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SUMMARY 
 
Scope of the company submission 
 
The company’s submission (CS) generally reflects the scope of the appraisal issued by the 

National Institute for Health and Care Excellence (NICE). This is to appraise the clinical 

effectiveness and cost-effectiveness of atezolizumab (an intravenous immunotherapy) within its 

marketing authorisation for treating locally advanced or metastatic urothelial carcinoma in 

people whose disease has progressed after prior chemotherapy or for whom cisplatin-based 

chemotherapy is unsuitable. The comparators specified in the scope are: 

• Cisplatin-ineligible people (first-line therapy): gemcitabine + carboplatin; or best 

supportive care.  

• People whose disease has progressed after platinum-based therapy: re-treatment with 

first-line platinum therapy (adequate responders only); docetaxel; paclitaxel; or best 

supportive care. 

• People who are cisplatin-ineligible and whose disease has progressed after platinum-

based therapy: re-treatment with first-line platinum therapy (adequate responders only); 

docetaxel; paclitaxel; or best supportive care. 

 

The company’s decision problem differs from the NICE scope in three respects: best supportive 

care is not considered as a comparator for cisplatin-ineligible people receiving first-line therapy; 

a distinction is not made between cisplatin-eligible and cisplatin-ineligible people who have 

progressed after previous platinum-based therapy; and re-treatment with first-line platinum 

therapy is not considered in the second-line setting. Justifications for these differences are 

provided, mainly reflecting lack of available evidence.  

 

The current submission is based on immature clinical effectiveness data (single-arm studies 

only) and lacks data on health-related quality of life. These data are expected to become 

available when phase III ongoing randomised controlled trials comparing atezolizumab against 

chemotherapy are completed in November 2017 (second-line setting) and June 2020 (first-line 

setting). For the present technology appraisal the company has requested that their submission 

is considered by NICE for the Cancer Drugs Fund.   
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Summary of submitted clinical effectiveness evidence 
The CS includes: 

• A systematic review of clinical effectiveness studies for atezolizumab and a 

systematic search for studies on a wide range of comparators; 

• A network meta-analysis comparing atezolizumab to comparators in the NICE scope, 

based on a simulated treatment comparison.   

 

A systematic search was conducted by the company to identify studies on atezolizumab and 

any comparator chemotherapy drugs that could be relevant in first-line or second-line treatment 

settings. The search identified only one study on atezolizumab. This was an ongoing single-arm 

phase II study (Imvigor 210) which included chemotherapy-naive cisplatin-ineligible patients 

receiving first-line treatment (cohort 1) and platinum chemotherapy pre-treated patients 

receiving second-line treatment (cohort 2). The search identified 41 studies of comparators that 

were deemed eligible for inclusion in a feasibility assessment for network meta-analysis, of 

which seven comparator studies were finally included in meta-analyses. Assessment of the 

atezolizumab study followed a systematic review process but the review of comparators was 

more superficial, with few details of the studies provided. 

 

At the last available data-cut, and based on independent review facility assessment using 

RECIST v1.1 tumour assessment criteria, first-line patients in Imvigor 210 had a median overall 

survival of 15.9 months, median progression-free survival 2.7 months, an objective response 

rate of 22.7%, and the median duration of response had not yet been achieved (median follow-

up was 17.2 months and median treatment duration 15 weeks [range 0 to 102 weeks]). Second-

line patients had a median overall survival of 7.9 months, progression-free survival of 2.1 

months, an objective response rate of 15.8%, and the median duration of response had not yet 

been achieved (maximum duration of response at the latest data cut was 22.6 months). Median 

follow-up was 21.1 months and median treatment duration 12 weeks [range 0 to 104 weeks)].  

 

Comparison of the clinical effectiveness of atezolizumab against comparator chemotherapy 

drugs was limited by a lack of primary evidence, as the relevant comparators were either single-

arm studies or single arms within controlled trials. To enable a network to be formed for a 

network meta-analysis, the company employed a simulated treatment comparison to ‘predict’ a 

matching atezolizumab arm for each comparator study. The resulting comparisons of 

atezolizumab against each comparator were then included in a network meta-analysis. The 
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company selected a fractional polynomial model approach for the network meta-analysis since 

higher-order fractional polynomial models do not require the assumption of proportional 

hazards. This approach to network meta-analysis is relatively new but is well-suited to the data 

format available to the company, which consisted of individual patient data for atezolizumab and 

aggregate population data for the comparators. 

 

The CS presents network meta-analyses on overall survival and progression-free survival and 

appropriately acknowledges that these have limitations and their results are uncertain, 

producing clinically implausible results when used directly without adjustment in the economic 

model. None of the meta-analysis results are discussed in support of the clinical effectiveness of 

atezolizumab. 

 

In addition, the ERG has identified a number of methodological issues with how the company 

has conducted the simulated treatment comparison and network meta-analysis which cast 

further doubt on the validity of the results of these analyses (see ‘Commentary on the 

robustness of the submitted evidence’ below).  

 

 
Summary of submitted cost effectiveness evidence 
  
  The CS includes: 

• A review of published economic evaluations of treatments for patients with metastatic 

or locally advanced urothelial carcinoma, 

• An economic evaluation undertaken for the NICE STA process to assess 

atezolizumab for patients with locally advanced or metastatic urothelial carcinoma. 

The cost effectiveness of atezolizumab is compared with gemcitabine + carboplatin 

for patients for whom cisplatin-based chemotherapy is unsuitable as a first-line 

treatment and compared with docetaxel, paclitaxel and best supportive care for 

patients whose disease has progressed after prior chemotherapy.  
 

A systematic review was conducted by the company to identify economic evaluations of 

treatments for patients with metastatic or locally advanced urothelial carcinoma. The review 

identified seven studies but reported that none of these were relevant to the current submission.
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The company constructed two partitioned survival models in Microsoft Excel with identical 

model structure. The models compared first-line atezolizumab with gemcitabine + carboplatin; 

and second-line atezolizumab with docetaxel, paclitaxel and best supportive care. The models 

have a lifetime time horizon of 20 years, with discounting of 3.5% per annum for costs and 

health benefits, a weekly cycle length and a half-cycle correction. The perspective of the 

analysis is for the NHS and Personal Social Services. The models have three health states: 

‘progression-free survival’, ‘progressed disease’ and ‘death’.  

 

The models use clinical trial data for atezolizumab from IMvigor 210, a single-arm phase II 

study. Clinical trial data for the comparators are derived from studies found through a systematic 

search of the clinical literature. The model uses parametric survival modelling to fit survival 

curves to the observed data for progression-free survival and overall survival for atezolizumab. 

The company assumes that progression-free survival for atezolizumab is equivalent to its 

comparators. For the comparators’ overall survival, the overall survival curves for atezolizumab 

are adjusted using the results of the company’s fractional polynomial model. The model derives 

the proportion of patients in the progressed disease state as the difference between the 

progression-free survival and overall survival curves. The generalised gamma distribution was 

used for progression-free survival and overall survival for first-line and second-line comparisons. 

 

Utility estimates were taken from the Australian Pharmaceutical Benefits Advisory Committee 

(PBAC) cost-utility analysis for vinflunine, in which quality of life values from the EORTC QLQ 

Q30 questionnaire for patients with advanced urothelial carcinoma who had received vinflunine 

were mapped to EQ-5D values. Atezolizumab is administered intravenously every three weeks 

and the recommended dose is 1200mg at a proposed list price of £3807.69  per dose. The cost 

of comparator treatments are taken from the pharmaceutical electronic market information tool 

(eMit) and their doses are as recommended by their Summaries of Product Characteristics. 

Health state costs are based on those used in the NICE technology appraisal for vinflunine 

(TA272). 

 

The results of the economic model are presented as incremental cost effectiveness ratios 

(ICERs), measured as the incremental cost per quality-adjusted life-year (QALY). For the base 

case the incremental cost per QALY gained is £44,158 for first-line atezolizumab compared to 

gemcitabine + paclitaxel (Table 1). The ICERs for second-line atezolizumab compared to
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 docetaxel, paclitaxel and best supportive care are £131,579, £104,850, £98,208 per QALY 

gained respectively (Table 2).   

 

Table 1 First-line base case cost effectiveness results 
Intervention / 
comparator 

Total costs 
(£) 

Total 
QALYs 

Incremental 
costs (£) 

Incremental 
QALYs 

ICER 
(£/QALY) 

Atezolizumab £77,211 2.69    

Gemcitabine + 
carboplatin 

£18,106 1.35 £59,106 1.34 £44,158 

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

Table 2 Second-line base case cost effectiveness results  
Intervention / 
comparator 

Total costs 
(£) 

Total 
QALYs 

Incremental 
costs (£) 

Incremental 
QALYs 

ICER 
(£/QALY) 

Atezolizumab £71,868 1.23    

Docetaxel £9,439 0.76 £62,430 0.47 £131,579 

Paclitaxel £16,606 0.71 £55,262 0.53 £104,850 

Best supportive care £4,836 0.55 £67,032 0.68 £98,208 

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

 

In probabilistic sensitivity analyses, the probability of first-line atezolizumab being cost-effective 

is 10.9% and 53.9% at willingness to pay thresholds of £30,000 and £50,000 per QALY 

respectively. The probability of second-line atezolizumab being cost-effective is 0% and 0% at 

willingness to pay thresholds of £30,000 and £50,000 per QALY respectively 

 

The company conducted sensitivity analyses and scenario analyses and concluded that the key 

drivers to the cost-effectiveness results were the price of atezolizumab and the utility of patients 

in the progressed disease health state. However, the company did not include sensitivity 

analyses for overall survival or time to treatment discontinuation
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Commentary on the robustness of submitted evidence  
 
 
Strengths 
The company has conducted thorough searches and, despite some inconsistencies in 

application and reporting of the eligibility screening process appears to have identified all of the 

key studies on atezolizumab and the scoped comparators. 

 

The model structure is representative of the clinical pathway for patients with advanced or 

metastatic urothelial carcinoma. The company conducted a systematic review to identify cost-

effectiveness, HRQoL and cost studies and values from this review were utilised in the model. 

The models are intuitive and user-friendly. 

 
Weaknesses and areas of uncertainty 
 
Weaknesses 

The ERG has the following concerns regarding the simulated treatment comparison: 

• It is based on a very small set of covariates. 

• Some aspects of the analysis are unclear, including how the company accounted for 

missing covariate values.  

• The cumulative impact of small errors and inconsistencies in the data is unclear. 

 
The ERG has the following concerns regarding the network meta-analysis: 

• The company suggests that the proportional hazards assumption is unlikely to hold for 

comparisons of atezolizumab against standard chemotherapy drugs; however, they 

based their network meta-analysis for first-line comparisons on a zero-order version of 

the fractional polynomial model which assumes proportional hazards. The company 

does not discuss the plausibility of this model. 

• Hazard ratios for overall survival were not used to inform clinical effectiveness of 

atezolizumab and were considered to be clinically implausible when applied in the 

economic analysis without adjustment.  

• Hazard ratios for progression-free survival were considered to be clinically implausible 

and were not used to inform the clinical effectiveness or cost-effectiveness evaluation of 

atezolizumab. 
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Areas of uncertainty 
The company has not provided any ‘reality checks’ to gauge whether their network meta-

analysis analysis results might be reasonable or subject to bias. Uncertainties arising at different 

steps of the simulated treatment comparison and meta-analysis are not discussed or 

propagated through to the final results so the cumulative impact of small errors and 

inconsistencies identified by the ERG is unclear. 

 

The fractional polynomial network meta-analysis approach is a relatively complex method that 

involves numerous computational steps, and it is important that the analysis approach is 

reported clearly and as fully as possible for the method to be adequately understood. The 

company’s description of the methods is rather limited and several key aspects of the 

methodology not reported in the CS were revealed indirectly by the company in responses to 

clarifications. Due to the limited reporting it is possible that some methodological issues might 

have gone undetected by the ERG.  

 

There is considerable uncertainty regarding the extent to which the clinical benefits of 

atezolizumab exceed those of comparator treatments. The uncertainty is due to the immaturity 

of the evidence base for atezolizumab and because there are no direct randomised controlled 

trials between atezolizumab and its comparators. 

 

The company has not fully explored uncertainty around the model results through sensitivity and 

scenario analyses. In particular, they have not included sensitivity analyses varying the 

treatment effect of atezolizumab or varying parametric survival distribution for overall survival 

and time to treatment discontinuation. 
 

Summary of additional work undertaken by the ERG     
In order to address the issues identified above we undertook a series of sensitivity analyses that 

varied the treatment effect of atezolizumab, the parametric survival distributions used for overall 

survival and time to treatment discontinuation, and the utility values used for model health 

states. 

 

Our base case contained the following elements: changes to utility values and parametric 

survival distributions used for overall survival and time to treatment discontinuation. 
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The first-line and second-line results are shown in Table 3 and Table 4. The ERG base case 

ICER for first-line atezolizunab compared to gemcitabine + carboplatin is £93,948 per QALY 

gained. The ERG base case ICERs for second-line atezolizumab compared to docetaxel, 

paclitaxel and best supportive care are £288,247, £180,901 and £166,805 per QALY gained 

respectively. The ERG cautions that there is considerable uncertainty in the model results. 

 
 
Table 3 ERG first-line base case analysis results 

Intervention / 
comparator 

Costs Incremental 
costs 

QALYs Incremental 
QALYs 

ICER 
(£/QALY) 

Atezolizumab £60,650  1.32   

Gemcitabine + 

carboplatin 
£12,469 £48,181 0.81 0.51 £93,948 

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

 
Table 4 ERG second-line base case analysis results 

Intervention / 
comparator 

Costs Incremental 
costs 

QALYs Incremental 
QALYs 

ICER 
(£/QALY) 

Atezolizumab £66,254  0.84   

Docetaxel £8,196 £58,059 0.64 0.20 £288,247 

Paclitaxel £13,615 £52,640 0.55 0.29 £180,901 

Best supportive care £4,090 £62,164 0.47 0.37 £166,805 

ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life year 
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1 INTRODUCTION TO THE ERG REPORT  
 

This report is a critique of the company’s submission (CS) to NICE from Roche on the clinical 

effectiveness and cost effectiveness of atezolizumab for treating locally advanced or metastatic 

urothelial carcinoma. It identifies the strengths and weaknesses of the CS. A clinical expert was 

consulted to advise the ERG and to help inform this review.  

 

Clarification on some aspects of the CS was requested from the company by the ERG and 

NICE on 8th February 2017. A response from the company via NICE was received by the ERG 

on 27th February 2017 and this can be seen in the NICE committee papers for this appraisal.  

 

2 BACKGROUND  

2.1 Summary and critique of the company’s description of the underlying health 
problem  

 

The company has provided an accurate overview of urothelial carcinoma (CS section 3), 

including a very brief overview of the condition (CS section 3.1), information on the course of 

disease and prognosis (CS section 3.2), the burden of illness (CS section 3.3), and an 

explanation of the unmet clinical need (CS section 3.4).  

 

The CS refers both to ‘bladder cancer’ and ‘urothelial carcinoma’, although the condition defined 

in the scope of the current technology appraisal is, strictly, urothelial carcinoma. The majority of 

bladder cancers (~90%) in the UK are attributable to urothelial carcinoma,1 and the majority of 

urothelial carcinomas (90-95%) develop in the bladder.2 The remaining urothelial carcinomas 

(10-15%) develop in the renal pelvis and the ureters (referred to as upper tract urothelial 

carcinomas) and also in the urethra. Although not mentioned in the CS, occurrence of urothelial 

carcinomas at these different sites is not independent: in 17% of cases of upper tract urothelial 

carcinoma there will be concurrent bladder cancer present, and 22-47% of the upper tract 

urothelial carcinomas which develop will recur in the bladder.2 

 

Note that the term ‘bladder cancer’ as used in the scientific literature and clinical guidance 

documents can have several meanings: it may refer to any cancer of the urinary bladder; or 

urothelial carcinoma; or both.  
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Development and classification of urothelial carcinoma 

Urothelial carcinoma (also commonly referred to as transitional cell carcinoma) begins in 

transitional cells (also called urothelial cells), which are flexible cells forming the inner lining 

(urothelium) of the bladder and upper urinary tract. The CS points out that patients are classified 

according to the stage of development of the carcinoma, as having either early non-muscle-

invasive bladder cancer, muscle-invasive bladder cancer, or metastatic cancer (CS section 3.1).  

 

The CS does not describe the staging or grading of urothelial carcinoma, although this 

information is readily available from organisations such as Cancer Research UK, Macmillan 

Cancer Support, and the European Association of Urology.1-5 The stage of bladder cancer is 

commonly represented using the Tumour-Node-Metastasis classification (TNM).5  CS Table 7 

shows how non-muscle invasive disease, muscle-invasive disease and metastatic disease 

relate to the different stages of cancer on the TNM classification.  

 

In non-muscle-invasive bladder cancer the tumour remains confined to the lining of the bladder 

wall, i.e. it remains within the urothelium (stage Tis or Ta) or has invaded the adjacent 

connective tissue layer (stage T1) but has not penetrated into the underlying muscle layer. 

Tumours that have penetrated into the muscle layer (stages T2-T4) are referred to as muscle-

invasive bladder cancer. These may spread locally or regionally, or metastasise to distant parts 

of the body, and are then referred to as metastatic bladder cancer.   

 

The CS does not explicitly define ‘locally advanced’ urothelial carcinoma. However, it is 

specified (using the TNM classification) in the inclusion criteria for the company’s pivotal 

atezolizumab study (Imvigor 210) as ‘T4b and any N; or any T and N2-3’ (CS Table 25). 

According to Cancer Research UK, ‘locally advanced bladder cancer’ refers to cancer that has 

grown through the bladder wall or has spread only to lymph nodes.6  

 

Risk factors for urothelial carcinoma 

The CS correctly points out that well-known risk factors for bladder cancer are advanced age, 

smoking, and exposure to some industrial chemicals. Cancer Research UK lists a wider range 

of risk factors, including (among others) exposure to ionizing radiation, exposure to chlorinated 

water, use of certain drugs (e.g. pioglitazone, cyclophosphamide), and a history of bladder 

infections or inflammation.7, 8 However, according to the European Association of Urology, there 

is consensus that the most important modifiable risk factor for urothelial carcinoma is smoking.9 
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Cancer Research UK estimates that 42% of bladder cancer cases in the UK could be 

preventable due to their link to lifestyle factors.8 

 

Incidence rates 

The CS reports that bladder cancer is the 10th most common cancer in the UK, although Cancer 

Research UK state that it is the 7th most common.8 The latest data cited are from 2014, when 

there were 10,063 new cases (CS section 3.1). These figures are consistent with the current 

incidence data available from Cancer Research UK,8 although it is not clear which type(s) of 

bladder cancer the data refer to. The incidence of bladder cancer is higher in males (around 

7,300 cases in 2014) than in females (around 2,800 cases in 2014), and is more common in 

White than Asian or Black people, and in people living in deprived areas.8 From 2012 to 2014, 

more than half of bladder cancers (55%) were diagnosed in people aged 75 years and over.8 As 

mentioned in the CS, the incidence of bladder cancer has decreased by 27% in the UK since 

the late 1970s and has also decreased in other European countries, and this trend is thought to 

reflect changing smoking habits and stricter controls on exposure to industrial chemicals.10 

 

Course and prognosis 

The CS provides an accurate description of the symptoms, course and prognosis of bladder 

cancer (CS section 3.2). Haematuria (blood in the urine) is the most frequent presenting 

symptom of bladder cancer, occurring in approximately 80% of cases. Patients may also 

experience increased frequency and urgency of urination and pain when passing urine. These 

symptoms mean that bladder cancer is often diagnosed at an early stage, with  75-85% of 

urothelial carcinomas of the bladder being classed as not invasive at diagnosis (although only 

40% of urothelial carcinomas of the upper urinary tract are classed as non-invasive at 

diagnosis).2  

 

The CS points out that non-muscle-invasive bladder cancer is highly treatable but has a high 

risk of recurrence. The high recurrence rate  means that follow-up is a crucial component in 

effective management.11 Literature cited by the CS suggests that up to 45% of patients with 

non-muscle-invasive bladder cancer will eventually progress to muscle-invasive bladder cancer, 

and that 20-50% of those with muscle-invasive bladder cancer will progress further to metastatic 

disease.   
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The CS reports survival rates from the SEER (Surveillance, Epidemiology, and End Results 

Program) of the US National Cancer Institute (Howlader et al.12), which cover the period 1975-

2008. According to the SEER data, the 5-year survival rate for localised non-muscle-invasive 

bladder cancer was 69%, dropping to 34% for those with regional spread, and 6% for metastatic 

disease. Cancer Research UK provides overall mortality rates13 and survival rates8 for bladder 

cancer, but not specifically for non-muscle-invasive, muscle-invasive, or metastatic disease. 

Age-specific bladder cancer mortality rates in the UK rise steeply from around age 55-59, with 

the highest rates being in the 90+ age group.13 According to Cancer Research UK, males have 

better survival than females,14 yet mortality rates are considerably (2.1 times) higher for males,13 

reflecting the higher prevalence of bladder cancer in males.  

 

Section 3.5.3 of the CS presents a table showing bladder cancer 5-year survival rates and the 

probabilities of recurrence separately for different cancer stages at diagnosis (CS Table 7). The 

CS credits these data to Howlader et al. 2011,12 Kaufman et al. 2009,11 National Collaborating 

Centre for Cancer 2015 (which reflects NICE guideline NG215), Sharma et al. 2009,16 de Vos  & 

de Wit 2010,17 and the American Cancer Society 2015.18 The data in CS Table 7 appear to be 

from the SEER program; however, we could not find the source data for CS Table 7 in any of 

these cited references. The American Cancer Society18 reported that 5-year survival rates from 

the SEER program for bladder cancer stages 0, 1, 2 and 3 were about 98%, 88%, 63% and 

46% respectively.  

 

2.2 Summary and critique of the company’s overview of current service 
provision  

 
The CS provides a description of the current first line treatment for people with locally advanced 

or metastatic urothelial bladder cancer (CS section 3.5.1). This is in line with the NICE 

recommendations.15  For patients who are otherwise physically fit (performance status 0 or 1) 

and have adequate renal function, a cisplatin-based chemotherapy such as cisplatin with 

gemcitabine or accelerated MVAC (methotrexate, vinblastine, doxorubicin and cisplatin) with 

granulocyte-colony stimulating factor is recommended. For those in whom cisplatin is unsuitable 

(e.g. if performance status is poor, or they have inadequate renal function), NICE recommends 

carboplatin with gemcitabine. The company cites evidence from a randomised controlled trial by 

De Santis et al. (2009)19 which they say estimates that carboplatin with gemcitabine are used in 

up to 50% of patients in the first line setting. However, this is a secondary reference which cites 
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four studies which were published between 2000 and 2006. We note that the 2014 European 

Society for Medical Oncology practice guidelines20 concur with this figure, although no source is 

cited. It is therefore unclear if the estimate of 50% is still valid. The CS concludes in Section 

3.5.2 that a significant proportion of patients therefore do not receive the most effective first-line 

therapy (cisplatin with gemcitabine) and in these patients alternatives are needed. 

 

The CS mentions that most patients will experience disease progression and may require 

second-line therapy, citing Bellmunt et al. 201321 which is a randomised controlled trial (CS 

section 3.5.1). There is no reference for this statement in the Bellmunt 2013 paper; however, on 

the basis of evidence presented on the course and prognosis of bladder cancer (CS section 

3.2), the ERG agrees that most patients will experience disease progression. The CS correctly 

states that there is only one treatment (vinflunine) with a licensed indication for second line 

treatment for urothelial cancer but that it is not recommended by NICE.22 The CS states there is 

therefore a wide variety of practice in the choice of second line treatment for these patients 

citing two sources (the 2014 European Society for Medical Oncology practice guidelines20 and a 

UK survey by Lamb et al.23) and the view of their clinical experts (CS section 3.5.1). The variety 

of practice is not discussed in the guideline document; the UK survey shows variability in 

practice, but the survey was conducted in 2011. The CS concludes (CS section 3.5.2) that no 

treatment has been shown to improve survival in the second-line setting, and the ERG concurs.   

 

2.3 Summary and critique of the company’s definition of the decision problem  
 
Population 
The population defined in the company’s decision problem is adults with locally advanced or 

metastatic urothelial carcinoma: 

• for whom cisplatin-based chemotherapy is unsuitable 

• whose disease has progressed after prior chemotherapy  

This corresponds with the final scope issued by NICE and the draft Summary of Product 

Characteristics (SmPC) for atezolizumab.  

The CS refers to first-line (1L) and second-line (2L) treatment, which correspond to two 

treatment cohorts of the company’s key clinical effectiveness study for atezolizumab (Imvigor 

210). The populations specified in Imvigor 210 were defined as patients with advanced 

urothelial cancer: 
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• who were cisplatin-ineligible (medically ineligible to receive cisplatin chemotherapy), and 

were either previously untreated or had disease progression at least 12 months after 

their last dose of treatment with a platinum-containing neoadjuvant or adjuvant 

chemotherapy regimen (cohort 1, 1L); 

• who had disease progression following treatment with a platinum-based chemotherapy 

regimen (cohort 2, 2L).  

The ERG considers that the population described in the decision problem is appropriate for the 

NHS, although notes that the final wording of the indication may change when the Medicinal 

Products for Human Use (CHMP) opinion is released. 

 

The ERG notes that atezolizumab has FDA approval for the treatment of patients with locally 

advanced or metastatic urothelial carcinoma who have disease progression during or following 

platinum-containing chemotherapy or have disease progression within 12 months of 

neoadjuvant or adjuvant treatment with platinum-containing chemotherapy.24  

 

Intervention 
The intervention specified by the NICE scope and the company’s decision problem is 

atezolizumab (Tecentriq), a monoclonal antibody that binds to programmed death ligand 1 (PD-

L1). Committee for Medicinal Products for Human Use (CHMP) opinion is anticipated XXXXXX 

and regulatory approval is expected in XXXXXX. The recommended dose is 1200 mg 

administered intravenously every three weeks until loss of clinical benefit or unmanageable 

toxicity (CS Table 6 and draft SmPC). This is the same dose as used in the Imvigor 210 study, 

although treatment in the study was continued until disease progression per RECIST (Response 

Evaluation Criteria for Solid Tumours) v1.1 in first-line patients, or until lack of clinical benefit in 

second-line patients. The ERG considers that the intervention in the decision problem reflects 

its anticipated use in the UK and is appropriate for the NHS. 

 

Comparators 
The comparators are listed in the final scope issued by NICE according to the patient 

population.  

 

For first-line patients for whom cisplatin-based chemotherapy is unsuitable, the comparators 

specified in the NICE scope are gemcitabine + carboplatin, or best supportive care. However, 
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the company’s decision problem includes only gemcitabine + carboplatin. The company states 

that according to their expert clinical advisor panel, all patients willing and able to receive 

therapy would receive a first-line treatment option and that those receiving best supportive care 

would be unable or unwilling to receive any active treatment, including atezolizumab. The 

company states that these patients would represent a small minority, and also notes that best 

supportive care has not been assessed in a clinical trial in the first line setting, so that a 

comparison with atezolizumab would not be possible. However, the company does not provide 

evidence of the numbers of patients receiving best supportive care as a first-line treatment. The 

ERG’s clinical advisor suggested that as atezolizumab is an immunotherapy, which would have 

a better safety profile than chemotherapy, then patients unable or unwilling to receive 

chemotherapy might be able and willing to receive atezolizumab.  

 

For people whose disease has progressed after prior chemotherapy (i.e. second-line), the NICE 

scope refers specifically to platinum-based prior chemotherapy. The NICE scope separates 

second-line patients into those who are suitable and unsuitable for cisplatin-based 

chemotherapy, and for both groups the following comparators are specified: 

• Retreatment with first-line platinum-based chemotherapy (only for people whose disease 

has had an adequate response); for cisplatin-ineligible patients retreatment would be 

with gemcitabine +carboplatin  

• Docetaxel 

• Paclitaxel 

• Best supportive care 

The CS decision problem for the comparators differs from the NICE scope in that the company 

has removed retreatment with first-line platinum-based chemotherapy as a comparator. The 

company’s justification is that their expert clinical advice was that retreatment with first-line 

therapy is an option for only a very small proportion of people, is not considered standard of 

care within England, and ‘has not been the subject of a systematic clinical evaluation’. The ERG 

notes that the company does not provide any evidence regarding the proportion of people 

undergoing retreatment with first-line therapy to justify the exclusion. However, the ERG’s 

clinical advisor suggested that the company’s approach seems reasonable, given the limited 

evidence base. 
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As a result of having removed retreatment as a comparator, the CS decision problem for the 

comparators differs from the NICE scope as the company does not distinguish between the 

second-line cisplatin-eligible and cisplatin-ineligible groups. The company’s justification for 

combining the groups is that treatment patterns and response rates for patients receiving 

second-line treatment with docetaxel, paclitaxel or best supportive care are ‘not anticipated to 

be different based on their eligibility for cisplatin and receiving 2L treatment’ (CS section 1.1). 

The ERG’s clinical advisor suggested that it is difficult to know whether cisplatin-eligible and 

ineligible patients would fare differently on second-line treatment, given the limited evidence 

base; and the ERG notes that the studies on relevant second-line comparators did not report 

whether any of their patients were cisplatin-ineligible (see section 3.1.3 below).   

 

The CS does not define best supportive care, for patients in either the first-line or second-line 

settings. In response to a clarification request from the ERG and NICE (clarification response 

A2), the company stated that: ‘Patients will receive best supportive care when they are not 

suitable for active second-line treatment due to clinical considerations of their disease, co-

morbidities, or performance status.  For these patients, the aim of treatment is to relieve 

symptoms of their disease, and would include support from oncology and palliative care teams 

including consultants and specialist nurses, palliative radiotherapy for the relief of symptoms, 

analgesia, support in the community, and hospice admission.’ 

 

In their clarification of best supportive care (clarification response A2) the company also 

provided an explanation of their definition of second-line treatment, as follows:  

“For clarity, the second line (2L) population includes the following:  

• Patients whose disease has progressed after platinum-based chemotherapy 

• Patients for whom cisplatin-based chemotherapy is unsuitable and whose disease has 

progressed after non-platinum-based therapy” (ERG bold) 

 

As we note above, this is inconsistent with the NICE scope which specifically refers to patients 

whose disease has progressed after platinum-based chemotherapy. However, the CS does not 

refer to non-platinum first-line therapy, so the extent of any deviation from the scope is unclear. 

 

Outcomes 
The outcomes listed in the company’s decision problem are the same as those specified by the 

NICE final scope: overall survival, progression-free survival, response rates, adverse effects 
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and health-related quality of life. However, the CS does not actually report health-related quality 

of life; therefore, the company’s decision problem is misleading. The outcomes are appropriate 

and clinically meaningful to patients, and the ERG considers that all important outcomes, other 

than quality of life, have been included in the decision problem.  

