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Cancer of Unknown Primary Site: New Treatment Paradigms
in the Era of Precision Medicine
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C

ancer of unknown primary site (CUP) is a clinical syndrome that includes many diﬀerent cancer types and
accounts for approximately 2% of all cancer diagnoses.
Although the anatomic primary sites in pa ents with CUP
cannot be iden ﬁed clinically, they are iden ﬁed in approximately 75% of postmortem examina ons, and most are less
than 1 cm in size.1,2 The biologic mechanisms underlying this
unique clinical behavior (i.e., dissemina on of cancer while
the primary site remains small) is unknown; to date, no speciﬁc molecular signatures have been associated with these
cancers.
Pa ents should be diagnosed with CUP only a er speciﬁc clinical and pathologic studies have been completed.3
Clinical evalua on includes complete history and physical
examina on, complete blood counts, serum chemistries,
urinalysis, CT scans of the chest/abdomen/pelvis, mammogram (women), and serum prostate-speciﬁc an gen (men).
Pathologic evalua on includes histologic examina on and
selected immunohistochemical (IHC) stains. When these
evalua ons are used to deﬁne CUP, detec on of an anatomic
primary site at any me during the subsequent clinical
course is uncommon (< 10%).
Treatment of pa ents with CUP ini ally is dependent on
iden ﬁca on of favorable subsets of pa ents with speciﬁc
clinical and/or pathologic presenta ons.3 These pa ents
(15% to 20% of all pa ents with CUP) respond rela vely
well to speciﬁc therapies, and some have poten ally curable cancers. The remaining 80% to 85% of pa ents with
CUP have tradi onally received empiric chemotherapy with
regimens designed to have some eﬃcacy in a broad spectrum of cancer types (e.g., taxane/pla num, gemcitabine/
pla num).3-6
As treatment improves and becomes more type-speciﬁc
for many advanced cancers, the no on that empiric chemotherapy can provide adequate therapy to a heterogeneous
popula on of pa ents with many diﬀerent cancer types
becomes increasingly outdated. Non–small cell lung cancer
(NSCLC) and colorectal cancer, both common postmortem

diagnoses in CUP series, illustrate the problems involved in
empiric treatment. Fi een years ago, treatment of advanced
NSCLC with paclitaxel/pla num (a commonly used empiric
CUP regimen) would have provided reasonable treatment.
Today, 13 addi onal drugs are approved for treatment of
NSCLC, none of which is approved (or rou nely used) in the
empiric treatment of CUP. In the treatment of advanced colorectal cancer, even ﬁrst-line empiric CUP regimens, such as
taxane/pla num, are not op mal, and none of the 10 other
drugs approved for this indica on is used.
The era of precision medicine in oncology oﬀers promise
for improved diagnosis and be er therapy for pa ents with
the CUP syndrome, and ﬁrst steps have already been taken
toward incorpora ng precision medicine into the rou ne
management of disease in these pa ents. This brief review
examines new diagnos c methods available for detec on
of the speciﬁc cancer type in these pa ents. Next, precision
treatment for pa ents with CUP, guided by molecular idenﬁca on of the cancer type and the detec on of ac onable
molecular altera ons, is discussed.

DIAGNOSIS OF CUP IN THE ERA OF
PRECISION MEDICINE
The ini al evalua on of CUP has always been predicated on
the assump on that iden ﬁca on of a primary site or speciﬁc cancer type can improve the eﬃcacy of treatment. The
ques ons underlying this assump on have been diﬃcult to
address: (1) Do pa ents with unknown primary site actually have a primary site? The fact that most pa ents have
small primary sites found at autopsy provides strong aﬃrma ve evidence. (2) Do CUPs mirror their counterparts that
present with overt primary sites in most aspects of tumor
biology, even though they diﬀer in the ability to metastasize
widely (mechanism unknown) while the primary tumor remains small? (3) Do CUPs respond to the same treatments
proven eﬀec ve in pa ents with the corresponding cancers
of known primary site? Un l recently, tes ng of the second
and third ques ons was indirect, because most pa ents with
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CUP never have anatomic primary sites iden ﬁed. During the
past 10 years, improved diagnosis has provided much more
informa on with which to address these ques ons.

