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DISCLAIMER  
Not a Substitute for Professional Advice 
This report is primarily intended to help Canadian health systems leaders and policymakers make 
well-informed decisions and thereby improve the quality of health care services. While patients 
and others may use this report, they are made available for informational and educational 
purposes only. This report should not be used as a substitute for the application of clinical 
judgment in respect of the care of a particular patient or other professional judgment in any 
decision making process, or as a substitute for professional medical advice. 
 
Liability 
pCODR does not assume any legal liability or responsibility for the accuracy, completeness or 
usefulness of any information, drugs, therapies, treatments, products, processes, or services 
disclosed. The information is provided "as is" and you are urged to verify it for yourself and consult 
with medical experts before you rely on it. You shall not hold pCODR responsible for how you use 
any information provided in this report. 
Reports generated by pCODR are composed of interpretation, analysis, and opinion on the basis of 
information provided by pharmaceutical manufacturers, tumour groups, and other sources. pCODR 
is not responsible for the use of such interpretation, analysis, and opinion. Pursuant to the 
foundational documents of pCODR, any findings provided by pCODR are not binding on any 
organizations, including funding bodies. pCODR hereby disclaims any and all liability for the use of 
any reports generated by pCODR (for greater certainty, "use" includes but is not limited to a 
decision by a funding body or other organization to follow or ignore any interpretation, analysis, 
or opinion provided in a pCODR report). 
 

FUNDING 
The pan-Canadian Oncology Drug Review is funded collectively by the provinces and territories, 
with the exception of Quebec, which does not participate in pCODR at this time. 
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INQUIRIES  
Inquiries and correspondence about the pan-Canadian Oncology Drug Review (pCODR) should be 
directed to:  
 
pan-Canadian Oncology Drug Review 
154 University Avenue, Suite 300  
Toronto, ON  
M5H 3Y9  
 
Telephone: 613-226-2553  
Toll Free: 1-866-988-1444  
Fax: 1-866-662-1778  
Email: requests@cadth.ca  
Website: www.cadth.ca/pcodr 
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1 ECONOMIC GUIDANCE IN BRIEF 
 

1.1 Submitted Economic Evaluation 
 

The economic analysis submitted to pCODR by Merck, compared KEYTRUDA® 
(pembrolizumab), a high affinity antibody against programmed-death-receptor-1 (PD-1) that 
inhibits the PD-1 receptor and modulates anti-tumour immunity, to monotherapy with 
investigator’s choice of chemotherapy with paclitaxel, docetaxel, or vinflunine for the 
treatment of patients with locally advanced or metastatic urothelial carcinoma (UC) who 
have disease progression during or following platinum-containing chemotherapy or within 12 
months of completing neoadjuvant or adjuvant platinum-containing chemotherapy. 
 
Table 1.1. Submitted Economic Model 

Funding Request 
 

Merck is requesting pembrolizumab to be listed for the 
treatment of patients with locally advanced or metastatic 
urothelial carcinoma (UC) who have disease progression 
during or following platinum-containing chemotherapy or 
within 12 months of completing neoadjuvant or adjuvant 
platinum-containing chemotherapy.  The funding request and 
modelled population are in alignment. 

Type of Analysis Cost effectiveness analysis and cost utility analysis 
Type of Model Partitioned-survival model  
Comparator The base-case analysis was performed for combined 

docetaxel and paclitaxel as standard of care (SOC).  
Time Horizon 10 years 
Perspective Publicly funded health care system in Canada 
Cost of pembrolizumab At the list price, pembrolizumab costs $44.00 per mg; $4,400 

per 100mg and $2,200 per 50mg vial. At the recommended 
dose of 200 mg IV every 3 weeks, pembrolizumab costs 
$419.05 per day and $11,733.33 per 28-day cycle.  

Cost of docetaxel and 
paclitaxel 
      
 

At the list price, docetaxel costs $1.52 per mg. At the 
recommended dose of 75 mg/m2 IV every 3 weeks, docetaxel 
costs $9.20 per day and $257.72 per 28-day cycle. 
 
