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Abstract: Introduction   

In this analysis we utilized data from a recently published Bayesian network meta-

analysis (NMA) to assess the cost effectiveness of gemcitabine (G), G + 5-

fluorouracil (GF), G + capecitabine (GCap), G + cisplatin (GCis), G + oxaliplatin 

(GOx), G + erlotinib (GE), G + nabpaclitaxel (GnP) and FOLFIRINOX in advanced 

pancreatic cancer from a Canadian public health payer's perspective.  

  

Methods  

Analysis was conducted through a three-state Markov model and uses data on the 

progression of disease with treatment from the gemcitabine arms of  

RCTs combined with estimates from the NMA for the newer regimens. Estimates of 

heath care costs were obtained from local providers and utilities were derived 

from the literature. The model estimates the effect of treatment regimens on 

costs and quality adjusted life years (QALYs) discounted at 5% per annum. 

Detailed sensitivity analyses were conducted.   

Results  

At a willingness-to-pay (WTP) threshold greater than $30,666, FOLFIRINOX would be 

optimal. Based on a $50,000 WTP, the probability that FOLFIRINOX would be optimal 

was 57.3%. There was no price reduction for nab-Paclitaxel where GnP was optimal. 

Conclusion   

From a Canadian public health payer's perspective at the current time and drug 

prices, FOLFIRINOX is the optimal regimen based on both clinical efficacy and cost-

effectiveness.  GnP is not cost-effective regardless of WTP threshold.  

  

  



 

 

 
 

  
*Key Points 

Highlights   

 i)  What is already known about the topic?   

- For advanced pancreatic cancer, the following 3 regimens have shown statistically significant 

improvements in survival when compared to gemcitabine monotherapy: Gemcitabine + Erlotinib, 

Gemcitabine + nab-paclitaxel and FOLFIRINOX.   

- Our previously conducted Bayesian network meta analysis revealed that FOLFIRINOX has the 

highest probability of being the most effective regimen for advanced pancreatic cancer.   

  

 ii)  What does the paper add to existing knowledge?  

- This is the first study to simultaneously evaluate the cost-effectiveness of all currently available 

chemotherapy treatments for advanced pancreatic cancer.   

- Based on a Canadian public health payer’s perspective, this analysis found FOLFIRINOX to be 

the most cost-effective treatment at willingness-to-pay thresholds greater than $30,666 per 

quality adjusted life year.   

- At very low thresholds (less than $30,666 per quality adjusted life year) either Gemcitabine, 

Gemcitabine + Cisplatin or Gemcitabine + 5-Fluorouracil would be considered the most cost-

effective regimen for advanced pancreatic cancer.   
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Abstract  

Introduction   

In this analysis we utilized data from a recently published Bayesian network meta-analysis (NMA)  

to assess the cost effectiveness of gemcitabine (G), G + 5-fluorouracil (GF), G + capecitabine (GCap), G 

+ cisplatin (GCis), G + oxaliplatin (GOx), G + erlotinib (GE), G + nab-paclitaxel (GnP) and FOLFIRINOX 

in advanced pancreatic cancer from a Canadian public health payer's perspective.  

  

Methods  

Analysis was conducted through a three-state Markov model and uses data on the progression of  

disease with treatment from the gemcitabine arms of RCTs combined with estimates from the NMA for 

the newer regimens. Estimates of health care costs were obtained from local providers and utilities were 

derived from the literature. The model estimates the effect of treatment regimens on costs and quality 

adjusted life years (QALYs) discounted at 5% per annum. Detailed sensitivity analyses were also 

conducted.  

  

Results  

   At a willingness-to-pay threshold (WTP) greater than $30,666, FOLFIRINOX would be the most 

optimal regimen. Based on a $50,000 WTP, the probability that FOLFIRINOX would be optimal was 

57.3%. There was no price reduction for nab-Paclitaxel where GnP was optimal.  

 

Conclusion  

From a Canadian public health payer's perspective at the current time and drug prices, 

FOLFIRINOX is the optimal regimen based on cost-effectiveness criterion.  GnP is not cost-effective 

regardless of WTP threshold.  

  

  



 

  

  

 Introduction    

Pancreatic cancer is the fourth leading cause of cancer-related deaths in Canada, with a median 

overall survival (OS) of 3-5 months without treatment for those with metastatic disease.1 With fewer than 

5% of patients surviving five years, prognosis remains poor as mortality rates in pancreatic cancer closely 

reflect the incidence rates.2 However, the availability of new drugs and combinations have significantly 

improved the outcome of metastatic pancreatic cancer (MPC) patients, increasing the median OS to 8-12 

months.    

For over a decade, Gemcitabine (G) alone has been considered the standard of care for the 

treatment of MPC due to the promising results of a landmark phase III randomized control trial (RCT) that 

compared G with 5-Fluorouracil (5-FU)3. Since the publication of this study, many cytotoxic and targeted 

agents have been tried in combination with G4-8.  Among these trials, only 3 have shown statistically 

significant improvements in median OS and survival rates compared to G monotherapy 3,4,9. Consequently, 

G + Erlotnib (GE), FOLFIRINOX, and G + nab-paclitaxel (GnP) have emerged as alternatives to G 

monotherapy for the treatment of chemotherapy-naïve patients with MPC.   

