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BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) A decision-analytic cost-effectiveness model to compare prostate 
cryotherapy to androgen deprivation therapy for treatment of 
radiation recurrent prostate cancer 

AUTHORS Boyd, Kathleen; Jones, Rob; Paul, James; Birrell, Fiona; Briggs, 
Andrew; Leung, Hing 

 

VERSION 1 - REVIEW 

REVIEWER Truls E. Bjerklund Johansen 
Dept of urology  
Oslo University Hospital  
Oslo  
Norway  
 
and  
Institute of clinical medicine  
University of Aarhus  
Aathus  
Denmark 

REVIEW RETURNED 28-Mar-2015 

 

GENERAL COMMENTS The reviewer completed the checklist but made no further 
comments. 

 

REVIEWER Vanneste B + Ramaekers B 
MAASTRO CLinic  
The Netherlands 

REVIEW RETURNED 17-Jul-2015 

 

GENERAL COMMENTS Comments by Vanneste1 and Ramaekers2:  
1 MD, Radiation Oncologist Department of Radiation Oncology 
(MAASTRO), GROW – School for Oncology and Developmental 
Biology, Maastricht University Medical Center+, The Netherlands  
2 Department of Clinical Epidemiology and Medical Technology 
Assessment, Maastricht University Medical Center+, The 
Netherlands  
 
Global:  
- The authors have explored a very important economic topic, and 
delivered a very well written paper. Due to ever-expanding health 
care expenses, knowledge about the cost of treatments is 
continuously gaining importance. Particularly knowledge on how 
extra costs are related to the additional gain in health related 
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outcome of treatments, which might be either a gain in overall 
survival, a benefit in quality of life or both. This study describes a 
very interesting economic evaluation comparing the local salvage 
therapy to a systemic androgen therapy expressed in incremental 
QALY, reducing life time cost, and in time to neutral point. 
Interesting tool is that this model can be employed to evaluate other 
treatment modalities or strategies in RRPC. The conclusion 
suggested, is only correct if the assumptions used for the Markov 
model are correct. The weakness is that most assumptions were 
taken from the literature witch is mostly based on retrospective data. 
Mention this as a limitation.  
 
- The ceiling ratio of £30,000 is published as 'a basis for debate'. It is 
difficult to say what a society is willing to pay per QALY. Earle et al. 
(JCO 2000) roughly assumes 100 000 US dollars as too much and 
50 000 USD acceptable. Others (in the Netherlands) suggest 
€80,000 per QALY for a high burden disease. The willingness-to-pay 
values per QALY gained differ across countries. It is interesting to 
mention this as different countries take different decisions. However, 
in this analysis, this assumption would not alter the conclusion 
because it is cost-effective given all assumptions.  
 
- Concerning adverse events of the Markov model: It is mentioned in 
the discussion that persistent erectile dysfunction is experienced by 
the majority of patients who have RRPC. I do not agree on that. In 
series, 30 to 45 percent of men who are potent prior to RT become 
impotent after therapy. So 55 to 70 percent is potent. Also technical 
aspects of RT delivery may contribute to RT-induced impotence 
(Rivin del Campo Int J Impot Res. 2013). This suggests that the risk 
of impotence is significantly reduced if penile structures are avoided 
(Roach IJROBP 2010). More sophisticated forms of RT delivery, 
such as IMRT/IGRT, may limit the dose to the penile bulb and 
corporal bodies compared with 3D-CRT. This has an impact on the 
patients QOL and has economic consequences.  
 
- There is mentioned that adverse events are only experienced for 
the first few months have little impact on long term quality of life and 
QALY outcomes. I do not think that side effects like urethra stricture 
and fistula are cured in a few months. Moreover, Robinson et al 
(Urol Oncol 2006) reported in a prospective Phase II clinical trial at 
24 months after SC, 29% of men reported urinary bother as a 
moderate-to-big problem, and 56% reported sexual bother as a 
moderate-to-big problem.  
In the literature search this prospective trial is not mentioned, all the 
others are retrospective/prospective case studies.  
 
