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16th Jan 2020

16th Jan 2020 

Dear Prof. Comoglio, 

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now 
received feedback from two of the three reviewers who init ially agreed to evaluate your manuscript . 
Given that referee #2 has unfortunately not returned his/her report so far despite several chasers, 
and that both referees 1 and 3 are overall posit ive, we prefer to make a decision now in order to 
avoid further delay in the process. Should referee #2 provide a report , we will send it to you, with the 
understanding that we would not ask you for extensive experiments in addit ion to the ones 
required in the enclosed reports. 

As you will see from the reports below, while reviewer #3 is overall support ive of the manuscript 
pending minor revisions, reviewer #1 recognizes the value of your data, but also raises a number of 
concerns. In part icular, more samples should be analysed (normal samples from CUP pat ients, 
metastasis samples from warm autopsies, human stem cells), and clustering analysis should be 
performed in addit ion to the UMAP analysis. 

Addressing the other reviewers' concerns will be necessary for further considering the manuscript in 
our journal. EMBO Molecular Medicine encourages a single round of revision only and therefore, 
acceptance or reject ion of the manuscript will depend on the completeness of your responses 
included in the next, final version of the manuscript . For this reason, and to save you from any 
frustrat ions in the end, I would strongly advise against returning an incomplete revision. Should you 
find that the requested revisions are not feasible within the constraints out lined here and prefer, 
therefore, to submit your paper elsewhere, we would welcome a message to this effect . 

When submit t ing your revised manuscript , please carefully review the instruct ions that follow below. 
Failure to include requested items will delay the evaluat ion of your revision: 

1) A .docx formatted version of the manuscript  text  (including legends for main figures, EV figures
and tables). Please make sure that the changes are highlighted to be clearly visible.

2) Individual product ion quality figure files as .eps, .t if, .jpg (one file per figure).

3) A .docx formatted let ter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part  of the EMBO Press transparent editorial process, the point-
by-point  response is part  of the Review Process File (RPF), which will be published alongside your
paper.

4) A complete author checklist , which you can download from our author guidelines
(ht tps://www.embopress.org/page/journal/17574684/authorguide#submissionofrevisions). Please
insert  informat ion in the checklist  that  is also reflected in the manuscript . The completed author
checklist  will also be part  of the RPF.

5) Please note that all corresponding authors are required to supply an ORCID ID for their name

1st Editorial Decision



upon submission of a revised manuscript . 

6) Before submit t ing your revision, primary datasets produced in this study need to be deposited in
an appropriate public database (see
https://www.embopress.org/page/journal/17574684/authorguide#dataavailability).
Please remember to provide a reviewer password if the datasets are not yet  public.
The accession numbers and database should be listed in a formal "Data Availability " sect ion
(placed after Materials & Method). Please note that the Data Availability Sect ion is restricted to
new primary data that are part  of this study.

*** Note - All links should resolve to a page where the data can be accessed. *** 

7) We would also encourage you to include the source data for figure panels that show essent ial
data. Numerical data should be provided as individual .xls or .csv files (including a tab describing the
data). For blots or microscopy, uncropped images should be submit ted (using a zip archive if
mult iple images need to be supplied for one panel). Addit ional informat ion on source data and
instruct ion on how to label the files are available at
.

8) Our journal encourages inclusion of *data citat ions in the reference list* to direct ly cite datasets
that were re-used and obtained from public databases. Data citat ions in the art icle text  are dist inct
from normal bibliographical citat ions and should direct ly link to the database records from which the
data can be accessed. In the main text , data citat ions are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list ,
data citat ions must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/ident ifiers and a resolvable link to the landing page from which the data
can be accessed at  the end of the reference. Further instruct ions are available at  .

9) We replaced Supplementary Informat ion with Expanded View (EV) Figures and Tables that are
collapsible/expandable online. A maximum of 5 EV Figures can be typeset. EV Figures should be
cited as 'Figure EV1, Figure EV2" etc... in the text  and their respect ive legends should be included in
the main text  after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be
bundled together with their legends in a single PDF file called *Appendix*, which should start  with a
short  Table of Content. Appendix figures should be referred to in the main text  as: "Appendix Figure
S1, Appendix Figure S2" etc.

- Addit ional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc.
Legends have to be provided in a separate tab in case of .xls files. Alternat ively, the legend can be
supplied as a separate text  file (README) and zipped together with the Table/Dataset file.
See detailed instruct ions here:
.

10) For more informat ion: There is space at  the end of each art icle to list  relevant web links for
further consultat ion by our readers. Could you ident ify some relevant ones and provide such
informat ion as well? Some examples are pat ient  associat ions, relevant databases,
OMIM/proteins/genes links, author's websites, etc...

11) Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses



are displayed on the journal webpage and are freely accessible to all readers. They include a short
stand first  (maximum of 300 characters, including space) as well as 2-5 one-sentences bullet  points
that summarizes the paper. Please write the bullet  points to summarize the key NEW findings.
They should be designed to be complementary to the abstract  - i.e. not  repeat the same text . We
encourage inclusion of key acronyms and quant itat ive informat ion (maximum of 30 words / bullet
point). Please use the passive voice. Please at tach these in a separate file or send them by email,
we will incorporate them accordingly. 

Please also suggest a striking image or visual abstract  to illustrate your art icle. If you do please
provide a jpeg file 550 px-wide x 400-px high. 

