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ABSTRACT 

Pancreatic cancer is the fourth leading cause of cancer-related mortality in the United 

Kingdom (UK) and the United States (US). Most of the cases are diagnosed in the 

metastatic stage (MPC) and the disease is associated with a significant economic and 

quality of life burden. Chemotherapy with gemcitabine (GEM) is the standard of care. 

Combination regimens such as cisplatin plus GEM (CIS+GEM), capecitabine plus GEM 

(CAP+GEM), nab-paclitaxel plus gemcitabine (NAB-P+GEM), FOLFIRINOX (FFX), 

and oxaliplatin plus GEM (OX+GEM) showed an improvement in the survival outcome 

when compared to GEM alone. The purpose of the pharmacoeconomic research program 

included in this dissertation-by-articles was to assess the benefits of these regimens as 

first-line treatment relative to their costs in the management of metastatic pancreatic 

cancer for the UK and the US – doing so by building upon a critical review of pharmaco-

economic studies of treatments for MPC and using a newly developed algorithm for 

parametric model selection. The four objectives of this research program were: (1) to 

identify and critique previous economic evaluation studies that have been done in the 

pancreatic cancer setting; (2) to propose a transparent algorithm to justify parametric 

model selection in economic evaluation studies; (3) to conduct an economic evaluation of 

systemic chemotherapies as first-line treatment of MPC from the payer perspective for 

the UK; and (4) to conduct an economic evaluation of systemic chemotherapies as first-

line treatment of MPC from the payer perspective for the US. This dissertation begins 

with an orientation to MPC, treatment options, innovation, and dissertation outline.  From 

the critical review (Chapter 2) we concluded that no comprehensive economic 

evaluations for all treatment options for the UK and the US have been published; overall 
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survival was the key driver for most of the economic evaluations; economic analyses 

were country-specific, not generalizable across countries, inconsistent in their use of 

model inputs and utility estimates; and their justification for selecting a specific 

parametric model. The latter led us to the development of a quantitative algorithm 

(Chapter 3) for objectively selecting parametric models to extrapolate the data beyond the 

time horizon reported in the clinical trials; showing also that the application of different 

parametric models impacted the economic evaluation estimates. Considering the 

likelihood of between-country differences, we then performed pharmacoeconomic 

evaluations of GEM alone, CAP+GEM, OX+GEM, CIS+GEM, NAB-P+GEM and FFX 

for the UK (Chapter 4), with its single-payer system, and for the US (Chapter 5), with its 

multiple-payer system.  The UK analyses revealed that compared to CAP+GEM, 

OX+GEM and CIS+GEM were more costly but less effective. Treatment with either FFX 

or CAP+GEM was more costly but more effective than with GEM alone. In contrast, the 

US analyses showed that OX+GEM, CAP+GEM, NAB-P+GEM and FFX were found to 

be costlier and more effective than GEM alone. Compared to GEM alone, NAB-P+GEM 

was found to have the smallest incremental cost-effectiveness and utility ratio among all 

other regimens. We synthesize and examine the implications of these findings in Chapter 

6. 
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CHAPTER 1 

 INTRODUCTION 

1.1 Current issues and theoretical framework 

In this dissertation-by-articles, I will address issues surrounding the economic benefit of 

first-line chemotherapy treatment in metastatic pancreatic cancer (MPC). Gemcitabine 

(GEM) alone has been the standard of care for patients with MPC since 1997. However, 

due to recent progress in research, new therapeutic treatments have been developed to 

treat individuals with MPC [1].  

 

While statistically significant improvements in overall survival are needed for patients 

with MPC, quality of life and cost-outcomes relationship are important goals [2]. In 

parallel or following clinical trials, economic evaluations are conducted to identify the 

actual health outcomes achieved per money spent of a given treatment compared to its 

alternatives [3]. For instance, we recently conducted an economic evaluation for nab-

paclitaxel albumin plus gemcitabine (NAB-P+GEM) compared to GEM alone as first-

line treatment for MPC for the United Kingdom (UK) [4]. We calculate the incremental 

cost-effectiveness ratio (ICER), measured in British pounds (£) per life year (LY) gained; 

and the incremental cost-utility ratio (ICUR), measured in £ per quality-adjusted life year 

(QALY) gained. NAB-P+GEM was associated with £30,367 and £78,084 per additional 

LY and QALY gained, respectively, over GEM alone. We replicated this analysis for the 

US adding FOLFIRINOX (FFX) as a third treatment option [5]. In this evaluation, NAB-

P+GEM was associated with $144,096 and $204,369 per additional LY and QALY 
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gained, respectively, over GEM; while FFX was associated with $235,162 and $372,813 

per additional LY and QALY gained, respectively, over GEM alone. Using Bucher 

method of indirect comparison [6], FFX has shown a statistically significant difference in 

progression-free survival (PFS) over NAB-P+GEM (hazard ratio [HR], 1.47; 95%CI, 

1.10 to 1.96) but no statistically significant difference in overall-survival (OS) was found 

between the two regimens (HR, 1.26; 95%CI, 0.95 to 1.68). 

 

It is noted that the quality of economic evaluation reports varies widely [7,8]. It is 

important to assure a transparent methodology to avoid wrong decisions that are based on 

misleading study findings [9]. This dissertation work is part of a program of research 

focused on economic evaluation of systemic chemotherapies for MPC.  

 

1.2 Background 

1.2.1 Incidence  

Pancreatic cancer is the tenth most commonly diagnosed cancer in the UK and in the US 

accounting for 3% of all cancers diagnosed in both countries [10,11]. In the UK, 9,400 

patients were diagnosed with pancreatic cancer in 2013 [10] while 53,700 new cases—

27,670 male and 25,400 female—are expected to be diagnosed in the US in 2016 [11]. 

 

1.2.2 Mortality 

Pancreatic cancer is the fifth most common cause of cancer-related mortality in the UK 

and the fourth most common cause of cancer-related mortality in the US [10,11]. In 2012, 
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8,700 patients died of pancreatic cancer in the UK [10] while 41,780 patients—21,450 

males and 20,330 females— are expected to die of pancreatic cancer in the US in 2016 

[11]. The 1-year and 5-year survival rates for all pancreatic cancer stages combined are 

21.5% and 5.3%, respectively [10,12]. 

 

1.2.3 Burden 

Although pancreatic cancer is associated with poor prognosis and short survival, the 

economic burden is substantial especially in elderly [13]. More than 70% of diagnosed 

cases are patients aged 65 years and older [14]. In this way, Medicare pays a notable 

portion of the associated costs in the US. Further, the costs of pancreatic cancer treatment 

are high and growing [15,16,17]. 

       

Based on Surveillance, Epidemiology, and End Results linked to Medicare claims data 

set (SEER-Medicare) from 2000 to 2007, the average total medical cost for pancreatic 

cancer was $65,500 [13]. Although this estimate of the total direct medical cost ranks at 

the lower end of the range of cost estimates reported for other cancers in the Medicare 

population [18], considering the limited life expectancy, pancreatic cancer patients incur 

these large costs in a very short time period.  

 

1.2.4 Diagnosis 

Histologically, more than 90% of the pancreatic cancer cases are adenocarcinoma. Acinar 

cell carcinoma and pancreatoblastoma represent the other 10% [19]. The typical 

symptoms of pancreatic cancer symptoms are weight loss, jaundice, and pain. Other 
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symptoms are anorexia, dark urine, light stool, nausea, vomiting, and weakness [19].  

 

Computerized tomography scan is the best practice for diagnosis and staging of 

pancreatic cancer. Biopsy is used to confirm the diagnosis and the serum tumor marker 

cancer antigen (CA) 19-9 is used to confirm diagnosis and predict progression and 

recurrence after diagnosis [20,21]. 

 

Pancreatic cancer performance and functional status can be measured using the 

Karnofsky Performance Status (KPS) and the Eastern Cooperative Oncology Group 

(ECOG) scale [22]. The KPS is a percentage point scale ranges from 0% (death) to 100% 

(no evidence of disease, no symptoms) [22]. The ECOG scale ranges from zero (Fully 

active, able to carry on all pre-disease performance without restriction) to five (death) 

[23]. 

 

1.2.5 Staging 

Pancreatic cancer is categorized into 3 categories: resectable, locally advanced, or 

metastatic [19]. Since most of the pancreatic cancers are diagnosed at late stage, more 

than half of the cases are diagnosed with metastatic disease, 28% with locally advanced 

disease, and 9% with localized disease [12]. 
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1.2.6 Treatment options 

1.2.6.1 Gemcitabine 

GEM became the gold standard therapy for advanced and metastatic pancreatic cancer in 

1997 following a phase III randomized trial against fluorouracil with the endpoints of 

median OS and clinical benefit [24,25]. One hundred twenty-six chemotherapy naïve 

patients were randomized to receive GEM at a dose of 1000mg/m2 weekly for seven out 

of eight weeks in cycle one, then weekly for three out of four weeks for the subsequent 

cycles; or 5-FU at a dose of 600 mg/m2 weekly. Patients were eligible if they had a KPS 

between 50 and 80 and an estimated life expectancy of at least 23 weeks.  

 

The results showed statistically significant difference in 1-year survival (18% versus 2%). 

Median OS was slightly but significantly longer in the GEM group than the 5-FU group 

(5.7 months vs. 4.4 months; p = 0.0025), but more importantly GEM achieved a higher 

clinical benefit response (24% vs. 5%; p = 0.0022). 

 

1.2.6.2 Gemcitabine-based combination regimens 

1.2.6.2.1 Erlotinib plus GEM 

In November 2005, erlotinib (ERL) became the first biologic agent to receive the US 

Food and Drug Administration approval in combination with GEM for the treatment of 

advanced pancreatic cancer following a phase III randomized trial against GEM alone. 

The primary endpoint was median OS. Secondary endpoints were PFS, tumor response 

rate, duration of response, survival, and quality of life [26].   
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Five hundred ninety-six chemotherapy naïve patients were randomized to receive GEM 

at a dose of 1000mg/m2 weekly for seven out of eight weeks in cycle one, then weekly for 

three out of four weeks for the subsequent cycles in combination with ERL at a dose of 

100 mg mg/day orally; or GEM at a dose of 1000mg/m2 weekly for seven out of eight 

weeks in cycle one, then weekly for three out of four weeks for the subsequent cycles. 

Patients were eligible if they had an ECOG performance status of zero or one. 

 

The ERL+GEM combination had a statistically significant longer OS (6.24 months vs. 

5.91 months; HR 0.82; 95% CI, 0.69 to 0.99;). The combination has shown a statistically 

significant improvement in median PFS (3.8 months vs. 3.5 months; HR, 0.7; 95% CI, 

0.64 to 0.92).  On the other hand, neither tumor response difference (ERL+GEM 8.6% 

and GEM 7.9%) nor response duration difference (ERL+GEM 24 weeks and GEM 23 

weeks) was statistically significant between the two regimens. 

 

1.2.6.2.2 Oxaliplatin plus GEM 

The phase III randomized trial compared Oxaliplatin plus GEM (OX+GEM) against 

GEM alone in advanced or metastatic pancreatic cancer [27]. Three hundred thirteen 

chemotherapy naïve patients were randomized to receive GEM at a dose of 1g/m2 on day 

one and OX at a dose of 100 mg/m2 on day two every two weeks; or GEM at a dose of 

1g/m2 weekly. Patients were eligible if they had an ECOG performance status of zero to 

two. The primary endpoint was median OS. Secondary endpoints were response rate and 

PFS. 
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Although the OX+GEM combination has shown a statistically significant difference in 

median PFS (5.8 months vs. 3.7 months; HR, 1.287; 95%CI, 1.014 to 1.688) and 

response rate (26.8% vs. 17.3%), the median OS difference was not statistically 

significant (9.0 months vs. 7.1 months; HR, 1.20; 95%CI, 0.95 to 1.54).  

 

1.2.6.2.3 Cisplatin plus GEM 

The phase III randomized trial compared cisplatin plus GEM (CIS+GEM) against GEM 

alone in advanced or metastatic pancreatic cancer [28]. One hundred ninety-five 

chemotherapy naïve patients were randomized to receive GEM at a dose of 1,000 mg/m2 

and CIS at a dose of 50 mg/m2 weekly for two out of four weeks cycle; or GEM alone at 

a dose of 1,000 mg/m2 weekly for three out of four weeks cycle. 

 

The CIS+GEM combination has not shown a statistically significant difference in OS 

(7.5 versus 6.0 months; HR, 0.8; p = 0.15) or in PFS (5.3 versus 3.1 months; HR, 0.75; p 

= 0.053) compared with GEM alone. The response rate was imporoved in the 

combination group compared to GEM alone (10.2% v 8.2%). 

 

1.2.6.2.4 Capecitabine plus GEM 

The phase III randomized trial compared capecitabine plus GEM (CAP+GEM) against 

GEM alone in advanced or metastatic pancreatic cancer [29]. Five hundred thirty-three 

chemotherapy naïve patients were randomized to receive GEM at a dose of 1g/m2 weekly 

for three out of four weeks and CAP at a dose of 1,660mg/m2/day for three out of four 
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weeks cycle; or GEM at a dose of 1000mg/m2 weekly for seven out of eight weeks in 

cycle one, then weekly for three out of four weeks for the subsequent cycles. Patients 

were eligible if they had an ECOG performance status of zero to two. The primary 

endpoint was median OS. Secondary endpoints were response rate and PFS. 

 

Although the CAP+GEM combination has shown a statistically significant difference in 

median PFS (5.3 months vs. 3.8 months; HR, 0.78; 95% CI, 0.66 to 0.93) and response 

rate (19.1% vs. 12.4%), the median OS difference was not statistically significant (7.1 

months vs. 6.2 months; HR, 0.86; 95% CI, 0.72 to 1.02).  

 

1.2.6.2.5 NAB-P plus GEM 

The MPACT trial compared NAB-P+GEM to GEM alone with primary endpoints of 

median OS and a secondary end point of PFS and tumor response rate [30]. Eight 

hundred sixty-one chemotherapy naïve metastatic pancreatic cancer patients were 

randomized to receive NAB-P at a dose of 125 mg/m2 followed by GEM for three out of 

four weeks cycle; or GEM at a dose of 1000mg/m2 weekly for seven out of eight weeks in 

cycle one, then weekly for three out of four weeks for the subsequent cycles. Patients 

were eligible if they had a KPS of 70 and more. 

 

The NAB+P+GEM combination has shown a statistically significant difference in 

median OS (8.5 months vs. 6.7 months; HR 0.72; 95% CI, 0.62 to 0.83), PFS (5.5 months 

vs. 3.7 months; HR 0.69; 95% CI, 0.58 to 0.82), and overall response rate (23% vs. 7%). 

Subgroup analysis showed that patients with worse performance status responded better 
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to the combination regimen. 

 

1.2.6.3 Non-gemcitabine-based regimen  

In 2011, FOLFIRINOX was found to produce the longest overall survival among all 

other chemotherapy regimens studied to that date [31]. Three hundred forty-two 

chemotherapy naïve metastatic pancreatic cancer patients were randomized to receive 

either FOLFIRINOX (oxaliplatin, 85 mg/m2; irinotecan, 180 m/m2; leucovorin, 400 

mg/m2; and fluorouracil, 400 mg/m2 given as a bolus followed by 2400 mg/m2 given as a 

46-hour continuous infusion, every 2 weeks); or GEM at a dose of 1000mg/m2 weekly for 

seven out of eight weeks in cycle one, then weekly for three out of four weeks for the 

subsequent cycles. Patients were eligible if they had an ECOG performance status 

between of zero or one. 

 

The FOLFIRINOX combination has shown a statistically significant difference in median 

OS (11.1 months vs. 6.8 months; HR, 0.57; 95% CI, 0.45 to 0.73), PFS (6.4 months vs. 

3.3 months; HR 0.47; 95% CI, 0.37 to 0.59), and overall response rate (31% vs. 9.4%).  

 

1.3 Innovation 

It is important to extrapolate the trial’s survival data beyond its observation period when 

conducting an economic evaluation of cancer treatment. This is achieved by fitting 

parametric distributions (such as the exponential, Weibull, or Gompertz distributions) to 

time-to-event data. To date, visual inspection has been the most commonly used method 

to justify a parametric selection. This method is subjective and does not provide an 
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objective quantitative justification for the selection of model.  

 

While Latimer et al [32] provided a survival model selection process algorithm; they 

assumed that everyone has access to individual patient level data. The model selection 

algorithm we are proposing in chapter 3 will provide a transparent way for independent 

researchers to determine the parametric distribution type that best fit the original data to 

be used in economic evaluation studies. We will not limit ourselves to one treatment 

option in the economic evaluation, but we will include all systematic chemotherapies 

used for MPC in two economic evaluation studies for the UK in chapter 4 and the US in 

chapter 5. 

 

1.4 Objectives: 

1) To identify previous economic evaluation studies that have been done in the 

pancreatic cancer setting and critique them; 

2) To propose a transparent algorithm to justify parametric model selection in 

economic evaluation studies; 

3) To conduct an economic evaluation of systemic chemotherapies as first-line 

treatment of MPC from the payer perspective for the UK; 

4) To conduct an economic evaluation of systemic chemotherapies as first-line 

treatment of MPC from the payer perspective for the US. 

 

1.5 Dissertation outline 

 Chapter 1: Introduction. 
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Chapter 2: Economic evaluations of first-line chemotherapy regimens for pancreatic 

cancer: a critical review (Pharmacoeconomics, under review). 

Rationale: to identify previous economic evaluation studies that have been done 

in the pancreatic cancer setting and critique them. 

Chapter 3: An algorithm to quantitatively estimate extrapolated lifetime survival curves 

for economic evaluations of anti-cancer drugs using aggregate patient data (BMC, 

Medical Research Methodology, under review). 

Rationale: to propose a transparent algorithm to justify parametric model selection 

in economic evaluation studies 

Chapter 4: Economic evaluation for the UK of systemic chemotherapies as first-line 

treatment of metastatic pancreatic cancer (target journal: BJC).  

Rationale: to conduct an economic evaluation of systemic chemotherapies as first-

line treatment of MPC from the payer perspective for the UK 

Chapter 5: Economic evaluation for the US of systemic chemotherapies as first-line 

treatment of metastatic pancreatic cancer (target journal: J Clin Oncol).  

Rationale: to conduct an economic evaluation of systemic chemotherapies as first-

line treatment of MPC from the payer perspective for the US (target journal: J 

Clin Oncol). 

Chapter 6: Discussion and conclusion. 

Rational: to summarize the findings of this dissertation, address policy 

implications, compare the UK and the US drugs funding and reimbursement 

guidelines, and provide general conclusion. 
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CHAPTER 2 

ECONOMIC EVALUATIONS OF FIRST-LINE CHEMOTHERAPY REGIMENS 

FOR PANCREATIC CANCER: A CRITICAL REVIEW 

 

This Chapter represents the first step of the pharmacoeconomic research program 

included in this dissertation-by-articles. The rationale is to review previous economic 

evaluations of first-line chemotherapy regimens for pancreatic cancer since the 

introduction of gemcitabine in 1997. PubMed/MEDLINE and Embase (1997-2015) as 

well as the websites of health technology assessment agencies were searched. Sixteen 

economic evaluations involving eight chemotherapy regimens for pancreatic cancer 

retained, including 3 sub-evaluations. Of direct relevance to this dissertation, the review 

found that the economic evaluations provided no objective quantitative justification for 

parametric model selection (cf. Chapter 3) and that no comprehensive economic 

evaluations for all systemic chemotherapies for the UK (cf. Chapter 4) and the US (cf. 

Chapter 5) have been performed. Thus this Chapter guided the direction of the 

pharmacoeconomic research program included in this dissertation-by-articles. 

 

*Submitted to PharmacoEconomics 
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ABSTRACT 

Background. Effect sizes of efficacy of first-line treatments for (metastatic) pancreas 

cancer are constrained, underscoring the need for evaluations of the efficacy-to-cost 

relationship.   

Objective. To critically review economic evaluations of first-line chemotherapy 

regimens for pancreatic cancer since the 1997 introduction of gemcitabine. 

Methods. We searched PubMed/MEDLINE and Embase (1997-2015), and the websites 

of health technology assessment agencies. Two authors independently reviewed 

economic studies for eligibility in this review; evaluated peer-reviewed, journal-

published studies in terms of the Drummond Checklist; and critiqued the technical and 

scientific merit of all studies. 

Results. Sixteen pharmacoeconomic evaluations were included: 10 published in 9 peer-

reviewed journals, 6 on 3 websites; 6 on single-agent and 10 on combination therapies. 

Analyses conducted included cost-effectiveness (three studies), cost-utility (one study), 

or combined cost-effectiveness and cost-utility (twelve studies). Studies diverged in 

results, mainly due to different assumptions, methods, inputs, and country-specific 

guidelines. The two most recent regimens, nab-paclitaxel plus gemcitabline (NAB-

P+GEM) and FOLFIRINOX, were evaluated in indirect comparison; yielding statistical 

similar benefit in overall survival but superior progression-free survival for 

FOLFIRINOX. NAB-P+GEM showed greater economic benefit over FOLFIRINOX. 
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Conclusions. The divergence in results is attributable to economic drivers that are 

specific to countries and their healthcare (financing) systems. No recommendations 

regarding the relative economic benefit of treatment regimens, general or country-

specific, are made as the purpose of pharmaco-economic analysis is to inform policy 

decision-making and clinical practice, not set policy or define clinical practice.  

