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Virum, 16.12.2022. 

Til Medicinrådet 
 
 
Bristol Myers Squibbs tilbagemelding på udkast til vurderingsrapport for nivolumab til adjuverende 
behandling af muskelinvasivt urotelialt karcinom (adj. MIUC).  

Bristol Myers Squibb (BMS) imødeser Medicinrådets (Rådet) anbefaling vedr. behandling med nivolumab til 
adj. MIUC og vil gerne takke for en rigtig god vurderingsrapport, som det er tydeligt af se bygger på et solidt 
fagligt arbejde med velbegrundede argumenter. BMS vil også gerne takke for et rigtig godt samarbejde på 
trods af den lange ventetid fra indsendelse af ansøgning (29.4.2022) til sagen blev taget op til validering 
(valideringsspørgsmål 23.8.2022).  

BMS har kun enkelte kommentarer til vurderingsrapporten: 

 

For det første undrer BMS sig over, at Rådet endnu engang undlader at vise ansøgers resultat. Rådet ændrer   
funktionen til ekstrapolering af kurverne for disease free survival fra Gompertz(BMS) til Gen. Gamma uden 
at vise resultatet fra ansøgningen.  

Selvom Rådet begrunder ændringen med, at Gompertz er for optimistisk på baggrund af placeboarmen samt 
at Gen.Gamma har bedre statistisk fit, så er det en udfordring at ansøgers resultat ikke vises. Usikkerhed 
er et vilkår og selvom ændringen af funktion har minimal betydning i denne sag, er det vigtigt, at Rådet 
præsenteres for relevante scenarier så Rådet informeres tilstrækkeligt om usikkerheden forbundet med 
Medicinrådssekretariatets analyse. Dette kunne ske ved at Gompertz tilføjes som en følsomhedsanalyse i 
tillæg til Rådets følsomhedsanalyse med log-normal funktionen, som har et ringere fit til data end Gompertz. 

 

For det andet kan den estimerede andel af PD-L1 positive patienter forventes at være lidt større end de 33 
% (ca. 1/3) som Rådet beskriver i afsnit 1.2. I CheckMate274 havde ~40% PD-L1 ≥ 1% bestemt på tumorceller 
(hhv 39,7 % i nivolumabgruppen og 39,9 i placebogruppen). Diskrepansen mellem de 33 % og 40 %, kan 
skyldes, at PD-L1 markøren i CheckMate274 blev bestemt alene på tumorceller (TPS) og altså en anderledes 
metode end den scoringsnøgle, der f.eks. er benyttet i Keynote-052 i 1L/lokal avanceret blærekræft (Balar 
AV et al., The lancet 2017), hvor ca 30% havde en combined positive score (CPS) CPS≥10.  

   
 
Med venlig hilsen, 

 
 
 
 
 

Anders Thelborg 
Adm. direktør 
Bristol Myers Squibb, Denmark  

http://www.bms.com/dk
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Forhandlingsnotat 

 

 21. december 2022 
DBS/CAF 

 

Dato for behandling i 
Medicinrådet  

25. januar 2023 

Leverandør BMS 

Lægemiddel Opdivo (nivolumab) 

Ansøgt indikation Opdivo (nivolumab) til adjuverende behandling af muskelinvasivt 
urotelialt karcinom (patienter med PD-L1-tumorcelleekspression > 
1% og høj risiko for recidiv efter radikal operation) 

 

Forhandlingsresultat 

Amgros har følgende pris på Opdivo (nivolumab).  

Tabel 1: Forhandlingsresultat Opdivo (nivolumab) 

Lægemiddel Styrke Pakningsstørrelse AIP (DKK) Forhandlet 
SAIP (DKK) 

Rabatprocent 
ift. AIP 

Opdivo 
(nivolumab) 

240 mg/24 ml 1 stk. 21.453,65 XXXXXXXXX XXX 

Opdivo 
(nivolumab) 

100 mg/10 ml 1 stk. 8.939,02 XXXXXXX XXX 

Opdivo 
(nivolumab) 

40 mg/4 ml 1 stk. 3.598,42 XXXXXXXX XXX 

 



  

  jj 
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Prisen vil være gældende indtil 31.12.2023. 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX  

Konkurrencesituationen 

Der er på nuværende tidspunkt ingen konkurrence på Opdivo (nivolumab) til denne indikation. 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX  
 

Status fra andre lande 

Norge: Under vurdering1. 

Sverige: Anbefalet2. 

England: Anbefalet3. 