Despite the success of these treatments in improving life expectancy of patients with MPC, they are 

also associated with greater side effects and higher costs than G alone. Furthermore, there is currently a 

lack of direct pairwise comparisons between these combination therapies. Thus, in a previous study we 

performed a Bayesian network meta analysis (NMA) to determine the most effective treatment for advanced 

pancreatic cancer, taking into account the efficacy and safety profiles of each regimen.10 A Bayesian NMA, 

an extension of the traditional pairwise meta-analysis, is used to simultaneously compare multiple 

interventions even in the absence of direct evidence (randomized controlled trials). In our previous study, 

we found that FOLFIRINIOX had the highest probability of being the best regimen (83%) followed by GnP 

(11%), based on overall survival (OS) data10. In addition, both these regimens had no significant differences 

in toxicities and the OS hazard ratio for FOLFIRINOX versus GnP was 0.79 [0.50-1.24]10.  

For optimal resource allocation, decisions makers require both efficacy and relative cost data to 

evaluate trade-offs when choosing between multiple interventions. Since many of the therapies included in 

this analysis have not been directly compared in head to head RCTs, our previously conducted NMA 

synthesized effectiveness evidence from all sources (direct and indirect) for use in this cost-effectiveness 

model.  The objective of this study is to assess the incremental cost effectiveness of the alternative 



 

treatment options for advanced pancreatic cancer.  This was achieved through the development of a 

decision analytic model populated with data from our previously conducted Bayesian NMA.   

  

Methods  

Analytical Framework  

We used decision analytic modelling to simulate the lifetime outcomes with different 

chemotherapeutic regimens in the treatment of advanced pancreatic cancer.  A time horizon of ten years 

was adopted for this analysis. Given the extremely poor prognosis of patients with advanced pancreatic 

cancer, a ten-year time horizon effectively equates to a lifetime horizon.2 Outcomes were assessed in 

terms of cost and quality adjusted life years (QALYs) with cost effectiveness assessed through estimation 

of incremental cost effectiveness ratios. Optimal treatment options can be inferred through the conduct of 

a sequential cost effectiveness analysis. For this study, the Canadian public health payer’s perspective 

was adopted.12   

Patient Population  

Analysis was conducted for a patient cohort representing patients receiving first-line treatment for 

advanced pancreatic cancer or adenocarcinoma.  In the base case analysis, the age of the cohort was 63 

with 60% of the cohort being male.    

 

Comparators  

Comparators were G alone– the previous standard of care, G + 5-Fluorouracil (GF), G + 

capecitabine (GCap), G + cisplatin (GCisp), G + oxaliplatin (GOx), G + erlotinib (GE), G + nab-paclitaxel 

(GnP) and FOLFIRINOX    

 

Model  

We developed a Markov model to estimate the costs and quality adjusted life years associated 

with therapies for advanced pancreatic cancer (Figure 1).  The model consists of three primary states; 

pre-progression, post-progression and death. However, during the pre-progression state patients can 

experience side effects from therapy. This can be characterized as having multiple pre progression states 

(sub-states) – one relating to the absence of side effects and others relating to the presence of 

neuropathy, fatigue, diarrhea, febrile neutropenia and/or rash.   

The cycle length was assumed to be four weeks. Side effects are assumed to commence at the  



 

onset of treatment – within the first cycle – with patients remaining in the relevant health state for a period 

of time based on the duration of the side effect. Patients in the pre-progression state can transition either 

to the post progression state or death or remain in the pre-progression state.  Patients in the post 

progression state can transition to death or remain in the post progression state – patients cannot return 

to the pre-progression state.  

 

Transition Probabilities   

   The detailed methods for determining transition probabilities are provided in an online appendix. 

In brief, we adopted the methodology of Guyot et al. to estimate transition probabilities for gemcitabine  

using data from a published clinical trial for which there were sufficient data to derive individual data 

elements.13-15 We then applied data from the NMA to estimate transitions for all therapies. To incorporate 

the impact of side effects into this analysis, pooled estimates of the incidence of each side effect were 

derived from available trials of gemcitabine and then odds ratios were applied from the NMA to estimate 

incidence for other therapies. For sensitivity analysis, this approach was repeated using data from 5 

alternative clinical trials. 9,16-19 

  

Costs  

Costs for individual therapies were derived from current funding arrangements under the New 

Drug Funding Program of the Ontario Public Drug Plan which covers hospital administered drugs; for 

drugs not covered under this program, current costs from the Princess Margaret Hospital in Toronto were 

applied.  Costs were based upon target dosage of the drug therapies (mg/m2/cycle), dose intensity in 

clinical practice, wastage, administration costs, medical management costs, pharmacy costs and 

concomitant medications. Analysis assumed an average body surface area of 1.8m2. Sensitivity analysis 

assessed the impact of assuming incremental management costs in the pre-progression state of $200 per 

month. Both costs for patients in the post progression state and the costs of individual side effects were 

derived from previous Canadian cost effectiveness analyses or from Ontario based cost estimates using 

administrative data.20-22 All costs are presented in 2016 Canadian dollars.  