Keywords: pancreas cancer; economic evaluation; pharmacoeconomics; cost-

effectiveness; cost-utility. 
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1 INTRODUCTION 

Pancreatic cancer (PC) is among the leading causes of cancer death in the United States 

(US) and Europe[1,2]. Most new cases are metastatic PC (mPC);73% of patients die in 

the year following diagnosis; and the 5-year survival rate is 7%. PC is associated with 

significant economic, survival, and quality of life (QOL) burdens[3].  

5-fluorouracil (5-FU) was the most common chemotherapy agent until the 1997 

introduction of gemcitabine (GEM)[4]. Several chemotherapy options have since failed 

to improve outcomes over GEM[5]. A few have succeeded, including GEM combination 

therapies (erlotinib[6], capecitabine[7,8], fluoropyrimidine derivative S-1[9], albumin-

bound nab-paclitaxel[10]) and gemcitabine-free regimens (FOLFIRINOX[11]; S-1 [9]. 

The difference in median overall survival (OS) between GEM alone and these regimens 

ranges from 10 days[6] to 4.3 months[11].  

Because of the possible differences in outcomes, it is important to complement efficacy 

and safety analyses with economic evaluations. This review covers 16 economic 

evaluations, including 3 sub-evaluations, of 8 chemotherapy regimens for PC since the 

1997 start of the GEM era. The perspective taken is that pharmaco-economic analysis 

should inform decision-making about policy and clinical practice, not set policy or define 

clinical practice. Hence we refrain from interpretive statements and focus instead on the 

quality of studies reviewed and their findings. For this reason, we exclude the use of 

thresholds, as we have argued elsewhere[12]. 

The methods are described in the Supplemental Materials, as are the search results. 
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2  RESULTS 

Table 1 summarizes the designs of the 16 studies. The Drummond checklist[13] scores 

for studies in peer-reviewed studies are included in Table 2.  

2.2  Single-agent chemotherapy  

2.2.1  GEM versus 5-FU: Sweden (Ragnarson-Tenvall & Wilking, 1999) 

This Swedish study[14] calculated the life year (LY) gained from treatment of GEM over 

5-FU and the additional cost to be 0.104 years and SEK13,771 in 1996 terms, 

respectively.  The associated incremental cost/LY (cost/LY) was estimated at 

SEK132,286. One-way sensitivity analysis (OWSA) showed that the incremental cost 

was highly sensitive to GEM-related survival, supportive care, and the number of 

chemotherapy cycles. No probabilistic sensitivity analysis (PSA) was conducted. 

The applicability of the study to Sweden can be challenged as it combined retrospective 

Swedish epidemiological data with survival data from the Burris et al. trial[4], which 

included patients from the US, Canada, and the UK[4]; though, one should recognize that 

no Swedish trial data were available. While conducted from a societal perspective, 

indirect costs were not included in the analysis. No discount rate was used. The study 

reported outcome in terms of LY gained only, as Burris et al.[4] did not report QOL 

outcomes.  

2.2.2  GEM versus 5-FU: Manufacturer’s UK submission to NICE (Eli Lilly, 2001) 
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Eli Lilly submitted to NICE a dossier in support of GEM[15]based on the Burris et al. 

study[4] that considered LY gained and clinical benefit response (CBR); the latter being 

an unvalidated composite index of 4-week improvements in pain, analgesic intake, 

performance status, and weight change without deterioration in other components. 

Treatment costs per patient were estimated at GBP3,568 for GEM and GBP1,261 for 5-

FU, for a difference of GBP2,307 (year of terms not reported). The incremental costs 

were estimated at GBP12,200/LY and per CBR and GBP19,900 per progression-free LY. 

OWSA showed results to be highly sensitive to survival benefits. With no QOL data 

reported by Burris et al.[4], no QALY-based analyses were performed. The time horizon 

was18 months. No discounting was applied to drug costs and administration as these 

were incurred in the first year; costs after the first year were discounted at the prevailing 

NICE rate of 6%/year. 

The manufacturer relied on the mean OS (6.79months for GEM vs. 4.52months for 5-FU) 

rather than the median OS (5.67months vs. 4.41months, respectively) reported by Burris 

et al.[4]. This resulted in a higher survival gain (2.27months in manufacturer’s 

submission vs. 1.24months in clinical trial). This increased the denominator, impacted the 

cost-effectiveness ratio, yielding a lower cost/LY. The manufacturer used a confidential 

GEM price based on UK hospitals, while 5-FU was priced based on the public British 

National Formulary (BNF). This may have favored GEM as hospital costs are set 

individually following price negotiations while the BNF cost is fixed and excludes 

reductions.  

Eli Lilly submitted several secondary economic evaluations claimed to be relevant (see 

Supplemental Materials).   
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2.2.3 GEM versus 5-FU: NICE-commissioned external evaluation for UK 

(University of Sheffield, 2001) 

In response to the Eli Lilly submission, NICE commissioned the University of Sheffield 

to conduct a similar economic evaluation for UK from the payer perspective. This 

analysis used the same methodology but used the median survival gain obtained from the 

published Kaplan-Meier curves[4], and integrated QOL using the quality-adjusted time 

without symptoms or toxicity method (Q-TWiST). Three health states were defined with 

similar utilities for GEM and 5-FU (from an ovarian cancer study[16]): time in clinical 

benefit (utility 1.0); time before progressive disease when not in clinical benefit (0.5); 

and time from disease progression to death (0.5) - which can be challenged). Hence the 

only factor determining QALY change was the time assigned to a given health state. Two 

5-FU dosing regimens were considered: the De Gramont 5-FU and folinic acid regimen, 

generally requiring an in-patient stay; and 5-FU protracted venous perfusion (PVI) by 

ambulatory pump enabling home administration. The mean survival gain was assumed to 

be the same for both regimens. 

With incremental LY gained for GEM over 5-FU of 0.19 years, the incremental cost/LY 

was GBP7,209 for De Gramont regimen compared to GBP16,543 for the PVI 5-FU 

regimen (year terms not reported). Sheffield used a lower 5-FU PVI cost/month than the 

manufacturer (GBP1065.10 vs. GBP961.58) raising the incremental cost/LY for GEM 

from GBP12,200 to GBP15,565. Sheffield assumed that central line changes were a day-

case and not an in-patient procedure and a line checking and flushing schedule of every 

six weeks and not weekly, raising the incremental cost/LY to GBP20,361. Further, PVI 

administration was associated with an incremental 0.148 QALY, yielding an incremental 
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cost/QALY of GBP21,088. Per OWSA, this result was relatively sensitive to QOL 

changes in disease progression to death period. Reducing utilities from 0.5 to 0.1 

increased the incremental cost/QALY to GBP26,115. Raising the 5-FU or lowering the 

GEM utility by 0.2 reduced the incremental QALY from 0.148 to 0.103, resulting in an 

incremental cost/QALY of GBP30,460. 

The Sheffield analysis calculated the drug cost on the basis of a body surface area (BSA) 

of 1.8m2 with patients treated until disease progression. This yielded for GEM a higher 

cost of GBP1419.79 versus $1,219.59 reported by the manufacturer; and a lower 5-FU 

cost of GBP961.58 versus the manufacturer’s GBP1065.10 estimate. Sheffield also 

assumed higher infusion and flushing costs and lower hospitalization costs for 5-FU than 

the manufacturer. Consistent with the manufacturer, the Sheffield analysis did not include 

cost data on nursing time, pharmacy costs, tests, and general practitioner visits. 

2.2.4  GEM versus 5-FU: UK (Aristides et al., 2003) 

This Eli Lilly-sponsored British study[17] estimated the incremental costs for GEM over 

5-FU at GBP12,172/CBR and GBP12,206/LY (2000 GBP). OWSA on the 95%CI for 

hospitalization, chemotherapy infusion, and outcomes confirmed the base case for CBR 

and LY gained, with both costs highly sensitive to overall survival. 

This analysis from the payer perspective used aggregate survival but individual patient 

data from Burris et al.[4] for chemotherapy drug use without extrapolation beyond the 

18-month time horizon and the NICE prevailing discount rate of 6%/year. Cost of 

wastage was considered. Additional OWSAs were conducted using variance in the 
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statistical measure of time to progression, and using +50% changes in drug and other 

costs. 

The applicability of this study to the UK can be challenged because, as in the Swedish 

study[14], it applied the Burris et al.[4] data as proxy for clinical practice in the UK when 

that study was conducted mainly in North-American centers and only one UK center. 

Lacking QoL data, no QALY-based estimates could be calculated. PSAs were not 

performed. Again, the CBR index is not validated. 

2.2.5 GEM versus 5-FU: UK (Bansback et al., 2004) 

Bansback et al.[18] extended Aristides at al.[17] by including QALY, conducting a PSA, 

and estimating cost-effectiveness acceptability (CEAC) curves. While NICE recommends 

the time-to-trade-off technique, health utilities were obtained from 14 healthcare workers 

using the standard-gamble technique[19]. The incremental cost/QALY for GEM over 5-

FU was GBP45,209 (year terms not reported) assuming equal and constant utility values 

for both arms.  

To address uncertainty in study results and the money needed to confirm results, the 

expected-value-of-perfect-information (EVPI) was calculated for a threshold of 

GBP30,000/QALY assuming a one-year incidence of 6,000 new PC patients in England 

and Wales. The population EVPI was GBP246,000, while the partial EVPI indicated that 

this estimate was largely due to uncertainty in the utility values.  

2.2.6  S-1 versus GEM: China (Zhou et al., 2015) 
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Zhou et al.[20] used clinical data from the Ueno et al.[21] three-arm clinical trial 

evaluating monotherapy with GEM or S-1 or combination therapy with S-1+GEM in 

mPC.  Analyses included assessments of non-inferiority of S-1 monotherapy and 

superiority of S-1+GEM over GEM. Non-inferiority of S-1 was demonstrated but 

superiority of S-1+GEM was not. Zhou et al.[20] performed economic analyses for both 

the monotherapy (reviewed in this section) and the combination therapy (next section). 

Both analyses used a Markov model with three health states: stable, progression to 

second-line treatment, and death. Costs were expressed in USD (year not specified); a 

discount rate of 3%/year was used with a lifetime horizon with cycle lengths of 1 month. 

At an estimated USD19,371, S-1 was less expensive than GEM at USD21,912 and more 

effective with estimated quality-adjusted life months (QALM) of 7.90 vs. 6.93 for GEM. 

PSA confirmed the base case results. OWSA showed the results to be sensitive to utilities 

in the GEM arm. 

Inconsistent with a payer perspective, the analysis incorporated indirect costs such as 

travel and time costs. Supportive care costs were not included. QOL was measured in the 

trial[21], yet utilities were estimated from published Canadian data without a rationale 

presented[22].  

2.3  Combination chemotherapy 

2.3.1  S-1+GEM versus GEM: China (Zhou et al., 2015) 

Using the results of the non-significant superiority assessment, Zhou et al.[20] estimated 

total costs and outcomes of USD22,943 and 7.46 QALMs for S-1, and USD21,912 and 
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6.93 QALMs for GEM; confirmed by PSA. OWSA analysis showed that the results were 

sensitive to the utility score of the progressed state in the GEM group. No incremental 

cost/QALM was reported: contrary to trial data, S-1 was to be more effective and less 

costly than GEM. 

2.3.2  FOLFIRINOX versus GEM: Canada (Attard et al., 2014) 

This economic evaluation included one analysis[22] based as closely as possible on the 

Conroy et al.[11] trial comparing FOLFIRINOX to GEM; and a second analysis 

integrating real-world data reflecting Ontario practice patterns and funding restrictions 

prior to the reimbursement of FOLFIRINOX. Costs and outcomes were calculated with a 

Markov model with five states: stable first-line treatment, stable post-treatment, 

progression to second-line treatment, progression to BSC, and death. Costs were 

expressed in 2013 CAD; a discount rate of 5%/year was applied; and a life-time horizon 

was used. Utilities were obtained from a published PC study of GEM-plus-placebo or 

GEM-plus-bevacizumab[23]. Utility decrements from adverse events (AE) obtained from 

published literature were subtracted from the health state utility.  

The incremental costs were CAD13,896 in analysis-I, and CAD16,233 in analysis-II. 

LYs and QALYs gained were estimates at 0.974 and 0.752 for FOLFIRINOX in 

analysis-I, and 0.670 and 0.510 for GEM in analysis-II.  The incremental cost/LY for 

FOLFIRINOX was CAD45,877 in analysis-I and CAD53,331 in analysis-II; whereas the 

incremental cost/QALY ratios in these respective analyses were CAD57,858 and 

CAD67,626. PSA showed that FOLFIRINOX had ~85% probability of being cost-

effective at a CAD100,000 threshold. OWSA indicated that the incremental cost/QALY 
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would not exceed CAD70,000. The authors fail to acknowledge that their model was 

highly sensitive to the OS hazard ratio with an incremental cost/QALY exceeding 

CAD100,000. Also, subtracting AE utility decrements from health state utilities 

incorrectly double-counts the impact of AEs on utilities. 

2.3.3  FOLFIRINOX versus C+GEM+C versus E+GEM versus GEM: Canada 

(Tam et al., 2013) 

This economic analysis[24] attempted to apply the clinical data from published 

trials[4,6,7,8,11] of FOLFIRINOX, C+GEM, and E+GEM against GEM alone, using a 

Markov model with three health states: stable disease, disease progression, and death. 

Costs and outcomes were expressed in 2010 CAD, discounted by 3.5%/year. A two-year 

horizon and cycle lengths of 1 month were assumed.  

LYs and QALYs gained were calculated to be, respectively, 1.005 and 0.703 for 

FOLFIRINOX, 0.790 and 0.564 for E+GEM, 0.762 and 0.536 for C+GEM, and 0.667 

and 0.487 for GEM. The incremental cost/QALY was CAD84,299 for C+GEM, 

CAD153,631 for E+GEM, and CAD133,184 for FOLFIRINOX. Per OWSA, the results 

were highly sensitive to drug cost.  

The investigators obtained utilities by surveying academic medical oncologists across 

Canada considered experts in non-colorectal gastrointestinal malignancies; which is a 

reasonable alternative to using utilities from other studies but lack the validation of 

established utilities. In the absence of a comprehensive trial of the four treatments, data 

from the individual studies were used as independent inputs. The generalizability of the 

analysis can be challenged: methods for indirect comparisons exist and would have 
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provided simulated comparative data, certainly with a valid proportional hazards 

assumption. The study reported the PSA using the cost-effectiveness plane, hence we are 

unable to evaluate the incremental cost/QALY claims.  

2.3.4  NAB-P+GEM versus GEM: United Kingdom (Gharaibeh et al., 2015) 

This independent economic analysis for the UK used the data of the Von Hoff et al.[10] 

trial comparing NAB-P+GEM versus GEM alone in mPC[25]. A Markov model with 

three health states was applied: mPC, progressive disease, and death. Using a life-time 

horizon and discount rate of 3.5%/year, treatment costs were estimated at GBP3,848 for 

GEM and GPB9,314 for NAB-P+GEM (2013 GBP). LY gains were 0.79 for GEM and 

0.97 for NAB-P+GEM for an increment of 0.18; QALY gains were 0.45 and 0.52 for an 

increment of 0.07. The incremental cost/LY and/QALY with NAB-P+GEM equaled 

GBP30,367 and GBP78,086, respectively. These data were confirmed in a PSA. OWSA 

showed that the results were highly sensitive to NAB-P vial cost. Wastage had a limited 

impact on estimates. The Von Hoff et al.[10] study did not collect QOL data, hence the 

cost-utility analysis used Canadian utility values[24], which can be challenged. 

2.3.5 NAB-P+GEM versus GEM: Spain (Carrato et al., 2015) 

Also based on Von Hoff et al.[10], this study applies a three-state Markov model of 

progression-free (responders), disease-progression (non-responders), and death. The 

study assumed that 42% of GEM-treated and 38% of NAB-P+GEM-treated patients 

would progress to second-line treatment: specifically, 5-FU (1 and 7%, respectively), 5-

FU+oxaliplatin (17 and 13%), capecitabine (7 and 4%), GEM+capecitabine (4 and 3%), 

erlotinib (1 and 2%), GEM+erlotinib (4 and 3%), and FOLFIRINOX (8 and 6%). QALY 
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calculations used published utility values. Proportional shortfall methodology[26] with a 

correction factor of 1.417 was applied in the sensitivity analysis.  This method assumes 

health inequalities measurements should concentrate on the fraction in QALYs people 

lose relative to their remaining life expectancy, and not on the absolute number of 

QALYs lost or gained (ratio of QALYs lost over QALYs remaining). 

Base case results showed that NAB-P+GEM was associated with an additional 

EUR6,477 and gains of 0.199 LYs and 0.156 QALYs. The incremental cost/QALY for 

NAB-P+GEM was EUR41,519 (2014 EUR). The shortfall-adjusted QALY gains varied 

from 0.156 in the base case to 0.221 and 0.390 depending on the correction factor; 

translating into the incremental cost/QALY for NAB-P+GEM ranging between 

EUR29,357/QALY and EUR16,636/QALY. 

That a proportion of progressed patients would receive second-line treatment is 

inconsistent with a recent systematic review[27] of studies published between 2000 and 

2012, which found results to be inconclusive and the benefit of second-line treatment 

limited. With the ensuing positive FOLFIRINOX[11] and NAB-P+GEM[10] versus 

GEM trials and the increasing adoption of these regimens in clinical practice, we can 

assume a lower likelihood of treatment failure and migration to second-line (salvage) 

therapy. Additionally, with first-year mortality at 73% and the observed survival benefits 

of other treatments, second-line treatment may be a limited option clinically or 

economically. The use of proportional shortfall is innovative, however can also be 

challenged as Anglo-Saxon utilities are applied to a Latin-Mediterranean population[23, 

24,28,29,30,31,32,33]. Applying utilities obtained from individuals treated with GEM-

plus-placebo or GEM-plus-bevacizumab in pancreatic cancer can be challenged[23]. This 
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may be considered double-counting as the AE-related disutility decrements are subtracted 

from the health state utilities.  

2.3.6  NAB-P+GEM versus GEM: Manufacturer’s UK submission to NICE 

(Celgene, 2015) 

Per the NICE website[34] Celgene included several economic evaluations in its NAB-

P+GEM dossier that included comparisons to GEM, FOLFIRINOX, and C+GEM. We 

focus here on the NAB-P+GEM versus GEM analysis - this being the dossier’s core, the 

only analysis considered by NICE, and referred by NICE to an Expert Review Group 

(ERG).  

The underlying Markov model specified three health states: pre-progression, post-

progression, and death. Transition probabilities were estimated from fixed and random-

effects mixed-treatment comparisons for chemotherapy-naïve mPC patients as obtained 

from the respective trial data[8,10,11]. The proportional hazard assumption was assumed 

valid across all regimens; a 1-week cycle length, a discount rate of 3.5%/year, and a 10-

year time horizon were used; and external utilities were imputed[23]. 

The incremental cost of NAB-P+GEM over GEM was GBP8,135 while the incremental 

QALY was 0.157. This translated into a base case incremental cost/QALY of GBP51,900 

(year terms not reported), which was confirmed by PSA. OWSA revealed that the model 

was highly sensitive to OS in NAB-P+GEM-treated patients, utility values, and the 

Kaplan-Meier curve-fit, the Weibull curve-fit for OS and PFS, and the Gompertz curve-

fit for time-to-treatment-failure. 
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The NICE ERG argued that the survival hazards were not proportional as the survival 

curves crossed. It suggested that utilities be adjusted to 0.742 (from 0.800) for 

progression-free disease and 0.671 (from 0.750) for progressed disease to reflect UK 

values. It questioned the use of utilities from mPC patients treated with GEM-plus-

placebo or GEM-plus-bevacizumab[23]; claiming that this constitutes double-counting as 

the AE-associated disutility decrements are subtracted from utility values. With the 

model being highly sensitive to curve-fitting and data based on people in whom treatment 

had failed, the curve-fitting exercises may have resulted in a ‘bias against survivors’. The 

use of a log-normal distribution to address uncertainty in BSA was considered 

inappropriate and a normal distribution was proposed instead. The exclusion of any cost 

or utility decrement for terminal care was questioned as well. 

2.3.7  NAB-P+GEM versus GEM: NICE-commissioned ERG analysis (UK) (NICE 

ERG, 2014). 

In line with the above (2.3.6) concerns, the ERG performed an economic evaluation that 

considered terminal care costs and outcomes, vial sharing, and BSA distribution; made 

utility adjustments to reflect the UK; used a different but unspecified method to project 

time-to-event data using Kaplan-Meier data; and modeled longer-term data using only 

those data toward the end of the survival curve. The ERG estimated the incremental cost 

at GBP11,327, the incremental QALY at 0.1443, translating into an incremental 

cost/QALY of GBP78,488 (year terms not reported). 