 

Economic analysis 
The economic analysis described in the decision problem conforms with the NICE reference 

case and is appropriate for the NHS. The company conducted a cost-utility analysis with a 20-

year time horizon, which is considered sufficiently long to reflect any differences in costs or 

outcomes. Costs are considered from the NHS and Personal Social Services perspective 

 

Other relevant factors 
The NICE scope does not specify any subgroups that should be considered, and in line with this 

none are considered in the company’s cost-effectiveness analysis, although clinical 

effectiveness evidence is presented according to PD-L1 expression subgroups. 

 

No issues related to equity or equality have been identified by the NICE scope, the company 

decision problem, or the ERG.
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3 CLINICAL EFFECTIVENESS 

3.1 Summary and critique of the company’s approach to systematic review 
 
3.1.1 Description of the company’s search strategy  
The CS states that a wide search was conducted for clinical effectiveness evidence, although 

the search strategy is not provided (CS section 4.1). Upon request from the ERG and NICE, the 

company provided a detailed search strategy for each of their information sources (clarification 

response A4) and these appear to be appropriate and fit for purpose. Overall, the systematic 

search process is well described, and the information sources and search dates are clearly 

reported (CS Table 9). The sources included MEDLINE, EMBASE, and the Cochrane Library 

(searched in June 2016), study registries and conference abstracts (searched in July 2016), and 

HTA and drug regulatory agencies (searched in August 2016). The CS states that no time limits 

were applied to the bibliographic searches, except for conference abstracts which were 

restricted to 2015-2016 (CS section 4.1.3.1). The eligibility criteria (CS Table 10) indicate that 

reviews (systematic and non-systematic) and meta-analyses were excluded, but the CS does 

not report whether any were used as a source of references. The CS does, however, report that 

reference lists of the included primary studies were checked by two reviewers to identify any 

trials directly comparing atezolizumab versus any comparator (CS section 4.1.5).  

 

The CS states that the goal of the clinical effectiveness search was ‘to capture current and 

upcoming treatments for all relevant markets in the relevant indications for atezolizumab’ (CS 

section 4.1.1). As such, the search is likely to have been considerably wider than the scope of 

the current technology appraisal. 

 

The clinical effectiveness search was 5-7 months out of date when the ERG received the CS. 

We therefore ran a search for the period 2016-2017 on MEDLINE, EMBASE, and the Cochrane 

Library, covering the condition (bladder or urothelial carcinoma) linked to the following 

comparators (alone or in combination): paclitaxel, docetaxel, gemcitabine, carboplatin, 

vinflunine,  MVAC (methotrexate + vinblastine + doxorubicin + cisplatin), and best supportive 

care. We also checked clinicaltrials.gov and the UK Clinical Trials Gateway for potentially 

relevant studies of atezolizumab or comparators. We identified five systematic reviews or meta-

analyses covering possible comparators25-30 that are not cited in the CS and which appear to 
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have been published after the company’s searches were conducted. We did not find any 

additional completed or ongoing studies of atezolizumab. 

 

In addition to the update searches, the ERG checked the reference lists of key guidance 

documents,5, 9, 15 an evidence review for NICE,31 recent review articles32, 33 and a meta-

analysis30 for any potentially relevant studies. We identified 18 studies on comparators 

(published from 1997 to 2017) which are not cited or listed in the CS but appear, based on their 

titles and abstracts, to be potentially relevant according to the company’s eligibility criteria (CS 

Table 10). Upon request from the ERG and NICE (clarification question A11), the company 

confirmed  that 16 of these references had been identified and screened for eligibility, and were 

subsequently excluded, whilst two had not been identified as they had been published after the 

company’s searches were conducted. The potential relevance of these references, and whether 

they were excluded appropriately, are discussed below in section 3.1.3.  

 

The searches for economic evaluations and utilities (HRQoL) were conducted in September 

2016 and resource-use searches were conducted in December 2016. Well-documented and 

comprehensive search strategies are provided for these searches in CS Appendices 8.7, 8.9 

and 8.10. In summary, the ERG considers that the searches and methodology employed by the 

company to support the systematic reviews of economic evaluations (section 4.1 below), 

HRQoL (section 4.3.6 below) and resources (section 4.3.7 below) were comprehensive and fit 

for purpose. 

 

3.1.2 Statement of the inclusion/exclusion criteria used in the study selection 
The CS reports eligibility criteria for the population, intervention, comparators, outcomes, and 

study design in CS Table 10. The company confirmed (clarification question A6) that all of the 

eligibility criteria were specified a priori. 

 

Eligible population 

The population eligibility criteria (but not the scope or decision problem), specifically exclude 

adjuvant and neoadjuvant stages of the treatment pathway, although the ERG notes that the 

studies which were ultimately included by the company differed in whether they reported 

adjuvant and neoadjuvant therapy (section 3.1.3). The eligibility criteria report PD-L1 expression 

subgroups (“2/3”) but no subgroups are specified in the scope and decision problem; the CS 
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does not explain the rationale for these subgroups, although we understand that efficacy of 

atezolizumab is likely to vary according to PD-L1 expression status. 

 

Eligible intervention and comparators 

The eligibility criteria for the comparators are not fully clear in the CS, since CS Table 10 lists 

two different sets of eligible comparators, under both the ‘Intervention’ eligibility criteria domain 

and the ‘Comparators’ eligibility criteria domain: 

• The ‘Intervention’ domain in CS Table 10 lists (in addition to atezolizumab) examples of 

38 eligible comparators. These include platinum-based, taxane-based and other non-

platinum  chemotherapies, and monoclonal antibody therapies. The CS also states that 

‘any other applicable chemotherapies, immunotherapies, antineoplastic agents, 

antineoplastic protocols, molecular-targeted therapies, cancer vaccines, protein kinase 

inhibitors, angiogenesis inhibitors, taxanes, taxoids, etc.’ would be eligible.  

• The ‘Comparators’ domain in CS Table 10 specifies ‘any pharmacological intervention 

used’, placebo, and best supportive care. 

 

These two lists of eligible comparators in CS Table 10 are both considerably broader than the 

comparators specified in the scope and decision problem. However, the CS implies (CS Figure 

3; CS section 4.1.4) that the eligibility criteria in CS Table 10 were those used for initial 

screening of titles and abstracts, and that different, smaller, sets of comparators were 

subsequently considered eligible: 

• CS section 4.1.4 (Search results) states that studies were prioritised in terms of the 

importance of the comparators, based on clinical guidelines and standards of care in the 

UK, France, Australia, Canada, and Sweden, with studies on the following comparators 

being eligible: ‘best supportive care, carboplatin + paclitaxel, docetaxel, paclitaxel, nab-

paclitaxel, vinflunine, gemcitabine, gemcitabine + paclitaxel, MVAC, carboplatin, 

cisplatin, oxaliplatin (platinum-based re-challenge if >12 months since last dose), 

pembrolizumab, nivolumab, and gemcitabine + cisplatin for 2nd line as well as 

gemcitabine + carboplatin, gemcitabine + paclitaxel and best supportive care for the first-

line cisplatin-ineligible population.’ According to CS Figure 3, this prioritisation took place 

at the full-text screening step. This list of comparators is still broader than the list in the 

decision problem.  

• CS section 4.10.3 (Comparators of interest), which refers to the assessment of studies 

for the network meta-analysis, lists the eligible comparators as being gemcitabine + 
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• carboplatin for first-line treatment, and paclitaxel, docetaxel or best supportive care for 

second-line treatment. The CS does not explain why this list of comparators is different 

to the “priority” comparators specified in CS section 4.1.4, and no reasons are given in 

CS Figure 3 as to why studies were excluded at these screening steps. 

 

Eligible outcomes 

The CS lists 12 eligible outcomes (CS Table 10), and these are reflective of the NICE scope 

and the company’s decision problem. However, the CS states that only four of these outcomes 

were considered for the network meta-analysis: overall survival, 12-month survival, progression-

free survival and objective response rate (CS section 4.10.5). No reason is given in the CS for 

focusing on these outcomes, although the ERG agrees that overall survival and progression-

free survival are important outcomes for the evaluation of urothelial cancer treatments. 

 

Eligible study designs 

Randomised controlled trials (RCTs), non-randomised trials, and single-arm studies were 

eligible, and this seems appropriate. Phase I studies were excluded.  

 

Summary of the screening process 

CS section 4.1.3.2 (Review strategy) briefly describes the eligibility screening process, and 

provides a PRISMA flow chart (CS Figure 3). In CS Figure 3 the numbers of excluded 

publications is incomplete (373 of 631 recorded only). The company clarified that the remaining 

258 records were excluded because no outcomes of interest were reported (clarification 

response A7).  

 

The CS does not state how many reviewers conducted the eligibility screening process but the 

company confirmed (clarification question A6) that titles/abstracts and full texts were assessed 

by two reviewers. The CS does not report whether any types of bias may have arisen during the 

eligibility screening. 

 

According to the CS, the literature was initially screened on titles and abstracts using the 

eligibility criteria listed in CS Table 10. The remaining publications and internet search results 

were then assessed based on the full-text versions, yielding a data set of n=233 publications for 

inclusion in a ‘qualitative synthesis’ to ascertain feasibility of a network meta-analysis. 
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Network meta-analysis feasibility assessment 
The CS reports that a two-stage process was then used to identify potential bridging studies 

which might enable indirect linking between relevant comparators in the network meta-analysis 

(CS section 4.10.5): 

 

In stage 1, 233 studies were assessed and excluded if they did not report one or more of the 

four outcomes of interest. After this step 74 publications reporting 43 studies remained (i.e. 159 

were excluded). There is a discrepancy in that CS section 4.10.5 implies the 159 publications 

had been excluded due to ineligible outcomes whilst CS Figure 3 and the company’s 

clarification response A8 state that the reason for exclusion was ‘interventions not first priority’. 

 

In stage 2, studies were selected according to their feasibility for inclusion in the network meta-

analysis, based on ‘building the study networks and their connectivity’, ‘assessing the availability 

of baseline factors associated with the clinical outcomes of interest’, and, for the overall survival 

and progression-free survival analyses, ‘assessing the presence of Kaplan-Meier curves in the 

corresponding publications’ (CS section 4.10.5). However, the CS does not provide explicit 

objective criteria for how eligibility decisions were made at stage 2. At this stage 27 publications 

were excluded, leaving 47 publications for inclusion in the analysis, and these reported on 28 

individual studies. The reasons for exclusion are listed in CS Appendix 8.2, but the descriptions 

are inconsistent and imprecise. The company provided clarification upon request from the ERG 

and NICE (clarification response A9). The remaining 28 studies which were included after the 

network meta-analysis feasibility assessment are listed in CS Table 13 (2 studies on first-line 

therapies) and CS Table 14 (26 studies on second-line therapies).  

 

One of the studies listed as being excluded is the single-arm atezolizumab study Imvigor 210, 

although the company has included Imvigor 210 in their network meta-analysis. Imvigor 210 has 

both first-line (1L) and second-line (2L) cohorts and is therefore listed twice in CS Appendix 8.2, 

meaning that the actual number of excluded studies of comparators was 14 (6 on first-line 

therapies, 8 on second-line). The ERG has checked and concurs with the company’s reasons 

for excluding these 14 studies, with the exception of a study by Meluch et al. (2001).34 Appendix 

8.2 of the CS states that the Meluch study was excluded due to having no predictors; however, 

age (median and range), sex, and ECOG performance status were reported (the study 

contained a mix of first-line and second-line patients so we believe it would not meet the 

eligibility criteria).   
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The CS states that for time-to-event analyses (i.e. overall survival and progression-free 

survival), Kaplan-Meier curves were required, and any studies listed in CS Table 13 and CS 

Table 14 which were not included in network meta-analysis had been excluded due to 

unavailability of Kaplan-Meier curves (CS section 4.10.5 and clarification response A10). By 

comparing these tables in the CS it can be deduced that 21 studies (all on second-line 

therapies) had been excluded due to ‘unavailability of Kaplan-Meier curves’. The ERG checked 

these 21 studies (listed in Appendix 1) and we found that 13 of them did report Kaplan-Meier 

curves and, therefore, appear to have been inappropriately excluded from the network meta-

analysis. However, these studies were on second-line comparators which do not appear to meet 

the company’s final criteria for inclusion (gemcitabine, MVAC, gemcitabine + paclitaxel, 

carboplatin + paclitaxel, vinflunine). A possible exception is a study by Ko et al. 201335 which 

was on nab-paclitaxel. This study appears to meet the inclusion criteria, since paclitaxel is a 

relevant comparator (Appendix 1); however, the ERG’s clinical expert advisor suggested that 

the nab (nanoparticle albumin bound) formulation of paclitaxel is rarely, if ever, used for 

urothelial carcinoma and as such it would be reasonable to exclude it as a comparator.  

 

A further discrepancy in the screening process is that the company’s network meta-analyses of 

overall survival and progression-free survival included different comparators, despite data being 

available for both outcomes in several studies. As shown in Table 5 below, the overall survival 

analysis included docetaxel, paclitaxel, and best supportive care, which is consistent with the 

NICE scope and the company’s decision problem. However, in addition to these comparators 

the company’s progression-free survival analysis included gemcitabine, carboplatin + paclitaxel, 

and vinflunine which are not NICE scoped comparators. Inconsistently, the company’s 

progression-free survival analysis did not include studies by Vaishampayan et al. 200536 on 

carboplatin + paclitaxel or Vaughn et al. 200937 on vinflunine (Appendix 1).  

 

As noted above (section 3.1.1), the ERG identified 18 further publications (each describing a 

single study) which appeared, on title and abstract, to be potentially eligible for inclusion but 

which are not cited or referenced anywhere in the CS. The company explained (clarification 

request A11) that 16 of these publications had been identified and screened, then were 

subsequently excluded; and two were not published at the time of the company’s searches in 

June 2016. The company’s clarification response explains the reasons for exclusion; after 

consulting the full publications the ERG agrees that these studies would be excluded, although 

in some cases for different reasons to those stated by the company.  
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The ERG notes that two studies on second-line paclitaxel are available. One by Ko et al. 2013,35 

was on nab-paclitaxel and (as mentioned above) was excluded from the company’s overall 

survival analysis. The other, by Lee et al. 2012,38, 39 was on a polymeric micelle formulation of 

paclitaxel and was included in the overall survival analysis. The CS does not discuss the 

relevance to current clinical practice of any of the chemotherapy formulations in the studies that 

they included, and we are unclear whether the polymeric micelle formulation of paclitaxel would 

have similar effectiveness and tolerability compared to standard paclitaxel chemotherapy.  

 

ERG conclusion on the company’s screening process 
The eligibility screening process is poorly reported and has been applied inconsistently, with: 16 

of the screened studies not being referenced in the CS; 13 studies apparently being excluded 

for reasons other than those stated in the CS; and inconsistent inclusion/exclusion of studies 

according to the outcome being analysed.  

 

The bottom line for the overall survival analysis appears to be that no key studies have been 

missed. It is unclear, however, whether the only included paclitaxel study, which used a 

polymeric micelle formulation, is representative of standard paclitaxel chemotherapy. 

 

For the progression-free survival analysis, the company included comparators which are not 

specified in the NICE scope or the company’s decision problem. The ERG believes this is not a 

major concern for the current technology appraisal, since the progression-free survival analysis 

is not used by the company to support the clinical effectiveness of atezolizumab or to inform the 

economic analysis.  

 

3.1.3 Identified studies 
Following the eligibility screening process reported above (section 3.1.2), the company included 

one single-arm atezolizumab study (Imvigor 210) and 10 comparator studies in their network 

meta-analysis (Table 5). No RCTs of atezolizumab were identified. As well as being used in the 

network meta-analysis, Imvigor 210 is reported separately in the CS as being the primary 

source of efficacy and safety data for atezolizumab (CS section 4.11).  

 

Some RCTs with one or more relevant comparator arms were identified but the majority of the 

comparator studies which met the eligibility criteria were single-arm studies. As described above 
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(section 3.1.2), the progression-free survival analysis included studies on comparators which 

are not specified in the NICE scope or company’s decision problem.   

 
Table 5 Comparator study arms included in network meta-analysis 

Outcome Position in the treatment pathway 
First-line (cohort 1 in atezolizumab 
study Imvigor 210 40 ) 

Second-line (cohort 2 in atezolizumab 
study Imvigor 210 41 ) 

OS 
(informs 

company’s 

economic 

model) 

GEM + CAR (Bamias et al.42) 

GEM + CAR a (De santis et al.19, 43, 44)  

BSC a (Bellmunt  et al.21, 45) 

BSC a (Noguchi et al.46, 47) 

DOC (Kim et al.48, 49) 

DOC + PBO a (Choueiri et al.50)  

PTX (Lee et al.38, 39) 

PFS 
(does not 

inform 

company’s 

economic 

model) 

GEM + CAR (Bamias et al.42) 

 
 

 

BSC a (Bellmunt et al.21, 45) 

BSC a (Noguchi et al.46, 47) 

DOC (Kim et al.48, 49) 

DOC + PBO a (Choueiri et al.50)  

GEM (Albers et al.51) b 

PTX (Lee et al.38, 39) 

Nab-PTX (Ko et al.35) b 

CAR + PTX (Kouno et al.52) b 

VFL a (Bellmunt  et al.21, 45) 

BSC: best supportive care; DOC: docetaxel; CAR: carboplatin; GEM: gemcitabine; Nab: nanoparticle 
albumin bound; PBO: placebo; OS: overall survival; PFS: progression-free survival; PTX: paclitaxel; STC: 
simulated treatment comparison 
a single arm from a randomised controlled trial  
b reports both OS and PFS curves but included only in the PFS analysis (CS Appendix 8.5)  
 
 

The CS additionally reports a single-arm phase Ia study of atezolizumab (PCD49089g) which 

the company has cited as a source of some supporting information on atezolizumab efficacy 

and safety. We note that since PCD49089g is a phase I study it does not meet the company’s 

eligibility criteria (as listed in CS Table 10) and also the cohort was heavily pre-treated and most 

patients did not receive the licensed dose of atezolizumab (as indicated by the company in 

clarification response A41). We have summarised the characteristics and effectiveness results 

of study PCD4989g in Appendix 2. 

 
Only those studies which met the eligibility criteria for network meta-analysis according to the 

NICE scope and company’s decision problem are summarised here.  
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3.1.3.1 Atezolizumab study: Imvigor 210  
Design characteristics of the Imvigor 210 study are given in CS Table 27, which we have 

summarised below in Table 6. 

 

Eligibility criteria 
The CS provides an extensive list of the inclusion and exclusion criteria for the first-line and 

second-line cohorts of Imvigor 210 (CS Table 28). Due to the large number of criteria provided 

these are not reproduced fully here, but key criteria are summarised in Table 7 and Table 8. 

 

Participant flow 

Section 4.11.5 of the CS (Participant flow) does not provide the flow of the study participants 

(i.e. the numbers of participants who were screened, enrolled, treated and analysed) in Imvigor 

210. However, diagrams showing the participant flow are provided in the study publications for 

the first-line cohort40 and the second-line cohort.41 Due to copyright restrictions these flow 

diagrams are not reproduced here.  

 

Of 167 participants screened for eligibility for the first-line (cisplatin-ineligible) cohort, 44 were 

ineligible and were excluded before enrolment. Ineligibility reasons were clearly reported and 

appear appropriate for 24 of these people, but were reported only as ‘all other reasons’ for the 

remaining 20.40 A total of 123 participants were enrolled in the first-line cohort, but four 

participants were excluded after enrolment, with reasons reported. One of these exclusions was 

due to disease progression before cycle 1, although this does not appear to be one of the pre-

specified exclusion criteria (as listed in CS Table 28). The remaining 119 participants received 

at least one dose of atezolizumab. Of these, 102 subsequently discontinued treatment. Reasons 

for discontinuation were disease progression (n=77), patient withdrawal (n=12), adverse events 

(n=11) and unspecified other reasons (n=2). The number of participants remaining on-treatment 

at the July 2016 data-cut (median follow-up 17.2 months; clarification response A34) was 

n=17.40 
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Table 6 Key design characteristics of the IMvigor 210 study 
Location Patients were recruited from 70 centres in North America and Europe, including 

3 sites in the UK.  

Design  Single-arm open-label phase II study  

Eligibility criteria 
for participants 

Patients with locally advanced or metastatic urothelial carcinoma were enrolled 
regardless of their PD-L1 expression, or number of prior therapies (from first-line 
cisplatin-ineligible patients to heavily-treated patients with exposure to multiple 
prior regimens). Patients were enrolled into one of two cohorts:  
Cohort 1: chemotherapy-naïve patients who are cisplatin-ineligible (N=119) 
Cohort 2: patients who have progressed during or after at least one platinum 
chemotherapy regimen (N=310) 

PD-L1 subgroups Baseline PD-L1 expression in tumour specimens was centrally evaluated using 
the VENTANA PD-L1 (SP142) immunohistochemistry assay (Ventana Medical 
Systems, Mountain View, California, US). PD-L1 expression on IC was 
evaluated based on three scoring levels: 

• IC2/3, ≥5% PD-L1 expression in immune cells 
• IC1, ≥1% and <5% PD-L1 expression in immune cells 
• IC0, <1% PD-L1 expression in immune cells  

Trial drugs, 
permitted and 
disallowed 
concomitant 
medication 

Single-agent atezolizumab 1200 mg administered by intravenous infusion on day 
1 of each 21-day cycle until disease progression according to RECIST v1.1 
criteria (Cohort 1 only) or until lack of clinical benefit (Cohort 2)  

Patient monitoring Patients had tumour assessments at baseline, every 9 weeks for 12 months, and 
every 12 weeks thereafter. Patients who discontinued treatment continued 
follow-up assessments for survival and subsequent anti-cancer therapy every ≈3 
months until death, loss to follow-up, withdrawal of consent, or study termination, 
whichever occurred first. 

Primacy 
outcomes 

Co-primary endpoint: a 

• Independent review facility-assessed ORR (confirmed) according to RECIST 
v1.1 criteria (central independent review; Cohort 1 & 2), and;  

• Investigator-assessed ORR (according to modified RECIST criteria; immune-
related response criteria [Cohort 2 only]).  

Secondary 
outcomes 

DOR and PFS assessed by the independent review facility and investigator 
according to RECIST v1.1 criteria, OS, and 1-year OS. DOR and PFS according 
to modified RECIST criteria will be additional secondary endpoints.  The efficacy 
endpoints as assessed by modified RECIST criteria are applicable only to 
Cohort 2. 

DOR: duration of response; ORR: objective response rate; OS: overall survival; PD-L1: programmed 
death ligand 1; PFS: progression-free survival; RECIST: response evaluation criteria in solid tumours 
a Reference for the primary outcome was a 10% historical control rate (see section 3.1.6) 
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Table 7 Key inclusion criteria for the Imvigor 210 atezolizumab study 
First-line (1L) cohort Second-line (2L) cohort 
● ECOG performance status 0, 1 or 2. 
● No prior chemotherapy for inoperable 
locally advanced or metastatic or recurrent 
urothelial carcinoma. 
● For patients who received prior 
adjuvant/neoadjuvant chemotherapy or 
chemo-radiation for urothelial carcinoma, > 
12 months treatment free between the last 
treatment administration and the date of 
recurrence was required in order for 
participants to be considered treatment 
naive in the metastatic setting. 
● Ineligible (‘unfit’) for cisplatin, as per 
specified criteria in CS Table 28. 

● ECOG performance status of 0 or 1. 
● Disease progression during or following treatment 
with at least one platinum containing regimen (e.g., 
GEM, MVAC, GEM + CAR) for inoperable locally 
advanced or metastatic urothelial carcinoma or disease 
recurrence. A regimen is defined as patients receiving 
≥2 cycles of a platinum containing regimen. Patients 
who received one cycle of a platinum-containing 
regimen but discontinued due to Grade 4 hematologic 
toxicity or Grade 3 or 4 non-hematologic toxicity may 
also be eligible 
● Patients who received prior adjuvant/neoadjuvant 
chemotherapy and progressed within 12 months of 
treatment with a platinum-containing adjuvant/ neo-
adjuvant regimen will be considered as 2L patients. 
Patients with progression after chemo-radiotherapy 
must demonstrate progression outside the prior 
radiotherapy port. 

● Historically or cytologically documented advanced or metastatic urothelial carcinoma of the bladder, 
renal pelvis, ureters or urethra; locally advanced bladder cancer must be inoperable. 
● Availability of viable tumour specimens as defined in CS Table 28. 
● Life expectancy ≥12 weeks. 
● Measurable disease as defined by RECIST v.1.1. 
● Adequate haematologic and end-organ function (not defined). 

CAR: carboplatin; ECOG: Eastern Cooperative Oncology Group; GEM: gemcitabine; MVAC: 
methotrexate, vinblastine, doxorubicin & cisplatin combination; RECIST: response evaluation criteria in 
solid tumours 
 
 
Of 486 participants screened for eligibility for the 2L (platinum-treated) cohort, 170 were 

excluded before enrolment. Ineligibility reasons are clearly reported for 134 of these and appear 

appropriate, but are reported as ‘other reason’ with no further detail for the remaining 36.41 A 

total of 316 participants were enrolled in the 2L cohort, of which 311 received atezolizumab 

treatment. The five who did not receive atezolizumab were stated not to have met the eligibility 

criteria, but no reasons are given). One participant was excluded after receiving atezolizumab, 

due to being not evaluable because of incorrect cohort assignment, although results are 

reported in the CS for all 311 patients. Of the remaining participants, 248 subsequently 

discontinued treatment, due to disease progression (n=211), adverse events (n=13), patient 

withdrawal (n=9) and unspecified other reasons (n=15). The number of participants remaining 

on-treatment at the September 2015 data-cut (median follow-up 11.7 months; clarification 

response A34) was n=62.41  
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According to the publications,40, 41 one first-line cohort participant was re-assigned to the 

second-line cohort and two second-line participants were re-assigned to the first-line cohort 

between the May 2015 and September 2015 data cuts.  

 
Table 8 Key exclusion criteria for the Imvigor 210 atezolizumab study 

1L and 2L cohorts 
● Any approved anti-cancer therapy, including chemotherapy, or hormonal therapy within 3 weeks prior 
to initiation of study treatment (exceptions: palliative radiotherapy for bone metastases or soft tissue 
lesions should be completed > 7 days prior to baseline imaging; hormone-replacement therapy or oral 
contraceptives). 
● Active or untreated CNS metastases as determined by CT or MRI evaluation during screening and 
prior radiographic assessments (patients with treated asymptomatic CNS metastases are eligible, 
provided they meet all of the criteria specified in CS Table 28). 
● Uncontrolled tumour-related pain. 
● Comorbidities as specified in CS Table 28, including: leptomeningeal disease; uncontrolled pleural 
effusion; pericardial effusion; ascites requiring recurrent drainage procedures (≥1 per month); active 
tuberculosis; active hepatitis B or C; positive test for HIV;  severe infections within 4 weeks of starting 
atezolizumab, or infection signs and symptoms within 2 weeks; history of autoimmune disease; history 
of specified respiratory diseases including idiopathic pulmonary fibrosis, pneumonia, pneumonitis. 
● Allergic hypersensitivity to specified antibodies or biopharmaceuticals. 
● Uncontrolled hypercalcaemia, or symptomatic hypercalcaemia requiring specified therapies. 
● Low serum albumin as defined in CS Table 28. 
● Any other evidence of or suspicion of diseases or metabolic dysfunction that would contraindicate 
use of an investigational drug, affect the interpretation of the results, or render the patient at high risk 
from treatment complications. 
● Medication-related exclusion criteria as specified in CS Table 28 for stated time periods prior to the 
initiation of atezolizumab treatment (or anticipated need for): CD137 agonists or immune checkpoint 
blockade therapies; systemic immune-stimulatory agents (e.g. interferons); systemic corticosteroids or 
other systemic immunosuppressive medications; antibiotics.    
● Prior allogeneic stem cell or solid organ transplant. 
● Significant cardiovascular disease as specified in CS Table 28. 
● Major surgical procedure other than for diagnosis within 4 weeks of starting atezolizumab, or 
anticipated need for such procedure during the study. 
● Receipt of live attenuated vaccine within 4 weeks of starting atezolizumab, or anticipated need for 
vaccine during the study. 

 

 

Baseline characteristics  
Baseline characteristics of the participants in Imvigor 210 are reported in CS Table 29 and 

reproduced here in Table 9, including additional information reported in the publications.40, 41 
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Imvigor 210 was a multinational study conducted in the USA, Canada, France, Germany, Italy, 

Spain, The Netherlands, and the UK. Five of the participants in the first-line cohort (4.2%) and 

17 of the participants in the second-line cohort (5.5%) were in the UK. The CS gives a brief 

overview of the participants’ characteristics (CS section 4.11.5) and concludes that the 

demographic profiles of each of the first-line and second-line cohort populations are consistent 

with those observed in the general urothelial carcinoma population in clinical practice, and 

consistent with patient populations in other recent clinical trials. The ERG’s clinical expert 

advisor agreed that the two populations in Imvigor 210 are generalisable to those with advanced 

or metastatic bladder cancer in England. Median age was 73 years for participants in the first-

line cisplatin-ineligible cohort and 66 years in the second-line platinum-treated cohort, with the 

youngest patients in each cohort being aged 51 years and 32 years respectively. In both cohorts 

the majority of the participants were male, and in the second-line cohort the majority were of 

white ethnicity, although ethnicity is not reported for the first-line cohort.  

 

The CS points out that in the first-line cohort the most common reason for patients being 

cisplatin ineligible was impaired renal function (69.7% of participants had GFR <60 mL/min), 

and that the baseline characteristics are representative of patients with poor prognostic factors, 

including ECOG performance status =2 (20.2%), visceral metastasis (65.5%), liver metastasis 

(21.0%) and creatinine clearance < 60 mL/min (70.6%).   

 

As shown in Table 9, 15.1% of the patients in cohort 1 (cisplatin-ineligible) had received prior 

cisplatin therapy. The CS states that this is likely to be due to treatment with cisplatin in the 

neoadjuvant setting, and following progression patients are subsequently deemed cisplatin 

ineligible at the time of selecting first-line treatments in the metastatic setting. 

 

In the 2L cohort the majority of participants had visceral metastases (78.4%), with approximately 

one third having liver metastases (31.0%) and two thirds having ECOG performance status of 1. 

