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Abstract

The aim of this study is to envisage a streamlined pathological workup to rule out CUPs in patients presenting with MUOs.
Sixty-four MUOs were classified using standard histopathology. Clinical data, immunocytochemical markers, and results of
molecular analysis were recorded. MUQOs were histologically subdivided in clear-cut carcinomas (40 adenocarcinomas, 11
squamous, and 3 neuroendocrine carcinomas) and unclear-carcinoma features (5 undifferentiated and 5 sarcomatoid tumors).
Cytohistology of 7/40 adenocarcinomas suggested an early metastatic cancer per se. In 33/40 adenocarcinomas, CK7/CK20
expression pattern, gender, and metastasis sites influenced tissue-specific marker selection. In 23/40 adenocarcinomas, a
“putative-immunophenotype” of tissue of origin addressed clinical-diagnostic examinations, identifying 9 early metastatic
cancers. Cell lineage markers were used to confirm squamous and neuroendocrine differentiation. Pan-cytokeratins were used
to confirm the epithelial nature of poorly differentiated tumors, followed by tissue and cell lineage markers, which identified
one melanoma. In total, 47/64 MUQOs (73.4%) were confirmed CUP. Molecular analysis, feasible in 37/47 CUPs (78.7%),
had no diagnostic impact. Twenty CUP patients, mainly with squamous carcinomas and adenocarcinomas with putative-
gynecologic-immunophenotypes, presented with only lymph node metastases and had longer median time to progression and
overall survival (<0.001), compared with patients with other metastatic patterns. We propose a simplified histology-driven
workup which could efficiently rule out CUPs and identify early metastatic cancer.

Keywords Malignancies of undefined primary origin (MUO) - Cancer of unknown primary (CUP) -
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Introduction

The finding of a metastatic cancer at the time of first diagnosis

Alberto Pisacane and Eliano Cascardi contributed equally to this is a dramatic event for patients and at the same time a frus-
work, trating experience for clinicians. It is currently estimated that,
54 Eliano Cascardi despite nlla.ny efforts, in ab01.1t 3%.0f metasFatic patients, the tis-

eliano.cascardi @ircc.it sue of origin of the neoplastic lesion remains unknown; hence,

the patient is regarded as harboring a cancer of unknown pri-
mary (CUP) [1]. However, CUP diagnosis requires an exten-
sive clinical, instrumental, and pathological workup before
being confirmed [2]. The NICE guidelines distinguish indeed
“Malignancy of Undefined primary Origin (MUO)” and “pro-
visional” CUP that is “confirmed” only if “no primary site is
detected despite selected initial screen of investigations, spe-
cialist review, and further specialized investigations as appro-
priate” [2]. Regrettably, when receiving cases in consultation
or patient-initiated second opinion, the pathologists are not
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always informed whether the case is a MUO or a provisional
CUP. The Royal Collage of Pathologists [3], aligning with
NICE recommendations, declared crucial a stepwise approach
that uses clinical context, morphology, immunohistochemistry,
and, occasionally, other techniques including molecular analy-
sis to confirm or exclude CUP. Gene expression profiling [4]
and epigenetic profiling [5] have been introduced de facto with
the purpose of unmasking the tissue of origin. Although these
studies provided encouraging data, the implementation of such
methodologies is far from being prime time in clinical practice,
and pathologists are still expected to find the tissue of origin
using standard immunohistochemistry (IHC). This pressure
leads pathologists to look for the tissue of origin by testing
many different tissue-specific markers, which frequently do
not resolve the diagnostic problem and waste small specimens,
which should otherwise be preserved for high throughput
molecular analyses possibly useful for therapeutic decision.
The Royal Collage of Pathologists stressed the importance of
the histotype to address immunohistochemical analyses cor-
rectly. The histotypes considered by ESMO guidelines [6]
are well- and moderately-differentiated adenocarcinomas,
squamous cell carcinomas, carcinomas with neuroendocrine
differentiation, poorly differentiated carcinomas (including
poorly differentiated adenocarcinomas), and undifferentiated
neoplasms. The same guidelines [6] indicate cytokeratin-7
(CK7) and cytokeratin-20 (CK20) as primary markers in the
basic immunohistochemical workup of CUPs, followed by
other tissue-specific markers to recognize the tissue of origin.
However, recently, Pauli et al. [7] highlighted the challenge in
identifying patients with CUP according to ESMO guidelines.

Taking all these issues in mind, we decided to consider
the real-world approach followed by pathologists to con-
firm or to exclude a CUP diagnosis and examine how much
standard histology can be of aid in this process. Using the
classical cyto-histological criteria of different carcinoma his-
totypes, we reclassified a retrospective series of MUOs and
recorded the IHC tests used to study the tissue of origin. We
recognized that adenocarcinomas may show some “flavor”
of tissue of origin representative of putative immunopheno-
types. These latter are suitable to direct targeted investiga-
tions to rule out early metastatic cancer. Finally, we analyzed
whether CUP histotypes and putative immunophenotypes of
adenocarcinomas in the context of distinct clinical presenta-
tions could be associated with specific pathways of disease
progression and patient survival.

Materials and methods
Cohort

Sixty-four patients 38 women (59.4%) and 26 men (40.6%)
with an MUO diagnosis were referred to the Candiolo
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Cancer Institute FPO-IRCCS (Candiolo, Italy) between 2013
and the first trimester of 2021. The samples were obtained
using cytological procedures, core biopsies, and excisional
biopsy. One patient (AGN43) gave premortem consent to
warm autopsy, and multiple samples were obtained [8].
Patients with hematological malignancies were excluded a
priori. Symptom-directed endoscopy and additional imag-
ing were performed if required, according to guidelines
[9]. Of note, 34/64 patients performed also PET analysis
together with other imaging procedures (CT scans). The site
of metastases at disease diagnosis was recorded. PET analy-
sis was never resolutive in suggesting the most likely site
of origin of the tumor. If only lymph node metastases were
present, the number of lymph nodes (single or multiple), the
specific lymph node affected, and the lymph node regional
localization whether superficial or deep and sub- or supra-
diaphragmatics were recorded.