12) As part  of the EMBO Publicat ions transparent editorial process init iat ive (see our Editorial at
ht tp://embomolmed.embopress.org/content/2/9/329), EMBO Molecular Medicine will publish online a
Review Process File (RPF) to accompany accepted manuscripts.
In the event of acceptance, this file will be published in conjunct ion with your paper and will include
the anonymous referee reports, your point-by-point  response and all pert inent correspondence
relat ing to the manuscript . Let  us know whether you agree with the publicat ion of the RPF and as
here, if you want to remove or not any figures from it  prior to publicat ion.
Please note that the Authors checklist  will be published at  the end of the RPF.

EMBO Molecular Medicine has a "scooping protect ion" policy, whereby similar findings that are
published by others during review or revision are not a criterion for reject ion. Should you decide to
submit  a revised version, I do ask that you get in touch after three months if you have not
completed it , to update us on the status. 

I look forward to receiving your revised manuscript . 

Yours sincerely, 

Lise Roth 

Lise Roth, PhD 
Editor 
EMBO Molecular Medicine 

To submit  your manuscript , please follow this link: 

Link Not Available 

Please do not share this URL as it  will give anyone who clicks it  access to your account. 

***** Reviewer's comments ***** 



Referee #1 (Remarks for Author): 

Cancer of Unknown Primary (CUP): genet ic evidence for a novel pathological ent ity. 
Benvenut i et  al. 

Authors performed a genomic and transcriptomic characterizat ion of several metastases of a case
of cancer of unknown primary (CUP). A total of 15 synchronous metastases were retrieved at  warm
autopsy from 9 different t issues (liver, kidney, breast, lung, axillary lymph node, abdominal
subcutaneous t issue, mediast inum, gluteal subcut is and right  colic flexure). Whole exome
sequencing was performed for the 15 metastases; and RNA sequencing was achieved for 6
metastases (in t riplicates). 

Comprehensive genomic and transcriptomic data generated in this study provide a valuable raw
material to improve our understanding about the mechanist ic origin and evolut ion of CUPs.
However, a more exhaust ive analysis should be performed to support  author's conclusions. 

Main comments: 

1. Transcriptomic analysis (RNAseq): It  is extremely surprising that CUP samples segregate
completely apart  from any other human t issue (TCGA normal, primary and metastat ic samples from
33 t issue types). Although a couple of primary ovarian cancer from the group were included to
exclude batch effects, addit ional samples should be included in the analysis to strongly support  a
dist inct  expression signature of the studied CUP samples, and robust ly discard artefacts.
Please include normal samples from the CUP pat ient  (at  least  normal liver, kidney, breast and lung)
obtained exact ly as the analysed CUP samples (warm autopsy). Are they segregat ing in the
expected TCGA normal t issue? Include addit ional metastasis samples obtained from warm
autopsies (if possible, from your same inst itut ion).
Choose representat ive individual metastat ic samples from TCGA and plot  them in Fig. 2. Is the
median expression profile preserving the t issue-type ident ity features?

Considering that authors suggest that  their model is consistent with the presence of a common cell
of origin with stem-like features... and CUP features suggest a common genet ic mechanism that
fixes the cells in a "stem" state... it  could be interest ing to include human stem cells (embryonic and
adult  stem cells from the literature) in the t ranscriptomic analysis and plot  them in Fig. 2. Are CUP
samples showing stem-like t raits instead of different iated-like expression profiles? 
In addit ion, gene set enrichment and pathway analysis could be performed using RNA seq data
from CUP samples to assess the act ivat ion of stem-associated pathways. Moreover, expression of
stem-cell markers could be shown. The idea of a common cell of origin with stem-like features is
interest ing, but some data support ing this hypothesis should be shown. Is the "poorly
different iated" histology consistent with the stem-like t raits? Are stem-cell markers expressed in
those t issues (IHC)? 
Please include methodological and experimental details: Did you performed macrodissect ion to
select  tumor cells before RNA extract ion? How do you calculate the median expression profile for
the TCGA samples? 

In addit ion to the UMAP analysis, please include a clustering analysis. Although UMAP analysis is
useful for data visualizat ion and could be used as an efficient  preprocessing step, UMAP does not
preserve density and linearity. Thus, it  is strongly suggested to perform clustering analysis
(hierarchical clustering and/or k-means clustering). Please, as previously recommended, include



normal t issue samples from CUP pat ient , other autopsy samples, and stem-cells. 

2. Genomic analysis (Whole exome seq) and phylogenet ic t ree reconstruct ion: One of the most
interest ing finding of the study is the ident ificat ion of a single common "stream", sprout ing a series
of sequent ial linear "brooks"... suggest ing an unusual phylogenet ic evolut ion consistent with the
existence of a common ancestor that  cont inues to evolve in a linear fashion...
In order to assess the significance of this data, it  is necessary to evaluate the context . Thus, it
could be useful to include an external "out lier" to measure the significance of the changes.

Once revised the transcriptomic and genomic analyses, please rethink the manuscript  t it le, more
considering that only one case has been analysed. Although analysis of 15 synchronous
metastases from a CUP case is per se very interest ing and could improve our understanding about
the mechanist ic origin and evolut ion of CUPs and shed lights about the reasons of unusual
patterns of disseminat ion of CUPs, do not forget that  is only one case. Before considering CUP as a
novel pathological ent ity & dist inct  nosological ent ity based on your genomic analysis, addit ional
cases should be analysed in future studies. 

Minor comments: 

1. Revise the Fig. 3C graph & legend. L_10 or L_01?
2. Please, do not overuse quotes (" ") and avoid terms as "flavour".
3. Include significance of abbreviat ion in Fig EV1 (onT).