 

Konklusion 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX  

 
1 https://nyemetoder.no/metoder/nivolumab-opdivo-indikasjon-xvi  
2 https://janusinfo.se/download/18.5e669ac418069c4cb9a2a41c/1651136553008/Opdivo-adjuvant-vid-
urotelcellscancer-220428.pdf  
3 https://www.nice.org.uk/guidance/ta817/chapter/1-Recommendations  

https://nyemetoder.no/metoder/nivolumab-opdivo-indikasjon-xvi
https://janusinfo.se/download/18.5e669ac418069c4cb9a2a41c/1651136553008/Opdivo-adjuvant-vid-urotelcellscancer-220428.pdf
https://janusinfo.se/download/18.5e669ac418069c4cb9a2a41c/1651136553008/Opdivo-adjuvant-vid-urotelcellscancer-220428.pdf
https://www.nice.org.uk/guidance/ta817/chapter/1-Recommendations
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Based on the statistical fit criteria and visual inspection of the survival and smoothed hazard curves, the 1-knot 
hazard distribution is chosen for the base case (Figure 42). 

8.4.6 Pembrolizumab in first-line mUC 

To model the efficacy of pembrolizumab in first-line mUC (assumed to also represent atezolizumab), data from 
the KEYNOTE-361 phase 3 trial were used. KEYNOTE-052 also represents the first-line mUC setting but is a 
single-arm study, making its comparative efficacy versus first-line mUC chemotherapy challenging to analyse. 
KEYNOTE-361 compared the efficacy and safety of pembrolizumab monotherapy to platinum-chemotherapy 
for first-line treatment of mUC. In particular, data for PD-L1 positive cisplatin-ineligible patients were of 
interest, using OS data from KEYNOTE-361 for patients with PD-L1 combined positive score of at least 10 who 
were chosen to receive carboplatin (cisplatin ineligible). 

Figure 43 shows the blue OS curve of pembrolizumab compared with the red OS curve of carboplatin-based 
chemotherapy. The 2 curves overlap and cross multiple times during the study follow-up, indicating similar 
efficacy. However, there is a slight separation in the 2 from about 2 years, but this is not well established in the 
data with less than 30 patients still at risk in each arm from this point. Despite these characteristics in the data, 
the within-study HR of 0.82 was estimated. This was further estimated in an ITC including the De Santis study, 
which resulted in a HR for pembrolizumab versus carboplatin-based first-line mUC chemotherapy of 0.83, with 
95% CI of 0.57, 1.18). This HR was applied to the De Santis reference curve, to derive a PRS curve for 
pembrolizumab. 
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Figure 46. Cost-effectiveness acceptability curve 

 

WTP = willingness to pay. 

Figure 47 presents the cost-effectiveness planes for nivolumab versus observation. The figure shows that all of 
the 1,000 iterations finish in the northeast quadrant meaning that nivolumab resulted in more QALYs and 
higher costs compared with observation for all iterations run. 

Figure 47. Cost-effectiveness plane: nivolumab versus observation 

 

ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year. 

9 Budget-impact analysis 

The impact of introducing nivolumab in the treatment landscape of MIUC was estimated using a 5-year budget-
impact model. According to the DMC’s methodological guidance, the budget-impact results reflect the 
healthcare payer perspective; therefore, results do not include the patient and transport costs, and the 
discount rate for costs is to set to zero in the analysis. 
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10 Discussion on the submitted documentation 

10.1 Clinical evidence 

The efficacy and safety of nivolumab have been demonstrated in CheckMate-274. This trial shows that, for 
patients with MIUC with tumour cell PD-L1 expression ≥ 1% who are at high risk of recurrence, nivolumab extends 
DFS, improves other clinical outcomes, and is associated with no deterioration in HRQOL, compared with placebo. 

10.2 Strengths and limitations of the clinical evidence 

CheckMate-274 is a large, multinational (including 3 sites in Denmark) randomised controlled trial. It is the only 
phase 3 randomised controlled trial evaluating nivolumab in the adjuvant setting for patients with MIUC at high 
risk of recurrence. This was to be expected because, at the time CheckMate-274 was conducted, nivolumab was a 
new treatment and unapproved for this patient population. A quality assessment based on guidance provided by 
CRD (2009)113 assessed the likelihood of selection, performance, attrition, and detection bias and determined that 
CheckMate-274 has a low risk of bias (see Appendix A.2). However, the assessment noted that it was unclear if 
treatment allocation was adequately concealed. This could be a potential limitation of the study. 

