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After half a century of advances, cancer research has evolved 
from a simplistic to a multidimensional approach covering 
the intricate and dynamic interactions between cancer cell 
changes that originate within the cells themselves and their 
surrounding tumor microenvironment.1 The alterations oc-
curring within the cancer cells, whether they are genomic, 
transcriptomic, or epigenetic, play a significant role in car-
cinogenesis. The complexities of this process account for a 
substantial biological heterogeneity both within and between 
metastases occurring in the same organ site or different or-
gan microenvironments.2 Furthermore, these complexities 
are further compounded by the interpatient heterogeneity in-
volving host/microbiota interactions and drug distribution.3 
The traditional one-size-fits-all approach could not achieve 
the expected outcomes despite the latest advances in target-
ed therapies alongside the development of novel therapeutic 
approaches. The strategic shift toward precision oncology 
presents an opportunity to integrate the patient’s and tumor’s 
molecular data to achieve a more comprehensive character-
ization of the tumor and tailor the therapeutic approach to 
each patient’s specific needs, ensuring the right treatment, at 
the right dose, and at the right time.4,5

Cancers of unknown primary (CUP) are hard-to-treat can-
cers where the traditional definition of cancer based on its 
primary site is not applicable. This entity encloses a diverse 
group of metastatic tumors without an identifiable anatomi-
cal origin at the time of diagnosis, despite extensive investiga-
tions.6 Some experts regard CUP as an artificial classification, 
suggesting that it comprises malignant metastases originated 
from undetected primary tumors, and advocate for thor-
ough diagnostic assessments to identify the primary tumor 
and tailor-targeted therapy accordingly. Conversely, other 
experts view CUP as a distinct clinical condition with unique 
characteristics, negating the need to identify the primary 
tumor and instead favor the use of CUP-specific treatments.7 
Advancements in molecular and radiological techniques have 
dropped the proportion of cancer patients who are diagnosed 
with CUP to 1%-2% compared to 3%-5% in the early 1990s.8 
However, this decline may be influenced by oncologists who 

prefer to consider the patient with an identifiable primary 
thus allowing him a broader range of innovative therapies. 
Using this approach, the accuracy of predicting the site-of- 
origin using (epi)genomic or transcriptomic CUP classifiers and 
DNA or RNA sequencing ranged between 54% and 98% and 
around 61% when using deep learning-based algorithms.7,9

The management of CUP patients based on a suggested 
primary offers 2 therapeutic strategies that may sometimes 
overlap: tumor type-specific therapy and biomarker-guided 
therapy. However, when employing this straightforward pre-
cision medicine approach, treatments tailored to the site of 
origin did not show a statistically significant improvement in 
overall survival.10 The phase III trial GEFCAPI04 used con-
ventional site-specific therapy based on the suggested pri-
mary tumor but encountered several challenges.11 One of the 
main issues was the disproportionate accrual of pancreatico-
biliary and advanced squamous cell carcinomas. Moreover, 
the GEFCAPI 04 trial was presented in 2019, but its design 
dates back more than a decade ago with site-specific therapy 
already predetermined in 2011, whereas significant thera-
peutic improvements have been achieved in the interim. For 
instance, lung and renal carcinomas of unknown primary 
appear to benefit from site-specific therapy.12

Our review of the literature has revealed that despite the 
advancements in molecular biology, the recognition of the  
molecular abnormalities involved in CUP, as well as  
the identification of the tissue of origin, remain unresolved 
issues.13 Moreover, 3 decades of research were underwhelm-
ing and call for a strategic shift in our approach to CUP. 
To address the limitations of previous trials, we have pre-
viously proposed 2 trial designs.14 The first design involves 
a master protocol that employs a common CUP classifier 
to create a homogeneous study population. This approach 
allows participants to receive treatment options according 
to the latest innovations within a flexible, adaptive multi-
arm, multistage trial. Considering the potential challenges in 
implementing the aforementioned design, we proposed an 
alternative practical design following a single-arm phase II 
design to treat patients with site-specific therapy according 

Received: 23 July 2023; Accepted: 9 August 2023.
© The Author(s) 2023. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), 
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

mailto:elie.el-rassy@gustaveroussy.fr?subject=


830 The Oncologist, 2023, Vol. 28, No. 10

to their suggested primary tumor site. The outcomes of these 
trials would then be compared with results published among 
historical CUP patients who received similar therapies for 
known primary sites.