At the list price, paclitaxel costs $2.00 per mg. At the 
recommended dose of 175 mg/m2 IV every 3 weeks, 
paclitaxel costs $12.14 per day and $340.00 per 28-day cycle.  

Model Structure The model was comprised of 3 health states: pre-progression, 
progression (or post-progression), and death.  Transitions 
between these health states were driven by the KeyNote-45 
(KN-045); Kaplan-Meier (KM) data were used directly for the 
first 15 weeks of the model time horizon and parametric 
functions were fitted onwards. 

Key Data Sources The efficacy and safety parameters were based on the 
KeyNote-045 trial. In all treatment arms, time-on-treatment 
(ToT), PFS and OS were extrapolated using parametric 
functions fitted to the patient-level trial data.  
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1.2 Clinical Considerations 

Summary of patient input relevant to the economic analysis 
For respondents who have not experience the drug under review expect that it would improve 
their physical condition, such as decreasing the size or stabilizing of the tumor, reducing pain, and 
improving breathing. In addition, it is also expected that the new drug would improve the quality 
of life and provide long-term stability or reduction of disease. Over half of these respondents 
reported that they would be willing to tolerate moderate side-effects if the new drug is proven to 
be effective. Of the three patient respondents that had experience with pembrolizumab, all 
indicated that pembrolizumab was effective at controlling the bladder cancer with two 
respondents mentioning decreased severity of side-effects compared to other therapies. The side 
effects that were experienced included fatigue, skin rash, itchiness and diarrhea.  For those who 
had experience with other therapies, they also reported that the infusion period for 
pembrolizumab was shorter than other therapies. 
 
Summary of registered clinician input relevant to the economic analysis 
 
The clinicians providing input noted that a modest proportion of patients with muscle-invasive 
urothelial cancer might develop disease progression after first-line chemotherapy. In these 
patients, second-line therapy with pembrolizumab has been shown to offer an improvement in 
overall survival and quality of life, as well as better tolerability. Pembrolizumab will be used after 
cisplatin-based chemotherapy or in patients who are not eligible to receive cisplatin. The drug 
may also be used as a third-line therapy after taxane chemotherapy in a relatively small group of 
patients. The drug will likely replace or displace second-line chemotherapy with taxanes 
(paclitaxel or docetaxel). The clinicians providing input indicated that retreatments with and 
restarts of pembrolizumab should be performed in a fashion similar to other immunotherapy 
agents (e.g. nivolumab). Although pharmacokinetic evidence suggests no advantage to either fixed 
dose (200 mg) or weight-based (2 mg/kg) regimens, a number of patients may experience 
overdoses with a 200 mg fixed dosing schedule. However, from a clinical point of view, the 
clinicians providing input support the 200mg fixed dose suggested by the evidence. 
 
Summary of Provincial Advisory Group (PAG) input relevant to the economic analysis  
 
Input was obtained from five provinces (Ministries of Health and/or cancer agencies) participating 
in pCODR. PAG identified the following as factors that could impact implementation:  

Clinical factors:  

• Unmet need for second line treatment of urothelial cancer  

• Sequencing of treatments for urothelial cancer 

Economic factors:  

• Treatment until progression 

PAG also noted the following: 
• The comparators in the KEYNOTE-045 trial were investigator’s choice of paclitaxel, 

docetaxel or vinflunine. PAG noted that if the patient is fit enough for chemotherapy, 
paclitaxel or docetaxel would be used. Vinflunine is not available in Canada. The economic 
model submitted reflects the clinical practice in Canada, and so, the vinflunine was 
excluded from the analysis. 

• PAG is also seeking guidance on re-treatment with pembrolizumab in patients who have 
disease progression while on a treatment break. The economic model took into account 
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the actual treatment with pembrolizumab as observed in KN045, with pembrolizumab 
duration beyond the progression and for a maximum of 2-year period. 

• PAG is seeking guidance on weight based dose for urothelial cancer given the high cost of 
fixed dose compared to weight based dose for patients weighing less than 100kg. The 
economic model was based on a fixed dose of 200 mg without any possibility of conducted 
reanalysis on a weight-based dosing.  