The CS points out that approximately 40% of participants in the 2L cohort had received ≥2 

regimens in the metastatic setting, indicative of a heavily pre-treated population. A prior 

cisplatin-based regimen had been received by 73% of participants, whilst 26% had received 

carboplatin alone. The CS states, and the ERG’s clinical expert advisor agreed, that this is 

broadly representative of UK clinical practice in metastatic urothelial carcinoma.  
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We note that a relatively high proportion of the participants in Imvigor 210 had upper tract 

urothelial carcinoma, i.e. the primary tumour site was the renal pelvis or ureters: 27.7% in the 

first-line cohort and 22.2% in the 2L cohort. This is higher than the expected ‘real world’ 

proportion of upper tract urothelial carcinomas which is usually given as being around 5-10%.2 

Upper tract carcinomas are more likely to be invasive at diagnosis and have a worse prognosis 

than those which arise in the bladder.2 

 

Table 9 Baseline characteristics of participants in the Imvigor 210 study 

 Cohort 1 (1L) 
Cisplatin-ineligible  

n=119 

Cohort 2 (2L) platinum-
treated  
n=310 

Age, years, median (range) 73.0 (51–92) 66.0 (32–91) 

Age ≥ 80 years, n (%) 25 (21.0) 24 a (7.7) 

Sex, male, n (%) 96 (80.7) 241 (77.7) 

Primary tumour site, n (%) b 

     Bladder or urethra 85 (71.4) 239 a  (76.8) 

     Renal pelvis or ureter 33 (27.7) 69 a  (22.2) 

Metastatic disease, n (%) 110 (92.4) 291 a  (93.9) 

     Visceral sites c 78 (65.5) 243 (78.4) 

     Liver only 25 (21.0) 96 (31.0) 

     Lymph node only 31 (26.1) 43 (13.9) 

Prior therapy, n (%) 

     Radiotherapy 12 (10.1) 99 a  (31.9) 

     Perioperative chemotherapy d 22 (18) e   56 a  (18.0) 

     Cisplatin-based 18  a  (15.1)  227 (72.9) 

     Carboplatin-based 1 a  (0.8) 80 (26.1) 

     Number of prior regimens  
     (metastatic setting) 

n=0, 98.3% 
n=1, 1.7% 

n=0, 18.1% 
n=1, 39.0% 
n=2, 21.3% 
n≥3, 21.6% 

Prior cystectomy or nephroureterectomy 80 (67.2) f 228  a  (73.5) 

Haemoglobulin ≤ 10 g/dl 19 (16.0) f 69 a  (22.3) 

PD-L1 expression immunohistochemistry subgroups (%) 

IC0 (PD-L1 expression <1%) 32.8 33.2% 

IC1 (PD-L1 expression ≥1 but <5%) 40.3 34.5 

Copyright 2017 Queen's Printer and Controller of HMSO. All rights reserved.



Confidential – do not copy or circulate 

Version 1 42 

 

ECOG: Eastern Cooperative Oncology Group; GFR: glomerular filtration rate; PS: performance status 
a number not reported in CS or publication; estimated from percentage by ERG 
b excluding 1 participant with primary tumour site prostatic urethra 
c liver, lung, bone, any non-lymph node or soft tissue metastasis 
d adjuvant or neoadjuvant treatment with first disease progression beyond 12 months (except for 1 
participant who received targeted therapy)  
e as reported in the publication40 (CS reports percentage = 20.2) 
f provided by the company in clarification response A44 
 
 

3.1.3.2 Comparator studies 
The CS does not provide the baseline characteristics of the comparator studies, except in 

relation to whether the studies reported four prognostic variables (proportion with age > 65 

years, proportion male, proportion with liver metastases, and proportion with ECOG 

performance status ≥1) (CS Table 17). In response to a clarification request by the ERG and 

NICE (clarification response A25), the company provided tables summarising the characteristics 

of the comparator studies. However, the tables focus mainly on methodological aspects of the 

studies and they report very little information on the participants’ characteristics. Whilst this 

partly reflects a paucity of information reported by the primary studies, there is more information 

available in the study publications that could have been provided. The ERG has consulted the 

study publications and we have summarised the available information on the participants’ 

characteristics for the first-line studies in Table 10 and for the second-line studies in Table 11.  

 
 
 

IC2/3 (PD-L1 expression ≥5%) 26.9 32.2 

IC1/2/3 (PD-L1 expression ≥1%) 67.2 66.8 

Table 9 continued Cohort 1 (1L) 
Cisplatin-ineligible  

n=119 

Cohort 2 (2L) platinum-
treated  
n=310 

ECOG PS 0 45 a (37.8) 117 (37.7) 

ECOG PS 1 50 a (42.0) 193 (62.3) 

ECOG PS 2 24 (20.2)  1 a  (0.3) 

Renal impairment, GFR <60 and >30 mL/min 83 (69.7) 108 or 109 a  (35) 

Hearing loss, 25 dBf 17 (14.3) Not reported 

Peripheral neuropathy, ≥Grade 2 7 (5.9) Not reported 

Renal impairment and ECOG PS 2 8 (6.7) Not reported 
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Table 10 Baseline characteristics of participants in the first-line comparator studies 

Baseline characteristic Bamias et al.42 De Santis et al.19, 43, 44 
Study design  Single arm RCT  

Regimen (number of participants) 
Data are reported for bold arms 

GEM + CAR (n=34) GEM + CAR (n=119) 
M-CAVI (n=119)  

Age, years, median (range) 75.5 (57–84) 70 (36–87) 

Age, proportion >65 years - - 

Sex, male, n (%) 28 (82) 90 (75.6) 

Primary tumour site, n (%): bladder 30 (88) 90 (75.6) 

                         renal pelvis 3 (9) 12 (10.1) 

                         ureter 1 (3) 12 (10.1) 

                         urethra 0 (0) 3 (2.5) 

                         other (unspecified) 0 (0) 2 (1.7) 

ECOG PS 0, n (%) 
11 (32) 

20 (16.8) a 

ECOG PS 1, n (%) 46 (38.7) a  

ECOG PS 2, n (%) - 53 (44.5) a  

ECOG PS ≥2, n (%) 23 (68) - 

With comorbidities, n (%)  22 (65) b 59 (49.6) c 

Haemoglobin <10 mg/dl, n (%) 5 (15) - 

Any metastases, n (%) - - 

Visceral metastases, n (%) 15 (44) 55 (46.2) 

Liver metastases, n (%) - 20 (16.8) 

Median follow up, months 8 54 

Adjuvant or neoadjuvant therapy, n (%) 6 (17.6) 0 (0) 

- (dash) indicates data not reported; CAR: carboplatin; GEM: gemcitabine; ECOG: Eastern Cooperative 
Oncology Group; MCAVI: methotrexate + carboplatin + vinblastine; PS: performance status; WHO: World 
Health Organisation 
a  reported as WHO PS score (which is the same as ECOG PS score) 
b described as comorbidities precluding cisplatin therapy 
c described as associated chronic disease 
 

As can be seen in Table 10, it is difficult to determine whether the two studies of first-line 

gemcitabine + carboplatin were homogeneous because the studies used different criteria for 

describing the participants’ characteristics, or did not report some key characteristics. Both 

studies enrolled predominantly men (75.6% to 82%); most primary tumours (75.6% to 88%) 

were in the bladder; and just under half the participants in each study (44% to 46.2%) had 
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visceral metastases. Participants in the Bamias et al. study42 were older than those in the De 

Santis et al. study44 (median age 75.5 versus 70 years) and a higher proportion had 

comorbidities (65% versus 49.6%), although the proportion of patients with ECOG performance 

status 0 or 1 was lower in the Bamias et al. study (32% versus 55.5%). However, the definitions 

of comorbidities were not identical in the studies. Only Bamias et al. permitted prior adjuvant or 

neoadjuvant therapy (received by 17.6% of patients). We note that the study by Bamias et al. 

had a relatively small sample size (n=34) compared to that of De Santis et al. (n=119).  

 

The summary of participant characteristics for the five studies of second-line comparators 

(Table 11) shows that it is difficult to compare these studies in detail, as different criteria were 

used to describe the participant populations, and some studies did not report key information.  

For age, the studies either reported the proportion of participants aged ≥65 years (three studies; 

range 45.8 to 49 years), or the median age (three studies; range 57 to 65 years) (one study 

reported both measures). Four studies reported that the participants were predominantly male 

(68.1% to 80%) whilst Bellmunt et al.21 did not report this. Only the studies by Kim et al.49 and 

Lee et al. 39 reported the primary sites of the carcinoma, which was most frequently in the 

bladder (58% to 70%), though in both these studies nearly a quarter (23% to 24%) of the 

tumours originated in the ureters. The studies all included patients with ECOG performance 

score 0 or 1, apart from Lee et al.39 which included 14% of patents with performance score 2. 

Four studies (except Lee et al.39) reported the proportion with haemoglobin concentration <10 

mg/dl, and this ranged from 8.5% to 22%.  Four studies (except Noguchi et al.47) reported the 

proportion with visceral metastases, which ranged from 61% to 74%, whilst three studies 

(excluding Bellmunt et al.21 and Noguchi et al.47) reported liver metastases, which ranged from 

30% to 37.5%. The median follow-up in the second-line comparator studies varied considerably, 

from 3.2 to 45 months. Sample sizes were relatively small in three studies by Kim et al., Lee et 

al. and Noguchi et al. (31 to 41 participants) but larger in the studies by Choueiri et al. (n=75) 

and Bellmunt et al. (n=117).  

 

The bottom half of Table 11 contains sparse information because several characteristics of the 

study populations (e.g. the composition, duration and frequency of previous chemotherapy and 

radiotherapy treatment regimens, and patients’ responses to these), which might have a bearing 

on patients’ tolerance of or response to subsequent therapy, were not reported in the primary 

studies. Although the NICE scope mentions cisplatin-ineligible patients in the second-line 

setting, the CS and the company’s clarification response A25 do not state whether any of the 
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patients in the included second-line studies were cisplatin-ineligible. Upon checking the 

publications we found that none of the five included studies provided this information, and only 

two of the studies reported the proportion of patients who had received prior cisplatin. 

 

By comparing Tables 9, 10 and 11 it can be seen that the first-line atezolizumab cohort had a 

greater percentage of patients with ECOG PS = 0-1 compared to the first-line gemcitabine + 

carboplatin studies (79.8% versus 32.0 % in Bamias and 55.5% in De Santis) and a greater 

percentage with visceral metastases (65.5% versus 44.0% in Bamias and 46.2 in De Santis). 

The second-line atezolizumab cohort had a greater percentage of patients with visceral 

metastases than the four comparator studies where this outcome was reported (78.4% versus a 

range of 61% to 74% in the comparators) but the percentage with liver metastases was within 

the range of the four comparator studies which reported this (31% versus a range of 15% to 

37.5%). 

 

Of the two second-line studies that included best supportive care arms, Bellmunt et al.21, 45 did 

not provide a definition of best supportive care, whilst Noguchi et al.46, 47 stated ‘BSC was 

including palliative radiotherapy, antibiotics, analgesics, corticosteroids, and transfusion.’  

 

Overall, due to the paucity and inconsistency of the available information on participants’ 

baseline characteristics, it is difficult to be certain whether the second-line studies were 

adequately homogeneous to be eligible for the company’s network meta-analysis; or whether 

any individual studies had particularly better or worse prognostic characteristics that might 

suggest a need for further exploration in sensitivity analyses.  
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Table 11 Baseline characteristics of participants in the second-line comparator studies 
 Bellmunt et al.21, 45 Choueiri et al.50 Kim et al.48, 49 Lee et al.38, 39 Noguchi et al.46, 47 
Study design  RCT RCT Single arm Single arm RCT 

Regimen (number of 
participants) Data in this table 

are for the arms shown in bold 

VFL + BSC (n=253) 

BSC (n=117)  
DOC + vandetanib 

(n=74) 

DOC + PBO (n=75)  

DOC (n=31) PTX (n=37) PPV + BSC (n=39) 

BSC (N=41) 

Age, years, median (range) - - 64 (40-79) 57 (44-78) 65 (46-81) 

Age, proportion ≥65 years 57 (49)  33 (45.8)  15 (48) - - 
Sex, male, n (%) - 49 (68.1) 24 (77) 29 (78) 33 (80) 

Primary site, n (%): bladder - - 18 (58) 26 (70) - 
                    renal pelvis - - 6 (19) 2 (5) - 
                    Ureter - - 7 (23) 9 (24) - 
                    Urethra - - 0 (0) 0 (0) - 
                    other (unspecified) - - 0 (0) 0 (0) - 
ECOG PS 0, n (%) 45 (38) 37 (47.2) a 0 (0) 14 (38) 33 (80) 

ECOG PS 1, n (%) 72 (62) 38 (52.8) 31 (100) 18 (48) 8 (20) 

ECOG PS 2, n (%) 0 (0) 0 (0)  0 (0) 5 (14) 0 (0) 
Haemoglobin <10 mg/dl, n (%) 14 (12) 6 (8.5) 7 (23) - 9 (22) 

Any metastases, n (%) - - - - 41 (100) 

Visceral metastases, n (%) 87 (74) 46 (63.9) 19 (61) 23 (62) - 

Liver metastases, n (%) - 27 (37.5) 10 (32) 11 (30) Liver/bone 6 (15) 

Median follow up, months 45 7.1  37.6 16.6 3.2 

1L setting, n (%):     metastatic                               - - 29 (94) 30 (81) 15 (37) b 

    perioperative (neo/adjuvant) - - 2 (6) 17 (46) c 14 (34) b 

1L response: complete or    
     Partial 

- - 17 (55) 11 (30) - 
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     stable disease - - 9 (29) 5 (14) - 
     progressive disease - - 3 (10) 6 (16) - 
     not evaluable - - 2 (6) 15 (41) d - 
Cisplatin-ineligible - - - - - 

Prior cisplatin, % 72.6 e - 94 f - g - 

Prior taxane - Only PTX (11.1%) - None permitted - 

Prior palliative chemotherapy - - - 31 (84) - 
Prior radiotherapy, % - 20.8 - - 12 

Platinum-free interval - - < 3 months: 

36% 

< 3 months: 43% 

≥6 months: 27% 

- 

Treatment sequence 
information 

- Prior therapies: 

>1: 28 (38.9) 

>2: 10 (13.9) 

Setting: 

2L: 26 (84) 

3L: 5 (16) 

- Prior therapies: h 

1: 10 (35) 

≥2: 5 (17) 

- (dash) indicates data not reported; BSC: best supportive care; DOC: docetaxel; ECOG: Eastern Cooperative Oncology Group; PBO: placebo; 
PPV: personalised peptide vaccination; PS: performance score; PTX: paclitaxel; VFL: vinflunine 
a deduced by ERG from eligibility criteria 
b publication reports prior chemotherapy setting for only 29 of the 41 patients; % values calculated by ERG 
c publication reports 2 values; ERG believes this one is correct 
d not evaluable or no evidence of disease 
e 72.6% received cisplatin and no other platinum; 19.7% carboplatin; 7.7% other (unspecified) platinum combination 
f of which 87% had received GEM + CIS 
g 11.1% had received salvage MVAC (methotrexate + vinblastine + doxorubicin + cisplatin) after prior failure of GEM + CIS 
h  prior chemotherapy for advanced bladder cancer 
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Ongoing trials 
The CS reports that there are two ongoing phase III studies, one planned phase III study and 

one ongoing phase Ib/2 study which have relevance to the current appraisal (CS section 4.14).  

• IMvigor 211 (phase III, ongoing) is comparing atezolizumab against investigator’s choice 

of chemotherapy (vinflunine, docetaxel or paclitaxel) in metastatic urothelial carcinoma in 

a second and third line setting. Completion is expected in November 2017. 

• IMvigor 130 (phase III, planned) will evaluate the safety and efficacy of atezolizumab ± 

gemcitabine/carboplatin compared against gemcitabine/carboplatin in cisplatin-ineligible 

patients with metastatic urothelial carcinoma in a first-line setting. Completion is 

expected in June 2020. 

• WO29635 (phase Ib/2, ongoing) is a study in non-muscle-invasive bladder cancer of the 

safety, pharmacokinetics, immunogenicity, patient reported outcomes, and preliminary 

anti-tumour activity of atezolizumab administered as a single agent and in combination 

with Bacille Calmette-Guérin vaccine (BCG) in patients with BCG-unresponsive non-

muscle-invasive bladder cancer, and in combination with BCG in patients with BCG 

relapsing, and very high risk, BCG-naive non-muscle-invasive bladder cancer. 

• IMvigor 010 (WO29636) (phase III, ongoing) is a study in muscle-invasive bladder 

cancer on patients selected according to their PD-L1 status which is comparing 

atezolizumab as an adjuvant therapy against observation alone. 

 

The ERG’s update searches (section 3.1.1) did not identify any further ongoing studies.  

 

3.1.4 Description and critique of the approach to validity assessment 
 

Section 4.11.6 of the CS is titled ‘Quality assessment of non-randomised evidence’ but does not 

report quality assessment. Section 4.11.7 of the CS is titled ‘Methods for assessing risk of bias’ 

but states only that the risk of bias was not assessed for Imvigor 210 as it was a single-arm 

study. However, an earlier section describing the methods of the network meta-analysis (CS 

section 4.10.6) describes a method for quality assessment, referring to CS Appendix 8.3 where 

a quality assessment for the Imvigor 210 study is reported. This was undertaken separately for 

the two publications for each cohort in the study and also for the clinical study report, and was 

adapted from a National Institutes for Health (NIH) tool for case series studies.53 There is no 

discussion of why this was adapted, or the appropriateness of using a case series study quality 
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tool when the NIH has tools available for all types of observational studies. One question from 

the tool that was not applied by the company was ‘were the cases consecutive?’.  

 

The CS provides several summary tables of quality assessment in CS Appendix 8.3. Several of 

the tables are un-numbered and no explanation of the different tables is provided. The CS 

conducted quality assessments of the studies used in their network-meta analysis, using three 

approaches: 

• The adapted NIH questions for case series studies, applied to the single-arm studies; 

• NICE risk of bias questions for RCTs (also applied to the single-arm studies if an 

individual question was appropriate);  

• Cochrane risk of bias questions for RCTs (also applied to the single-arm studies if an 

individual question was appropriate). 

 

Given that the CS states that no RCT evidence was identified (CS section 4.11.9) it is unclear 

why so much emphasis was placed on tools for assessing RCTs, and why both the NICE and 

Cochrane tools for RCTs were considered necessary. The CS presents the results of the three 

approaches for assessing study quality separately, which makes it difficult to identify the 

‘bottom’ line key issues about study quality. An overall summary of the quality assessments is 

provided in CS Figure 4 but this arbitrarily classifies studies as having ‘high’, ‘moderate to high’. 

‘moderate’, ‘low to moderate’ or ‘low’ quality. These categories are not explained and do not 

indicate whether there are threats to validity (i.e. risks of systematic errors or lack of 

generalisability). The ERG and NICE requested explanation of the quality assessment process 

(clarification question A26) but the company’s response does not define their decision criteria 

for the different study quality classes.  

 

The company has not used their quality assessment to inform other aspects of the submission, 

and there is no discussion provided as to whether study quality would affect the eligibility of 

studies for inclusion in the network meta-analysis. According to the company’s summary in CS 

Figure 4 there was ‘moderate to high’ heterogeneity within studies which were subsequently 

included in their meta-analysis. The company stated (clarification response A24) that it was 

necessary to include studies of heterogeneous populations due to the lack of alternative data. 

 

The ERG has assessed the relevant arm of each included study using the NIH tool because the 

studies are used as single-arm studies in the company’s analysis and the questions regarding 
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risk of bias for RCTs are therefore redundant. The ERG considers that three questions from an 

NIH appraisal tool for before-and-after studies54 are also relevant (enrolment of all eligible 

participants, blinding of outcome assessors, and sample size) as these address potential threats 

to validity or reliability. These additional three questions have therefore been assessed by the 

ERG for each study.  

 

The ERG’s detailed quality assessment of the atezolizumab studies, first-line comparator 

studies and second-line comparator studies is tabulated in Appendix 3 (Table 54 to Table 56). 

For Imvigor 210 the ERG has checked the criteria for the study as a whole, not the individual 

publications as assessed by the company. Quality assessment of the phase I study PCD4989g 

is not reported in the CS and the company explained that this was because the study only 

provides descriptive supporting information (clarification response A27).  

 

As shown in Appendix 3, the ERG generally agrees with the company’s assessment (where 

reported) of these studies, although our assessment differs on the question of whether all 

subjects were comparable. This is because the NIH tool gives no guidance on what this 

question is assessing; for this question we have assessed studies on how comparable the 

populations are to the NICE scope.  

 

For the additional ERG questions, it is unclear whether sample sizes in the Bamias et al. and 

Noguchi et al. studies would be adequate to provide confidence in the findings since they were 

determined on response rates rather than survival outcomes. If based on sample sizes, 

confidence in the findings would be highest for the studies by De Santis et al., Bellmunt et al. 

and Chouieri et al., which had 75-119 participants, than the remaining studies which had only 

31-41 participants. None of the studies reported using blinded outcome assessors. Three 

studies (De Santis 2012, Choueiri 2012, Noguchi 2014) were assessed as enrolling all eligible 

participants that met the pre-specified entry criteria into the study. The remaining studies did not 

present enough information to assess this question. 

 

In summary, the ERG believes that the main validity issue for the included studies is the lack of 

direct head-to-head randomised studies comparing atezolizumab to relevant comparators and 

uncertainty as to how similar the baseline characteristics of the studies are, given the limited 

available information.
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3.1.5 Description and critique of the company’s outcome selection 
 
The NICE scoped outcomes of overall survival, progression-free survival, response rates and 

adverse effects of treatment were measured in IMvigor201 and PCD4989g. The NICE scoped 

outcome of HRQoL was not reported in any of the primary studies making up the evidence 

base, although this is not made clear in the company’s decision problem. 

 

Efficacy results are presented in the CS for various data-cuts (which we have summarised in 

section 3.3). In the Imvigor 210 study, objective response rate was the primary outcome. This 

was assessed by an independent review facility (IRF) using the RECIST (Response Evaluation 

Criteria In Solid Tumours) v1.1 criteria which is a standard approach for determining tumour 

size.55 In cohort 2 investigator-assessed modified RECIST immune response criteria were also 

used which quantify only the viable portions of the tumour (references are provided56, 57). The 

CS states that the modified criteria are not yet used in standard practice (CS section 4.13.2). In 

clarification response A35 the company stated that the rationale for using the modified RECIST 

criteria was to account for the possibility of ‘pseudoprogression’ (i.e. where tumour size reflects 

immune cell infiltration rather than active cancer), and the potential for delayed anti-tumour 

activity.  

 

The ERG has focused on reporting outcomes for the most recent data-cut and, where reported, 

we present results obtained using both RECIST methods. We have focused on the 

assessments by the independent review facility because these should be at lower risk of bias 

than investigator assessments. However, the CS does not report whether the independent 

review facility was blinded to any aspects of the Imvigor 210 study design, and does not explain 

whether the independent review facility was related to an independent data monitoring 

committee which is described in CS section 4.11.6. The CS states that there was a high 

concordance rate between independent review facility and investigator assessments (94%; CS 

section 4.11.10.3), but does not report results from both assessment approaches for the latest 

data-cut (20-month follow-up). 

 

Secondary outcomes were the duration of response and progression-free survival assessed 

using RECIST v1.1 criteria by the independent review facility and investigator; overall survival; 

and 1-year survival; and these are appropriate endpoints.  
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Safety outcomes reported in the CS include treatment-emergent adverse events (no definition is 

provided in the CS or the clinical study report), serious adverse events, and adverse events of 

special interest. Those of special interest were immune-mediated adverse events and renal 

function events which are anticipated effects of using a monoclonal antibody therapy. Another 

possible adverse event of special interest could be infusion related reactions. Rates of these are 

presented for both cohorts of the Imvigor 210 study, although the CS does not list them as 

specific events of special interest. Overall, the safety outcomes reported are those that the ERG 

would expect to be provided for a monoclonal antibody anticancer therapy. 

 

In summary, the ERG considers that the selected outcomes are appropriate to the NICE scope, 

with the exception that no data on HRQoL were available. 

 

3.1.6 Description and critique of the company’s approach to trial statistics 
 
The CS states that effectiveness analyses in IMVigor 210 were performed on the intention-to-

treat (ITT) population. This is not defined in the CS but the company explained (clarification 

response A37) that it refers to enrolled patients who received any amount of study drug. The 

company also stated in the clarification response that an exception to this involves objective 

response rate analyses, which were performed on the objective response-evaluable population, 

defined as ITT patients who have measureable disease per RECIST v1.1 criteria at baseline. 

The ERG notes that the CS does not present the numbers for the response-evaluable 

population in cohorts 1 and 2. 

 

The CS reports using a hierarchical fixed-sequence testing procedure to compare the primary 

endpoint, objective response rate, between atezolizumab and a historical response rate of 10%. 

Hypothesis testing was carried out on three pre-defined populations (based on decreasing 

proportion of PD-L1 expression) sequentially on the basis of independent review-assessed 

objective response rate according to RECIST v1.1 followed by investigator assessed objective 

response rate according to modified RECIST criteria. If no statistical significance was detected 

at a particular level in the hierarchy, no further hypothesis testing was done. The ERG agrees 

that this is an appropriate statistical approach and is consistent with statistical recommendations 

of the EMEA.58
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The source and justification of the selected 10% historical control response rate is not specified 

in the CS or the associated publications. In response to a clarification question from the ERG 

and NICE (clarification A36), the company provided a justification for using this response rate as 

a reference and noted that a recent study of nivolumab in metastatic urothelial carcinoma also 

used a 10% historical control rate to assess effectiveness.59 The ERG’s clinical expert advisor 

agreed that the company’s justification for using a historical control response rate of 10% is 

reasonable. 

 

The CS reports the statistical power of Imvigor 210 in section 4.11.4, although this appears to 

relate to the study as a whole, rather than to the individual cohorts on which the analyses are 

based. 

 

According to the study protocol, XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

 

A number of data-cuts were conducted for both cohorts in IMVigor 210, which included interim 

analyses, primary analyses, updated analyses and follow-up analyses (CS Table 26). The CS 

clearly states which data-cuts are presented throughout the results section.  

 

For cohort 1, primary analyses were undertaken when the last patient enrolled had a minimum 

of 6 months follow-up (median follow-up 8.5 months, range 0.2 to 14.3 months) and follow-up 

analyses were undertaken at 15 months (the company stated in clarification response A34 that 

median follow-up was 17.2 months, range 0.2 to 23.5 months). Response rates at the primary 

analysis and 15-month follow-up are presented in the CS; overall survival, progression-free 

survival and adverse events are presented at the 15-month follow-up only. Interim analyses of 

cohort 1 were also undertaken but results are not presented in the CS. 

 

For cohort 2, primary analyses were undertaken when the last patient enrolled had a minimum 

of 6 months follow-up (the company stated in clarification response A34 that median follow-up 

Copyright 2017 Queen's Printer and Controller of HMSO. All rights reserved.



Confidential – do not copy or circulate 

Version 1 54 

was 7.1 months, range 0.23 to 10.61 months) and follow-up analyses were undertaken at 20 

months (median 21.1 months, range 0.2 (censored) to 24.5 months). Response rates at the 

primary analysis and 20-month follow-up are presented in the CS; overall survival, progression-

free survival and adverse events are presented at the 15-month follow-up only. ‘Updated 

analyses’ of cohort 2 (median follow-up 11.7 months) were also undertaken (CS section 4.11.1) 

but results are not presented in the CS. 

 

In summary, the company’s approach to trial statistics in Imvigor 210 appears appropriate.  

 

Limited details on study PCD4986g are provided in the CS; the company provided the study 

protocol in response to clarification request A42. Similar methods to IMVigor 210 were used for 

calculation of overall survival, progression free survival and duration of response.  

 

3.1.7 Description and critique of the company’s approach to the evidence 
synthesis 

 

3.1.7.1 Simulated treatment comparison  
In the absence of direct head-to-head comparisons of atezolizumab with the scoped 

comparators, the company conducted a simulated treatment comparison (STC), also referred to 

as a ‘prediction model’ by the CS.  An STC can be used to carry out ‘unanchored’ indirect 

comparisons, where there is a disconnected treatment network or single-arm studies, and 

allows adjustment for differences across trials.60 It is a form of outcome regression and is 

appropriate for the current evidence base, i.e. where individual patient data are available in one 

(atezolizumab) population and only aggregate data are available for the comparator 

populations. The company briefly justifies why they chose to use STC rather than unadjusted 

(naive) comparisons or a matching-adjusted indirect comparison (MAIC) (CS section 4.10.7). 

The ERG agrees that STC is the most suitable approach for the available data structure, 

although, as noted below, the method is strongly dependent on assumptions.60 

 

In an STC, a statistical model describing the outcomes in terms of the covariates is fitted to the 

individual patient data for a treatment of interest (in this case, the intervention, atezolizumab), 

and used to predict the outcomes that would have been observed in the aggregate target 

population.60 This effectively creates an atezolizumab arm within each comparator study, and 
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the resulting ‘predicted controlled trials’ can then be incorporated into a network meta-analysis, 

with atezolizumab as the common link.  

 

The company’s approach to the STC prediction model is described briefly in CS section 4.10.8. 

The first step in the STC analysis approach is to identify the covariates (i.e. the prognostic 

factors and effect modifiers for survival) that will be used in the prediction model. We note that 

the assumption of an unanchored STC is that all effect modifiers and prognostic factors are 

accounted for, which is considered ‘largely impossible’ to meet, leading to an unknown amount 

of bias in the unanchored estimate.60 It is important therefore that as many of the key covariates 

as possible can be identified and included in the analysis to reduce the bias. 

 

STC prediction covariates  
The CS specifies four covariates which they used in their prediction model: the proportions of 

patients who: were aged > 65 years; were male; had liver metastases; and had ECOG 

performance status ≥1 (equivalent to Karnofsky performance status ≤90%61) (CS Table 17). No 

justification is given in the CS for any of these covariates being prognostic factors or effect 

modifiers. The CS states that due to the limited amount of data available in metastatic urothelial 

cancer, studies were included when ≥1 out of the four predictors were reported, although 

included studies for comparators of interest all reported a minimum of three of the four factors 

(CS section 4.10.4). 

 

The CS states (section 4.10.13) that where trials did not report baseline values for the 

covariates of interest, the missing values were imputed by generating random values from a 

uniform distribution, with boundaries defined by the range of reported values across the studies 

included in the analysis. As the company acknowledges in the CS (and also in clarification 

response A31) this approach has limitations. The ERG believes that a multiple imputation 

approach would have been more appropriate. Multiple imputation aims to allow for the 

uncertainty about the missing data by creating several different plausible imputed data sets and 

appropriately combining results obtained from each of them.62   

 

In response to a clarification request from the ERG and NICE, the company explained that the 

age cut-off of ≥65 years was selected as this was considered a clinically important age cut-off, 

but they did not give any empirical evidence for this (clarification response A17). The company 

also provided a description of a targeted literature search, not reported in the CS, which they 
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had conducted to identify relevant prognostic factors (clarification response A16). This search 

identified liver involvement, ECOG performance status and haemoglobin concentration 

(<10g/dL) as being relevant prognostic factors based on the literature, and age and sex were 

thought to be relevant prognostic factors according to the opinion of one Roche internal clinical 

expert.  

 

The company stated in clarification response A16 that haemoglobin concentration <10g/dL was 

identified as a prognostic factor but excluded from analysis since trials typically excluded all 

patients with low baseline haemoglobin. The ERG notes that four out of the five second-line 

studies that were included by the company for their network meta-analysis did report the 

proportion of patients with haemoglobin <10g/dL, which ranged from 8.5% to 23% (Table 11).  

 

The ERG’s clinical advisor agreed that performance status and age are important prognostic 

factors; however, they are correlated and the impact of this is unclear. The advisor also 

suggested that re-treatment interval could be considered as a prognostic factor, if reported. 

