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Abstract

Background: Development of tailored treatment based on immunohistochemical profiles (IPs) of tumors for cancers of
unknown primary is needed.

Methodology/Principal Findings: We developed an algorithm based on primary known adenocarcinoma for testing
sensitivity and specificity. Formalin-fixed paraffin-embedded tissue samples from 71 patients of unfavorable subsets of
unknown primary adenocarcinoma were obtained. We examined 15 molecular markers using the algorithm incorporating
these IPs and classified the tumours into 9 subsets based on the primary tumour site. The sensitivity and specificity of this
algorithm were 80.3% and 97.6%, respectively. Apparent primary sites were lung in 17 patients, digestive organs in 13,
gynecological organs in 9, prostate in 7, liver or kidney in 6, breast in 4, urothelial organ in 2, biliary tract and pancreatic
profile in none, and unclassified in 13. The response rate to chemotherapy was highest for the gynecological IPs. Patients
with gynecological or lung cancer IPs had longer median progression-free survival than those with others: 11.2 months for
gynecological IPs (p,0.001) and 6.8 months for lung IPs (p = 0.05). Lung, digestive, prostate, and gynecological profiles were
associated with significantly longer median survival time than the other profiles. Multivariate analysis confirmed that the IPs
were independent prognostic factors for survival.

Conclusions/Significance: The IPs identified in this study can be used to further stratify patient prognosis for unfavorable
subsets of unknown primary adenocarcinoma.
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Introduction

Cancers of unknown primary site (CUPs) account for

approximately 3% of all malignant neoplasms [1]. CUPs are

defined as a heterogeneous group with metastatic disease for which

the site of origin cannot be identified at the time of diagnosis

despite careful clinical and laboratory examination [2]. Adeno-

carcinoma accounts for about 50% of CUPs, and unfavorable

subtypes of heterogeneous adenocarcinomas are generally treated

with platinum doublet chemotherapy regimens, with 6–12 months

median overall survival [3,4,5,6].

Chemotherapy regimens vary by institute for unfavorable

subtypes of CUPs; however, the prognosis remains poor. Because

CUPs comprise heterogeneous neoplasms, investigators have

focused on developing tailored treatments using modern ap-

proaches, identifying molecular targets for CUP-specific therapy,

identifying the primary cancer site and applying disease-oriented

therapy, or identifying the primary site by gene profiling assay

using complementary deoxyribonucleic acid (cDNA) or oligonu-

cleotide microarrays [7,8]. An alternative approach is staining

samples using immunohistochemistry (IHC) to determine the

primary tumor site. Recent studies have demonstrated that IHC

can identify unique subsets of CUPs, and that organ-specific

chemotherapy for these subsets may have benefit [9]. However,

classification of CUPs by IHC using conventional antibodies

requires further development to improve sensitivity and specificity

in determining the primary site [10].

Through recent advancements in IHC, additional organ-

specific antibodies have become available [9,11,12,13,14,15,16,

17,18,19,20,21,22,23,24], including the estrogen receptor (ER),

progesterone receptor (PgR), mammaglobin, gross cystic disease

fluid protein-15 (GCDFP-15), CDX2, thyroid transcription factor-

1 (TTF-1), Wilms tumor susceptibility gene 1 (WT-1), paired box

gene 8 (PAX8), prostate-specific antigen (PSA), and uroplakin

with conventional antibodies including cytokeratin (CK) 7 and

CK20. Use of these biomarkers has the potential to identify the

primary tumor site with greater sensitivity and specificity [25,26].

Furthermore, K-ras gene mutation analysis may assist in

determining the primary site when combined with IHC for

pancreatic or bile duct cancer [27,28]. Improving treatment of

CUPs requires identification of the primary tumor site using

molecular markers and application of primary tumor site-specific
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treatment. We selected adenocarcinomas of unknown primary site

for study and conducted the present single-center retrospective

biomarker analysis to provide the basis for an upcoming

prospective clinical trial.

Results

Patient characteristics and immunohistochemistry profile
Patient characteristics are listed in Table 1. Nearly 50% of

biopsy samples were taken from lymph nodes. Other biopsy sites

included lacrimal grand, chest wall, vaginal, and brain. A

carboplatin and paclitaxel regimen was used most frequently

(40%), followed by a carboplatin and irinotecan regimen (31%).

The carboplatin and irinotecan, carboplatin and S1, and cisplatin

and docetaxel regimens were prospectively evaluated in our phase

II trials [5,6] or ongoing prospective trial.