Referee #3 (Remarks for Author): 

This paper describes the genet ic characterist ics of several metastatat ic lesions from a single
pat ient  affected by a cancer of unknown origin (CUP), with the aim of gett ing an insigth into the
clonal evolut ion of the disease. 

The authors show that the genet ic evolut ion of this case of CUP is "consistent with the existence
of a common ancestor that  cont inues to evolve in a linear fashion, releasing over t ime collateral
branches (the different metastases), each of which accrues an independent smaller mutat ional
burden". This is in clear contrast  with what we generally know about metastat ic cancers. 

The materials and methods are appropriate, especially with regard to the select ion of the clinical
case. The results are clearly explained and compelling. 

The findings reported by the authors are quite stunning and could have a significant therapeut ic
impact. In part icular, these results corroborate the hypothesis that CUPs indeed const itute a
specific nosological ent ity that  could be treated without forcefully considering the supposed primary
lesion histology and his presumed treatment sensit ivity. The suggest ion of lack of parallel branching
in CUP clonal heterogenity evolut ion, if confirmed, could open interest ing perspect ives in the
treatment of these cancers, as could the concept of CUP cell stemness. 

As correct ly stated by the authors in the discussion sect ion, the main limitat ion of this work is that  a
single pat ient  was analyzed, which does not allow to draw firm conclusions and imposes a
confirmat ion of the results in a larger pat ient  sample. With this caveat in mind, the clues from this



thouroughly analysed clinical case are worth of considerat ion for the readership of the journal. 

Here below some minor remarks. 

1. The proposed similarity between the tumor phylogenic t ree and the galaxy expansion pattern is
suggest ive but non completely convincing with regard to the branching pattern - this even from a
graphical point  of view when one see the galaxy image in the supplementary material. Keeping the
botanical reference, widely used for this type of representat ions, the phylogenic t ree of this
pat ient 's tumor resembles more to an olive t ree terminal shoot. The autors should better discuss
this issue.
2. In my opinion, the unpublished work of Verginelli et  al. should not be cited in the paper if it  has not
been published. The editor will advice about this point .



Reviewer #2: 

The study of Benvenuti et al. aims to shed light on the gene expression pattern 
and genomic fingerprint of multiple metastasis obtained from a CUP patient and 
to identify potential therapeutic targets. The results of the manuscript are 
systematically presented and the paper is written in a clear manner. The authors 
provide highly interesting data that point to a specific biology that matches the 
clinical course. 

The major claim of the paper states that, according to the evidence presented, 
the genomic and transcriptomic fingerprints define CUP as unique nosological 
entity. Compared to molecular signatures of metastatic lesions of known primary 
origin, the presented case displays a signature different to all other cancer types. 
In contrast, the sequenced metastases of this case are genetically highly similar 
suggesting a "galaxy type of evolution". 

Major criticism: 

This topic has very high relevance and this study may indeed represent a first 
step towards identifying a novel biology that may indeed consist, as the authors 
suggest, of a particular degree of stemness in CUP. However, the claim that 
CUP is a nosological entity is not strongly supported. The authors show that this 
case is different and special. However, absence of similarity may result from 
many reasons - in the worst case from laboratory artifacts. Absence of similarity 
to other cancers in a single case is therefore not enough to define a disease 
entity. Diagnostically it would be much better to define a positive characteristic, 
such as the stem cell phenotype. 

 Additional points 

Line 76-78 – there are no figures supporting these claims (e.g. ich, if). 

Line 86-87 –it is not clear if the biopsy sample histology presented in Fig 1D 
comes from the ultrasound guided core biopsy as stated in line 75 or if they were 
obtained during warm autopsy as stated in lines 82-83 ? I believe that figure with 
breast metastasis histology is missing. 

Line 89- what was the reasoning behind choosing only these metastasis for 
RNAseq? Please elaborate. 

Line 120 – The statement that all metastasis share fraction of mutations of more 
than 80% seems incorrect, Fig 3A is showing much lower Jaccard index for 
sample L_08. Samples L_01 and L_04B have lower index as well, around 40%. 
This should be checked. 

Minor corrections: 



Throughout the manuscript reference to figures is missing, several typos can be 
detected or words are omitted. Please check carefully. 



10th Apr 20201st Authors' Response to Reviewers



Referee #1: 

Authors performed a genomic and transcriptomic characterization of several metastases of a case of cancer of 

unknown primary (CUP). A total of 15 synchronous metastases were retrieved at warm autopsy from 9 different 

tissues (liver, kidney, breast, lung, axillary lymph node, abdominal subcutaneous tissue, mediastinum, gluteal 

subcutis and right colic flexure). Whole exome sequencing was performed for the 15 metastases; and RNA 

sequencing was achieved for 6 metastases (in triplicates). 

Comprehensive genomic and transcriptomic data generated in this study provide a valuable raw material to 

improve our understanding about the mechanistic origin and evolution of CUPs. However, a more exhaustive 

analysis should be performed to support author's conclusions. 

Main comments: 

Point 1.1: Transcriptomic analysis (RNAseq): It is extremely surprising that CUP samples segregate completely 

apart from any other human tissue (TCGA normal, primary and metastatic samples from 33 tissue types). 

Although a couple of primary ovarian cancer from the group were included to exclude batch effects, additional 

samples should be included in the analysis to strongly support a distinct expression signature of the studied CUP 

samples, and robustly discard artifacts. 

