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Highlights

This paper is a meta-analysis of the trials evaluating site-specific treatments in CUP.
No significant survival benefit with site-specific versus empiric chemotherapy.
There was significant heterogeneity across the prospective studies.

Current evidence is insufficient to recommend site-specific therapy in CUP.

However, certain patients with CUP may still benefit from tailored treatments.
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Abstract

Cancers of unknown primary (CUP) are among the most common causes of death due to
cancer, are associated with a poor prognosis, and have few therapeutic options available.
Molecularly-guided site specific treatments were explored based on the assumption that
CUP are similar in their response to treatment to predicted primary tumors. Given the
discordant results between these studies, a meta-analysis using a random-effects model and
the inverse variance method was performed. MEDLINE and conference abstracts of
American Society of Clinical Oncology (ASCO) and European Society of Medical Oncology
(ESMO) meetings were searched from inception until November 2019. A trend towards
improved OS was found with site-specific versus empiric treatment for CUP (HR = 0.73; 95%
Cl 0.52-1.02). There was significant heterogeneity across the 4 studies (1>= 79%; p=0.002) but
no significant difference between the treatment effect in the two subgroups (randomized vs.
non-randomized; p=0.07). The test for overall effect for PFS, which had only been reported
for the two randomized studies, was not statistically significant (HR = 0.93; 95% CI 0.74-
1.17), with little heterogeneity between studies (1= 0%; p=0.77). The results of this meta-
analysis highlight the significant heterogeneity between the prospective studies comparing
molecularly tailored to empiric therapy for CUP and the need for other randomized studies
including only primary tumors with available effective therapies.
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Current Perspectives

Cancers of unknown primary (CUP) are a heterogeneous group of metastatic tumors, for
which a primary site origin cannot be identified despite a standardized diagnostic work-up *.
It accounts for 1-2% of all malignancies and ranks as the seventh cause of mortality in
patients with cancer 2. Largely, two subsets of patients can be identified based on
clinicopathologic criteria 3. The first encloses a minority of patients (15-20%) that is
chemosensitive and has an overall favorable prognosis 3. The second subset includes the
larger category of patients (80-85%) that cannot be assigned to a primary tumor and
commonly present a dismal prognosis with empiric CUP chemotherapy regimens 4. The
efficacy of site-specific treatments in the favorable subsets of patients with CUP makes
compelling evidence to assess tailored therapy in patients within the unfavorable subsets °.
Moreover, case reports and series had suggested that the use of tailored therapies in the

unfavorable subset leads to favorable clinical outcomes 7.

Two prospective studies have reported on the outcomes of site-specific therapy in patients
with CUP. The largest is a subset of 194 patients that had both sufficient tumor material for
the assay and received assay-directed therapy. This subset was compared to a retrospective
cohort from the same consortium that had been treated by empiric chemotherapy, and
were found to have significantly improved overall survival (OS; hazard ratio of 0.63 [95% Cl
0.60-0.66]; hazard ratio unpublished - obtained from authors) 2. In another study of 216
patients with CUP, 188 (87%) had had their primary tumors identified using a microarray-
based DNA methylation signatures °. Patients treated with tailored therapy (n = 31) achieved
an OS benefit in comparison to those treated with empiric CUP regimens (n = 61) with a

hazard ratio (HR) of 0.31 (95% Cl 0.14-0.70) °.
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The efficacy of site-specific therapy was further addressed in two randomized controlled
trials enrolling patients with CUP into tailored therapy or empiric CUP regimen arms. The
first is a phase Il study comparing molecularly-driven site-specific therapy and the
combination of paclitaxel plus carboplatin 1°. The two treatment arms showed similar OS (HR
=1.03; 95% Cl 0.68-1.56) and progression free survival (PFS; HR = 0.88; 95% Cl 0.59-1.33) 1°,
The second study is a phase Il trial that randomized 243 patients into tailored therapy or the
combination of cisplatin plus gemcitabine 1. No statistically significant differences in PFS (HR
= 0.95; 95% Cl 0.72-1.25) or OS (HR = 0.92; 95% Cl 0.69-1.23) were found between the two
treatments arms 1. Given these discordant results, we performed a meta-analysis of these

studies while taking into account the inherent heterogeneity of the included studies.

MEDLINE and conference abstracts of American Society of Clinical Oncology (ASCO) and
European Society of Medical Oncology (ESMO) meetings were searched from inception until
November 2019 for studies evaluating molecularly tailored therapies for CUP. All prospective
studies comparing molecularly tailored to empiric therapies for CUP were included. All data
were abstracted by two authors independently (ER and ZB). The meta-analysis was
performed using a random-effects model and the inverse variance method in order to
account for possible heterogeneity in treatment effect due to differences in the molecular
tests used, study design, and the included patient populations in the four studies. A
subgroup analysis by study design (randomized vs. non-randomized) was performed in order
to better account for this factor. The primary comparison was that of tailored versus empiric
therapies for CUP. The primary endpoint was OS and the secondary endpoint was PFS. All

analyses were done using the Review Manager software, version 5.3 (The Nordic Cochrane
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Center, The Cochrane Collaboration, Copenhagen, Denmark). The threshold for statistical
significance for the tests of overall effect and subgroup comparison was 0.05 and that for
the tests of heterogeneity was 0.10. The I? coefficient was used to quantify the degree of
heterogeneity within and between subgroups. All hypothesis tests were tests were

formulated prior to data collection.