IHC Staining
IHC staining has been part of the standard pathologic evalua on in CUP for the past 20 years. During that me, stains of
increased speciﬁcity have been developed. Although standard prac ce varies, most pathologists use panels of IHC
stains to narrow the diagnos c spectrum; use of addi onal
stains is guided by the histology, clinical presenta on, and
results of the ini al IHC panel.7
With current IHC staining approaches, a single diagnosis
is predicted in 30% to 40% of pa ents with CUP.8-10 However, there has been reluctance to use IHC diagnoses as a
guide for treatment, because the pathology report usually
is somewhat equivocal and uses words and phrases like
"favor” or “consistent with” rather than giving a ﬁrm diagnosis. Un l recently, there has been no other method with
which to test the reliability of the IHC results.

Gene Expression Proﬁling
Speciﬁc gene expression proﬁles are now recognized in
most cancers according to their site of origin, which reﬂects
the diﬀerent expression proﬁles present in their normal ssues of origin.11 The applica on of these ﬁndings to cancer
diagnosis was ﬁrst demonstrated when diﬀerences in gene
expression allowed the dis nc on of acute myeloid leukemia from acute lymphoblas c leukemia.12 Diﬀerences in
gene expression also allow dis nc on between various solid
tumors and provide a valuable method for diagnosis of the
ssue of origin in pa ents with CUP. It is important to recognize that this molecular analysis, which detects pa erns
of gene expression unique to the ssue of origin, is diﬀerent from molecular muta on proﬁling (discussed in the next
sec on), which is designed to detect oncogenes and other
ac onable molecular altera ons but which only rarely determines the cancer type.
Gene expression profiling assays with either reversetranscriptase polymerase chain reac on or gene microarray
techniques are now commercially available. These assays,
termed molecular cancer classiﬁer assays (MCCAs), are
able to iden fy more than 40 diﬀerent cancers and cancer
subtypes. In valida on studies in cancers of known primary
sites (biopsies from primary and metasta c sites), these assays correctly iden ﬁed the tumor type in more than 85%
of cases.11,12 In a group of 252 pa ents with CUP whose diseases were studied prospec vely, primary sites were predicted in 247 (98%) by using the 92-gene CancerTYPE ID
assay; only ﬁve pa ents had unclassiﬁable gene expression
proﬁles.13 As with IHC, the accuracy of these diagnoses is
diﬃcult to establish, because anatomic primary sites usually
are not iden ﬁed. However, in a group of 24 pa ents with
CUP who had a primary site iden ﬁed 2 to 79 months a er
an ini al diagnosis, the correct primary site was predicted
by MCCA in 18 (75%) of 24 pa ents who had adequate ssue available for analysis.14,15

The accuracy of IHC staining compared with MCCA diagnoses has been studied in several trials. In two trials, pathologists were blinded to the tumor type and performed IHC
stains (as many as they thought necessary) compared with
MCCA in pa ents with metasta c carcinoma of known primary.9,16 In both studies, the MCCA was more accurate; differences were accentuated when tumors that were poorly
diﬀeren ated (83% vs. 67% accurate in poorly diﬀeren ated
carcinomas).16 In pa ents with CUP, the predic ve accuracy
of IHC (i.e., predic on of a single site of origin) decreases to
30% to 40%.8-10 In the largest study of 149 pa ents with CUP,
IHC results performed at the me of ini al evalua on were
compared with MCCA results obtained later with remaining
tumor ssue.8 IHC evalua on resulted in the predic on of a
single site of origin in 35%. In these pa ents, MCCA results
matched the IHC results in 77% of pa ents. MCCA predicted
the primary site in most of the remaining 65% of pa ents
when IHC gave nonspeciﬁc results.
Gene expression proﬁling also results in a high percentage
of diagnoses in the uncommon group of pa ents with poorly
diﬀeren ated neoplasm of unknown origin. In a group of 30
such pa ents without a lineage diagnosis a er complete
pathologic evalua on (median, 18 IHC stains performed),
MCCA established the tumor lineage in 25 (83%) of 30 paents and a speciﬁc diagnosis in the 10 pa ents with carcinomas.17 Results with MCCA provide strong evidence that
most CUPs retain gene expression proﬁles similar to their
ssue of origin and suggest that responses to site-speciﬁc
treatment may also mirror their counterparts with known
primary site.