2.3.8  NAB-P+GEM versus GEM: pan-Canadian Oncology Drug Review Expert 

Review Committee (pCODR, 2014) 
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Available only as a brief and therefore not verifiable[35], pCODR evaluated a 

confidential economic analysis by Celgene comparing NAB-P+GEM to GEM and 

FOLFIRINOX as first-line treatment in mPC from the payer perspective. Cost and 

outcomes were determined based on a partitioned-survival model with three health states: 

mPC, progressive disease, and death. Transition probabilities were estimated through 

Kaplan-Meier curves for each (hypothetical) arm. We consider only the direct 

comparison results for NAB-P+GEM versus GEM because of the biases inherent to naïve 

indirect comparisons.  

Using a confidential NAB-P price submitted to pCODR, NAB-P+GEM was found to be 

CAD20,030 more expensive than GEM and associated with an additional 0.190 LY and 

0.129 QALY. The incremental cost/LYwas estimated at CAD105,423 and the 

incremental cost/QALY at CAD155,549 (year terms not reported). 

pCODR reanalyzed the data including the cost of wastages and pharmacy preparation. 

The incremental cost between GEM and NAB-P+GEM was CAD22,900, mostly due to 

wastage. The incremental clinical benefit was between 0.119 and 0.125 QALY, mostly 

due to time horizon and utility values after progression. This increased the incremental 

cost/QALY estimates to between CAD182,714 and CAD192,995 (year terms not 

reported). Per OWSA, the model was found to be highly sensitive to chemotherapy dose 

intensity and doses missed, time on treatment pre-progression, utilities, and wastage. 

2.3.9  NAB-P+GEM versus GEM: Australian Pharmaceutical Benefits Advisory 

Committee (PBAC, 2014) 
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Also published only as a brief and therefore not verifiable[36], the PBAC evaluated a 

confidential economic analysis of NAB-P+GEM versus GEM submitted by Celgene. The 

incremental cost/LY was estimated between AUD45,000 and AUD75,000. A secondary 

analysis with censored data and without extrapolation beyond the trial data yielded 

incremental cost/LY estimates between AUD45,000 and AUD75,000. No information is 

provided about determinants of these ranges. Arguing the inappropriateness of accepting 

LYs gained without adjusting for quality, the PBAC noted that including QOL in the 

model, the incremental cost/QALY would exceed AUD100,000. A sensitivity analysis 

using a 250mg vial versus the 100mg vial used in the economic analysis would result in 

an incremental cost/LY between AUD75,000 and AUD105,000. 

2.3.10  NAB-P+GEM versus FOLFIRINOX versus GEM: United States (Gharaibeh 

et al., 2015)  

This independent analysis[37]of NAB-P+GEM, FOLFIRINOX and GEM in first-line 

treatment of mPC used the Bucher method for indirect comparison[38]. The data from the 

Conroy et al.[11] and Von Hoff et al.[10] studies were compared by meta-regression 

using the common comparator of GEM to derive indirect comparison estimates of NAB-

P+GEM versus FOLFIRINOX, with efficacy estimates expressed as relative risks (RR) 

and safety parameters as odds ratios (OR). A Markov model with three health states was 

used: mPC, progressive disease, and death. A life-time horizon, a discount rate of 

3%/year, and a full time horizon were used.  
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Indirect comparison revealed that NAB-P+GEM and FOLFIRINOX had statistically 

similar OS efficacy (HR=1.26, 95%CI=0.95-1.68). FOLFIRINOX prevailed in PFS 

efficacy (HR=1.47, 95%CI=1.10-1.96). 

LYs and QALYs gained were calculated to be, respectively, 1.107 and 0.725 for 

FOLFIRINOX, 0.919 and 0.603 for NAB-P+GEM, and 0.739 and 0.476 for GEM. The 

incremental cost/LY and   cost/QALY for FOLFIRINOX over GEM equaled 

USD253,162 and USD372,813 respectively; and for NAB-P+GEM over GEM equaled 

USD144,096 and USD204,369, respectively. Compared to NAB-P+GEM, FOLFIRINOX 

was associated with an incremental cost/LY of $358,067 and an incremental cost/QALY 

of $547,480. PSA confirmed the deterministic analyses. 

The Bucher method offers a statistical approach to simulate the possible results or a 

three-arm trial and avoids the biases of naïve indirect comparisons. The method warrants 

caution as it tends to yield wider CIs than what is obtained from direct comparisons[39]. 

Von Hoff et al.[10] did not report QOL data, hence this analysis imputed external 

utilities, which can be challenged.
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3. DISCUSSION 

This review of sixteen economic analyses revealed that different assumptions, methods, 

inputs, and country guidelines yield divergent results. Hence what may not be 

generalizable across countries – that is, across healthcare systems, cost structures, 

coverage/reimbursement policies, and health technology assessment and regulatory 

organizations – is whether the available treatments for mPC are economically justified, 

should be included on formularies, and made accessible to patients. This inability to 

provide economic analyses comparable across countries and systems could be considered 

a failure of these pharmaco-economic analyses. Alternately, these various and variable 

analyses can be viewed as contextual inputs, to be evaluated qualitatively and narratively, 

for pharmacoeconomic policy development and clinical guidance at the country-/system-

level. This is consistent with our premise– that pharmaco-economic analysis should 

inform decision-making about policy and clinical practice, not set policy or define 

practice. This explains why we did not make any categorical recommendations about the 

economic benefits of or coverage/reimbursement for the treatments reviewed – whether 

those stated by the authors or whether our interpretation – and omitted threshold-based 

statements[12].  

 

All sixteen studies included GEM monotherapy. In the early studies GEM was the novel 

treatment against 5-FU, the then prevailing standard-of-care. At some point, GEM must 

have been considered economically justified as it became the standard-of-care. The 

pharmaco-economic debate started with the subsequent regimens reviewed here; 

culminating in the current discussions about NAB-P+GEM and FOLFIRINOX and the 
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clinical and economic reality that no new, generally agreed upon, standard-of-care has 

emerged. 

 

There is indeed a clinic-economic challenge in the NAB-P+GEM or FOLFIRINOX 

debate: to overcome categorical, often binary, positions about whether there is sufficient 

efficacy (and safety) and whether the cost is appropriate. There is indeed the issue of the 

effect size of the efficacy of these agents– and the absence, unlikely to be remedied by an 

industry- or publicly-sponsored head-to-head trial, of comparative data of NAB-P+GEM 

vs. FOLFIRINOX. Bekaii-Saab and Goldberg[37] have suggested that “historical cross-

comparisons seem to give FOLFIRINOX an edge”. Discounting the naïve indirect 

comparisons, the Gharaibeh et al.[37] Bucher indirect comparison provides the only 

quantitative evidence: similar OS for both regimens (HR=1.26, 95%CI=0.95-1.68) but 

superior PFS for FOLFIRINOX (HR=1.47, 95%CI=1.10-1.96). 

 

At this time, all that can concluded clinically is that both NAB-P+GEM and 

FOLFIRONOX are superior to GEM, and that FOLFIRINOX may prevail over NAB-

P+GEM in PFS but that both have statistically similar OS. Likewise, all that can be 

concluded economically at this time is that the incremental costs of LY and QALY 

gained over GEM are significant, yet lower for NAB-P+GEM; and that the incremental 

costs for FOLFIRINOX over NAB-P+GEM are prohibitive for, essentially, a PFS gain 

that does not extend into an OS gain. 
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Inherent to this (interim) conclusion is the need for further clinical evidence as the basis 

for effectiveness-based economic analyses. The studies in our review relied on data from 

randomized controlled trials, with the exception of one study[14] which also integrated 

real-world evidence. Real-world evidence about the effectiveness of FOLFIRINOX and 

NAB-P+GEM in daily clinical practice accumulates will enable a next-generation of 

economic analyses that can be reconciled with those reviewed here. 

 

Our review revealed some questionable methodological practices. The opportunistic use 

of mean versus median outcomes (or vice versa) may inflate the survival benefit and 

lower the (incremental) cost estimates. The purpose of parallel economic analyses 

involving other regimens, included in manufacturer’s dossiers was not always evident to 

the objective of arguing the economic benefits of their proposed treatments. Conversely, 

health technology assessment agencies can be challenged for being conservative and 

reactive to submissions. The limitations of the QALY to capture the societal value of 

anti-cancer drugs were evident in this review. The innovative proportional shortfall 

methodology should be considered on a larger scale – especially in cancers such as mPC 

where the survival gain is minimal. Indirect comparison methods, while a necessity, have 

their limitations, e.g., not considering potentially biasing differences in patient 

populations between the trials being compared. Wastage should be considered.[40] 

Mapping QOL data from trials to the EQ5-D is an innovative approach to confirming 

utility values and increasing the robustness of findings. 
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Tables 

Table 1. Overview of studies included 

 

Study Country Year Disease  Comparator  Outcomes  Discount 

rate  

Perspective Model Time 

frame 

Primary 

data source 

Include 

wastage  

Ragnarson
-Tenvall 
& 
Wilking, 
1999 

Sweeden 1996 Locally 
advanced 
pancreati
c cancer 

GEM vs 
standard of 

care 

LYG No 
discount 

rate 

Societal  Retropsective 
data analysis 

One 
year 

Retrospective 
data and 

clinical trial 
data 

No 

Eli Lilly, 
2001 

UK 2001 Metastati
c 

pancreati
c cancer 

GEM vs 5-
FU, GEM vs 

BSC 

 LYG 6.0% Payer 
(National 

Health 
Service 

(NHS) in the 
UK) 

Markov model 18 
months 

Clinical trial No 

University 
of 
Sheffield, 
2001 

UK 2001 Metastati
c 

pancreati
c cancer 

GEM vs 5-
FU 

QALY/ 
LYG 

6.0% Payer 
(National 

Health 
Service 

(NHS) in the 
UK) 

Markov model NA Clinical trial No 

Aristides 
et al., 
2003 

UK 2000 Metastati
c 

pancreati
c cancer 

GEM vs 5-
FU 

LYG, gain 
in 

progressio
n-free 

survival 
and 

clinical 
benefit 

6.0% Payer 
(National 

Health 
Service 

(NHS) in the 
UK) 

Matched group 
from clinical 

trial 

18 
months 

Clinical trial Yes 
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Bansback 
et al., 
2004 

UK NA Metastati
c 

pancreati
c cancer 

GEM vs 5-
FU 

QALY 6.0% Payer 
(National 

Health 
Service 

(NHS) in the 
UK) 

NA NA Clinical trial No 

Tam e al 
2013 

Canada 2010 Metastati
c 

pancreati
c cancer 

GEM vs 
GEM–C vs 
GEM–E vs 

FOLFIRINO
X 

QALY/ 
LYG 

3.0% Ministry of 
Health and 
Long-Term 

Care 
(mohltc) of 

Ontario, 
Canada 

Markov model  2 years Clinical trial No 

Attard et 
al 2014 

Canada 2013 Metastati
c 

pancreati
c cancer 

FOLFIRINO
X vs GEM 

QALY/ 
LYG 

5.0% Ontario 
public 
payer. 

Markov Life 
time 

Individual 
patient data 

No 

Celgene 
2014 

UK NA Metastati
c 

pancreati
c cancer 

GEM vs 
NAB-

P+GEM vs 
FOLFIRINO
X vs C+GEM 

QALY/ 
LYG 

3.5% Payer 
(National 

Health 
Service 

(NHS) in the 
UK) 

Markov model 10 years Clinical trial No 

NICE 
2014 

UK NA Metastati
c 

pancreati
c cancer 

NAB-
P+GEM vs 

GEM 

QALY/ 
LYG 

3.5% Payer 
(National 

Health 
Service 

(NHS) in the 
UK) 

Markov model 10 years Clinical trial No 

PBAC 
2014 

Australia NA Metastati
c 

pancreati
c cancer 

NAB-
P+GEM vs 

GEM 

LYG NA NA Markov model NA Clinical trial NA 
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pCODR 
2014 

Canada NA Metastati
c 

pancreati
c cancer 

NAB-
P+GEM vs 

GEM vs 
FOLFIRINO

X 

QALY/ 
LYG 

NA NA Markov model NA Clinical trial NA 

Gharaibeh 
et al 2015 

UK 2013 Metastati
c 

pancreati
c cancer 

NAB+GEM 
vs GEM 

QALY/ 
LYG 

3.5% Payer 
(National 

Health 
Service 

(NHS) in the 
UK) 

Markov model Lifetim
e 

Clinilca trial Yes 

Zhou et al 
2015 

China  NA Locally 
and 

metastati
c 

pancreati
c cancer 

GEM vs S-1 
vs S-1+GEM 

LYG 
QALM 

3.0% Payer Markov model Life 
time 

Clinical trial No 

Carrato et 
al 2015 

Spain 2014 Metastati
c 

pancreati
c cancer 

NAB-
P+GEM vs 

GEM 

QALY/L
YG 

3.0% Spanish 
National 
Health 
System 

Markov model 10 years Clinical trial No 

Gharaibeh 
et al 2015 

USA 2015 Metastati
c 

pancreati
c cancer 

NAB-
P+GEM vs 

FOLFIRINO
X vs GEM 

QALY/ 
LYG 

3.0% US payer Markov model Life 
time 

Clinical trial No 

Abbreviations: GEM, gemcitabine; NAB-P+GEM; nab-paclitaxel plus gemcitabine;LYG, life year gain; QALY, quality adjusted life year gain; G-C; capicitabine 

plus gemcitabine.
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Table 2. Critical assessment of economic evaluations 

  

Rangarson
-Tennval 
et al 1999 

Aristides et 
al 2003 & 
Banshback 
et al 2004 

Zhou et al 
2015 

Gharaibeh 
et al 2015 

Carrato et 
al 2015 

Tam et al 
2013 

Attard et al 
2014 

Gharaibeh et 
al 2016 

Was a well-defined question posed in 
answerable form? 

X X X X X X X X 

Was a comprehensive description of the 
competing alternatives given (i.e. can you 
tell who did what to whom, where, and how 
often)? 

X X X X X X X X 

Was the effectiveness of the program or 
services established? 

  X X X X X X X 

Were all the important and relevant costs 
and consequences for each alternative 
identified? 

  X   X X X X X 

Were costs and consequences measured 
accurately in appropriate physical units (e.g. 
hours of nursing time, number of physician 
visits, lost work-days, gained life years)? 

  X   X X X X X 

Were the cost and consequences valued 
credibly? 

X X X X X X X X 

Were costs and consequences adjusted for 
differential timing? 

X X X X X X X X 

Was an incremental analysis of costs and 
consequences of alternatives performed? 

X X X X X X X X 

Was allowance made for uncertainty in the 
estimates of costs and consequences? 

  X X X X X X X 
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Did the presentation and discussion of study 
results include all issues of concern to 
users? 

X X X X X X X X 

Total score (out of 10) 6 10 8 10 10 10 10 10 
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1 METHODS 

The search was conducted using two bibliographic databases, PubMed/MEDLINE and 

Embase (1997-2015).  Both keywords and controlled vocabulary were used to develop 

the search strategy.  Terms included pancreatic cancer, economic evaluation, and 

gemcitabine.  Results were limited to publications from 1997 through 2015 and excluded 

letters, editorials, comments, dissertations, and meeting abstracts.  Three websites were 

also included in the search to locate reports: The United Kingdom (UK) National Institute 

for Health and Care Excellence (NICE), the Canadian Agency for Drugs and 

Technologies in Health (CADTH), and the Australian Pharmaceutical Benefits Advisory 

Committee (PBAC).  Since there were limitations on the number of search terms that 

could be used for these websites, variations of terms were used.  Studies published in 

English as peer-reviewed journal articles or official reports from the three government 

agencies were considered eligible. Only economic evaluations based on Phase III trials or 

post-approval studies were included. Each economic analysis was assessed in terms of 

country and year of the analysis, disease, comparators, outcomes, discount rate, 

perspective, method of the analysis, time horizon, primary data source, wastage 

including, and funding. Drummond’s critical assessment of economic evaluations 

checklist was be used to evaluate the studies[13]. 

2 ADDITIONAL RESULTS 

Study selection and review 

The search yielded 655 citations; 340 duplicates were removed. Of the remaining 315, 

302 did not focus on chemotherapy regimens and/or pancreatic cancer and/or did not 
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include an economic evaluation. Thirteen publications (9 articles and 4 reports) were 

retained. Any publication reporting more than 1 analysis was split accordingly. Hence, 

we review here 16 economic studies, including 6 on single-agent and 10 on combination 

therapies. 

GEM versus 5-FU: Manufacturer’s UK submission to NICE (Eli Lilly, 2001) 

In addition to the study reviewed in the main article, Eli Lilly submitted in its dossier 

several additional economic evaluations. A first analysis compared GEM to basic 

supportive care (BSC) and assumed that BSC costs nothing and has the same benefit as 

5-FU.  The estimated incremental cost/LY with GEM therapy equaled GBP18,900, which 

is higher than the GBP12,200 for GEM in the 5-FU comparison. A second analysis used 

data from a European trial comparing GEM to BAY12-9566[1], which was closed to 

accrual early because of survival and QOL benefits significantly favoring GEM. Not 

verifiable, the manufacturer estimated the incremental cost/LY for GEM compared to 

BSC at GBP8,650. This analysis is challenged because it concerns an agent that failed 

efficacy endpoints relative to GEM and therefore had little commercial potential in the 

PC setting. A third analysis used a scenario whereby 5-FU was administered by 

protracted venous infusion (PVI), as is sometimes the case in the UK. The costs for 5-FU 

were assumed to increase by 50% to GBP1,900 and the outcomes were supposed to be 

the same as if drug administration had been by weekly infusion. The incremental cost/LY 

for GEM was estimated to fall to GBP8,900. This analysis assumed that central line 

insertion and removal would be undertaken during an inpatient stay; however, this is 

commonly undertaken as a day case procedure on a weekly basis. 
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CHAPTER 3 

AN ALGORITHM TO QUANTITATIVELY ESTIMATE EXTRAPOLATED 

LIFETIME SURVIVAL CURVES FOR ECONOMIC EVALUATIONS OF ANTI-

CANCER DRUGS USING AGGREGATE PATIENT DATA 

 

This Chapter represents the second step of the pharmacoeconomic research program 

included in this dissertation-by-articles. Chapter 2 identified the need for justifying 

parametric model selection in economic evaluations and proposed an algorithm for doing 

so. Although visual inspection is the most commonly used method to justify parametric 

model selection, this method does not provide quantitative justification for this selection. 

This chapter reviews the specifications of the exponential, Weibull, and Gompertz 

distributions and proposes a transparent algorithm for quantitatively selecting parametric 

models to extrapolate the data beyond the time observed in clinical trials. The proposed 

algorithm is applied to an economic evaluation of FOLFIRINOX vs gemcitabine in 

metastatic pancreatic cancer for the US. The application of different parametric 

distributions was found to yield differential incremental cost-effectiveness and cost-

utility ratios. The proposed algorithm provides a quantitative approach for parametric 

model selection that can be used in any economic evaluation, especially when individual 

patient level data are not available. 

 

*Submitted to BioMed Central Medical Research Methodology 
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ABSTRACT  

Background 

Economic evaluations of cancer treatments require the extrapolation of trial survival data 

beyond the trial’s observation period to a longer-term (life) time horizon. This is achieved 

by fitting distributions (such as the exponential, Weibull, or Gompertz distributions) to 

time-to-event data. To date, visual inspection has been the commonly used method to 

justify a parametric selection. This method is subjective and does not provide an 

objective quantitative justification for the selection of model. We propose an algorithm 

for selecting and quantitatively justifying parametric model selection that can be used for 

extrapolation of survival data using aggregate patient data. 

Methods 

The algorithm includes seven steps: digitize the new treatment graph, extract the 

parametric functions and construct summary table, plot and visually inspect the 

parametric distributions, assess the goodness-of-fit and construct summary table, assess 

the proportional hazard model, calculate economic evaluation results per parametric 

distributions and construct summary table, and proposed results. Criteria for evaluating 

goodness-of-fit are the residual sum of squares (RSS), coefficient of determination (R2), 

and F-test. We illustrate our algorithm with an economic evaluation of FOLFIRINOX 

against gemcitabine in metastatic pancreatic cancer. 

Results  

For overall survival, the statistics for the exponential, Weibull, and Gompertz 

distributions were, respectively: RSS of 1.076, 0.312, and 1.325; R2 of 0.983, 0.987, and 

0.875; and F-test of 1554.365, 1912.354, and 1081.550 (all p<0.0001); indicating that the 
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Weibull function yielded the best fit. For progression-free survival, the statistics for the 

exponential, Weibull, and Gompertz distributions were, respectively: RSS of 0.869, 

0.218, and 1.126; R2 of 0.985, 0.993, and 0.912; and F-test of 1112.542, 2299.226, and 

820.238 (all p<0.0001); indicating that the Weibull distribution yielded the best fit. The 

proportional hazard assumption was found to be valid between FOLFIRINOX and 

gemcitabine. ICERs for FOLFIRINOX over gemcitabine were $182,078 (exponential), 

$212,979 (Weibull), and $360,631 (Gompertz). ICURs for FOLFIRINOX over 

gemcitabine were $287,270 (exponential),  $338,796 (Weibull), and $579,441 

(Gompertz).  