We suggest a holistic approach to patients with CUP to 
enhance patient-centric implementation strategies, accelerate 
research progress, promote the acceptance and adoption of 
molecular tools, and personalize drug access. This approach 
consists of generating a comprehensive multidimensional 
portrait of cancer in patients with CUP in order to model 
the biology at the individual level and identify the right ther-
apeutic target, irrespective of the origin of the cancer. This 
approach requires an integration of basic biology, biotechnol-
ogies, data sciences, clinical research, and social sciences (Fig. 
1). The framework of this vision is based on an inductive, 
bottom-up, research approach that involves 3 essential steps: 
First, translating breakthrough discoveries in basic science 
into biomarkers of sensitivity to therapies; second, developing 
technologies that effectively integrate each component of the 
cancer biology into multidimensional portraits; and finally, 
advancing this research toward clinical implementation. The 
implementation of this biology-driven approach to care for 
patients with CUP relies on cutting-edge biotechnologies, 
including organoids within the tumor microenvironment spa-
tial biology, analyzed by new mathematical methods, includ-
ing artificial intelligence to detect targets. The ultimate goal is 
to integrate all these parameters over the long term, forming 
patient-specific cancer holograms. Our vision for implement-
ing this strategy involves a nationwide screening of cancer 
patients through a centralized portal where patients will be 
orientated according to their disease characteristics.

We firmly believe that this second-generation precision 
oncology centered on biology and irrespective of organ of ori-
gin necessitates a cultural shift in our traditional practice, sup-
ported by technological advances. The conventional simplistic 
approach of precision medicine, which consisted of using tar-
geted therapy for a specific target, did not achieve the anticipated 

results, which is not surprising considering the intricate nature 
of carcinogenesis, particularly in CUP. This new era requires 
a redefinition of cancer, extending beyond its organ of origin, 
and emphasizing the importance of understanding its molecular 
characteristics within a specific patient at a particular point in 
time. The success of this vision will not only improve patient 
outcomes but will also enhance equity in healthcare access and 
expedite research and access to novel advancements.

Conflict of Interest
Elie Rassy reported honoraria from Eli Lilly; travel, accom-
modations, expenses from Pfizer, Roche, and Mundipharma; 
and grants from Gilead (institutional). Fabrice Andre report-
ed research funding from AstraZeneca, Novarti, Pfizer, Eli 
Lilly, Roche, and Daiichi (institutional); travel, accommoda-
tions, expenses from Novartis, Roche, GlaxoSmithKline, and 
AstraZeneca; ad boards or symposium compensated to the 
hospital from AstraZeneca, Lilly, Novartis, Pfizer, Daiichi-
Sankyo, Relay Tx, and Roche; ad board compensated to the 
author from Lilly.

References
1.	 Hanahan D. Hallmarks of cancer: new dimensions. Cancer Discov. 

2022;12(1):31-46. https://doi.org/10.1158/2159-8290.CD-21-1059
2.	 Fidler IJ. Commentary on “tumor heterogeneity and the biology of 

cancer invasion and metastasis.”. Cancer Res. 2016;76(12):3441-
3442. https://doi.org/10.1158/0008-5472.CAN-16-1330

3.	 Garattini S, Nerini IF, D’Incalci M. Not only tumor but also ther-
apy heterogeneity. Ann Oncol. 2018;29(1):13-18. https://doi.
org/10.1093/annonc/mdx646

4.	 Schwartzberg L, Kim ES, Liu D, Schrag D. Precision oncology: who, 
how, what, when, and when not?. Am Soc Clin Oncol Educ Book. 
2017(37):160-169. https://doi.org/10.1200/edbk_174176

5.	 Mosele F, Remon J, Mateo J, et al. Recommendations for the use 
of next-generation sequencing (NGS) for patients with metastatic  

Figure 1. Precision oncology in cancer of unknown primary.