The study was approved by the local ethical commit-
tee. Written informed consent was obtained by all patients
(AGNOSTOS PROFILING n 010-IRCC-10IIS-15 and
upgrade, approved by the ethical committee of FPO-IRCCS
Candiolo Cancer Institute). Patients with diagnosis of con-
firmed CUP were proposed to be enrolled in AGNOSTOS
trial (EudraCT Number: 2014-005,018-47), a phase II, rand-
omized, multicenter study to assess the efficacy of nab-pacli-
taxel-based in association with gemcitabine or carboplatin
as first-line therapy.

Histological and immunohistochemical (IHC)
analyses

Slides were reviewed by two pathologists (AP and EC).
Similarly to other grading system [9], all cases were graded
adopting a scoring system applied to the following param-
eters: (i) gland formation in any of the architectural variants
(e.g., tubular, alveolar, acinar, follicular, papillary) or intra-
cellular mucin in adenocarcinoma, keratinization features
in squamous carcinomas, and nests or insular or trabecu-
lar growth of cells in NE cancers (score 1:>75%; score 2:
10-75%; score 3: 1-9%); (ii) mitotic index evaluated in 10
fields of 1 mm? (score 1: 0-5 mitoses; score 2: 6—10 mitoses;
score 3:> 11 mitoses); and (iii) nuclear pleomorphism
defined as variation in size and shape of nuclei (score 1:
minimal nuclear pleomorphism; score 2: moderate nuclear
pleomorphism; score 3: marked nuclear pleomorphism). The
cut-offs for grading were set as follows: grade 1 score 1-5;
grade 2 score 6-7; grade 3 score 8-9.

When cases were received for second opinion with IHC
for tissue-specific markers already performed, the slides
were reviewed by the local dedicated pathologist (AP), and
the IHC was repeated, or new markers were tested if deemed
necessary, and the residual material was adequate. Nuclear,
cytoplasmatic, or membrane expression of tissue-specific
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markers and of cell lineage markers were scored, indepen-
dently from staining intensity, as follows: score 0= <5% of
neoplastic cells stained; score 1 =5-10% of neoplastic cells
stained; score 2 =11-50%; and score 3 >50% of neoplastic
cells stained.

Molecular analysis

When we initiated the AGNOSTOS trial, we offered to CUP
patients the ONCOCARTA Gene Panel version 0.1 (Agena
Bioscience, Hamburg, Germany) that includes known drug-
gable hotspot mutations of ABLI, AKT1, AKT2, BRAF,
CDK4, EGFR, ERBB2, FGFRI, FGFR3, FLT3, HRAS,
JAK2, KIT, KRAS, MET, NRAS, PDGFA, PIK3CA, and RET
genes.

Cellularity was the parameter considered for specimen
adequacy. DNA was extracted GeneRead DNA FFPE Kit
(Qiagen, Hilden, Germany) from four 7-pm-thick slides
that were hematoxylin and eosin stained and microdissected
under a stereomicroscope to enrich for tumor cell content.
DNA samples were quantified with spectrophotometric
(Nanodrop 1000, Thermo Fisher Scientific, Waltham, MA,
USA) and fluorometric (Qubit, Thermo Fisher Scientific,
Waltham, MA, USA) assays. Mutational analysis was per-
formed by using the mass spectrometry matrix-assisted laser
desorption ionization time-of-flight method with the Mas-
sARRAY System (Agena Bioscience, Hamburg, Germany)
and the ONCOCARTA as reported above.

Statistical analysis
Data were analyzed with IBM SPSS Statistics, Version
20.0. (IBM Corp Armonk, NY, USA). Contingency tables

with the chi-squared test were applied to infer proportions
between groups. Overall survival (OS) was evaluated by

Table 1 Histotype, architecture, cell features, and grade of 64 MUO

the Kaplan—Meier method and analyzed with the log-rank
test. Surviving patients were censored at the date of the last
follow-up. A p <0.05 was considered statistically significant.

Results
MUO histotype definition

Tumor histotype, standard morphological parameters, and
grade of the 64 MUOs are reported in Table 1. Fifty-four
(84.4%) cases showed clear-cut cytohistological features of
carcinoma. Of these, 40 (74%) were classified as adenocar-
cinoma, 11 squamous (20.3%), and 3 neuroendocrine car-
cinomas (5.5%). Ten cases (15.6%) did not show clear-cut
features of epithelial malignancy; 5 of these (50%) were
classified as undifferentiated tumors and 5 as sarcomatoid
tumors (50%).

Of the 54 cases defined at histology as carcinomas, the
majority were either G3 (53.7%) or G2 (37%), while 9.3%
were G1 (p <0.01) compared to the undifferentiated and sar-
comatoid tumors, which were consistently classified as G3.

Immunohistochemical workup
MUOs with clear-cut carcinoma histology

Adenocarcinomas were the most represented (n =40/64,
62.5%) and required relatively extensive immunohistochemi-
cal analysis to formulate the diagnosis of provisional CUP
and then exclude the presence of a primary tumor by imag-
ing to reach the diagnosis of confirmed CUP [2, 10]. Women
and men were 27 (67.5%) and 13 (32.5%), respectively, with
a trend of significance for higher women representation com-
pared with the non-adenocarcinoma CUPs (p =0.087).