 

Utilities  

Utility values for patients in the pre-progression (0.81) and post progression states (0.73) were 

obtained from analysis of EuroQol data from advanced pancreatic cancer patients participating in a 



 

multicenter, double-blind, randomized trial.23 Utility decrements associated with side effects were derived 

from a recent study where values were obtained from a survey of Canadian oncologists with experience 

in managing patients with non-colorectal gastrointestinal malignancies.20   

 

Analysis   

The results are reported as both expected values of outcomes (costs and QALYs) and as 

incremental cost-effectiveness ratios (ICERs) (i.e., the difference in expected costs between two 

alternatives divided by the difference in expected outcomes). As there are more than two alternatives 

being compared, the expected costs and outcomes of the alternatives and the relevant ICERs were 

calculated sequentially; identifying all comparators which were either dominated or subject to extended 

dominance.24  

 

Deterministic Sensitivity Analyses  

One-way sensitivity analyses were conducted to evaluate the sensitivity of the base case results to 

changes in assumptions.  The following scenarios were considered under sensitivity analyses.  For 

adverse events: extreme analysis was conducted both excluding adverse events and assuming the 

duration of 3 months.  For form of survival function; analysis was conducted based on the two alternate 

parametric forms for progression free survival (exponential and Gompertz).  For baseline progression free 

survival with Gemcitabine: analysis was conducted based on data from the other clinical trials. For 

mortality during the pre progression stage; analysis was codnucted assuming higher mortality based on a 

relative risk of mortality in the pre-progression state of 2. For costs, analysis was conducted assuming an 

incremental management cost of $200 per month in the pre-progression state.  

 

Further analysis assessed the degree of price reduction required for the more effective therapies to be 

considered cost effective based on commonly cited willingness to pay thresholds of $50,000 and  

$100,000 per QALY.   

 

Probabilistic Sensitivity Analyses  

A probabilistic sensitivity analysis (PSA) was conducted in which each model input parameter 

was represented by a standard probability distribution (Table 1).25 Within the PSA, values were randomly 

drawn from the distribution for each parameter to obtain estimates of the costs and utilities for each 



 

treatment strategy.  This procedure was repeated 5000 times. The results of the PSA are presented by 

cost effectiveness acceptability curves that depict the probability of each treatment strategy being most 

cost effective given different threshold values for a QALY (Figure 2).  

  

Results  

Base Case Analysis  

G is associated with both the least costs and lowest QALYs, whilst FOLFIRINOX is associated 

with the greatest QALYs.   The results of the sequential analysis find that GCap, GE, GOx and GnP were 

subject to either dominance (was both more costly and had less QALYs than one of the alternative) or 

extended dominance (would not be cost effective regardless of a decision maker`s willingness to pay for a 

QALY).  The incremental cost per QALY gained is $3,744 for GCis versus G, %19,574 for GF versus 

GCis and $30,666 for FOLFIRINOX versus GF.  Thus, if a decision maker is willing to pay at least 

$30,666 for a QALY, FOLFIRINOX can be considered optimal.  

  

  

Deterministic Sensitivity Analysis  

Deterministic sensitivity analyses found the results to be robust in that the original conclusions 

concerning FOLFIRINOX hold (Appendix B).  In all studies based on a decision maker’s willing to pay for 

a QALY being some value greater than $40,000, FOLFIRINOX is optimal. There was no price reduction 

associated with nab-Paclitaxel which would make GnP optimal – that is, if nab-Paclitaxel had a cost of $0, 

GnP would be subject to extended dominance, in that G, GCis or GF would be optimal if the WTP for a 

QALY was less than $30,666 and FOLFIRINOX would be optimal for values greater than $30,666.  

 

Probabilistic Sensitivity Analysis  

The probabilistic sensitivity analysis reports similar expected values for costs, QALYs and 

incremental ratios than in the base case. G, GCap, GF, GE, GOx and GnP remain subject to either 

dominance or extended dominance.  At a WTP of $50,000 per QALY, the probability that FOLFIRINOX is 

optimal is 57.3%, compared to 26.5% for GF, 9.3% for GCisp, 5.8% for GCap, 0.8% for GOx and 0.4% for 

G and 0% for all other treatment regimens (Figure 2). At a WTP of $100,000, the probabilities are 72.2% 

for FOLFIRINOX, 17.4% for GF, 5.2% for GCap, 3.9% for GCis, 0.6% for GOx, 0.6% for GE and 0% for 

all other treatment regimens.  Thus, the probability that FOLFIRINOX is optimal is high inferring a degree 

of certainty around the result.  



 

  

Discussion  

To our knowledge, this is the first study to simultaneously evaluate the cost-effectiveness of all 

currently available treatments for advanced pancreatic cancer. Our analysis found FOLFIRINOX to be 

optimal for all WTP thresholds greater than $30,666. This finding is robust as demonstrated by the results 

of both the deterministic and probabilistic sensitivity analyses. GOx, GE, GCap and GnP were subject to 

dominance and GF was subject to extended dominance – that is, regardless of a decision maker’s WTP 

for a QALY GF would not be the optimal therapy..  