We examined the sensitivity and specificity of the algorithm

(Figure 1) by using known primary tumors which were surgically

resected; 10 lung adenocarcinoma; 11 ovarian adenocarcinoma;

10 endometrial adenocarcinoma; 10 breast adenocarcinoma; 10

prostate adenocarcinoma; 10 urothelial adenocarcinoma; 10

colorectal adenocarcinoma; 10 gastric adenocarcinoma; 11

pancreatic adenocarcinoma; 5 biliary tract adenocarcinoma; 10

hepatocellular adenocarcinoma; and 10 renal cell adenocarcino-

ma. Overall sensitivity and specificity of this algorithm to identify

the primary site were 80.3% and 97.6%, respectively. For each

subset, the sensitivity and the specificity were as follows; lung

profile, 100% and 100%; gynecology profile, 100% and 95.9%;

breast profile, 90% and 100%; prostate profile, 100% and 94.5%;

urothelial profile, 20% and 99%; digestive profile, 85.7% and

96.9%; biliary tract or pancreas profile, 0 and 94.7%; and liver or

kidney profile, 80% and 100%, respectively.

The primary tumor sites based on the immunohistochemical

profiles (IPs) for the 71 unknown primary patients were the lung

for 17 patients, digestive organs for 13, gynecological organs for 9,

prostate for 7, liver/kidney for 6, breast for 4, urothelial for 2, and

were not unclassified for 13 patients (Table 2).Figures 2 and 3

show typical IHC results for the breast and lung profiles.

The CK7-positive and CK20-negative cohort was the most

frequent (Figure 1). We found that 7 tumors did not exhibit

profiles in accordance with the algorithm: four were CDX2-

positive but CK20-negative and were classified into the digestive

profile, one was negative for both mammaglobin and GCDFP-15

and all other markers other than CK19 and ER (Allred score was

7) [29] and was classified into the breast profile, and two were

positive for uroplakin and both negative for CK7 and CK20 and

were classified into the urothelial profile. CK17 was also positive in

9 patients according to the algorithm that did not have K-ras gene

mutations. For remaining 13 patients, a specific primary profile

was not identified. Among the 17 lung profile patients, 15 samples

were available for EGFR mutation analysis and one demonstrated

mutation of codon 858 in exon 21. For digestive IP, 9 samples

were available for K-ras mutation analysis and 3 of these were

positive (codon12 TGT, codon12GTT, and codon12 GAT).

Response evaluation and survival analysis
The overall response rate was 31%. Response rates by profile

are listed in Table 2. A higher response rate was observed for the

gynecological profile (67%) than for the other profiles. Progres-

sion-free survival varied significantly by IP. The median PFS was

6.8, 11.2, and 11.0 months for the lung, gynecological, and

prostate IPs, respectively, while those of the other IPs, including

the digestive, liver/kidney, breast, urothelial, prostate, and

unclassified profiles were 4.8, 3.0, 4.5, 2.7, and 4.9 months,

respectively (Figure 4). Univariate and multivariate analyses of

PFS are shown in Table 3. In the multivariate analysis, PFS was

significantly longer for the gynecological and lung profiles than for

the other profiles. Likewise, the median survival time was 23.3,

17.4, 18.0, and 13.8 for the gynecological, lung, prostate, and

digestive IPs, respectively, while others including the liver/kidney,

breast, urothelial, and unclassified IPs were 6.6, 8.2, 5.0, and 10.0

months, respectively (Figure 5). In the multivariate analysis, bone

metastasis, poor performance status, and male patients, in addition

to the IP, were independent prognostic factors. Lung, gynecolog-

ical, digestive, and prostate profiles had significantly longer

survival times than the other profiles (Table 4).

Discussion

In this study, we developed a panel for identifying the primary

cancer origin of CUPs using our stocked tissue samples and

through immunohistochemical profiling along with gene mutation

analysis. The sensitivity and specificity of the panel validated by

primary known adenocarcinomas were 80.3% and 97.3%. Using

this panel, 81.7% of the patients were classified as having a specific

primary tumor profile. We then analyzed clinical outcomes

according to the panel. The response rate was higher for patients

Table 1. Patient characteristics at diagnosis.

Variable n (%)

Age Median (range) 62 (36–78)

$65 yr 25 (35)

,65 yr 46 (65)

Gender Male 40 (56)

Female 31 (44)

Performance status 0 3 (4)

1 39 (55)

2 29 (41)

Sites of biopsy Lymphnodes 38 (54)

Bone or Bone marrow 10 (14)

Liver 6 (9)

Gastrointestinal tract 4 (6)

Skin 2 (3)

Adrenal gland 2 (3)

Others 8 (10)

Bone metastasis Yes 13 (18)

No 58 (82)

Liver metastasis Yes 6 (9)

No 65 (91)

Lung metastasis Yes 12 (17)

No 59 (83)

Lymph node metastasis No 18 (25)

Yes 53 (75)

Treatment regimen Cisplatin or carboplatin/
docetaxel

16 (22)

Carboplatin/irinotecan 22 (31)

Carboplatin/paclitaxel 29 (41)

Carboplatin/S1 or FOLFOX 4 (6)

FOLFOX: 5FU, oxaliplatin, and l-leukovorin.
doi:10.1371/journal.pone.0031181.t001
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with the gynecological profile than for the other patients. The PFS

was also significantly longer for patients with the gynecological and

lung profiles than for those with the liver/kidney profile. The

multivariate analysis revealed that patients with the gynecological,

lung, prostate, and digestive profiles had significantly longer

survival than the other patients. Clinical course of survival seems

to be consistent with diagnosis of their primary cancers.