No of cases (%) Histotypes

Architectural and cell features

Gl (%) G2(%) G3(%)

54 (84.4) Clear-cut features of carcinoma
40 (74) Adenocarcinoma Glandular structures in any of the architectural variants (tubular, 6 (15) 15(37.5) 1947.5)
alveolar, acinar, follicular, papillary) or intracellular mucin
11 (20.3) Squamous cell carcinoma  Solid clusters, sheet-like patterns. Variable keratinization and 00 4 (36.4) 7(63.6)
absence of gland-like structures
3(5.9) Neuroendocrine carcinoma “Organoid” growth patterns (i.e., trabecular, insular, or sheet-like 0 (0) 0(0) 3 (100)
patterns either singly or in combination). Peripheral palisad-
ing may be seen. Round or oval nuclei with “salt and pepper”
chromatin
10 (15.6) No clear-cut features of carcinoma
5(50) Not otherwise specified Solid growth of epithelioid cells, absence of gland-like structures 0 (0) 0(0) 5 (100)
(NOS)/undifferentiated or keratinization
tumor
5 (50) Sarcomatoid tumors Solid growth of elongated or pleomorphic cells 0(0) 0(0) 5 (100)
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Histological revision identified 7/40 (17, 5%) early meta-
static adenocarcinomas. Two lobular breast cancers (AGN40
and EMO01/14.15, liver (Fig. 1A) and ovary (Fig. 1B) metas-
tases, both resulted CK7+/CK20 — and estrogen receptor
(ER) score 3. Microfollicular structures were identified on
deeper histological sections of a single metastasis in a lat-
ero-cervical lymph node, diagnosed at another institution
as CUP, TTF1 + (CUP17/8.15) (Fig. 1C). Thyroglobulin
expression further confirmed the thyroid origin. AGN336
patient was incidentally discovered with lung and liver local-
izations after a CT scan for SARS-CoV2 infection. The liver
core biopsy was sent to our institution for consultation as
“adenocarcinoma ER/TTF-1/GATA3/CDX2 negative, pos-
sible CUP.” Based on the morphology of well-differentiated
glands in sclerotic stroma, a diagnosis of “intrahepatic chol-
angiocarcinoma” (Fig. 1D) with lung metastases was given,
and the patient was treated accordingly. The tumor was
CK7+/CK20 —/ER —and DOG-1 score 1. AGN329 patient
presented with a single localization within the ileo-psoas
muscle; her biopsy was sent to our service for consultation
as CUP, vimentin score 1+, and calretinin —/SOX10—/
CD10 —. Based on morphology (Fig. 1E), we suspected a
gynecologic origin, which was confirmed by ER, PAXS,
and WT1 positivity. The patient had an endometrial biopsy
diagnosed as G1 papillary endometrioid carcinoma of the
uterus, and the case was reclassified as early metastatic car-
cinomas. AGN343 patient had a pseudomyxoma peritonei
(CK7 - /CK20 score 3+/CDX2 score 3/SABT?2 score 1, and

Fig. 1 Cytohistological patterns suggestive of tissue of origin. A
AGN40 liver and B EM01/14.15 ovary biopsies of lobular breast can-
cer metastasis; C CUP17/8.15 latero-cervical lymph node biopsy of
follicular thyroid carcinoma; D AGN336 liver biopsy of intrahepatic
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ER —/PAX8 —/WT1 —); she underwent right and transversal
colectomy during debulking, but neither primary cancers
nor polyps were identified. Pancreas and stomach were not
affected by any lesion. The patient was treated as carrying
a tumor of colorectal origin KRAS mutated (see Fig. 6,
ONCOCARTA result). In AGN52, biopsy of a bone metas-
tasis showed signet ring cells at histology (Fig. 1F). WT1
and CDX2 showed both score 1 expression, and TTF1 was
negative. The histology-driven endoscopy detected a pri-
mary gastric adenocarcinoma.

The remaining 33/40 adenocarcinomas were all tested
using anti-CK7/CK20 antibodies. Thirty-eight other IHC
markers, used in different combinations by pathologists,
were recorded in this set. We selected the immunostaining
score values of the 10 most recurrent tissue-specific markers
to produce a heatmap (Fig. 2) and to evaluate their impact
on ruling out CUP diagnosis. A “putative immunopheno-
type” of potential tissue of origin was suggested based on
the results of tissue-specific markers. Except for CK7, the
expression score was generally lower in confirmed CUPs
than in non-CUP cases.