 

The company stated in clarification response A18 that IMVigor10 included patients at second 

and later lines of treatment. Therefore a cut-off of two or more prior chemotherapies was used 

to assess the impact of having a larger or lower proportion of patients being third-line or more, in 

contrast to only second-line. This prognostic factor was not selected in the base-case model as 

it did not improve predictive performance. 

  

The ERG noticed some discrepancies in the proportions of patients with each covariate that are 

reported in CS Table 17 and we queried these with the company (clarification question A22): 

• Data for the proportion with liver metastases in a randomised controlled trial conducted 

by Bellmunt et al.21, 45 are available in an abstract but excluded from the analysis. The 

company stated that this was because the abstract did not meet the inclusion criteria, 

and they suggested that this omission would not affect the overall results. Liver 

metastasis data were also omitted for a study conducted by Lee et al.;38, 39 the company 

stated this was due to a typographical error but would not affect the overall results. 

• The company did not use ECOG performance scores which are reported in a publication 

for the best supportive care and vinflunine arms of the Bellmunt et al. RCT. The 

company stated, without providing a rationale, that this was because they instead 

calculated the weighted mean of covariates across both treatment arms – to adjust for 
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the study rather than each arm separately, as the prediction model aimed at imputing a 

hypothetical missing atezolizumab arm for the study as a whole. The ERG notes that this 

calculation increased the proportion of patients in the best supportive care arm with 

poorer prognosis (ECOG performance status ≥1) from 0.62 to 0.69, i.e. a slight 

worsening of the population’s prognostic characteristics.   

• The ERG queried why the age data for the Bellmunt et al. RCT differ in CS Table 17 

from those reported in the publication. The company explained that they imputed the 

proportion of patients aged >65 years for those studies where only the mean or median 

were reported (clarification response A21), but exceptionally, for the Bellmunt et al. RCT, 

the imputed data for age >65 were used as the data available in the paper were 

unfortunately overlooked.  

 

The CS does not discuss whether the extent of systematic error due to imbalance in 

unaccounted for covariates is acceptable and no estimates are presented for the degree of 

likely bias. The CS does, however, note caveats around the estimates and that the outcomes of 

the network meta-analysis are uncertain, producing ‘clinically implausible’ results when applied 

in their economic model without correction.  

 

There is imbalance between the study populations in the four prognostic factors listed in CS 

Table 17 and this is noted in the CS (CS section 4.10.6). The resulting potential bias reduction 

that STC would provide compared with an unadjusted (naive) comparison is not reported.  

 

STC prediction models 
The CS focuses on the STC for overall survival and progression-free survival outcomes. The 

company also analysed other endpoints that were not of relevance to the economic model, to 

more broadly assess the comparative effectiveness of atezolizumab versus other interventions 

(clarification response A12 and A20). However, the analyses of objective response rate and 12-

month survival rate were not used to inform the company’s assessment of clinical effectiveness, 

they did not provide parameters for the economic analysis, and no results for these binary 

outcomes are provided in the CS. Therefore, only overall survival and progression-free survival 

analyses are described here. 

 

Cox regression models based on the selected covariates were used to simulate an 

atrezolizumab arm for each comparator study. The models were fitted to bootstrap samples 
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from the individual patient data from the atezolizumab Imvigor 210 study. The company tested 

the fit of nine competing models which included different combinations of the covariates and 

their interaction terms (CS Table 18). Model selection was based on the best predictive 

performance as judged using the concordance index (indicating the probability that a patient 

with longer survival time will have a lower risk score). Model parameters and concordance 

indices for the overall survival outcome are given in CS Table 20 for first-line treatment 

comparisons and in CS Table 22 for second-line comparisons. For both the first-line and 

second-line treatment comparisons the company chose the four-covariate model (age, sex, liver 

metastasis, performance status) without interactions, as adding interactions did not improve fit. 

For second-line comparisons the company tested including the number of prior chemotherapies 

(proportion of patients receiving ≥2 prior chemotherapies) as a fifth covariate but this did not 

improve fit. The ERG notes that, both for first-line and second-line comparisons, the model fit 

based on the concordance index did not differ tangibly between the four-covariate model and a 

model which included only liver metastases and performance status, although this is not 

discussed in the CS. 

 

The Cox models generated predicted log-hazards over time with their associated standard 

errors and these were used as predicted atezolizumab data points in the network meta-analysis. 

 

Summary of the ERG’s appraisal of the STC 

The NICE Decision Support Unit provides recommendations on the methods of simulated 

treatment comparison analysis.60  A table showing the ERG’s appraisal of the company’s 

approach compared against these recommendations is provided in Appendix 4.  

 

In summary, the ERG has the following concerns about the company’s approach to the STC: 

• Relatively few covariates were used in the prediction model; 

• The selection of the covariates in the prediction model is not well justified and is subject 

to a number of uncertainties. 

• The company used a single data calculation method for imputing missing data; multiple 

imputation would have been preferable to clarify uncertainty around the plausibility of 

imputed data values.  

• The cumulative impact of small errors and inconsistencies in the data is unclear. 
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3.1.7.2 Network meta-analysis 
Analysis of survival data depends on the assumption of proportional hazards being satisfied, 

and violations of the assumption can lead to severely biased estimates of expected survival.63 

The validity of the proportional hazards assumption has not been ascertained for comparison of 

atezolizumab against traditional chemotherapy in urothelial carcinoma. Based on appraisals of 

immunotherapies in melanoma and non-small cell lung cancer, the company reasons, 

appropriately, that the proportional hazards assumption is unlikely to hold for comparisons 

involving atezolizumab (CS section 4.10.9).  

 

Fractional polynomial models 
Given the possible violation of the proportional hazards assumption, the company developed 

fractional polynomial models for their network meta-analysis. Whereas traditional survival 

analysis represents the treatment by a single parameter, i.e. the hazard ratio, the fractional 

polynomial approach models the hazard over time and represents the treatment effect with 

multiple parameters. As such, fractional polynomial models can be an appropriate way to model 

survival data where the proportional hazards assumption is violated, and are suitable for 

comparisons where both individual patient data and aggregate patient data are available.63   

 

The company conducted their network meta-analysis using a Bayesian framework. The time-to-

event data for the comparators were obtained by digitising Kaplan-Meier curves for overall 

survival and progression-free survival reported in the included studies. The survival proportions 

for each monthly time interval were extracted and used to calculate the number of patients at 

risk at the start of each interval and the incident number of deaths. The CS briefly reports that 

the event probability for each time interval was obtained from a binomial likelihood distribution 

based on the underlying hazard function modelled by the fractional polynomial analysis. The 

predicted log-hazard for each comparison with atezolizumab at multiple time points was fitted 

with a normal distribution. The approach described by the company is broadly consistent with an 

approach for using fractional polynomial models in network meta-analysis as outlined by Jansen 

(2011),63 except that fewer details of the analysis are provided in the CS. The CS does not 

provide any data on the number of events and patients at risk that they obtained from the 

included studies, but this information was provided by the company in clarification response 

A32. 
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Three orders of fractional polynomial models were considered: zero-order, which corresponds to 

an exponential model and assumes proportional hazards; first-order, which corresponds to the 

Weibull model (where exponent P1=0) or the Gompertz model (where exponent P1=1); and 

second-order with exponents P1 and P2 (giving possible combinations of P1=P2=0, P1=0, 

P2=1, and P1=P2=1). According to the CS and the company’s response to clarification question 

A13, the zero-order fractional polynomial model was included to allow assessment of the 

proportional hazards assumption (‘e.g. through the deviance information criterion (DIC)), which 

was possible as the model was fitted to the same data as the more complex models’.  

 

Study heterogeneity assumptions 
The company states that there was a ‘limited evidence base’ with which to estimate the 

between-study standard deviation and they therefore used informative prior distributions for the 

fixed-effects model parameters, taken from Turner et al.,64 to account for between-study 

heterogeneity (CS Table 19). The ERG agrees that this is an appropriate approach. However, 

whilst the CS states that three priors (informative, weakly informative and vague) were 

compared in sensitivity analyses, no sensitivity analysis results are reported. These were 

subsequently provided by the company, for second-line comparisons only (clarification response 

A30).  

 

The CS states that fixed-effects models were first fit, with random-effects models subsequently 

fit if the data allowed. It is important to consider the plausibility of model assumptions rather than 

basing decisions solely on model fit,65 but the choice of fixed or random effect models was 

justified only on model fit (in clarification response A28 the company stated that random-effects 

models were included to allow for between-study heterogeneity; however, fixed-effects were 

subsequently chosen based on model fit). The process of assessing model fit is not clearly 

explained in the CS, which mentions that, in addition to the deviance information criterion, 

‘additional criteria’ were used, but these are not specified (CS Section 4.10.10).  

 

According to the CS, a fixed-effects model was used for the first-line treatment comparisons. 

The ERG requested an explanation from the company via NICE as to why a random-effects 

model was not used (clarification response A29). The company provided DIC values for 

comparisons of the fixed-effects and random-effects models for each of the three between-study 

heterogeneity priors and explained that the choice of fixed-effects model was based on the DIC. 

For the second-line treatment comparisons, the CS states that a random-effects model was 
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explored in sensitivity analysis (CS section 4.10.11.12); however, no sensitivity analysis is 

reported (this, together with sensitivity analysis of the heterogeneity priors was subsequently 

provided by the company in clarification response A30).     

 

Model selection for first-line comparisons 
For first-line treatment comparisons of overall survival the company selected the zero-order 

fractional polynomial model, as this had the lowest DIC among three fixed-effects models that 

were compared (CS Table 21), indicating that the more complex first-order fractional polynomial 

models did not perform better. The CS states that second-order fractional polynomial models 

were not considered due to the limited evidence base. Given the fit of the zero-order model it 

might be assumed that hazards were proportional in the comparison of atezolizumab to 

gemcitabine + carboplatin, although this is not stated in the CS. Visual inspection of overall 

survival curves (CS Figures 8 and 9) suggests that hazards may not have been proportional (in 

one study the curves cross) but the CS does not comment on this. The network meta-analysis 

section of the CS does not provide any information about time-dependency of the hazard ratio. 

However, in reporting the economic analysis (CS section 5.3.6) the CS states that the hazard 

ratio increased linearly over time and required capping to avoid clinically implausible values  

(see section 4.3.5).  

 

Model selection for second-line comparisons 
For second-line treatment comparisons of overall survival the company selected the Gompertz 

(i.e. first-order) fractional polynomial model, as this had the lowest DIC among three fixed-

effects models that were compared (CS Table 23). Second-order models were considered, and 

had lower DIC values indicating better fit, but the CS states these exhibited large posterior 

correlations (>0.9) indicative of over-fitting and so were not used. Posterior correlations were 

also relatively large (>0.8) for the selected Gompertz model but the CS does not discuss this. 

Hazard ratio time curves are presented for comparisons of atezoluzumab against best 

supportive care, paclitaxel and docetaxel (CS Figures 15-17) with the corresponding parameter 

estimates (CS Table 24), and these indicate that the hazard ratio for the atezolizumab-docetaxel 

comparison decreased with time. In reporting the economic analysis (CS section 5.3.6) the CS 

states that the hazard ratios for second-line comparisons increased linearly over time and 

required capping to avoid clinically implausible values (see section 4.3.5). 
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The CS states that the clinically implausible values of hazard ratios are likely to reflect the 

sparse nature of the evidence base and results of the network meta-analysis are therefore 

subject to uncertainty. Hazard ratios for overall survival were employed in the economic analysis 

(subject to capping). However, the CS states that hazard ratios from network meta-analysis of 

progression-free survival could not be used in the economic analysis due to being clinically 

implausible (CS section 4.10.11) and results of these analyses are provided separately in CS 

Appendix 8.5. Given that the analyses of progression-free survival were not used by the 

company to support either the clinical effectiveness or cost-effectiveness of atezolizumab, these 

are not considered in detail in the current report. 

 

Network structure 

The CS does not present network diagrams; however, the networks are simple (summarised in 

Table 12). As all comparisons are against atezolizumab, there are no indirect comparisons 

involved. Results of the network meta-analysis for each comparison would therefore be identical 

to those obtained by performing separate pairwise comparisons under the same statistical 

model (confirmed by the company for the fractional polynomial model in clarification responses 

A14 and A15). As noted above (section 3.1.2) the company has been inconsistent in applying 

their eligibility criteria such that they have included more comparators for their analysis of 

progression-free survival than for their analysis of overall survival.  

 

Output of the network meta-analysis 

The fractional polynomial analysis generates results which reflect the time course of the log-

hazard function and as such can be expressed as log-hazard function curves and their 

parameters (intercept and slope). An explanation of the relationship between the log hazard 

function and hazard ratio is given below in section 4.3.5.2. When reporting the results of the 

network meta-analysis (see section 3.3.6), the company does not provide any guidance on the 

clinical interpretation of these parameters or any discussion of any of the clinical effectiveness 

results from the network meta-analysis. 
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Table 12 Summary of simulated treatment comparisons in the network meta-analysis 
Outcome First-line treatment (cohort 1 in 

atezolizumab study Imvigor 210) 
Second-line treatment (cohort 2 in 
atezolizumab study Imvigor 210) 

Overall survival 
(informs 

company’s 

economic model) 

 

 

 
 

 
Progression-free 
survival 
(does not inform 

company’s 

economic model) 

 

 

 

 
BSC: best supportive care; CAR: carboplatin; GEM: gemcitabine; DOC: docetaxel; PTX: paclitaxel;  
VFL: vinflunine 
a nanoparticle albumin bound paclitaxel in one study 
 

 
Summary of the ERG’s appraisal of the network meta-analysis 
The ERG has assessed the company’s network meta-analysis using a critical appraisal 

checklist which we have based on published reporting guidelines (Jansen et al.,65 inter alia). Our 

appraisal is provided in Appendix 5.  

 

In summary, the ERG has the following concerns regarding the company’s approach to the 

network meta-analysis:  

• The simulated treatment comparison which informs the network meta-analysis has 

several limitations (as noted above we identified concerns around the selection of 

covariates and handling of missing data; see also Appendix 4); 

• It is unclear whether the included studies were adequately homogeneous to permit valid 

meta-analysis; some aspects of prior therapies received by patients were not reported in 

the primary studies, and best supportive care was not adequately defined; 
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• A lack of sensitivity analyses to test the robustness of both the simulated treatment 

comparison and the network meta-analysis methods means that specific uncertainties 

are not propagated through to aid interpretation of the final clinical effectiveness results; 

• The meta-analysis produced clinically implausible hazard ratios (which, as explained in  

section 4.3.5, resulted in the need for capping of the hazard ratios in the economic 

analysis); 

• The meta-analysis is not used to provide any evidence for the clinical effectiveness of 

atezolizumab.
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3.2 Overall summary statement of the company’s approach  
 
A summary of the ERG’s appraisal of the company’s approach to the evidence synthesis is 

given in Table 13. 

 

The company conducted extensive searches which appear to have identified all relevant 

studies. The eligibility screening process is described in stages, making it somewhat difficult to 

follow, but the inclusion/exclusion criteria are deducible. The eligibility criteria have not been 

consistently applied, although this does not appear to have resulted in any major 

inclusion/exclusion errors. The screening process is described only briefly in the CS, but in 

clarification response A9 the company stated that screening was conducted by two reviewers.  

 

Whilst the overall systematic review process appears reasonable, there are several issues with 

the meta-analysis methods applied by the company (simulated treatment comparison and 

network meta-analysis) which mean that the results of the analyses are uncertain. These are 

explained in detail in section 3.1.7 and summarised in section 3.4.    

 

The submitted evidence is consistent with the decision problem 
 
Table 13 Quality assessment (CRD criteria) of the CS review  

CRD Quality Item: score Yes/ No/ Uncertain with comments 
1. Are any inclusion/exclusion criteria 
reported relating to the primary studies 
which address the review question? 

Yes. But these were not applied consistently, with some 
studies being excluded for reasons other than those stated. 

2. Is there evidence of a substantial effort 
to search for all relevant research? i.e. all 
studies identified 

Yes. The search was broad and comprehensive and a 
detailed search strategy was provided in a clarification 
request. The ERG identified 18 studies that appeared to be 
eligible but were not cited or referenced in the CS. The 
company clarified that 16 of these had been identified, 
screened and excluded and two were published later than 
the company’s searches. Overall, no relevant studies appear 
to have been missed. 

3. Is the validity of included studies 
adequately assessed? 

Partly. The company used a NIH checklist for single-arm 
studies which does not cover some potential biases. 
Decisions on study quality are summarised narratively and 
difficult to interpret in relation to whether there are threats to 
internal or external validity. The quality assessment does not 
appear to inform any decisions about study eligibility. 

4. Is sufficient detail of the individual 
studies presented? 

Partly. Yes for the atezolizumab study, but no details of the 
comparator studies are provided in the CS. Some details of 
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study drug dosing, study design, eligibility criteria and age, 
sex and ethnicity (but not other baseline characteristics) were 
provided by the company in clarification response A25.  

5. Are the primary studies summarised 
appropriately? 

Partly. Yes for the atezolizumab study, but no details of the 
comparator studies are provided in the CS. The company 
conducted a simulated treatment comparison but the CS 
does not summarise the characteristics, or specify the 
sample size, of the simulated study arms; limitations of the 
available data and the need for assumptions mean that the 
results may not be reliable. 

 

 

3.3 Results 
 
Results from the two cohorts of the Imvigor 210 study and the PCD4989 study are summarised 

in CS Sections 4.11.10 and 4.11.11.  The main source of evidence is from the Imvigor 210 

study, where efficacy results are presented in the CS for various data-cuts (CS Table 26). The 

ERG has reproduced the most recent data cut for each cohort. For cohort 1 (first-line treatment), 

this was at 15 months (4th July 2016 data cut with a median follow-up of 17.2 months [range 0.2 

to 23.5 months]; company’s clarification response A34) and with 14% of participants remaining 

on treatment. For cohort 2 (second-line treatment), this was at 20 months follow-up (4th July 

2016 data cut with a median follow-up 21.1 months [range 0.2 to 24.5 months]; company’s 

clarification response A34). The ERG has focused on results from the independent review 

facility assessment of outcomes; investigator-assessed outcomes are only reported where 

independent review facility assessments are unavailable. Where available, all data presented in 

the CS have been checked with the publications and the clinical study report.  

 

Patients in PCD4989g received second-line treatment with atezolizumab, but not with the 

licensed dose, and therefore the results from this study should be interpreted with caution. A 

summary of study PCD4989g and its clinical effectiveness results is provided in Appendix 2. 

 

3.3.1 Effectiveness of first-line atezolizumab 
Results are reported for cohort 1 (first-line therapy) in CS section 4.11.10.2. 
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Survival 
Overall survival and progression-free survival were secondary outcomes in the Imvigor 210 

study. The median overall survival in cohort 1, assessed by independent review facility using 

RECIST v1.1 was 15.9 months, and 57.2% of patients had 12-month survival (Table 14). The 

Kaplan-Meier overall survival curve for first-line atezolizumab treatment (cohort 1) in Imvigor 

210 (CS Figure 19) is shown in Figure 1.  

 

 

 

 

 
Figure 1 Kaplan-Meier overall survival curve for first-line atezolizumab (Imvigor 
210 cohort 1) 
 

 

Progression free survival at the 15 month analysis was 2.7 (95% CI 2.1, 4.2) months (Table 14). 

The CS does not report a Kaplan-Meier curve for first-line progression-free survival. 
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Table 14 Survival outcomes for cohort 1 of Imvigor 210  
Outcome (95% CI)  
(RECIST v1.1; IRF assessed) 

Imvigor 210 cohort 1 
All patients, N = 119 

Overall survival, median, months 15.9 (10.4, NE) 

12 months survival, %  57.2% (48.2%, 66.3%) 

Progression-free survival, median, months 2.7 (2.1, 4.2) 

CI: confidence interval; IRF: independent review facility; NE: not estimable 
 

 

Response rates 
Objective response rate as assessed by the independent review facility using RECIST v1.1 was 

the primary endpoint in cohort 1 of the Imvigor 210 study. Results are reported in CS Section 

4.11.10.2. At the 15-month follow-up analysis, 22.7% achieved an objective response, and  a 

complete response was seen in 9.2% of patients (Table 15). The CS states in Section 4.11.10.2 

that the 15-month follow-up analysis confirms the findings from the primary analysis (data cut at 

a median follow-up of 8.5 months) that the objective response rates exceed the 10% historical 

control. 

 

Median duration of response had not been reached in cohort 1 of Imvigor 210. CS Section 

4.11.10.2 and CS Figure 18 show that the majority of responses were longer than one year, with 

many still ongoing at the 15-month data cut. The median treatment duration was 15 weeks 

(range 0 to 102 weeks). 

 

Table 15 Response outcomes for cohort 1 of Imvigor 210  
Outcome (95% CI)  
(RECIST v1.1; IRF assessed) 

Imvigor 210 cohort 1 
All patients, N = 119 a 

ORR, % 22.7 (15.52, 31.27) 

Complete response, % 9.2 

Median time to onset of first response, 

months 

2.1 (range 1.8 – 10.5) 

CI: confidence interval; IRF: independent review facility; ORR, objective response rate 
a Includes 20 patients with missing/unevaluable responses. All treated patients had measurable disease 
at baseline per investigator-assessed RECIST v1.1. 
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3.3.2 Effectiveness of second-line atezolizumab  

Results are presented for cohort 2 of the Imvigor 210 study in CS Section 4.11.10.3. 

 

Survival 
Overall survival and progression-free survival were secondary outcomes in cohort 2 of the 

Imvigor 210 study (CS Section 4.11.10.3). At the 20-month follow-up assessment in Imvigor 210 

cohort 2, the overall survival was 7.9 months as assessed by the independent review facility 

using RECIST v1.1 (Table 16). The Kaplan-Meier overall survival curve for second-line 

atezolizumab treatment in Imvigor 210 (CS Figure 21) is shown in Figure 2.  

Twelve month survival was 36.9% and median progression free survival 2.1 months. The CS 

does not report a Kaplan-Meier curve for second-line progression-free survival. 

 

 

 
Figure 2 Kaplan-Meier overall survival curve for second-line atezolizumab 
(Imvigor 210 cohort 2) 
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Table 16 Survival outcomes for cohort 2 of Imvigor 210  
Outcome (95% CI)  
(RECIST v1.1; IRF assessed) 

Imvigor 210 cohort 2: All patients, N = 310 

Overall survival, median, months 7.9 (6.7–9.3) 

12 months survival, %  36.9% (31.4–42.3) 

Progression-free survival, median, months 2.1 (2.1–2.1) a 

CI: confidence interval; IRF: independent review facility; NE: not estimable 
a ERG unclear why confidence interval as reported in the CS has zero range 
 
Response rates 
Objective response rate as assessed by the independent review facility using RECIST v1.1 was 

a co-primary endpoint in cohort 2 of the Imvigor 210 study, alongside objective response rate 

assessed by the investigator using modified RECIST criteria. Results are reported in CS Section 

4.11.10.3. At the 20-month follow-up analysis, objective response rate was 15.8 months by 

independent review facility assessment and a complete response was seen in 6.1% of patients 

(Table 17). The median treatment duration was 12 weeks (range 0 to 104 weeks). 

 

Median duration of response had not been reached in cohort 2 of Imvigor 210. The maximum 

duration of response at the latest follow-up analysis (which had median follow-up 21.1 months) 

was 22.6 months. The median time to response was 2.1 months (95% CI 2.0, 2.2). At the time 

of the 12-month analysis 65.3% of participants were ongoing with a response (not reported for 

the 20-month analysis).   

 

Table 17 Response outcomes for cohort 2 of Imvigor 210  
Outcome (95% CI)  
(RECIST v1.1; IRF assessed) a 

Imvigor 210 cohort 2: All patients, N = 310 

ORR, per RECIST, % 15.8 (11.9–20.4)  

ORR per immune-modified RECIST, % 19.7 (15.4–24.6) 

Complete response, % 6.1% (3.7–9.4) 

Duration of response, maximum months 22.6  

CI: confidence interval; IRF: independent review facility; ORR, objective response rate 
a CS Table 36 implies both RECIST and modified RECIST assessments were done by the IRF; the 
company’s response to clarification request A35 states, however, that the standard RECIST criteria were 
applied by the IRF whereas the modified RECIST criteria were investigator-assessed. 
. 
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3.3.3 HRQoL results 
 
The Imvigor 210 study and the PCD4989g study did not include HRQoL outcomes.  

 

3.3.4 Sub-group analysis results 
 
Response rate outcomes for atezolizumab in the Imvigor 210 study are reported according to 

PD-L1 expression subgroups for the first-line cohort (CS section 4.11.10.2) and second-line 

cohort (CS section 4.11.10.3). These subgroups are not discussed here as they are not 

reported for survival outcomes.    

 

The CS states (narratively only) that results for subgroups defined by demographic and baseline 

characteristics showed positive results on objective response rates (CS sections 4.11.10.2 and 

4.11.10.3). In response to a clarification request by the ERG and NICE, the company noted that 

because of different data cuts the subgroup results are inconsistent with those reported in the 

CS (clarification response A39). The ERG agrees that the subgroup results for cohort 1 broadly 

agree with the narrative summary in the CS, but that there is more uncertainty in the subgroup 

data than in the whole-population analyses. For cohort 2 the results data provided by the 

company in their clarification response are not structured by baseline characteristics and the 

ERG has not been able to compare these with the narrative summary in the CS.  

 

The NICE scope and company’s decision problem do not specify any subgroups.  

 

3.3.5 Effectiveness of comparators  
 

3.3.5.1 First-line comparators 
The CS does not provide effectiveness results for the two studies of first-line comparator 

treatments which were included in the company’s network meta-analysis. The ERG has 

summarised these from the study publications in Table 18 (for the company’s meta-analysis 

results see section 3.3.6 below).  

 

Overall survival 
Median overall survival on first-line gemcitabine + carboplatin was 9.3 months in the De Santis 

et al. study and 9.8 months in the Bamias et al. study (Table 18). The Kaplan-Meier curves for 

Copyright 2017 Queen's Printer and Controller of HMSO. All rights reserved.



Confidential – do not copy or circulate 

Version 1 72 

overall survival on first-line gemcitabine + carboplatin in these studies (CS Figures 8 and 9) are 

included below in Figure 3 and Figure 4. 

 

Progression-free survival 
Median progression-free survival on first-line gemcitabine + carboplatin was 4.4 months in the 

Bamias et al. study and 5.8 months in the De Santis et al. study. A Kaplan-Meier curve for 

progression-free survival on first-line gemcitabine + carboplatin in the study by Bamias et al. is 

reported in CS Appendix 8.5 (not reproduced here). 

 

Response rates 
Objective response rates on first-line gemcitabine + carboplatin ranged from 24% to 41.2%, but 

the rate of complete responses was only 3% to 3.4% (Table 18) 

 

 

 

Table 18 Survival and response rates in first-line comparator studies  
Outcome (95% CI) De Santis 201244 

Gemcitabine + carboplatin 
Bamias 200742 

Gemcitabine + carboplatin 
Overall survival, median, months 9.3 (CI not reported) 9.8 (4.7, 14.9) 
Progression free survival, median, 
months 

5.8 (CI not reported) 4.4 (1.03, 7.75) 

Overall response, % a 41.2 (CI not reported) 24 (11 to 41) 
Complete response, % 3.4 (CI not reported) 3 (0 to 15) 
Partial response, % 37.8 (CI not reported) 21 (9 to 38) 

a referred to as objective response (Bamias) or overall response (De Santis) 

 

3.3.5.2 Second-line comparators 
The CS does not provide effectiveness results for the five studies of second-line comparator 

treatments which were included in the company’s network meta-analysis. The ERG has 

summarised these from the study publications in Table 19 (for the company’s meta-analysis 

results see section 3.3.6 below).  

 

Overall survival 
Median overall survival on second-line best supportive care was reported in two studies 

(Bellmunt et al. and Noguchi et al.) and ranged from 4.1 months to 4.6 months (Table 19). The 
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Kaplan-Meier curves for overall survival on best supportive care in these studies (CS Figures 10 

and 11) are included below in Figure 5 and Figure 6. 

 

Median overall survival on second-line docetaxel was reported in two studies (Chouieri et al. 

and Kim et al.) and ranged from 7.03 months to 8.3 months (Table 19). Note that the docetaxel 

arm in the Chouieri et al. study was a combination of docetaxel + placebo. The CS does not 

comment on the nature of the placebo or whether incorporation of a placebo in the arm would 

affect interpretation. The Kaplan-Meier curves for overall survival on second-line docetaxel in 

these studies (CS Figures 12 and 14) are included below in Figure 7 and Figure 8. 

 

Median overall survival on second-line paclitaxel, reported in one study (Lee et al.), was 6.5 

months (Table 19). The corresponding Kaplan-Meier curve (CS Figure 13) is included below in 

Figure 9. 

 

 
Progression-free survival 
Median progression free survival on second-line best supportive care was 1.8 months in the 

Noguchi et al. study (not reported for the Bellmunt et al. study) (Table 19). The Kaplan-Meier 

curves for progression-free survival on best supportive care in these studies are reported in CS 

Appendix 8.5 (not reproduced here). 

 

Median progression-free survival on second-line docetaxel in the studies by Chouieri et al. and 

Kim et al. ranged from 1.4 months to 1.58 months (Table 19). The Kaplan-Meier curves for 

progression-free survival on second-line docetaxel in these studies are reported in CS Appendix 

8.5 (not reproduced here). 

 

Median progression-free survival on second-line paclitaxel, reported in one study (Lee et al.) 

was 2.7 months (Table 19). The corresponding Kaplan-Meier curve is reported in CS Appendix 

8.5 (not reproduced here). 

 

Response rates 
No responses were achieved in best supportive care study arms. The overall response rate on 

second-line docetaxel ranged from 6% to 7%, but the rates of complete responses were not 

Copyright 2017 Queen's Printer and Controller of HMSO. All rights reserved.



Confidential – do not copy or circulate 

Version 1 74 

reported. Overall response rate was higher in the paclitaxel study, at 21%, but only 3% of the 

patients receiving paclitaxel were complete responders (Table 19). 

 

Table 19 Survival and response rates in second-line comparator studies 
Outcome (95% CI) Noguchi 

201647 
BSC 

Bellmunt 
201321 
BSC 

Choueiri 
201250 

Docetaxel 

Kim 201649 
Docetaxel 

Lee 201239 
Paclitaxel 

Overall survival 

median, months 

4.1 (2.8, 6.9) 4.6 (4.1, 6.6) 7.03 (NR) 8.3 (5.9, 10.6) 6.5 (5.0, 8.0) 

Progression free 

survival, median, 

months 

1.8 (1.3, 2.3) NR 1.58 (NR) 1.4 (1.3, 1.6) 2.7 (0.9, 4.6) 

Overall response, % a 0  0 7 (NR) 6 (1 to 21) 21 (7 to 34) 
Complete response, % 0 0 NR a NR 3 (NR) 
Partial response, % 0 0 NR NR 18 (NR) 

BSC: Best supportive care; NR: not reported 
a referred to as objective response (Kim, Lee) or overall response (Bellmunt, Chouieri) 
 
 

3.3.6 Network meta-analysis results 

As explained above (section 3.1.7), the ERG is concerned that the company’s approach to 

network meta-analysis enables violation of the proportional hazards assumption. The results of 

the analysis may therefore be incorrect and should be considered uncertain. However, we have 

reproduced the company’s results here for consideration. 