Answer: To unambiguously show the distinct expression signature of CUP samples, we have now replaced the 

UMAP analysis with a robust hierarchical clustering analysis based on correlation distance (new Fig. 2) showing 

that CUP metastases have transcriptional profiles different from the profiles of primary tumors and of metastases 

from recognizable organs. As noted by the Referee the primary ovarian cancers scrutinized as controls have 

expression profiles similar to that of ovarian cancers deposited in the TCGA dataset (now highlighted by the 

purple box, see also point 1.6). Moreover, to further avoid batch effects we have now added a quantile 

normalization step (Figure EV3A). Methods have been updated accordingly (lines 248-250).  

Point 1.2: Please include normal samples from the CUP patient (at least normal liver, kidney, breast and lung) 

obtained exactly as the analysed CUP samples (warm autopsy). Are they segregating in the expected TCGA 

normal tissue? Include additional metastasis samples obtained from warm autopsies (if possible, from your same 

institution). 

Answer: Unfortunately, it was impossible to collect normal tissues at the time of warm autopsy, or to take 

advantage of unrelated cases, in accordance with rules dictated by the Institution Ethical Committee. We think 

that the new hierarchical clustering presented in new Fig.2 can provide convincing evidence of the uniqueness of 

CUP transcriptional profiles, making unnecessary further comparison with normal tissues. 



Point 1.3: Choose representative individual metastatic samples from TCGA and plot them in Fig. 2. Is the 

median expression profile preserving the tissue-type identity features? 

Answer: We thank the reviewer for her/his suggestion. Starting from median expression profiles of each cancer 

type and metastases from TCGA, we have now performed a hierarchical clustering analysis to show how median 

expression profiles preserve the tissue-specific identity features (i.e. each metastasis clusters close to its tumor of 

origin). This new analysis has been now added in Figure EV3B and described in the Manuscript (lines 93-97). 

Point 1.4: Considering that authors suggest that their model is consistent with the presence of a common cell of 

origin with stem-like features... and CUP features suggest a common genetic mechanism that fixes the cells in a 

"stem" state... it could be interesting to include human stem cells (embryonic and adult stem cells from the 

literature) in the transcriptomic analysis and plot them in Fig. 2. Are CUP samples showing stem-like traits 

instead of differentiated-like expression profiles? In addition, gene set enrichment and pathway analysis could be 

performed using RNA seq data from CUP samples to assess the activation of stem-associated pathways. 

Moreover, expression of stem-cell markers could be shown. The idea of a common cell of origin with stem-like 

features is interesting, but some data supporting this hypothesis should be shown. Is the "poorly differentiated" 

histology consistent with the stem-like traits? Are stem-cell markers expressed in those tissues (IHC)? 

Answer: The hypothesis is based on an extensive separate set of experiments described in a manuscript 

submitted elsewhere and under revision (Hypermetastatic stem-like cells from ‘Cancers of Unknown Primary’ 

model multi-organ dissemination and unveil liability to MEK/MYC inhibition by Verginelli et al.). The 

manuscript is attached for the referee eyes only. To avoid duplication the following paragraph was removed: 

….This could be explained by properties of CUP stem-like cells. CUP stem-like cells display a keen proliferative 

autonomy and insensitivity to exogenous factors, which can subtract cells from the selective pressures of the 

microenvironment shaping the slow and heterogeneous genetic evolution observed in metastases of known 

origin. Interestingly, in CUPs, unrestrained proliferation, ability to disseminate and home into multiple tissues, 

and inability to differentiate seem deeply intertwined, and suggest a common genetic mechanism that fixes the 

cells in a stem state…  

Point 1.5.1: Please include methodological and experimental details: Did you perform macrodissection to select 

tumor cells before RNA extraction?  

Answer: Samples were macrodissected to select tumor cells before RNA extraction; after macrodissection 

percent of tumor cells -assessed independently by 2 pathologists- was above 70% in every single specimen. 

Methods have been updated accordingly (lines 226-227).  

Point 1.5.2: How do you calculate the median expression profile for the TCGA samples? 



Answer: TCGA expression data profiles were retrieved as FPKM using the TCGAbiolinks package (Colaprico 

et al., 2016). The analysis was limited to samples labeled as ‘Primary Solid Tumor’, ‘Primary Blood Derived 

Cancer - Peripheral Blood’, or ‘Primary Blood Derived Cancer - Bone Marrow’. For each gene and each of the 

33 tumor types we extracted the median FPKM across all samples to generate the median expression profile of 

each tumor type and the profiles transformed into log2(FPKM+1). Methods have been updated accordingly (lines 

250-258).

Point 1.6: In addition to the UMAP analysis, please include a clustering analysis. Although UMAP analysis is 

useful for data visualization and could be used as an efficient preprocessing step, UMAP does not preserve 

density and linearity. Thus, it is strongly suggested to perform clustering analysis (hierarchical clustering and/or 

k-means clustering). Please, as previously recommended, include normal tissue samples from CUP patient, other

autopsy samples, and stem-cells. 

Answer: We agree with the reviewer that UMAP analysis is more useful for data visualization and in majority of 

cases cannot preserve linearity. For that reason, we have now replaced the UMAP analysis with a hierarchical 

clustering analysis based on correlation distance to show how CUP samples do not group with their tissue of 

origin (see point 1.1 and updated Methods; lines 254-258). Concerning the inclusion of normal tissue samples, 

see point 1.2.  

Point 1.7: Genomic analysis (Whole exome seq) and phylogenetic tree reconstruction: One of the most 

interesting finding of the study is the identification of a single common "stream", sprouting a series of sequential 

linear "brooks"... suggesting an unusual phylogenetic evolution consistent with the existence of a common 

ancestor that continues to evolve in a linear fashion... In order to assess the significance of this data, it is 

necessary to evaluate the context. Thus, it could be useful to include an external "outlier" to measure the 

significance of the changes.  