In 10/33 cases (30, 3%) (3 women and 7 men), none of
the markers was convincing for any “flavor” of tissue of
origin (undefined immunophenotype), nor any instrumen-
tal examination ratified a primary tumor, directly leading
to the definition of confirmed CUPs. One of these patients
(AGN913) had biopsies of obturator and retrocaval lymph
nodes 2 years apart that maintained the same “undefined
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cholangiocarcinoma; E AGN329 ileo-psoas muscle biopsy of Gl
papillary adenocarcinoma metastases; F AGN52 bone biopsy of sig-
net ring cell gastric cancer metastasis
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D Site of biopsy ~Age Gender Grade  CK7 CK20 ER TTF-1 NAPSIN GATA3 GCDFP-15 PAX8 WT1 CDX2 DOG1 SATB-2 IHCPhenotype  CUP/EM
AGN340 LN axilla 27 F 3 Breast EM
AGN35 LN axilla 39 F 3 Breast EM
AGN40 Liver 62 F 1 Breast EM
AGN45 LN axilla 9% F 3 Breast EM
AGNS56 Liver 55 F 3 Breast EM
EMO1/14.15 Ovary 48 F 2 Breast EM
AGN334 LN supraclavicular 69 F 3 Gynecologic cup
AGN329 Muscle 58 F 1 Gynecologic EM
AGN330 LN inguinal 64 F 3 Gynecologic cur
AGN332 LN inguinal 79 F 3 Gynecologic cur
AGN337 Lung 75 F 2 Gynecologic cup
AGN338 LN axilla 65 F 2 Gynecologic cur
AGN39 Liver 67 F 2 Gynecologic cur
AGN327 LN axilla 52 F 1 Lung cur
AGN36 LN supraclavicular 61 M 3 Lung EM
CUP08/15,14  Retroperitoneal 47 F 3 Lung cup
CUPL13 Liver 64 M 2 Lung EM
CUP22/1315 LN mediastinal 24 M 3 Lung EM
AGN33 Bone 62 F 2 Bilio-pancreatic cur
AGN336 Liver 65 F 1 Bilio-pancreatic EM
AGN57  Abnominalwall 60 F 2 Bilio-pancreatic cur
AGN58 SNC 58 M 3 Bilio-pancreatic cup
AGN62 Pleural fluid 74 F 3 Bilio-pancreatic EM
AGN67 Liver 60 F 2 | Bilio-pancreatic cur
AGN901 LN axilla 66 M 3 Bilio-pancreatic cur
AGN909 Skin 50 F 3 Bilio-pancreatic cur
AGN48 Liver 73 F 2 Bilio-pancreatic EM
CUP17/815 LN laterocervical ~ 76 F 1 Thyroid EM
AGN52 Bone Marrow 59 M 3 Stomach EM
AGN343 Peritoneum 57 F 1 Intestine EM
AGN322 Muscle 50 M 3 Undefined cur
AGN333 SNC 33 M 3 Undefined cur
AGN346 LN axilla 50 M 2 Undefined cur
AGN43 Breast 48 M 2 Undefined cur
AGN53 Bone 60 F 2 Undefined cup
AGN55 LN supraclavicular 60 F 2 Undefined cur
AGN913/2013* LN obturator 52 M 2 Undefined cup
AGN913/2015* LN retrocaveal 52 M 2 Undefined cup
CUP21/12.15 Adrenal 61 M 2 Undefined cur
CUP11/02,15 LN axilla 65 F 3 Undefined cur
AGN9I8 LN laterocervical 58 N 3 Undefined cur

IHC score 0 1 2 M3 [JNotdone

Fig.2 Heat map of tissue-specific marker scores in MUO adenocar-
cinoma. Heat map depiction of immunohistochemical scores of the
most representative tissue-specific markers used in the diagnostic
workflow. Data are sorted based on the “putative” immunophenotype
(IHC phenotype). Each row represents one case. Columns represent
patient identification code (ID), site of biopsy, patient age, patient
gender (female: F, male: M), tumor grade (grade 1, grade 2, grade 3),

profile” (CK7+/CK20 —/ER —/TTF1 —/GCDFP15 score 1).
AGN43 has been described previously [8]. During “warm
autopsy,” samples of different anatomical sites of metasta-
ses were collected, and 16 different tissue-specific markers
were performed, but none of them were useful to define the
primary tumor.

In the remaining 23/33 (69.7%) adenocarcinomas, all
tested for CK7/CK20, a putative immunophenotype was
suggested setting the premises for further diagnostic explo-
ration in related organs. Following imaging and/or endos-
copy guided examinations, in 9/33 (27.2%) cases, an early
metastatic tumor was found, while in the remaining 14/33
(42.4%), the primary was not found, leading to the diagnosis
of confirmed CUP.

All CK7 +/CK20 —and CK7 +/CK20 + biopsies from
women were tested for estrogen receptors (ER). CK7 +/
CK20 —/ER +immunophenotype per se, independently from
the ER THC score, identified 2 out of the 6 early metastatic
breast cancers. GATA3 was considered as a breast cancer
marker in CK7 +/CK20 — /ER — female adenocarcinomas,
and other 2 early metastatic breast cancers were identified.
In both CK7+/CK20—/ER + (1 case) and CK7 +/CK20+/
ER + (2 cases) adenocarcinomas, PAX8/WT1 expression

immunohistochemical scores of tissue-specific markers (IHC score):
0= <5% of neoplastic cells stained; 1=5-10% of neoplastic cells
stained; 2=11-50%; 3=>50% of neoplastic cells stained; white
fields: not performed; confirmed cancer of unknown primary (CUP)/
early metastatic cancers (EM). (AGN913)*two biopsies of the same
patients

was performed to rule out gynecological cancers. All cases
showing a putative gynecologic immunophenotype were
diagnosed as confirmed CUP.

In CK7 +/CK20 — male and in CK7+/CK20 -/
ER —female adenocarcinomas, TTF1 and/or napsin A were
the first option, to exclude the lung origin. If TTF1 and or
napsin A were positive (4 cases), pathologists generally did
not proceed with other markers. Positron emission tomogra-
phy (PET) and computed tomography (CT) scan confirmed
a possible primary lung cancer in 3 patients, and they were
studied for treated consequently.

In CK7+/CK20+/ER —and in CK7+/CK20 — cases,
CDX2/DOGI1 expression suggested a putative biliopancre-
atic immunophenotype. Two out of seven cases resulted to
be early metastatic cholangiocarcinomas.

In squamous cell and neuroendocrine carcinomas, 24 and
12 different IHC markers were tested, respectively; none
were useful to rule out CUP, but only to confirm the cell
lineage differentiation of the tumor (Fig. 3A and B). Only
the brain biopsy of AGN331 was p16 positive out of 4 squa-
mous carcinomas tested, suggesting a possible HPV-related
cancer of the upper respiratory or genital tract, which was
not confirmed at further examinations.
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A ID Site of biopsy Age Gender Grade CK7 CK20 pl6 CK5 CUP/EM
AGNS51 LN axilla 75 M 2 cur
AGN60 LN axilla 62 M 3 cur
AGN63 LN supraclavicular 55 M 3 curp
AGN906 LN axilla 68 F 3 cur
CUP03/10,14 Liver 59 M 2 cur
AGN325 LN supraclavicular 72 F 2 Cup
AGN331 SNC 69 F 3 cur
AGNB335 LN axilla 71 M 3 Cup
AGN341 LN axilla 82 F 3 cup
AGN342 LN axilla 72 F 2 cup
AGN344 Liver 73 M 3 cup
B ID Site of biopsy Age Gender Grade CK7 CK20 SYN Chr-a NSE CD56 CUP/EM
AGN47 LN inguinal/iliac 42 F 3 CUP
CUP20/11.5 Breast 71 M 3 CcuP
CUP07/14.14 Bone Marrow 35 M 3 CUP
IHCscore [0 [ 1 M2 M3 []Notdone