 

The company presents the results of the network meta-analysis as hazard ratios and also 

visually in a series of Figures, in which the survival curves for the simulated atezolizumab arm, 

the observed atezolizumab arm in Imvigor 210, and the comparator arm can be compared for 

each treatment comparison.  

 

Hazard ratios 
For first-line comparison of atezolizumab against gemcitabine + carboplatin the CS reports a 

hazard ratio for overall survival of 0.6 (credible interval 0.47 to 0.82), i.e. in favour of 

atezolizumab (CS section 4.10.11.1). However, the time point to which this hazard ratio refers is 

not stated. 
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For second-line comparisons of atezolizumab against best supportive care, docetaxel and 

paclitaxel, the CS provides charts showing plots of the posterior median log hazard ratio against 

time in CS Figures 15-17. These are for a fixed-effects analysis. The curves (not reproduced 

here) appear to suggest that the log hazard ratio is time-invariant for best supportive care and 

paclitaxel but time-dependent for docetaxel. However, the CS does not provide any 

interpretation of these curves. Wide credible intervals indicate that there is considerable 

uncertainty in the predicted log hazard ratios, especially after month 15.  

 

Note that interpretation of time-dependent hazard ratios can lead to implausible values of the 

hazard ratio at given time points; for this reason the company capped the overall survival hazard 

ratio estimates obtained from the network meta-analysis to enable their inclusion in the 

economic model (see section 4.3.5.2).  

 

The company reports the parameters of the log-hazard function (slope, intercept, and their 

correlation) for second-line comparisons (CS Table 24) but not for first-line comparisons. The 

CS does not explain how they should be interpreted in order to draw conclusions on the 

effectiveness of atezolizumab. Parameters of the log-hazard function are not reproduced here 

but those which inform the economic analysis are discussed in section 4.3.  

 

Survival curves 
Curves for overall survival are provided in CS Figures 8 to 14. Curves for progression-free 

survival are provided in Figures 1 to 10 in CS Appendix 8.5. The Figures for overall survival are 

reproduced here for consideration. Any visual comparison of the observed atezolizumab curves 

against the corresponding comparator curves would effectively be a naive (unadjusted) 

comparison since differences in the studies’ characteristics are not taken into account.  
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Overall survival: first-line 
Overall survival on first-line gemcitabine + carboplatin, compared with first-line atezolizumab 

(two studies), is shown in Figure 3 and Figure 4.  

 

 
 

Figure 3 Overall survival curves for first-line gemcitabine + carboplatin (Bamias et 
al. 2007) and atezolizumab  
 

 
 

 
Figure 4 Overall survival curves for first-line gemcitabine + carboplatin (De Santis 
et al. 2012) and atezolizumab  
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Overall survival: second-line 
Overall survival on second-line best supportive care, compared with second-line atezolizumab 

(two studies), is shown in Figure 5 and Figure 6.  

 

 
Figure 5 Overall survival curves for second-line best supportive care (Noguchi et 
al. 2016) and atezolizumab  
 
 

 
Figure 6 Overall survival curves for second-line best supportive care (Bellmunt et 
al. 2013) and atezolizumab  
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Overall survival on second-line docetaxel, compared with second-line atezolizumab (two 

studies), is shown in Figure 7 and Figure 8.  

 

 
 
Figure 7 Overall survival curves for second-line docetaxel (Choueiri et al. 2012) 
and atezolizumab  
 

 

 
 
Figure 8 Overall survival curves for second-line docetaxel (Kim et al. 2016) and 
atezolizumab 
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Overall survival on second-line paclitaxel, compared with second-line atezolizumab (one study), 

is shown in Figure 9.  

 
Figure 9 Overall survival curves for second-line paclitaxel (Lee et al. 2012) and 
atezolizumab  
 
 

3.3.7 Adverse events 
 
The CS presents safety endpoints from the two cohorts of the Imvigor 210 study and the 

PCD4989g study (minimal data) in CS section 4.12.3. We have summarised adverse event 

information from the PCD4989g study here, although the company stated that patients in 

PCD4989g received less than the licensed atezolizumab dose (see Appendix 2). No pooled 

adverse event data from the three sources of evidence are presented in the CS.  

 

The rate of any adverse event was around 96-98% in the Imvigor 210 study (Table 20). Rates 

were generally similar across the two cohorts, where reported. The most frequent side effects, 

affecting at least 20% of the patients, were fatigue (tiredness), decreased appetite, nausea 

(feeling sick), and dyspnoea (shortness of breath).66 Serious adverse events were experienced 

in 38% of patients in cohort 1 and 47% in cohort 2. The most commonly reported serious 

adverse events, reported in at least 2.5% of participants, were acute kidney injury, small 

intestinal obstruction, renal failure, sepsis and diarrhoea in cohort 1 (proportions are not 

reported in the CS). In cohort 2 the most commonly reported serious adverse events, reported 

in at least 3 participants, were XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX (data from 
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updated clinical study report). The CS states that these were related to underlying disease in 

most instances.  

 

Grade 3-4 events were experienced in 45%-60% of participants. 

 

Treatment-related adverse events 
The CS does not specify how treatment-related was defined. The Imvigor 210 study publication 

by Balar et al. 201740 states only that this was ‘deemed to be related to treatment by the 

investigator’. No other information about the definition of ‘treatment-related’ is given in the 

clinical study reports. 

 
The rate of treatment-related adverse events across the three cohorts was 66-71%.Treatment 

related serious adverse events were experienced in 10.1% and 12.3% of participants in the two 

cohorts of Imvigor 210 respectively and in 5.3% of participants in study PCD4989g (Table 20). 

Rates for individual treatment related serious adverse events were generally low. Most 

frequently reported across the three cohorts were diarrhoea (2.5% in cohort 1, 0.3% in cohort 2, 

0 in PCD4989g), renal failure (1.7% in cohort 1, 0 in cohort 2 and PCD4989g) and pyrexia 

(0.8% in cohort 1, 0.6% in cohort 2 and 2.1% in PCD4989g) (data provided in clarification 

response A43). Of the Grade 3-4 adverse events, 16–18% were deemed to be treatment 

related. 

 

The most commonly reported treatment-related grade 3-4 adverse events in the Imvigor 210 

study were fatigue, diarrhoea, anaemia, increases in alanine aminotransferase, aspartate 

aminotransferase and bilirubin, and renal failure (Table 21; data for cohort 1 are from 

clarification response A43). In study PCD4989g 9.5% of participants experienced treatment-

related grade 3-4 events (data are from clarification request A43). Across the three cohorts the 

rates of these individual events were low, around 2%.  
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Table 20 Overview of adverse events  
 
 
Event, % 

Imvigor 210 
Cohort 1, 15-
month cutoff, 
n=119 

Imvigor 210 Cohort 
2, 20-month follow-
up, n=310 

PCD4989g 
study, n=95a 

Adverse event, any 95.8 97.7 97.9 
Treatment-related adverse event, 
any 

66.4 71.0 66.3 

Serious adverse event, any 37.8 46.5 - 
Treatment-related serious adverse 
event, any 

10.1 12.3 5.3 b 

Grade 3-4 event 45.4 60.0 50.5 
Treatment-related grade 3-4 event 16.0 18.1 9.5 
Grade 5 event (death related to 
adverse event) 

3.4 1.0 1.1 

Treatment-related grade 5 event 
(death related to adverse event) 

0.8 0 - 

Adverse event of special interest 31.1 30.0 36.8 b 
Grade 3-4 adverse event of 
special interest 

7.6 6.5 - 

Adverse event leading to dose 
interruption 

34.5 32.3 - 

Adverse event leading to study 
drug withdrawal 

7.6 3.9 4.2 b 

a as confirmed in clarification A41, not all participants received the licensed dose, results are supportive 
data only. 
b from clarification response A43 

 

 
Adverse events of special interest 
Adverse events of special interest (Table 22) were mostly immune-mediated adverse events 

and renal function events which are anticipated effects of using a monoclonal antibody therapy. 

They were experienced by 30-31% of patients in Imvigor 210 and 36.8% in study PCD4989g. 

 

The most frequent adverse events of special interest in cohort 1 were: rash (10.1%), 

hypothyroidism (7.6%), increased alanine aminotransferase (7.6%) increased aspartate 

aminotransferase (6.7%), increased bilirubin (3.4%), colitis (2.5%), dermatitis (2.5%) and 

peripheral neuropathy (2.5%) (data provided by the company in clarification response A43). 

Twenty-five percent of participants received steroids for an adverse event of special interest in 

this cohort (Table 22). The CS states that no major decline in median estimated glomerular 

filtration rate was observed in cohort 1.    
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Table 21 Treatment related grade 3-4 adverse events 
 
 
Event, %  

Imvigor 210 Cohort 
1, 15-month cutoff, 
n=119 

Imvigor 210 Cohort 
2, 20-month follow-
up, n=310 

PCD4989g 
n=95 a 

 
Overall 16.0 18.1 9.5 
Fatigue 3.4 1.6 Not reported 
Diarrhoea 1.7 0.3 Not reported 
Pruritus 0.8 0.3 Not reported 
Decreased appetite 0.8 0.6 Not reported 
Hypothyroidism 0 0.3 Not reported 
Anaemia 0.8 0.6 1.1 
Chills 0  0 Not reported 
Nausea 0  1.9 Not reported 
Pyrexia 0  0.6 Not reported 
Rash 0.8 0.3 Not reported 
Vomiting 0  1.3 Not reported 
Rash, maculopapular 0  0 1.1 
ALT increase 3.4 1.9 1.1 
Arthralgia 0 1.0 Not reported 
AST increase 2.5 1.6 1.1 
Blood bilirubin increase 1.7 0.6 Not reported 
Blood alkaline 
phosphatase increase 

0.8 1.6 1.1 

Dyspnoea 0  0 Not reported 
Infusion-related reaction 0  0 Not reported 
Lymphocyte count 
decrease 

0  1.0 1.1 

Renal failure 1.7 0.6 Not reported 
Asthenia 0 0 2.1 
Neutropenia 0 0 1.1 

ALT, alanine aminotransferase; AST, Aspartate aminotransferase 
aas confirmed in clarification response A41, not all participants received the licensed dose, results are 
supportive data only. 
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Table 22 Adverse events of special interest, immune-mediated requiring systemic 
corticosteroids. 

 Imvigor 210 Cohort 1, 15-month 
cutoff, n=119 

Imvigor 210 Cohort 2, 20-month 
follow-up, n=310 

Event, % 
(rounded) 

Any Grade Grade 3-4 Any Grade Grade 3-4 

Overall 12a 7b 13c 3 
Rash 3 1 X X 
ALT increase 2 2 X X 
Blood bilirubin 
increase 

2 2 X X 

Rhabdomyolysisd 2 1 - - 
AST increase 1 1 X X 
XXXXXXXXX - - X X 
Autoimmune 
colitis 

1 1 - - 

Colitis 1 1 X X 
Diarrhoead 1 1 - - 
Liver disorderd 1 1 - - 
Rheumatoid 
arthritis 

1 1 - - 

Arthralgiad 1 0 - - 
Arthritisd 1 0 - - 
Hypothyroidism 1 0 - - 
Muscle spasmsd 1 0 - - 
Rash, 
maculopapular 

1 0 X X 

Tenosynovitisd 1 0 - - 
a XXXXXXXXXXXXXXXXXXXXXX b XXXXXXXXXXXXXXXXXXXXX c XXXXXXXXXXXXXXXXX 
d XXXXXXZZZZZZZZXXX 
ALT, alanine aminotransferase; AST, Aspartate aminotransferase 
Data for cohort 2 not reported in the CS and have been taken from the updated CSR. 
 

 
The most frequent adverse events of special interest in cohort 2 were: rash (11.6%), increased 

alanine aminotransferase (5.2%), increased aspartate aminotransferase (5.2%), hypothyroidism 

(3.2%), maculo-papular rash (3.2%), peripheral neuropathy (3.2%), pneumonitis (2.6%), and 

increased bilirubin (2.6%) (data provided by the company in clarification response A43). The CS 

states that in 63 patients treated with atezolizumab for ≥1 year in cohort 2, 13% experienced an 

immune-mediated adverse event of any grade, and 3% experienced a Grade 3–4 immune-
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mediated adverse event. In these patients, rash, acute kidney injury and influenza-like illness 

were the most common immune-mediated adverse events of any grade (n=2 each).  

 

In study PCD2989g adverse events of special interest were provided by the company in 

response to clarification question A43. The most commonly reported events were similar to 

those seen in the two cohorts of Imvigor 210: rash (12.6%), aspartate aminotransferase 

increase (10.5%), peripheral neuropathy (8.4%), and alanine aminotransferase increase (7.4%). 

 

Across both cohorts of Imvigor 210 12-13% of patients experienced immune-mediated adverse 

events of special interest requiring systemic corticosteroids (Table 22).  

 

Rates of infusion-related reactions are reported (CS Tables 43 and 46), although they were not 

classed by the company as adverse events of special interest. Rates of infusion-related 

reactions were relatively low, affecting 3% of patients in cohort 1 and 0.6% in cohort 2 (none 

were Grade 3-4). 

 
Adverse events leading to atezolizumab dose interruption or withdrawal 
In cohort 1, 34.5% of patients had an adverse event leading to dose interruption and 7.6% had 

an adverse event leading to treatment withdrawal. In cohort 2, 32.3% of patients had an adverse 

event leading to dose interruption and 3.9% had an adverse event leading to treatment 

withdrawal (CS section 4.13.1). In study PCD4989g 4.2% of patients had an adverse event 

leading to treatment withdrawal (reported by the company in clarification response A43). 

 

Specific adverse events leading to atezolizumab withdrawal were specified by the company in 

clarification response A43. Across both cohorts of Imvigor 210 and also in study PCD4989g the 

reasons for withdrawal were diverse and mostly affected only one patient each. These included, 

among others: cohort 1: cardiac arrest, myocardial infarction, sepsis, diarrhoea, rheumatoid 

arthritis, respiratory failure; cohort 2: sepsis, pulmonary sepsis, colitis, fatigue, cerebral 

haemorrhage, pneumonitis, pruritis; study PCD4989g: increased bilirubin, sepsis, intracranial 

mass. The rates of withdrawals were not specified in relation to the time on treatment. 
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Deaths 
In cohort 1, there were 59 deaths: 52 were due to progressive disease, five due to grade 5 

adverse events (four within 30 days of the last atezolizumab dose; one more than 30 days after 

the last dose), and two were due to unspecified causes (not progression or adverse event) (CS 

section 4.12.3.1). 

 

In cohort 2, there were 226 deaths: 211 were due to progression, three due to grade 5 adverse 

events (CS section 4.12.3.1) and XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

(Supplemental Results Report IMVigor 210, pages 737-738). 

 

Four of the participant deaths in cohort 1 and three in cohort 2 were due to Grade 5 adverse 

events, of which one (unspecified, in cohort 1) was treatment-related.  

 

Summary of adverse events 
Overall, atezolizumab appears to be reasonably well-tolerated given the advanced age of the 

population, and the adverse events data do not raise any safety concerns beyond those 

expected for an anti-cancer immunotherapy. The majority of deaths in the Imvigor 210 study 

were due to progressive disease, with only one death (in cohort 1) attributed as being treatment-

related. Around one third of patients in each cohort experienced dose interruptions as a result of 

adverse events, whilst 7.6% of cohort 1 patients and 3.9% of cohort 2 patients had adverse 

events leading to withdrawal of atezolizumab. 

 

 

3.4 Summary of the clinical effectiveness evidence 
 

The published evidence base for effectiveness of first-line and second-line atezolizumab is 

based on a single phase II single-arm study, Imvigor 210. Limited additional supporting 

information is provided by the company from a phase I study which included patients receiving 

second-line atezolizumab. However, the patients received on average slightly less than the 

licensed dose. The primary outcome in Imvigor 210 was the objective response rate, whilst 

overall survival and progression-free survival were secondary outcomes. At the latest available 

data-cut, and based on independent review facility assessment using RECIST v1.1 criteria, first-

line patients had a median overall survival of 15.9 months, median progression-free survival 2.7 

months, an objective response rate of 22.7%, and the median duration of response had not yet 
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been achieved. Second-line patients had a median overall survival of 7.9 months, progression-

free survival of 2.1 months, an objective response rate of 15.8%, and the median duration of 

response had not yet been achieved.  

 

Overall, atezolizumab appears to be reasonably well-tolerated given the advanced age of the 

population, and the adverse events data do not raise any safety concerns beyond those 

expected for an anti-cancer immunotherapy.  

 

Comparison of the clinical effectiveness of atezolizumab against comparator chemotherapy 

drugs was limited by a lack of evidence to allow the formation of a network, as the relevant 

comparators were either single-arm studies or single arms within controlled trials. To enable a 

network to be formed for meta-analysis, the company employed a simulated treatment 

comparison to ‘predict’ a matching atezolizumab arm for each comparator study. The resulting 

comparisons of atezolizumab against each comparator were then included in a network meta-

analysis. The company determined that the proportional hazards assumption would be unlikely 

to hold for comparisons between atezolizumab and standard chemotherapy drugs. They 

selected a fractional polynomial model analysis approach for the network meta-analysis since 

higher-order fractional polynomial models are not dependent on the assumption of proportional 

hazards (but see below).  

 

The company acknowledge that the results of the fractional polynomial network meta-analysis 

are unreliable and should be interpreted with caution. 

 

The ERG has the following concerns regarding the simulated treatment comparison: 

• A fundamental assumption of a simulated treatment comparison is that, ideally, all 

covariates (i.e. prognostic factors or effect modifiers for survival) have been included in 

the analysis. The company has included only three or four binary covariates (from age, 

sex, liver metastasis, performance status). This may limit how well-matched the 

simulated atezolizumab arms are to the comparator arms. 

• Some aspects of the analysis are unclear, including the imputation approaches used to 

account for missing covariate values.  

• The cumulative impact of small errors and inconsistencies in the data is unclear.
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The ERG has the following concerns regarding the network meta-analysis: 

• The company states that the reason for using fractional polynomial models was to allow 

analysis of comparisons which violate the proportional hazards assumption. However, 

after assessing model fit, the company selected the zero-order fractional polynomial 

model which assumes proportional hazards. The company does not discuss the 

plausibility of this model.  

• Hazard ratios for overall survival were not used to inform clinical effectiveness of 

atezolizumab and were considered to be clinically implausible when applied in the 

economic analysis without adjustment.  

• Hazard ratios for progression-free survival were considered to be clinically implausible 

and were not used to inform the clinical effectiveness or cost-effectiveness evaluation of 

atezolizumab. 
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4 COST EFFECTIVENESS  

4.1 Overview of the company’s economic evaluation 
The company’s submission to NICE includes: 

• a review of published economic evaluations of chemotherapy treatment regimens for 

patients with advanced or metastatic urinary bladder cancer. 

• a report of an economic evaluation undertaken for the NICE STA process. The cost 

effectiveness of atezolizumab is compared with gemcitabine + carboplatin for patients 

with locally advanced or metastatic urothelial cancer for whom cisplatin-based 

chemotherapy is unsuitable and compared with docetaxel, paclitaxel and best supportive 

care for patients whose disease has progressed after prior chemotherapy.  

4.2 Summary and critique of the company’s review of published economic 
evaluations 

 

A systematic search of the literature was conducted by the manufacturer to identify economic 

evaluations of chemotherapy treatment regimens for patients with advanced/metastatic urinary 

bladder cancer who have progressed after at least one prior chemotherapy (see section 3.1 of 

this report for our critique of the company’s search strategy). 

 
The inclusion and exclusion criteria for the systematic review are listed in CS Appendix 8.7. The 

inclusion criteria state that economic evaluations of chemotherapy treatment regimes in patients 

with advanced or metastatic urinary bladder cancer who have progressed after at least one prior 

chemotherapy regimen (or who are intolerant of cisplatin-based chemotherapy) would be 

included. No exclusion criteria are reported.  

 

Forty-one studies were identified from screening 844 titles and abstracts, with a further three 

studies identified through hand-searching. Of these, 37 studies were excluded, mainly as the 

studies were reviews or editorials or were in the wrong patient population. Seven studies were 

included for full review (the CS does not report the references for these studies identified; they 

were provided by the company in clarification response B9). The company reported that none of 

these studies were relevant to the current submission and the CS does not provide any further 

details for these studies. The ERG is unclear why the company considered these studies not 

relevant to the current submission and we note that the company used two of these studies to 

inform their analyses of resource use22 and HRQoL.67 
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4.3 Critical appraisal of the company’s submitted economic evaluation 

4.3.1 NICE reference case 
The ERG’s critical appraisal of the submitted economic evaluation based on the NICE reference 

case requirements is summarised in Table 23. 

 

Table 23 NICE reference case requirements 
NICE reference case requirements 
 

Included in 
submission 

Comment 

Decision problem: As per the scope developed by 
NICE  

Not 
completely 

CS Table 2, CS section 1.1.1. 
The economic evaluation in the 
CS has combined two of the 
populations in the NICE scope to 
create one population whose 
disease has progressed (2L). 

Comparator: As listed in the scope developed by NICE Not 
completely 

The CS does not include best 
supportive care for the 1L cohort 
and does not include retreatment 
with 1st line platinum-based 
chemotherapy for 2L treatment 
(CS Table 2, section 1.1.1). 

Perspective on costs: NHS and PSS Yes  
Evidence on resource use and costs: Costs should 
relate to NHS and PSS resources and should be 
valued using the prices relevant to the NHS and PSS 

Yes  

Perspective on outcomes: All direct health effects, 
whether for patients or, when relevant, carers 

Yes  

Type of economic evaluation: Cost utility analysis with 
fully incremental analysis 

Yes  

Synthesis of evidence on outcomes: Based on a 
systematic review 

Yes CS section 4.1. 

Time horizon: Long enough to reflect all important 
differences in costs or outcomes between the 
technologies being compared 

Yes Time horizon of 20 years (CS 
Table 49). 

Measuring and valuing health effects: Health effects 
should be expressed in QALYs. The EQ-5D is the 
preferred measure of health related quality of life. 

Yes Health effects measured in 
QALYs. Utilities are mapped from 
EORTC QLQ C30 results to EQ-
5D (CS section 5.4.6) 

Source of data for measurement of health related 
quality of life: Reported directly by patients and/or 
carers. 

Yes  

Source of preference data:  Representative sample of 
the UK population 

Yes  

Equity considerations: An additional QALY has the 
same weight regardless of the other characteristics of 
the individuals receiving the health benefit. 

Yes  

Discount rate: 3.5% per annum for costs and health 
effects 

Yes CS Table 49. 

1L: first-line; 2L: second-line 
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In general, the company’s analysis conforms to NICE’s reference case requirements, but the 

analysis differs from the NICE scope with regard to the populations and comparators. 

4.3.2 Model Structure 
 
The company constructed two cost-utility models for first-line and second-line treatment with 

atezolizumab. The model structure was identical for the two models. The models have a lifetime 

time horizon of 20 years, discounting of 3.5% per annum for costs and health benefits, a weekly 

cycle length and apply a half-cycle correction. The perspective of the analysis is the NHS and 

PSS. The CS states that the time horizon was sufficiently long to capture all meaningful 

differences between the treatments compared and that the perspective and discounting rate 

were as specified by the NICE reference case.68 The ERG considers the perspective of the 

model and the choice of time horizon, cycle length and discounting rate are appropriate. 

 

The models were constructed in Microsoft Excel and each consists of a partitioned survival 

model with three health states: ‘progression-free survival’, ‘progressed disease and death. A 

schematic of the model (CS Figure 22) is shown in Figure 10 below. The CS states that this 

model was chosen as the structure and health states are in line with the clinical pathway and 

the model structure is consistent with the approaches used in earlier NICE appraisals for 

treatments with advanced or metastatic carcinoma, including the previous appraisal for 

urothelial cancer.22  

 

The model uses parametric survival modelling to fit survival curves to the observed data for 

progression-free survival and overall survival (see more details in section 4.3.5). The model 

derives the proportion of patients in the progressed disease state as the difference between the 

progression-free survival and overall survival curves.
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Figure 10 State model schematic (CS Figure 22) 
 
Patients are treated with atezolizumab until disease progression unless they discontinue due to 

adverse events. Patients treated with the comparator treatment are treated for a specified 

number of treatment cycles, according to the marketing authorisation. On the basis of expert 

clinical advice, the company assumed that there are no subsequent lines of anti-cancer therapy 

for any treatment arm in either population following progression. The CS states that for second-

line treatment this assumption was confirmed by the IMvigor 210 study where only 14.7% of 

patients receive subsequent treatment with gemcitabine with the majority only receiving 

palliative radiotherapy. For cisplatin-ineligible patients, the CS states that these might be 

expected to receive subsequent therapy, for example the NICE guidelines recommend either 

carboplatin + paclitaxel or gemcitabine + paclitaxel, but that incorporating these treatments is 

unlikely to have a significant effect on the incremental cost or effectiveness of second-line 

therapy. The ERG’s clinical expert advisor agreed that it is reasonable to assume that most 

patients on second-line treatment would not receive subsequent anti-cancer therapy following 

disease progression. 

 

The ERG considers the model structure to be an appropriate representation of the biological 

processes of advanced or metastatic urothelial cancer and appropriately represents the
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 treatment pathway. The CS presents the model structure with sufficient justification for the 

methodological and structural choices (CS Section 5.2). In general, the modelling approach 

appears appropriate.  

4.3.3 Population 
 
The company performed economic analyses for the treatment of two groups of adult patients 

with locally advanced or metastatic urothelial cancer: i) patients who are unsuitable for cisplatin-

based chemotherapy; and ii) patients whose disease has progressed after prior chemotherapy. 

These patient groups are in accordance with the final scope issued by NICE. The company is 

anticipating marketing authorisation for these populations being granted XXXXXXXXXXXXXX.  

 

The company primarily uses the open-label phase II study, IMvigor 210, as a source of clinical 

effectiveness parameters for atezolizumab in the economic model. As we describe in more 

detail above (section 3.1.3), this study includes two patient cohorts: i) cohort 1: patients who are 

cisplatin-ineligible and received atezolizumab as a first-line treatment option and ii) cohort 2: 

patients who received atezolizumab as second-line treatment, after progression on 

chemotherapy. The company aligned their modelled populations in the two cohorts with those in 

the Imvigor 210 study. The baseline characteristics of these two cohorts are presented in Table 

9. 

 

The mean ages of the first-line and second-line cohorts used in the economic models are 71.8 

years and 65.6 years respectively, and are consistent with the baseline characteristics of the 

Imvigor 210 patients (Table 9).  

 

Although Imvigor 210 is an international study (conducted in the USA, Canada, France,  

Germany, Italy, The Netherlands, Spain, and the UK), only 22 patients were from the UK (first-

line:  five out of 119; second-line: 17 out of 310). Following expert clinical advice, we do not 

have any concerns about the generalisability of patients in IMvigor10 to UK NHS patients.   

 
The CS acknowledges that the use of data from the single-arm phase II study has limitations 

and states that these constraints will be overcome when ongoing phase III studies IMvigor130 

(for cohort 1) and IMvigor211 (for cohort 2) are completed in 2020 and 2017 respectively. 
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For the economic analyses of second-line treatment, the company has merged cisplatin-

ineligible and cisplatin-eligible patients into a single group who receive the same comparators 

i.e. docetaxel, paclitaxel and best supportive care. The CS states that the treatment patterns 

and response rates for patients in the second-line treatment cohort are unlikely to be different 

based on patients’ eligibility for cisplatin, although no evidence is provided in support of this.  

 

Sub group analysis 
The scope does not specify any subgroups for the appraisal and the company has not 

conducted any subgroup analyses. 

4.3.4 Interventions and comparators 
 

The interventions and comparators used in the first-line and second-line patient cohorts within 

the economic models are summarised in Table 24. 

 

Table 24 List of intervention and comparators used in the company’s economic analyses 
Patient cohort Intervention Comparators 
First-line Atezolizumab Gemcitabine + carboplatin 
Second-line Atezolizumab Docetaxel 

Paclitaxel 
Best supportive care  

 
In summary, the comparators used in the economic models broadly align with the NICE scope 

for this appraisal, except for slight deviations, as discussed in section 2.3. 

4.3.5 Treatment effectiveness and extrapolation 
 
The clinical outcomes included in the CS model were progression-free survival, overall survival 

and time to treatment discontinuation (TTD). The company’s approach for obtaining clinical 

effectiveness estimates for comparisons of atezolizumab against first-line and second-line 

chemotherapy treatments for use in the economic analysis is explained and critiqued in section 

3.1 above. In summary, the company did not find any direct head-to-head comparisons of 

atezolizumab against chemotherapy and only single-arm studies of relevance were identified 

(as described above, section 3.1.3). To enable comparisons between atezolizumab and 

chemotherapy drugs the company conducted a simulated treatment comparison in which each 

individual comparator arm was compared against a ‘predicted’ atezolizumab arm. The predicted 

arm was based on a Cox regression prediction model informed by baseline covariates in the 
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comparator arm. These simulated atezolizumab-chemotherapy comparisons were then included 

by the company in network meta-analysis (using a fractional polynomial model) to produce 

survival hazard ratios for atezolizumab versus each comparator. We have summarised and 

critiqued the included comparator studies above in section 3.1.3 (their baseline characteristics 

are given in Table 10 and Table 11). We have also provided a summary and critique of the 

simulated treatment comparison and network meta-analysis methods in section 3.1.7; and the 

results of the meta-analysis in section 3.3.6. 

 

For the economic analyses, Imvigor 210 was used as the primary data source for the 

atezolizumab arm in both the first-line and second-line patient cohorts.  Estimates of the clinical 

effectiveness of atezolizumab versus first-line and second-line comparators were provided by 

hazard ratios from the company’s network meta-analysis. The company used five methods to 

estimate treatment effects in their economic models (see Table 25): 

 

i. Extrapolation from Imvigor 210 

ii. Assumption based on the KEYNOTE-045 study: progression-free survival of 

gemcitabine + carboplatin, and that of docetaxel and paclitaxel are equal to 

progression-free survival of atezolizumab 

iii. Mix cure rate model 

iv. Proportional hazards model  

v. Fractional polynomial with capped hazard ratio 

 

These methods are described further in the following subsections. 
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Table 25 Methods to estimate treatment effects 
Outcome Intervention Comparators 
First-line Atezolizumab Gemcitabine + carboplatin 
PFS  Extrapolation from IMvigor 

210 
Assumption: PFS of gemcitabine +carboplatin = PFS of 
atezolizumab 

OS  Mix cure rate model (uses 
data from IMvigor 210 and 
Life tables) 

Results from fractional polynomial NMA with capped HR 

Second-
line 

Atezolizumab Best supportive 
care 

Docetaxel Paclitaxel 

PFS  Extrapolation from IMvigor 
210 

Use of 
proportional 
hazards model 
(by using the HR 
obtained from 
the fractional 
polynomial NMA) 

Assumption: 
PFS of 
gemcitabine 
+carboplatin = 
PFS of 
atezolizumab 

Assumption: 
PFS of 
gemcitabine 
+carboplatin = 
PFS of 
atezolizumab 

OS Mix cure rate model (uses 
data from IMvigor 210 and 
Life tables) 

Results from 
fractional 
polynomial NMA 
with capped HR 

Results from 
fractional 
polynomial NMA 
with capped HR 

Results from 
fractional 
polynomial NMA 
with capped HR 

HR: Hazard Ratio; NMA: network meta-analysis; PFS: progression-free survival 

 

4.3.5.1 Progression-free survival 
 
Atezolizumab (first-line and second-line) 
In the company’s base case, parametric distributions (exponential, Weibull, log-logistic, log-

normal, generalised gamma and Gompertz distributions) were fitted to the observed Kaplan- 

Meier data from the Imvigor 210 study to extrapolate progression-free survival curves for both 

first-line and second-line treatments. The company assessed the goodness of fit of these 

distributions by using the Akaike Information Criterion (AIC), Bayesian Information Criterion 

(BIC), visual inspection and clinical plausibility, following which the generalised gamma 

distribution was chosen for the base case in both the patient cohorts. The company also used 

the log-normal and log-logistic distributions in scenario analyses, but these did not have any 

significant impact on the base case ICERs (CS Table 93).  