    Due to the recent genericization of oxaliplatin, a significant price reduction was observed for this 

drug. Consequently, FOLFIRINOX has become a lot more cost effective and is the most optimal 

treatment for advanced pancreatic cancer over a range of WTP thresholds (see Figure 2). This is a 

similar finding to the recently conducted Bayesian NMA, as FOLFIRINOX had the highest probability 

(83%) of being the best treatment.10 Given that FOLFIRINOX was the clinical standard of care prior to the 

introduction of GnP, it is important to note that GnP was found to be dominated by FOLFIRINOX in that it 

was more costly and was associated with lower QALYs. 

Our study was limited due to the lack of access to individual patient data.  To facilitate indirect comparison 

across the alternative treatment options we had to make the assumption of proportional hazards with 

respect to progression free survival.  This is based on the published data from which the network meta 

analysis is based had a made such an assumption.  If the proportional hazards assumption does not hold 

then analysis comparing multiple treatment strategies based in indirect comparisons would be 

exceptionally difficult to conduct thus precluding access to the necessary information required by decision 

makers.  

Our study adopted utility values for pre-progreession and psot proression froma a previous study suing 

the US algorithm for estimating utility values from the EQ-5D.  Although Canadian data or adoption of the 

Canadian algorithm would have been preferred, this is unlikely to have affected our results. 

 

No other previous studies have simultaneously compared the cost-effectiveness of all currently available 

therapies for advanced pancreatic cancer. However, this analysis does have a few limitations. For 

instance, by taking a public health payer perspective, our analysis was unable to capture any indirect 

costs related to the loss of productivity that patients or caregivers may experience due to the toxicities of 

the treatments. Another limitation was the lack of true individual patient data (IPD). The IPD 



 

reconstruction method used in this analysis is a novel application to this area but it does have a number 

of limitations as indicated by Guyot et al.13 For instance, without access to IPD for each study included in 

the NMA, we are unable to test whether the proportional hazards assumption holds. Furthermore, our 

analysis relied on indirect comparisons to obtain relative efficacy data for a number of treatments due to 

the absence of head-to-head trials. Lastly, variation in drug pricing among different countries and the 

availability of generic alternatives can limit the generalizability of our findings. For our results to be 

applicable in other jurisdictions, the relative cost of drugs should ideally be similar to those in Ontario, 

Canada.  

 

In conclusion, FOLFIRINOX was considered the most cost effective treatment at WTP thresholds greater 

than $30,666 per QALY. Only at very low WTP thresholds (less than $30,666 per QALY) G, GCis or GF 

would be considered the most cost-effective regimen for advanced pancreatic cancer. FOLFIRINOX was 

identified as the most efficacious treatment,10 the most cost-effective and it continues to be one of the 

most commonly prescribed treatments for advanced pancreatic cancer.26 

Lastly, to reduce the uncertainty around the survival data currently available, future head-to-head clinical 

trials that directly evaluate the efficacy of the various regimens (particularly, GnP vs. FOLFIRINOX) 

should be considered.     

  

  

  

  

  

  

  

 

  

 

  

  



 

References  

1. Ghaneh P, Costello E, Neoptolemos JP. Biology and management of pancreatic cancer. Gut 

2007; 56(8):1134-1152.    

2. Siegel R, Naishadham D, Jemal A. Cancer Statistics, 2013. CA Cancer J Clin 2013; 63:11-30.   

3. Burris HA 3rd, Moore MJ, Andersen J, et al. Improvements in survival and clinical benefit with 

gemcitabine as first-line therapy for patients with advanced pancreas cancer: a randomized trial. 

J Clin Oncol 1997;15(6):2403-2413.   

4. Moore M, Goldstein D, Hamm J, et al. Erlotinib plus gemcitabine compared with gemcitabine 

alone in patients with advanced pancreatic cancer: a phase III trial of the National Cancer 

Institute of Canada Clinical Trials Group. J Clin Oncol 2007; 25(15):1960-6.   

5. Herrmann R, Bodoky G, Ruhstaller T, et al. Gemcitabine plus capecitabine compared with 

gemcitabine alone in advanced pancreatic cancer: a randomized, multicenter, phase III trial of the 

Swiss Group for Clinical Cancer Research and the Central European Cooperative Oncology 

Group. J Clin Oncol 2007; 25:2212–2217.   

6. Cunningham D, Chau I, Stocken DD, et al. Phase III randomized comparison of gemcitabine 

versus gemcitabine plus capecitabine in patients with advanced pancreatic cancer. J Clin Oncol 

2009; 27: 5513–5518.    

7. Boeck S, Hoehler T, Seipelt G, et al: Capecitabine plus oxaliplatin (CapOx) versus capecitabine 

plus gemcitabine (CapGem) versus gemcitabine plus oxaliplatin (mGemOx): final results of a 

multicenter randomized phase II trial in advanced pancreatic cancer. Ann Oncol 2008; 19: 340– 

347.    

8. Heinemann V, Quietzsch D, Gieseler F, et al. Randomized phase III trial of gemcitabine plus 

cisplatin compared with gemcitabine alone in advanced pancreatic cancer. J Clin Oncol 2006; 24: 

3946–3952.   

9. Conroy T, Desseigne F, Ychou M, et al. FOLFIRINOX versus gemcitabine for metastatic 

pancreatic cancer. N Engl J Med 2011; 364(19):1817-1825.   