Answer: As requested, a Jaccard plot including data from WES of three unrelated metastases (CTR_UNR1, 

CTR_UNR2 and CRT_UNR3) is shown below. The genetic similarity among those controls and metastases of 

the CUP patient (measured as function of Jaccard index) was zero (white squares). To avoid overloading of the 

paper we only added this plot in the expanded view (Figure EV4). 



Point 1.8: Once revised the transcriptomic and genomic analyses, please rethink the manuscript title, more 

considering that only one case has been analysed. Although analysis of 15 synchronous metastases from a CUP 

case is per se very interesting and could improve our understanding about the mechanistic origin and evolution 

of CUPs and shed lights about the reasons of unusual patterns of dissemination of CUPs, do not forget that is 

only one case. Before considering CUP as a novel pathological entity & distinct nosological entity based on your 

genomic analysis, additional cases should be analysed in future studies. 

Answer: As suggested by the reviewer, we changed the manuscript title, adding the statement: ‘A case report’. 

Minor comments: 

All minor points have been fixed. 



Reviewer #2: 

The study of Benvenuti et al. aims to shed light on the gene expression pattern and genomic fingerprint of 

multiple metastasis obtained from a CUP patient and to identify potential therapeutic targets. The results of the 

manuscript are systematically presented and the paper is written in a clear manner. The authors provide highly 

interesting data that point to a specific biology that matches the clinical course.  

The major claim of the paper states that, according to the evidence presented, the genomic and transcriptomic 

fingerprints define CUP as unique nosological entity. Compared to molecular signatures of metastatic lesions of 

known primary origin, the presented case displays a signature different to all other cancer types. 

In contrast, the sequenced metastases of this case are genetically highly similar suggesting a "galaxy type of 

evolution". 

Major criticism: 

Point 2.1: This topic has very high relevance and this study may indeed represent a first step towards identifying 

a novel biology that may indeed consist, as the authors suggest, of a particular degree of stemness in CUP. 

However, the claim that CUP is a nosological entity is not strongly supported. The authors show that this case is 

different and special. However, absence of similarity may result from many reasons - in the worst case from 

laboratory artifacts. Absence of similarity to other cancers in a single case is therefore not enough to define a 

disease entity. Diagnostically it would be much better to define a positive characteristic, such as the stem cell 

phenotype. 

Answer: As already agreed with Referee #1, we changed the title adding the statement: ‘A case report’. Further 

steps towards the identification of CUP as a novel biology entity are ongoing. Some of them are reported in the 

enclosed accompanying manuscript (see Point 1.4 raised by Reviewer #1).  

Additional points 

Line 76-78 – there are no figures supporting these claims (e.g. ich, if). 

Answer: Nineteen IHC markers (both positive and negative) used throughout the ad excludendum CUP 

diagnosis are now shown in Figure EV1. 

Line 86-87 –it is not clear if the biopsy sample histology presented in Fig 1D comes from the ultrasound guided 

core biopsy as stated in line 75 or if they were obtained during warm autopsy as stated in lines 82-83 ? I believe 

that figure with breast metastasis histology is missing.  

Answer: Sorry for the flaw. We have now amended text and figures. The histology corresponding to ultrasound 

guided core biopsy of breast metastasis is now shown in Figure EV1. Fig 1D show specimens collected at warm 

autopsy. Main text and figure legends have been changed accordingly (line 75).  



Line 89- what was the reasoning behind choosing only these metastasis for RNAseq? Please elaborate. 

Answer: RNA was extracted from three different regions of each metastasis retrieved at warm autopsy. RNAseq 

analysis was performed on six metastases (right colic flexure, liver, kidney, mediastinum, breast and lung). The 

choice was dictated by RNA quality controls. Methods have been updated (line 231-233). 

Line 120 – The statement that all metastasis share fraction of mutations of more than 80% seems incorrect, Fig 

3A is showing much lower Jaccard index for sample L_08. Samples L_01 and L_04B have lower index as well; 

around 40%. This should be checked. 

Answer: We agree with the reviewer that the statement ‘up to 80%’ may be misleading. Indeed, the genetic 

concordance of the 15 metastases, measured as a function of Jaccard similarity, ascertains a low degree of inter-

metastases heterogeneity. All metastasis (except lesion L_08) display a similarity ranging from 58% to 82% (Fig 

3B). The exception of L_08 is due to the scarce number of mutations displayed; nevertheless, out of the 144 

somatic SNVs observed, 4 mutations were partially shared and only 4 private. All remaining mutations were 

fully shared with the other metastases. Metastasis L_01 displays a similarity above 58% with all other metastases 

with the exception of L_8 (see above) and L_04B displays a similarity above 60%. Jaccard numerical values are 

reported in the matrix below. The text has been changed accordingly (lines 125-129). 

 

Minor corrections: 

Throughout the manuscript reference to figures is missing, several typos can be detected or words are omitted. 

Please check carefully. 

Answer: We apologize for the typos; we have now carefully revised the text. 