In this analysis, we used organ-specific antibodies, including

TTF-1 for lung cancer, WT-1 or PAX8 for gynecological cancers,

mammaglobin or GCDFP-15 for breast cancer, PSA for prostate

cancer, CDX2 for gastrointestinal cancers, and uroplakin for

urothelial cancers. In validation of the panel by using these

markers, lung, gynecology, breast, prostate, digestive, and liver/

kidney profile had high sensitivity and specificity. Notably, liver/

kidney profile which organ specific markers are currently

unavailable achieved high sensitivity and specificity by deleting

other possibilities with CK7 and CK20 negativity. However,

urothelial and biliary tract or pancreatic profile had lower

Figure 1. Identification of the primary tumor site by immunohistochemistry and gene analysis. Thirteen patients were not sorted to
specific profiles and an additional 8 patients were not classified into the profiles in the manner defined by the algorithm. Two patients presenting
with both CK72 and CK20-positive were classified into an unclassified profile. Ten patients with CK7-positive and CK20-negative were classified into
an unclassified profile. Three patients with CK7-positive and CK20-negative were classified into the digestive (n = 1) and urothelial (n = 2) profiles. One
patient with both CK72 and CK20-negative was classified into the unclassified profile. Four patients with both CK72 and CK20-negative were
classified into the digestive (n = 3) and lung (n = 1) profiles. Footnote: * Estrogen receptor- or progesterone receptor-positive with CK19-positive.
doi:10.1371/journal.pone.0031181.g001

Table 2. Primary tumor site of unfavorable subsets of adenocarcinoma of unknown primary determined by a
immunohistochemistry profile of 15 markers and the relationship to response rate to platinum doublet regimens.

Profile n (%) Complete response Partial response Response rate (%)

Lung 17 (24) 2 3 17.6

Digestive 13 (18) 0 2 15.4

Gynecological 9 (13) 3 3 66.7

Prostate 7 (10) 0 2 28.6

Liver/Kidney 6 (8) 0 2 33.3

Breast 4 (6) 0 1 25.0

Urothelial 2 (3) 0 0 0

Not identified 13 (18) 2 2 30.8

doi:10.1371/journal.pone.0031181.t002
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sensitivity compared to others. For these profiles, alternative

approaches may have some value [7,8].

These antibodies used in this analysis are valuable for the cohort

with adenocarcinoma, because the majority of other cancers that

arise from the head and neck, esophagus, and uterine cervix can

be excluded. We did not divide the liver/kidney profile into liver

and kidney groups, as the first-line treatment for these metastatic

diseases is similar [30,31]. Further, we consider gynecologic profile

may not be necessary to be classified into ovary, endometrial, and

cervical adenocarcinoma in the situation of adenocarcinoma of

unknown primary because chemotherapies for these cancer

become similar in advanced disease [32,33,34]. The possibilities

Figure 3. An adenocarcinoma showing typical presentation of the lung profile by immunohistochemistry. Hematoxylin-eosin stain (left
upper), cytokeratin (CK)7 (right upper), CK20 (left lower), and thyroid transcription factor-1 (TTF-1) (right lower). CK7 and TTF-1 are positive in the
cytoplasm and nuclei of tumor cells, respectively (original magnification 6200).
doi:10.1371/journal.pone.0031181.g003

Figure 2. An adenocarcinoma showing typical presentation of the breast profile by immunohistochemistry. Hematoxylin-eosin stain
(left upper), cytokeratin (CK)7 (right upper), CK20 (left lower), and mammaglobin (right lower). CK7 and mammaglobin are positive in the cytoplasm
of tumor cells (original magnification 6200).
doi:10.1371/journal.pone.0031181.g002

Orienting Unknown Primary Cancer
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Figure 4. Progression-free survival curve by the Kaplan-Meier method for the groups with each primary site as classified by the
immunohistochemistry profiles.
doi:10.1371/journal.pone.0031181.g004

Table 3. Prognostic significance for progression-free survival of the immunohistochemistry profile and other parameters by Cox
univariate and multivariate analyses.