10. Chan K, Shah K, Lien K, et al: A Bayesian meta-analysis of multiple treatment comparisons of 

systemic regimens for advanced pancreatic cancer. PLOS ONE doi:  

10.1371/journal.pone.0108749.  

11. Laupacis A. Incorporating economic evaluations into decision-making: the Ontario experience. 

Med Care 2005; 43:15-19 (Suppl 7).   

12. Canadian Agency for Drugs and Technologies in Health: Guidelines for the economic evaluation 

of health technologies: Canada. Ottawa: Canadian Agency for Drugs and Technologies in Health, 

2006.   

13. Guyot P, Ades AE, Ouwens MJ, et al. Enhanced secondary analysis of survival data:  

reconstructing the data from published Kaplan-Meier survival curves. BMC Med Res 2012; 

Methodol 12:9.   

14. Von Hoff DD, Ervin T, Arena FP, et al. Increased survival in pancreatic cancer with nab-paclitaxel 

plus gemcitabine. N Engl J Med 2013; 369(18):1691-703.   

15. Latimer NR: Survival analysis for economic evaluations alongside clinical trials--extrapolation with 

patient-level data: inconsistencies, limitations, and a practical guide. Med Decis Making 2013; 

33(6):743-54.   

16. Colucci G, Labianca R, Di Costanzo F, et al. Randomized phase III trial of gemcitabine plus 

cisplatin compared with single-agent gemcitabine as first-line treatment of patients with advanced 

pancreatic cancer: the GIP-1 study. J Clin Oncol 2010; 28(10):1645-51.   

17. Scheithauer W, Schüll B, Ulrich-Pur H, et al. Biweekly high-dose gemcitabine alone or in 

combination with capecitabine in patients with metastatic pancreatic adenocarcinoma: a 

randomized phase II trial. Ann Oncol 2003; 14:97-104.   

18. Ozaka M, Matsumura Y, Ishii H, et al. Randomized phase II study of gemcitabine and S-1 

combination versus gemcitabine alone in the treatment of unresectable advanced pancreatic 

cancer (Japan Clinical Cancer Research Organization PC-01 study). Cancer Chemother 

Pharmacol 2012; 69(5):1197-204.    

19. Nakai Y, Isayama H, Sasaki T, et al. A multicentre randomised phase II trial of gemcitabine alone 

vs gemcitabine and S-1 combination therapy in advanced pancreatic cancer: GEMSAP study. Br 

J Cancer 2012; 106(12):1934-1939.  Tam VC, Ko YJ, Mittmann N, et al. Cost-Effectiveness of 

Systemic Therapies for Metastatic Pancreatic Cancer. Current Oncol 2013; 20(2): e90-e106.   



 

20. Ontario Case Costing Initiative, OCCI Costing Analysis Tool, 2016. Available from 

http://www.occp.com/ [accessed May 2016]   

21. Guerriere DN, Zagorski B, Fassbender K, Masucci L, Librach L, Coyte PC. Cost variations in 

ambulatory and home-based palliative care. Palliat Med. 2010 Jul;24(5):523-32 

22. Romanus D, Kindler HL, Archer L, et al. Does health-related quality of life improve for advanced 

pancreatic cancer patients who respond to gemcitabine? Analysis of a randomized phase III trial 

of the cancer and leukemia group B (CALGB 80303). J Pain Symptom Manage 2012; 

43(2):205217.    

23. Karlsson G, Johannesson M: The decision rules of cost-effectiveness analysis. 

Pharmacoeconomics 1996; 9(2):113-120.    

24. Briggs A, Claxton K, Sculpher M. Decision Modelling for Health Economic Evaluation. Oxford, 

UK, Oxford University Press, 2006.    

25. Smyth EN, Bapat B, Ball D, et al. Metastatic pancreatic adenocarcinoma treatment patterns, 

health care resource use, and outcomes in France and the United Kingdom between 2009 and 

2012: a retrospective study. Clin Ther doi: 10.1016/j.clinthera.2015.03.016.  

26. O'Brien BJ, Goeree R, Gafni A, et al. Assessing the value of a new pharmaceutical. A feasibility 

study of contingent valuation in managed care. Med Care 1998; 36:370–384.    

27. Winquist E, Bell CM, Clarke JTR, et al. An evaluation framework for funding drugs for rare 

disease. Value in Health 2012; 15:982–986.    
 

 

 

 

 

 

 

  



 

Figure 1 - Markov Model 

Figure 1. Simplified Schematic of the Markov model.  

 

  

Figure 1. Markov model to estimate the costs and quality adjusted life years associated with therapies for 

advanced pancreatic cancer.  The model consists of three primary states; pre-progression, 

postprogression and death. Within the pre-progression state patients can either have an absence or 

presence of side effects,  Patients in the pre-progression state can transition either to the post 

progression state or death or remain in the pre-progression state (transition between progression 

free/with side effects and progression free/with no side effects).  Patients in the post progression state 

can transition to death or remain in the post progression state – patients cannot return to the pre-

progression state. Death is an absorbing state.   

   



 

Figure 2 -  Cost-effectiveness acceptability curve 

Figure 2. Cost-effectiveness acceptability curve.   