L_01 L_02 L_03 L_04A L_04B L_04C L_04D L_07A L_07B L_08 L_09 L_10 L_12A L_12B L_12C

L_01 1,00 0,61 0,61 0,61 0,60 0,59 0,58 0,61 0,66 0,43 0,61 0,65 0,65 0,61 0,64

L_02 0,61 1,00 0,74 0,73 0,65 0,67 0,72 0,72 0,75 0,37 0,71 0,76 0,73 0,69 0,66

L_03 0,61 0,74 1,00 0,77 0,67 0,72 0,77 0,77 0,79 0,37 0,75 0,82 0,78 0,73 0,69

L_04A 0,61 0,73 0,77 1,00 0,67 0,73 0,74 0,76 0,77 0,39 0,73 0,79 0,77 0,72 0,70

L_04B 0,60 0,65 0,67 0,67 1,00 0,63 0,67 0,65 0,70 0,39 0,66 0,70 0,67 0,66 0,65

L_04C 0,59 0,67 0,72 0,73 0,63 1,00 0,70 0,73 0,72 0,35 0,69 0,74 0,72 0,68 0,65

L_04D 0,58 0,72 0,77 0,74 0,67 0,70 1,00 0,74 0,76 0,35 0,72 0,79 0,75 0,71 0,66

L_07A 0,61 0,72 0,77 0,76 0,65 0,73 0,74 1,00 0,77 0,35 0,74 0,79 0,76 0,71 0,68

L_07B 0,66 0,75 0,79 0,77 0,70 0,72 0,76 0,77 1,00 0,40 0,76 0,82 0,80 0,77 0,73

L_08 0,43 0,37 0,37 0,39 0,39 0,35 0,35 0,35 0,40 1,00 0,38 0,39 0,41 0,42 0,45

L_09 0,61 0,71 0,75 0,73 0,66 0,69 0,72 0,74 0,76 0,38 1,00 0,78 0,76 0,74 0,69

L_10 0,65 0,76 0,82 0,79 0,70 0,74 0,79 0,79 0,82 0,39 0,78 1,00 0,81 0,76 0,73

L_12A 0,65 0,73 0,78 0,77 0,67 0,72 0,75 0,76 0,80 0,41 0,76 0,81 1,00 0,76 0,73

L_12B 0,61 0,69 0,73 0,72 0,66 0,68 0,71 0,71 0,77 0,42 0,74 0,76 0,76 1,00 0,74

L_12C 0,64 0,66 0,69 0,70 0,65 0,65 0,66 0,68 0,73 0,45 0,69 0,73 0,73 0,74 1,00



Referee #3: 

This paper describes the genetic characteristics of several metastatatic lesions from a single patient affected by a 

cancer of unknown origin (CUP), with the aim of getting an insight into the clonal evolution of the disease. 

The authors show that the genetic evolution of this case of CUP is "consistent with the existence of a common 

ancestor that continues to evolve in a linear fashion, releasing over time collateral branches (the different 

metastases), each of which accrues an independent smaller mutational burden". This is in clear contrast with 

what we generally know about metastatic cancers. 

The materials and methods are appropriate, especially with regard to the selection of the clinical case. The 

results are clearly explained and compelling. 

The findings reported by the authors are quite stunning and could have a significant therapeutic impact. In 

particular, these results corroborate the hypothesis that CUPs indeed constitute a specific nosological entity that 

could be treated without forcefully considering the supposed primary lesion histology and his presumed 

treatment sensitivity. The suggestion of lack of parallel branching in CUP clonal heterogeneity evolution, if 

confirmed, could open interesting perspectives in the treatment of these cancers, as could the concept of CUP 

cell stemness. 

As correctly stated by the authors in the discussion section, the main limitation of this work is that a single 

patient was analyzed, which does not allow to draw firm conclusions and imposes a confirmation of the results 

in a larger patient sample. With this caveat in mind, the clues from this thoroughly analysed clinical case are 

worth of consideration for the readership of the journal. 

Comment: We really thank the reviewer for her/his supporting comments. 

Minor remarks 

Point 3.1: The proposed similarity between the tumor phylogenic tree and the galaxy expansion pattern is 

suggestive but non completely convincing with regard to the branching pattern - this even from a graphical point 

of view when one see the galaxy image in the supplementary material. Keeping the botanical reference, widely 

used for this type of representations, the phylogenic tree of this patient's tumor resembles more to an olive tree 

terminal shoot. The autors should better discuss this issue. 

Answer: As reminded by the reviewer, botanical references are often used to represent phylogenetic trees 

linking different tumors/metastases (i.e. branches, trunk). However, astronomic references as well are used to 

depict tumor evolution (i.e. star, big bang). We agree with the reviewer that the olive tree terminal shoot closely 

resembles to the phylogenetic tree described. We have now included in text this epitome to illustrate CUP 

evolution (lines 186-187). 



Point 3.2: In my opinion, the unpublished work of Verginelli et al. should not be cited in the paper if it has not 

been published. The editor will advise about this point. 

Answer: As suggested by the reviewer we removed the citation from the manuscript. See point 1.4. 



4th May 20202nd Revision - Editorial Decision

4th May 2020 

Dear Prof. Comoglio, 

Thank you for the submission of your revised manuscript  to EMBO Molecular Medicine. 
We have now received the enclosed report  from the three referees who reviewed the new version
of your manuscript . As you will see, they are now support ive of publicat ion, and I am thus pleased to
inform you that we will be able to accept your manuscript  pending the following final editorial
amendments: 

1) Tit le and abstract : please see referee #4's comment on the use of "nosological ent ity" in the t it le.
After discussion with my colleagues, we would like to suggest: "Cancer of Unknown Primary (CUP):
genet ic evidence for a novel nosological ent ity? A case report ." Please let  me know if this sounds
agreeable to you.

