuroendocrine tumor (two), and lym-
phoma (one).

The clinical features in 21 of the 25 patients with
specific MCCA diagnoses were consistent with these di-
agnoses and, in a minority, were supportive of the MCCA
diagnoses.

The seven patients who received site-specific therapy
based on the MCCA diagnosis are detailed in Table 3. The
specific IHC staining performed before the MCCA was
obtained is illustrated, along with the MCCA diagnosis,
confirmatory/supportive testing carried out after the
MCCA, treatments, and outcomes.

Five of these seven patients who received site-specific
therapies based on the MCCA diagnoses had favorable,
very treatable diagnoses; in six of the seven, additional
testing after the MCCA diagnoses supported the molecular
diagnoses. All seven patients remain alive (five

A\ Adis



F. A. Greco et al.

progression-free; two germ cell tumors, two neuroen-
docrine tumors, one lymphoma) from 25+ to 72+ months.

3.1 Illustrative Cases

Patient 18: A 33-year-old man presented with right chest
pain and hemoptysis. Computed tomography (CT) scans of
the chest/abdomen/pelvis showed a 4 cm right hilar mass,
right paratracheal mass, and several right lung nodules.
Serum human chorionic gonadotropin (HCG) and o-feto-
protein (AFP) levels were normal. Bronchoscopy was
normal, and biopsy of the paratracheal mass revealed a
poorly differentiated malignant neoplasm (PMN). Multiple
IHC stains were not diagnostic of the lineage (see Table 3).
The MCCA revealed a 96 % probability of lymphoma.
From studies performed, it was not possible to determine if
the lymphoma was of B- or T-cell lineage. There was
scattered necrosis in the tumor which may have accounted
for the negative immunostains, particularly CD45. Addi-
tional confirmatory testing, including T-cell receptor/im-
munoglobulin gene rearrangement study, was considered
but the biopsy specimen was exhausted and re-biopsy was
not feasible due to the need to proceed with therapy.
Chemotherapy with six cycles of CHOP (cyclophos-
phamide, hydroxydaunorubicin, oncovin, prednisone)

Table 2 Additional confirmatory/supportive diagnostic testing (N = 16)

produced a complete response and the patient has been
relapse-free for 47+ months.

Patient 28: A 43-year-old man presented with back pain
and renal failure (serum creatinine 13 mg/dL). He was
found to have a neck mass and, by CT scanning, multiple
lung nodules, a superior mediastinal mass, retroperitoneal
masses, and bilateral hydronephrosis. Serum HCG and
AFP were normal. He was started on hemodialysis and
bilateral ureteral stents were inserted; biopsy of the neck
mass showed poorly differentiated neoplasms (PDNs),
although one consulting pathologist favored lymphoma.
Multiple THC stains were not diagnostic (see Table 3). An
MCCA revealed germ cell tumor/seminoma (95 % prob-
ability). He was treated with four cycles of cisplatin, eto-
poside, and bleomycin, and had a marked reduction of
tumor masses. The decision was made to follow the patient
with no other treatment and he has remained relapse-free
for 57+ months.

4 Discussion
Identification of tumor lineage is accomplished by standard

histopathologic examination in approximately 95 % of
CUPs [1]. In most of the remaining 5 %, IHC staining

Patient Sex/age MCCA diagnosis Additional diagnostic testing Able to support
(years) MCCA diagnosis

1 M/62 Mesothelioma IHC: calretinin Yes

2 M/56 Sarcoma IHC: calretinin, WT-1 No (lineage correct)

3 F/55 Mesothelioma IHC: calretinin, WT-1 No

7 F/84 Skin/neuroendocrine-Merkel cell IHC: neurofilament, CK20, CD56, synaptophysin Yes

12 M/36 Sarcoma/PNET FISH; 11:22 translocation No

13 F/39 Sarcoma/osteosarcoma THC: multiple No

17 Fr28 Melanoma IHC: multiple; electron microscopy No

19 F/71 Lung/neuroendocrine IHC: synaptophysin Yes

21 F/46 Sarcoma THC: desmin; clinical features Yes

22 M/74 Lymphoma® [HC: CD45R0, CD43, CD33 Yes®

23 M/24 Mesothelioma IHC: calretinin Yes

25 F/79 Melanoma Repeat biopsy later; IHC:S100, HMB45 Yes

26 M/38 Melanoma Repeat biopsy later; IHC: melan A Yes

27 F/46 Melanoma Repeat biopsy later; BRAF mutation (V600E) Yes

28 M/44 Germ cell/seminoma IHC: PLAP, CD117 Yes

29 M/50 Germ cell/-seminoma FISH; i(12)p Yes

IHC immunohistochemical, MCCA molecular cancer classifier assay, M male, F' female, PNET primitive neuroectodermal tumor, FISH

fluorescent in situ hybridization, CML chronic myelogenous leukemia

# Proved to be granulocytic sarcoma/CML (chloroma) with further diagnostic testing

° Lymphoma closest gene expression match; leukemia not in panel of tumors recognized (other granulocyte markers diagnosed granulocytic

sarcoma)
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clarifies the tumor lineage; therefore, a small number of
cancers remain with undefined lineage after complete
pathologic examination, and are characterized as poorly
differentiated or undifferentiated neoplasms. Although
these tumors are uncommon, successful identification of
lineage is critical since this group contains many treatable
tumors, including hematopoietic neoplasms, germ cell tu-
mors, neuroendocrine tumors, and melanoma [1, 11-13].