 

1.3  Submitted and EGP Reanalysis Estimates 

The main assumptions and limitations with the submitted economic evaluation were: 
 
The key assumption that has the most impact on the results of the economic evaluation is the 
difference in OS adjusted for post-progression treatments. In the KN-045 trial, there was no 
planned crossover at disease progression. However, subjects assigned to the standard 
chemotherapy arm could be administered an anti-PD1/PD-L1 as subsequent therapy following 
confirmation of disease progression. The OS treatment effect estimated in the docetaxel or 
paclitaxel arm was adjusted to correct for the potential bias induced by anti-PD1/PD-L1 treatment 
(pembrolizumab) as subsequent therapy after discontinuation. The EGP acknowledged the 
feedback by the Submitter on the pCODR Expert Review Committee’s (pERC’s) Initial 
Recommendation that pembrolizumab is currently not reimbursed as a treatment option for UC in 
Canada and therefore should not be available as a subsequent treatment for the comparator arm. 
Therefore, the OS of the comparator arm should be adjusted for the crossover of patients. 
However, the EGP noted that with respect to OS without adjustment for crossover, in KN-045 
there was no planned crossover at disease progression. The OS treatment effect estimated in the 
docetaxel or paclitaxel arm was adjusted in the economic model to correct for the potential bias 
induced by anti-PD1/PD-L1 treatment (pembrolizumab) as subsequent therapy after 
discontinuation. Overall survival had the greatest impact on the ICUR.  The different methods for 
adjusting for survival after disease progression all assumed a survival benefit for pembrolizumab 
that was maintained after the trial period and over the entire time horizon. Various methods for 
extrapolating overall survival were considered which reduced the impact of the assumption of 
survival benefit with pembrolizumab after disease progression. As there is uncertainty in the true 
overall survival of patients in the economic model, considering a different extrapolation method 
(OS without adjustment for crossover) was considered in the upper bound of the EGP’s reanalysis 
in order to estimate the impact the extrapolation methods had on the ICUR. The different 
methods for adjusting for survival at the time of disease progression were explored as the 
assumption of survival benefit with pembrolizumab after disease progression favoured 
pembrolizumab and reduced the ICUR. The use of these methods to adjust for the difference in 
survival resulting from crossover at the time of disease progression has the potential to reduce the 
ICUR. The EGP was, however, able to modify this input in the model. The submitted model 
provides one non-adjusted scenario as well as two additional scenarios using different adjustment 
methods.  
 
A second key factor influencing the output of the submitted model was the time-horizon of 10 
years, which was considered by CGP and EGP to be too long in duration, as patients with this 
condition have a median survival of less than 10 months. The submitted model allowed EGP to 
evaluate the impact of different time horizons. The model allowed the EGP to perform several re-
analyses. Time-horizon had a large impact on ICER. Following review of feedback by the Submitter 
on the pCODR pERC Initial Recommendation, the EGP noted that the updated CADTH guideline11 
recommends that “the time horizon of the analysis should be conceptually driven, based on the 
natural history of the condition or anticipated impact of the intervention”, the guideline also 
states that justifying the plausibility of the extrapolation may involve reference to external data 
sources, biology or clinical expert judgment. Further, in justifying the percentage of the 
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estimated effect that occurs beyond the observed data, it is important to consider whether it is 
clinically reasonable which will help researchers to assess the suitability of the extrapolation 
methods. “Expert judgment may be helpful in this regard.” The EGP discussed and agreed with 
the CGP with using a 5 year time horizon because it was more clinically plausible in this patient 
population. The EGP are unaware of any studies that report a maximum overall survival of 10 
years for patients with locally advanced or metastatic urothelial carcinoma who have disease 
progression during or following platinum-containing chemotherapy or within 12 months of 
completing neoadjuvant or adjuvant platinum-containing chemotherapy. The time horizon of ten 
years also resulted in greater extrapolation results that are subject to high uncertainty. The CGP 
and EGP felt the time horizon of 10 years was too long in duration. When several sensitivity 
analyses were explored with time horizon, the ICUR became quite large under a shorter time 
horizon. 
 