Nivolumab is positioned as an adjuvant treatment option after radical resection (cystectomy or 
nephroureterectomy) for patients who are not eligible for or who have refused adjuvant chemotherapy. For 
these patients, the standard of care in Denmark is no active treatment/no adjuvant therapy. CheckMate-274 
compares nivolumab with placebo: this is appropriate when the standard of care is no active treatment/no 
adjuvant therapy. Thus, CheckMate-274 provides appropriate evidence for the efficacy of nivolumab in this 
patient population in Denmark. 

Analysis of the tumour cell PD-L1 expression ≥ 1% population—that is, the label population—was a prespecified 
primary endpoint in the CheckMate-274 trial. This means that the trial was adequately powered, and the 
results are valid for decision-making. 

Although CheckMate-274 was appropriately powered to detect treatment differences in both the all-
randomised and tumour cell PD-L1 expression ≥ 1% patient subgroups, the benefits of nivolumab were found 
to be different for additional subgroups. The effect size for DFS was greater for patients with MIUC in the 
bladder than for patients with MIUC in the upper urinary tract and for patients who had received neoadjuvant 
chemotherapy than for those who had not received it. Because the trial was not designed to assess efficacy in 
these subgroups, there is uncertainty in these results. Additional translational analyses have been planned to 
explore this further. The results of CheckMate-274 are based on interim analyses, and no results are available 
yet about the efficacy of nivolumab on the secondary outcome of OS. However, further data over a longer 
follow-up period are forthcoming. 

10.3 Strengths and limitations of the economic evidence 

The current analysis of adjuvant nivolumab in MIUC compared with the current standard of care 
(i.e., observation) is expected to result in 1.78 additional QALYs at an additional cost of DKK 327,805. Thus, the 
resulting ICER for introducing adjuvant nivolumab in MIUC in Denmark is DKK 184,626. 

All analyses presented for the base case and scenarios are based on list prices for the acquisition costs of 
nivolumab and other therapies included within the analysis. 
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Modelling of early lines of therapy, such as adjuvant therapy, has some inherent challenges because of the 
long-term survival (e.g., in relation to later lines of metastatic treatment) and impact of subsequent therapies 
on survival. This is the case even in the current analysis in which data on OS are lacking. However, as presented 
in results, the absolute majority of the QALYs gained is accrued in the DF health state and not in the RD health 
state. Thus, this shows that key benefits of nivolumab are composed of where trial data are available and not 
where assumptions have been needed regarding modelling of subsequent treatment. 

The base-case analysis is based on a 3-health-state Markov model because this was determined to be the 
most suitable approach accounting for data availability and disease. However, alternative options of model 
structure and data were investigated through the model development process and are presented as part of 
the submission for transparency and to minimise decision uncertainty. Similarly, alternative methods for 
modelling subsequent treatments were explored but were found to have limited impact on the results. This 
extensive work on exploring alternative structural options for the model shows that the results are robust to 
alternative methods. 

For the data used in the model, resource use data were based on Danish clinical guidelines as well as Danish 
unit costs. Utility data used in the model were calculated based on Danish guidelines using conversion to 
EQ-5D-5L with the Danish tariff. 

The choice of method for survival extrapolation can often have a significant impact on the results. Thus, great 
care was taken to ensure that the most clinically plausible distributions were selected. In addition to statistical 
and visual fit to both survival data and hazard over time, the extrapolated curves were validated against 
external data as well as clinical plausibility in relation to general population mortality. The selected distribution 
for the base case had very good alignment with the external data compared with other distributions, and 
alternative distributions tested in scenarios did not have a large impact on the results. 

11 List of experts 

An advisory board was held on 25 June 2021 that involved clinical and health economic key opinion leaders 
from England, Canada, and the United States.82 
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Appendix A. Literature search for efficacy and safety of intervention and 
comparator(s) 

The indication for nivolumab included in this submission received EC approval on 1 April 2022 based on the 
pivotal trial CheckMate-274. Therefore, at the time of submission, CheckMate-274 is the only study relevant to 
this indication. CheckMate-274 has been reported in 4 publications: Bajorin et al. (2021)50, Bajorin et al. 
(2021)1, Galsky et al. (2021)20, and Galsky et al. (2021)51. 

Appendix A.1 Summary of included studies 

Table A-1 presents an overview of the study design of CheckMate-274. 



