Univariate Multivariate

HR 95%CI p HR 95%CI p

No. of 1–2 organs

metastases $3 organs 1.12 0.66–1.90 0.67 0.92 0.43–1.99 0.84

Liver No

metastasis Yes 1.30 0.55–3.04 0.55 1.36 0.51–3.62 0.54

Bone No

metastasis Yes 1.80 0.94–3.45 0.08 1.73 0.77–3.89 0.19

Performance 0–1

score 2 2.86 1.71–4.77 ,0.001 3.32 1.81–6.08 ,0.001

Gender Female

Male 0.70 0.43–1.14 0.15 0.33 0.17–0.66 0.002

Age $65

,65 0.62 0.37–1.10 0.08 0.57 0.32–1.03 0.06

Profile Liver/Kidney

Prostate 0.30 0.10–0.93 0.04 0.38 0.09–1.52 0.17

Digestive 0.52 0.19–1.42 0.20 0.44 0.13–1.46 0.18

Breast 0.78 0.22–2.77 0.70 0.48 0.13–1.82 0.28

Urothelial 1.58 0.31–7.98 0.58 0.46 0.08–2.58 0.38

Lung 0.27 0.10–0.72 0.009 0.31 0.10–1.00 0.05

Gynecological 0.18 0.06–0.59 0.004 0.08 0.02–0.30 ,0.001

Not identified 0.44 0.16–1.20 0.11 0.40 0.14–1.21 0.11

HR, hazard ratio; CI, confidence interval; PS, performance status.
doi:10.1371/journal.pone.0031181.t003
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Table 4. Prognostic significance for survival of the immunohistochemistry profile and other parameters by Cox univariate and
multivariate analyses.

Univariate Multivariate

HR 95%CI p HR 95%CI p

No. of metastasis 1–2

$3 1.42 0.82–2.45 0.21 1.01 0.44–2.29 0.99

Liver metastasis No

Yes 1.25 0.53–2.96 0.61 1.11 0.37–3.30 0.86

Bone metastasis No

Yes 2.08 1.03–4.19 0.04 3.52 1.44–8.64 0.01

PS 0–1

2 1.89 1.11–3.21 0.02 1.99 1.05–3.78 0.04

Gender Female

Male 0.64 0.38–1.09 0.10 0.46 0.23–0.95 0.04

Age $65

,65 0.54 0.3–0.97 0.04 0.56 0.28–1.12 0.1

Profile Liver/Kidney

Prostate 0.14 0.04–0.48 0.002 0.09 0.02–0.45 0.003

Digestive 0.27 0.09–0.81 0.02 0.23 0.06–0.81 0.02

Breast 0.41 0.11–1.50 0.18 0.31 0.07–1.28 0.11

Urothelial 2.24 0.42–11.9 0.34 1.50 0.23–9.58 0.67

Lung 0.18 0.06–0.50 0.001 0.20 0.05–0.72 0.01

Gynecological 0.13 0.04–0.46 0.001 0.09 0.02–20.35 0.001

Not identified 0.36 0.13–1.01 0.05 0.37 0.12–1.09 0.07

HR, hazard ratio; CI, confidence interval; PS, performance status.
doi:10.1371/journal.pone.0031181.t004

Figure 5. Overall survival curve by the Kaplan-Meier method for the groups with each primary site as classified by the
immunohistochemistry profiles.
doi:10.1371/journal.pone.0031181.g005
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of this story may be applied to pancreatobiliary tract cancer and

digestive cancer when limited to adenocarcinoma of unknown

primary [35,36,37,38].

The algorithm we generated for orienting primary has
value

Immunohistochemistory is generally done in routine work for

the diagnosis of adenocarcinoma of unknown primary in many

cancer centers. Therefore, there is no additional skill or tool in the

procedure of diagnosis [10,25]. Previously, Dannis et al. developed

algorithm to identify the useful antibodies, specific for primary

sites [25]. They developed diagnostic panel to examine 7 primary

site (breast, colon, lung, ovary, pancreas, prostate, and stomach) by

using FFPE samples of primary known cancers, but liver and

kidney origin cancer were not included. The accuracy of diagnosis

is 88%, however, the problem is that the algorithm is not applied

for unknown primary cancer and the clinical outcomes divided by

the algorithm is unknown. Therefore, the beneficiary to apply the

algorithm for identification of unknown primary cancer is unclear.

Centeno et al. also did the similar approach to Dannis by using

origin known cancers [39]. They also excluded hepatocellular

carcinoma and renal cell carcinoma. The outcome of the

algorithm is not validated to unknown primary cancer in relation

to clinical outcomes. We developed our panel referencing to their

result in part and specified to adenocarcinoma of unknown

primary including hepatocellular carcinoma and renal cell

carcinoma, and the results of the algorithm for unknown primary

adenocarcinoma were consistent with the clinical outcomes of

primary known cancers.

Horlings et al. reported identification of primary site of unknown

primary adenocarcinoma by oligonucleotide microarray [8]. The

accuracy was 83%, however, lung, clear cell ovary, pancreas, and

stomach origin were misidentified up to 100%. Interestingly, they

used immunohistochemical result of unknown primary to orient

primary as a reference. However, the immunohistochemical

reference arm they used was poor as only a few markers were

stained. They also presented a single case study according to gene

expression profile but the clinical outcomes for others are unclear.

Varadhachary et al. used 10 gene markers by real time PCR to

identify the primary site in cancer of unknown primary [40]. They

did not show the validated result of the panel in known primary

cancer. RNA was lost in 13% before testing and the yield of

orientation was somewhat low (approximately 70%). They also

used immunohistochemistry as a reference including CDX2 for

colon cancer, TTF-1 for lung cancer. For ovarian cancer identified

by their panel, survival seems not consistent with clinical features

of ovarian cancer.

This study has some limitations. First, the prognostic value of

each IP was potentially underpowered, as the number of patients

in each subgroup was somewhat small, not allowing the response

rate, PFS, and OS to be compared to historical control data.