- The cost data are from 2011, ideally these data should be updated. 
Similarly, the systematic review was performed for up to 2012, 
please justify why the authors think this is appropriate (i.e. would an 
update of this review alter the model 
(structure/inputs/assumptions/outcomes))?  
 
- Please clarify whether ADT with 20% deferred is really a 
competitive strategy, i.e. is it really competing for the same patients, 
or is this strategy supplemental to the other two strategies (it 
focusses on a different subpopulation)? In case it is not a competing 
strategy, it should be removed from the analysis (at least from the 
base case analysis).  
 
- Abiraterone was considered in the model, please justify why 
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enzalutamide was not considered in the model? And docetaxel?  
 
- Please justify was it was not considered applicable to characterize 
patient heterogeneity in the economic model?  
 
Specific:  
- Abstract:  
Mention: SC was both more effective and less costly. For a ceiling 
ratio of £30,000, SC has a 100% probability to be cost-effective.  
Line 42-43: When the upfront cost of SC (plus any subsequent 
cumulative cost of ADT):  
Shouldn’t be that plus any subsequent cumulative cost side effects 
of SC?  
 
- Line 102-103: There are also other local ablative approaches like 
focal brachytherapy (LDR, HDR)  
 
- Line 133: Patients got primary radiotherapy: External beam or 
brachytherapy or both?  
 
- Line 231-222: the UK decision threshold of £20,000 - 
£30,000/QALY -> should first be mentioned in M&M which threshold 
will be used to consider a treatment cost effective or not.  
 
- Line 275: The need of cryotherapy .. I should say cryotherapy or 
other local ablative therapy. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

 

1. This is an excellent paper about a highly relevant clinical topic  

We thank the reviewer for these encouraging comments and are pleased that the reviewer agrees 

with us on the importance of our research question  

 

 

Reviewer: 2  

We thank the reviewers for their favourable and constructive comments and will incorporate these in 

our revision to strengthen our manuscript.  

 

Global:  

1. The authors have explored a very important economic topic, and delivered a very well written 

paper. Due to ever-expanding health care expenses, knowledge about the cost of treatments is 

continuously gaining importance. Particularly knowledge on how extra costs are related to the 

additional gain in health related outcome of treatments, which might be either a gain in overall 

survival, a benefit in quality of life or both. This study describes a very interesting economic evaluation 

comparing the local salvage therapy to a systemic androgen therapy expressed in incremental QALY, 

reducing life time cost, and in time to neutral point. Interesting tool is that this model can be employed 

to evaluate other treatment modalities or strategies in RRPC. The conclusion suggested, is only 

correct if the assumptions used for the Markov model are correct. The weakness is that most 

assumptions were taken from the literature witch is mostly based on retrospective data. Mention this 

as a limitation.  

 

Response: We have added this as a limitation in the Discussion section on page 15& 16 of the 

manuscript.  
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2. The ceiling ratio of £30,000 is published as 'a basis for debate'. It is difficult to say what a society is 

willing to pay per QALY. Earle et al. (JCO 2000) roughly assumes 100 000 US dollars as too much 

and 50 000 USD acceptable. Others (in the Netherlands) suggest €80,000 per QALY for a high 

burden disease. The willingness-to-pay values per QALY gained differ across countries. It is 

interesting to mention this as different countries take different decisions. However, in this analysis, 

this assumption would not alter the conclusion because it is cost-effective given all assumptions.  

 

Response: We agree with this comment and have added some text to clarify this issue in the 

Discussion section of the manuscript on page 11.  

 

3. Concerning adverse events of the Markov model: It is mentioned in the discussion that persistent 

erectile dysfunction is experienced by the majority of patients who have RRPC. I do not agree on that. 

In series, 30 to 45 percent of men who are potent prior to RT become impotent after therapy. So 55 to 

70 percent is potent. Also technical aspects of RT delivery may contribute to RT-induced impotence 

(Rivin del Campo Int J Impot Res. 2013). This suggests that the risk of impotence is significantly 

reduced if penile structures are avoided (Roach IJROBP 2010). More sophisticated forms of RT 

delivery, such as IMRT/IGRT, may limit the dose to the penile bulb and corporal bodies compared 

with 3D-CRT. This has an impact on the patients QOL and has economic consequences.  