2) Main manuscript  text :
- Please correct /answer the track changes suggested by our data editors in the main manuscript
file (in t rack changes mode). I will send you this file in the next couple of days.
- Please remove the highlighted text .
- In the Material and Methods sect ion, please indicate the dilut ion of the ant ibodies used in the
study. Please include a statement that informed consent was obtained from all subjects and that
the experiments conformed to the principles set out in the WMA Declarat ion of Helsinki and the
Department of Health and Human Services Belmont Report .

3) Figures:
- Please remove the EV figures from the manuscript  and upload them as individual figure files. Fig.
EV3 should be uploaded as one single file.
- Tables EV1-3 should be uploaded as separate files, with the file type "Table". Table EV4 should
be relabelled "Dataset EV1" and the legend and callout  adjusted.
- Please remove the EV table legends from the manuscript  and add them direct ly to the respect ive
files. Legends should only include main figures and EV figures.

4) Thank you for providing a synopsis text  and figure. I slight ly modified the text  to match our
format, please let  me know if you agree with the following:

Cancer of unknown primary (CUP) is a heterogeneous clinical syndrome characterized by
metastases without primary tumor, an elusive biology and lack of effect ive t reatments. We describe
the genet ic and evolut ionary features of 15 synchronous and spat ially dist inct  metastases from a
CUP pat ient . 
• CUP metastases were most ly genet ically homogeneous, each one accruing an independent
smaller mutat ional burden.
• Reconstruct ion of phylogenet ic relat ionships among metastases suggested the presence of a
common ancestor that  linearly and rapidly accumulated mutat ions, and disseminated a progeny at
subsequent stages of its evolut ion.
• The genomic and transcriptomic t raits of CUP metastases prompted recognit ion of a dist inct
nosological ent ity.
• On the clinical ground, the unexpected genet ic similarity among different CUP metastases, fosters



a therapeut ic strategy aimed at  simultaneous eradicat ion of the mult iple lesions. 

5) As part  of the EMBO Publicat ions transparent editorial process init iat ive (see our Editorial at
ht tp://embomolmed.embopress.org/content/2/9/329), EMBO Molecular Medicine will publish online a
Review Process File (RPF) to accompany accepted manuscripts.
In the event of acceptance, this file will be published in conjunct ion with your paper and will include
the anonymous referee reports, your point-by-point  response and all pert inent correspondence
relat ing to the manuscript . Let  us know whether you agree with the publicat ion of the RPF and as
here, IF YOU WANT TO REMOVE OR NOT ANY FIGURES BEFORE PUBLICATION.
Please note that the Authors checklist  will be published at  the end of the RPF.

I look forward to reading a new revised version of your manuscript  as soon as possible. 

Sincerely, 

Lise Roth 

Lise Roth, Ph.D 
Editor 
EMBO Molecular Medicine 

To submit  your manuscript , please follow this link: 

Link Not Available 

Please do not share this URL as it  will give anyone who clicks it  access to your account. 

The system will prompt you to fill in your funding and payment informat ion. This will allow Wiley to
send you a quote for the art icle processing charge (APC) in case of acceptance. This quote takes
into account any reduct ion or fee waivers that you may be eligible for. Authors do not need to pay
any fees before their manuscript  is accepted and transferred to our publisher. 

***** Reviewer's comments ***** 

Referee #1 (Remarks for Author): 

The authors have addressed my previous comments and suggest ions 

Referee #3 (Comments on Novelty/Model System for Author): 

I am sat isfied with the amendements proposed by the authors. 

Referee #3 (Remarks for Author): 



None 

Referee #2 (Remarks for Author): 

The study of Benvenut i et al. aims to shed light on the gene expression pattern and genomic 
fingerprint of mult iple metastasis obtained from a CUP pat ient and to ident ify potent ial therapeut ic 
targets. The results of the manuscript are systemat ically presented and the paper is writ ten in a 
clear manner. The authors provide highly interest ing data that point to a specific biology that 
matches the clinical course. 
After revision, the authors addressed most points and provided sat isfying answers to the 
quest ions. My major concern that a single case may not be sufficient to define a nosological ent ity 
was addressed by adding "a case report" to the t it le. I think the paper should be published, because 
the depth and novelty of the study on this individual case just ify it . However, my feeling is that
"nosological ent ity" and "case report" do not go well together. If this is the only case in the world 
that clusters apart from all other cancers, it will remain an anecdote and will not become a 
nosological ent ity. If there are addit ional examples, I would agree with the authors. However, I do not 
see any reason why the authors should insist on this term. Even in their discussion they raise it only 
as a possibility and do not just ify the novel nosological ent ity any further nor do they define the 
novel ent ity in any way. Therefore, I recommend to remove the term "nosological ent ity" from the 
t it le. The authors should point it out as a possibility in the abstract . The uniqueness of their case 
can be highlighted in the t it le using other words. 



8th May 20202nd Authors' Response to Reviewers

The authors performed the requested changes.



USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com Antibodypedia
http://1degreebio.org 1DegreeBio
http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-reporting-the-arrive-guidelines-for-reporting-animal-research/ARRIVE Guidelines

http://grants.nih.gov/grants/olaw/olaw.htm NIH Guidelines in animal use
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm MRC Guidelines on animal use
http://ClinicalTrials.gov Clinical Trial registration
http://www.consort-statement.org CONSORT Flow Diagram
http://www.consort-statement.org/checklists/view/32-consort/66-title CONSORT Check List

è
http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tumour-marker-prognostic-studies-remark/REMARK Reporting Guidelines (marker prognostic studies)

è
http://datadryad.org Dryad

è
http://figshare.com Figshare

è
http://www.ncbi.nlm.nih.gov/gap dbGAP

è
http://www.ebi.ac.uk/ega EGA

http://biomodels.net/ Biomodels Database

http://biomodels.net/miriam/ MIRIAM Guidelines
è http://jjj.biochem.sun.ac.za JWS Online
è http://oba.od.nih.gov/biosecurity/biosecurity_documents.html Biosecurity Documents from NIH
è http://www.selectagents.gov/ List of Select Agents
è

è
è

è
è

� common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney 
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods 
section;

� are tests one-sided or two-sided?
� are there adjustments for multiple comparisons?
� exact statistical test results, e.g., P values = x but not P values < x;
� definition of ‘center values’ as median or average;
� definition of error bars as s.d. or s.e.m. 

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. 
randomization procedure)? If yes, please describe. 

For animal studies, include a statement about randomization even if no randomization was used.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results 
(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done

5. For every figure, are statistical tests justified as appropriate?

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Is there an estimate of variation within each group of data?

Is the variance similar between the groups that are being statistically compared?

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog 
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., 
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for 
mycoplasma contamination.

S100 (Polycolnal) Dako
ER (EP1) Dako
AR (AR441) Biocare
PDL1 (22c3) Dako 
HER2 IQFISH pharmDX Dako
EGFR/CEP7 dual color probe  Vysis-Abbott
MET/CEN7 dual color probe  ZytoVision
ALK dual color break apart probe  ZytoVision
ROS-1 dual color break apart probe  ZytoVision
DAPI I  Vysis

NA

NA

NA

Manuscript Number: EMM-2019-11756

NA

NA

NA

NA

NA

All antibodies used have been listed in Table EV3. Antibodies and probes used for the ‘ad 
excludendum’ analysis are also listed below:
Antibody (clone)   Source
CK7 (OV-TL 12/3) Dako 
CK5 (XM2G) Thermo-scientific
CK20 (Ks20.8) Dako
CK AE1/AE3 (AE1-AE3) Dako 
TTF-1 (8G7G3/1) Diagnostic biosystems
P40 (BC28) Biocare
Napsin A (TMU-Ad02) ARP (American Research Product) 
CDX2 (DAK-CDX2/Monosan; AMT28) Dako
GCDFP15 (23A3) Dako
Mammoglobin (304-1A5) Dako 
BCA225 (CU18) Abcam
Chromogranin A (%H7) Leica
Synaptophysin (DAK-SYNAP) Dako
Calretinin (Polyclonal) Swant Inc.
Melan-A (A103) Leica

NA

NA

NA

1. Data

the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the 
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically 
meaningful way.

The data shown in figures should satisfy the following conditions:

Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship 
guidelines on Data Presentation.

Please fill out these boxes ê (Do not worry if you cannot see all your text once you press return)

a specification of the experimental system investigated (eg cell line, species name).

NA

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should 
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be 
justified

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

Each figure caption should contain the following information, for each panel where they are relevant:

2. Captions

C- Reagents

B- Statistics and general methods

the assay(s) and method(s) used to carry out the reported observations and measurements 
an explicit mention of the biological and chemical entity(ies) that are being measured.
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

a statement of how many times the experiment shown was independently replicated in the laboratory.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

 

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself. 
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).  
We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human 
subjects.  

definitions of statistical methods and measures:

a description of the sample collection allowing the reader to understand whether the samples represent technical or 
biological replicates (including how many animals, litters, cultures, etc.).

EMBO PRESS 

A- Figures 

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are 
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s 
authorship guidelines in preparing your manuscript.  

PLEASE NOTE THAT THIS CHECKLIST WILL BE PUBLISHED ALONGSIDE YOUR PAPER

Journal Submitted to: EMBO Molecular Medicine
Corresponding Author Name: Paolo M. Comoglio

YOU MUST COMPLETE ALL CELLS WITH A PINK BACKGROUND ê



* for all hyperlinks, please see the table at the top right of the document

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing 
and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the 
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure 
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting 
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations.  Please confirm 
compliance.

11. Identify the committee(s) approving the study protocol.

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments 
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human 
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable.

16. For phase II and III randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) 
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting 
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at 
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data 
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, 
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for: 
a. Protein, DNA and RNA sequences 
b. Macromolecular structures 
c. Crystallographic data for small molecules 
d. Functional genomics data 
e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the 
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets 
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured 
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).
20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting 
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the 
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).
21. Computational models that are central and integral to a study should be shared without restrictions and provided in a 
machine-readable form.  The relevant accession numbers or links should be provided. When possible, standardized format 
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM 
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top 
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited 
in a public repository or included in supplementary information.

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top 
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines, 
provide a statement only if it could.

NA

NA

AGNOSTOS trial, n° 008-IRCC-10IIS-14 which corresponds to EudraCT number: 2014-005018-47.

NA

NA

WES and RNAseq raw data have been deposited in the EGA (Eurrpean Genome-Phenome Archive) 
with the accession number EGAS00001004059 as stated in Materials and Methods, within the 'Data 
Availibility'section.

NA

NA

NA

NA

NA

NA

G- Dual use research of concern

F- Data Accessibility

The Institute Ethical Committee is named 'Comitato Etico IRCCS di Candiolo'.

The statement 'Informed consensus was obtatined' is present in 'Patient recruitment, diagnosis and 
tissue collection' section within Material and Methods line 208.

NA

D- Animal Models

E- Human Subjects
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