Second, the results need to be validated in a prospective manner

by applying standard treatments for identified primary profiles, to

go beyond simply identifying prognostic factors for unknown

primary adenocarcinoma. Further biomarker investigation may be

valuable for subgroups other than the EGFR mutation for the lung

profile, the K-ras mutation for the digestive profile, and human

epidermal growth factor receptor-2 overexpression for breast
profile.

In this study, we revealed the prognostic value of a panel

composed of immunohistochemistry profiles for patients with

adenocarcinoma of unknown primary who received platinum

doublet chemotherapy. Orienting primary sites either IHC or

cDNA microarray in patients with CUPs is not good enough, we

need to examine survival benefit when applying organ-oriented

standard chemotherapies for patients with CUPs. Our results may

encourage a prospective randomized trial to compare standard

platinum doublet chemotherapy with treatment determined by the

IP. This approach may assist in developing new treatment strategy

compared to a single arm platinum combination trial.

Methods

Patients
Patients diagnosed with CUPs between 1997 and 2008 at the

National Cancer Center Hospital were selected from our database.

The following procedures were performed and criteria applied for

diagnosing CUPs: careful physical examination by physicians,

urologists, dermatologists, otolaryngologists, and gynecologists

(female patients); computer tomography, mammography (female

patients), gastrointestinal endoscopy, colonoscopy or stool occult

blood testing if colonoscopy was not feasible; urinary cytology with

negative results; biochemical and blood tests; no elevated levels of

organ-specific serum tumor markers, including cancer antigen 125

(CA 125) or PSA; and histologically confirmed metastatic cancer.

All the patients undertook biopsy (core needle biopsy or open

biopsy) before first-line chemotherapy for diagnosis.

The eligibility criteria for this study were as follows: patients

who received platinum doublet chemotherapy as first-line

chemotherapy; patients diagnosed with adenocarcinoma; perfor-

mance status (PS) 0–2; age $18; and patients who provided

informed consent for their tissue samples to be used for the

analysis. Exclusion criteria for this study were as follows: patients

with favorable subsets [1], i.e., females with axillary lymph node

metastasis; females with elevation of serum CA 125 levels with

peritoneal metastasis; and males with elevation of serum PSA

levels, elevation of serum alpha fetoprotein, human chronic

gonadotropin, or suspected of extragonadal germ cell tumors.

Male patients with intensive physical examinations, including

biopsy for prostate cancer, without significant elevation of serum

PSA levels and without evidence of osteogenic changes in bone

were included in this analysis. Females without significant

elevations of serum CA125 and with no evidence of disease in

genital organs or the peritoneum were also included in this

analysis. This study was approved by the institutional review board

of the National Cancer Center and conducted in accordance with

Japanese ethics guidelines for clinical and epidemiological studies,

which took effect in August 2007. Informed consent for all the

participants were done by the patients or their family before

starting this research by sending mail to allow tissue samples use

for clinical research.

Immunohistochemistry and polymerase chain reaction
We used formalin-fixed paraffin-embedded tissue samples for

IHC and gene analysis. For IHC, paraffin sections were treated

with hydrogen peroxide to inactivate endogenous peroxidases after

deparaffinization in xylene and rehydration in ethanol. Slides were

placed in 10 mmol/l of citrate buffer at pH 6.0 (REALTM Target

Retrieval Solution; Dako, Tokyo, Japan), then autoclaved for

antigen retrieval. Primary antibodies were incubated for 1 h and a

secondary antibody was used to detect protein expression using

EnVisionTM (Dako). Finally, a substrate-chromogen mix was used

for visualization of the immunoreaction. Meyer’s sour hematoxylin

was used as the counterstain. The antibodies used were as follows:

CK7 (clone OV-TL 12/30, 1:100; Dako), CK17 (clone E3, 1:40;

Dako), CK19 (clone RCK108, 1:50; Dako), CK20 (clone KS20.8,

1:50; Dako), ER (clone 1D5, 1:50; Dako), PgR (clone 1A6, 1:50;

Dako), CDX2 (clone CDX 2-88, 1:100; Abcam, Tokyo, Japan),

Orienting Unknown Primary Cancer
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TTF-1 (clone 8G7G3/1, 1:100; NeoMarkers, Fremont, CA,

USA), WT-1 (clone C-19, 1:500; Santa Cruz Biotechnology,

Inc., Paso Robles, CA, USA), PAX8 (clone 10336-1-AP, 1:200;

Proteintech, Chicago, IL, USA), mammaglobin (clone 304-1A5,

1:200; Dako), GCDFP-15 (clone 23A3, 1:50, Dako), PSA (clone

304-1A5, 50:1; Dako), and uroplakin (clone AU1, 1:50; Abcam).

Immunohistochemical evaluation was performed by three

persons (K. H.,Y. S., and H. T.) blind to clinical information;

.10% positive cancer cells was considered positive at any

intensity. One pathologist (Y. S.) also evaluated whether

identification of the primary tumor site based on the IP was

adequate when referencing hematoxylin-eosin stain results.