Fig.3 Heat map of tissue-specific marker scores in squamous and
neuroendocrine carcinomas. Heat map depiction of immunohisto-
chemical scores of the most representative tissue-specific markers
and cell lineage markers used in A squamous carcinoma and B neu-
roendocrine carcinoma. Results are not sorted. Each row represents
one case. Columns represent patient identification code (ID), site of

MUOs with unclear carcinoma histology

Undifferentiated tumors (2 women and 3 men) were inves-
tigated with an extensive panel of cytokeratins to confirm
their epithelial nature and then with different tissue-specific
and cell lineage markers (18 different markers). Excluding
the laparoscopic omental biopsy of an undifferentiated tumor
expressing Melan A, S100, chromogranin A, and synapto-
physin, which led to the endoscopic identification of an
intestinal melanoma with aberrant neuroendocrine differ-
entiation, the other cases lacked any tissue-specific marker
and were confirmed as CUPs (Fig. 4A). Sarcomatoid tumors
were primarily studied with pan-cytokeratins to exclude not
epithelial cancers. Fifteen other markers were used; none
of them were useful to identify/suggest a tissue of origin
(Fig. 4B).

biopsy, patient age, patient gender (female, male), tumor grade (grade
1, grade 2, grade 3), immunohistochemical scores of tissue-specific
markers (IHC score): 0= <5% of neoplastic cells stained; 1=5-10%
of neoplastic cells stained; 2=11-50%; 3= >50% of neoplastic cells
stained; white fields: not performed; confirmed cancer of unknown
primary (CUP)/early metastatic cancers (EM)

Histology-driven algorithm for MUO diagnosis

Taking into consideration the results described above, we
designed a 4-step workup (Fig. 5).

This algorithm considers “histology” as the guiding
parameter of the diagnostic cascade of MUOs, with the
intent to define those with clear-cut carcinoma character-
istics. This first step followed the definition of the specific
tumor histotype in the two sets of MUOs. In adenocarci-
nomas, cytohistological features per se solved MUOs ori-
gin in 7/17 cases, identifying 41% of early metastatic can-
cers. If no pathological characteristic of a specific organ
has been recognized, in adenocarcinomas, the expression
of CK7/CK20, along with the sex and site of metastases,
headed to the selection of specific IHC markers to define
an alleged source tissue immunophenotype, which in turn

A
D Site of biopsy Age Gender Grade AEI-AE3 MNFL-116  VIM CK7 CK20 CK5 TTF1  NAPSIN MELANa 5100  GATA3 ER CDX2 WT1 DOG1 Chr-a Syn PSA CUP/EM
AGN38 LN Supra claveolar 68 F 3 cup
AGN68 Bone Marrow 74 F 3 cup
CUP02/09.14  Bone Marrow 81 M 3 cup
AGN347 LN Supra claveolar 54 F 3 cupP
AGN321 Omentum 63 M 3 EM
B
D Site of biopsy Age Gender Grade CK7 MNF-116 AEI-AE3 CAM52  VIM AR PAXS8/WT1 MELANa 5100 ER TTF1  GATA3  CDX2 PSA P63 HMB45  D2-40 CAM52  CUP/EM
AGN323 LN axilla 5 cur

3 M 3
AGN914 muscle 46 F 3
AGN339 LN axilla 51 F 3
AGN328 LN axilla 67 M 3
AGN345 Parasternal 67 M 3

cur
cur
‘ cur
cur

Fig.4 Heat map of tissue-specific marker scores in undifferentiated
and sarcomatoid tumors. Heat map depiction of immunohistochemi-
cal scores of the most representative tissue-specific markers and cell
lineage markers used in A undifferentiated and B sarcomatoid tumors.
Results are not sorted. Each row represents one case. Columns rep-
resent patient identification code (ID), site of biopsy, patient age,

@ Springer

patient gender (female, male), tumor grade (grade 1, grade 2, grade
3), immunohistochemical scores of tissue-specific markers (IHC
score): 0= <5% of neoplastic cells stained; 1=5-10% of neoplas-
tic cells stained; 2=11-50%; 3= >50% of neoplastic cells stained;
white fields: not performed; confirmed cancer of unknown primary
(CUP)/early metastatic cancers (EM)
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Fig.5 Workup of MUOs. A 4-step workup is shown. 1st step: dif-
ferentiation of MUQOs in clear-cut and not clear-cut carcinomas. 2nd
step: definition of the histotype. 3rd step: selection of specific immu-
noistochemical (IHC) tissue markers based to the results of step 2. 4th

guided targeted diagnostic investigations. This pathway led
to identify 9/17 (53%) early metastatic adenocarcinomas. In
squamous and neuroendocrine carcinomas, the site of metas-
tases and the patient gender were not considered to posit a
tissue of origin, and each patient was studied with PET and
CT. All were diagnosed as confirmed CUP. The epithelial
nature of cancers without clear features of carcinoma was
tested using many different pan-cytokeratins and other mark-
ers of cell differentiation, which identified one melanoma
(5.8% of early metastatic cancers).

Comparison of clinical and pathological
characteristics of confirmed CUP and early
metastatic carcinomas

Of the 64 MUOs, 47 (73.4%) were confirmed CUPs, and 17
(26.5%) were early metastatic cancers. Histotype (p=0.045),
grade (p=0.04), and putative immunophenotype (p =0.01)
were significantly different between confirmed CUP and
early metastatic cancers, as shown in Table 2.