The CGP and EGP agreed that the utilities by time to death used by the submitter in the base-case 
scenario were appropriate. This is in accordance with other prior pCODR recommendations seen in 
similar immunotherapy treatments.  
 
The greatest model uncertainty related to the extrapolation of OS beyond the trial period over the 
specific time horizon. The impact on the ICUR of the many alternative OS extrapolation methods 
that were tested was moderate, but when applied over a shorter time horizon, the ICUR became 
quite large. Although different extrapolation methods have been used, all assumed a survival 
benefit for pembrolizumab that was maintained after the trial period and over the entire time-
horizon modelled. 
 
Finally, the EGP noted that a flat dose of 200 mg was used in this economic model for 
pembrolizumab, and no re-analysis was possible for this input. 
 
The following re-analyses have been performed by varying components of the model that were 
significant drivers of either the incremental effect or the incremental cost, including time-horizon 
and survival extrapolation method.  

1. The EGP noted that the time horizon of 10 years in the submitted model was considered too 
long in duration for a patient population with a median survival of less than 10 months.  In 
addition, as a main assumption in this model is that the survival benefit for pembrolizumab is 
maintained after the trial period, a shorter time horizon decreases the impact of this 
assumption. 

2. Several re-analyses were performed to assess the impact of the OS extrapolation methods. 
This included different adjustment methods for cross-over.  

3. For OS extrapolation parametric curves, the reference case fitted a parametric function 
distribution over the entire time horizon period with a reference case cut-off point of 32 
weeks. A re-analysis utilized Kaplan-Meier data up to a 40 week cut-off (longest available) to 
take into account the maximum data from the trial and extrapolation over a shorter period of 
time. The updated trial analysis had a median follow-up of 80 weeks (18.5 months).  

4. As KN-045 trial did not provide a clinical rationale for PD-L1 testing in patients with locally 
advanced or metastatic UC who have received platinum-containing chemotherapy (since the 
survival benefit observed with pembrolizumab in this indication was independent of PD-L1 
expression), there was no re-analysis conducted by EGP incorporating PD-L1 testing. 
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- The extra clinical effect of pembrolizumab is between 0.30 QALY to 0.41 QALY. The 
factors that most influence the incremental clinical benefit are the time horizon, the 
survival extrapolation methods used and the OS cutoff.  
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Overall conclusions of the submitted model:  
 
The submitted model included many appropriate assumptions and an extensive set of sensitivity 
analysis. An important driver in this economic evaluation was the time-horizon which was 
considered to be too long by both the CGP and EGP, as patients with locally advanced or 
metastatic urothelial cancer previously treated with platinum-based chemotherapy have a median 
survival of less than 10 months. The long-term benefit of pembrolizumab relative to the 
comparator group is uncertain and cannot reasonably be estimated. However, the submitted 
model allowed the EGP to evaluate the impact of the factors contributing to long term benefit. 
Finally, pembrolizumab was evaluated at a flat dose of 200mg. The flat dose might favour reduced 
drug wastage but at the increased cost of medication for patients with low body weight. The 
submitted model did not allow the EGP to explore the impact of different dosing schedules and no 
vial wastage was considered for pembrolizumab.
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2 DETAILED TECHNICAL REPORT 
This section outlines the technical details of the pCODR Economic Guidance Panel’s evaluation of the 
economic evidence that is summarized in Section 1. Pursuant to the pCODR Disclosure of Information 
Guidelines, this section is not eligible for disclosure.  It was provided to the pCODR Expert Review 
Committee (pERC) for their deliberations.  
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3 ABOUT THIS DOCUMENT  
This Economic Guidance Report was prepared by the pCODR Economic Guidance Panel and supported by 
the pCODR Lymphoma/Myeloma Clinical Guidance Panel and the pCODR Methods Team. This document is 
intended to advise the pCODR Expert Review Committee (pERC) regarding resource implications and the 
cost-utility of Pembrolizumab for patients with recurrent or metastatic, squamous cell carcinoma of the 
head and neck (SCCHN) with disease progression on or after platinum therapy. A full assessment of the 
clinical evidence of pembrolizumab compared with alternative treatments is beyond the scope of this 
report and is addressed by the relevant pCODR Clinical Guidance Report.  Details of the pCODR review 
process can be found on the pCODR website (www.cadth.ca/pcodr).    

pCODR considers it essential that pERC recommendations be based on information that can be publicly 
disclosed. Information included in the Economic Guidance Report was handled in accordance with the 
pCODR Disclosure of Information Guidelines. There was no non-disclosable information in the Economic 
Guidance Report provided to pERC for their deliberations.   