Genomic DNA was extracted after microdissection at the

laboratory of SRL (Hamura, Japan) or Pathology and Clinical

Laboratories Divison at the National Cancer Center Hospital. K-

ras gene (accession no. NM_033360.2) mutations at codon 12 or

13 were detected by polymerase chain reaction (PCR) and direct

sequencing (SRL). Deletions of codon 746–750 in exon 19 and

mutations of codon 858 in exon 21 of the EGFR gene (accession

no. NM_005228.3) were detected by high-resolution melting

analysis at our institute [41].

Development of a panel using immunohistochemical
stain results and polymerase chain reaction

We developed an algorithm using the 15 biomarkers to

determine the primary site of the CUPs based on previous

reports (Figure 1) [9,10,13,14,15,16,17,18,19,20,22,24,25,27,28,

40,42,43]. Using the algorithm, primary identified, surgically

resected adenocarcinomas from 12 different sites of 107 samples

were analyzed to calculate sensitivity and specificity of this

algorithm. Tumors which did not match this algorithm except

followings were classified unclassified; tumors with all markers-

negative except for CK19 and ER were classified as breast profile;

tumors did not match this algorithm but CDX2-positive were

classified as digestive profile; and tumors with all markers-negative

except for uroplakin were classified as urothelial profile.

Using the algorithm, all 71 cases of unknown primary

adenocarcinomas were classified into one of the following 9 IPs:

lung profile, gynecological organ profile, i.e. ovarian epithelial

carcinoma, uterine body carcinoma, and cervix carcinoma,

digestive profile, breast profile, prostate profile, urothelial profile,

biliary tract and pancreatic profile, liver/kidney profile, and an

‘‘unclassified’’ profile. Initially, all cases were classified as CK7+/

CK20+, CK7+/CK202, CK72/CK20+, or CK72/CK202,

and subsequently the samples were further analyzed using the

other 13 markers. Patients with digestive profiles were also

examined through K-ras mutations, and patients with lung profiles

were also identified through EGFR mutations. All new data has

been deposited in GenBank (accession no. NM_033360.2 and

accession no. NM_005228.3).

Statistics
The response evaluation was retrospectively performed accord-

ing to the World Health Organization criteria [44] by K.H.

blinded to the IP results. Briefly, a partial response is defined as a

50% reduction in the sum of the tumor cross products. Progressive

disease is defined as a 25% increase in the sum of one or more of

the tumor deposits. Progression-free survival (PFS) was defined as

the time from initiation of chemotherapy until detection of

progression. Deaths of patients who died without evidence of a

recurrence were treated as events. Patients who were lost to follow-

up were treated as censored observations. The overall survival

(OS) period was defined as the time from chemotherapy until the

date of death or the most recent follow-up. Patients who were lost

to follow-up were treated as censored cases. Median PFS and

median survival time (MST) were calculated using the Kaplan-

Meier method, and significance was determined using the log-rank

test. For univariate and multivariate analyses, the Cox propor-

tional regression model was used. All calculations were performed

using SAS version 11.0 (SAS Institute, Inc., Cary, NC, USA).

Acknowledgments

We thank all the participants and institutes that provided tissue samples for

this analysis. We also thank Dr. Koji Tsuta for facilitating analysis of EGFR

mutations. We appreciate Dr. Noriyuki Katsumata, Dr. Kenji Tamura,

Dr. Chikako Shimizu, Dr. Mayu Yunokawa, and Dr. Makoto Kodaira for

providing advice on the study procedure, and Mrs. C. Kina and Mrs.

S. Miura for advising us on immunohistochemistry. Mrs. K. Yokozawa and

Mrs. S. Nakamura contributed to EGFR mutation analysis.

Author Contributions

Conceived and designed the experiments: KH HT MA KY. Performed the

experiments: KH YS KF. Analyzed the data: KH AH HT KY MA YF.

Contributed reagents/materials/analysis tools: KH HT YS AH. Wrote the

paper: KH HT YF.

References

1. Pavlidis N, Briasoulis E, Hainsworth J, Greco FA (2003) Diagnostic and

therapeutic management of cancer of an unknown primary. Eur J Cancer 39:
1990–2005.

2. Pavlidis N, Briasoulis E, Pentheroudakis G (2010) Cancers of unknown primary
site: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up.

Ann Oncol 21 Suppl 5: v228–231.

3. Pavlidis N, Fizazi K (2005) Cancer of unknown primary (CUP). Crit Rev Oncol

Hematol 54: 243–250.

4. Golfinopoulos V, Pentheroudakis G, Salanti G, Nearchou AD, Ioannidis JP,

et al. (2009) Comparative survival with diverse chemotherapy regimens for
cancer of unknown primary site: multiple-treatments meta-analysis. Cancer

Treat Rev 35: 570–573.

5. Yonemori K, Ando M, Yunokawa M, Hirata T, Kouno T, et al. (2009)

Irinotecan plus carboplatin for patients with carcinoma of unknown primary site.
Br J Cancer 100: 50–55.