TREATMENT OF CUP IN THE ERA OF
PRECISION MEDICINE
For the majority of pa ents with CUP, empiric combina on
chemotherapy tradi onally has been considered the standard ﬁrst-line therapy. Beneﬁts of this approach are modest: standard regimens produce response rates less than
40%, median survival of fewer than 11 months, and 2-year
survival less than 20%.4-6 Because the site of origin can be
determined now in most pa ents with CUP, site-speciﬁc
treatments that are based on these molecular diagnoses
have been inves gated for several years, and these data are
reviewed.
For many advanced cancer types, standard treatment
now includes the iden ﬁca on of pa ent subsets deﬁned
by the presence of ac onable molecular altera ons (e.g.,
HER2 in breast cancer; EGFR/ALK/ROS1 in NSCLC). Analogous molecular tes ng and targeted treatment of pa ents
with CUP whose cancer types have been diagnosed should
also be considered; data to support this approach are developing. Beyond tes ng for speciﬁc molecular altera ons that
are based on the cancer type, increasing evidence indicates
that comprehensive gene c proﬁling of tumors can iden fy
addi onal targetable molecular altera ons in substan al
numbers of pa ents with advanced cancer. Although evidence in pa ents with CUP is s ll limited, these issues are
also discussed.
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Site-Speciﬁc Therapy by Molecular Cancer Classiﬁer
Assay Diagnosis
Evidence suppor ng the use of site-speciﬁc therapy directed
by the MCCA results is incomplete but is increasingly compelling. Although results of a randomizedcomparison of
site-speciﬁc therapy and empiric chemotherapy has not
been reported, the available data strongly suggest that outcomes are improved with site-speciﬁc therapy, par cularly
for the more responsive cancers.18-20
The largest prospec ve trial to date included 194 previously
untreated pa ents with CUP who received site-speciﬁc therapy on the basis of a MCCA diagnosis.18 The median survival
of all pa ents was 12.5 months; pa ents predicted to have
responsive tumor types had significantly longer median
survival than those with less responsive types (13.4 vs.
7.6 months). Although pa ent numbers in speciﬁc tumor
groups were rela vely small, survival generally mirrored
the expected survival of patients with the predicted cancer types (biliary, 7 months; pancreas, 8 months; colon,
13 months; ovarian, 30 months; and breast, not reached at
> 24 months).
Other recent studies also support the use of site-speciﬁc
treatment on the basis of MCCA results. In one study, a MCCA
resulted in a diagnosis in 188 (87%) of 216 pa ents with
CUP.19 Treatment received by 114 pa ents was examined
retrospec vely: pa ents who received treatment predicted
eﬀec ve for their MCCA diagnosis had median survival of
13.6 months compared with a 6-month median survival for
those who received empiric treatments predicted ineﬀecve. Another trial used an empiric regimen of carbopla n/
paclitaxel/everolimus; the 18 pa ents predicted by MCCA
to have tumor types sensi ve to this regimen had a median
survival of 17.8 months, but the 19 pa ents with tumor
types predicted to be insensi ve had a median survival of
8.3 months.20
Addi onal retrospec ve studies focusing on speciﬁc tumor
types also support this approach. In three studies, pa ents
with CUP who were predicted to have metasta c colorectal
cancer (all had nega ve colonoscopies) had median survivals of more than 20 months when treated with colorectal
cancer therapies.21-23 In a group of 20 pa ents predicted
to have renal cell carcinoma (none had renal lesions on CT
scan), site-speciﬁc treatment with targeted agents resulted
in a median survival of 16 months.3,24 Pa ents predicted to
have germ cell tumor, lymphoma, and neuroendocrine tumors have had typical responses to site-speciﬁc therapy for
these tumor types.3,17
When pa ents with CUP are treated with site-speciﬁc
treatment, it is reasonable to test a tumor biopsy specimen
for speciﬁc molecular altera ons on the basis of the predicted
site of origin by using either speciﬁc hotspot gene c tes ng
or comprehensive molecular proﬁling. Examples include testing for HER2 a er the diagnosis of breast/gastroesophageal
junc on/gastric cancer; tes ng for EGFR/ALK/ROS1 a er the
diagnosis of NSCLC, and tes ng for KRAS/microsatellite instability (MSI) a er the diagnosis of colorectal cancer. At present, only anecdotal reports document responses to targeted

treatment in these pa ents (e.g., NSCLC with EGFR muta on
responding to geﬁ nib; NSCLC with ALK rearrangement or
MET ampliﬁca on responding to crizo nib; HER2-posi ve
breast cancer responding to trastuzumab).18,25-30 Addi onal
studies in this area are needed.
The rapid development of checkpoint inhibitors and other
immunomodulatory agents creates addi onal possibili es
for treatment in pa ents with CUP. At present, there are
only a few case reports about these treatments.31,32 Studies
in patients with CUP who are predicted to have potentially sensi ve tumor types (e.g., lung, urothelial, renal) are
indicated.

