
** Comments from the external peer reviewers** 
 
Reviewer: 1 
 
Recommendation: 
 
Comments: 
The manuscript entitled, "Polygenic hazard ratio to guide the screening of aggressive prostate cancer: 
Development and validation in large-scale cohorts," is a very well-written paper that describes how a 
polygenic risk score can predict aggressive prostate cancer and therefore be used to help personalize the 
initiation of prostate cancer screening.  Seibert and colleagues found 54 SNPs that were associated with 
aggressiveness that could be used to create a polygenic risk score. The authors use a novel approach 
and data from several large cohorts to validate these findings. The results of this manuscript are very 
interesting and relevant to many of the problems that plague PSA screening. However, there are several 
concerns that should be addressed prior to acceptance of this manuscript: 
 
We again thank the reviewer for taking the time to carefully consider our manuscript and for comments in 
both rounds. We agree that the results will be of interest to those involved in prostate cancer screening. 
We have done our best to implement your remaining constructive comments. 
 
1) Genotype:  the authors are very familiar with >150 prostate cancer risk SNPs that have been described 
over the past decade.  It is unclear how the panel of 54 SNPs relates to these risk SNPs.  The authors 
themselves have described how many of the risk SNPs are associated with aggressive disease.  Are any 
of these the same SNPs.  Please comment and compare the present panel with previous findings. 
 
Yes, this is of interest. In response to comments from the first round of reviews we noted that 7 of the 54 
SNPs presented here overlap with previously reported SNPs associated with prostate cancer. As the 
reviewer notes, the number of associated SNPs reported in the literature continues to grow. The data in 
the present study come from the iCOGS genotyping project, which used a custom Illumina SNP array that 
includes many (but not all) of the SNPs previously reported to be associated with prostate cancer in 
GWAS

1,2
. 

 
The SNPs that overlap with previous reports are noted in Supplementary Table S2.  
 
Additionally, we calculated a PRS with previously reported SNPs to compare the performance of a 
conventional risk score with the PHS introduced here. The two scores are compared for the primary 
endpoint of this study: prediction of age of aggressive prostate cancer onset in ProtecT. This analysis is 
described in the manuscript and is copied below. PRS was a significant predictor of age of aggressive 
PCa onset but did not perform as well as PHS. 
 
Supplementary Methods:  
 

Traditional GWAS have revealed a number of SNPs associated with prostate cancer. In the 
present study, the PHS model was built without prior assumptions on which SNPs would be most 
useful and then optimized parameter estimates for prediction of age of PCa onset. However, it 
may also be of interest to consider the performance of a traditional polygenic risk score (PRS), 
built with previously published SNPs and their corresponding odds ratios (OR). We therefore 
conducted a post-hoc analysis, reported here. 
 
Two recent papers together published a total of 99 SNPs associated with PCa, along with ORs

1,2
. 

Genotype data were available for 63 of those SNPs in our Validation Set. A PRS model was 
constructed using the log odds ratios (from published ORs) for these SNPs and the allele counts 
in the 6,411 men from the Validation Set. The resulting PRS was used as the sole predictor in a 
Cox proportional hazards model, analogous to what was done for PHS in the main manuscript. 
As before, statistical significance was set at alpha of 0.01.  

 



Supplementary Results: 
 

The PRS calculated from 63 previously published SNPs
1,2
 was predictive of age of aggressive 

PCa onset in the Validation Set (z=9.2, p<10
-16
, HR=1.4 [95% CI: 1.3, 1.4]), though its 

performance was not as good as that of PHS (z=11.2, p<10
-16
, HR=2.9 [2.4, 3.4]). 

 
2) Phenotype:  the authors state that the phenotype used in SNP discovery was tumor 
aggressiveness.  Therefore men with low risk prostate cancer (e.g. Gleason 6) were excluded from the 
aggressive group. Since the ProtecT study was used as a validation cohort, the authors have the ability to 
analyze how many men with high PRS ultimately went on to progress on active surveillance.  Could the 
PGS distinguish these groups?  Please comment. 
 
This is a question of great interest. Unfortunately, the long-term clinical outcomes of the genotyped 
individuals in the ProtecT study have not been released by ProtecT to the PRACTICAL consortium at this 
time. The PRACTICAL consortium will gladly investigate this particular question when such data become 
available, and there is a working group within the consortium that is actively pursuing other active 
surveillance data. In other words, it is simply not possible for us to do such analyses at this stage, as the 
data are not available. We have added a note to the Discussion section for the benefit of readers: 
 

Since PHS is predictive of aggressive PCa in general, it might also be useful for predicting 
outcomes of men diagnosed with low-risk PCa in ProtecT. The clinical data necessary to answer 
this interesting question have not yet been made available to the PRACTICAL consortium, so it 
will have to be explored in future analyses.  
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Reviewer: 2 



 
Recommendation: 
 
Comments: 
BMJ.2017.038395.R1 
 
In general, I found this a rather weak response. The actual changes that the authors made the manuscript 
are either of the form: “yes, we accept that this is big problem, so here is a small change we made” or 
“yes, we accept that this is a big problem, but there isn’t anything we can do about it”. For instance, many 
reviewers were alarmed by the use of SEER data; in response the authors say that they have 
“downplayed” the results and say that the data “serve to illustrate the potential distribution of PCa risk by 
PHS”. 
 