6. Mukai H, Katsumata N, Ando M, Watanabe T (2010) Safety and efficacy of a
combination of docetaxel and cisplatin in patients with unknown primary

cancer. Am J Clin Oncol 33: 32–35.

7. Monzon FA, Lyons-Weiler M, Buturovic LJ, Rigl CT, Henner WD, et al. (2009)

Multicenter validation of a 1,550-gene expression profile for identification of
tumor tissue of origin. J Clin Oncol 27: 2503–2508.

8. Horlings HM, van Laar RK, Kerst JM, Helgason HH, Wesseling J, et al. (2008)

Gene expression profiling to identify the histogenetic origin of metastatic

adenocarcinomas of unknown primary. J Clin Oncol 26: 4435–4441.

9. Varadhachary GR, Raber MN, Matamoros A, Abbruzzese JL (2008)

Carcinoma of unknown primary with a colon-cancer profile-changing paradigm
and emerging definitions. Lancet Oncol 9: 596–599.

10. Tot T (2002) Cytokeratins 20 and 7 as biomarkers: usefulness in discriminating
primary from metastatic adenocarcinoma. Eur J Cancer 38: 758–763.

11. Tanaka S, Saito K, Ito T, Tajima K, Mogi A, et al. (2007) CDX2 as a useful
marker of colorectal adenocarcinoma metastases to lung in pre-operative biopsy

specimens. Oncol Rep 18: 87–92.

12. Park do Y, Srivastava A, Kim GH, Mino-Kenudson M, Deshpande V, et al.

(2009) CDX2 expression in the intestinal-type gastric epithelial neoplasia:
frequency and significance. Mod Pathol 23: 54–61.

13. Werling RW, Yaziji H, Bacchi CE, Gown AM (2003) CDX2, a highly sensitive and

specific marker of adenocarcinomas of intestinal origin: an immunohistochemical

survey of 476 primary and metastatic carcinomas. Am J Surg Pathol 27: 303–310.

14. Saqi A, Alexis D, Remotti F, Bhagat G (2005) Usefulness of CDX2 and TTF-1

in differentiating gastrointestinal from pulmonary carcinoids. Am J Clin Pathol
123: 394–404.

15. Chhieng DC, Cangiarella JF, Zakowski MF, Goswami S, Cohen JM, et al.

(2001) 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 93: 330–336.

16. Nonaka D, Chiriboga L, Soslow RA (2008) Expression of pax8 as a useful

marker in distinguishing ovarian carcinomas from mammary carcinomas.

Am J Surg Pathol 32: 1566–1571.

Orienting Unknown Primary Cancer

PLoS ONE | www.plosone.org 8 January 2012 | Volume 7 | Issue 1 | e31181



17. Dupont J, Wang X, Marshall DS, Leitao M, Hedvat CV, et al. (2004) Wilms

Tumor Gene (WT1) and p53 expression in endometrial carcinomas: a study of
130 cases using a tissue microarray. Gynecol Oncol 94: 449–455.

18. Ciampa A, Fanger G, Khan A, Rock KL, Xu B (2004) Mammaglobin and

CRxA-01 in pleural effusion cytology: potential utility of distinguishing
metastatic breast carcinomas from other cytokeratin 7-positive/cytokeratin 20-

negative carcinomas. Cancer 102: 368–372.
19. Chia SY, Thike AA, Cheok PY, Tan PH (2010) Utility of mammaglobin and

gross cystic disease fluid protein-15 (GCDFP-15) in confirming a breast origin for

recurrent tumors. Breast 19: 355–359.
20. Perry A, Parisi JE, Kurtin PJ (1997) Metastatic adenocarcinoma to the brain: an

immunohistochemical approach. Hum Pathol 28: 938–943.
21. Takeda Y, Tsuta K, Shibuki Y, Hoshino T, Tochigi N, et al. (2008) Analysis of

expression patterns of breast cancer-specific markers (mammaglobin and gross
cystic disease fluid protein 15) in lung and pleural tumors. Arch Pathol Lab Med

132: 239–243.

22. Mhawech P, Uchida T, Pelte MF (2002) Immunohistochemical profile of high-
grade urothelial bladder carcinoma and prostate adenocarcinoma. Hum Pathol

33: 1136–1140.
23. Lai Y, Ye J, Chen J, Zhang L, Wasi L, et al. (2010) UPK3A: a promising novel

urinary marker for the detection of bladder cancer. Urology 76: 514 e516-511.

24. Goldstein NS (2002) Immunophenotypic characterization of 225 prostate
adenocarcinomas with intermediate or high Gleason scores. Am J Clin Pathol

117: 471–477.
25. Dennis JL, Hvidsten TR, Wit EC, Komorowski J, Bell AK, et al. (2005) Markers

of adenocarcinoma characteristic of the site of origin: development of a
diagnostic algorithm. Clin Cancer Res 11: 3766–3772.