The pooled analysis included 628 patients treated empirically and 398 treated by tailored
therapies. For the primary outcome, a non-statistically significant trend towards improved
0OS was found with tailored versus empiric treatment for CUP (Figure 1; HR = 0.73; 95% ClI
0.52-1.02). Within the non-randomized subgroup (N= 225 tailored and 457 empiric), the
effect was statistically significant (HR = 0.56; 95% Cl 0.26-0.96) but there was significant
heterogeneity between the two included studies (I1°= 65%; p=0.09). Within the randomized
controlled trials subgroup (N= 173 tailored and 171 empiric), the effect was not statistically
significant (HR = 0.95; 95% Cl 0.75-1.21). There was also significant heterogeneity across the
4 studies (1>= 79%; p=0.002) but no significant difference between the treatment effect in
the two subgroups (randomized vs. non-randomized; p=0.07). The test for overall effect for
PFS, which had only been reported for the two randomized studies, was not statistically
significant (HR = 0.93; 95% Cl 0.74-1.17), with little heterogeneity between studies (I°= 0%;

p=0.77).

The results of this meta-analysis highlight the significant heterogeneity between the
prospective studies comparing molecularly tailored to empiric therapy for CUP. The possible
sources of heterogeneity between studies include the study design (randomized vs. non-

randomized), the type of molecular testing performed to identify the primary site of origin
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(methylation vs. RNA-based), the types of systemic therapies included in the tailored and
empiric therapy arms, and the breakdown of expected primary sites (and how sensitive to
tailored and empiric therapies they are expected to be) &1, While no overall statistically
significant effect in favor of tailored therapies was found in this study, certain selected
subgroups of patients may still benefit from this approach. The study by Moran et al. had the
lowest point estimate of the HR among all the included studies °. One of the main
differences between this study and the other included studies was that the assay used to
infer the primary tumor type was DNA methylation-based (as opposed to the others which
were all RNA-based) °. Another potential difference between this study and the three other
studies was the breakdown of the predicted primary tumors, whereby the most frequent
predicted primary was breast carcinoma in the study by Moran et al. as opposed to
pancreaticobiliary carcinoma which is generally associated with a poor prognosis in each of

the three other studies 811

. Moreover, certain patient subgroups did not receive the
therapies that constituted the standard of care at the time of enrollment of these studies
such as immune checkpoint inhibitors and novel targeted therapies for kidney cancer,
melanoma, and non-small cell lung cancer. Yet, the GEFCAPIO4 trial showed that the
subgroup of predicted primary tumors that are known to be unresponsive to empiric CUP
regimens (such as kidney cancer, melanoma, and colorectal carcinoma) had a trend towards
improved OS with tailored therapies (2-year estimate of 24.3% vs. 10.4% and HR= 0.74; 95%
Cl 0.36-1.51), although the study had been underpowered to detect such an effect **. Finally,
the population of CUP patients enrolled into clinical trials and diagnosed in clinical practice
has changed substantially in recent years due to improved immunohistochemistry-based

diagnostics. This has restricted the definition of CUP to more select cancer types, for which

specific protein markers are not readily available (such as squamous cell and pancreato-
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biliary tumors) and limits the applicability of the data generated from the earlier periods of

enrollment of all the included trials.

This meta-analysis highlights the difficulty of evaluating the role of tailored therapies in
patients with CUP. While the overall effect of tailored compared to empiric therapies was
negative, subgroup analyses of the primary studies and the results of this analysis suggest
that selected patients may benefit from such an approach, site-specific therapy for all
comers cannot be recommended at this time. The differences in design of the studies and
the small sample sizes limit the conclusions of the present analysis. Future randomized
controlled trials that use standardized diagnostic tests and the contemporaneous standard
of care for patients with identified primaries, particularly in the more responsive cancer

types, are highly needed to accurately address the question of tailored therapies for CUP.
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Figure 1A: Hazard ratio for PFS (95% Cl) in CUP trials comparing tailored and empiric chemotherapy

regimens
Tailored Treat it Empiric Treat it Hazard Ratio Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV, Rand 95% Cl Year IV, Rand 95% Cl
Hayashi et al -0.1233 0.2069 a0 a1 31.8% 0.88[0.59,1.33] 2019
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Total (95% CI) 173 171 100.0% 0.93[0.74, 1.17]
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Figure 1B: Hazard ratio for OS (95% Cl) in CUP trials comparing tailored and empiric chemotherapy

regimens
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Subtotal (95% CI) 173 171 52.2% 0.95[0.75, 1.21] 4
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