 

First-line comparator: gemcitabine + carboplatin 
The CS states that the results of the fractional polynomial network meta-analysis (discussed 

earlier in section 3.3.6), when applied to the economic model, provided clinically implausible 

results. The company explored using the proportional hazards model and capping of hazard 
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ratios but argues that these approaches are not appropriate techniques to obtain progression-

free survival for the comparator drugs. So, they applied an assumption that progression-free 

survival of gemcitabine + carboplatin is equivalent to that of atezolizumab. The CS does not 

justify this assumption but it mirrors an assumption that the company made for second-line 

comparisons (explained below) that progression-free survival curves for atezolizumab and the 

comparators are equivalent. 

 

Second-line comparators: docetaxel, paclitaxel and best supportive care 
For second-line comparisons, the progression-free survival of docetaxel and paclitaxel were 

assumed to be equivalent to that of atezolizumab. This assumption is based on an Australian 

phase III clinical study KEYNOTE-04569 which included two patient cohorts: i) those who were 

treatment naive and ineligible for cisplatin-based chemotherapy; and ii) those who had 

previously received platinum-based chemotherapy.  Although these patient populations align 

with those in this appraisal, KEYNOTE-045 compared pembrolizumab to investigator’s choice of 

a ‘blended comparison’ of docetaxel, paclitaxel or vinflunine for which the data indicated a ‘non-

significant HR of 0.98 for PFS’ for pembrolizumab compared to the blended comparator (CS 

section 5.3.4). As the hazard ratio was not statistically significant and almost equivalent to 1.0, 

the company assumed that the progression-free survival curves for the comparators are 

equivalent to that of atezolizumab. 

 

For best supportive care, the company assumed a proportional hazards model with a hazard 

ratio of 1.12 (Crl 0.91 to 1.37) based on the fixed-effect zero fractional polynomial model used in 

the economic analysis.  

 

For validation, the company compared the progression-free survival model results against the 

observed clinical data from IMvigor 210 (CS Table 75). The CS states that the economic model 

overestimates median progression-free survival compared to the observed data. 

 

ERG comments on the methods for modelling progression-free survival 
The ERG views the standard method adopted to extrapolate progression-free survival data for 

both the first-line and second-line atezolizumab arms in the IMvigor 210 trial, by fitting 

parametric distributions, to be appropriate. In both patient cohorts, the gamma distribution is 

used for data extrapolation which appears to provide a good fit to the progression-free survival 

data, based upon AIC and BIC values and visual inspection of the survival curves.  
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The economic models provide an option which enabled the ERG to run the analyses not 

assuming that atezolizumab is equivalent to its comparators. For this scenario, in first-line 

treatment comparisons, the model uses parametric curves fitted to the gemcitabine + 

carboplatin progression-free survival data whereas for the second line treatment comparisons, 

the relative effects of the comparator arms i.e. docetaxel, paclitaxel and best supportive care 

are derived from the fractional polynomial models. In both the cases, the impacts on base case 

ICERs are minimal (see Table 26).  

 
Table 26 Comparison of the CS base case results with the ERG’s assumption on 
progression-free survival  

Comparator ICER (£/QALY) 
First-line CS Base case ERG scenario: PFS of atezolizumab ≠ 

PFS of GEM + CAR 
Gemcitabine + carboplatin £44,158 £43,841 

 
Second-line CS Base case ERG scenario: The relative effects of 

the comparators are obtained from FP 
models 

Docetaxel £131,579 £132,250 
Paclitaxel £104,850 £99,996 
Best supportive care £98,208 £98,273 

CAR: carboplatin; GEM: gemcitabine; FP: fractional polynomial; PFS: progression-free survival 
ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life year 
 
 
The CS does not present any rationale for using the KEYNOTE-045 study to inform the 

progression-free survival parameter for the comparator arms.  It is unclear if this study was 

identified from a systematic search. Further, IMvigor 210 and KEYNOTE-045 consist of different 

interventions i.e. atezolizumab and pembrolizumab, respectively. To assume that progression-

free survival curves of the comparators in the current appraisal are similar to that of  

atezolizumab based on this Australian study implicitly indicates that progression-free survival of  

atezolizumab is similar to that of pembrolizumab. Whilst we acknowledge that atezolizumab and 

pembrolizumab belong to the same broad class of drugs, the CS does not provide any evidence 

that they will have similar effectiveness, and we note that they have different specific modes of 

action (atezolizumab is a PD-L1 inhibitor whilst pembrolizumab is a PD1 inhibitor). According to 

the ERG’s clinical expert, there is insufficient information available on whether atezolizumab and 

pembrolizumab differ in effectiveness, but it would be reasonable to assume that they are 

similar.  
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4.3.5.2 Overall Survival 
 
Atezolizumab (first-line and second-line) 
The company uses a mix-cure rate model to extrapolate overall survival for the atezolizumab 

arms in both the patient cohorts. The mix -cure rate model estimates decline in mortality risk 

associated with cancer by accounting for cancer-related mortality risk and background mortality 

risk. Two populations - those with a low risk of cancer-related death and those with a high risk 

of cancer-related death are combined to produce an average survival curve for the whole 

population. The survival equations for these patient groups use ‘cure fraction’ as a factor 

determining trial population survival.  The CS uses the dataset from the observed survival times 

in the IMvigor 210 study and background mortality risks from life tables. The CS assumes the 

cure fraction for atezolizumab is 0% in the base case (which implies 0% of patients will be at a 

lower risk of death due to the condition). Long-term survival data were extrapolated by fitting a 

generalised gamma distribution in the base case analyses. The company measured the 

goodness of fit using AIC and BIC statistics which justify the selection of this distribution (CS 

Table 53 and Table 54). Different ‘cure fraction’ rates ranging from 1% to 3% were assessed in 

scenario analyses. These alternative cure fraction rates do not have a significant impact on the 

base case ICERs.  

 

First-line comparator: gemcitabine + carboplatin 
To obtain overall survival curves for the comparator arm, the company uses the results from the 

fractional polynomial model (presented above in section 3.3.6). The CS states that using the 

data from the network meta-analysis results in the hazard ratio increasing linearly over time, 

which would inadvertently lead to clinically implausible results as the relative efficacy of 

atezolizumab continues to increase. As a result, the company capped the hazard ratio at the 

time point corresponding to the median follow-up duration of the study which, as reported by 

Bamias et al.42 for the first-line cohort was at 8 months. Beyond this time point, the company 

assumed proportional hazards. 

 

Second-line comparators: docetaxel, paclitaxel and best supportive care 
The company used the same approach and assumption as for the first-line comparison to model 

overall survival for the second-line comparators. Hazard ratios were capped at the time points 
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corresponding to the median follow-up of the atezolizumab study which for the latest data-cut 

(see section 3.3) was at 21.16 months.  

 

Table 27 and Table 28 show the parameter estimates, which the CS refers to as ‘contrast 

estimates’, from the fractional polynomial models used in the company’s network meta-analysis, 

and the hazard ratios used in the company’s economic analyses (for an overview of the 

fractional polynomial models see section 3.1.7 above). The derivation of hazard ratios from the 

contrast estimates is explained as follows: 

Log HR = Intercept + (slope* time points) 

   i.e., HR = eIntercept + (slope* time points) 

   where, time-points refer to time points in the Markov cycles. 
 
 
 
Table 27 Contrast estimates from fractional polynomial models  

Treatment Intercept 
(median) 

Intercept 
(lower 
bound) 

Intercept 
(upper 
bound) 

Slope 
(median) 

Slope 
(lower 
bound) 

Slope 
(upper 
bound) 

Correlation 
between 
intercept 
and slope 

First-line (from clarification response A33) 

Gemcitabine 

+carboplatin 
0.21 -0.242 0.647 0.051 -0.009 0.112 -0.749 

Second-line (from CS Table 24) 

BSC 0.547 0.238 0.848 -0.002 -0.038 0.034 -0.736 
Paclitaxel 0.333 -0.280 0.901 0.003 -0.073 0.070 -0.738 
Docetaxel -0.168 -0.581 0.234 0.044 -0.008 0.092 -0.787 

BSC: best supportive care 
 
 
 
ERG comments on the methods for modelling overall survival 
The company’s approach to modelling survival in patients in the atezolizumab arm using a mix 

cure rate model appears to be reasonable. The ERG notes that the overall survival model 

results for atezolizumab compare well with the observed IMvigor 210 trial data (CS Table 76), 

based upon visual inspection.  

 

Whilst the company has reported validation checks for the modelled overall survival results (by 

comparing the model results with results from clinical experts as shown in CS Table 77), the CS 
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does not report any sensitivity or scenario analyses with alternative parametric distributions. 

This is a major concern as the model results are very sensitive to the parametric distribution 

used for the intervention arm in both first-line and second-line comparisons. The CS also does 

not present any sensitivity analyses varying the treatment effect of atezolizumab compared to 

the comparator arms. Further, the CS does not report any sensitivity analyses varying the 

contrast estimates used within the fractional polynomial models. To address these issues, we 

conducted a range of sensitivity analyses, details of which are described below in section 4.4.  

 
 
Table 28 Hazard ratios used in the company’s economic analyses 

First-line OS HR until 8 months OS HR after 8 months 
Atezolizumab vs 
gemcitabine + carboplatin 

0.62 (Crl: 0.47, 0.82) 0.54 

 The value is obtained from the 
zero order FP model which is 
then used to estimate the HR at 
different time points until the 
follow up duration for the 
comparator study (i.e. at 8 
months) at which point the HR is 
capped. 
 

The economic model uses the value 
of 1.84 (i.e. HR of gemcitabine + 
carboplatin vs atezolizumab). This 
value is used based on the 
assumption of proportional hazards. 

Second-line OS HR until 21.16 months OS HR at and after 21.16 months 

Docetaxel  vs 
atezolizumab 

Results from the first-order FP 
model are used to estimate the 
HR until the time points 
correspond with the median 
follow up (i.e. at 21.16 months) at 
which point the HR is capped. 

2.12 (this value is based on the 
assumption of proportional hazards) 

Paclitaxel vs atezolizumab Same as above 1.49 (this value is based on the 
assumption of proportional hazards) 

BSC vs atezolizumab Same as above 1.66 (this value is based on the 
assumption of proportional hazards) 

HR: Hazard Ratio; FP: fractional polynomial; OS: overall survival 
 

 

The company’s choice of parametric curves for overall survival is based upon the fit with 

survival data for atezolizumab, assessed using AIC and BIC values and visual inspection of the 

parametric curves. The ERG notes that other parametric curves may also provide a good fit with 

the observed trial data and that the model also provides the option to use the Kaplan-Meier data 

with a parametric distribution for the tail of the curve. We also note that the AIC and BIC values 

only provide information on the fit to the observed data and do not inform the choice of the 

extrapolation beyond the trial, which should be based upon clinical plausibility.
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The same parametric distribution is used for atezolizumab and its comparators but the company 

does not comment on how well the parametric distribution fits with the comparator trial data. The 

ERG compared the modelled overall survival results with the first-line survival results reported in 

the study by De Santis et al.44 We extracted the Kaplan-Meier curve for gemcitabine + 

carboplatin from De Santis et al. (using Engauge digitiser). We then compared the curve with 

the modelled overall survival curves obtained using the company’s base case results using the 

estimates from the fractional polynomial model and with the assumption of proportional hazards. 

As shown in Figure 11, the exponential distribution provides a better fit to the overall survival 

data in De Santis et al.44 compared to the cure generalised gamma (i.e., the mix cure-rate 

model extrapolated using a generalised gamma distribution) used in the base case of the CS. 

As the follow-up duration for gemcitabine + carboplatin is significantly longer than for 

atezolizumab, it appears reasonable to base the parametric curve on the best fit for the 

gemcitabine + carboplatin arm, rather than the atezolizumab arm. Based on this observation, 

we consider that it would be appropriate to use the Kaplan-Meier data with an exponential tail to 

extrapolate first-line overall survival. This is explored in section 4.4 below. 

 

 
Figure 11 Comparison of the overall survival curves from De Santis et al. and the 
company’s model 
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Similarly, for the second-line treatment comparisons, we compared the modelled overall survival 

for each of the comparator arms with the survival data presented by Bellmunt et al.45 for best 

supportive care; Kim et al.49 for docetaxel; and Lee et al39 for paclitaxel. Of the five second-line 

comparator studies (i.e. those listed in Table 11), two reported survival data on best supportive 

care. We chose the study by Bellmunt et al.45 to compare the modelled overall survival curve for 

best supportive care due to it having a larger sample size and longer follow up compared to the 

study by Noguchi et al.46, 47 For docetaxel, the study by Kim et al.49 was chosen over the study 

by Choueiri et al.50 due to having a longer follow up duration. For paclitaxel, we used the only 

study that reported a survival curve for paclitaxel, by Lee et al.39 A similar technique was used to 

extract Kaplan-Meier data for survival from these studies, as adopted for the first-line 

comparisons.  

 
 

 
Figure 12 Comparison of the overall survival curve for best supportive care from 
Bellmunt et al. with the company’s modelled curve 
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Figure 13 Comparison of the overall survival curve for docetaxel from Kim et al. with the 
company’s modelled curve 
 
 

 
 
Figure 14 Comparison of the overall survival curve for paclitaxel from Lee et al. with the 
company’s modelled curve
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As shown in Figure 12, Figure 13, and Figure 14, the modelled overall survival curves for the 

second-line comparator arms are comparable with the survival curves reported by the studies of 

interest. To assess the most plausible distribution for extrapolating overall survival data, we 

compared different model fits for the atezolizumab arm and the best supportive care arm. The 

goodness of fit was measured primarily through visual inspection. We chose best supportive 

care for this comparison due to the available evidence being based on a larger sample size and 

a longer follow up period (see Table 11) for this comparator among the three comparator arms 

(docetaxel, paclitaxel and best supportive care) used in the economic analyses. Based on our 

observation, we view that Kaplan-Meier data and a Weibull curve would provide the most 

appropriate fit for extrapolating long term survival data. Further details of this analysis and 

alternative plausible survival distributions are presented in section 4.4. 

 
The ERG notes that the company is inconsistent in the time points used to cap the hazard ratio 

across the two patient cohorts. As previously mentioned, the first-line hazard ratio is capped at 8 

months whereas for the second-line comparisons, the cut-off is 21.16 months. For both first-line 

and second-line hazard ratios the assumption of proportional hazards is applied after the 

capping time point. The ERG conducted exploratory analyses for both first-line and second-line 

comparisons in which we varied the time points at which the assumption of proportional hazards 

starts (see section 4.4).  Secondly, the ERG has concerns about the company’s approach to 

cap the hazard ratio. The CS states this was done to arrive at clinically plausible results. 

However, this raises questions about whether the results from the fractional polynomial models 

used in the network meta-analysis are appropriate to inform the economic analyses if it is 

necessary to cap them in order to provide plausible results. We have performed exploratory 

analyses to see the effect on overall results of varying the slope of the contrast estimates. This 

was done to avoid needing to cap the hazard ratios. Further details of the analyses are 

presented in section 4.4 below.  
 

4.3.5.3 Time to treatment discontinuation  
 
In the CS, TTD for first- and second-line atezolizumab is captured in the model through patients 

transitioning in the model. Data for TTD for atezolizumab was taken directly from the IMvigor 

210 study for the trial period. Beyond this time-frame, the company extrapolated discontinuation 

data by adopting the standard technique of fitting parametric distributions to the TTD Kaplan-

Meier curves. Goodness of fit to the data was assessed using AIC and BIC and graphical 
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assessment. The CS states that for the first-line and second-line comparator arms, progression-

free survival is used as a proxy for time on treatment. To assess uncertainty associated with 

TTD, the company has conducted scenario analyses in which progression-free survival is used 

as a proxy for time on treatment for the atezolizumab arm. The ICERs indicate that the results 

are sensitive to the way treatment duration is modelled. These are shown in detail in the ERG’s 

additional analyses (section 4.4).  

 

ERG comments on the methods for modelling time to discontinuation 
On balance, for the base case, we agree with the company’s approach to extrapolate TTD data 

for the first-line and second-line atezolizumab arms. However, they have used a generalised 

gamma distribution in both the patient cohorts, although the findings from the AIC and BIC 

statistics indicate that a Weibull function for first-line and a log-logistic function for second-line 

provide the best fit. Visual inspection of fitting different distributions shows that both Weibull and 

log-logistic for first-line treatment and other curves as stated in CS Table 67 for second-line 

treatment provide plausible fit to model TTD in the two patient cohorts. We ran the economic 

models with the alternative plausible distributions in both the patient cohorts, as discussed in the 

ERG’s exploratory analyses in section 4.4.    

 
In estimating TTD for the comparator arms in both the patient cohorts, the company contradicts 

their statement that ‘PFS is not a good surrogate for treatment duration as it is likely to 

underestimate the true treatment duration expected in clinical practice, and as such, treatment 

cost’ (CS section 5.5.5, end of 1st paragraph within Atezolizumab section). The ERG notes that 

patients treated with first-line gemcitabine + carboplatin receive up to a maximum of six cycles 

of treatment and therefore TTD is not modelled according to progression-free survival. For 

second-line treatment, TTD associated with docetaxel and paclitaxel is modelled according to 

progression-free survival. However, as the costs associated with these drugs are minimal, the 

assumption (using progression-free survival as a proxy for TTD) does not have any significant 

impact on the overall model results. TTD does not apply to best supportive care as there is no 

associated treatment cost. 

 

Whilst the company has conducted scenario analyses associated with the atezolizumab arm, no 

such analyses have been conducted for the comparator arms. This appears to be appropriate, 

based on the reasons outlined above. In summary, we view that the company’s approach to 

modelling TTD within the current appraisal is reasonable. 
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4.3.5.4 Adverse events 
The company does not model the impact of adverse events on HRQoL. The CS states that 

there are limited data on adverse events which is coupled with a lack of comparative data for 

HRQoL in metastatic urothelial carcinoma. These aspects make it challenging to incorporate the 

effects of adverse events on HRQoL in the economic analyses. The CS notes that EQ-5D which 

will be collected as part of an ongoing phase III trial (due to complete after the conclusion of the 

current technology appraisal) should provide more evidence on the impact of adverse events on 

HRQoL. However, costs associated with adverse events are incorporated in the economic 

models, details of which are explained below in section 4.3.7. The ERG supports these 

justifications with respect to adverse events. 

 

4.3.6 HRQoL 
 

The CS reports that HRQoL data specific to the decision problem will be available from ongoing 

phase III studies. Pending the completion of these studies, and for the purpose of this 

submission, the company conducted a systematic literature review to identify HRQoL studies for 

patients with advanced or metastatic urinary bladder cancer who have progressed after at least 

one prior chemotherapy regimen or who are intolerant of cisplatin-based chemotherapy. The 

electronic databases searched included Medline In-process, Embase and the Cochrane library 

and the search strategy (reported in CS Appendix 8.9) appears to have been appropriate 

according to our appraisal (section 3.1.1). The inclusion criteria specified utilities derived directly 

from trials, through generic preference-based instruments or through mapping studies. Studies 

that reported utilities in patients undergoing surgery or receiving chemotherapy were also 

included. After removing duplicates, the CS identified 127 references as being potentially 

relevant (CS Figure 30). However, after reviewing these references in detail, the company 

concluded that they were not relevant to the decision problem and excluded all of them. 

Following the exclusion of these studies, the company expanded their search criteria to include 

any publication reporting HRQoL data for patients diagnosed with urothelial/bladder cancer 

regardless of the line of treatment or the disease severity (CS Table 59). Once more, the CS 

reports that none of the studies identified were consistent with the reference case and therefore 

all the studies were excluded. The ERG agrees with the exclusions. 

 

Having identified no relevant studies, the CS reports that relevant HTA submissions and cost-

utility analyses identified during the company’s review of economic evaluation publications were 
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re-visited (CS section 5.1; CS Table 60). Generally, the identified studies acknowledged a lack 

of appropriate utilities for the populations of interest and most of these studies employed 

mapping or preference-based elicitation from proxy populations.    

 

Based on advice from the company’s experts that utility values in the NICE guidance on 

vinflunine for treatment of transitional cell carcinoma of the urothelial tract22 were too low, the 

company used utility values cited in the Australian Pharmaceutical benefits Advisory Committee 

(PBAC) cost-utility analysis for vinflunine67 to carry out base-case cost-effectiveness analysis. 

The ERG’s expert clinical advisor agreed that the vinflunine utility values from the NICE 

appraisal were too low.  

 

The CS does not provide a complete list of the excluded 127 studies in the main text or the 

appendix. However, the ERG identified one additional study which included measures of 

HRQoL in patients with advanced urothelial carcinoma and which could potentially be used to 

estimate or inform utility scores: Soga et al. 2007.70 The study by Soga et al. was is in a 

Japanese setting, where paclitaxel + carboplatin therapy was administered as second-line 

treatment to patients who had become resistant to platinum based chemotherapy. The study 

reports the EORTC QLQ-30 values at two time points – pre-treatment and post-treatment. We 

mapped these values to the EQ-5D and estimated single utility scores. The utility scores we 

estimated (0.707 and 0.673 for pre-treatment and post treatment respectively) indicate that 

patients have lower HRQoL on treatment than when not on treatment.  

 

In the company submission, two health states account for changes in HRQoL in competing 

cohorts within the model. They are the ‘on-treatment’ or progression-free survival state and the 

‘off-treatment’ or progressive state. The health state utility values used in the model are shown 

in Table 29 (CS Table 62). While utility scores are attached to these health states, the quality of 

life impact of adverse events is not accounted for in the model. Based on the opinion of the 

ERG’s clinical advisor, the company’s decision to ascribe a higher utility value to the ‘on-

treatment’ state is counterintuitive, as patients are expected to have a lowered HRQoL during 

treatment due to the unpleasant effects of chemotherapy. The CS uses similar utility scores for 

both the intervention and the comparators. According to the ERG’s clinical expert advisor, 

atezolizumab is likely to be more tolerable than the comparator chemotherapies due to its 

mechanism of action in the body. Therefore the assumption of similar utilities could possibly 

bias cost-effectiveness analysis in favour of the comparators.    
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Table 29 Summary of utility values for cost-effectiveness analysis (CS Table 62)  

State Utility value: mean 
(standard error) 

Reference in 
submission (section 
and page number) 

Justification 

On-treatment  0.75 (0.150) 5.4.6 

Derived from mUC 
patients in vinflunine 
Australian PBAC 
assesssment 

Off-treatment 0.71 (0.142) 5.4.6 

Derived from mUC 
patients in vinflunine 
Australian PBAC 
assesssment 

mUC: metastatic urothelial carcinoma; PBAC: Pharmaceutical Benefits Advisory Committee  
 
 
The PBAC cost-utility analysis for vinflunine67 cited Rowen et al. 201171 as the source of the 

algorithms used in estimating utility values. Rowen et al. 2011 derived a preference based 

measure (EORTC-8D), which was applied to EORTC QLQ-C30 scores from a vinflunine trial to 

derive the utility scores for progression-free survival: vinflunine + best supportive care, 0.75; 

best supportive care, 0.78; and progressive disease, 0.71. The PBAC analysis also mentions a 

second paper by Mckenzie et al. 200972 which uses a mapping approach to derive preference-

based utility scores from EORTC QLQ-C30. The values derived from Mckenzie et al. 2009 are 

lower and experts (as stated in the PBAC analysis) were said to be of the opinion that values 

derived from the Rowen et al. algorithm are likely to be more robust.  
 
The CS reports sensitivity analyses that varied the utility scores. For both atezolizumab and the 

comparators, a lower value from the vinfluine NICE appraisal and an upper value of 1 were 

explored (CS Table 92). For the ‘off-treatment’ utility, the CS simply assumes a lower value of 

0.5 and an upper value of 1.  The CS sensitivity analyses (CS Figures 46 and 47, and CS Table 

93) show that utility is one of the main drivers of cost-effectiveness. ERG analysis also confirms 

this. Therefore the ERG considers that, given the high uncertainty surrounding the base-case 

utility inputs in the CS model, HRQoL data derived directly from trials with atezolizumab and the 

comparators would lead to more robust conclusions.  

 

The utility values used in the CS are not adjusted for age and disutilities arising from adverse 

events are not factored into the model. The CS states that, due to limited data, it was not 

feasible to model the effects of adverse reactions on HRQoL.
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In the company’s model, utilities are imputed in a way that is slightly inconsistent with the CS 

text: as stated in the CS, for atezolizumab, the ‘on-treatment’ utility in the model is 0.75 and the 

‘off-treatment’ utility is 0.71; however, the base-case utilities for comparators are both set at 

0.75. We carried out a scenario analysis where both utilities for atezolizumab are set at 0.75, in 

line with the assumption that atezolizumab is better tolerated than the comparators (see section 

4.4 for details). In the same analysis we set the ‘on-treatment’ utility of atezolizumab to 0.71 and 

set the ‘off-treatment’ utility to 0.75 to reflect the disutilities commonly observed during treatment 

with chemotherapy. 

4.3.7 Resource use and costs 
 

The company conducted a systematic literature search for resource use among patients aged 

18 years and above with advanced urothelial carcinoma, and their search strategy appears 

appropriate (section 3.1.1). The inclusion criteria specified that the outcomes of interest were 

direct costs, total cost, resource cost and cost drivers. The search was not restricted to studies 

conducted in the UK. The review identified 15 studies that met the broad search criteria of the 

CS. Twelve studies were further screened out and the rationale for their exclusion is stated in 

CS Appendix 8.11 (we note this is wrongly mentioned as Appendix 8.10 in the CS).  The ERG 

agrees with company’s rationale for excluding these studies. The three studies finally included 

were selected based on their relevance to the UK population. They are Seal et al. 201573; 

Huillard et al. 201674; and NICE 2013.22 

 

Seal et al. 2015 estimated total all-cause costs attributable to medical services, inpatient visits 

and emergency department visits spanning a 6-month period pre- and post-metastatic cancer 

diagnosis. The setting of Seal et al. is in the US. Huillard et al. was a retrospective study that 

captured the proportion of patients admitted to an intensive care unit, and the utilisation of 

supportive care, among adults suffering from bladder cancer in their last month of life. The 

setting for Huillard et al. is France. The ERG notes that, although the CS states that these 

studies contain data of interest (See Table 64 of the CS and CS Section 5.5.1), they have not 

been incorporated into the model.  

 

Resource use consists of the drug dose and its costs, administration costs per 21 day treatment 

cycle, adverse event management costs and weekly supportive care costs (health state costs). 

The CS makes the case that none of the studies identified in the company’s search directly 

quantified costs and healthcare resource use for the population of interest from a UK NHS 
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perspective. The CS states that, following consultation with experts, the key sources for costs 

and resource inputs were a NICE appraisal on vinflunine22 and NICE appraisals on non-small 

cell lung cancer.75, 76  

 

While the CS model has a dose fixed at 1200mg on day one of each 21 day cycle for 

atezolizumab in line with ongoing IMVigor phase III trials, the dosing for comparators is in 

mg/m2. The CS assumes that the average body surface area of patients in the IMvigor 210 

study is representative of the model cohorts. The CS states that due to data constraints, dose 

modifications and treatment breaks are not assumed for atezolizumab or any of the 

comparators. As none of the comparators are licensed for use in metastatic urothelial carcinoma 

in the UK, the CS uses information from four sources. These sources are discussed in CS 

section 5.5.4 and listed in CS Table 65. This table is reproduced below in Table 30.    

 

The cost of atezolizumab in the CS model is the proposed company cost stated in the CS. For 

the comparators (gemcitabine + carboplatin, docetaxel, and paclitaxel) the CS uses the costs 

stated in eMit (2015)77 for the base-case analysis, and then estimates non-weighted averages 

from published list prices for scenario analysis. The ERG notes that while cost-effectiveness 

analysis results for the scenario analysis of the CS are given in CS Tables 93 and 94, and CS 

section 5.8.3, the sources of the above-mentioned non-weighted averages are not explicitly 

listed in the CS. Given the paucity of data, we believe the assumptions applied by company for 

estimating drug dose and cost to be reasonable. 