 

 

Appendix F. Comparative analysis of efficacy and safety 

Head-to-head trial data are used; therefore, no comparative analysis has been undertaken. 
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Appendix G. Mapping of HRQOL data 

EQ-5D-3L data were obtained directly from the CheckMate-274 trial and used to calculate utilities based on 
the Danish value set and methods for mapping to EQ-5D-5L (see Section 8.5). 
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Appendix H. Probabilistic sensitivity analyses 
 
The probabilistic sensitivity analyses is presented in Section 8.8.5 together with a summary of data and 
distributions used. The full list of distributions, mean value and measure of uncertainty can be found in the 
Excel economic model  on the “Model_parameters” sheet. On this sheet the data pertaining to the 
probabilistic sensitivity analyses can be found in column K to S. In addition it is possible to alter the data used 
for uncertainty (e.g., standard error for the majority of the input parameters). This can be done on the input 
sheets for Safety data, Costs, Subsequent therapy and Outcomes  in the model. 
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Appendix I. CheckMate-274 supplementary efficacy results 

The efficacy data reported in Section 6 of this dossier relate to the results of the second interim analysis and to 
the tumour cell PD-L1 expression > 1% subgroup. Here, data from the first and second interim analysis for the 
all-randomised patient subgroup and data from the first interim analysis for the tumour cell PD-L1 
expression ≥ 1% subgroup are also reported for completeness 

Appendix I.1 All randomised patients: First and second interim analyses 

Appendix I.1.1 Disease-free survival 

At the first interim analysis, CheckMate-274 met its primary endpoint of statistically improved DFS with 
nivolumab compared with placebo at the prespecified interim analysis.1 With a minimum follow-up of 
5.9 months, nivolumab showed a statistically significant and clinically relevant improvement in DFS vs. placebo 
in the all-randomised patient population with median DFS of 20.8 months for nivolumab versus 10.8 months 
for placebo (HR, 0.70; 98.22% CI, 0.55-0.90; P < 0.001).1 Median follow-up was 20.9 months and 19.5 months 
for all randomised patients in the nivolumab and placebo arms, respectively.1 By the first surveillance 
assessment (at 3 months) the Kaplan-Meier curves for DFS had separated, favouring nivolumab (Figure I-1). At 
6 months, DFS rates were 74.9% vs. 60.3% for nivolumab and placebo, respectively.1 
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At the second interim analysis and with a minimum follow-up of 11 months, nivolumab continued to show a 
statistically significant and clinically relevant improvement in DFS versus placebo in the all-randomised patient 
population, with a median DFS of 22.0 months for nivolumab versus 10.9 months for placebo (HR, 0.70; 
95% CI, 0.57-0.85; P < 0.001) (Figure I-2).20 Median follow-up was 24.4 months and 22.5 months for all 
randomised patients in the nivolumab and placebo arms, respectively.20 By the first disease assessment 
(3 months), the Kaplan-Meier curves for DFS had separated, favouring nivolumab. At 6 months, DFS rates were 
75.0% versus 60.5% for nivolumab and placebo, respectively, and this separation was maintained at 
12 months.20 
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Appendix I.1.2 DFS: subgroup analysis for all randomised patients 

In CheckMate-274, patients were stratified according to prior neoadjuvant cisplatin-based therapy use, PD-L1 
expression, and nodal status.1 At the first interim analysis the DFS benefit of nivolumab vs. placebo was 
observed in each of these subgroups (HR < 1) although heterogeneity was observed in particular to prior 
neoadjuvant cisplatin-based therapy use and PD-L1 expression (Figure I-3).1 

Subgroup analyses favoured nivolumab over placebo in nearly all other subgroups analysed.1 Although 2 of the 
initial tumour origin subgroups (renal pelvis and ureter) demonstrated an HR > 1, these analyses were not 
robust because of the small sample sizes and low number of events, limiting the reliability of these particular 
results.1 Overall, CheckMate-274 was not designed to detect statistically significant differences in the 
treatment effect in subgroups outside the tumour cell PD-L1 expression ≥ 1% subgroup; therefore, subgroup 
results should be interpreted with caution.1 
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At the second interim analysis the DFS benefit of nivolumab versus placebo continued in the prior neoadjuvant 
cisplatin-based therapy use, PD-L1 expression, and nodal status subgroups (HR < 1) (Figure I-4).20 Even 
amongst the relatively lower-risk node-negative patients with 10 or more nodes removed, a treatment benefit 
with nivolumab was noted.20 
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The subgroup analysis also continued to favour nivolumab over placebo in nearly all other subgroups analysed 
(Figure I-4).20 Two of the initial tumour origin subgroups (renal pelvis and ureter) demonstrated an HR > 1. 
However, these analyses were not robust because of the small sample sizes and low number of events, limiting 
the reliability of these particular results.20 Overall, CheckMate-274 was not designed to detect statistically 
significant differences in the treatment effect in subgroups except the tumour cell PD-L1 expression ≥ 1% 
subgroup; therefore, subgroup results should be interpreted with caution.20 
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Appendix I.1.3 Non–urothelial-tract recurrence-free survival 