Conclusions 

The application of different parametric models impacts economic evaluation estimates. 

The algorithm provides a systematic and quantitative justification for parametric model 

selection and thus optimizing the validity of economic evaluations of cancer treatments. 
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BACKGROUND 

In cancer, estimation of survival data beyond the time frame of a clinical trial is critical in 

assessing the clinical benefit of new treatments relative to their economic implications. 

Specifically, reliable and credible estimates of survival outcomes and costs over time 

periods exceeding what was observed in clinical trials are needed to determine the 

incremental cost effectiveness (ICER) and cost utility ratios (ICUR) of one treatment 

over a competing alternative [1]. The ICER and ICUR are economic terms referring to 

the difference in total costs between two possible interventions divided by the difference 

of their total effectiveness expressed as, respectively, life years (LY) in ICER and 

quality-adjusted life years (QALY) in ICUR calculations. They represent the average 

incremental unit of cost associated with one additional unit of effectiveness.  

 

Without a full estimation of survival benefit over a life time (or another extended time 

period), economic evaluations will be restricted to what was observed directly in the 

relevant clinical trial(s). This will underestimate the true survival gain of the 

interventions, which in turn may impact the calculations of the incremental cost (the 

nominator part of ICER/ICUR) and the incremental benefit (the denominator part of 

ICER/ICUR). In return, this will result in inaccurate estimates of the ICER/ICUR 

[2,3,4,5].  

 

This is illustrated by the following example in the metastatic pancreatic cancer setting, 

where overall survival (OS) gain is the primary objective and even a small incremental 

change is clinically important. Conroy and colleagues compared FOLFIRINOX (FFX) to 



 

 70

gemcitabine (GEM) in terms of OS and progression-free-survival (PFS) over a 42-month 

period [6]. If we were to limit the economic evaluation to the median OS or the 42-month 

observation period, we would underestimate the true life year gain for FFX over GEM, 

limited as it may be. Hence, what is needed is a statistical method to extrapolate the FFX 

and GEM survival curves beyond the median OS or 42-month observation period. 

 

Survival data extrapolation can be achieved through the use of parametric models that are 

fitted to empirical time-to-event data. Parametric models are probability distributions 

built from a set of mathematical equations, and are described by means of a determinate 

number of parameters [7]. Models used in economic evaluations include the exponential, 

Weibull, and Gompertz functions. The choice of parametric model is dependent on the 

goodness-of-fit of the data estimated by the model to the original summary survival data 

[8]. 

 

The most common approach to evaluate this fit is by visual inspection of the original 

Kaplan-Meier (K-M) curve to the model-derived data curve; that is, whether visually the 

parametric distribution follows the K-M curve in a reasonable way. This approach is 

subjective and without quantitative controls and therefore sensitive to various biases. In a 

review of parametric models applied to survival analyses in 45 oncology-related health 

technology assessment reports submitted to the National Institute for Health and Clinical 

Excellence (NICE) by December 2009, Latimer et al. [1] found that visual inspection was 

the most commonly used method to select one parametric model over another one. They 

argued the need for a systematic and complete justification for model selection.   
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The need for a quantitative algorithm to select a parametric model for extrapolation is 

evident from the following example in the hematological setting. In 2009, in its review of 

rituximab in chronic lymphocytic leukemia, NICE found that applying the Gompertz 

instead of the Weibull distribution for PFS modeling increased the ICUR from £13,000 to 

£23,000 per QALY gained [9].  

 

Further compounding the issues is the fact that most often, individual patient data are not 

available from published reports; leaving aggregated (sample-level) data as the only data 

source available. Further, if aggregate data are not retrievable, it is necessary to digitize 

survival curves reported in the clinical trial report. 

 

This paper aims to provide an algorithm for selecting and justifying parametric models 

that integrates a systematic procedure with legacy methods (notably, visual inspection) 

and validation with statistical tests. We first present the proportional hazard model 

(PHM) concept and review parametric model distributions used for survival data 

extrapolation. Next, we identify statistical tests to assess the goodness-of-fit of 

distribution. In a third section, we propose an algorithm for parametric model selection; 

and apply this algorithm in the final section to the FFX versus GEM example mentioned 

above.  

 

METHODS AND RESULTS 

Proportional hazard model (PHM) and functions 
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Proportional hazard model 

The PHM assumes that whenever two different treatment groups are included in a model, 

at any given time, there is a proportional relationship for the probability of an event (e.g., 

death) to occur for an individual in one group to a similar individual in the other group. 

This proportional relationship is defined as the hazard ratio (HR), which is a measure of 

treatment effectiveness.  

 

Survival data can be represented through estimates of a hazard function h(t) and a 

survival function S(t) over time t. The hazard is the probability of a particular event 

occurring (e.g., death) given that patients have survived up to a certain point in time. The 

HR is the risk of this event occurring in the treatment arm as a ratio of the risk of the 

event occurring in the other arm [10].  

 

The PHM is defined as:  

ℎ�(�) = �ℎ�(�) (Equation 1) 

where ℎ�(�), and ℎ�(�) are the hazards of the target event at time t for patients on the 

new treatment and the comparator treatment, respectively; and ψ is a constant quantifying 

the ratio of the hazard of the event at any time for patients in one group relative to 

patients in the other group. A ψ<1 indicates that the hazard of the event at a given time t 

is smaller for patients on the new treatment relative to individuals on the comparator 

treatment, indicating that the new treatment improves survival over the comparator 

treatment. Conversely, ψ>1 means that the hazard of death at a given time t is greater for 

patients on the new treatment and that therefore the comparator treatment has a better 
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survival outcome [10].  

 

Functions 

Parametric distributions are defined by shape and scale parameters [11]. The scale 

parameter λ controls the underlying increasing rate of events occurring. The shape 

parameter 	 controls the relative increase of events occurring. A 	>1 indicates that the 

hazard is increasing over time, while 	<1 refers to a hazard that is decreasing over time.  

 

Exponential distribution. The exponential model is a PHM model that assumes that the 

hazard of an event remains constant for the entire time under consideration. It is defined 

by a single scale parameter (λ) that determines the relative increase of events occurring 

[11]. The exponential model is valid whenever the relation between -ln(S(t)) and time t is 

relatively linear.  

 

The survival function of the exponential distribution can be calculated as follows: 

���������� �(�) = �� {−��}  (Equation 2) 

where S(t) is the survival function, λ is the scale parameter for the exponential 

distribution, and t is the time. The exponential distribution is indicated if the hazard of the 

target event is likely to remain constant over an entire lifetime. 

 

Weibull distribution. Compared to the time-independent hazard in the exponential 

distribution, the Weibull distribution provides a time-dependent hazard, which is 

represented by 	 [11]. Therefore, the Weibull distribution is more flexible than the 
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exponential distribution as it accommodates changes in the hazard function: a consistent 

increase, remaining constant, or a consistent decrease. The hazard function cannot change 

direction; in other words, a monotonic function is assumed. The Weibull model is valid 

whenever the relation between ln(-ln(S(t))) and ln(t) is relatively linear. 

 

The survival function of the Weibull distribution can be calculated as follows: 

������� �(�) = �� {−���}  (Equation 3) 

where S(t) is the survival function, λ is the scale and 	 the shape parameter for the 

Weibull distribution, and t is the time. Note that at 	=1, i.e. a constant hazard, the 

Weibull distribution is a special case of the exponential distribution. 

 

Gompertz distribution. Similar to the Weibull distribution, the Gompertz has a shape (	) 

and a scale parameter (�); as well as a hazard distribution that increases or decreases 

monotonically and thus without changing direction [11]. The Gompertz distribution 

differs from the Weibull distribution in that it has a log-hazard function that is linear with 

respect to time, whereas the Weibull distribution is linear with respect to the log of time. 

The Gompertz model is valid whenever the relation between ln(-ln(St)) and time t is 

relatively linear.  

 

The survival function of the Gompertz distribution is calculated as follows: 

Gompertz �(�) = �� (
�

�
(1 − ���)  (Equation 4) 

where S(t) is the survival function, λ is the scale and 	 is the shape parameter for the 

Gompertz distribution, and t is time. 
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Quantitative measures of goodness-of-fit of extrapolated models 

Several statistical methods for justifying the choice of parametric models have been 

proposed: Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), 

log-cumulative hazard plot, negative 2 log-likelihood statistics, residual sum of squares 

(RSS), coefficient of determination (R2), and F-test [1]. However, the use of these 

methods is dependent on whether individual patient data are available or only aggregate 

data can be used. We evaluate these methods for the case of aggregate data.  

 

The AIC and the BIC examine in subject-level datasets the best possible predictive 

equation for a given number of variables included in a model based on the information 

provided by these variables. They are methods for determining optimal models adjusted 

for the number of predictors [10]. Since in an aggregated data situation no individual 

patient data are available, and the only predictor for the survival is time, the AIC and BIC 

are not candidates for inclusion in our algorithm. 

 

The log cumulative hazards plot aims primarily to confirm the proportionality of hazards 

between treatment arms [12]. It gives the linear plot from only the exponential 

distribution, as the hazard remains constant for the entire period of study. It is difficult to 

distinguish between parametric distributions using this method as hazards usually vary 

early in a clinical trial as the new treatment accumulates additional benefit, then reaches a 

maximum benefit level, before losing effect toward the end [13,14]. The log cumulative 

hazards plot tends to alter the K-M curve by compressing long-term differences and 
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overstating short-term differences. This impairs its ability to determine the fit of 

parametric models [13].  

 

The negative 2 log-likelihood test can be used only when the models are nested within 

each other and, thus, where one model is obtained from the other one. As different 

parametric models use different probability distributions, they violate the nesting 

assumption. Thus, the negative 2 log-likelihood test cannot be used to assess the fit of 

alternative models and has been used erroneously in previous justifications [11]. This 

leaves the RSS, R2, and F-test as the preferred statistical options to test the goodness-of-fit 

of parametric models. 

 

Residual sum of squares (RSS) 

RSS quantifies the inconsistency between the original data and a model and thus the 

unexplained variation [15]. It determines the difference between the original data and the 

corresponding values predicted by the proposed model; which are squared to provide a 

positive value, and subsequently summed. A small RSS indicates a tight fit of the model 

to the original data. The RSS is an index of the bias in a predictive model. 

 

Coefficient of determination (R2) 

R2 is a statistical measure of the percentage of the variation in a response variable that can 

be attributed to, and thus is explained by, the model [16]. It ranges between 0 and 1; 

where 1 means that the proposed model has perfect prediction for the original variables 

and a value of zero means no predictive value. The R2 index does not determine whether 
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predictions are biased. 

 

F-test 

The F-test examines the overall fit of a regression model. It quantifies the ratio between 

the mean regression sums of squares (fit) to the mean error sum of squares (lack of fit) 

[17]. The F-test may range from zero to infinity. The higher the F-test value, the lower 

the mean error sum of squares, and the better the fit of the model to the original data. The 

statistical significance of an F value is indicated by its associated p value. 

 

The proportional hazard assumption 

The three models reviewed (exponential, Weibull, and Gompertz) and the statistical 

methods for evaluating their fit to the original data (RSS, R2, and F-test) provide 

quantitative procedures for selecting and justifying model selection for extrapolation 

beyond observed time-dependent data. As such, they provide an objective and statistical 

selection rationale as an alternative (and complement) to subjective visual inspection. 

 

As different parametric models are defined by different hazard functions, it is important 

to observe the change in hazard rate over time in both treatment arms. Log-cumulative 

hazard plots can be used to evaluate the hazards observed in a clinical trial, and to assess 

whether the proportional hazard assumption is rational [11]. These plots show where 

significant changes in the observed hazard occur. The proportional hazard assumption 

applies if the hazard curves for both treatment arms are, generally, parallel. The 

assumption is rejected if the hazard curves cross. 
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Algorithm for parametric model selection 

In this section, we introduce an algorithm for selecting parametric models (exponential, 

Weibull, and Gompertz) for quantitatively evaluating life time survival curves for use in 

the economic evaluation of two treatments, where only aggregated patient data are 

available (Figure 1).  

 

Step 1: Digitize the new treatment graph  

This first step in the algorithm focuses on extracting the survival data from the aggregate 

trial data. Typically, this is be done by uploading a snapshot of the survival curves 

provided in the clinical trial report into digitizing software. It is important to define the 

X-axis and the Y-axis, and set the scale for both axes. This yields the survival data for 

each time point.  

 

There are two options to digitize the graph as to the selected time points. The first option 

is to digitize using one data point per unit of time (e.g., per month, per chemotherapy 

cycle, etc.). This approach will yield a curve fit that considers all segments of the K-M 

curve equally. Arguably, however, the tail of a K-M curve is often more uncertain and 

therefore less precise due to the small number of patients at risk. This digitizing method 

places disproportionately more weight on the tail data of the K-M curve. A case can be 

made that the beginning of the K-M curve covers time points where a large number of 

data are observed and therefore survival estimates are more precise. Hence, the second 

option is to digitize the graph and place more weight to the left side of the K-M curve 
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compared to the right side [18]. This merit considerations as economic evaluation studies 

are driven, not by median survival (as typically reported for cancer trials), but instead by 

mean survival, which is highly influenced by the skewness and thus tail of the survival 

curve [8]. 

 

Step 2: Extract the parametric functions and construct summary table 

Functions for the fitted parametric distributions are obtained by performing a linear 

regression. For the exponential distribution, -ln((S(t)) is regressed against time t. For the 

Weibull distribution, ln(-ln(S(t))) is regressed against ln(t). For the Gompertz distribution, 

ln(-ln(S(t))) is regressed against time. From these analyses, the shape parameter (	) is the 

intercept; whereas the scale parameter (λ) is the exponential of the time slope coefficient. 

These statistical functions are calculated for each distribution and are summarized in a 

table. 

 

Step 3: Plot and visually inspect the parametric distributions  

The three parametric distributions are plotted against the original survival curve; using  

the shape (	) and scale (λ) parameters generated from the previous step. These plots are 

compared visually to give an initial (subjective) inspection of the relative fit of each 

distribution against the original survival data. Note that this is a legacy procedure 

integrated into this otherwise quantitative algorithm. 

 

Step 4: Assess the goodness-of-fit and construct summary table 
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Here the goodness-of-fit of the distributions is calculated using the RSS, R2, and F-test. 

The results are summarized in a table. The best distribution for extrapolation is the one 

with the lowest RSS value, the highest R2, and the highest F-test (and hence the lowest p-

value).  

 

Step 5: Assess the proportional hazard model 

After digitizing the graph for the comparator treatment as described in step 1, the log-

cumulative hazard plots are used to explain the hazards associated within the new versus 

comparator treatment arms and to assess whether the proportional hazard assumption is 

rational. The proportional hazard hypothesis is rejected if these curves cross each other 

[12]. If the proportional hazard assumption is not met and cannot be applied validly, it is 

more sensible to fit separate parametric models of the same type for the new and the 

comparator treatment, allowing a two-dimensional treatment effect on both the shape and 

scale parameters without applying any hazard function. 

 

Step 6: Calculate economic evaluation results per parametric distributions and 

construct summary table 

Using trial curves and applying the observed treatment effects, the LY gained and the 

associated ICER as well the QALY gained and the associated ICUR are calculated for the 

three parametric models. These results are summarized in a table. 

 

Step 7: Proposed results 
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After reviewing the economic evaluation results, recommendations for the best 

parametric model are formulated on the basis of the total costs, LY gained and ICER, 

QALY gained and ICUR, as estimated from the best fitting model. 

 

APPLICATION 

In this section we apply the algorithm to an economic evaluation of FFX against GEM in 

the metastatic pancreatic cancer setting. The data represented are similar yet also 

different to analyses presented elsewhere [19]. In our other publication, the combination 

of nab-paclitaxel and GEM was set as the base-case treatment to which GEM only and 

FFX were compared; as part, moreover, of an indirect comparison. In the example here, 

we have only GEM and FFX, with FFX set as the base-case treatment and GEM alone as 

the comparator treatment. Any variation in the estimates is attributed to their difference 

between our formal economic evaluation and this present example. 

 

Economic evaluation inputs 

State transition model 

Our example uses the K-M curves from the clinical trial evaluating FFX against GEM as 

first-line treatment in metastatic pancreatic cancer [6]. We used FFX as the reference to 

estimate the survival curve for GEM. A state-transition model was developed that utilizes 

a lifetime horizon (Figure 2) and includes the states of: Progression-free, Progressive 

disease, and Death.  

 

Cost component 
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The analysis was conducted from the payer perspective, at 3%/year discount rate, and 

expressed in 2015 US$. Total costs included chemotherapy, supportive care medications, 

administration, disease monitoring, and adverse reactions. Cost estimates are described in 

detail elsewhere [19].  

 

Utility 

Health-related quality of life estimates based on the EuroQol (EQ-5D) were obtained 

from published literature [20]. The impact disutility was assumed to last for 4 days. 

 

Application of the algorithm 

Digitize the new treatment graph. FFX OS and PFS curves from the published clinical 

trial were scanned digitally (TechDigs 2.2 IUCr, Chester, UK). This yielded the original 

K-M survival data. After exporting these data, they are displayed as a two-column table 

(time vs. survival) (Table 1). 
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Table 1 Original FOLFIRINOX overall Survival table after digitizing 

Time (year) Survival probability 

0.000000 1.000000 

0.037676 0.985982 

0.075353 0.957902 

0.103610 0.925105 

0.197801 0.883073 

0.254317 0.864426 

0.320251 0.827022 

0.405023 0.789663 

0.480376 0.761671 

0.546311 0.705488 

0.602825 0.658673 

0.668759 0.607185 

0.744113 0.565109 

0.828884 0.532444 

0.913657 0.485695 

0.998430 0.443641 

1.026688 0.382676 

1.120878 0.321865 

1.233909 0.270487 

1.309261 0.209632 

1.469388 0.167754 

1.648351 0.140004 

1.799057 0.107494 

1.949769 0.084372 

2.156980 0.080163 

2.430134 0.052633 

2.778653 0.039365 

3.080057 0.040070 

 

Extract the parameter functions and construct summary table. The shape (	) and the 

scale (λ) parameters for each of the proposed distributions were calculated by fitting a 

linear regression on the -ln(S(t) against time t for the exponential distribution, ln(-ln(S(t))) 

against ln(t) for the Weibull distribution, and ln(-ln(S(t))) against time t for the Gompertz 

distribution. Figure 3 identifies the intercept to be used as the shape parameter (	). It also 
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points out the coefficient to be used for estimating the scale parameter (λ) through 

exponentialization. The results are summarized in Table 2. 

Table 2 Parameter model functions 

  Overall survival 

  Exponential Weibull  Gompertz 

λ 1.1126 0.9081 1.22 

γ - 1.2567 0.831 

 Progression-free survival 

λ 2.06 1.8812 2.2449 

γ - 1.3088 0.8027 

 

Plot and visually inspect the parametric distributions. Visual inspections of the estimated 

OS and PFS curves for FFX relative to the original survival data enable an initial 

subjective inspection of fit favoring the Weibull distribution (Figures 4 and 5). The fit of 

the exponential curve seems appropriate at the later but not earlier time points. The 

Gompertz curve fits the OS and PFS data poorly.  

 

Assess the goodness-of-fit and construct summary table. Table 3 summarizes the RSS, R2, 

and F-test estimates and quantitatively represents the model that best fits the original 

survival data. The Weibull distribution is associated with the lowest RSS value, the 

highest R2, and the highest the F-test (p=<0.0001).  
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Table 3 Goodness-of-fit 

  Overall survival 

  Exponential Weibull  Gompertz 

RSS 1.076 0.312 1.325 

R2 0.983 0.987 0.875 

F value 1554.365 1912.354 1081.55 

 Progression-free survival 

RSS 0.869 0.218 1.126 

R2 0.985 0.993 0.912 

F value 1112.542 2299.226 820.238 

RSS = residual sum of squares 

 

Assess the proportional hazard model. Log-cumulative hazard plots were used to assess 

the validity of the proportional hazard assumption between FFX and GEM for OS (Figure 

6) and PFS (Figure 7). In these two figures, the curves touched but did not cross each 

other. As a result, the PHM was found to be valid. 

 

Calculate economic evaluation results per parametric distributions and construct 

summary table. Total costs associated with GEM were $17,045, $21,513, $18,268 using 

the exponential, Weibull, and Gompertz distributions, respectively. LYs gained 

associated with GEM treatment were 0.499, 0.629, and 0.422 using the exponential, 

Weibull, and Gompertz distributions, respectively. QALYs gained associated with GEM 
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were 0.312, 0.402, and 0.279 using the exponential, Weibull, and Gompertz distributions, 

respectively.  

 

Total costs associated with FFX were $85,936, $102,368, and $94,961 using the 

exponential, Weibull, and Gompertz distributions, respectively. LYs gained associated 

with FFX treatment were 0.877, 0.994, and 0.635 using the exponential, Weibull, and 

Gompertz distributions, respectively. QALYs gained associated with FFX treatment were 

0.552, 0.631 and 0.417 using the exponential, Weibull, and Gompertz distributions, 

respectively.  