This Final Economic Guidance Report is publicly posted at the same time that a pERC Final 
Recommendation is issued. The Final Economic Guidance Report supersedes the Initial Economic Guidance 
Report.  Note that no revisions were made in between posting of the Initial and Final Guidance Reports. 
The Economic Guidance Panel is comprised of economists selected from a pool of panel members 
established by the pCODR Secretariat. The panel members were selected by the pCODR secretariat, as 
outlined in the pCODR Nomination/Application Information Package and the Economic Guidance Panel 
Terms of Reference, which are available on the pCODR website (www.cadth.ca/pcodr).  Final selection of 
the pool of Economic Guidance Panel members was made by the pERC Chair in consultation with the 
pCODR Executive Director. The Economic Guidance Panel is editorially independent of the provincial and 
territorial Ministries of Health and the provincial cancer agencies.   

 
 
 

  



 

pCODR Final Economic Guidance Report – Pembrolizumab (Keytruda) for metastatic Urothelial Carcinoma  
pERC Meeting: December 14, 2017; pERC Reconsideration Meeting: February 15, 2018 
© 2017 pCODR | PAN-CANADIAN ONCOLOGY DRUG REVIEW    10 

REFERENCES 
1. Horgan AM, Bradbury PA, Amir E, Ng R, Douillard JY, Kim ES, et al. An economic analysis of the 

INTEREST trial, a randomized trial of docetaxel versus gefitinib as second-/third-line therapy in 
advanced non-small-cell lung cancer. Ann Oncol. 2011;22(8):1805-11. 

2. INESSS Avis au ministre, Avastin. June 2016. 
3. Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong L, et al. Pembrolizumab as Second-Line 

Therapy for Advanced Urothelial Carcinoma. N Engl J Med. 2017;376(11):1015-26. 
4. Merck Canada Inc. Product Monograph for KEYTRUDA (pembrolizumab). April 10, 2017  [Available 

from: http://www.merck.ca/assets/en/pdf/products/KEYTRUDA-PM E.pdf. 
5. BC Cancer Agency Cancer Drug Manual. Paclitaxel. April 2016. 
6. Sanofi-Aventis Canada Inc. Product Monograph for TAXOTERE (docetaxel for injection). May 26, 

2016. 
7. Canadian Institute for Health Information. The cost of acute care hospital stays by medical 

condition in Canada, 2004-2005. Ottawa, 2008.  [Available from: 
https://secure.cihi.ca/free products/nhex acutecare07 e.pdf. 

8. Lathia N, Mittmann N, DeAngelis C, Knowles S, Cheung M, Piliotis E, et al. Evaluation of direct 
medical costs of hospitalization for febrile neutropenia. Cancer. 2010;116(3):742-8. 

9. Dranitsaris G, Maroun J, Shah A. Severe chemotherapy-induced diarrhea in patients with 
colorectal cancer: a cost of illness analysis. Supportive care in cancer : official journal of the 
Multinational Association of Supportive Care in Cancer. 2005;13(5):318-24. 

10. Tam VC, Ko YJ, Mittmann N, Cheung MC, Kumar K, Hassan S, et al. Cost-effectiveness of systemic 
therapies for metastatic pancreatic cancer. Current oncology (Toronto, Ont). 2013;20(2):e90-
e106. 

11. Guidelines for the economic evaluation of health technologies : Canada. 4th ed. Ottawa : CADTH; 
2017 Mar. Available at : https://www.cadth.ca/dv/guidelines-economic-evaluation-health-
technologies-canada-4th-edition 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  