 

  

Figure 2. Cost-effectiveness acceptability curve. This graph depicts the results of the probabilistic 

sensitive analysis, showing the probability of each regimen being optimal at different willingness-to-pay 

thresholds. G, Gemcitabine monotherapy; GCis, Gemcitabine + Cisplatin; GCap, Gemcitabine + 

Capecitabine; GE, Gemcitabine + Erlotinib; GOx, Gemcitabine + Oxaliplatin; GnP, Gemcitabine + 

nabpaclitaxel.   

  

  

   



 

Table 1 - Input parameters 



 

Table 1. Input Parameters for the Markov Model  

 

PARAMETER VALUE PROBABILITY DISTRIBUTION SOURCE 

Base Event Rates          
Weibull Parametric Survival Function       
Constant -2.18 Normal (-2.18, 0.114) 14 
ln gamma 0.25 Normal (0.25, 0.044) 14 
Correlation coefficient -0.004  14 
Mortality Data     
Probability patient dies rather than progresses 0.006 Beta (1.7, 282.0) 14 
Probability of death post progression per cycle 0.404 Beta (284.0, 418.2) 14 
Probability of Adverse Event with Gemcitabine     
Neuropathy 0.15 Beta (210, 1446) 10 
Fatigue 0.13 Beta (234, 1791) 10 
Diarrhea 0.05 Beta (145, 2652) 10 
Febrile neutropenia 0.02 Beta (32, 1469) 10 
Rash 0.01 Beta (4, 402) 10 
Duration of Adverse Events (weeks)     
Neuropathy 13 Gamma (4, 3.25) Expert opinion 
Fatigue 4 Gamma (4, 1) Expert opinion 
Diarrhea 1 Gamma (4, 0.25) Expert opinion 
Febrile neutropenia 1 Gamma (4, 0.25) Expert opinion 
Rash 4 Gamma (4, 1) Expert opinion 
Utility Values       
Utility with Stable Disease 0.81 1-Lognormal  (0.783, 0.834) 23 
Utility with Progressive disease 0.73 1-Lognormal  (0.679, 0.776) 23 
Disutility from Neuropathy 0.226 Normal (0.226, 0.031) 20 
Disutility from Fatigue 0.473 Normal (0.473, 0.042) 20 
Disutility from Diarrhea 0.212 Normal (0.212, 0.036) 20 
Disutility from Febrile neutropenia 0.131 Normal (0.131, 0.03) 20 
Disutility from Rash 0.094 Normal (0.094, 0.029) 20 
Costs      
Treatment Regimen Costs averaged over 4 weeks     
Gemcitabine $295 Fixed Ontario Public Drug Programs 
Gemcitabine + 5-Fluorouracil  $331 Fixed Ontario Public Drug Programs 
Gemcitabine + capecitabine $586 Fixed Ontario Public Drug Programs 
Gemcitabine + oxaliplatin  $520 Fixed Ontario Public Drug Programs 



 

Gemcitabine + cisplatin $262 Fixed Ontario Public Drug Programs 

FOLFIRINOX $549 Fixed Ontario Public Drug Programs 

Gemcitabine + erlotinib $2,058 Fixed Ontario Public Drug Programs 

Gemcitabine + nab-paclitaxel $4,431 Fixed Ontario Public Drug Programs 

Palliative care $7,265 Gamma (652, 2176) 22 

Costs of Adverse Events       
Fatigue $4,909 Gamma (401.6, 12.2) 21 

Diarrhea $5,380 Gamma (132.9, 40.5) 21 

Febrile neutropenia $8,220 Gamma (545.1, 15.1) 21 

Rash $326 Gamma (14, 20.4) 20 

HR for Progression Free Survival       
Gemcitabine + 5-Fluorouracil 0.77 Lognormal  (0.49, 1.2) 10 

Gemcitabine + capecitabine 0.77 Lognormal  (0.54, 1.07) 10 

Gemcitabine + oxaliplatin 0.84 Lognormal  (0.63, 1.11) 10 

Gemcitabine + cisplatin 0.85 Lognormal  (0.63, 1.1) 10 

FOLFIRINOX 0.47 Lognormal  (0.3, 0.74) 10 

Gemcitabine + erlotinib 0.77 Lognormal  (0.5, 1.18) 10 

Gemcitabine + nab-paclitaxel 0.68 Lognormal  (0.45, 1.06) 10 

OR for Fatigue       
Gemcitabine + capecitabine 0.98 Lognormal  (0.001, 702.8) 10 

Gemcitabine + oxaliplatin 0.88 Lognormal  (0.566, 1.38) 10 

Gemcitabine + cisplatin 1.45 Lognormal  (0.708, 3.07) 10 

FOLFIRINOX 1.43 Lognormal  (0.837, 2.46) 10 

Gemcitabine + erlotinib 0.99 Lognormal  (0.621, 1.57) 10 

Gemcitabine + nab-paclitaxel 2.77 Lognormal  (1.77, 4.47) 10 

OR for Neuropathy       
Gemcitabine + 5-Fluorouracil 1.38 Lognormal  (0.726, 2.66) 10 