 

Administration costs for all comparators are sourced from the National Schedule of Reference 

Costs - Year 2015-16 - NHS trusts and NHS foundation trusts. They are reported in Table 31 

(CS Table 68). We note that an error has been made regarding the stated sources in the CS 

(2014-2015 instead of 2015-2016). The CS assumes the same administrative costs for 

atezolizumab as for docetaxel. No rationale is given for this assumption, but the ERG’s clinical 

expert advisor suggested this is reasonable.  
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Table 30 Dose and drug costs for intervention and comparators (CS Table 65) 
First-line Dose Source List price eMit price 

Gemcitabine 

1000mg/m2 IV over 30 mins 

Day 1 and 8 of each 21 day 
cycle for maximum 6 cycles 

SmPC, 
Guideline, 

phase III trial 
dose 

200mg vial  

£31.60 

200mg vial 

£3.99 

Carboplatin 

400mg /m2 IV over 15 to 60 
mins 

Day 1 of each 21 day cycle for 
maximum 6 cycles 

SmPC, 
50mg vial  

£21.74 

50mg vial 

£3.57 

Atezolizumab 

1200mg IV over 60 mins for 
first infusion, thereafter 30 

mins 

Day 1 of each 21 day cycle 

Draft SmPC 1200mg vial 
£3807.69 n/a 

Second-line Dose Source List price eMit price 

Paclitaxel 
80 mg/m2 IV over 60 mins 

Weekly 

Guideline, 
expert 
clinical 
advice 

30mg vial  

£99.12 

150mg vial 
£442.28 

30mg vial  

£3.41 

150mg vial  
£11.50 

Docetaxel 
75 mg/m2 IV over 60 mins 

Day 1 of each 21-day cycle 

SmPC, 
phase III trial 

140mg vial 
£900.00 

140mg vial  
£17.77 

BSC n/a n/a n/a n/a 

Atezolizumab 

1200mg IV over 60 mins for 
first  infusion, thereafter 30 

mins 

Day 1 of each 21 day cycle 

Draft SmPC 1200mg vial 
£3807.69 n/a 

BSC: best supportive care; eMit: pharmaceutical electronic market information tool; IV: intravenous; 
SmPC: summary of product characteristics; n/a: not applicable 
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Table 31 Drug administration costs (CS Table 68) 
Drug Type of administration NHS 

reference 
code 

Cost per 
administration 

Source 

Atezolizumab Deliver simple 
Parenteral 

Chemotherapy 
at first 

attendance 

Outpatient 
Setting 

SB12Z £199 NHS 
reference 

costs 
2015-1678 

Docetaxel Deliver simple 
Parenteral 

Chemotherapy 
at first 

attendance 

Outpatient 
setting 

SB12Z £199 NHS 
reference 

costs 
2015-1678 

Paclitaxel Deliver simple 
Parenteral 

Chemotherapy 
at first 

attendance 

Outpatient 
setting 

SB14Z £304 NHS 
reference 

costs 
2015-1678 

Gemcitabine and 
carboplatin 

Deliver simple 
Parenteral 

Chemotherapy 
at first 

attendance 

Outpatient 
setting 

SB13Z £265 NHS 
reference 

costs 
2015-1678 

 

The company obtained the types and rates of adverse events for atezolizumab from IMvigor 210 

(these are summarised above in section 3.3.7). Adverse event rates for the comparators were 

obtained from comparator studies that were included in the network meta-analysis of overall 

survival, but are not reported in the CS. The ERG noted some discrepancies in the adverse 

event data within the model (e.g. for second-line docetaxel, adverse events were taken from 

Chouieri et al.50 only, not also from Kim et al.;48, 49 and the adverse event rate for best supportive 

care was set to zero, although Bellmunt et al.21, 45 reported a rate >0). The CS does not discuss 

these issues, although the ERG believes they are relatively unimportant compared to other 

sources of uncertainty in the company’s analysis.  

 

Details of adverse event costing are given in CS Table 70. Note that there are discrepancies 

between CS Table 70 and the company’s model. For instance, while renal failure is listed in CS 

Table 70 as having a cost £310.00, it was omitted in the company’s model. Leucopenia is said 

to cost £362.22 in CS Table 70 while in the model it is set at £362.66. The NICE appraisal75 
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referenced in the CS states a 2014 Department of Health cost of £354.72. The ERG notes that 

these errors have a negligible impact on the results of cost-effectiveness analysis. We also 

observed that references for certain adverse events (alanine aminotransferase increase, 
aspartate aminotransferase increase, blood bilirubin increase, diarrhoea, electrolyte 

abnormalities, hypophosphataemia and infection) are not included in the CS references. The 

ERG and NICE raised this issue with the company and the company provided the reference for 

these adverse events (clarification response B3).   

 

The company’s systematic review did not identify any relevant resource use data associated 

with health states in metastatic urothelial carcinoma. The CS states that resource use was 

elucidated through expert clinical advice, and deemed appropriate by the ERG and NICE 

appraisal committee on vinflunine. 22 The CS uses these same assumptions (summarised in 

Table B39 of the manufacturer submission for TA272, January 2013) in CS Table 69. We note 

that the health home visit cost is referenced as Curtis 2016 but that publication does not report 

this cost. The ERG and NICE queried this with the company and in response the company 

described the error as typographical (clarification response B1). The company stated that the 

correct reference for the health home visit cost is the manufacturer’s submission for vinflunine. 

Health state costs are slightly higher in the CS and the company explained further in their 

clarification that they have been inflated to 2015/16 costs. 

 

Resource utilisation for health states is estimated on a per cycle basis in the CS, calculated 

from separately stated unit costs and frequency of use per month. In the CS, the pre-

progression state costs amounted to £111.85, while the post-progression costs amounted to 

£146.79. despite the paucity of data, the company’s approach is consistent with the reference 

case. The CS reports one-way sensitivity analysis for monthly  atezolizumab off-treatment 

supportive care costs, and comparator off-treatment supportive care costs, varying between a 

lower value of half the base case and an upper value increased by 50% of the base case value. 

The ERG notes that the values used in these sensitivity analyses are arbitrary but in the 

absence of relevant data they are reasonable to capture the high uncertainty surrounding the 

cost inputs.
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4.3.8 Model validation 
 

4.3.8.1 Internal consistency 
The CS reports (CS section 5.10.1) that clinical experts were consulted to validate key aspects 

of the model including methodological and clinical assumptions. The assumptions included the 

model structure and health states, the prediction model, overall survival and progression-free 

survival extrapolation, utility values and resource use. The CS reports that internal quality 

control was completed for the two models by an external consultancy (ICON). The models were 

internally validated by checking formulas, cell references and model functionality. The models 

were ‘pressure tested’ by using extreme values and comparing these results with the expected 

outcomes. 

 

The economic models are coded in Microsoft Excel and are fully executable and user-friendly. 

We have not undertaken a comprehensive check of all cells in the models; internal consistency 

checks have been performed and random checking of the models has been done for some of 

the key equations in the models. We have performed a detailed checking of all model inputs 

reported in the CS (white box testing); changing the parameter values produced intuitive results 

(black box testing) and from random checking the ‘wiring’ of the model appears to be accurate. 

Through our checking of the models, we have not identified any errors, except for some errors 

in the reporting of costs (as discussed in section 4.3.7). 

4.3.8.2 External consistency 
The CS has not compared the results from their modelling to other external models. 

 
The ERG compared the costs and QALYs for best supportive care for the current submission to 

the previous submission for vinflunine. The results are shown in Table 32 below.  

 

The costs for best supportive care in the previous vinflunine appraisal were almost double those 

for the current appraisal, largely as a result of differences in health state costs. The QALYs were 

less than half for best supportive care in the vinflunine appraisal compared to the current 

submission, due to the utility values for post-progression in the vinflunine submission being 

substantially lower than the current submission. The life years for best supportive care were 

lower for the vinflunine appraisal compared to the current submission, which may be due to a 

different distribution being chosen that had a shorter extrapolated ‘tail’.
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Table 32 Comparison of best supportive care results for the current submission and a 
previous submission on vinflunine 

Comparator Costs, £ Life years QALYs 

BSC (from vinflunine appraisal) £8642 0.63 0.234 

BSC (from atezolizumab appraisal) £4836 0.75 0.55 

BSC: best supportive care; QALY: quality-adjusted life year 
 
 

4.3.9 Cost effectiveness Results 
 

Results from the economic model (section 5.7 of the CS) are presented as the incremental cost 

per QALY gained for first-line atezolizumab compared with gemcitabine + carboplatin and for 

second-line comparisons with docetaxel, paclitaxel and best supportive care.  

 

For the first-line base case an incremental cost per QALY gained of £44,158 per QALY is 

reported (see Table 33) for atezolizumab compared to gemcitabine + paclitaxel. For the second-

line base case, the ICERs for atezolizumab compared to docetaxel, paclitaxel and best 

supportive care are £131,579, £104,850, £98,208 per QALY gained respectively.   

 

Table 33 First-line base case cost effectiveness results  
Technologies Total 

costs 
(£) 

Total 
LYG 

Total 
QALYs 

Incremental 
costs (£) 

Incremental 
LYG 

Incremental 
QALYs 

ICER (£) 
incremental 
(QALYs) 

Atezolizumab £77,211 3.74 2.69     

Gemcitabine 
+ carboplatin 

£18,106 1.84 1.35 £59,106 1.91 1.34 £44,158 

ICER: incremental cost-effectiveness ratio; LYG: life years gained: QALYs: quality-adjusted life years 
 
Table 34 Second-line base case cost effectiveness results  

Technologies Total 
costs 
(£) 

Total 
LYG 

Total 
QALYs 

Incremental 
costs (£) 

Incremental 
LYG 

Incremental 
QALYs 

ICER (£) 
incremental 
(QALYs)a 

Atezolizumab £71,868 1.69 1.23     

Docetaxel £9,439 1.04 0.76 £62,430 0.65 0.47 £131,579 

Paclitaxel £16,606 0.96 0.71 £55,262 0.73 0.53 £104,850 

BSC £4,836 0.75 0.55 £67,032 0.94 0.68 £98,208 

ICER: incremental cost-effectiveness ratio; LYG: life years gained: QALYs: quality-adjusted life years 
a Pairwise comparison with atezolizumab. 
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The CS summarises the results of the PSA by presenting these as ICERs in CS Tables 90 and 

91. The ICER for first-line atezolizumab compared to gemcitabine + carboplatin is £47,593 per 

QALY gained and £129,333 per QALY for the second-line comparison to paclitaxel. The CS 

urges caution in the interpretation of the PSA results and states that they are unlikely to be 

reliable due to the high level of uncertainty in the fractional polynomial model. 

 

The CS comments that the first-line base-case ICER is below the acceptable willingness to pay 

threshold for a treatment considered under the end-of-life criteria. The base case ICER based 

on the proposed list price of atezolizumab in second-line metastatic urothelial carcinoma 

treatment is above the acceptable threshold for all comparators.  

4.3.10 Assessment of Uncertainty 
 
One-way sensitivity analyses 
The company varied the following parameters in deterministic sensitivity analyses: cost of 

atezolizumab, on-treatment utility (atezolizumab), on-treatment utility (comparator), off-treatment 

utility, off-treatment care costs (atezolizumab) and off-treatment care costs (comparator). The 

parameter values used in the analyses and rationale for their choice are shown in Table 35.  

Results of the analyses are displayed in Figure 15 to Figure 18. 

Table 35 Parameter values for univariate sensitivity analysis 
Parameter Base 

case 
value 

Lower 
value 

Higher 
value 

Rationale for value range 

Monthly cost of 
atezolizumab 

£5500 + 50% - 50%  

Atezolizumab on- 
treatment utility 

0.750 0.653 1 Lower value: Prior NICE mUC 
appraisals 
Higher value: Maximum utility value 

Comparator on- treatment 
utility 

0.750 0.653 1 Lower value: Prior NICE mUC 
appraisals 
Higher value: Maximum utility value 

Off-treatment utility 0.71 0.5 1 Lower value: 50% of possible utility 
value 
Higher value: 100% of possible utility 
value 

Atezolizumab off-
treatment supportive care 
costs  

£146.79 +50% -50%  

Comparator off- treatment 
supportive care costs 

£146.79 +50% -50%  

mUC metastatic urothelial carcinoma 
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Figure 15 Univariate sensitivity analysis for comparison of first-line atezolizumab to 
gemcitabine + carboplatin (dark bar = lower value; light bar = higher value)  
 
 

 
Figure 16 Univariate sensitivity analysis for comparison of second-line atezolizumab to 
docetaxel (dark bar = lower value; light bar = higher value)  
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Figure 17 Univariate sensitivity analysis for comparison of second-line atezolizumab to 
paclitaxel (dark bar = lower value; light bar = higher value)  
 
 

 

Figure 18 Univariate sensitivity analysis for comparison of second-line atezolizumab to 
best supportive care (dark bar = lower value; light bar = higher value)  
 
 
The ERG notes that some of the input parameters have been varied in the sensitivity analyses 

and others have been varied in the scenario analyses. Some parameters have not been varied 
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in either analysis, such as alternative overall survival distributions. We note that the on-

treatment utility and the treatment supportive costs for atezolizumab and its comparators have 

been varied independently. However, we consider that these parameters will be highly 

correlated between treatments.   

 
The main drivers of the first-line economic analysis results are the price of atezolizumab and the 

utility of patients in the progressed disease state. The CS states that the ICER remains below 

the end-of-life willingness to pay threshold in the majority of scenarios explored. For the second-

line results, the ICER is most sensitive to the price of atezolizumab. The ERG notes that the 

parametric survival functions for overall survival have not been varied in either the sensitivity 

analyses or the scenario analyses and these are also drivers of the first-line and second-line 

economic analysis results. 

Scenario Analyses 
The company conducted scenario analyses to assess uncertainty around structural 

assumptions and changes to input parameters for the model. The following scenarios were 

explored for parameter changes to: drug costs for comparators; alternative overall survival cure-

rates; alternative progression-free survival parametric distributions; progression-free survival as 

a proxy for treatment duration for atezolizumab; on-treatment utilities; off-treatment utilities; time 

horizons of 10 years; and cost and effects discount rates.  

Results are shown below in Table 36 and Table 37 for first-line comparisons (CS Table 93) and 

second-line comparisons (CS Table 94). The results are most sensitive to changes to 

assumptions around the treatment duration, the time horizon and off-treatment utility. 

The ERG notes that there are no scenario analyses varying the distributions used for overall 

survival. The ERG investigated the effect of varying these parameters as reported in section 4.4 

below. 
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Table 36 Scenario analysis results for first-line atezolizumab vs gemcitabine + 
carboplatin  

Scenario Parameter Value ICER vs 
gemcitabine + 

carboplatin 
Base case Comparator price eMIT drug prices £44,158 
  List prices £41,309 
Base case  Cure rate 0%  
  1% £44,026 
  2% £43,891 
  3% £43,754 
Base case Distribution PFS Gamma £44,158 
 

 
Log-normal £44,075 

  Log-logistic £44,139 
Base case Comparator relative effect PFS Equal to atezolizumab  
Base case Treatment duration assumption Actual treatment duration £44,158 
  Until progression £64,365 
Base case Time horizon 20 £44,158 
  10 £58,992 
  15 £48,563 
Base case On-treatment utility (all 

products) 
0.750 £44,158 

 Atezolizumab on-treatment 
utility 

0.800 £43,028 

 GEM + CAR on-treatment utility 0.653 £40,884 
Base case Off-treatment utility 0.710 £44,158 
 

 
0.500 £69,252 

 
 

0.750 £41,307 
Base case Discount rate – effects and 

costs 
3.5% for both £44,158 

 Discount rate - costs 1.5% (3.5% for effects) £46,807 
 Discount rate – effects 1.5% (3.5% for costs) £37,859 
 Discount rate – effects and 

costs 
1.5% for both £40,130 

CAR: carboplatin; eMit: pharmaceutical electronic market information tool: GEM: gemcitabine; ICER: 
incremental cost-effectiveness ratio 
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Table 37 Scenario analysis results for second-line atezolizumab vs docetaxel, paclitaxel 
or best supportive care  

Scenario Parameter Value ICER vs 
docetaxel 

ICER vs 
paclitaxel 

ICER vs BSC 

Base case Comparator 
price 

eMIT drug 
prices 

£131,579 £104,850 £98,208 

  List prices £108,819 £72,477 £98,208 
Base case Cure rate 0% £131,579 £104,850 £98,208 
  1% £126,277 £101,507 £95,403 
  2% £121,364 £98,369 £92,708 
  3% £116,805 £95,430 £90,115 
Base case Distribution 

PFS 
Gamma £131,579 £104,850 £98,208 

 
 

Log-normal £131,509 £108,757 £97,819 
  Log-logistic £131,427 £109,624 £97,581 
Base case Comparator 

relative effect 
PFS 

Equal to 
atezolizumab 

£131,579 £104,850 £98,208 

  FP £132,250 £99,996 £98,273 
Base case Treatment 

duration 
assumption 

Actual 
treatment 
duration 

£131,579 £104,850 £98,208 

  Until 
progression 

£102,982 £78,727 £78,028 

Base case Time horizon 20 £131,579 £104,850 £98,208 
  10 £158,410 £119,719 £109,318 
  15 £139,012 £109,279 £101,541 
Base case On-treatment 

utility (all 
products) 

0.750 £131,579 £104,850 £98,208 

 Atezolizumab 
on-treatment 
utility 

0.800 £120,864 £97,100 £92,507 

 Comparator 
on-treatment 
utility 

0.653 £117,567 £94,104 £91,738 

Base case Off-treatment 
utility 

0.710 £131,579 £104,850 £98,208 

 
 

0.500 £159,492 £131,530 £120,299 
 

 
0.750 £127,334 £100,949 £94,889 

Base case Discount rate 
– effects and 
costs 

3.5% for both £131,579 £104,850 £98,208 

 Discount rate - 
costs 

1.5% (3.5% for 
effects) 

£136,976 £108,999 £102,067 

 Discount rate 
– effects 

1.5% (3.5% for 
costs) 

£116,599 £95,227 £89,962 

 Discount rate 
– effects and 
costs 

1.5% for both £121,382 £98,995 £93,497 

BSC: best supportive care; eMit: pharmaceutical electronic market information tool; ICER: incremental 
cost-effectiveness ratio; PFS: progression-free survival 
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Probabilistic Sensitivity Analyses 
The company performed probabilistic sensitivity analyses using 1000 simulations. The 

simulation takes about 2 minutes to run. The distributions and sources to estimate parameters 

are reported in CS Table 71 (CS section 5.6). The analyses were based on the proposed list 

price of atezolizumab, and the eMIT drug prices for the comparators. Patient age, discount rate, 

time horizon and costs for the atezolizumab and the comparator treatments were not varied in 

the analyses. Utility values were varied using the beta distribution; the parametric survival 

curves were varied using the multivariate normal distribution; and costs were varied by the log-

normal distribution. The ERG considers that the distributions used in the PSA were appropriate. 

We note that the on-treatment utilities for atezolizumab and the comparators have been varied 

independently and the treatment supportive costs for atezolizumab and its comparators have 

also been varied independently. However, we consider that the on-treatment utilities will be 

highly correlated between treatments and in the same way the supportive care costs will be 

highly correlated between treatments.   

 

The results of the first-line and second-line PSA are presented in Table 38  and Table 39. The 

probability of first-line atezolizumab being cost-effective is 10.9% and 53.9% at willingness to 

pay thresholds of £30,000 and £50,000 per QALY respectively. The probability of second-line 

atezolizumab being cost-effective is 0% and 0% at willingness to pay thresholds of £30,000 and 

£50,000 per QALY respectively 

 

The results for the PSA differ from those presented for the deterministic base case, with the 

PSA ICERs for atezolizumab about 10-20% higher than for the deterministic results. The first-

line and second-line cost effectiveness acceptability curves are shown in Figure 19 and Figure 

20. The probability of first-line atezolizumab being cost-effective is 10.9% and 53.9% at a 

willingness to pay thresholds of £30,000 and £50,000 per QALY respectively. The probability of 

second-line atezolizumab being cost-effective is 0% and 0% at willingness to pay thresholds of 

£30,000 and £50,000 per QALY respectively 
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Table 38 Probabilistic sensitivity analysis results for first-line treatment 
 Costs QALYs ICER (£/QALY) 

Atezolizumab £82,893 2.775  

Gemcitabine + carboplatin £20,605 1.467 £47,593 

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

Table 39 Probabilistic sensitivity analysis results for second-line treatment 
  Costs QALYs ICER (£/QALY) 

Atezolizumab £74,165 1.26  

Docetaxel £10,621 0.82 £143,144 

Paclitaxel £18,075 0.83 £129,333 

BSC £5,637 0.58 £101,247 

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

 

 

Figure 19  Cost-effectiveness acceptability curves for first-line treatment 
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Figure 20 Cost-effectiveness acceptability curves for second-line treatment 
 

The CS discusses the results of the PSA and states that they should be interpreted with caution, 

as they are unlikely to be reliable. The CS notes that there is a high level of uncertainty in the 

fractional polynomial model and the prediction model provides a skewed output for overall 

survival, which leads to an unrealistically large proportion of patients in the comparator arms 

surviving beyond 20 years for some of the probabilistic analyses.  

4.4 Additional work undertaken by the ERG 
 
This section details the ERG’s further exploration of the issues and uncertainties raised in the 

review and critique of the company’s cost effectiveness analyses. This consists of five additional 

sensitivity analyses: i) for the parametric functions for extrapolating TTD and overall survival, ii) 

the treatment effect and iii) assumptions for the time point at which to cap hazard ratios; iv) 

varying contrast estimates and varying utility values. 
 

i) Time to treatment discontinuation / overall survival extrapolation 
 
The CS does not contain sensitivity analyses for different parametric distributions for TTD and 

overall survival. These were varied by the ERG for alternative plausible parametric distributions 

for first-line and second-line treatment comparisons in Table 40 and Table 41. The model allows 

Copyright 2017 Queen's Printer and Controller of HMSO. All rights reserved.



Confidential – do not copy or circulate 

Version 1 125 

the use of the Kaplan-Meier data for the first part of the survival curve, followed by a parametric 

function for the extrapolation of the tail of the curve. Changing the parametric distributions for 

TTD and overall survival has a significant effect on the model results. Changing both parametric 

functions for TTD and overall survival shows there is considerable uncertainty in the model 

results. For example, with the log-logistic function for TTD and the Weibull function for overall 

survival, the ICER increases from the base case of £44,158 to £124,485 per QALY for first-line 

atezolizumab compared to gemcitabine + carboplatin. For second-line comparisons, with the 

log-logistic function for TTD and lognormal function for overall survival, the ICER increases from 

the base case of £104,850 to £165,527 per QALY for atezolizumab compared to paclitaxel. As 

shown in Table 40, other choices of parametric distribution produce even higher ICERs. 
 
 
Table 40 ERG sensitivity analyses selecting different parametric functions for 
extrapolating TTD and overall survival for first-line treatment 

First-line 

Parameter Value ICER (£/QALY) vs gemcitabine + 
carboplatin 

 TTD Base case (gamma) £44,158 

Weibull £42,683 

Log-logistic £66,750 

OS Base case (cure generalised gamma) £44,158 

Log-logistic £51,387 

K-M + Weibull tail £79,592 

K-M + Gompertz tail £101,711 

TTD / OS Base case £44,158 

TTD: log-logistic; OS: K-M + Weibull  £124,485 

TTD: log-logistic; OS: K-M + Gompertz £159,590 

ICER: incremental cost-effectiveness ratio; OS: overall survival; QALY: quality-adjusted life year; TTD: 
time to treatment discontinuation 
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Table 41 ERG sensitivity analyses selecting different parametric functions for 
extrapolating TTD and overall survival for second-line treatment 

Second-line   

Parameter Value ICER (£/QALY) vs 
docetaxel 

ICER (£/QALY) 
vs paxlitaxel 

ICER (£/QALY) 
vs BSC 

 TTD Base case (gamma) £131,579 £104,850 £98,208 

Weibull £119,025 £93,370 £89,322 

Log-logistic £180,213 £149,491 £133,035 

OS Base case (cure generalised 

gamma) 

£131,579 £104,850 £98,208 

Lognormal £172,146 £131,214 £120,612 

Log-logistic £149,321 £117,785 £110,144 

K-M + Weibull tail £287,175 £176,090 £153,806 

K-M + Gompertz tail £310,246 £182,347 £158,396 

TTD / OS Base case  £131,579 £104,850 £98,208 

TTD log-logistic; OS 

lognormal 

£211,180 £165,527 £147,261 

TTD log-logistic; OS K-M + 

Weibull tail 

£302,826 £187,599 £162,359 

TTD log-logistic; OS K-M + 

Gompertz tail 

£324,116 £192,246 £165,707 

ICER: incremental cost-effectiveness ratio; OS: overall survival; QALY: quality-adjusted life year; TTD: 
time to treatment discontinuation 
 

ii) Treatment effect 
 
The CS does not contain sensitivity analyses varying the treatment effect of atezolizumab. The 

ERG varied the treatment effect according to the lower and upper bounds of the contrast 

estimates for overall survival. The contrast estimates consist of two parameters: intercept and 

slope from the fractional polynomial model and bounds have been provided for both these 

parameters. It is unclear which values should be used when varying the contrast estimates, so 

the intercept parameter values have been varied only and the slope parameter kept constant.  

The effect of varying these parameters is shown in Table 42. The sensitivity analyses show that 

the ICER varies substantially at the lower and upper bounds. For the first-line comparison, the 

ICER varies between £33.432 and £191,793 per QALY gained for atezolizumab compared to 

gemcitabine + carboplatin. For second-line comparisons, atezolizumab is dominated by its 

comparator using the intercept lower bound (i.e. atezolizumab is more expensive and less 

Copyright 2017 Queen's Printer and Controller of HMSO. All rights reserved.



Confidential – do not copy or circulate 

Version 1 127 

effective than its comparators). Using the intercept upper bound, the ICER for atezolizumab is 

£87,990 versus docetaxel, £68,427 versus paclitaxel and £79,017 versus best supportive care. 

For comparison, we have also included a sensitivity analysis for first-line treatment using the 

upper and lower confidence interval for the hazard ratio assuming proportional hazards. Using 

these values, there is a much smaller variation in ICER than for the analysis with the fractional 

polynomial contrast estimates. 
 
Table 42 ERG sensitivity analyses comparing atezolizumab vs comparators for treatment 
effect 

Parameter First-line ICER (£/QALY) 
vs gemcitabine + carboplatin 

Treatment 

effect, OS 

 

Fractional polynomial £44,158 

Fractional polynomial 

(Intercept lower bound) 
£191,793 

Fractional polynomial 

(Intercept higher bound) 
£33,432 

Proportional hazard, HR = 

0.62 
£46,562 

HR = 0.47 £36,488 

HR = 0.82 £87,898 

Second-line vs docetaxel vs paxlitaxel vs BSC 

Base case £131,579 £104,850 £98,208 

Fractional polynomial 

(Intercept lower bound) 
Dominated a Dominated a Dominated a 

Fractional polynomial 

(Intercept higher bound) £87,990 £68,427 £79,017 

BSC: best supportive care; HR: hazard ratio; ICER: incremental cost-effectiveness ratio; OS: overall 
survival; QALY: quality-adjusted life year 
a Atezolizumab is more expensive and less effective than its comparators 

 
iii) Capping of hazard ratios 

 
As discussed in section 4.3.5, the ERG has some concerns around the parameter estimates 

derived from the network meta-analysis using the fractional polynomial model approach. The 

company caps the hazard ratio at different time points for first-line and second-line 

comparisons. The ERG investigated changing the time point at which the hazard ratios are 

capped and reducing the contrast estimate slope parameter so that it is no longer necessary to 

cap the hazard ratios. 
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The effects of changing the time point at which the hazard ratios are capped are shown in Table 

43. The time points were varied so that they are the same for first-line and second-line 

comparisons. The results show that for the second-line comparison of atezolizumab versus 

docetaxel there is a large impact on the ICER, which increases to £310,395 per QALY.   

 
Table 43 ERG sensitivity analyses varying the time until hazard ratios are capped 

Parameter First-line ICER (£/QALY) 
vs gemcitabine + carboplatin 

Time to cap 

hazard ratios  
 

8 months (base case) £44,158 

21.16 months £35,764 

Second-line vs docetaxel vs paxlitaxel vs BSC 

21.16 months (base case) £131,579 £104,850 £98,208 

8 months £310,395 £107,514 £97,397 
BSC: best supportive care; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life year 
 
 

iv) Reducing the slope parameter for the contrast estimates  
 
The effect of reducing the slope contrast estimate so that capping the hazard ratios is no longer 

needed is shown in Table 44. The time to cap the hazard ratio was increased to 20 years (i.e. at 

the end of the model duration). As for the preceding analysis, the largest effect of varying the 

slope parameter is for the second-line comparison between atezolizumab and docetaxel, with 

the ICER increasing to £193,686 per QALY. 

 
Table 44 ERG sensitivity analyses varying the slope parameter  

Parameter First-line ICER (£/QALY) 
vs gemcitabine + carboplatin 

Slope parameter 

estimate  

 

0.051 (base case) £44,158 

0.01 £47,505 

Second-line  vs docetaxel vs paxlitaxel vs BSC 

0.044 (base case) £131,579 £104,850 £98,208 

0.02 £193,686 £101,835 £99,417 
BSC: best supportive care; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life year 
 

 
v) Utility values 

 
The assumptions used by the company for health state utility values differed from the advice 

received by the ERG from their clinical expert. We considered that patients on-treatment with 
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atezolizumab would have a higher HRQoL than those on gemcitabine + carboplatin, docetaxel 

or paclitaxel. The CS and the ERG’s assumption for the utility values for the on-treatment and 

off-treatment utility values for the pre-progression health state are shown in Table 45. The 

results of the sensitivity analyses using the ERG’s assumption for the utility values are shown in 

Table 46. The ICER decreases slightly for the analyses for atezolizumab compared to 

gemcitabine + carboplatin (first-line), docetaxel and paxlitaxel (second-line) and increases 

slightly for atezolizumab compared to best supportive care (second-line). 

 

Table 45 Pre-progression utility values used in the CS and the ERG analysis 
 CS Pre-progression utility ERG pre-progression utility values 

Atezolizumab Comparators Atezolizumab Comparators 

On-treatment 0.75 0.75 0.75 0.71 

Off-treatment 0.71 0.75 0.75 0.75 

 

Table 46 ERG sensitivity analyses with changes to the assumptions for pre-progression 
health state utility values 
Parameter First-line  ICER (£/QALY) 

vs gemcitabine + carboplatin 

Utility values  

 

Base case  £44,158 

ERG assumption £43,317 

Second-line vs docetaxel vs paxlitaxel vs BSC 

Base case  £131,579 £104,850 £98,208 

ERG assumption £127,528 £101,654 £99,409 
BSC: best supportive care; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life year 
 

 

ERG base case analysis 
Table 47 lists the assumptions used for the ERG base case, along with their justifications. The 

first-line treatment results for the ERG base case are shown in Table 48 and the second-line 

treatment results in Table 49. The ERG considers this presents the most representative analysis 

of the available evidence for atezolizumab for first- and second-line treatment compared to its 

comparators.  
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Table 47 Assumptions for the ERG base case analysis  
Treatment line Parameter Value Justification 
First- and 

second-line 

Utility  As shown in Table 

45 

Clinical expert advice to ERG 

First-line OS K-M + exponential 

tail 

Best fit for atezolizumab and gemcitabine + 

carboplatin 

TTD Weibull Best fit according to AIC and/ BIC 

Second-line OS KM + Weibull tail Best fit for atezolizumab and BSC 

TTD Log-logistic Best fit according to AIC and BIC 

BSC: best supportive care; ICER: incremental cost-effectiveness ratio; K-M: Kaplan-Meier; OS: overall 
survival; QALY: quality-adjusted life year; TTD: time to treatment discontinuation; AIC Akaike Information 
Criteria; BIC Bayesian Information Criteria 
 

 

Table 48 ERG first-line base case analysis results   
Costs Incremental 

costs 
QALYs Incremental 

QALYs 
ICER (£/QALY) 

Atezolizumab £60,650  1.32   

Gemcitabine + 

carboplatin 
£12,469 £48,181 0.81 0.51 £93,948 

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

 

The ERG base case ICER for first-line atezolizunab compared to gemcitabine + carboplatin is 

£93,948 per QALY gained. The overall survival curves for first-line treatment for the observed 

trial data compared with the company’s fitted curves and the ERG’s base case are shown in 

Figure 21. 
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Figure 21 Overall survival curves for first-line treatment for observed trial data compared 
with company’s fitted curves and ERG’s base case 

 

Table 49 ERG second-line base case analysis results   
Costs Incremental 

costs 
QALYs Incremental 

QALYs 
ICER (£/QALY) 

Atezolizumab £66,254  0.84   

Docetaxel £8,196 £58,059 0.64 0.20 £288,247 

Paclitaxel £13,615 £52,640 0.55 0.29 £180,901 

BSC £4,090 £62,164 0.47 0.37 £166,805 

BSC: best supportive care; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life year 
 

The ERG base case ICER for second-line atezolizumab compared to docetaxel, paclitaxel and 

best supportive care is £288,247, £180,901 and £166,805 per QALY gained respectively. The 

overall survival curves for second-line treatment for atezolizumab compared to best supportive 

care for the observed trial data compared with the company’s fitted curves and the ERG’s base 

case are shown in Figure 22. 
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Figure 22 Overall survival curves for second-line treatment for observed trial data for 
atezolizumab and best supportive care compared with company’s fitted curves and 
ERG’s base case 

 

4.5 Conclusions on cost effectiveness  
 
The company used a model structure commonly used for economic models of cancer treatment 

with health states for progression-free survival, progression and death. The ERG considers the 

model structure to be appropriate for the decision problem.  