CUP genetic analysis by ONCOCARTA

The oncoprint in Fig. 6 summarizes the genetic analysis
by the ONCOCARTA gene panel that explores more than

CK7/CK20

markers (and p16)

neuroendocrine

pancytokeratins,

sarcoma markers

pancytokeratins,

sarcoma markers

IHC confirmation markers (N=7) EM
a-Gender-driven markers: IHC-guided (N=24)
ER, GATA3, PAX8, WT1, diagnostic Confirmed
PSA, AR. imaging cup
b- Markers-guided by site (re-biopsy) Vs
of metastases (N=9) EM
(N=14)
Comprehensive Confirmed
Imaging cup
(re-biopsy) Vs
(N=0) EM
(N=9)
& Confirmed
e ("{‘9) Comprehensive CUP
arcinoma :
= Imaging .
(N=0) EM
(N=1) Comprehensive (N=1) EM

Not carcinoma Imaging

step: selection of the diagnostic exploration in related organs or com-
prehensive imaging to confirm the diagnosis of CUP or early meta-
static cancer (EM)

230 somatic mutations across 19 actionable oncogenes fre-
quently mutated in human cancers.

The leftover of FFPE tissue after the IHC study was ade-
quate for molecular analyses in 37/47 CUP cases (78.7%).
Twelve out of the 37 cases (36%) showed at least one muta-
tion; 10 of these were adenocarcinomas, 1 was SSC, and 1
was sarcomatoid carcinoma. The remaining 25 CUPs did not
show any detectable alterations. KRAS and PI3KCA were the
most frequently mutated genes and accounted for 75% of all
the identified alterations. KRAS, BRAF, NRAS, and PIK3CA
mutations were found with a mutually exclusive pattern.
When subdividing by CUP histological type, the adenocar-
cinoma was the most frequently mutated (10/12 samples); in
addition, only adenocarcinomas harbored KRAS mutations.
The most mutated immunophenotypes of adenocarcinomas
were the undefined (1 KRAS; 2 PIK3CA, and 1 BRAF) and
the biliopancreatic (2 KRAS and 1 BRAF), followed by the
gynecological immunophenotype (1 case with concomitant
KRAS and PDGFRA missense mutation and 1 with PIK3CA
mutation). The pseudomyxoma peritonei with intestinal
immunophenotype (AGN343) showed KRAS mutation. One
sarcomatoid carcinoma (AGN323) showed NRAS mutation.
One SCC showed co-occurrence of a PIK3CA and a HRAS
mutation. CUPs showing NE differentiation were wild type
for the evaluated genes. No specific correlation was found
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Table 2 Clinical and

) g 47 CUP 17 EM p value (95% CI)
pathological comparison
of confirmed carcinoma of N % N %
unknown primary (CUP) and
early metastatic cancers (EM) Gender Women 26 5531 12 70.85 p=0.52
Men 21 4468 5 2941
Age 1-34 2 425 2 11,76 p=0.39
35-70 35 7446 11 64.70
71-96 10 2127 4 2352
Histotype Adenocarcinomas 24 51.06 16 94.11 p=0.041
Squamous carcinomas 11 2340 0 O
Neuroendocrine carcinomas 3 638 0 0
Sarcomatoid tumors 5 1063 0 O
Undifferentiated tumors 4 851 1 588
Grade Low 1 212 5 2941 p=0.04
Intermediate 16 34.04 3 17.64
High 30 6382 9 5294
Putative immunophenotype of  Biliopancreatic 6 25 3 1875 p=0.01
adenocarcinomas Breast 0 0 6 375
Gynecological 6 25 1 625
Lung 2 833 3 1875
Thyroid 0 0 1 625
Stomach 0 0 1 625
Intestine 0 0 1 625
Undefined 10 4166 0 O
Site of metastases at diagnosis Lymph node 21 4468 3 17.64 p=0.17
Lymph node and others* 19 4042 9 5294
Others* 1489 5 2941
Number of metastases Single 17.02 4 2352 p=045
Multiple 39 8297 13 7647

* . . . .
Others: visceral and/or bone and/or muscle and/or brain site of metastasis

between specific mutations and immunophenotype, sex, his-
tological grade, or survival status.

Clinical impact of CUP histology
and immunophenotype

It is known that CUP patients with only lymph node metas-
tases have a better OS [11]. Thus, we focused on confirmed
CUP patients and assessed the site of first metastases, the
site of progression, and their possible correlation with the
histotype and, in the case of adenocarcinomas, with the puta-
tive immunophenotype (Tables 3 and 4).

Specifically, squamous cell carcinoma histotype and
the “gynecologic immunophenotype” within adenocarci-
nomas presented frequently with lymph nodes as the solely
involved organs. None of the patients within the “bilio-pan-
creatic” and “lung immunophenotype” of adenocarcinomas
presented with lymph node involvement only. Patients with
“undefined immunophenotype” of adenocarcinomas, undif-
ferentiated, and sarcomatoid carcinomas frequently pro-
gressed, independently from the anatomical site of cancer

@ Springer

at diagnosis. Altogether, 20/47 (42.5%) confirmed CUP
patients had only lymph node metastases at first diagnosis,
while 27 (57.5%) had metastases elsewhere (visceral and/
or bone and/or muscle and/or brain) with or without lymph
node involvement (Table 3) (Supplementary Figs. 1A and
B). The time to organ progression other than lymph nodes
or death for the disease was 6.4 months longer in patients
with lymph node metastases only, independently from the
number of lymph node involved and the regional location.
Finally, the patients with only lymph node metastases at
first diagnosis had a significantly longer OS (< 0.001),
independently again from the number of lymph node
involved and the regional location (sub- or supra-diaphrag-
matic) (Fig. 7).