Comprehensive Molecular Proﬁling in CUP
The role of comprehensive molecular proﬁling is evolving
rapidly. Already, the increased use of comprehensive proﬁling has enabled the tes ng of targeted agents in a wide
variety of advanced cancer types that are rare or have a
low incidence of the cri cal muta ons. Not surprisingly, effec ve targeted agents have ac vity across a spectrum of
tumor types, as long as the cri cal molecular altera on is
present.33-36 For example, HER2 ampliﬁca on/overexpression
predicts response to HER2-targeted therapy in colorectal
carcinomas, salivary gland carcinomas, and others, in addion to the cancer types for which HER2-targeted therapy is
currently labeled.33 Presence of the BRAF V600E muta on
predicts response to BRAF-targeted drugs in NSCLC, ovarian
cancer, and others.33,35
The eﬃcacy of targeted agents varies widely on the basis
of solid tumor type. The most drama c example of this is
the high response rate of metasta c BRAF V600E–mutated
melanoma (> 60%) when treated with BRAF inhibitors,37
and the inac vity of the same agents in BRAF V600E–
mutated colorectal cancer.38 Therefore, it is unlikely that most
of the current targeted agents will ever be recommended
for use agnos c of tumor type. However, the U.S. Food and
Drug Administra on recently approved the ﬁrst treatment
on the basis of molecular tes ng alone: pembrolizumab for
pa ents with MSI unstable tumors regardless of the cancer
type.39 A new targeted drug, larotrec nib (a pan-TRK inhibitor), is likely to become the second such drug when it gains
approval for pa ents with the uncommon TRK muta on.40
Comprehensive molecular proﬁling of pa ents with CUP
indicates that a substan al number of poten ally important
molecular altera ons are present. In a group of 200 pa ents
with CUPs (125 with adenocarcinoma, 75 with carcinoma),
poten ally ac onable muta ons were iden ﬁed in 169
(85%).34 Some of these tumors had muta ons for which only
inves ga onal drugs (with undeﬁned ac vity) are available,
and some had muta ons that may aﬀect treatment decisions but for which no speciﬁc treatment is available (e.g.,
KRAS). However, 38 (18%) of 200 tumors had molecular altera ons for which approved targeted agents are currently
available (HER2, BRAF, EGFR, ALK, RET, BRCA, and ROS1).
Recently, ctDNA has been evaluated in 442 pa ents with
CUP; previously characterized molecular altera ons were
iden ﬁed in 66% of tumor specimens.31 The ac onable
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muta ons iden ﬁed were similar to those previously reported from tests of CUP tumor ssue.34 Addi onal validaon of the role of ctDNA tes ng is required, but such tes ng
may have advantages compared with ssue tes ng.
As biomarkers predic ve of response to immune checkpoint inhibitors are iden ﬁed, it appears that the use of
these agents in CUP holds promise, par cularly because
many of the cancer types iden ﬁed in the CUP popula on
are responsive to these drugs. IHC staining for PD-L1 has
been of some value, but it is not strongly predic ve. In a
group of 70 pa ents with CUPs, 63% had IHC staining for
PD-1 in tumor-inﬁltra ng lymphocytes, and 21% had cancer
cell staining for PD-L1.41 MSI and mismatch repair deﬁciency
are associated with high response rates to checkpoint inhibitors in colorectal cancer and other tumors; pembrolizumab
is now approved for advanced cancers with high MSI. The
frequency of MSI and mismatch repair deﬁciency in CUP has
not been well studied. High tumor muta on burden also
has been associated with higher response rates to checkpoint inhibitors.42 Compared with other tumor types, high
tumor muta on burden (≥ 20 muta ons/mb) appears to
be frequent in CUP, and the incidence varies with histology:
adenocarcinoma, 8%; carcinoma, 11%; and squamous carcinoma, 23%.43
The use of comprehensive molecular proﬁling to iden fy
and direct therapy for CUP therefore has the poten al to
contribute substan ally to the management of disease in
these pa ents. At present, successful targeted treatment
that is based on ﬁndings at molecular proﬁling has been described in anecdotal reports, but no reported prospec ve
clinical trial has evaluated this approach. Therefore, oﬀ-study