 

ICERs associated with FFX over GEM were $182,078, $212,979, and $360,631 using the 

exponential, Weibull, and Gompertz distributions, respectively. ICURs associated with 

FFX over GEM were $287,270, $338,796, and $579,441 using the exponential, Weibull, 

and Gompertz distributions, respectively (Table 4). 

 

Table 4 Economic evaluation results 

  Total costs LY gained ICER QALY gained ICUR 

  GEM FFX GEM FFX 
FFX vs 

GEM 
GEM FFX 

FFX vs 

GEM 

Exponential $17,045 $85,936 0.499 0.877 $182,078 0.312 0.552 $287,270 

Weibull $21,513 $102,368 0.629 0.994 $212,979 0.402 0.631 $338,796 

Gompertz $18,268 $94,961 0.422 0.635 $360,631 0.279 0.417 $579,441 

GEM = gemcitabine; FFX = FOLFIRINOX; LY = life year; QALY = quality-adjusted 
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life year; ICER = incremental cost-effectiveness ratio; ICUR = incremental cost-utility 

ratio. 

 

.Proposed results. Based on the above analyses, the Weibull curve was chosen as the 

most appropriate parametric model to be used in this economic evaluation example of 

FFX vs GEM in metastatic pancreatic cancer. This recommendation is based on the 

primary statistical parameters (RSS, R2, and F-test) and was complemented by the legacy 

method of visual inspection.  

 

DISCUSSION 

Our algorithm evaluates the appropriateness of the exponential, Weibull, and Gompertz 

distributions in terms of fit to the survival data from a clinical trial to enable subsequent 

extrapolation beyond the time horizon of the trial. In itself, it offers a method for 

estimating the likely survival beyond the time horizon of a trial. The algorithm is 

particularly indicated in economic evaluations of novel treatments in the cancer setting, 

where survival is a major endpoint. The algorithm provides an objective and statistical 

rationale as an alternative (and complement) to subjective visual inspection. Importantly, 

the algorithm addresses situations where access to individual patient data is not available.  

 

The variation in the ICER and ICUR results using the three parametric distributions can 

be explained using Figure 4. At the beginning of the trial, where most costs are 

accumulated, as the majority of the patients are alive, both the exponential and Gompertz 

distributions modeled fewer patients to be alive compared to the Weibull distribution. 
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Further, the probability of survival for patients in the exponential and Weibull 

distributions was higher compared to the Gompertz-modeled survival. Figure 4 shows 

that according to the Gompertz distribution, more patients were projected to die sooner 

compared to projections based on the exponential and Weibull distributions. Figure 4 also 

shows that some times between 1 and 1.5 years of survival, the exponential model aligns 

with the original survival data; indicating a correction in the tail of the curve where, 

however, fewer patients are at risk. In contrast, the Weibull distribution is most closely 

aligned with the original data curve. These observations were confirmed in the RSS, R2, 

and F-test results. 

 

The fit of a model to the original data affects ICER and ICUR estimates as these 

economic indications are sensitive to change; which influences how the incremental 

benefit changes relative to the incremental cost. For instance, the ICER and ICUR for the 

exponential distribution were lower than for the Weibull distribution, as fewer patients 

were modeled to be alive in the exponential distribution compared to the Weibull 

distribution (recall that the Gompertz distribution was already eliminated in this 

example). Hence, the Weibull distribution was concluded to fit the data best. 

 

An important element in the algorithm concerns the proportional hazard assumption. We 

propose to us the log-cumulative hazard plot against the log of time to evaluate the 

proportional hazard relationship. However there are as of yet no objective, quantitative 

parameters to determine the parallelism of two plots. This leaves visual inspection as an 

admittedly limited solution [19]. Further research is needed to identify and adapt 
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statistical methods for evaluating parallelism; especially if individual patient data are not 

available.  

 

We proposed to fit parametric models to each treatment arm separately whenever the 

proportional hazard assumption is not valid. Although this may involve fewer 

assumptions, it requires the estimation of additional parameter functions. While fitting 

separate parametric models to individual treatment arms is acceptable, fitting different 

types of parametric models to different treatment arms (e.g., an exponential for one arm 

and a Weibull for the other arm) may result in differently shaped distributions between 

models. This, then, requires extensive justification using expert opinion and biological 

plausibility [21]. 

 

CONCLUSIONS 

The application of different parametric models impacts economic evaluation estimates. 

The proposed algorithm provides a systematic and quantitative justification for 

parametric model selection and optimizing the validity of economic evaluations of novel 

cancer treatments. 
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FIGURE LEGENDS 

Figure 1 Algorithm for parametric model selection 
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Figure 2 Model structure 
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Figure 3 Statistical outputs of the linear regression for the Weibull distribution  
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Figure 4 Exponential, Weibull, and Gompertz FFX OS curves 
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Figure 5 Exponential, Weibull and Gompertz FFX PFS curves 
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Figure 6 Log cumulative hazards plot for OS 
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Figure 7 Log cumulative hazards plot for PFS 
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CHAPTER 4 

ECONOMIC EVALUATION FOR THE UK OF SYSTEMIC 

CHEMOTHERAPIES AS FIRST-LINE TREATMENT OF METASTATIC 

PANCREATIC CANCER  

 

This Chapter, the first of two application chapters, represents the third step of the 

pharmacoeconomic research program included in this dissertation-by-articles. Chapter 2 

identified the need for a comprehensive economic evaluation for all treatment options for 

the UK and the need of a quantitative approach to justify parametric model selection in 

economic evaluation. Chapter 3 proposed an algorithm for quantitative selection of 

parametric models in economic evaluation studies. In this present chapter, the proposed 

algorithm was applied to conduct a comprehensive economic evaluation of chemotherapy 

regimens for metastatic pancreatic cancer for the UK. The outcomes of this chapter can 

be used to inform policy on the most cost-effective regimen for the management of 

pancreatic cancer in the UK. 

 

*Target journal: British Journal of Cancer 
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ABSTRACT 

Background.  

Gemcitabine (GEM), Oxaliplatin plus GEM (OX+GEM), cisplatin plus GEM 

(CIS+GEM), capecitabine plus GEM (CAP+GEM), FOLFIRINOX (FFX), and Nab-

paclitaxel plus gemcitabine (NAB-P+GEM) are the most commonly used regimens as 

first-line treatment of metastatic pancreatic cancer (MPC) in the UK. Independent 

economic evaluation of these regimens has not been conducted for the UK. 

Methods.  

A Markov model simulating the total costs and health outcomes (quality-adjusted life 

years gained [QALY] and life years [LY]) was developed to estimate the incremental 

cost-utility (ICUR) and cost-effectiveness (ICER) ratios for patients with MPC from the 

payer perspective. All values were discounted at 3.5%/year over a full lifetime horizon.  

Results.  

FFX was the most effective regimen, NAB-P+GEM was the most costly regimen, and 

GEM was the least costly and effective regimen. OX+GEM, CIS+GEM, NAB-P+GEM 

were dominated by CAP+GEM and FFX. Compared to GEM, the ICUR for CAP+GEM 

and FFX were £28,066 and £33,020 per QALY gained, respectively. Compared to GEM, 

the ICER for CAP+GEM and FFX were £17,437 and £22,291 per LY gained, 

respectively.  

Conclusions.  

The availability of less costly and more effective options such as FFX and CAP+GEM, 

make NAB-P+GEM, OX+GEM, and CIS+GEM less preferred regimens in the 
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management of MPC in the UK. 

Keywords: metastatic disease; pancreatic cancer; cost-utility; cost-effectiveness; 

chemotherapy 
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INTRODUCTION 

Pancreatic cancer is the tenth most commonly diagnosed cancer and the fifth most 

common cause of cancer-related mortality in the United Kingdom (UK), accounting for 

3% of all new cancer cases. In the UK, 9,400 patients were diagnosed with pancreatic 

cancer in 2013, while 8,700 died of the disease in 2012 (Cancer Research UK, 2013). The 

1-year and 5-year survival rates are 21.5% and 5.3%, respectively, the lowest of the 

major cancers (Cancer Research UK, 2013; Goel et al, 2015).  

 

Surgical resection is the only curative treatment for pancreatic cancer, but only 10% of 

cases are eligible for surgery, as most are diagnosed in the advanced and metastatic 

stages (Goel et al, 2015). Chemotherapy with gemcitabine (GEM) has been the standard 

of care since 1997, when a randomized controlled trial found a prolonged median overall 

survival (OS) from 4.4 to 5.7 months and an improvement in the clinical benefit response 

(4.8% vs. 23.8%) for GEM over 5-fluorouracil (Burris et al, 1997; Hu et al, 2011).  

 

Erlotinib in combination with GEM (E+GEM) was the first combined chemotherapy 

regimen to receive US Food and Drug Administration approval for the treatment of 

advanced pancreatic cancer (Moore et al, 2007). Due to its limited clinical benefit along 

with high toxicity level, this regimen is not used in oncology practice (Goel et al, 2015).  

 

Several GEM combination therapies including capecitabine (CAP), oxaliplatin (OX), and 

cisplatin (CIS) have been evaluated since (Choi et al, 2012). Results from phase III 

clinical trials of these combination therapies failed to show a statistically significant OS 
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improvement over GEM alone. However, a meta-analysis showed a statistically 

significant improvement in OS for OX+GEM (odds ratio [OR] 1.33; p = 0.019) and 

CAP+GEM (OR 1.33; p = 0.007) but not for CIS+GEM over GEM alone (Hu et al, 

2011). FOLFIRINOX (FFX), a non-GEM-based regimen, produced superior OS (11.1 

months vs. 6.8 months; hazard ratio [HR] 0.57; P  = <0.001), progression-free survival 

(PFS) (6.4 months vs. 3.3 months; HR 0.47; P  = <0.001), and response rate (31% vs. 

9.4%) over GEM alone (Conroy et al, 2011). In 2013, albumin-based paclitaxel (nab-

paclitaxel, or NAB-P) in combination with GEM was approved in Europe (European 

Medicines Agency, 2013) as first-line treatment for metastatic pancreatic cancer (MPC). 

This combination has shown a statistically significant improvement in median OS (8.5 

months vs. 6.7 months; HR 0.72; P  = <0.001), median PFS (5.5 months vs. 3.7 months; 

HR 0.69; P  = <0.001), and overall response rate (23% vs. 7%) (Von Hoff et al. 2013). 

Considering these various treatment options, the variability in OS and PFS outcomes, and 

differences in total costs of treatment, economic evaluations are indicated. 

 

We recently reviewed sixteen published economic evaluations of chemotherapy regimens 

for MPC (Gharaibeh et al, 2016a under review). These regimens included 5-fluorouracil, 

GEM alone, CAP+GEM, E+GEM, FFX, NAB-P+GEM, S-1, and S-1+GEM. Seven of 

these evaluations were specific to the UK, including four focusing on GEM alone versus 

5-fluorouracil; two on NAB-P+GEM versus GEM alone; and one on NAB-P+GEM, 

CAP+GEM, and FFX versus GEM alone. There have been no comprehensive economic 

evaluations of all regimens for the UK.  
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Independent economic evaluations are particularly pertinent for the UK because of the 

role of health technology assessment (HTA) in treatment access decisions. This was 

brought to the fore in the case of NAB-P+GEM as a treatment option for MPC. The first 

economic evaluation for NAB-P+GEM was submitted by the manufacturer and was 

included in its NICE dossier. This analysis was referred by NICE to an Expert Review 

Group (ERG) for a repeat analysis (National Institute for Health and Care Excellence, 

2015). The third economic evaluation was an independent analysis by our group 

(Gharaibeh et al, 2015).  

 

The manufacturer submitted an economic evaluation in which NAB-P+GEM, FFX and 

CAP+GEM were compared to GEM alone. The model was built with NAB-P+GEM 

being the base-case treatment. In the absence of direct comparative trial evidence, the 

efficacy data for the comparator treatments (FFX, CAP+GEM, and GEM alone) were 

obtained from an unpublished network meta-analysis (NMA). The model assumed that 

the proportional hazard (PH) assumption was valid; that is, for any pairwise comparison, 

the hazard rate on one arm is a proportion of the hazard rate on the other arm, and this 

proportion stays the same over time. US-based utility estimates were used for health state 

disease in the model, which included pre-progression, post-progression and death. The 

estimated incremental cost-utility ratio (ICUR), measured in British pounds (£) per 

quality-adjusted life-year (QALY) gained, was 51,900/QALY gained for NAB-P+GEM 

over GEM alone; and £87,084/QALY gained for NAB-P+GEM over CAP+GEM. 

Compared to FFX, NAB-P+GEM was more costly with incremental cost of £3109, and 

less effective with incremental QALYs of –0.144. 
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In its review, the ERG challenged the validity of the PH assumption and argued that it 

was not valid between NAB-P+GEM and CAP+GEM and FFX. Therefore, the ERG 

considered only the NAB-P+GEM versus GEM alone economic evaluation to be valid. 

The ERG also suggested that utilities be adjusted to 0.742 (from 0.800) for progression-

free disease and 0.671 (from 0.750) for progressed-disease to reflect the UK context. 

Thus the ERG estimated the ICUR to be £78,488/QALY gained. 

 

In our economic evaluation for the UK, we calculated the ICUR and the incremental cost-

effectiveness ratio (ICER), expressed in £ per additional life year (LY) gained, for NAB-

P+GEM compared to GEM alone (Gharaibeh et al, 2015). The QALY measure was based 

on Canadian estimates and NAB-P+GEM was set as the base-case treatment. The 

analysis yielded an ICUR of £78,084/QALY gained and an ICER of £30,367/LY gained 

for NAB-P+GEM over GEM. Our ICUR estimate was very close to the ERG results 

published by NICE; both of which differed significantly from the estimates in the 

manufacturer’s NICE dossier.  

 

There have been no economic evaluations comparing the multiple treatment options for 

MPC simultaneously. In part, this may be attributable to these treatment options not 

having been compared directly in a comprehensive randomized trial. Hence, indirect 

estimates of comparative efficacy are needed. Gresham et al (2014) conducted a NMA 

for all systemic chemotherapies (OX+GEM, CIS+GEM, CAP+GEM, NAB-P+GEM and 

GEM alone) against FFX. They found that FFX had superior OS efficacy over GEM, 
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CAP+GEM, CIS+GEM, and OX+GEM but not over NAB-P+GEM; and superior PFS 

efficacy over GEM, CAP+GEM, CIS+GEM, OX+GEM, and NAB-P+GEM. The indirect 

comparison of clinical outcomes in the Gresham et al. NMA provided the platform for 

the independent economic evaluation reported here. Specifically, we assessed the 

comparative cost-effectiveness and cost-utility of OX+GEM, CIS+GEM, CAP+GEM, 

FFX, and NAB-P+GEM against GEM alone. CIS+GEM was included; even though its 

efficacy is not statistically different from GEM alone, this regimen’s use persists in the 

UK (Smyth et al, 2015). We applied a proposed algorithm for quantitative selection of 

extrapolation functions (Gharaibeh et al, 2016b under review), in which testing the 

validity of the PH assumption is a required step. In as far as possible, used UK-specific 

utilities for the estimation of QALYs. 
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MATERIALS AND METHODS 

Patient population 

This economic evaluation utilized as analysis cohort the characteristics of the patient 

samples of the applicable phase III clinical trials, primarily adults recently diagnosed 

with metastatic or advanced adenocarcinoma of the pancreas with no prior chemotherapy 

for metastatic disease (Colucci et al, 2010; Conroy et al, 2011; Cunningham et al, 2009; 

Herrmann et al, 2007; Heinemann et al, 2006; Louvet et al, 2005; Poplin et al, 2009; Von 

Hoff et al, 2015) (For characteristics of patients included in the studies see 

Supplementary Table 1).  

Model structure and design 

A Markov state-transition model was constructed for a hypothetical cohort of patients 

with MPC (For model structure see Supplementary Figure 1). The model was based upon 

the OS and PFS Kaplan-Meier (K-M) curves to construct the following health states: 

Progression-free, Progressive-disease, and Death. Patients start in the Progression-free 

health state and, from time point to time point, can either stay in this health state, proceed 

to progressive- disease state, or die. Patients experiencing disease progression may stay in 

this health state or die. Note that the model assumes that patients leaving a given health 

state can never return to it, which is clinically valid. 

 

The model was specified to calculate total costs (in 2016 £), QALYs and LYs for all 

regimens. These were used to calculate the ICURs and the ICERs for each regimen 

against the other regimens.  
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To fully incorporate the costs associated with the chemotherapy regimens, a one-week 

Markov cycle length was used. The model considered the costs from the payer 

perspective over a lifetime horizon, discounted at 3.5% per year. The bespoke model was 

created using Microsoft Excel (Microsoft, Redmond, WA, USA). 

 

Efficacy  

The NMA (Gresham et al, 2014) used FFX as the base case treatment and all other 

regimens were compared indirectly to it. For this reason, we set FFX as the base-case 

treatment and GEM alone, CAP+GEM, CIS+GEM, OX+GEM, and NAB-P+GEM were 

set as the comparator treatments in our model.  

 

With FFX set as the base-case treatment, data on OS and PFS were calculated from the 

K-M estimates of the phase III trial  (Conroy et al, 2011) using a digitizing program 

(TechDigs 2.2 IUCr, Chester, UK). Applying our quantitative algorithm for selecting a 

parametric distribution (Gharaibeh et al, 2016b under review), the Weibull distribution 

was retained to calculate the OS and PFS data for FFX and to extrapolate the data over a 

lifetime horizon.  

 

Since the OS and the PFS data for CAP+GEM, CIS+GEM, and OX+GEM were reported 

across several trials, it was impossible to assess the PH assumption between these 

regimens and FFX. Hence, OS and PFS data for those regimens were obtained indirectly 

from the NMA (Gresham et al, 2014) using the HRs reported. OS and PFS data for NAB-
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P+GEM were reported in one clinical trial (Von Hoff et al, 2013). Hence the PH 

assumption of NAB-P+GEM against FFX was tested, using the log cumulative hazards 

plot. 

 

Cost inputs 

Costs associated with each health state included those of the chemotherapy regimen, 

premedication, administration, adverse event management, monitoring, and testing. 

Assuming a mean body surface area of 1.83 m2 (Sacco et al, 2010), the acquisition costs 

of chemotherapy/premedication were estimated using the 2016 British National 

Formulary (BNF) cost per mg of chemotherapy and assuming no wastage (The British 

National Formulary, 2016). Number of chemotherapy cycles given in the Progression-

free health state were calculated based on the median number of cycles reported in each 

clinical trial. Secondary analysis addressed the impact of wastage upon cost-

effectiveness. Drug doses were adjusted using the relative dose intensities reported in the 

phase III clinical trials. National Health Service (NHS) Reference Costs (2014/15) were 

used to estimate the cost of chemotherapy administration and the treatment of adverse 

drug reactions (United Kingdom Department of Health, 2015). Patients were assumed to 

be managed as day cases and not admitted to the hospital for drug administration.  

 

Grade 3/4 nausea and vomiting, diarrhea, fatigue and anemia were considered unlikely to 

require a full day of hospitalization and were treated as day cases. Peripheral neuropathy 

was considered to be managed by dose reduction and was covered by the relative dose 

intensity used in the model. Febrile neutropenia was treated as requiring hospitalization. 
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Costs related to patient monitoring were estimated using NHS reference costs (2014/15) 

and personal social services research units (Department of Health, 2015; Personal Social 

Services Research Unit; 2015). Monitoring for patients in the ‘Progression-free: on first-

line treatment’ health state disease was assumed to include one medical oncologist visit; 

one complete blood count and full biochemistry tests including electrolytes every 4 

weeks; and one CA19-9 test every 8 weeks. Patients in the ‘Progression-free: off first-line 

treatment’ health state did not receive active therapy, but were assumed to require 

monitoring by one nurse visit per week (hospice care). Patients in the ‘Progressive-

disease’ health state were assumed to receive one medical oncologist visit; one complete 

blood count test and full biochemistry tests including electrolytes; one computerized 

tomography scan of more than three areas; and a CA19-9 test every 8 weeks. These 

assumptions were validated by a medical oncologist in the UK. All costs not reported in 

2016 £ were inflated using the UK Consumer Price Index (United Kingdom Consumer 

Price Index, 2016).  

 

Health utilities 

Utility decrement estimates for grade 3/4 adverse events for a representative sample of 

the UK population were obtained from the published literature (Lloyd et al, 2006; Nafees 

et al, 2008; Swinburn et al, 2010; Tolley et al, 2013). The exception was neuropathy pain, 

for which a Canadian population estimate was used (Tam et al, 2013) as UK data were 

not available. EuroQol (EQ-5D) utility values for the Progression-free and Progressive-

disease health states were not available in a representative sample of the UK population; 
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instead, an adjusted value from a US sample was used (Romanus et al, 2012; National 

Institute for Health and Care Excellence, 2015). Neutropenia, thrombocytopenia, and 

leukopenia were assumed to be asymptomatic and not to have an impact on health-related 

quality of life. Disutility due to anaemia was assumed to be the same as the disutility due 

to fatigue (adverse events included in the model and associated utility decrements are 

listed in Supplementary Table 2).   

 

Sensitivity analyses 

Probabilistic sensitivity analysis (PSA) was used to address the uncertainty in parameters. 