Recently, gene expression profiling has emerged as a
valuable new diagnostic method in the evaluation of CUP
[3]. To date, gene expression profiling in CUP has focused
on tumors already identified as being carcinomas after
standard pathologic evaluation. In approximately 95 % of
patients with carcinoma, MCCA is successful in predicting
a tissue of origin [3, 10], and increasing evidence docu-
ments the improved efficacy of site-specific treatment for
some patients based on these diagnoses [3, 4]. However,
the value of MCCA as a diagnostic tool has not been
previously evaluated in undifferentiated neoplasms of un-
known primary site.

In this study, we identified 30 patients presenting with
CUP who received a diagnosis of undifferentiated neo-
plasm after complete pathologic evaluation. These 30 pa-
tients represented 4 % of the 731 CUP patients seen at our
referral centers over a 12-year period. All these tumors had
undergone extensive evaluation with IHC staining as part
of the initial pathologic evaluation, and the initial diag-
noses were confirmed by a second pathologic review as
part of this study. We successfully performed gene ex-
pression profiling using the 92-gene RT-PCR MCCA in 29
patients (in one patient, remaining biopsy material was
insufficient).

The results of this study confirm the role of gene ex-
pression profiling and the MCCA in the evaluation of pa-
tients with undifferentiated neoplasm of unknown origin.
The tumor lineage was established in 25 of the 29 patients
(86 %) who were successfully profiled, and a site of origin
was predicted in 10 of 10 patients with carcinoma. Suffi-
cient biopsy material was available in 16 patients to per-
form additional studies (see Table 2) directed by MCCA
results (e.g. specific IHC stains, FISH testing, gene se-
quencing); in 11 of 16 tumors, these further studies, as well
as correlation of clinical features, confirmed or supported
the diagnoses made by MCCA. In one tumor (patient 2),
the correct general lineage was diagnosed as sarcoma
rather than the specific type (mesothelioma), but THC
staining confirmed the specific diagnosis of mesothelioma.

Although this was a retrospective study, several of the
patients were seen during the last several years of the study
timeframe, and received site-specific therapy based on the
MCCA diagnosis. These treatments were particularly im-
portant for the two patients diagnosed with germ cell tu-
mors, two patients with locally advanced neuroendocrine
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carcinomas, and one patient with lymphoma; all five re-
sponded favorably to therapy and remain alive and pro-
gression-free 25+ to 72+ months following treatment.

Prior to the availability of specialized pathologic diag-
nostic techniques, the identity of PDNs of unknown pri-
mary site remained uncharacterized. With the introduction
of lineage-specific IHC stains, a substantial number of
lymphomas [11] and neuroendocrine tumors were identi-
fied in this group [1, 2]. Following recognition of the i(12p)
chromosomal abnormality typical in germ cell neoplasms,
these tumors were also recognized [12]. All of these pa-
tients proved to be highly responsive to appropriate therapy
[11-13]. The patients addressed in this report had the non-
specific diagnosis of PMN, even after pathologic ex-
amination and multiple IHC stains. Although these patients
represent a small percentage of CUP, the identity of their
tumors has remained undetermined.

The use of IHC staining over the 12 years when these
patients were seen has evolved with more recent specific
stains and panels/patterns of stains. It is likely that at least
some of the 30 cases reported in this study may have been
resolved or diagnosed by the use of IHC marker stains that
are available, assuming the appropriate stains are applied.
There are limitations on how many IHC stains may be un-
dertaken given the size of the biopsies available, and it is
usually not possible to indiscriminately obtain dozens of
stains. The MCCA offer a major advantage as the gene
expression platforms tested represent the majority of
specific cancers and require only a limited amount of biopsy
material to perform. With the MCCA, we demonstrate that
various treatable cancers remain in this group and are
unidentifiable by standard pathologic evaluation. Some of
these patients derive major benefit from appropriate first-
line treatment, and would not be optimally treated by the
empiric chemotherapy often administered to CUP patients.

5 Conclusions

The results of this study confirm the value of the MCCA in
the diagnosis of PDN of unknown primary site, and
broaden its application in the management of patients with
CUP. In this uncommon group, gene expression profiling
can diagnose the tumor lineage and the tissue of origin in
the majority of patients. Accurate diagnosis and early in-
stitution of appropriate first-line therapy are critical in
several of these aggressive tumors, some of which are
curable with site-specific therapy. Based on the results of
this study, MCCA should be included in the initial
evaluation of patients with PDN of unknown primary site.
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