Gemcitabine + capecitabine 7.72 Lognormal  (0.014, 535.9) 10 

Gemcitabine + oxaliplatin 175.4 Lognormal  (31.5, 4119) 10 

Gemcitabine + cisplatin  3.21 Lognormal  (0.298, 109.6) 10 

FOLFIRINOX 66.8 Lognormal  (5.93, 26780) 10 

Gemcitabine + nab-paclitaxel 30.38 Lognormal  (10.9, 124.4) 10 

OR for Diarrhea       
Gemcitabine + 5-Fluorouracil 2.83 Lognormal  (1.15, 7.9) 10 

Gemcitabine + capecitabine 1.5 Lognormal  (0.803, 2.82) 10 

Gemcitabine + oxaliplatin 2.47 Lognormal  (1.29, 4.97) 10 

Gemcitabine + cisplatin 0.75 Lognormal  (0.25, 2.14) 10 

FOLFIRINOX 8.76 Lognormal  (2.85, 41.27) 10 

Gemcitabine + erlotinib 3.03 Lognormal  (1.22, 8.64) 10 

Gemcitabine + nab-paclitaxel 6.74 Lognormal  (2.55, 23.98) 10 



 

OR for Febrile Neutropenia       
FOLFIRINOX 5.6 Lognormal  (1.32, 43.6) 10 

Gemcitabine + nab-paclitaxel 3.37 Lognormal  (1.15, 12.5) 10 

OR for Rash       
Gemcitabine + nab-paclitaxel 5.97 Lognormal  (2.06, 17.3) 10 

 

Lognormal and 1-Lognormal distributions specified by 2.5% and 97.5%tile. Normal distributions specified by mean and standard error of the mean.  Beta 

distribution specified by alpha and beta.  Gamma distribution specified by shape and scale. As the duration of treatment cycles vary by regimen, costs 

were standardized to represent the average cost per four-week cycle of the Markov model. Grade 3 and 4 adverse events were considered for this 

analysis.  



 

Table 2 - Base case results 

Table 2. Base Case Results     

  

 

ICER, Incremental cost-effectiveness ratio.  G, Gemcitabine monotherapy; GCis, Gemcitabine + 

Cisplatin; GCap, Gemcitabine + Capecitabine; GE, Gemcitabine + Erlotinib; GOx, Gemcitabine + 

Oxaliplatin; GnP, Gemcitabine + nabpaclitaxel. 

  

 Costs  QALYs  ICER vs G Sequential ICER  

G $20,460 0.507   

GCis  $20,594 0.543 $3,744 $3,744 

GF $21,452 0.586 $12,459 $19,574 

FOLFIRINOX $26,443 0.749 $24,683 $30,666 

GOx $22,376 0.514 $273,365.64 Dominated by GF and GCis 

GCap $22,836 0.565 $40,486.02 Dominated by GF 

GE $33,145 0.589 $154,365.22 Dominated by FOLFIRINOX 

GnP $54,043 0.587 $36,412.26 Dominated by FOLFIRINOX and GE 
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Appendix A - Methods for deriving transition probabilities 

Appendix A  

Methods for Deriving Transition Probabilities  

Model  

We developed a Markov model to estimate the costs and quality adjusted life years associated  

with therapies for advanced pancreatic cancer (Figure 1).  The model consists of three primary states; 

pre-progression, post-progression and death. During the pre-progression state patients can experience 

side effects from therapy – therefore the pre progression state is really a collection of health states 

relating to the absence of side effects or the presence of neuropathy, fatigue, diarrhea, febrile 

neutropenia and/or rash.   

The cycle length was assumed to be four weeks. Side effects are assumed to commence at the  

onset of treatment – within the first cycle – with patients remaining in the relevant health state for a 

period of time based on the duration of the side effect. Patients in the pre-progression state can 

transition either to the post progression state or death or remain in the pre-progression state.  Patients in 

the post progression state can transition to death or remain in the post progression state – patients 

cannot return to the pre-progression state.  Death is an absorbing state.  

  

Disease Progression with Gemcitabine  

The probabilities that a patient in the pre-progression state receiving gemcitabine would progress  

– i.e. enter the post progression or death state – was derived through the following approach.  

First, we recreated the individual patient data for progression free survival from clinical trials.  To  

do this we adopted the methodology of Guyot et al.1 For this study, we digitized the published K-M 

curves relating to progression-free survival within the gemcitabine arms from six clinical trials for which 

there were sufficient data to derive individual data elements.2-7 We then took readings at each point 

along the curve and derived individual patient data which replicated both these readings and the original 

sample size, number at risk at each time point and the number of censored cases. For our primary 

analysis we used data from the clinical trial comparing Gemcitabine to FOLFIRINOX – primarily due to 

greater generalizability to the Canadian context – due to it being the most recent, that the patients had a 

similar clinical profile to a Canadian population and that it had a high proportion of patients treated in 

North America and Western Europe.3 We conducted five individual sensitivity analyses using the data 
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from each of the five other clinical trials.  Data pertained to the time to progression or censoring and an 

indicator variable relating to whether the individual patient data were censored.   