At the first interim analysis, nivolumab treatment reduced the risk of distant metastasis or death by 25% 
compared with placebo in all randomised patients.1 Median DMFS amongst patients treated with nivolumab 
was 40.5 months compared with 29.5 months for patients treated with placebo (HR, 0.75; 95% CI, 
0.59-0.94) (Figure I-5).1 At 6 months, DMFS rates were higher in the nivolumab arm than in the placebo arm 
(82.5% vs. 69.8%).1 

At the second interim analysis, nivolumab treatment continued to result in a clinically meaningful 
improvement in NUTRFS in all randomised patients (26.0 vs. 13.7 months with nivolumab vs. placebo; HR, 
0.71; 95 CI, 0.58-0.88).20 By the first disease assessment (at 3 months) the Kaplan-Meier curves for NUTRFS 
had separated, favouring nivolumab (Figure I-6).20 At 6 months, NUTRFS rates were 77.1% in the nivolumab 
arm compared with 62.9% in the placebo arm.20 
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Appendix I.1.5 Patient-reported outcomes 

Patients who have undergone radical surgery for MIUC often have impaired HRQOL.52 During the 
CheckMate-274 study, HRQOL was assessed using the EORTC QLQ-C30 and EQ-5D-3L questionnaires. HRQOL 
assessments were completed on cycle 1 day 1 (baseline), then every second cycle (4 weeks) for the first 
6 months of treatment and every third cycle (6 weeks) thereafter until discontinuation of study treatment. 

The first interim analysis showed that HRQOL was maintained for patients in both treatment arms in all 
randomised patients (Figure I-9 and Figure I-10), although no statistical tests were performed on change from 
baseline scores between treatment arms.1 
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A post hoc analysis of HRQOL using data from CheckMate-274 was conducted by Galsky et al. (2021)51. The 
analysis involved 645 patients with evaluable EORTC QLQ-C30 results from the CheckMate-274 trial 
population, of which 210 (33%) had recurrence. The results showed that patients with disease recurrence had 
a significantly higher risk of confirmed deterioration in all HRQOL outcomes than patients without recurrence. 
Therefore, recurrence has a significant negative impact on HRQOL, and treatments that delay recurrence after 
radical surgery for high-risk MIUC, such as nivolumab may prevent or delay HRQOL deterioration. 

Appendix I.2 Tumour cell PD-L1 expression ≥ 1% population, first interim analysis 

Appendix I.2.1 Tumour cell PD-L1 expression ≥ 1% population: DFS 

At the first interim analysis, nivolumab treatment resulted in a statistically significant and clinically relevant 
improvement in DFS compared with placebo in patients with tumour cell PD-L1 expression ≥ 1% (HR, 0.55; 
98.72% CI, 0.35-0.85; P < 0.001) (Figure I-11).1 As with the all-randomised patient population, by the first 
surveillance assessment (at 3 months), the Kaplan-Meier curves for DFS had separated, favouring nivolumab. 
At 6 months DFS rates were 74.5% versus 55.7% for nivolumab and placebo, respectively.1 These results are 
superseded by the second interim analysis, reported in Section 7.1.2 of the dossier. 
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Appendix I.2.2 Tumour cell PD-L1 expression ≥ 1%: DFS—subgroup analysis 

At the first interim analysis, and for all randomised patients with tumour cell PD-L1 expression ≥ 1%, subgroup 
analysis for DFS showed a benefit of nivolumab versus placebo for most subgroups (HR < 1). These results are 
superseded by the second interim analysis, reported in Section 7.1.2 of the dossier. 
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Appendix I.2.3 Tumour cell PD-L1 expression ≥ 1%: NUTRFS (superseded first interim analysis) 

At the first interim analysis, nivolumab treatment also resulted in a clinically meaningful improvement in 
NUTRFS compared with placebo in patients with tumour cell PD-L1 expression ≥ 1% (HR, 0.55; 95% CI, 
0.39-0.79) (Figure I-13).1 By the first disease assessment (at 3 months) the Kaplan-Meier curves for NUTRFS 
had separated, favouring nivolumab.1 At 6 months, NUTRFS rates were 75.3% in the nivolumab arm and 56.7% 
in the placebo arm.1 These results are superseded by the second interim analysis, reported in Section 7.1.2 of 
the dossier. 