Parameters were entered as probability distributions instead of mean values, and samples 

were randomly selected from each distribution. Costs, QALYs, and LYs were calculated 

for the simulation and the process were repeated 2,000 times. ICURs from each one of 

these simulations were calculated against GEM alone. Distributions specific for each 

parameter in the model are described in detail elsewhere in our economic evaluation for 

the UK of NAB-P+GEM versus GEM (Gharaibeh et al 2015). The likelihood of the 

regimens being cost-effective against GEM across a range of willingness-to-pay (WTP) 

values was assessed using the cost-effectiveness acceptability curve (CEAC).  

 

One-way sensitivity analyses (OWSA) were run to consider the variation in the ICURs 

when viable ranges of parameter values are considered independently. The parameters 

included in the OWSAs were the OS HR, the PFS HR, the progression-free disease 

utility, the progressive-disease utility, the adverse event management cost, the febrile 

neutropenia management cost, and the drug acquisition cost. The upper and lower 
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confidence interval values were used for these parameters, except for drug acquisition 

cost where 10% variation was used.  

 

Analysis plan: 

We followed a step-wise procedure to compare the various treatment options in terms of 

costs and outcomes, and to determine which treatment comparison to retain. First we 

listed all regimens in descending order of total costs. Second, we compared the outcomes 

of all regimens relative to their total costs. We rounded all costs to the nearest integer and 

all outcomes to the nearest third decimal point. Third, we identified the dominant 

regimens that were less costly but more effective in terms of QALY and LY gained 

compared to other regimens. Fourth, we eliminated regimens that were dominated by 

other less costly and more effective regimen. Fifth, we repeated steps 2 and 3 for the 

remaining regimens. To assure accuracy, we used non-rounded costs and outcomes to 

calculate the ICUR/ICER values. Sixth, we performed PSAs to confirm the ICURs and 

ICERs for the dominant regimens. Lastly, we displayed the 2,000 simulated ICURs for 

the dominant regimens against GEM alone in a scatter plot and reported the OWSAs for 

them using a Tornado diagram. 
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RESULTS 

Test of the proportional hazard assumption 

The PH assumption was found to be invalid between FFX and NAB-P+GEM for both the 

OS and the PFS data as the curves crossed (for NAB-P+GEM vs FFX OS and PFS log 

cumulative hazards plot see Supplementary Figure 2 and Figure 3). Hence, OS and PFS 

survival data for NAB-P+GEM were obtained individually from the MPACT trial using 

the Weibull parametric model (Von Hoff et al. 2013). 

 

Base-case deterministic results 

The least costly regimen was GEM alone (£10,326) followed by CAP+GEM (£12,261), 

CIS+GEM (£14,208), OX+GEM (£14,887), FFX (£18,456), and NAB-P+GEM 

(£20,806) (Table 1). 

 

Compared to FFX, NAB+GEM was more costly with incremental costs of £2,349 and 

less effective with incremental QALYs of –0.097 lost and LYs of -0.130 lost. Compared 

to CAP+GEM, OX+GEM was more costly with incremental costs of £2,625 and less 

effective with incremental QALYs of –0.023 lost and LYs of -0.034 lost. Compared to 

CAP+GEM, CIS+GEM was more costly with incremental costs of £1,947 and less 

effective with incremental QALYs of -0.069 lost and LYs of -0.102 lost.  

 

Compared to GEM, CAP+GEM was more costly with incremental costs of £1,935 and 

more effective with incremental QALYs of 0.069 and LYs of 0.111 gained. Compared to 

GEM, FFX was more costly with incremental costs of £8,130 and more effective with 
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incremental QALYs of 0.247 and LYs of 0.365 gained. Compared to CAP+GEM, FFX 

was more costly with incremental costs of £6,195 and more effective with incremental 

QALYs of 0.177 and LYs of 0.254 gained. 

 

Probabilistic sensitivity analysis 

PSA results confirmed the base-case results. The least costly regimen was GEM alone 

(£10,636), followed by CAP+GEM (£11,832), CIS+GEM (£14,198), OX+GEM 

(£15,152), FFX (£18,459), and NAB-P+GEM (£21,084) (Table 1). 

 

NAB-P+GEM was £2,625 more costly and -0.079 QALYs and -0.130 LYs less effective 

than FFX. OX+GEM was £3,320 more costly and -0.022 QALYs -0.034 LYs less 

effective than CAP+GEM. CIS+GEM was £2,366 more costly and -0.068 QALYs and -

0.102 LYs less effective than CAP+GEM. 

 

CAP+GEM was £1,196 more costly and 0.069 QALYs and 0.111 LYs more effective 

than GEM. FFX was £7,823 more costly and 0.247 QALYs and 0.365 LYs more 

effective than GEM. FFX was £6,627 more costly and 0.178 QALYs and 0.254 LYs 

more effective than CAP+GEM (Table 1).  

 

Incremental cost-utility and cost-effectiveness ratios 

Table 2 shows the ICURs/ICERs for all regimens compared to each other. Compared to 

GEM, the ICUR for CAP+GEM was £28,066 and the ICUR for FFX was £33,020 per 

QALY gained. Compared to GEM, the ICER for CAP+GEM was £17,437 and the ICER 
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for FFX was £22,291 per LY gained. Compared to CAP+GEM, the ICUR for FFX was 

£34,947 per QALY gained and the ICER was £24,414 per LY gained.  

 

All the 2,000 simulations from the PSA resulted in additional costs and benefits for FFX 

over GEM (the top right quadrant of the cost-effectiveness plane) (Figure 1). For 

CAP+GEM, most of the simulations resulted in additional costs and benefits over GEM, 

while some resulted in additional benefits at lower costs (the lower right quadrant of the 

cost-effectiveness plane).  

 

The CEAC curves show the likelihood of FFX and CAP+GEM being cost-effective 

compared to GEM alone when considered across a range of WTP for the cost per QALY 

(Figure 2). The CEAC plot shows that FFX and CAP+GEM have around a 36% and 72% 

likelihood of being cost-effective at a WTP of £30,000/QALY, respectively. At any WTP 

above £36,000/QALY, FFX has a higher likelihood of being cost-effective compared to 

CAP+GEM. 

 

One-way sensitivity analysis 

Figure 3,(panel A and B) show the results for the 7 OWSAs with the greatest effects on 

the base case ICUR for CAP+GEM and FFX against GEM. OWSAs showed that the key 

driver of the cost-effectiveness of CAP+GEM and FFX was the OS benefit. Most ICURs 

for CAP+GEM were within  £10,000 and £65,000 per QALY gained, while most ICURs 

for FFX were within £25,000 and £50,000 per QALY gained.  
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The impact of drug acquisition cost on the ICUR against GEM was tested (see 

Supplementary Table 3). Compared to GEM alone, the ICUR for FFX ranged between 

£33,020 and £20,128/QALY gained; and the ICUR for CAP+GEM ranged between 

£28,066 and £21,048/QALY gained. 

 

Secondary analysis 

The base-case analysis was repeated with the cost per cycle amended to use whole vial 

costs and thus take into consideration potential wastage (Table 3). The least costly 

regimen remained to be GEM alone (£11,187) followed by CAP+GEM (£12,771), 

CIS+GEM (£15,998), OX+GEM (£16,247), FFX (£21,309), and NAB-P+GEM 

(£22,518). The ICUR for FFX against GEM increased from £33,020/QALY to 

£41,111/QALY gained while the ICUR for CAP+GEM against GEM decreased from 

£28,066/QALY to £22,976/QALY gained. 
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DISCUSSION 

This independent economic evaluation for the UK used data from published clinical trial 

reports and a NMA (Gresham et al 2014) to estimate the treatment effects and evaluate 

the associated economic implications of OX+GEM, CIS+GEM, CAP+GEM, FFX, and 

NAB-P+GEM in the treatment of MPC. Summarized, in the UK, NAB-P+GEM was 

found to be more costly but less effective, in terms of both QALYs and Lys compared to 

FFX. Compared to CAP+GEM, OX+GEM and CIS+GEM were found to be more costly 

but less effective in terms of both QALYs and LYs. Treatment with either FFX or 

CAP+GEM was more costly but also more effective than with GEM, yet the ICUR for 

FFX was 1.17 times higher than that for CAP+GEM. Further, FFX should be considered 

the most cost-effective regimen at any threshold value at or above £36,000/QALY, while 

CAP+GEM should be considered the most cost-effective regimen at any threshold value 

below £36,000/QALY. 

 

Our findings confirmed the ERG’s concerns regarding the validity of the PH assumption 

between NAB-P+GEM and FFX. They also corresponded closely to those reported in the 

manufacturer’s submission regarding NAB-P+GEM against FFX and CAP+GEM. NAB-

P+GEM was dominated by FFX; that is, NAB-P+GEM was more costly with incremental 

costs of £2,349 and less effective with incremental QALYs of –0.079. It had an ICUR of 

£86,682 per QALY gained compared to CAP+GEM based on incremental costs of 

£8,544 and incremental QALYs of 0.099).  

 

OX+GEM and CIS+GEM were excluded from the sensitivity analysis as they were 
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dominated by CAP+GEM. This can be explained by the relative limited survival benefit 

of these regimens and the high costs from added chemotherapy, chemotherapy 

administration, and adverse event management compared to CAP+GEM. We obtained an 

excessively high ICUR for CIS+GEM over GEM alone of £8,904,316/QALY gained; 

which can be attributed to the limited survival benefit and the high costs of treatment and 

adverse events management. FFX had the highest administration cost among all regimens 

as it requires the administration of chemotherapy over two days. CAP+GEM and GEM 

had the least administration cost. 

 

Translating our findings to the UK health care financing system and the NICE system of 

applying thresholds to provide reimbursement guidelines, NAB-P+GEM, CIS+GEM and 

OX+GEM do not meet cost-effectiveness criteria in absolute terms. CAP+GEM and FFX 

are less costly and clinically more effective options. Of these two regimens, CAP+GEM 

meets the commonly applied £30,000/QALY threshold for cancer drugs; whereas FFX 

fails this threshold condition against both CAP+GEM and GEM alone. 

 

Considering this, the NHS’ decision not to fund the NAB-P+GEM, FFX, and OX+GEM 

treatment options may pose a challenge as these regimens are accessible in the United 

States or other European countries. For example, between 2004 and 2008, 46 anticancer 

drugs were granted a European license following EMA approval. NICE recommended 

that 18 (39%) of these drugs be freely available in the NHS, with 11 (24%) still awaiting 

approval. In contrast, the three main insurance providers in the US covered all of these 

drugs (Malin et al, 2010; Mason et al, 2010). Even within the UK discrepancies are 
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evident. Fore example, although FFX is not approved for MPC treatment by either NICE 

in England and Wales or by the Scottish Medicines Consortium, some centers in the UK 

offer it to MPC patients upon approval from the local NHS Primary Care Trust 

(Pancreatic Cancer Action, 2016). 

 

Drummond et al 2012 have argued that the demand for cancer drugs is not price sensitive, 

as the decision regarding treatment is not made by uninformed patients but by an 

informed physician. Moreover, cancer is a life-threatening condition where patients 

would be willing to receive and potentially pay for drugs, even for those with a marginal 

benefit as in the case for the MPC treatment options evaluated here (Weinfurt et al, 

2007). In fact, patients are willing to pay for cancer treatments that provide increased 

benefits in terms of disease control, survival and quality of life (Wong et al, 2010; Lang 

et al, 2010). This willingness varies by socioeconomic group (Lakdawalla et al, 2012) 

and the demand for a particular cancer treatment does not come from an unbiased 

evaluation of benefit and risk, but rather from hope insight even when challenged with 

high toxicity or low benefit (Gaskin et al, 1998). Further and integrating treads in the 

respective clinical trials, the toxicity profile and survival benefit associated with FFX 

suggest it may be indicated for younger patients with good performance status. 

Conversely, NAB-P+GEM might be more suitable to a greater range of patients due to its 

efficacy and tolerability profile and because phase III patients more closely resemble 

those observed in standard clinical practice (Oettle et al, 2014). This extends the decision 

about funded (and unfunded) to a level of clinical granularity that the respective trial 

findings allude to but for which these trails do not provide a firm evidence base. 
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Our analysis has limitations. In the absence of direct comparative trial evidence, we 

relied on data from a published NMA to estimate the efficacy between FFX and other 

regimens. Issues such as bias, trial heterogeneity, and inconsistency may have impacted 

the results of the NMA (Gresham et al, 2014) and, by extension, our economic 

evaluation. The NMA assumed consistency between the clinical trials included, where 

the validity of indirect comparisons was determined based on clinical and methodological 

trial similarity. However, inconsistency remains a methodological issue for multiple 

treatment comparisons, as different study populations, interventions, trial designs, and 

outcome definitions introduce potential confounding bias to the analysis, and baseline 

differences in trial populations may affect outcomes. For example, some studies included 

patients with locally advanced or MPC (Colucci et al, 2010; Cunningham et al, 2009; 

Herrmann et al, 2007; Heinemann et al, 2006; Louvet et al, 2005; Poplin et al, 2009) 

whereas other studies were limited to patients with mestastatic disease only (Conroy et al, 

2011; Von Hoff et al, 2015). Patients with locally advanced unresectable disease have a 

longer median survival than patients with metastatic disease (Goel et al, 2015). In 

addition, some studies specified an ECOG score of 0 or 1 for inclusion criteria 

(Cunningham et al, 2009; Louvet et al, 2005; Poplin et al, 2009), whereas other specified 

a Karnofsky score >70 (Colucci et al, 2010; Conroy et al, 2011; Herrmann et al, 2007; 

Heinemann et al, 2006; Von Hoff et al, 2015) This may imbalance the performance score 

between the included studies.  
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We could not assess the PH assumption between FFX and the other regimens 

(CAP+GEM, CIS+GEM, and OX+GEM) since the survival data were reported in more 

than one clinical trial and the only method to include them in the model was through the 

indirect HR comparison reported in the NMA.  

 

Lastly, the UK has a unique health care financing system where the government pays 

virtually all of the treatment cost and the utility estimates in this model were specific to 

this country. Therefore, the findings cannot be generalized beyond the UK setting. 

Country-specific economic evaluations must be conducted wherever these regimens are 

commonly used in practice to attain economic estimates for these countries.
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CONCLUSION 

In this independent economic evaluation for the UK, the superior survival efficacies of 

CAP+GEM and FFX over GEM in the management of MPC were associated with 

positive cost-effectiveness and cost-utility. The availability of these less expensive and 

more effective options made NAB-P+GEM, OX+GEM, and CIS+GEM less preferred 

regimens in the management of MPC in the UK.



 

 127

Figure legends 

Figure 1. Scatter plot of PSA results for CAP+GEM and FFX ICURs against GEM alone. 

 

Abbreviations: FFX=FOLFIRINOX; CAP+GEM=capecitabine plus gemcitabine; 

GEM=gemcitabine; QALY= quality-adjusted life year.



 

 128

Figure 2. Cost-effectiveness acceptability curves of CAP+GEM and FFX  

 

Abbreviations: FFX=FOLFIRINOX; CAP+GEM=capecitabine plus gemcitabine.
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Figure 3. Tornado diagrams for CAP+GEM (panel 3A) and FFX (panel 3B) ICURs 

against GEM alone obtained from one-way sensitivity analyses 

Panel 1A CAP+GEM vs GEM  

 

Panel 3B FFX vs GEM  
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Tables: Table 1. Base-case and PSA results (total costs, total QALYs, and total LYs) for 

each regimen (presented in descending order of total costs) 

Base-case analysis 

 Total costs* Total QALYs* Total LYs* 

NAB-P+GEM £20,806 0.608 0.864 

FFX £18,456 0.687 0.994 

OX+GEM £14,887 0.487 0.706 

CIS+GEM £14,208 0.441 0.638 

CAP+GEM £12,261 0.510 0.740 

GEM £10,326 0.440 0.629 

Probabilistic sensitivity analyses 

 Total costs* Total QALYs* Total LYs* 

NAB-P+GEM £21,084 0.608 0.864 

FFX £18,459 0.687 0.994 

OX+GEM £15,152 0.487 0.706 

CIS+GEM £14,198 0.441 0.638 

CAP+GEM £11,832 0.509 0.740 

GEM £10,636 0.440 0.629 

Abbreviations: CAP+GEM=capecitabine plus gemcitabine; CIS+GEM=cisplatin plus 

gemcitabine; FFX=FOLFIRINOX; GEM=gemcitabine; LY= life year; NAB-P+GEM= 

nab-paclitaxel plus gemcitabine; OX+GEM= oxaliplatin plus gemcitabine; QALY= 

quality-adjusted life year.  

*Values were rounded.
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Table 2. Pairwise incremental cost-utility ratios and incremental cost-effectiveness ratios 

Incremental cost utility ratios (£/QALY)* 

NAB-P+GEM      

£-29,862 FFX     

£48,817 £17,851 OX+GEM    

£39,480 £17,280 £14,792 CIS+GEM   

£86,682 £34,947 £-115,826 £-28,421 CAP+GEM  

£62,554 £33,020 £98,536 £8,904,316 £28,066 GEM 

Incremental cost-effectiveness ratios (£/LY)* 

NAB-P+GEM      

£-18,160 FFX     

£37,494 £12,424 OX+GEM    

£29,116 £11,931 £9,870 CIS+GEM   

£68,718 £24,414 £-78,346 £-19,049 CAP+GEM  

£44,532 £22,291 £58,872 £443,481 £17,437 GEM 

Abbreviations: CAP+GEM=capecitabine plus gemcitabine; CIS+GEM=cisplatin plus 

gemcitabine; FFX=FOLFIRINOX; GEM=gemcitabine; LY= life year; NAB-P+GEM= 

nab-paclitaxel plus gemcitabine; OX+GEM= oxaliplatin plus gemcitabine; QALY= 

quality-adjusted life year. 

*Values were calculated using non-rounded cost and outcome values.
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Table 3. Total costs and pairwise incremental cost-utility ratios assuming wastage 

Regimen Total costs* 

NAB-P+GEM £22,518 

FFX £21,309 

OX+GEM £16,247 

CIS+GEM £15,998 

CAP+GEM £12,771 

GEM £11,187 

Incremental cost utility ratios (£/QALY)** 

NAB-P+GEM      

£-15,356 FFX     

£51,716 £25,318 OX+GEM    

£39,016 £21,609 £5,436 CIS+GEM   

£98,873 £48,165 £-153,333 £-47,090 CAP+GEM  

£67,633 £41,111 £109,323 £11,033,062 £22,976 GEM 

Abbreviations: CAP+GEM=capecitabine plus gemcitabine; CIS+GEM=cisplatin plus 

gemcitabine; FFX=FOLFIRINOX; GEM=gemcitabine; LY= life year; NAB-P+GEM= 

nab-paclitaxel plus gemcitabine; OX+GEM= oxaliplatine plus gemcitabine; QALY= 

quality-adjusted life year. 

*Values were rounded. 

**Values were calculated using non-rounded cost and outcome values.
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SUPPLEMENTARY MATERIALS 

Supplementary Figure 1. Model structure 
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Supplementary Figure 2. OS Log cumulative hazards plot between FFX and NAB-

P+GEM 
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Supplementary Figure 2. PFS Log cumulative hazards plot between FFX and NAB-

P+GEM 
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Supplementary Table 1.  

Table 1 Phase III clinical trial characteristics 

Study: 

Author 

Study: 

Year 

Treatment 

comparison 

% 

males 

% 

Stage 

IV 

% ECOG 

0-1 

% KPS 

90-100 

Louvet 2005 GEM GEM+OX 53.0% 70.0% 52.7% - 

Heinemann 2006 GEM GEM+CIS 65.3% 79.5% - 52.5% 

Poplin 2006 GEM GEM+OX 45.6% 88.6% 87.4% - 

Hermann 2007 GEM GEM+CAP 54.0% 79.0% - 53.0% 

Cunningham 2009 GEM GEM+CAP 59.0% 71.0% 81.0% - 

Colucci 2010 GEM GEM+CIS 59.5% 83.8% - 82.7% 

Conroy 2011 GEM FFX 30.7% 100% 99.0% - 

Von Hoff 2013 GEM NAB-

P+GEM 

58.0% 100% - 60.0% 

Abbreviations: CAP+GEM=capecitabine plus gemcitabine; CIS+GEM=cisplatin plus 

gemcitabine; ECOG= Eastern Cooperative Oncology Group; FFX=FOLFIRINOX; 

GEM=gemcitabine; KPS= Karnofsky Performance Scale; NAB-P+GEM= nab-paclitaxel 

plus gemcitabine; OX+GEM= oxaliplatin plus gemcitabine. 
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Supplementary Table 2.  

Table 2 Utility and utility decrement of grade 3/4 adverse events 

Health state  Utility Reference 

Progression-free disease 0.742 National Institute for Health and 

Care Excellence, 2015 

Progressive-disease 0.671 National Institute for Health and 

Care Excellence, 2015 

Grade 3/4 adverse events Utility decrement  

Neutropenia 0 - 

Fatigue -0.204 Swinburn et al, 2010 

Thrombocytopenia 0 - 

Anaemia -0.204 Assumed same as fatigue 

Leukopenia 0 - 

Neuropathy peripheral (pain) -0.226 Tam et al, 2013 

Nausea and vomiting  -0.048 Tolley et al, 2013; Nafees et al, 2008 

Diarrhoea -0.261 Swinburn et al, 2010 

Febrile neutropenia -0.150 Lloyd et al, 2006 
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Supplementary Table 3.  