First of all, we would like to apologize as it appears that your impression is that we did not take all your 
constructive comments seriously enough. We intended no light treatment of the reviewers’ comments. 
Indeed, the manuscript was substantially modified for resubmission, including an overhaul of the primary 
endpoint, new analyses, and numerous changes to the text. We appreciate the opportunity to further 
improve the manuscript and the specific recommendations provided.   
 
Similarly, in the light of serious concerns raised about the variability of risk at the low end, the authors 
state that this is a property of the Cox model modeling “age of onset”. If anything, this surely indicates that 
the use of the Cox model is not valid. The authors give a weak rejoinder in terms of “predictive power”. 
 
We apologize for the lack of clarity in our response. We do not mean that the variability at the low end is a 
property of Cox modeling. We simply suggest, in response to the reviewer’s original question, that it may 
not be unreasonable for a prediction of age of onset to have variability in both the high and low ends. A 
complex set of interdependent and opposing mechanisms is likely involved in how long a man can protect 
his prostate DNA from mutations that result in detectable malignancy. Genotypes might reflect this 
diversity and appropriately predict, for example, a normal distribution for age of prostate cancer onset. 
However, in the present paper we have made no strong claims about biological mechanisms for the 
SNPs included in the model. We designed a model to predict age of onset evaluated it based on its utility 
for that purpose. The results show that it does provide predictive information in that regard within an 
independent dataset. 
 
We respect to the comments about ProtecT, the authors say, well, yes, this isn’t about germline SNPs as 
a diagnostic test, but then go on to report PPV and so on. 
 
Reporting PPV of PHS would, indeed, be confusing since it is not being evaluated as a diagnostic test. 
However, we have not reported PPV of PHS. We have proposed PHS as a means of risk stratification 
and discuss PPV of PSA only to query whether the risk stratification was successful in a manner 
applicable to the clinical question of whether to order a PSA test.  
 
We have changed “PPV” to “PPV of PSA” in figure titles, where relevant, to avoid any suggestion that 
PPV is of PHS. We have also ensured this distinction is made clear throughout the manuscript. 
 
With respect to PSA, the authors say, ok right, we don't have PSA information but welcome further 
studies on that.  They describe PSA as a “promising metric”. This is despite the fact that so many studies 
have been done on the prognostic value of PSA that there have been secondary literature reviews 
(https://www.ncbi.nlm.nih.gov/pubmed/21862205) and, moreover, the authors’ own data clearly 
demonstrate that germline DNA is vastly inferior to PSA. The Lorenz curve they show gives that 42% of 
aggressive cancers were found in the top quintile of risk. The comparable number for the “promising 
metric” of PSA, a number published in the BMJ (doi: 10.1136/bmj.f2023) is that this proportion of 
aggressive cancers are found in the top 10% of PSA levels. Moreover, in the PSA paper, the definition of 
aggressive cancer is metastasis, rather than the surrogate endpoints of high grade / stage / PSA in the 
current study.  So using a better endpoint, using PSA to risk stratify would require 60% fewer patients 
screened to find the same proportion of cases. 



 
No disparagement was meant by the term “promising metric.” The data for early PSA are impressive for 
risk stratification. We were referring to the potential of early PSA should it become more widely adopted in 
clinical practice and endorsed by more major guidelines

3–6
. We agree that early PSA is a good strategy 

with solid observational evidence for risk stratification and have modified the description of it in our 
manuscript. We have also noted in the revised manuscript that the NCCN guideline on early detection 
does recommend baseline PSA for men considered to be at higher risk. 
 
Again, risk stratification with early PSA is effective, and the Lorenz curve in the reviewer’s paper is quite 
nice. We are not arguing that PHS is superior, and we have revised the manuscript to better emphasize 
the literature on early PSA, including pointing to the merits of the Lorenz curve mentioned above explicitly 
and citing the secondary review by Loeb et al. 
 
The reviewer appropriately observes that the endpoints for the Lorenz curve in his 2013 paper is 
metastatic disease, while here we have used aggressive disease based on clinical factors currently used 
for deciding whether to treat a patient’s prostate cancer. This distinction makes it difficult to draw definitive 
conclusions, especially in studies conducted in different cohorts. We maintain that a direct comparison 
would be best to understand the utility of the two metrics alone or in combination. 
 