Discussion
Using the data collected from a real-life experience, we

here envisage a streamlined pathological workup to rule out
CUPs in patients presenting with MUOs.
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CUP Cohort (n=37)
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Fig.6 Oncoprint. The graph reports the DNA mutations identified in
the cohort of 37 CUPs analyzed by targeted sequencing. Gene names
and relative frequency of mutations are reported in the double y-axis.
The bar graph in the top of the oncoprint defined the number of vari-

Table 3 Evolution of CUP with lymph node localization at diagnosis

Alteration
= Missense Mutation

KRAS

— -
BRAF l
ws ||
HRAS I
FDGFRAI

Hystology
Phenotype

Status

Alve
Dead

Histology
B ADK
B NEC
NOS
Sarcomatoid
B Squamous

Phenotype

B Bilio-pancreatic
Gynaecologic
Intestinal

B Lung

B NEC
Sarcomatod
Squamous

B Undefined

Gender

Female
Male

Grade
1
2
[ E

ant/sample. Histology, phenotype, gender, tumor grade, and alive sta-
tus are annotated at the bottom of the plot. ADK: adenocarcinoma,
NEC: neuroendocrine carcinoma, NOS: not otherwise specific or
undifferentiated tumors

Lymph node localization of CUP at diagnosis

No progression/lymph ~ Months of FU Other organs Months of FU
node progression only progression/
death

CUP Total N° N° % N° Range Mean  N° Range Mean
Adenocarcinoma immunophenotype
Gynecologic 6 4 66 4 11.5-78  29.6 0 - -
Lung 2 0 0 0 - - 0 - -
Biliopancreatic 6 0 0 0 - - 0 - -
Undefined 10 4 40 1 - 104 3 13-47.2 314
SCC 11 7 70 3 74-145 10,1 4 18.3-49.7 267
NE carcinoma 3 1 333 1 - 65 0 - -
Sarcomatoid carcinoma 5 3 60 1 - 9 2 5.3-11 8
Undifferentiated carcinoma 4 1 25 0 - - 1 - 14
Total 47 20 425 10 43.5 10 20

SCC squamous cell carcinoma, NE neuroendocrine
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Table 4 Evolution of CUP with any localization (with or without lymph node) at diagnosis

Any localization of CUP at diagnosis with or without lymph node metastases

No progression/lymph ~ Months of FU Other organs pro- Months of FU

node progression only gression/death
CUP Total N°  N° % N° Range  Mean N° Range Mean
Adenocarcinoma immunophenotype
Gynecologic 6 2 33 0 - - 2 1.3-8.5 4,9
Lung 2 2 100 0 - - 2 6.0-16 11
Biliopancreatic 6 6 100 0 - - 6 3.2-21 12,8
Undefined 10 6 60 0 - - 6 0-18.5 6,2
SCC 11 4 30 3 3-195 93 1 - 50
NE carcinoma 3 2 66.7 0 - - 2 34-185 109
Sarcomatoid carcinoma 5 2 40 1 - 35 1 - 4
Undifferentiated carcinoma 4 3 75 1 - 3.6 2 4.2-145 9
Total 47 27 574 5 54 22 13.6

SCC squamous cell carcinoma, NE neuroendocrine

MUO reviews [12-16] and guidelines [2, 3, 6] are con-
tinuously refined, with the aim of defining a diagnostic
workup capable of approximating the tissue of origin
as closely as possible to better guide therapeutic deci-
sions. With this aim, the CUPISCO trial should have pro-
duced a comprehensive genomic profile of patients car-
rying unfavorable CUPs, to identify possible targets of
gene therapy [17]. One of the reasons for the failure of
the CUPISCO study was the inadequacy of residual tis-
sue after histopathological diagnosis for high throughput
molecular analyses [18]. In the present series, the tissue
leftover after immunohistochemical analyses was inad-
equate for molecular analyses in 21% of the CUP cases.

Fig. 7 Overall survival (OS)
analysis. OS survival curve for 19
CUP patients, stratified for the
site of the lesion onset (lymph
nodes only versus all other sites
with or without lymph node
involvement). CUP patients who
had only lymph node metastases
at first diagnosis had a signifi-
cantly longer overall survival
(<0.001) than the patients who
had metastases elsewhere (vis-
ceral and/or bone and/or muscle
and/or brain) with or without
lymph node involvement

0.8

0.6

0.4

Cumulative Survival

0.2

Another reason of the CUPISCO trial failure was that 10%
(13/124) of cases included among unfavorable CUP, at
central review turned out as non-carcinoma malignancies
[18]. In the present study, undifferentiated and sarcoma-
toid tumors represented 16.7% of MUOs and were mainly
tested with different CK antibody panels to confirm their
epithelial differentiation. The sarcomatoid tumors were
all positive with at least two pan-cytokeratin antibodies
and considered carcinomas, although some positivity for
vimentin could be observed. On the other hand, aberrant
focal expression of cytokeratin has been reported in mela-
noma and sarcomas [15]. The single case of melanoma,
representing 1.5% of MUOs, was CK-negative and positive

~I“1Lymph Node
~I10ther

| p<0.001
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for Melan-A and S100. In the CUPISCO trial, the misdiag-
nosis of CUP due to melanomas and sarcomas represented
1.6% and 5.6%, respectively, of the failure cases [18].

The Royal Collage of Pathologists recommends then
testing samples with antibodies reactive with germ cell
tumors [3]. Accordingly, with NICE guidelines [2], we
think that patient age, site of metastases, and serum tumor
markers such as alpha-fetoprotein, human chorion gonad-
otropin, and lactate dehydrogenase [19, 20] may be more
effective in the diagnosis of germ cell origin than tissue
immunophenotyping.