use of targeted treatment presents reimbursement challenges. Un l more data exist, results from an MCCA may be
helpful; for example, a pa ent with CUP who has an EGFR
muta on and a cancer type iden ﬁed as NSCLC by MCCA
likely will have insurance coverage for therapy with EGFR
inhibitors.
A mul na onal randomized study is needed to address
the role of comprehensive molecular proﬁling in direc ng
treatment of pa ents with CUP. The ongoing Na onal Cancer Ins tute MATCH study and the ASCO TAPUR study will
provide some addi onal informa on in pa ents with many
advanced cancer types.

INTEGRATED APPROACH TO DIAGNOSIS AND
MANAGEMENT OF CUP
A new approach to the diagnosis and management of the
pa ent with CUP is shown in Fig. 1. Because diagnosis of the
site of origin is now possible in most pa ents with CUP, inial evalua on closely parallels the strategy used in the inial evalua on of pa ents with metasta c cancer of known
type (Fig. 1). In both groups, the goal of the ini al evaluaon is to determine op mal site-speciﬁc ﬁrst-line treatment
a er fully characterizing the tumor type and evalua ng for
specific molecular subsets. For many patients with CUP,
site-speciﬁc therapy diﬀers markedly from empiric CUP chemotherapy; diﬀerences include selec on of ﬁrst-line chemotherapy regimens, use of targeted therapy for iden ﬁed
ac onable muta ons, and therapy of proven eﬃcacy beyond
ﬁrst-line use.
The role of comprehensive molecular proﬁling in the management of CUP is certain to increase in the future. Although

FIGURE 1. Management of Disease in Pa ents With Metasta c Cancer
Anatomic primary site detected
(97-98% of all paƟents)

Biopsy of appropriate lesion
for histologic diagnosis

AddiƟonal tesƟng if necessary for
the specific cancer type
(may include tumor markers,
molecular tesƟng of biopsy)

Anatomic primary site not detected – CUP syndrome
(2-3% of all paƟents)

Biopsy of appropriate lesion for histologic diagnosis

AddiƟonal studies including selected
IHC stains and MCCA if necessary

Diagnosis of single cancer type
(90-95% of paƟents)
DeterminaƟon of appropriate
site-specific first-line therapy

Specific cancer type not
diagnosed / unknown
(5-10% of paƟents)

Empiric chemotherapy or
clinical trial

ConƟnue site-specific therapy
second-line and beyond if needed
(may include chemotherapy,
targeted drugs, immune checkpoint
inhibitors, clinical trials)
Abbrevia ons: CUP, cancer of unknown primary site; IHC, immunohistochemistry; MCCA, molecular cancer classiﬁer assay.
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therapeu c data are s ll limited in CUP, iden ﬁca on of a
molecular abnormality known to be targetable across mul ple tumor types (e.g., HER2, BRAF, EGFR, high MSI, high tumor muta on burden) should lead to strong considera on
of treatment with an appropriate targeted therapy, either
as ﬁrst-line (when other op ons appear unlikely to be beneﬁcial) or subsequent treatment. However, recent suggesons that op mum therapy for CUP can be administered
using only the results of comprehensive molecular proﬁling
(i.e., knowledge of the primary site is irrelevant) are premature. At present, few targeted drugs are recommended
for ﬁrst-line single-agent treatment in any solid tumor type.
Combina on chemotherapy s ll plays an important role in
the treatment of many cancers; few oncologists would recommend the same chemotherapy for pa ents with breast

compared wth colon cancer, nor would they treat the large
majority of pa ents with either of these cancer types with
ﬁrst-line single-agent targeted therapy. Likewise, treatment
of a pa ent with BRAF V600E–mutated cancer with current
BRAF-targeted agents would be inappropriate if the primary
site was known to be colorectal.
In the past, the heterogeneity of pa ents with CUP (including diﬀerent clinical features and diverse cancer types) was
an impediment to performing clinical trials and developing
eﬀec ve treatment. The approaches to cancer therapy are
now focused on molecular cancer mechanisms, so the heterogeneity of CUPs likely will provide greater opportuni es
to iden fy treatable subsets. Addi onal experience with
comprehensive molecular profiling, targeted treatment,
and immunotherapy is essen al in this pa ent popula on.
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