https://doi.org/10.1158/2159-8290.CD-21-1059
https://doi.org/10.1158/0008-5472.CAN-16-1330
https://doi.org/10.1093/annonc/mdx646
https://doi.org/10.1093/annonc/mdx646
https://doi.org/10.1200/edbk_174176


The Oncologist, 2023, Vol. 28, No. 10 831

cancers: a report from the ESMO Precision Medicine Work-
ing Group. Ann Oncol. 2020;31(11):1491-1505. https://doi.
org/10.1016/j.annonc.2020.07.014

6.	 Rassy E, Pavlidis N. The diagnostic challenges of patients with 
carcinoma of unknown primary. Expert Rev Anticancer Ther. 
2020;20(9):775-783. https://doi.org/10.1080/14737140.2020.180
7948

7.	 Rassy E, Pavlidis N. Progress in refining the clinical management 
of cancer of unknown primary in the molecular era. Nat Rev Clin 
Oncol. 2020;17(9):541-554. https://doi.org/10.1038/s41571-020-
0359-1

8.	 Rassy E, Pavlidis N. The currently declining incidence of cancer 
of unknown primary. Cancer Epidemiol. 2019;61:139-141. https://
doi.org/10.1016/j.canep.2019.06.006

9.	 Lu MY, Chen TY, Williamson DFK, et al. AI-based pathol-
ogy predicts origins for cancers of unknown primary. Nature. 
2021;594(7861):106-110. https://doi.org/10.1038/s41586-021-
03512-4

10.	Rassy E, Bakouny Z, Choueiri TK, et al. The role of site-specific 
therapy for cancers of unknown of primary: a meta-analysis.  

Eur J Cancer. 2020;127:118-122. https://doi.org/10.1016/j.
ejca.2019.12.016

11.	Fizazi K, Maillard A, Penel N, et al. LBA15_PR - a phase III trial 
of empiric chemotherapy with cisplatin and gemcitabine or sys-
temic treatment tailored by molecular gene expression analysis in 
patients with carcinomas of an unknown primary (CUP) site (GEF-
CAPI 04). Ann Oncol. 2019;30:v851. https://doi.org/10.1093/
annonc/mdz394

12.	Rassy E, Parent P, Lefort F, et al. New rising entities in cancer of 
unknown primary: is there a real therapeutic benefit?. Crit Rev 
Oncol Hematol. 2020;147:102882. https://doi.org/10.1016/j.
critrevonc.2020.102882

13.	Rassy E, Assi T, Pavlidis N. Exploring the biological hallmarks of 
cancer of unknown primary: where do we stand today?. Br J Can-
cer. 2020;122(8):1124-1132. https://doi.org/10.1038/s41416-019-
0723-z

14.	Rassy E, Labaki C, Chebel R, et al. Systematic review of the CUP 
trials characteristics and perspectives for next-generation studies. 
Cancer Treat Rev. 2022;107:102407. https://doi.org/10.1016/j.
ctrv.2022.102407

https://doi.org/10.1016/j.annonc.2020.07.014
https://doi.org/10.1016/j.annonc.2020.07.014
https://doi.org/10.1080/14737140.2020.1807948
https://doi.org/10.1080/14737140.2020.1807948
https://doi.org/10.1038/s41571-020-0359-1
https://doi.org/10.1038/s41571-020-0359-1
https://doi.org/10.1016/j.canep.2019.06.006
https://doi.org/10.1016/j.canep.2019.06.006
https://doi.org/10.1038/s41586-021-03512-4
https://doi.org/10.1038/s41586-021-03512-4
https://doi.org/10.1016/j.ejca.2019.12.016
https://doi.org/10.1016/j.ejca.2019.12.016
https://doi.org/10.1093/annonc/mdz394
https://doi.org/10.1093/annonc/mdz394
https://doi.org/10.1016/j.critrevonc.2020.102882
https://doi.org/10.1016/j.critrevonc.2020.102882
https://doi.org/10.1038/s41416-019-0723-z
https://doi.org/10.1038/s41416-019-0723-z
https://doi.org/10.1016/j.ctrv.2022.102407
https://doi.org/10.1016/j.ctrv.2022.102407