Response: Thank you for your advice regarding occurrence of erectile dysfunction. We agree that 

there is likely to be a quality of life difference in radio-recurrent prostate cancer patients with and 

without erectile dysfunction, however, the proportion of patients with erectile dysfunction would be the 

same in each arm of the cohort model, and therefore the addition of this to the model would not make 

any difference to incremental gains and losses in QALY outcomes, only to absolute values. Other 

previous economic models of recurrent prostate cancer have also assumed that the patient population 

will mostly suffer from erectile dysfunction, and have used similar utility values as our base case value 

(0.774) to reflect the quality of life of a prostate cancer patient on ADT hormone therapy (Zubek & 

Konski, Molecular diagnosis & Therapy, 13(1),31-47,2009). Another further issue when considering 

stratifying the baseline population by impotence and potence is the existing utility evidence on 

impotence. The current utility evidence on impotentce after radical prostatectomy or radiation 

therapoy for prostate cancer is not age adjusted – for example Tengs & Wallace (Medical Care 2000; 

38:583-637) suggest a value of 0.95 for patients suffering impotence, which is much higher than 

general population age-adjusted utility values of 0.774 for 70 year old, and therefore a value of 0.95 is 

not appropriate given the mean age of patients undergoing SC and ADT in the UK and internationally. 

A more recent study which elicited utility values for men with erectile function and dysfunction(Smith & 

Roberts, Clin Drug investig, 25(2)99-105, 2005) found a mean utility of 0.89 with erectyle dysfunction 

compared to 0.96 with no erectyle dysfunction, however these again were not age-specific values. 

Considering this evidence and the general population utility norms for the average 70 year old male, 

our base case utility value for the cohort population in each arm (0.774) reflects a realistic utility value 

for this population and can be considered a mid-way quality of life point between potent patients and 

those suffering from impotence; we feel this adequately reflects the likely quality of life of an average 

70 year old radio-recurrent prostate cancer patient. In response to the reviewers point we have added 

some additional text to page 15 of the manuscript and to page 6 of the supplemental report to explain 

and clarify this consideration.  

4. There is mentioned that adverse events are only experienced for the first few months have little 

impact on long term quality of life and QALY outcomes. I do not think that side effects like urethra 

stricture and fistula are cured in a few months. Moreover, Robinson et al (Urol Oncol 2006) reported 

in a prospective Phase II clinical trial at 24 months after SC, 29% of men reported urinary bother as a 

moderate-to-big problem, and 56% reported sexual bother as a moderate-to-big problem. In the 

literature search this prospective trial is not mentioned, all the others are retrospective/prospective 

case studies.  
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Response: We consulted a wide range of exisiting evidence to inform assumptions regarding the 

incidence, duration and severity of adverse events as well as advice from the clinical experts on the 

CROP trial team. While we do not make specific reference to the Robinson 2006 paper detailed by 

the reviewers here, our assumptions regarding adverse events was informed by (and our manuscript 

does refer to) evidence from prospective RCTs, including an RCT undertaken by Robinson and 

colleagues in 2009 which found and reported that short term adverse events have very little effect on 

overall/long term quality of life (Robinson, et al ‘A Randomized trial of external beam radiotherapy 

versus cryoablation in patients with localized prostate cancer: quality of life outcomes. Cancer, 115, 

4695-4704. 2009). We applied relatively high incidence for individual cryotherapy-related toxicities 

and a severe utility decrement for fistula events in the base case model, and to check the advese 

event assumptions we undertook extensive testing of alternative assumptions for both the SC and 