In the light of these comments, the authors’ conclusion – “Polygenic hazard scores give personalized 
genetic risk estimates and could inform the decisions of whether, and at what age, to screen a man for 
aggressive PCa” – is not warranted. 
 
We have revised the conclusion as follows: 
 

Polygenic hazard scores give personalized genetic risk estimates that predict for age of onset of 
aggressive PCa. 

 
I note that one of the editors calls for a “statistical review”. I thought I was the one that did this! My 
recommendations, as a statistician are: 
 
a)      Remove references to absolute risk and positive predictive value. 
 
At the reviewer’s request, we have removed all analyses of absolute risk, comprising 13 paragraphs of 
text. This includes 6 paragraphs from the Methods, 3 from the Results, 2 from the Discussion (not 
counting limitations), and another from the Supplementary Methods. We have also removed Table 1 and 
four figures (Figure 3, Figure 4, Figure S4, and Figure S5), with their respective captions. 
 
As alluded to above, we are not clear on the reason for removing PPV analysis. The comments above 
note that reporting PPV is contrary to our assertion that PHS is not presented here as a diagnostic test. 
However, we are not reporting PPV of PHS. Rather, we present PHS as a risk-stratifying tool to help 
guide physicians on the question of whether to order PSA. Physicians are trained to use pre-test 
probability (i.e., underlying prevalence) in determining which diagnostic tests to order because this risk-
stratification yields more useful results (e.g., higher positive predictive value). As this paper is written for a 
general medical audience trying to decide whether to order PSA, it makes sense to discuss how genetic 
risk stratification might impact the PPV of the PSA test.  
 
 
b)      Emphasize the biological finding that genetics predicts prostate cancer risk. 
 
In the Discussion, third paragraph, we have added: 
 

These results also add to existing data as further evidence that genetic features are predictive of 
PCa risk

6–8,11,23–25
. Investigation into the genotypic features described here and elsewhere may 

give additional insight into biological rationales for the association with PCa. 
 



c)      Emphasize that the risk stratification afforded by genetics is markedly inferior to that of PSA, an 
established marker. 
 
As noted above, such a strong statement would require a direct comparison. Nonetheless, the revised 
manuscript gives due credit to the body of work supporting use of baseline PSA for risk stratification. We 
explicitly state in the Discussion that: “The risk-stratification metric with best supportive evidence 
described in the literature is an early midlife PSA level measured at a relatively young age.” The full 
paragraph is below (with emphasis to new text): 
 

The risk-stratification metric with best supportive evidence described in the literature is an 
early midlife PSA level measured at a relatively young age (e.g., <50 years). While not 
currently recommended in many major clinical guidelines

3–5
, early midlife PSA has been shown 

to be predictive of future risk of PCa and lethal PCa
22,29–31

. One nested case-control study 
showed that just the top 10% of early PSA accounted for 40% of metastatic PCa cases

22
. 

This has led to a recommendation to consider PSA testing as early as age 45 in men 
thought by their physician to be at high risk of PCa

32
. A direct comparison of PHS and early 

midlife PSA for prediction of age of onset of aggressive PCa would be worthwhile. There may 
also be an advantage to combining the two predictors. Unfortunately, early midlife PSA is not 
available here, so the question is left for future work.  

 
d)      Remove the current conclusion as it is unwarranted. 
 
The abstract conclusion was modified as noted above in response to the reviewer’s suggestion. 
 
e)      Give a conclusion in terms of that there is now a model of genetic risk that might play a role in 
making decisions about screening. However, further research, particularly on how the germline risk could 
be used with baseline PSA data, would be needed before clinical recommendations could be made. 
 
The Conclusions section has been modified accordingly and is copied below with emphasis to new text: 
 

In conclusion, we describe here the development of a new polygenic hazard score (PHS) for 
personalized genetic assessment of individual, age-associated PCa risk. This score has been 
validated in an independent dataset, demonstrating accurate prediction of aggressive PCa onset. 
Moreover, PHS is shown to predict the utility of PSA testing for an individual patient. This genetic 
risk model might play a role in guiding decisions about whether and when to screen for 
PCa. Investigation into the relationship of PHS and early midlife PSA is warranted. 
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Have you in the past five years been employed by an organisation that may 
in any way gain or lose financially from the publication of this paper?: No 
 
Do you hold any stocks or shares in an organisation that may in any way 
gain or lose financially from the publication of this paper?: No 
 
If you have any competing interests <A HREF='http://www.bmj.com/about-bmj/resources-authors/forms-
policies-and-checklists/declaration-competing-interests'target='_new'> (please see BMJ policy) 
</a>please declare them here: i get royalties from sales of a reflex test for prostate cancer. I'm not at all 
sure how this information would impact sales of the test one way or the other though: the germline is 
certainly not a competing test. 