Once carcinomas are identified, the final step recom-
mended by the guidelines [3] is to determine the likely tissue
of origin. Belizzi AM [21] reported that through the appli-
cation of next-generation immunohistochemistry, patholo-
gists can provide better answers than ever before. The author
stressed the role of tumor morphology in leading the CUP
diagnostic workflow, together with the acknowledgement
that the metastatic site helps tracking the primary lesion.
Above all, when lymph nodes are the exclusive site of metas-
tases, it is essential to consider the organs that drain to those
lymph nodes as a possible site of origin of the tumor [22].
Actually, the NICE guidelines [2] recommend to manage
metastatic squamous carcinoma in cervical lymph nodes as
being of head and neck origin and those in inguinal lymph
nodes as of anal/lower gynecological tract/urological ori-
gin. Our results have shown that patient gender, together
with the metastasis site, is an important leading parameter
in CUP diagnosis particularly in the set of adenocarcinomas,
the most frequent (62.5% of total cases, consistently with
previous works [2, 3, 6]) and the most challenging histotype
among MUQOs. On the other hand, adenocarcinomas may
show cytohistological features, for example, follicular and
papillary structures or signet ring cells, which per se may
be pathognomonic of tumor origin and consequently address
tissue targeted markers. In our case series, these features led
to identify 42.5% (7/40) of early metastatic adenocarcino-
mas. If no specific cytohistological patterns are present, in
adenocarcinomas CK7/CK20 expression, gender and site of
metastases strongly influenced the selection of tissue-spe-
cific markers, to depict a “putative immunophenotype” of
tissue of origin. All women adenocarcinoma biopsies were
in fact tested for ER. In CK7 +/CK20 — cases, ER positiv-
ity and GATA3 positivity in ER-negative cases primarily
directed clinicians to complete radiological imaging investi-
gations of the breast as a possible site of cancer origin, espe-
cially in patients with axillary lymph node metastases. Using
these immunophenotypical markers and the cytohistological
features crucial for lobular breast cancer diagnosis, 6 early
metastatic breast cancers out of 64 MUO cases (9.23%) were
confirmed. In the CUPISCO trial, 7.3% of the cases were not
compatible with CUP because of proof or strong evidence of
a breast primary [18]. In agreement with Pauli C. et al. [18],

the expression of PAX8/WT1 was considered to investigate
a possible gynecological origin. If primary ER + breast can-
cers are excluded, TTF1/napsin A were instead the key tis-
sue markers in male CK7 4 /CK20 — and in female CK +/
CK20 - ER —MUO biopsies. Based on CUPISCO trial
experience [18], although TTF1 expression in a metastatic
setting does not unquestionably prove a primary origin in the
lung, all TTF1/napsin A positive cases should be referred to
radiologists to rule out lung primitivity. In the present series,
the “lung immunophenotype” pinpointed 60% of early meta-
static lung cancers. Finally, in 25% of the adenocarcinoma
cohort, the immunophenotyping did not suggest any tissue of
origin (undefined immunophenotype) nor any instrumental
examination ratified a primary tumor, directly leading to the
diagnosis of confirmed CUP.

In squamous cell carcinomas and neuroendocrine carci-
nomas, the use of cell differentiation markers is advised to
avoid misinterpretation, especially when tumor morphology
is heterogenous or poorly differentiated, because these his-
totypes are considered “favorable CUPs” [18].

When we analyzed whether the CUP histotype and the
“putative immunophenotype” were associated with specific
clinical evolution, we showed that the site of metastases
at disease presentation influenced the length of time to
progression. Notably, patients with adenocarcinomas of
“undefined immunophenotype” and undifferentiated and
sarcomatoid carcinomas frequently progressed with diffuse
metastases, independently from the anatomical site of can-
cer at diagnosis, and could be considered in the category
of “unfavorable CUPs.” On the other hand, CUP of “the
gynecologic immunophenotype” and squamous carcinoma
CUP presenting with only lymph node metastases at diag-
nosis had a longer time to progression. Wach MM et al.
[23] showed that nearly two-thirds of patients undergoing
axillary or inguinal lymphadenectomy for metastatic squa-
mous carcinoma of unknown primary were alive 5 years
following lymphadenectomy. Recently, Pouyiourou M et al.
advocate to pursue localized treatment with surgery and/
or radiotherapy in single-site and oligometastatic CUP
[24]. Although we could not collect the type of treatment
of all patients, we showed that CUP patients, who had
only lymph node metastases at first diagnosis, had longer
time to progression to other organs (6.4 months) and sig-
nificantly longer overall survival (<0.001) independently
from the number of lymph nodes involved and the regional
location (superficial vs deep localization and supra- vs
sub-diaphragmatic).

Finally, we recently isolated stem-like cell spheres (agno-
spheres) from CUP specimens. The agnospheres recapitu-
lated the IHC and molecular phenotypes of CUP and spon-
taneously and quickly give rise to multiple metastases after
subcutaneous engraftment in mice [25]. Interestingly, the
CUP samples that did not engraft stemmed from the two
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long survivors (AGN47 neuroendocrine carcinoma, OS:
65 months, and AGN913 adenocarcinoma with undefined
immunophenotype, OS 104 months) both presented at diag-
nosis with metastases limited to lymph nodes [25].

Conclusions

Standard histology is then essential to drive MUQO’s
diagnostic workup and, when combined with the “puta-
tive-immunophenotype” in adenocarcinomas and the
metastatic pattern at disease outset, provides prognostic
evidence for patients with CUP.

We acknowledge that our study has some limitations.
The cohort was relatively small, and a validation cohort
was not available; nevertheless, MUQOs are rare entities
and a careful clinic-pathological examination of these
patients is of utmost importance in order not to misin-
terpret cases of early metastatic disease as CUPs.

These data may pave the way to further validation stud-
ies on the diagnostic workup leading to proper identifica-
tion of CUPs.
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