Appendix I.2.4 DMFS (superseded first interim analysis) 

At the first interim analysis, nivolumab treatment resulted in a clinically meaningful improvement in DMFS 
compared with placebo in patients with tumour cell PD-L1 expression ≥ 1%, (HR, 0.61; 95% CI, 0.42-0.90) 
(Figure I-14).1 At 6 months, DMFS rates were higher in the nivolumab arm than in the placebo arm (78.7% vs. 
65.7%).1 These results are superseded by the second interim analysis, reported in Section 7.1.2 of the dossier. 



 

Page 155/177 

Medicinrådet│Dampfærgevej 21-23, 3. sal│DK-2100 København Ø│+45 70 10 36 00│medicinraadet@medicinraadet.dk│www.medicinraadet.dk 



 

Page 156/177 

Medicinrådet│Dampfærgevej 21-23, 3. sal│DK-2100 København Ø│+45 70 10 36 00│medicinraadet@medicinraadet.dk│www.medicinraadet.dk 



 

Page 157/177 

Medicinrådet│Dampfærgevej 21-23, 3. sal│DK-2100 København Ø│+45 70 10 36 00│medicinraadet@medicinraadet.dk│www.medicinraadet.dk 



 

Page 158/177 

Medicinrådet│Dampfærgevej 21-23, 3. sal│DK-2100 København Ø│+45 70 10 36 00│medicinraadet@medicinraadet.dk│www.medicinraadet.dk 



 

Page 159/177 

Medicinrådet│Dampfærgevej 21-23, 3. sal│DK-2100 København Ø│+45 70 10 36 00│medicinraadet@medicinraadet.dk│www.medicinraadet.dk 

Appendix J. Markov 4-health state 

A 4-health-state semi-Markov model can be selected to evaluate the incremental cost-effectiveness of 
nivolumab versus observation in patients with MIUC after radical resection. The key difference for the 
4-health-state model compared with the base-case 3-health-state model is the introduction of an LR health 
state. However, aspects related to treatment cost and modelling of DR health state are aligned with the 
3-health-state model. Thus, the focus on this section is to present the specific incorporation of the LR health 
state. Data pertaining to other parts of the model are not specifically commented on in this section unless 
affected by the change in model structure. 

Appendix J.1 4-Health-state model structure 

The model structure is composed of 4 key health states: 

 DF: Disease Free 

 LR: Local Recurrence 

 DR: Distant Recurrence 

 Death 

Figure J-1 provides a visual depiction of the 4-health-state model structure. The 4 health states represent the 
primary stages of MIUC disease: DF after radical resection with the possibility to prescribe adjuvant therapy, LR 
represents the appearance of any new invasive urothelial carcinoma (defined as T2 or greater) in the urothelial 
tract or pelvic soft tissues/nodes, DR represents any non-local recurrence, and death. Health-related QOL is 
expected to worsen as patients progress through these health states. 

Patients in the DF health state receive adjuvant treatment with nivolumab or observation and are at a risk of 
recurrence (local or distant) and death. Patients entering LR health state receive treatment with either surgery 
or radiotherapy and further can experience a DR or Death. 

The DR and Death health states are 2 absorbing states considered in the analysis, therefore there are no 
modelled cycle-by-cycle transitions for the probabilities of remaining in DR or Death after experiencing DR. 
Instead, for the DR health state, survival in the metastatic setting uses external data in the form of 
extrapolated first-line mUC literature Kaplan-Meier curves. This approach was used to avoid a tunnel state 
structure and to appropriately model outcomes in the first-line mUC setting and is in line with the modelling 
approach taken in the cost-effectiveness analysis of adjuvant dabrafenib + trametinib submission for resected 
BRAF V600 mutation-positive melanoma (TA544).124 
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Figure J-1. Overview of the 4-health-state model 

 

Arrows represent possible transition probabilities in the semi-Markov model; DR and Death health states are absorbing 
states. 

P(DF|DF) = Probability of staying in DF; P(LR|DF) = Probability of moving from DF to LR; P(LR|LR) = Probability of staying in 
LR; P(DR|DF) = Probability of moving from DF to DR; P(DR|LR) = Probability of moving from LR to DR; 
P(Death|DF) = Probability of death from DF; P(Death|LR) = Probability of death from LR. 