Secondly, we conducted parametric survival analysis on the von Hoff data set to determine  

the probability that an individual patient would be in the pre-progression state at each time point.  A 

number of standard alternate forms of parametric models (exponential, Weibull, Gompertz) were 

considered which facilitated the use of the proportional hazards assumption relating to modeling the 

progression for all candidate drug therapies.   The choice of model was based on the fit to observed data 

using both Bayesian information criteria and Akaike information criteria.8 Within the base case a Weibull 

parametric form was chosen based on fit with uncertainty derived from the standard error of the relevant 

coefficients (alpha and sigma) incorporating correlation through a Cholesky decomposition matrix.  

Sensitivity analysis employed the estimated model based on each of the other individual trials as well as 

alternate parametric forms for the von Hoff dataset. For three of the five datasets considered in 

sensitivity analysis, the Weibull form was appropriate (for the other two an exponential form was 

adopted). 

Thirdly, the probability that an individual patient would transition from the pre-progression to post  

progression or death (pProgression) at point t was estimated as 1 minus ratio of the probability of 

progression free survival at point t divided by the probability of progression free survival at point t-1.  

Fourthly, the probability that a patient would die rather than progress (pDie|Progression) after 

leaving the pre-progression state was estimated as the product of the mean progression free survival 

and the underlying probability of death based on the age-gender related mortality rate for the general 

population.  This was based on the clinical assumption that elevated mortality would occur only in the 

post progression state. This latter assumption was tested in sensitivity analysis.  

Finally, the probability of transition from pre-progression to death was the product of 

pProgression and pDie|Progression and the probability of transition from pre-progression to post-

progression was the product of pProgression and 1-pDie|Progression.  

  

Disease Progression with Other Therapies  

The probability that a patient in the pre-progression state receiving therapies other than 

gemcitabine would progress was derived first by adjusting the alpha coefficient from the parametric 

survival analysis based on the gemcitabine data by the hazard rate for progression free survival for each 

therapy derived from the recent network meta analysis.9 We adopted a proportional hazards assumption 
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based on the published studies which facilitated the network meta analysis all adopting this approach. 

From here, we derived the probability that an individual patient would be in the pre-progression state at 

each time point. We then adopted the same approach as for gemcitabine to determine the probability of 

transition from pre-progression to death and the probability of transition from pre-progression to post-

progression   

  

Mortality post Progression  

For the probability of death post progression in a given cycle based on expert clinical judgment 

we made the assumption that this would not vary by treatment option given that first line therapy would 

not continue after progression and that mortality post progression would not be affected by the choice of 

drug strategy pre-progression. A constant probability of death per cycle was employed with the estimate 

derived to replicate the underlying median overall survival as well as overall survival at six, twelve, 

eighteen and twenty four month from the von Hoff trial.  This procedure was repeated within sensitivity 

analysis for the five other gemcitabine trials.    

  

Side effects from Treatment  

We derived the probability of side effects with gemcitabine from the available clinical trials within 

the network meta-analysis.9 We applied the odds ratio for side effects from the network meta-analysis to 

derive probabilities for the other therapies.  For those instances where no data was available for a 

particular side effect, we took the conservative assumption that treatment had the same side effect 

profile as gemcitabine. Sensitivity analysis adopted an alternate assumption whereby when no data were 

available for a particular therapy, the highest probability of side effects across all therapies for which data 

were available was adopted. The duration of side effects were estimated by eliciting opinion from 

experts. Side effects were assumed to commence at onset of treatment. Sensitivity analysis adopted 

alternate durations.  
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Appendix B - Sensitivity Analyses 

Appendix B  

Sensitivity Analysis: Sequential Incremental Cost per QALY Gained  

 Source of Baseline Clinical Data for Gemcitabine 

 Colluci Schiethaeur Conroy Ozaka Nakai 

G Reference (least 

costly) 

Reference 

(least costly) 

Reference 

(least costly) 

Reference 

(least costly) 

Reference 

(least costly) 

GCis $5,707 $3,181 $5,489 $2,500 $1,881 

GF $17,649 $21,361 $20,656 $16,220 $15,910 

FOLFIRINOX $27.649 $39,457 $40,763 $21,878 $20.,261 

GCap, GE, GOx,  GnP Subject to Dominance or Extended Dominance 

 

 Alternate parametric forms for progression free survival 

 Exponential Gompertz 

G Reference (least costly) Reference (least costly) 

GCis $3,117 $3,427 

GF $16,593 $18,126 

FOLFIRINOX $22,008 $26,475 

GCap, GE, GOx,  GnP Subject to Dominance or Extended Dominance 

 

 Inclusion of Adverse Events Relative risk of mortality 

in pre-progression state 

=2 

Additional $200  
monthly management  
cost in progression free state  

 Excluded 3 month duration  

G Dominated by GCis Reference (least costly) Reference (least costly) Reference (least costly) 

GCis Reference (least costly) $3,828 $3,752 $7,864 

GF Subject to extended 

dominance 

$13,136 $19,577 $21,831 

FOLFIRINOX $14,719 $32,797 $30,671 $34,476 

GCap, GE, GOx,  GnP Subject to Dominance or Extended Dominance 

 

G, Gemcitabine; GCis, Gemcitabine + Cisplatin; GF, Gemcitabine + 5-fluorouracil; GCap, Gemcitabine + Capecitabine; GE, Gemcitabine + Erlotinib; 

GOx, Gemcitabine + Oxaliplatin; GnP, Gemcitabine + nab-Paclitaxel  