26. Lotan TL, Ye H, Melamed J, Wu XR, Shih Ie M, et al. (2009)

Immunohistochemical panel to identify the primary site of invasive micro-
papillary carcinoma. Am J Surg Pathol 33: 1037–1041.

27. Morris JPt, Wang SC, Hebrok M (2010) KRAS, Hedgehog, Wnt and the twisted
developmental biology of pancreatic ductal adenocarcinoma. Nat Rev Cancer

10: 683–695.

28. Chu PG, Schwarz RE, Lau SK, Yen Y, Weiss LM (2005) Immunohistochemical
staining in the diagnosis of pancreatobiliary and ampulla of Vater adenocar-

cinoma: application of CDX2, CK17, MUC1, and MUC2. Am J Surg Pathol
29: 359–367.

29. Allred DC, Harvey JM, Berardo M, Clark GM (1998) Prognostic and predictive
factors in breast cancer by immunohistochemical analysis. Mod Pathol 11:

155–168.

30. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, et al. (2009) Sorafenib
for treatment of renal cell carcinoma: Final efficacy and safety results of the

phase III treatment approaches in renal cancer global evaluation trial. J Clin
Oncol 27: 3312–3318.

31. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, et al. (2008) Sorafenib in

advanced hepatocellular carcinoma. N Engl J Med 359: 378–390.

32. Parmar MK, Ledermann JA, Colombo N, du Bois A, Delaloye JF, et al. (2003)

Paclitaxel plus platinum-based chemotherapy versus conventional platinum-

based chemotherapy in women with relapsed ovarian cancer: the ICON4/

AGO-OVAR-2.2 trial. Lancet 361: 2099–2106.

33. Nomura H, Aoki D, Takahashi F, Katsumata N, Watanabe Y, et al. (2011)

Randomized phase II study comparing docetaxel plus cisplatin, docetaxel plus

carboplatin, and paclitaxel plus carboplatin in patients with advanced or

recurrent endometrial carcinoma: a Japanese Gynecologic Oncology Group

study (JGOG2041). Ann Oncol 22: 636–642.

34. Saito I, Kitagawa R, Fukuda H, Shibata T, Katsumata N, et al. (2010) A phase

III trial of paclitaxel plus carboplatin versus paclitaxel plus cisplatin in stage IVB,

persistent or recurrent cervical cancer: Gynecologic Cancer Study Group/Japan

Clinical Oncology Group Study (JCOG0505). Jpn J Clin Oncol 40: 90–93.

35. Al-Batran SE, Hartmann JT, Probst S, Schmalenberg H, Hollerbach S, et al.

(2008) Phase III trial in metastatic gastroesophageal adenocarcinoma with

fluorouracil, leucovorin plus either oxaliplatin or cisplatin: a study of the

Arbeitsgemeinschaft Internistische Onkologie. J Clin Oncol 26: 1435–1442.

36. Goldberg RM, Sargent DJ, Morton RF, Fuchs CS, Ramanathan RK, et al.

(2004) A randomized controlled trial of fluorouracil plus leucovorin, irinotecan,

and oxaliplatin combinations in patients with previously untreated metastatic

colorectal cancer. J Clin Oncol 22: 23–30.

37. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, et al. (2010)

Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer.

N Engl J Med 362: 1273–1281.

38. Colucci G, Labianca R, Di Costanzo F, Gebbia V, Carteni G, et al. (2010)

Randomized phase III trial of gemcitabine plus cisplatin compared with single-

agent gemcitabine as first-line treatment of patients with advanced pancreatic

cancer: the GIP-1 study. J Clin Oncol 28: 1645–1651.

39. Centeno BA, Bloom G, Chen DT, Chen Z, Gruidl M, et al. (2010) Hybrid

model integrating immunohistochemistry and expression profiling for the

classification of carcinomas of unknown primary site. J Mol Diagn 12: 476–486.

40. Varadhachary GR, Talantov D, Raber MN, Meng C, Hess KR, et al. (2008)

Molecular profiling of carcinoma of unknown primary and correlation with

clinical evaluation. J Clin Oncol 26: 4442–4448.

41. Takano T, Fukui T, Ohe Y, Tsuta K, Yamamoto S, et al. (2008) EGFR

mutations predict survival benefit from gefitinib in patients with advanced lung

adenocarcinoma: a historical comparison of patients treated before and after

gefitinib approval in Japan. J Clin Oncol 26: 5589–5595.

42. Pentheroudakis G, Briasoulis E, Pavlidis N (2007) Cancer of unknown primary

site: missing primary or missing biology? Oncologist 12: 418–425.

43. Pentheroudakis G, Golfinopoulos V, Pavlidis N (2007) Switching benchmarks in

cancer of unknown primary: from autopsy to microarray. Eur J Cancer 43:

2026–2036.

44. Vincent t, DeVita Jr. (1997) Samuel Hellman SAR Cancer principles and

practice of oncology. Philadelphia: Lippincott Williams and Wilkins.

Orienting Unknown Primary Cancer

PLoS ONE | www.plosone.org 9 January 2012 | Volume 7 | Issue 1 | e31181