The number of patients occupying each state in the model is derived from the Markov process using the 
transition probabilities briefly described below: 

 The proportion of patients staying in DF health state is estimated by DFS, estimated using patient-
level data from the CheckMate-274 trial with both standard parametric and spline parametric survival 
curves fitted to the observed data to find the best-fitting model extrapolations from baseline (time 0) 
or from 12 months after randomisation. 

 The transition probabilities from DF health state were estimated by calculating the risk of leaving the 
DF health state from the DFS endpoint. 

 The risk of leaving the DF health state was further split into LR, DR, and death based on the observed 
total number of first events in the trial. Scenarios are tested using different methodologies for 
defining the split of transitions from DF health state (see Section 8.1.8 of the dossier). 

 Transitions from the LR health state are estimated by parametric fitting of a LR survival curve using 
pooled data from both treatment arms of CheckMate-274, which was used to determine the 
proportion of patients staying in and at risk of leaving the LR health state. 

 The risk of leaving the LR health state was split into DR and Death based on the proportions of DR and 
Death events in patients who had received either nivolumab or placebo and experienced a LR in 
CheckMate-274. 

 No transition probabilities are directly applied to the DR health state, as this is modelled as an 
absorbing health state, with costs and outcomes informed by external first-line mUC literature data. 

Appendix J.1.1.1 describes calculations of transition probabilities between the different health states in detail. 
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Appendix J.1.1 Transition probabilities in 4-health-state model 

In the 4-health-state model, DF, LR, DR, and Death were modelled using a semi-Markov approach. 
Appendix J.1.1.2 and Appendix J.1.1.3 present the transition probabilities for the DF and LR health states. Note 
that no transition probabilities directly apply to the DR health state, as this is modelled as an absorbing health 
state aligned with the 3-health-state model, with costs and outcomes based on literature survival data. 

Appendix J.1.1.1 Transitions from Disease-Free (DF) health state 

DFS curves inform the probability of patients staying in the DF health state, while all other patients move out 
of DF to other health states. Since OS data or other identifiers of death events are not available from 
CheckMate-274, assumptions are made to split the transition from DF state across the others health states (LR, 
DR, and Death). 

The initial DFS curves for each treatment were derived from the extrapolations of the patient-level DFS data 
from CheckMate-274 (see Section 8.3.1 in the dossier). These curves inform the total number of LYs in the DF 
state and the probability of staying in DF state in each cycle. 

The transition probabilities from the DF health state are detailed below: 

 The probability of remaining Disease Free (DF): 

𝑃𝑃(𝐷𝐷𝐷𝐷|𝐷𝐷𝐷𝐷) = �
(𝐷𝐷𝐷𝐷 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑡𝑡+1

(𝐷𝐷𝐷𝐷 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)𝑡𝑡
� 

 The probability of transitioning from Disease Free (DF) to Local Recurrence (LR): 

𝑃𝑃(𝐿𝐿𝐿𝐿|𝐷𝐷𝐷𝐷) = [1 − 𝑃𝑃(𝐷𝐷𝐷𝐷|𝐷𝐷𝐷𝐷)] ∗ (% 𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶−274) 

 The probability of transitioning from Disease Free (DF) to Distant Recurrence (DR): 

𝑃𝑃(𝐷𝐷𝐷𝐷|𝐷𝐷𝐷𝐷) = [1 − 𝑃𝑃(𝐷𝐷𝐷𝐷|𝐷𝐷𝐷𝐷)] ∗ (% 𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝐷𝐷𝐷𝐷𝐶𝐶𝐶𝐶−274) 

 The probability of death from Disease Free (DF): 

𝑃𝑃(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ|𝐷𝐷𝐷𝐷) = [1 − 𝑃𝑃(𝐷𝐷𝐷𝐷|𝐷𝐷𝐷𝐷)] ∗ (% 𝑝𝑝𝑝𝑝𝑝𝑝 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐶𝐶𝐶𝐶−274) 

Distribution of events from DF health state 

Transitions out of DF state are obtained from the modelled DFS curve to which relative proportions of events 
(%LR, %DR, and %death) are applied to estimate proportion of patients transitioning to those health states. 

Table J-1 shows the number of first events (recurrences and deaths) of ITT population from DFS as observed in 
CheckMate-274 across both the nivolumab and placebo arms. The distribution of first events for each 
treatment and both treatments pooled together is further calculated using the methodology given below. 