Table 3 Drug acquisition cost sensitivity analysis 

 ICUR against GEM (£/QALY)* 

Dug cost 

(% of 

original) 

CIS NAB-P FFX OX CAP 

100% £8,904,316 £62,554 £33,020 £98,536 £28,066 

90% 
£7,477,718 £60,010 £30,442 £91,808 £26,663 

80% 
£6,051,120 £57,465 £27,863 £85,080 £25,259 

70% 
£4,624,522 £54,920 £25,285 £78,352 £23,855 

60% 
£3,197,924 £52,375 £22,706 £71,623 £22,452 

50% 
£1,771,326 £49,830 £20,128 £64,895 £21,048 

Abbreviations: CAP =capecitabine; CIS=cisplatin; FFX=FOLFIRINOX; NAB-P = nab-

paclitaxel; OX = oxaliplatin; QALY= quality-adjusted life year. 

*Values were calculated using non-rounded costs and outcomes values. 
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CHAPTER 5 

ECONOMIC EVALUATION FOR THE US OF SYSTEMIC 

CHEMOTHERAPIES AS FIRST-LINE TREATMENT OF METASTATIC 

PANCREATIC CANCER  

 

This Chapter represents the fourth step of the pharmacoeconomic research program 

included in this dissertation-by-articles. Chapter 2 identified the need for a 

comprehensive economic evaluation for all treatment options for the UK and the need of 

a quantitative approach to justify parametric model selection in economic evaluation. 

Chapter 3 proposed an algorithm for quantitative selection of parametric models in 

economic evaluation studies.  Chapter 4 presented a comprehensive economic evaluation 

for all treatment options for the UK applying the proposed algorithm in chapter 3. This 

present chapter replicates the analyses in chapter 4, however for the US. Together, both 

chapters provide the same economic evaluation but for different countries and, critically, 

different health care delivery and health care financing systems. The outcomes of this 

chapter can be used to inform policy on the most cost-effective regimen for the 

management of pancreatic cancer in the US. With chapter 4, it also stimulates discussion 

about economic evaluations of the same treatment regimens across health care systems 

and markets. 

 

*Target journal: Journal of Clinical Oncology 
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ABSTRACT 

Purpose.  

Gemcitabine (GEM) chemotherapy is the standard of care for metastatic pancreatic 

cancer (MPC). Combination regimens such as oxaliplatin plus GEM (OX+GEM), 

cisplatin plus GEM (CIS+GEM), and capecitabine plus GEM (CAP+GEM) yielded better 

survival outcomes compared to GEM alone in a meta-analysis. FOLFIRINOX (FFX), 

and nab-paclitaxel plus gemcitabine (NAB-P+GEM) yielded better survival outcomes 

over GEM alone in phase III clinical trials. An independent economic evaluation of these 

regimens has not been conducted for the US. 

Methods.  

A Markov model simulating the total costs and health outcomes (life years [LY] and 

quality-adjusted life years gained [QALY]) was developed to estimate the incremental 

cost-effectiveness (ICER) and cost-utility (ICUR) ratios for patients with MPC from the 

payer perspective. FFX clinical data were obtained from published clinical trial and 

indirect estimates were obtained from a published network meta-analysis. The study was 

run over a lifetime horizon and discounted at 3%/year.  

Results.  

FFX was the most costly but the most effective regimen. GEM alone was the least costly 

regimen. Compared to GEM alone, CIS+GEM was more costly, more effective in terms 

of LYs gained but less effective in terms of QALYs gained. Compared to GEM, 

CAP+GEM, OX-GEM, NAB-P+GEM, and FFX were more costly but more effective in 

terms of LYs and QALY gained. Compared to GEM, the ICERs for CAP+GEM, OX-

GEM, NAB-P+GEM, and FFX, were $269,513, $227,388, $137,103, and $212,979 per 
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additional LY, respectively; and the ICURs were $551,682, $513,824, $206,977, and 

$338,796 per additional QALY, respectively. 

Conclusion.  

This independent economic evaluation of CIS+GEM, OX+GEM, CAP+GEM, FFX, and 

NAB-P+GEM found that first-line treatment with NAB-P+GEM for MPC provides 

addition LYs and QALYs gain over GEM at lower cost compared to other regimens. 

Keywords: metastatic disease; pancreatic cancer; cost-utility; cost-effectiveness; 

chemotherapy 

 

List of abbreviations: 

CAP: capecitabine; CIS: cisplatin; ERG: expert review group; FFX: folinic acid plus 5-

fluorouacil plus Irinotecan plus oxaliplatin; GEM: gemcitabine; HR: hazard ratio; ICER: 

incremental cost effectiveness ratio; ICUR: incremental cost utility ratio; LY: life year; 

NAB-P: nab-paclitaxel; NMA: network meta-analysis; OS: overall survival; OX: 

oxaliplatin; PFS: progression-free survival; PH: proportional hazard; QALY: quality-

adjusted life year.
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INTRODUCTION 

Pancreatic cancer is the tenth most commonly diagnosed cancer in the United States 

(US). An estimated 53,700 new cases—27,670 male and 25,400 female—are expected to 

be diagnosed and 41,780 patients are expected to die in the US in 2016 from this cancer, 

making pancreatic cancer the fourth leading cause of cancer-related mortality in the US.1 

Pancreatic cancer has a 5-year survival rate of 7%, which is the lowest of the major 

cancers.2 While surgical resection is the only curative option for pancreatic cancer, less 

than 10% of the cases are eligible for surgery, which makes chemotherapy the standard of 

care for this disease.3 

 

Although the standard of care has been chemotherapy with gemcitabine (GEM) alone,2 

recent years have witnessed a change from single-agent GEM to combination regimens in 

the US.4 A meta-analysis supported the overall-survival (OS) benefit associated with 

combination chemotherapy regimens, especially when adding capecitabine (CAP+GEM) 

or oxaliplatin (OX+GEM) to GEM alone.5 Subsequently, FOLFIRINOX (FFX) and nab-

paclitaxel plus GEM (NAB-P+GEM) became the standard options for metastatic 

pancreatic cancer (MPC) for patients with good performance status in the US.4  

 

While OS is a key factor to consider when providing chemotherapy to pancreatic cancer 

patients, an important concern is quality of life.6 Adding a chemotherapy agent to GEM 

treatment may increase the toxicity while the OS benefit remains low. Also, the added 

chemotherapy increases cost.  
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We recently reviewed published economic evaluations of chemotherapy regimens for 

MPC covering seven countries.7 The only economic evaluation for the US compared 

NAB-P+GEM and FFX to GEM alone using the Bucher et al. method of indirect 

comparison.8 NAB-P+GEM was set as the base-case treatment and the proportional 

hazard (PH) assumption was assumed to be valid.9 Although FFX showed better 

progression-free survival (PFS) over NAB-P+GEM (hazard ratio [HR]=1.47, 

95%CI=1.10-1.96), no statistically significant difference in OS was found between the 

two regimens (HR=1.26, 95%CI=0.95-1.68). The incremental cost-effectiveness ratio 

(ICER), defined as the incremental cost of achieving one extra life-year (LY), for FFX 

and NAB-P+GEM over GEM alone were $253,162/LY and $144,096/LY gained, 

respectively. The incremental cost-utility ratio (ICUR), defined as the incremental cost of 

achieving one extra quality-adjusted life-year (QALY), for FFX and NAB-P+GEM over 

GEM were $372,813/QALY and $204,369/QALY gained, respectively. 

 

This independent economic analysis for the US aimed to evaluate the cost-effectiveness 

and cost-utility of all treatment options for MPC relative to each other and relative to 

GEM alone. In the absence of a comprehensive clinical trial comparing all regimens 

directly, we used data from a network meta-analysis (NMA)10 and clinical trials to 

estimate the ICERs and ICURs for all regimens from the payer perspective. 
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METHODS 

Model  

Patient population, model structure and efficacy estimates have been described elsewhere 

(online only). The model considered the costs from the payer perspective (2016 US 

dollars [USD]). All costs and outcomes were discounted at 3% per year over a full time-

horizon.  

 

Cost inputs 

Costs associated with each health state in the economic model included those of the 

chemotherapy regimen, premedication, administration, monitoring, and adverse event 

management. Chemotherapy and pre-medication drug costs were obtained from Red 

Book 2016.11 GEM was assumed not to have any pre-medication. FFX pre-medication 

included palonosetron 0.25 mg IV and dexamethasone 20 mg IV prior to each 

chemotherapy dose. Other regimens’ pre-medications included ondansetron 16 mg IV 

prior to each chemotherapy dose. 

 

Chemotherapy cost was calculated per mg assuming a body surface area of 1.83m2 and 

no wastage. Secondary analysis included the cost of wastage; i.e., the cost of utilizing 

half of a vial of chemotherapy was assumed to have the same cost as utilizing the whole 

vial. The model included dose adjustment based on reported dose intensity. The cost of 

drug administration and patient monitoring were calculated per the 2015 Medicare 

Physician Fee Schedule using current procedural terminology codes.12  

The costs of managing grade 3/4 adverse events were obtained from published 
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literature.13,14,15,16,17 Dose reduction, included as relative dose intensity, was used for 

peripheral neuropathy management. 

 

Pre-medication, chemotherapy, administration, disease monitoring, and adverse events 

management costs were included in the progression-free state. Hospice care costs were 

included for patients in the progression-free state off chemotherapy. After progression, 

cost of basic supportive care was the only cost included. Costs not reported in 2016 USD 

were inflated using the consumer price index.18 

 

Health-related quality of life (HRQoL) utilities 

Published US-based utility values were used for each health state.19 Adverse event 

disutility was included, when necessary, and was assumed to last 4 days.20 Per expert 

opinion, leukopenia, neutropenia, and thrombocytopenia were assumed to have no impact 

on quality of life. Anemia was assumed to have the same disutility as fatigue. 

 

Sensitivity analyses 

Probabilistic (PSA) and one-way sensitivity analyses (OWSA) were run to assess the 

robustness of the model’s base-case results. Parameters’ mean values were replaced by 

distributions for the PSA and 2,000 simulations were obtained simultaneously (online 

only). These were used later to create the scatter plot for the ICURs of all regimens 

against GEM alone, as well as the cost-effectiveness acceptability curves (CEACs).  

 

Analysis plan: 



 

 157

A step-wise procedure was followed to compare all regimens in terms of outcomes and 

costs. First, regimens were ranked in descending order of total costs. Second, the 

outcomes of all regimens were compared relative to their total costs. Costs were rounded 

to the nearest integer and all outcomes were rounded to the nearest third decimal point. 

Third, dominated regimens that were less effective in terms of LY or QALY gained but 

more expensive compared to other regimens were identified. Fourth, dominated regimens 

were removed and ICERs and ICURs were reported. To assure accuracy, non-rounded 

costs and outcomes were used to calculate the ICER/ICUR values. Sixth, PSA was 

performed to confirm the base-case results. Lastly, 2,000 simulated ICURs for the 

dominant regimens against GEM alone were displayed in a scatter plot and the OWSA 

was reported for the regimen with the lowest ICUR against GEM. 
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RESULTS 

Base-case deterministic results 

The least costly regimen was GEM alone ($23,175) followed by CIS+GEM ($28,950), 

OX+GEM ($40,793), CAP+GEM ($53,090), NAB-P+GEM ($55,441), and FFX 

($100,855) (Table 1). 

 

Compared to GEM alone, CIS+GEM was more costly with incremental costs of $5,775 

and more effective with incremental 0.009 LYs gained, but less effective with 

incremental QALYs of -0.005 lost. Compared to CIS+GEM, OX+GEM was more costly 

with incremental costs of $11,843 and more effective with incremental LYs of 0.068 and 

QALYs of 0.039 gained. Compared to OX+GEM, CAP+GEM was more costly with 

incremental costs of $12,297 and more effective with incremental LYs of 0.034 and 

QALYs of 0.020 gained. Compared to CAP+GEM, NAB-P+GEM was more costly with 

incremental costs of $2,351and more effective with incremental LYs of 0.124 and 

QALYs of 0.102 gained. Compared to NAB-P+GEM, FFX was more costly with 

incremental costs of $45,414 and more effective with incremental LYs of 0.130 and 

QALYs of 0.073 gained. 

 

Probabilistic sensitivity analyses 

PSA results confirmed the base-case results. The least costly regimen was GEM alone 

($23,934) followed by CIS+GEM ($31,375), OX+GEM ($40,660), CAP+GEM 

($49,976), NAB-P+GEM ($56,059), and FFX ($100,828) (Table 1). 
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Compared to GEM alone, CIS+GEM was more costly with incremental costs of $7,441 

and more effective with incremental LYs of 0.009 gained, but less effective with 

incremental QALYs of -0.005 lost. Compared to CIS+GEM, OX+GEM was more costly 

with incremental costs of $9,285 and more effective with incremental LYs of 0.068 and 

QALYs of 0.040 gained. Compared to OX+GEM, CAP+GEM was more costly with 

incremental costs of $9,316 and more effective with incremental LYs of 0.034 and 

QALYs of 0.010 gained. Compared to CAP+GEM, NAB-P+GEM was more costly with 

incremental costs of $6,083 and more effective with incremental LYs of 0.124 and 

QALYs of 0.102 gained. Compared to NAB-P+GEM, FFX was more costly with 

incremental costs of $44,769 and more effective with incremental LYs of 0.130 and 

QALYs of 0.073 gained. 

 

Incremental cost-effectiveness and cost-utility ratios 

Table 2 shows the ICER and ICUR values for all regimens. Compared to GEM, the 

ICERs for CAP+GEM, OX-GEM, NAB-P+GEM, and FFX, were $269,513, $227,388, 

$137,103, and $212,979 per additional LY, respectively; and the ICURs were $551,682, 

$513,824, $206,977, and $338,796 per additional QALY, respectively. Compared to 

OX+GEM, the ICERs for CAP+GEM, NAB-P+GEM and FFX were $366,895, 

$350,984, and $212,979 per additional LY, respectively; and the ICURs were $616,793, 

$120,458, and $308,020 per additional QALY, respectively. Compared to CAP+GEM, 

the ICERs for NAB-P+GEM and FFX were $18,909 and $188,249 per additional LY, 

respectively; and the ICURs for NAB-P+GEM and FFX were $23,127 and $272,856 per 

additional QALY, respectively. Compared to NAB-P+GEM, the ICUR for FFX was 
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$618,788 per additional QALY. 

 

Most of the simulations for OX+GEM and CAP+GEM and all simulations for NAB-

P+GEM and FFX ICURs resulted in additional costs and benefits over GEM (the top 

right quadrant of the cost-effectiveness plane) (Figure 1). This suggests a small 

probability of OX+GEM and CAP+GEM and no probability of NAB-P+GEM or FFX 

having a poorer outcome than GEM alone. Compared to CAP+GEM and OX+GEM, 

NAB-P+GEM was associated with an incremental benefit at approximately the same 

cost, while FFX was associated with an additional benefit at a higher cost. 

 

The CEAC shows the likelihood of all regimens being cost-effective compared to GEM 

alone when considered across a range of thresholds for the cost per QALY (Figure 2). 

The CEAC plot shows that NAB-P+GEM has the highest likelihood of being cost 

effective among other regimens across a range of thresholds up to $200,000/QALY.  

 

Figure 3 shows the results for the OWSA with the most impact on the NAB-P+GEM base 

case ICUR against GEM. The key driver of the cost-effectiveness of NAB-P+GEM was 

the OS benefit. Most ICURs for NAB-P+GEM were within $161,419 and $310,160 per 

QALY.  

 

Secondary analyses 

We repeated the base case analysis taking into consideration the cost of drug wastage. 

The least costly regimen remained GEM alone ($23,268) followed by CIS+GEM 
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($29,050), OX+GEM ($40,830), CAP+GEM ($53,095), NAB-P+GEM ($55,875), and 

FFX ($102,588) (Table 3).  
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DISCUSSION 

MPC is a devastating disease with limited therapeutic options. There is currently no set 

standard of care governing treatment options for patients, with physician basing treatment 

based on patient tolerance and treatment toxicities.4 While chemotherapy with GEM is 

considered one of the standard of treatments in the US, combination regimens such as 

OX+GEM, CAP+GEM, FFX, and NAB-P+GEM provided better OS outcomes over 

GEM alone.  

 

To our knowledge, this is the first comprehensive, comparative, and independent economic 

evaluation of CIS+GEM, OX+GEM, CAP+GEM, FFX, and NAB-P+GEM against GEM alone in 

MPC. Not surprisingly, as all but one regimen included are additional agent to GEM and FFX is a 

multi-agent non-GEM regimen, all treatments were nominally more costly than GEM alone. 

Treatment with FFX yielded the highest gains in LY and QALY followed by NAB-P+GEM, 

CAP+GEM, OX+GEM and GEM. CIS+GEM was found to be more effective in terms of gain in 

LY but less effective in terms of gain in QALYs compared to GEM alone. A recent patient-level 

meta-analysis assessed the effectiveness of FFX as first-line treatment for patients with locally 

advanced pancreatic cancer.21 Although FFX OS was noticed to be higher in the meta-analysis 

compared to what was reported in Conroy et al.  (24.2 months vs. 11.1 months),22 the study was 

not included in our analysis, as it included locally advanced pancreatic cancer patients only where 

about quarter of them received chemotherapy in the neoadjuvant setting. The inclusion criteria 

for the FFX trial specified an ECOG score of 0 or 1, whereas the NAB-P+GEM trial 

included patients with a Karnofsky score of >70. Hence, there was a slight imbalance in 

performance status between both studies that may have influenced efficacy and safety 
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results. Moreover, subgroup analysis showed that patients with worse performance status 

responded better to NAB-P+GEM regimen. 

 

The NMA used in our model did not identify any statistically significant differences in 

OS between NAB-P+GEM and the other regimens, with the exception of GEM alone and 

CIS+GEM where the OS difference was statistically significant.10 The incremental cost 

of gaining one additional LY and QALY over GEM alone was found to be the lowest 

using NAB-P+GEM. The incremental cost of gaining one additional LY using FFX, 

OX+GEM, and CAP+GEM over GEM alone were respectively 1.6, 1.7, and 2.0 times 

higher than that could be achieved using NAB-P+GEM. Hence, savings of $75,876,  

$90,285, and $132,410 per patient per year could be achieved by treating patients with 

NAB-P+GEM instead of FFX, OX+GEM, and CAP+GEM, respectively. The 

incremental cost of gaining one additional QALY using FFX, OX+GEM, and 

CAP+GEM over GEM alone were respectively 1.6, 2.5, and 2.7 times higher than that 

could be achieved using NAB-P+GEM. Hence, savings of $131,819,  $306,847, and 

$344,705 per patient per QALY could be achieved by treating patients with NAB-

P+GEM instead of FFX, OX+GEM, and CAP+GEM, respectively. The CEAC suggest 

that NAB-P+GEM should be considered the most cost-effective regimen at a willingness-

to-pay threshold exceeding $206,977/QALY, which is the incremental cost of gaining 

one additional QALY over GEM alone using NAB-P+GEM.  

 

Our six-way comparative economic evaluation demonstrates that for the US, CIS+GEM, 

OX+GEM, CAP+GEM, and FFX are not cost-effective relative to NAB-P+GEM and 
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GEM alone. Our present findings for NAB-P+GEM and FFX are in line with those of our 

recent three-way economic evaluation 9 using the Bucher et al. method of indirect 

comparison.8 Both NAB-P+GEM and FFX were found to be more expensive but more 

effective compared to GEM. In three-way economic evaluation, NAB-P+GEM was set as 

the base-case treatment to which GEM only and FFX were compared to. In this study, the 

PH assumption was not proven valid between NAB-P+GEM and FFX. Hence, NAB-

P+GEM survival data were obtained from clinical trial.23 Any variation in the estimates is 

attributed to this methodology differences. 

 

Two dynamics account for economic results reported here. First, the high adverse events 

rates associated with OX+GEM, CAP+GEM, and CIS+GEM impacted these regimens’ 

overall cost while suppressing quality of life and this with a relatively limited OS benefit 

over GEM. Second, despite the high OS rates with FFX, it was not statistically significant 

over NAB-P+GEM and was not long enough to justify the high cost of adverse event 

management and the high cost of administration. FFX requires a catheter with a 

subcutaneous reservoir for the infusion of 5-FU and entails a second visit for removal 

after 48 hours. 

 

Our findings are important in light of the Oncology Care Model (OCM), a new delivery 

and payment model for physician practices administering chemotherapy developed by the 

Centers for Medicare and Medicaid (CMS) Innovation to maximize quality of care at a 

lower cost to Medicare.24 The OCM provides incentives for improving the quality of care 

through monthly per-beneficiary-per-month payment over chemotherapy treatment 
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duration and performed-based payment for the related cancer care episodes. The OCM 

provides additional reimbursement if centers reduce there cost of care and generate 

savings that are shared between the CMS and these centers. Evaluating current 

alternatives as seen with NAB-P+G may provide a better understanding of the cost of 

care models in cancer patients. 