ADT cohorts, yet found no major impact on outcomes over patient lifetime. Therefore these additional 

scenarios were excluded from the 5 key scenario analysis results reported in table 3 of the 

mansucript. In response to the reviewers comments here and to test the sensitivity of the model to 

changes in the duration of fistula and incontinence assumption we re-ran the model assuming the 

utility decrement associated with fistual lasted for two years and five years. This had only a minor 

impact on lifetime outcomes, resulting in an overall change of 1 quality adjusted life month (0.01 

QALY) reduction in the cryotherapy arm. This does not significantly change the model outcome for the 

cryotherapy arm or the incremental differecne between the two arms. We have added additional text 

to the supplemental report on pages 7 and page 10, to address the reviewers concerns and explain 

that accounting for a longer duration of thesae adverse does not significantly impact on lifetime model 

outcomes.  

 

5. The cost data are from 2011, ideally these data should be updated. Similarly, the systematic review 

was performed for up to 2012, please justify why the authors think this is appropriate (i.e. would an 

update of this review alter the model (structure/inputs/assumptions/outcomes))?  

 

Response: We agree with the reviewer and have updated the manuscript, supplemental report and 

cost analysis accordingly to price year 2014. Regarding the evidence base for model parameters: 

prior to submission of this manuscript, we re-ran the literature search in August 2014 to check for any 

recent updates in the cryotherapy literature, and finding only one relevant paper (Ahmad et al. 2013, 

PLoS ONE 2013; 8:e69243) included this in our model and analysis in both the main manuscript and 

supplemental report. In response to the reviewer’s comment we re-ran the search to look for any 

recent relevant economic models or costing papers to check for any new evidence of relevance to the 

economic model since 2012. There have been no further cost analyses in the past two years. In 

response to your comment we have added additional text to the manuscript on page 6 and the 

supplemental report page 2 and throughout to detail the literature search update and the post 2012 

checks undertaken.  

 

6. Please clarify whether ADT with 20% deferred is really a competitive strategy, i.e. is it really 

competing for the same patients, or is this strategy supplemental to the other two strategies (it 

focuses on a different subpopulation)? In case it is not a competing strategy, it should be removed 

from the analysis (at least from the base case analysis).  

Response: Inclusion of the deferred ADT strategy in the base case analysis was discussed at length 

with clinical experts on the CROP trial team and with various experts at prostate cancer conferences 

in 2013 and 2014. It was decided this was a viable option and likely competitive strategy to account 

for those patients who wish to defer ADT. Such patients are most likely not going to be suitable for 

cryotherapy later, as the PSA velocity will increase and once the doubling time is below 6 months, the 

risk of metastases would likely be deemed too high and would not therefore consider patients for 

cryotherapy. In such a case these patients would be excluded and therefore the option is competing 

for the same patients, therefore we have kept the ADT deferred option in the base case analysis.  
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7. Abiraterone was considered in the model, please justify why enzalutamide was not considered in 

the model? And docetaxel?  

Response: Enzalutamide has recently become recommended for use in the UK as an alternative to 

abiraterone (NICE, Technology appraisal guidance 316, July 2014), and was not an option during the 

analysis and running of the model. As the reviewer points out, enzalutamide is now a relevant 

alternative to abiraterone, and it may well become the preferred choice, however this would only be 

as an alternative to abiraterone, not as well as. The price between these two alternatives is nearly 

identical (British National Formulary. July 2015) and the duration of therapy is only very slightly 

longer, so this would not impact on the costs or the outcome of the economic model. Regarding 

docetaxel - in most high income countries outside Scotland, abiraterone or enzalutamide would be 

used prior to docetaxel and therefore, in terms of global relevance, abiraterone or enzalutamide are of 

more relevance and importance to include in the model. Some additional text has been added to the 

main manuscript and to page 9 of the supplemental report to explain and justify these alternatives.  

 

 

8. Please justify was it was not considered applicable to characterize patient heterogeneity in the 

economic model?  