 Proportion of LR recurrence (% pts with LRCM-274): this is calculated as the sum of local non-urothelial, 
urothelial non-invasive, and urothelial invasive events divided by the total events from DFS 

(% 𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶−274)

=
(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑛𝑛𝑛𝑛𝑛𝑛 − 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒) + (𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛 − 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) + (𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖)

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝐷𝐷 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 
 

 Proportion of DR recurrence (% pts with DRCM-274): this is calculated as the total distant recurrence 
events as a proportion of total events from DFS 
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in the total recurrence. Year-on-year change for LR and DR was estimated and applied on the starting 
distribution of the LR and DR events observed in the CheckMate-274. 

Appendix J.1.1.2 Transitions from Local Recurrence (LR) survival 

Under the 4-health-state model structure the transition probabilities applicable to the LR health state are 
the probability of transitioning to the DR health state and the probability of dying given a patient is in the LR 
health state. The methodology of estimating the transitions from the LR health state is similar to that used 
to estimate transitions from DR health state. Transitions from the LR health state are estimated by 
construction of a LR survival curve which determined the proportion of patients staying in the LR health 
state and a distribution was used to assign the remaining patient to the transitions of LR to DR and LR to 
Death health states. 

The transition probabilities for the LR health state are detailed below: 

 The probability of staying in Local Recurrence (LR) state: 

𝑃𝑃(𝐿𝐿𝐿𝐿|𝐿𝐿𝐿𝐿) =  �
(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿)𝑡𝑡+1

(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿)𝑡𝑡
� 

 The probability of transitioning from Local Recurrence (LR) to Distant Recurrence (DR): 

𝑃𝑃(𝐷𝐷𝐷𝐷|𝐿𝐿𝐿𝐿) = [1 − 𝑃𝑃(𝐿𝐿𝐿𝐿|𝐿𝐿𝐿𝐿)] ∗ (% 𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝐷𝐷𝐷𝐷 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶−274: 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿) 

 The probability of death from Local Recurrence (LR): 

𝑃𝑃(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ|𝐿𝐿𝐿𝐿) = [1 − 𝑃𝑃(𝐿𝐿𝐿𝐿|𝐿𝐿𝐿𝐿)] ∗ (% 𝑝𝑝𝑝𝑝𝑝𝑝 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶−274: 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝐿𝐿𝐿𝐿) 

The “survival from LR” curves were derived from extrapolations of the patient-level data from CheckMate-274 
after pooling data of both treatment arms. Parametric fitting of the “survival from LR” curve from 
CheckMate-274 (pooled treatment arms) was done using standard parametric models and the exponential 
model was chosen for extrapolations (see Appendix J.1.2). 

Distribution of events from LR health state 

To generate the P(DR│LR) and P(Death│LR), the total number of “DR events” and “Death events” used in the 
construction of the Kaplan-Meier curve was used to spread the overall probability of leaving LR state between 
the DR and Death states.  

The proportion of events for patients in LR (either having a DR or Death event) are taken from the total 
LR events of the nivolumab and the placebo arm in CheckMate-274 equating to 21 total events from LR 
(Table J-2). Of these events, 7 were distant recurrences (33.3%) and the remaining 14 were deaths (66.7%). 
These proportions inform the LR transitions and are not treatment specific (i.e., identical for both treatment 
arms) in the model and are constant over time in the base-case analysis. Furthermore, as a conservative 
assumption, these proportions are also used when the “PD-L1 ≥ 1%” population is selected because of the low 
event numbers from LR observed in the tumour cell PD-L1 expression ≥ 1% subgroup in CheckMate-274. 
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than the lowest AIC and BIC values observed with the log-normal model and therefore provides similar 
statistical fit to other models. 

Spline models were not used, to avoid the risk of over-fitting due to the limited number of events subsequent 
to a LR observed in CheckMate-274. Parametric extrapolations using standard parametric models fitted to the 
“survival from LR” endpoint from CheckMate-274 are given in Figure J-2 and Figure J-3 for 60 and 240 months, 
respectively. Corresponding hazard plots are given in Figure J-4 and Figure J-5 for short- and long-term 
extrapolations. 

The exponential distribution was chosen for the extrapolation of the “survival from LR” curve due to the 
following reasons: 

 It is only 2.5+ and 0.5+ points more than the lowest AIC and BIC values observed with the log-normal 
model and therefore provides similar statistical fit to other models. 

 It implies constant transition probabilities over time, which is desirable given a proportion of patients 
enter LR health state in each cycle and it helps to keep the memoryless structure of the Markov 
model. 

 It helps to avoid tunnel states as patients transition to and from LR health state and therefore does 
not further complicate the model. 

It shall be noted though that Figure J-4 and Figure J-5 show poor fit of the exponential model to the observed 
hazards compared with other parametric models. 
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