 

In addition to the previously mentioned strengths and limitations,25 this analysis 

incorporated data from phase III clinical trials used to test the drug under optimal 

circumstances. An area for future research could be a retrospective database analysis 

incorporating patient co-payment in the sub-group analysis.  
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CONCLUSION 

This independent comprehensive economic evaluation of CIS+GEM, OX+GEM, 

CAP+GEM, FFX, and NAB-P+GEM found that first-line treatment with NAB-P+GEM 

for MPC provides addition life years and QALYs gain over GEM at lower cost compared 

to other regimens. 
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FIGURE LEGENDS 

Figure 1. Scatter plot of PSA ICURs for all regimens against GEM alone. Each point in 

scatterplot corresponds to one sample of ICUR parameter values.
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Figure 2. Cost-effectiveness acceptability curves for all regimens. 
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Figure 3. Tornado diagram of NAB-P+GEM ICUR against GEM alone 
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Tables: Table 1: Base-case and PSA results (total costs, total QALYs, and total LYs) for 

each regimen (presented in descending order of total costs) 

Base-case analysis 

 Total costs* Total LYs* Total QALYs* 

FFX $100,855 0.994 0.631 

NAB-P+GEM $55,441 0.864 0.558 

CAP+GEM $53,090 0.740 0.456 

OX+GEM $40,793 0.706 0.436 

CIS+GEM $28,950 0.638 0.397 

GEM $23,175 0.629 0.402 

Probabilistic sensitivity analyses 

 Total costs* Total LYs* Total QALYs* 

FFX $100,828 0.994 0.631 

NAB-P+GEM $56,059 0.864 0.558 

CAP+GEM $49,976 0.740 0.456 

OX+GEM $40,660 0.706 0.437 

CIS+GEM $31,375 0.638 0.397 

GEM $23,934 0.629 0.402 

Abbreviations: CAP+GEM, capecitabine plus gemcitabine; CIS+GEM, cisplatin plus 

gemcitabine; FFX, FOLFIRINOX; GEM, gemcitabine; LY, life year; NAB-P+GEM, 

nab-paclitaxel plus gemcitabine; OX+GEM, oxaliplatin plus gemcitabine; QALY, 

quality-adjusted life year. 

*Values were rounded.
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Table 2: Pairwise incremental cost-effectiveness and incremental cost-utility ratios 

Incremental cost effectiveness ratios (ICERs)* 

CIS+GEM      

$116,915 NAB-P+GEM     

$201,996 $350,984 FFX    

$172,331 $92,791 $209,093 OX+GEM   

$236,113 $18,909 $188,249 $366,895 CAP+GEM  

$659,516 $137,103 $212,979 $227,388 $269,513 GEM 

Incremental cost utility ratios (ICURs)* 

CIS+GEM      

$164,389 NAB-P+GEM     

$306,580 $618,788 FFX    

$299,480 $120,458 $308,020 OX+GEM   

$405,834 $23,127 $272,856 $616,793 CAP+GEM  

$-1,098,260 $206,977 $338,796 $513,824 $551,682 GEM 

Abbreviations: CAP+GEM, capecitabine plus gemcitabine; CIS+GEM, cisplatin plus 

gemcitabine; FFX, FOLFIRINOX; GEM, gemcitabine; LY, life year; NAB-P+GEM, 

nab-paclitaxel plus gemcitabine; OX+GEM, oxaliplatin plus gemcitabine; QALY, 

quality-adjusted life years. 

*Values were calculated using non-rounded costs and outcomes values.
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Table 3: Secondary analysis including wastage 

Regimen Total costs* 

FFX $102,588 

NAB-P+GEM $55,875 

CAP+GEM $53,095 

OX+GEM $40,830 

CIS+GEM $29,050 

GEM $23,268 

Abbreviations: CAP+GEM, capecitabine plus gemcitabine; CIS+GEM, cisplatin plus 

gemcitabine; FFX, FOLFIRINOX; GEM, gemcitabine; NAB-P+GEM, nab-paclitaxel 

plus gemcitabine; OX+GEM, oxaliplatin plus gemcitabine. 

*Values were rounded.
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SUPPLEMENTARY MATERIALS 

The text included in this Appendix complements and details corresponding segments of 

the main article. 

METHODS 

The model utilized a cohort of patients represented in the clinical trials reported in the 

network meta-analysis for the corresponding regimens.10 The cohort included adults 

diagnosed with advanced or metastatic pancreatic cancer who had not received any 

chemotherapy before. 

 

Model 

The model was created using the OS and PFS Kaplan-Meier (K-M) reported in the 

clinical trials to construct the following health states: Pre-progression, Post-progression, 

and Death health states. Patients enter the model in the Pre-progression state and can 

move or remain in the same health state based on the probability of survival and PFS over 

time (Figure S1). Once patients move to the next health state they can never come back to 

the previous one.  

 

Figure S1. Model structure 
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Efficacy 

Efficacy data for each regimen were obtained based on recommendations from previous 

publication26 where an algorithm for justifying model selection was used. 

 

OS and PFS survival data for FFX were obtained from the K-M reported in the clinical 

trial using the Weibull distribution.22. OS and PFS survival data for GEM, CAP+GEM, 

OX+GEM, and CIS+GEM were obtained from a published NMA10 assuming a valid PH 

assumption between these regimens and FFX. OS and PFS survival data for NAB-

P+GEM were obtained from the K-M reported in the clinical trial,23 as the proportional 

hazard assumption was not found to be valid between FFX and NAB-P+GEM.25 

 

Probabilistic sensitivity analyses 

Uncertainties in pre-medication, chemotherapy, administration, disease monitoring, and 

adverse events management costs were addressed by applying gamma distribution to all 

the related parameters. Uncertainty in chemotherapy drug cost was included by taking 

into account all generic and branded drugs costs and apply a gamma distribution to the 

average cost per mg. Gamma distribution was used for cost parameters as it has an 

interval from zero to positive infinity that is limited by the appropriate confidence 

interval of the mean. 

 

Normal distribution was used to address uncertainty in the BSA estimate. Uncertainties in 

the proportion of patients who responded to treatment, probability of adverse events, 

HRQoL utility weights, and disutilities for the adverse events that affect HRQoL were 
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addressed using beta distribution. Beta distribution was used here as it is constrained 

between 0 and 1. 

 

Lognormal distributions were employed to address the uncertainties in the odd ratios used 

to derive the probability of adverse events in patients treated with GEM, CIS+GEM, 

OX+GEM, CAP+GEM, and NAB-P+GEM. They were used as the confidence limits for 

relative risk are calculated on a log scale. 

 

Covariance matrices that allowed joint distributions to be generated for PFS and OS were 

used for the coefficients in the parametric models describing OS and PFS. Data regarding 

uncertainty in the HRs applied to the parametric survival models were taken from the 

NMA. 
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CHAPTER 6 

DISCUSSION AND CONCLUSION 

Gemcitabine (GEM) alone has been the standard of care for patients with MPC since 

1997, till new combination regimens, with or without GEM, have been developed.  The 

purpose of this dissertation was to assess the benefits of these regimens relative to their 

costs.  

 

The four objectives for this dissertation-by-article aimed to: identify previous economic 

evaluation studies that have been done in the pancreatic cancer setting and critique them; 

propose a transparent algorithm to justify parametric model selection in economic 

evaluation studies; and conduct an economic evaluation of systemic chemotherapies as 

first-line treatment of MPC from the payer perspective for the United Kingdom (UK) and 

the United States (US). In this chapter, I will summarize the findings and address policy 

implication, compare drug funding processes and comment on the willingness-to-pay 

(WTP) in the UK and the US, propose areas of future research, and finally, give a general 

conclusion regarding the implication of this dissertation.  

 

6.1 SUMMARY OF FINDINGS  

The first objective aimed to identify previous economic evaluation studies that have been 

done in the pancreatic cancer setting and critique them. This was achieved by reviewing 

PubMed/MEDLINE and Embase (1997-2015) databases and selecting websites to locate 

reports for the UK National Institute for Health and Care Excellence (NICE), the 
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Canadian Agency for Drugs and Technologies in Health (CADTH), and the Australian 

Pharmaceutical Benefits Advisory Committee (PBAC). We reviewed sixteen economic 

analyses focusing on 5-fluorouracil, GEM alone, capecitabine plus GEM (CAP+GEM), 

erlotinib plus GEM (E+GEM), FOLFIRINOX (FFX), nab-paclitaxel plus GEM (NAB-

P+GEM), S-1, and S-1+GEM. Seven of these economic evaluations were UK-specific, 

focusing on 5-flurouracil, GEM alone, NAB-P+GEM, CAP+GEM, and FFX. The only 

economic evaluation for the US was for NAB-P+GEM and FFX against GEM alone. 

There have been no comprehensive economic evaluations for all treatment options for 

these two countries. The key driver for most of the economic evaluations was the overall 

survival while inconsistency between the country-specific and the utility estimates used 

was noticed. None of the analyses justified the use of a specific parametric model.  

 

The second objective aimed to optimize parametric model selection in economic 

evaluation. This was achieved by proposing an algorithm to evaluate the goodness-of-fit 

of the exponential, Weibull, and Gompertz distributions to the survival data from a 

clinical trial. The algorithm includes seven steps: digitize the new treatment graph, 

extract the parametric functions and construct a summary table, plot and visually inspect 

the parametric distributions, assess the goodness-of-fit and construct a summary table, 

assess the proportional hazard model, calculate economic evaluation results per 

parametric distributions and construct a summary table, and propose results. Residual 

sum of squares (RSS), coefficient of determination (R2), and F-test were proposed as the 

criteria for evaluating the goodness-of-fit. Applying the algorithm to an example where 
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FFX was the base-treatment to which GEM was compared, we illustrated that for overall 

survival and progression-free survival curves, the Weibull distribution was associated 

with the lowest RSS value, the highest R2, and the highest the F-test. This indicates that 

the Weibull distribution has the best fit. The application of different parametric models 

impacted the economic evaluation estimates. This method was used at the macro level 

using aggregate data. The application of this method at individual patient level data must 

be tested before it can be implemented. 

 

The third objective aimed to identify the relationship between the monetary input and the 

desired outcome of first-line chemotherapy of MPC for the UK. This was achieved by 

assessing the comparative cost-utility and cost-effectiveness of oxaliplatin plus GEM 

(OX+GEM), cisplatin plus GEM (CIS+GEM), CAP+GEM, FFX, and NAB-P+GEM 

against GEM alone for the UK. These treatment options have not been compared directly 

in a comprehensive randomized trial. Hence, indirect estimates of comparative efficacy 

were obtained from a published network meta-analysis. The proposed algorithm used to 

achieve the second objective was applied along with UK-specific costs and utility data. 

Compared to FFX, NAB-P+GEM was found to be more costly but less effective. 

Compared to CAP+GEM, OX+GEM and CIS+GEM were found to be more costly but 

less effective. Treatment with either FFX or CAP+GEM was more costly but more 

effective than with GEM alone. The ICUR for CAP+GEM was below the 

£30,000/QALY threshold value recommended by NICE, while the ICUR for FFX 

exceeded it.  
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The fourth objective aimed to compare the relative costs and outcomes of first-line 

chemotherapy in the treatment of MPC for the US. This was achieved by assessing the 

comparative cost-effectiveness and cost-utility of OX+GEM, CIS+GEM, CAP+GEM, 

FFX, and NAB-P+GEM against GEM alone for the US. The same methodology used to 

achieve the third objective was applied here using US-specific costs and Canadian-

specific utility data. OX+GEM, CAP+GEM, NAB-P+GEM and FFX were found to be 

costlier and more effective than GEM alone. Compared to GEM alone, NAB-P+GEM 

was found to have the smallest ICER and ICUR values among all other regimens.  

 

6.2 POLICY IMPLICATION  

For a health care system to be improved, it needs a concurrent inquiry of three aims: 

improve health care access, improve population’s health, and reduce the costs of health 

care [1].  Changes targeting any of these aims can impact the other two either positively 

or negatively. For example, preventing access to expensive but less effective technologies 

may improve the outcome and reduce the costs. 

 

“Even within managed care plans that claim they're managing care, we all know that 

they're actually managing costs. The dynamic will always be balancing access, quality, 

and cost.” 

-J. Lyle Bootman 
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The British health care system can be improved by guaranteeing patients’ access to 

CAP+GEM and, to a lesser extent, FFX. The US health care system can be improved by 

guaranteeing patients’ access to NAB-P+GEM. It is obvious that the results of economic 

evaluations are not generalizable and that they vary across different countries. This is 

attributed to different assumptions, methods, inputs, and country guidelines. The 

economic analysis work done in this dissertation applies as much to target molecular 

treatments as to non-targeted treatments. 

 

6.3 DRUGS FUNDING AND WILLINGNESS-TO-PAY IN THE UK 

6.3.1 Drugs funding in the UK 

In the UK, the National Health Services (NHS) has been, and remains, nearly completely 

funded through a mildly progressive taxation system. The NHS budget is set every three 

years by the government after Parliament approval, and it is free at the point of use 

except for services such as dentistry where copayment is required [2]. 

 

Ultimately, cancer drugs become freely available by the NHS at the point of service, 

being paid for by local NHS primary care trusts (PCTs) using the taxpayer’s money 

allocated to them. Guidance by the NHS of whether the drug has to be available or not is 

the function of NICE, which decides which drug provides good value for money and 

should be funded [3]. Within the NICE appraisal process, the ICUR for the new drug is 

compared to a WTP value to decide whether the new drug represents an efficient use of 

NHS resources. 
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6.3.2 Willingness-to-pay in the UK 

The conservative approach of the health technology assessment (HTA) aims to maximize 

the efficiency of the health care system by producing as many QALYs as the system can, 

given the limited resources. Usually, NICE recommends drugs if they have an ICUR of 

less than £30,000 per each additional QALY gained [4]. Based on this, the only regimen 

to be approved for funding would be CAP+GEM. FOLFIRINOX had an ICUR above 

£30,000 per each additional QALY, while other drugs were dominated by other less 

costly but more effective regimens. 

 

The underlying assumption of this approach is that all QALYs are worth the same 

amount of money regardless of their origin [5], a principle that Culyer et al. termed as 

‘QALY egalitarianism’ [6], where the QALY gained or lost is blind to personal 

characteristics and health conditions. The famous quote attributed to this is ‘QALY is a 

QALY is a QALY.’ This principle ignores the differences in moral claims of individuals 

to health care based on their personal characteristics and health conditions [7]. Based on 

that, what matters is not the distribution of health, but the sum of total population health. 

For example, a drug that results in a great gain of QALYs for some but a small loss for 

others will result in net efficiency gains, and hence social enhancement, regardless of the 

underlying distribution.  
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In a systematic review conducted between the period of 1987 and 2005, Cookson et al. 

[8] found that the distributional effects of health interventions on QALY had been 

ignored in HTA assessments [9,10]. Two arguments can be found in the literature 

favoring weighted QALYs: those based on equity and those based on efficiency. The 

efficiency argument assumes that if the distribution of income was appropriate, then the 

QALY gained for those who are more productive to society should be weighted higher 

compared to those who are less productive [11]. Others argue that the efficiency 

argument may be unfair, as highly productive people could be born to rich families with 

more opportunities compared to the elderly and to newborns. Those people who are 

against the efficiency concept argue that QALY should be weighted based on equity 

reasons. The literature suggests that a majority of the general population prefers to place 

extra weight on the QALYs gain in the severely ill, children, and socioeconomically 

disadvantaged people [12].  

 

6.4 DRUGS FUNDING AND WILLINGNESS-TO-PAY IN THE US 

6.4.1 Drugs funding in the US 

In the US, access to FDA approved drugs is subjective to payers’ willingness to buy 

them. Unlike the UK, where drugs are funded at a national level through one payer, the 

US has multiple payers who have different standards and procedures to assess and 

determine which drug has to be purchased and reimbursed. It is difficult to characterize 

access to and finance of expensive cancer drugs in the US as state laws, corporate 

philosophy, purchasing power, organizational structure, and competition are all 
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contributing factors in defining formularies that impact access to cancer drugs [1]. On top 

of that, state- or federal-level programs may define specific access and need issues. For 

example, the Breast and Cervical Cancer Prevention and Treatment Act of 2000 adopted 

the Medicaid waiver to allow uninsured breast or cervical cancer patients who are 

ineligible for Medicaid to gain access to treatment [13]. 

 

Cancer drugs are covered through Medicare Part B. Medicaid is required by law to cover 

FDA-approved cancer drugs for Medicare enrollees who purchased Part B coverage [14]. 

Although the addition of pharmaceutical benefits coverage (Part D) to Part B’s limited 

coverage has improved drug coverage, these benefits still do not provide full coverage, 

and patients have to pay out-of-pocket costs for expensive drugs [15]. 

 

The copayment percentage that insured patients have to pay varies from plan to plan and 

within the same plan by the type of service provided. Such copayment requirements are 

increasingly applied to specialty drugs, or what is called Tier 4, which include expensive 

drugs such as cancer drugs and biological agents. The most common copayment 

percentage for patients across all service types in employer-sponsored plans is 20-25% 

[16] and for Tier 4 medications is 20-33% [17]. 

 

6.4.2 Willingness-to-pay in the US 

In the US, health economists often refer to the arbitrary $50,000/QALY as a rule of 

thumb to determine the cost-effective intervention. An intervention with an ICUR of less 
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than $50,000/QALY is considered cost-effective and worth funding. Based on this, none 

of the combination regimens would be eligible for reimbursement in the US. All ICURs 

reported for MPC regimens were above the $50,000/QALY WTP. 

 

The first attempt to calculate the WTP in the US was back in the late 1970s, when center-

based hemodialysis was compared to no dialysis for treatment of end-stage renal disease 

(ESRD) patients in the US. The analysis of many studies yielded a range of ICERs 

between $25,000 and $30,000 per additional LY gained in 2008 dollars [18]. 

Winkelmayer et al. collected the ICER ratios from 11 studies in North America and 

Europe published between 1968 and 1998, standardized for currency differences and 

inflation. This collection yielded ICERs between $60,600–$80,100 per LY gained in 

2000 US dollars [19]. In order to convert the LY measurement into QALY value, several 

studies reported that the utility value for ESRD patients ranges from 0.4 to 0.8 (typically 

approximately 0.6) [20, 21, 22].  Using this range, the ICER of $50,000 per LY gained 

would equal to an ICUR of $62,500 to $125,000 per QALY gained. 

 

Most of the economic evaluation studies often refer to the use of this $50,000 benchmark 

as ‘generally accepted’, ‘commonly cited’, or ‘established practice’ in the US [23].  

This approach implies that decision makers have a fixed WTP value for additional benefit 

measured in QALY, or that there is an engrained shadow price of health benefit that 

mirrors the opportunity cost of drug or intervention. However, there is a lack of evidence 

concerning the fixed WTP assumption for additional QALY that is independent of copay, 
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time, and type of the disease [24, 25, 26, 27, 28]. Likewise, decision makers do not seem 

to have a fixed value across different decisions [29, 30, 31]. More specifically, there is 

growing evidence that the average WTP for an intervention that improves health status is 

lower than the WTP for a life-saving intervention [32, 33].  

 

6.5 FUTURE RESEARCH 

So far, I addressed the four objectives for this dissertation and how they can be used to 

inform decision-makers on how to improve the health care for MPC in the UK and the 

US. In this section, I am proposing areas for future research. 

 

In chapter 3, we proposed an algorithm to evaluate the goodness-of-fit of the exponential, 

Weibull, and Gompertz distributions to the survival data from a clinical trial. An area for 

future research could be to include the lognormal and log-logistic distributions in the 

algorithm and evaluate their goodness-of-fit.  

 

Another area for future research could be the application of conjoint analysis for MPC 

patients. Conjoint analysis is a technique for measuring preferences for goods or services. 

It is specifically designed to examine the impact that different attributes of a good or 

service have on overall benefit where ‘benefit’ is defined in terms of value or utility. It 

involves presenting individuals with hypothetical scenarios comprising different levels of 

the attributes, which have been identified as being important, and asking respondents to 
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state their preferences for the scenarios [34]. Cost, adverse event, copayment, access, 

quality of life, and survival are proposed attributes for future studies. 

 

As the demand for health care is infinite with rising expectations, finite health sector 

resources are insufficient to meet all the health care needs of individuals and populations 

with rising costs of new drugs. Economic evaluation can be complemented by operations 

research methodology to maximize outcomes from more expensive but more effective 

regimens subject to budgetary constraints [35]. The first application of this methodology 

was early in World War II when the British and the US military groups asked scientists to 

apply a scientific approach to help them allocate scarce resources to the various military 

operations to maximize effectiveness [36]. 

 

6.6 CONCLUSION 

In conclusion, CAP+GEM and FFX were the preferred regimens to treat MPC in the UK, 

and NAB-P+GEM was the preferred regimen in the US. As combination chemotherapy 

regimens pose a significant burden on both the patients and the payers, understanding the 

relationship between the monetary input and the desired outcome is important. Since 

economic evaluation intends to inform, but not to set, policy or clinical practice, our 

results improve our understanding of how to improve the health care system in these two 

countries. 
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