Response: We have accounted for patient heterogeneity. In decision analytic modelling the 

probabilistic sensitivity analysis accounts for parameter uncertainty and patient heterogeneity 

(Koerkamp, et al. Med Decis Making 2010;30:194–205; Briggs,et al. Med Decis Making 2002;22:290–

308), which was undertaken as part of the basecase analysis. Patient heterogeneity can be explored 

more specifically through identifying relevant subgroups for which the intervention could potentially be 

cost-effective, for example difference genders, or age groups (Koerkamp, et al. Med Decis Making 

2010;30:194–205; Briggs,et al. Med Decis Making 2002;22:290–308). Patient heterogeneity was 

addressed in the scenario analyses 4 and 5, where the model was re-run for an average patient age 

of 60 years and 80 years, the results of which are detailed in Table 3 of the manuscript (page 30). In 

response to the reviewer comment we have added some additional text on page 8 of the manuscript 

and in the supplemental report to add clarity.  

 

As SC was found to be cost-effective for the base case cohort of radio-recurrent prostate cancer with 

a mean age of 70, and also for the 60 and 80 years age groups we therefore felt further stratification 

was not necessary. The relevant population for SC in our analysis (radio-recurrent prostate cancer 

patients) is already a highly specified sub-group of prostate cancer patients, it is not possible to 

stratify this group by gender, and it was felt not appropriate to stratify the age groups further, as the 

the majority of patients with radio-recurrent prostate cancer eligible for SC are within 60-80 yrs age 

group. While clinical and tumour factors such as tumour grades and stage may well influence the 

clinical outcome and treatment efficacy, high risk disease typically respond less well to both SC and 

ADT so the comparison would be balanced out. With the time to cost-neutral analysis, it is relatively 

easy to extract the relevant information to corroborate to patient subgroups that may or may not 

respond well to salvage/second line treatment. It is worth noting that even for tumours with different 

grades, the nadir PSA (surrogate for tumour response) were similar following SC (Ahmad et al. 2013, 

PLoS ONE 2013; 8:e69243).  

 

Specific:  

- Abstract:  

1. Mention: SC was both more effective and less costly. For a ceiling ratio of £30,000, SC has a 100% 

probability to be cost-effective.  

Response: We have added text to the results section of the abstract to make this clearer.  

 

2. Line 42-43: When the upfront cost of SC (plus any subsequent cumulative cost of ADT): Shouldn’t 

be that plus any subsequent cumulative cost side effects of SC?  

Response: We have amended the text in the abstract to be clearer that it is the upfront cost of SC 
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plus the cumulative cost of SC side effects plus ongoing monthly cost of ADT.  

 

3. Line 102-103: There are also other local ablative approaches like focal brachytherapy (LDR, HDR)  

Response: We have added these additions to the text on page 5 of the manuscript.  

 

4. Line 133: Patients got primary radiotherapy: External beam or brachytherapy or both?  

Response: We have added clarification to the text on page 7 of the manuscript.  

 

5. Line 231-222: the UK decision threshold of £20,000 - £30,000/QALY -> should first be mentioned in 

M&M which threshold will be used to consider a treatment cost effective or not.  

Response: We have already specified the analysis will be undertaken from the NHS perspective 

adhering to the NICE reference case in the methods section on page 6 of the manuscript. In response 

to this comment we have added further clarification regarding the threshold on page 6.  

 

6. Line 275: The need of cryotherapy. I should say cryotherapy or other local ablative therapy.  

Response: We have added this additional text on page 14 of the manuscript. 

VERSION 2 – REVIEW 

REVIEWER Vanneste 
MAASTRO Clinic  
The Netherlands 

REVIEW RETURNED 07-Sep-2015 

 

GENERAL COMMENTS The reviewer completed the checklist but made no further 
comments. 
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Correction: Decision analytic cost-effectiveness model to
compare prostate cryotherapy to androgen deprivation
therapy for treatment of radiation recurrent prostate cancer

Boyd KA, Jones RJ, Paul J, et al. Decision analytic cost-effectiveness model to compare
prostate cryotherapy to androgen deprivation therapy for treatment of radiation
recurrent prostate cancer. BMJ Open 2015;5:e007925. This paper has been resupplied
with the correct license statement.

Open Access This is an Open Access article distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/
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