 

The company used methods that are consistent with NICE methodological guidelines. The 

population differs from that specified from the NICE scope as the second-line treatment 

combines two populations: people whose disease has progressed after platinum-based 

chemotherapy and people for whom cisplatin-based chemotherapy is unsuitable; and those 

whose disease has progressed after platinum-based therapy. The comparators differ from those 

specified in the NICE scope as the CS does not include retreatment with first-line platinum-

based chemotherapy for patients who have progressed. 
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The core clinical evidence for atezolizumab was from single-arm studies and there are no direct 

head-to-head studies between atezolizumab and its comparators. There is a weak evidence 

base for the comparator treatment with most studies including small number of patients. The 

clinical data for atezolizumab is from the phase II single-arm iMvigor 210 study. 

 

The company comparison between atezolizumab and its comparator uses contrast estimates 

from the company’s network meta-analysis that used a fractional polynomial model approach. 

The ERG has identified a number of methodological issues with the company’s network meta-

analysis that cast doubt on the validity of the results of the analyses. However, we note that, in 

general, the key driver of the model is the choice of parametric function used to extrapolate 

overall survival and TTD. We also note that the company has not fully explored the uncertainty 

around overall survival and TTD through the use of sensitivity analyses. Further, the company 

has chosen parametric functions for overall survival and TTD that are most favourable to 

atezolizumab. The ERG considers that other parametric functions are also plausible and these 

result in atezolizumab being much less cost-effectiveness than reported in the CS base case. 

 

5 END OF LIFE 
 
According to the NICE criteria for End of life, the following criteria should be satisfied: 
 

• The treatment is indicated for patients with a short life expectancy, normally less than 24 

months and;  

• There is sufficient evidence to indicate that the treatment offers an extension to life, 

normally of at least an additional 3 months, compared to current NHS treatment. 

 
The company has considered the criteria for end of life. The CS states that median survival with 

or without treatment with systemic therapy is between 8-15 months. 

 
The company considers that the mean overall survival results better reflect the outcomes of 

patients and the mean results are more than 3 months for atezolizumab, when taking results 

from the economic analysis, as shown in Table 50. 
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Table 50 Mean and median survival for atezolizumab compared to comparators (CS 
section 4.13.3) 
 Mean Median 
First-line Atezolizumab  55.3 months 17.1 months 

Gemcitabine + carboplatin 25.1 months 8.5 months 
Second-line Atezolizumab  22.7 months 7.9 months 

Docetaxel 12.9 months 7.6 months 
Paclitaxel 12.2 months 5.3 months 
BSC 9.4 months 4.4 months 

 

The ERG notes that if the median overall survival results are used for both end-of-life criteria, 

atezolizumab in second-line would not meet the criteria for extension of life as it does not extend 

overall survival by more than 3 months. If the mean overall survival results are used for both 

end-of-life criteria, atezolizumab does not meet the criteria for a short life expectancy as the 

mean overall survival survival for gemcitabine + carboplatin is greater than 2 years. Therefore 

we consider it is uncertain whether both first-line and second-line atezolizumab has met the 

end-of-life criteria.  

 
 

6 INNOVATION  
 
The company makes the case for innovation in CS section 2.5. They state that as the first 

immunotherapy for locally advanced or metastatic urothelial carcinoma, atezolizumab 

represents a ‘new paradigm’ in treatment and is a clinically significant innovative therapeutic 

option. The ERG notes that a NICE appraisal is currently in development for another 

immunotherapy for urothelial cancer, pembrolizumab (ID1019). The CS summarises recent 

advances in conventional chemotherapy that have resulted in gains in progression-free survival 

but not overall survival, or improvements in tolerability only. It asserts that in contrast, 

atezolizumab exploits evolutionary mechanisms that can maintain responses in some patients.  

 

Atezolizumab has been granted ‘breakthrough therapy designation’ by the US FDA in 2014 

(granted to potential new drugs where early clinical evidence suggests substantial improvement 

compared with existing therapies) and ‘Promising Innovative Medicine’ by the Medicines and 

Healthcare Products Regulatory Authority in 2016. It was considered under the early access to 

medicines scheme (EAMS), which aims to give patients with life threatening or seriously 

debilitating conditions access to medicines that do not yet have a marketing authorisation when 
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there is a clear unmet medical need.  A positive EAMS scientific opinion was issued by the 

MHRA in January 2017:  

 

‘Atezolizumab has been shown to slow the progression of cancer and increase patient survival 

in a condition where other treatments currently have poor results (about 20% of patients alive 

after 12 months). With regard to the medicine’s side effects, the most frequent were mild to 

moderate in severity and less frequent than with chemotherapy. Advanced cancer of the bladder 

and urinary system is a fatal condition and currently few therapies are available with low 

efficacy’ 

 

The MHRA also noted that the effects of atezolizumab have not been compared to those of 

current treatments in the same study, and that the company has committed to provide further 

data when they become available.66 

 

7 DISCUSSION  
 

7.1 Summary of clinical effectiveness issues 
 

Strengths  
The company has conducted thorough searches and, despite some inconsistencies in 

application and reporting of the eligibility screening process appears to have identified all of the 

key studies on atezolizumab and the scoped comparators. 

 

Limitations  
There are methodological weaknesses in the company’s network meta-analysis and in the 

simulated treatment comparison which supports it, as discussed in detail in section 3.1.7. The 

company acknowledges that the results of the analysis are limited by lack of studies. Hazard 

ratios for overall survival gave implausible results when included in the economic model without 

adjustment, whilst hazard ratios for progression-free survival also gave implausible results and 

were not used in the economic analysis. Results of the meta-analysis are not discussed by the 

company as evidence for the clinical effectiveness of atezolizumab.   
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Uncertainties 

The company has not provided any ‘reality checks’ to gauge whether their analysis results might 

be reasonable or subject to bias. Uncertainties arising at different steps of the analysis are not 

discussed or propagated through to the final results so the cumulative impact of small errors 

and inconsistencies identified by the ERG is unclear. 

 

The CS acknowledges the complexity of the fractional polynomial model approach (section 

4.10.10) and the very limited evidence base to which it could be applied (CS section 4.10.11.1) 

which suggests that the fractional polynomial method may not have been the most appropriate 

approach to use. Other possible approaches for analysing the data (e.g. using an accelerated 

failure time model) were not considered.  

 

Given that fractional polynomial network meta-analysis is a relatively complex method that 

involves numerous computational steps, it is important that the analysis approach is reported 

clearly and as fully as possible. The company’s description of the methods is rather limited and 

it is possible that some methodological issues might have gone undiscovered by the ERG 

(several aspects of the methodology were only revealed indirectly in clarification responses).  

 

7.2 Summary of cost effectiveness issues 
 
The CS includes evidence on the cost effectiveness of atezolizumab for patients with advanced 

or metastatic urothelial carcinoma. Treatment with atezolizumab is compared to gemcitabine + 

carboplatin for 1st line treatment and compared to docetaxel, paclitaxel, and best supportive 

care for 2nd line treatment. The model structure adopted is generally appropriate and consistent 

with the clinical disease pathway. The model contains health states of progression-free, 

progressed disease and death and uses survival curves for progression-free survival and overall 

survival, based upon clinical evidence. The clinical evidence comprises of single-arm studies 

which leads to considerable uncertainty. The CS acknowledges the uncertainty around the 

model results and the weak evidence base for the comparator trials and states that much of this 

uncertainty will be resolved through on-going phase III trials. On this basis, the company 

proposes that atezolizumab be made available for patients via the Cancer Drugs fund. 

The CS base case for first-line atezolizumab compared to gemcitabine + carboplatin is £44,158 

per QALY gained. The ICERs for second-line atezolizumab are £131,579 versus docetaxel, 

£104,850 versus paclitaxel and £98,208 versus best supportive care. The CS included 
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deterministic sensitivity analyses for selected input parameters and scenario analyses. 

However, the CS does not include sensitivity analyses varying the parametric survival curves 

chosen for overall survival and TTD and these are shown to have a large impact on model 

results. The company’s probabilistic sensitivity analyses showed that the probability of first-line 

atezolizumab being cost-effective is 10.9% and 53.9% at willingness to pay thresholds of 

£30,000 and £50,000 per QALY respectively. The probability of second-line atezolizumab being 

cost-effective is 0% and 0% at willingness to pay thresholds of £30,000 and £50,000 per QALY 

respectively. 

 

The ERG conducted sensitivity analyses evaluating alternative parametric survival functions for 

overall survival and TTD, different assumptions for utility estimates and varying the treatment 

effect of atezolizumab. The ERG’s alternative base case analysis for first-line atezolizumab 

compared to gemcitabine + carboplatin is £93,948 per QALY and for second-line atezolizumab 

compared to docetaxel, paclitaxel and best supportive care is £288,247, £180,901 and 

£166,805 per QALY respectively. However, the ERG considers there is considerable uncertainty 

in the model results. 
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9 APPENDICES 
 
Appendix 1 ERG summary of studies which reported Kaplan-Meier curves but were 
excluded by the company  
  

Study  Comparator K-M 
curves 
reported 

Required prognostic factors 
Age >65 Sex  Liver met  ECOG PS 

≥1 

Akaza 2007 79 GEM n=44 OS Reported Reported  Reported  Reported  

Albers 2002 51 GEM n=28 OS, TTP a NR NR reported NR 

AUO trial 80 GEM + PTX n=96 OS NR b NR NR NR 

Han 2008 81 MVAC n=30 OS NR b Reported Reported Reported 

Ikeda 2011 82 GEM + PTX n=24 OS NR b  Reported  Reported  Reported  

Ko 2013 35 Nab-PTX n=47 OS, PFS NR b  Reported  Reported  Reported  

Kouno 2007 52 CAR + PTX n=31 OS, PFS NR b  Reported  Reported  PS >1  

Matsumoto 

2007 83 

GEM + PTX n=10 OS   NR b  Reported  NR  Reported  

Srinivas 2005 84 GEM + PTX n=18 OS NR b  Reported  Reported  NR 

Suyama 2009 85 GEM + PTX n=30 OS NR b  Reported  Reported  NR 

Vaishampayan 

2005 36 

CAR + PTX n=44 OS, PFS NR b  Reported  NR  PS >1  

Vaughn 2002 86 CAR + PTX n=37 OS a NR b  Reported  Reported  Reported  

Vaughn 2009 37 VFL n=151 OS, PFS  Reported  Reported  Reported  Reported c 

CAR: carboplatin; GEM: gemcitabine; ECOG: Eastern Collaborative Oncology Group; K-M: Kaplan-Meier; 
met: metastases; MVAC; methotrexate, vinblastine, doxorubicin and cisplatin; Nab: nanoparticle albumin 
bound; NR: not reported; OS; overall survival; PFS: progression-free survival; PS: performance status; 
PTX: paclitaxel; TTP: time to progression; VFL: vinflunine 
a Reported for subgroup(s) only 
b median and range reported, not the specified cut-off proportion (the company employed a calculation to 
estimate the proportion aged >65 years from the median age – see section 3.1.7 
c reported Karnofsky score, which maps directly to ECOG score61 
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Appendix 2 Summary of study PCD4989g 
 
 
The CS provides supporting results from the phase I study PCD4989g (CS Section 4.11.11.3) 

and therefore we have summarised the characteristics of the study here (although, as noted 

above, this study did not meet the company’s eligibility criteria). PCD4989g was a single-arm 

study that aimed to assess the safety and tolerability of atezolizumab, to determine the 

maximum tolerated dose, to evaluate the dose-limiting toxicity, and to identify a recommended 

phase II dose (CS section 4.11.11). According to the study protocol (provided by the company in 

response to clarification questions A40 and A42), PCD4989g had a broad disease scope and 

included patients with locally advanced or metastatic solid tumours or haematologic 

malignancies. A cohort of participants with locally advanced or metastatic urothelial carcinoma 

within the study (n=95) is relevant to the current appraisal. In clarification response A41 the 

company stated that 86 of these patients initially received 15 mg/kg atezolizumab intravenously 

every three weeks and nine received 1200 mg intravenously every three weeks but that the 

protocol was amended such that all 95 patients subsequently received the fixed dose of 1200 

mg. The company also stated that average weight of patients was 80kg. In these patients 15 

mg/kg would give on average a total dose of 1200 mg. However, the company also stated in 

clarification response A41 that patients received relatively less exposure at the anticipated 

licensed dose of 1200 mg, without stating the magnitude of the difference. 

 

Study characteristics 
 

At the clinical data cut-off in March 2016 the study included 95 patients with locally advanced or 

metastatic urothelial carcinoma, 72 of whom (75.6%) were male and 74 (77.8%) had white 

ethnicity. The majority of patients were ≥65 years old, with a median age of 66.0 years (range 

36-89 years). Baseline characteristics of the participants are given in CS Table 40 and we have 

reproduced these here in Table 51.  

 

Table 51 Baseline characteristics of participants in study PCD4989g 
Baseline characteristic Total (n=95) 

Age Median 66.0 

Range 36–89 

Gender Male 72 (75.8%) 

Baseline ECOG PS 0  37 (38.9%) 
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1  58 (61.1%) 

Visceral Metastases at study 
entry 

Yes 74 (77.9%) 

Liver metastases at study 
entry 

Yes 35 (36.8%) 

Haemoglobin level <10g/dL Yes 18 (18.9%) 

Prior Therapy (Adjuvant, 
Neoadjuvant) 

0 1 (1.1%) 

1 0 (0%) 

2 17 (17.9%) 

3 15 (15.8%) 

4 14 (14.7%) 

5 17 (17.9%) 

≥6 31 (32.6%) 

Prior Therapy with Platinum 
Based Regimen 

Cisplatin-based 73 (76.8%) 

Carboplatin-based 37 (38.9%) 

Time from prior 
chemotherapy (≤3 months) 

Yes 39 (41.9%) 

 

 

Results  
 
 
In the bladder cancer subgroup of the PCD4989g study the median survival was 10.1 (95% CI 

7.29, 16.99) months and progression free survival was 1.8 (95% CI 1.4, 3.3) months (Table 

52). The corresponding results for cohort 2 of IMvigor201 are included in Table 52 for 

comparison. 

 

Table 52 Survival outcomes for bladder cancer patients in study PCD4989g  
Outcome (95% CI)  
(RECIST v1.1; IRF assessed) 

Imvigor 210 cohort 2 
All patients, N = 310 

PCD4989g 
N=94 a 

Overall survival, median, months 7.9 (6.7–9.3) 10.1 (7.29, 16.99) 

12 months survival, %  36.9% (31.4–42.3) NR 

Progression-free survival, median, months 2.1 (2.1–2.1) b 1.8 (1.4, 3.3) 

CI: confidence interval; IRF: independent review facility; NE: not estimable 
aas confirmed in clarification A41, not all participants received the licensed dose, results are supportive 
data only. 
b ERG unclear why confidence interval as reported in the CS has zero range 
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In the bladder cancer subgroup of PCD4989g, 25.5% of participants achieved an objective 

response (Table 53) and  9.6% achieved a complete response (investigator assessment). The 

duration of response was 22.1 months (investigator assessment; median duration of response 

was not reached for independent review facility assessment). The corresponding results for 

cohort 2 of IMvigor201 are included in Table 53 for comparison. 

 

Table 53 Response outcomes for bladder cancer patients in study PCD4989g  
Outcome (95% CI)  
(RECIST v1.1; IRF assessed 
unless stated) 

Imvigor 210 cohort 2 
All patients, N = 310 

PCD4989g 
n=94a 

ORR, % 15.8 (11.9–20.4) a 25.5 (17.09, 35.57) c 

Complete response, % 6.1% (3.7–9.4) 9.6 (4.47, 17.40) d 

Duration of response, % with event 34.7 b Not reported 

Duration of response, median 

months 

22.6 22.1 (12.12, NE) c,d 

CI: confidence interval; IRF: independent review facility; NE: not evaluable; ORR, objective response rate 
aORR per immune-modified RECIST was 19.7% (95% CI 15.4–24.6). 
b32 participants (65.3%) were ongoing at the time of the analysis. 
cas confirmed in clarification A41, not all participants received the licensed dose; results are supportive 
data only. 
dby investigator assessment, using RECIST v1.1 
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Appendix 3 ERG’s critical appraisal of the included studies (Table 54 to Table 56) 
 
Table 54 CS and ERG quality assessments of atezolizumab studies   

 Imvigor 210 PCD4989g 
Study question or objective stated? CS : Yes Not assessed 

ERG : Yes Yes 
Population clearly described, including case definition?  CS: Balar 2017: No;   

Rosenberg 2016 & CSR: Yes 
Not assessed 

ERG: Yes Yes 
Were all eligible participants that met the prespecified 
entry criteria enrolled? (ERG additional question) 

CS: Not assessed Not assessed 
ERG: Could not determine Could not determine 

Comment: For Imvigor 210, insufficient detail provided in the publications and CSR to determine 
Were subjects comparable? a 

CS: Balar 2017: could not determine   
Rosenberg 2016 & CSR: No 

Not assessed 

ERG: Yes  Yes 
Was the intervention clearly described? CS: Yes  Not assessed 

ERG: Yes Yes 
Were outcome measures clearly defined, valid, reliable 
and implemented consistently? 

CS: Yes  Not assessed 
ERG: Yes Yes 

Were outcome assessors blinded? (ERG additional 
question) 

CS: Not assessed Not assessed 
ERG: Not reported b No 

Was the sample size sufficiently large to provide 
confidence in the findings? (ERG additional question) 

CS: Not assessed Not assessed 
ERG: Yes Yes 

Was the length of follow-up adequate? CS: Yes Not assessed 
ERG: Yes (ongoing) Yes 

Were the statistical methods well described? CS: Balar 2017: No;   
Rosenberg 2016 & CSR: Yes 

Not assessed 

ERG: Yes No 
Were the results well described? CS: Yes Not assessed 

ERG: Yes Yes 
a ERG assessed whether the participants were comparable to the NICE scope, unclear what was assessed by the company. 
b independent review of the responses of all patients included a blinded review of computed tomography and/or magnetic resonance imaging 
scans.  
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Table 55 CS and ERG quality assessments of first-line comparator studies  
 Bamias 2007 De Santis 2012 

Study question or objective stated? CS : Yes Not assessed 
ERG : Yes Yes 

Population clearly described, including case definition?  CS: Yes Not assessed 
ERG: Yes Yes 

Were all eligible participants that met the prespecified entry criteria 
enrolled? (ERG additional question) 

CS: Not assessed Not assessed 
ERG: Could not determine Yes  

Comment: For Bamias, insufficient detail provided in the publication to determine if all participants who were potentially eligible were enrolled.  
 
Were subjects comparable? a CS: No Not assessed 

ERG: Could not determine Yes 
Comment: For Bamias, CS states no previous chemotherapy allowed, but also states previous neoadjuvant or adjuvant treatment was permitted 
provided that there was at least a 12-month treatment-free interval; no details of prior treatment given in the baseline characteristics table. 
Was the intervention clearly described? CS: Yes Not assessed 

ERG: Yes Yes 
Were outcome measures clearly defined, valid, reliable and 
implemented consistently? 

CS: Yes Not assessed 
ERG: Yes Yes 

Were outcome assessors blinded? (ERG additional question) CS: Could not determine b No b 

ERG: Not reported NR 
Was the sample size sufficiently large to provide confidence in the 
findings? (ERG additional question) 

CS: Not assessed Not assessed 
ERG: Could not determine Yes 

Comment: For Bamias, n=34, sample size determined on response rate, not survival outcomes 
 
Was the length of follow-up adequate? CS: Yes Not assessed 

ERG: Yes Yes 
Were the statistical methods well described? CS: Yes Not assessed 

ERG: Yes Yes 
Were the results well described? CS: Yes Not assessed 

ERG: Yes Yes 
aERG assessed whether the participants were comparable to the NICE scope, unclear what was assessed by the company 
bCS appendix 8.3 p. 41 Table 2, Cochrane risk of bias for RCTs.  
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Table 56 CS and ERG quality assessments of second-line comparator studies 
  Bellmunt 

2009 
Choueiri 2012 Kim 2013, 

2016 
Lee 2011, 
2012 

Noguchi 
2014, 2016 

Study question or objective stated? CS : Not assessed Not assessed Yes  Yes  Not assessed 
ERG : Yes  Yes  Yes  Yes  Yes  

Population clearly described, including 
case definition?  

CS: Not assessed Not assessed Yes  Yes  Not assessed 
ERG: Yes  Yes  Yes  Yes  Yes  

Were all eligible participants that met 
the prespecified entry criteria 
enrolled? (ERG additional question) 

CS: Not assessed Not assessed Not assessed Not assessed Not assessed 
ERG: CD Yes  CD CD Yes  

Comment: For Bellmunt, Kim and Lee, insufficient detail was provided in the publications to determine if all participants who were potentially 
eligible were enrolled. 
Were subjects comparable? a CS: Not assessed Not assessed No No Not assessed 

ERG: Yes  Yes?  Yes? Yes  Yes  
Comment: Kim 2016: includes progression after ≤ 1 platinum-based regimens (includes 3rd line)?. Choueiri 2012 includes progression after 
platinum-cased regimen, 3 systemic therapies and prior paclitaxel allowed? 
Was the intervention clearly 
described? 

CS: Not assessed Not assessed Yes Yes Not assessed 
ERG: Yes  Yes  Yes  Yes  No  

Comment: Noguchi 2016 gives limited details of best supportive care 
Were outcome measures clearly 
defined, valid, reliable and 
implemented consistently? 

CS: Not assessed Not assessed Yes Yes Not assessed 

ERG: Yes  Yes  Yes Yes  Yes  

Were outcome assessors blinded? 
(ERG additional question) 

CS: Nob Unclear b  No b No b No b 

ERG: Not reported  Not reported Not reported Not reported Not reported 
Comment: Choueiri 2012 described as double-blind, but details not reported. 
Was the sample size sufficiently large 
to provide confidence in the findings?  
(ERG additional question)  

CS: Not assessed Not assessed Not assessed Not assessed Not assessed 
ERG: Yes  Yes  CD CD No  

Comment: Kim 2016 n=31, sample size determined on ORR not survival outcomes. Lee 2012 n=37, sample sized determined on ORR. Noguchi 
2016 authors note small sample size as limitation.  
Was the length of follow-up adequate? CS: Not assessed Not assessed Yes Yes  Not assessed 

ERG: Yes  Yes  Yes  Yes  Yes  
Were the statistical methods well 
described? 

CS: Not assessed Not assessed Yes  Yes  Not assessed 
ERG: Yes  Yes  Yes  Yes  Yes  

Were the results well described? CS: Not assessed Not assessed Yes  Yes  Not assessed 
ERG: Yes  Yes  Yes  Yes  Yes  

CD: could not determine 
a ERG assessed whether the participants were comparable to the NICE scope, unclear what was assessed by the company 
b CS appendix 8.3 p. 42 Table 3, Cochrane risk of bias for RCTs.  
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Appendix 4 ERG’s critical appraisal of the simulated treatment comparison 
Recommendation (from DSU guidance60) ERG appraisal 
Submissions using population-adjusted analyses 
in an unconnected network need to provide 
evidence that absolute outcomes can be 
predicted with sufficient accuracy in relation to the 
relative treatment effects, and present an estimate 
of the likely range of residual systematic error in 
the “adjusted” unanchored comparison. 
(Guidance,60 section 4.2.4) 

The CS does not discuss whether the extent 
of systematic error due to imbalance in 
unaccounted for covariates is acceptable and 
no estimates are presented for the degree of 
likely bias.  The CS does, however, note 
caveats around the estimates and that the 
outcomes of the network meta-analysis are 
uncertain, producing clinically implausible 
results. 
 

For an unanchored indirect comparison, 
population adjustment methods should adjust for 
all effect modifiers and prognostic variables. 
(Guidance,60 section 4.2.5) 

It is unlikely that all effect modifiers and 
prognostic variables have been identified. The 
Cox regression models contained a maximum 
of four identified prognostic factors (two of 
which did not appear to affect model fit and 
some of which were estimated by imputation). 

Indirect comparisons should be carried out on the 
linear predictor scale, with the same link functions 
that are usually employed for those outcomes. 
(Guidance,60 section 4.2.6) 

The comparisons appropriately use a 
transformed scale; log-hazard for time to 
event outcomes and a log odds scale for 
binary outcomes. 

The target population for any treatment 
comparison must be explicitly stated, and 
population-adjusted estimates of the relative 
treatment effects must be generated for this target 
population. (Guidance,60 section 4.2.7) 

The target population is explicitly stated for the 
two populations in the decision problem. 
However, the CS does not explain whether the 
population adjustment would deliver treatment 
effect estimates for that target population (e.g. 
the shared effect modifier assumption is not 
considered).  

Reporting requirements (Guidance,60 section 
4.2.8): 
1. The variables available in each study should be 
listed, along with their distributions.  
2. Evidence for effect modifier status should be 
given, along with the proposed size of the 
interaction effect and the imbalance between 
study populations. The resulting potential bias 
reduction compared with a standard indirect 
comparison should be considered. 
3. Measures of uncertainty (e.g. confidence 
intervals) should be presented alongside any 
estimates.  
4. Estimates of systematic error before and after 
population adjustment should be presented. 
5. Estimates should be presented for the 
appropriate target population. 
6. In order to convey some clarity about the 
impact of any population adjustment, a crude 
unadjusted difference should be presented 
alongside the simulated treatment comparison 
estimate. 
 

1. The variables available in each study along 
with their distributions are not presented. 
2. Evidence for effect modifier status, and the 
proposed size of the interaction effect, are not 
reported. The imbalance between study 
populations is noted (CS section 4.10.6). The 
resulting potential bias reduction compared 
with a standard indirect comparison is not 
reported. 
3. Measures of uncertainty: 95% credible 
intervals are reported, bootstrapping and 
Bayesian methods were used. Uncertainty 
around reconstructed digitised survival curves 
is not reported. 
4. Estimates of systematic error before and 
after population adjustment are not presented 
5. The CS does not comment on the 
representativeness of the aggregate 
population to the true target population. 
6. The CS does not provide a crude 
unadjusted difference alongside the STC 
estimate for comparison (not provided in 
response to clarification request A15). 
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Appendix 5 ERG’s critical appraisal of the network meta-analysis 
Criterion ERG assessment 
NMA purpose  
1. Are the NMA results used to support the 
evidence for the clinical effectiveness of the 
intervention? 

No. The Executive summary states the results are subject to uncertainty; CS section 4.13 
(Interpretation of clinical evidence) does not mention the NMA. 

2. Are the NMA results used to support the 
evidence for the cost-effectiveness of the 
intervention? 

Partly. Results were used for OS but the values were capped. The results for PFS were not 
used. 

Evidence selection  
3. Are inclusion/exclusion criteria adequately 
reported? 

Partly. Criteria are specified in several different places in the CS and not applied consistently 
(see section 3.1.2). 

4. Is quality of the included studies assessed? Yes, although there are limitations with the approach taken (see section 3.1.4), and it includes 
studies that are not relevant to the NMA. 

Methods – statistical model  
5. Is the statistical model described? Yes, but only briefly 
6. Has the choice of outcome measure used in 
the analysis been justified?  
 

Not explicitly, but the most appropriate outcome for this cancer assessment, OS, was analysed 
and reported. Other relevant outcomes analysed were PFS, 12-month survival and ORR but of 
these only PFS results are reported. These outcomes could have been used to support the 
clinical effectiveness conclusions but were not. 

7. Has a structure of the network been 
provided? 

No.  

8. Is homogeneity considered?  Yes, but only qualitatively. 
9. Are the studies homogenous in terms of 
patient characteristics and study design?  
 

No. Below CS Table 17 the CS states that “there are a number of differences between included 
trials that require some caution when interpreting the results, such as: differences in patient 
populations including baseline risk, treatment history, differences in trial designs, particularly in 
regard to primary efficacy outcome(s) measurements”. In response to clarification question A24 
the company stated that “it was necessary to include studies of heterogeneous populations due 
to the lack of alternative data” but the company did not refer to any specific variables.  
  
In the summary of study heterogeneity, CS Figure 4 shows “moderate” heterogeneity for 1L. 
In 2L, there was “low-moderate heterogeneity” for both the BSC and docetaxel comparisons, and 
“moderate” heterogeneity for the paclitaxel comparison, but these categories were not explained 
in the CS or in the company’s response to clarification question A26.   
 
The CS does not provide baseline characteristics for comparators so the ERG tabulated these 
(Table 10 & Table 11). There are some differences between the comparator studies (e.g. 
patients’ age; proportions with comorbidities; performance status), and also differences when 
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comparing the atezolizumab cohorts against the comparator studies (e.g. proportion with visceral 
metastases; performance status) (section 3.1.7).  

10. If the homogeneity assumption is not 
satisfied, is clinical or methodological 
homogeneity across trials in each set involved 
in the indirect comparison investigated by an 
adequate method? (e.g. sub group analysis, 
sensitivity analysis, meta-regression) 

No. The CS states that sensitivity analyses were undertaken with different priors for between-
study heterogeneity, but results of these are not presented. They were provided by the company 
in response to clarification question A30 for 2L treatment comparisons but not for 1L 
comparisons. 

11. Is the assumption of similarity stated?  
 

No. An implicit assumption is that the studies are similar since the prediction model should have 
matched them on key effect modifiers and prognostic variables. However, due to uncertainties 
around the covariates for effect modifiers and prognostic variables (section 3.1.7) it is unclear 
whether the similarity assumption is likely to hold. 

12. Is any of the programming code used in 
the statistical programme provided (for 
potential verification)?   

Yes, in CS appendix 8.6 

Sensitivity analysis  
13. Does the study report sensitivity analyses? No. The CS states that sensitivity analyses were performed with different priors and a random 

effects model but does not report results. The results were provided in response to clarification 
question A30 for 2L treatment comparisons but not for 1L comparisons. 

Results  
14. Are the results of the NMA presented? Partly. Results for OS are presented (CS 4.10.11.1 and 4.10.11.2) but are not discussed. PFS 

results are stated to be clinically implausible and are presented separately in CS Appendix 8.5 
(not discussed). 12-month OS and ORR are not presented (CS states available on request). 

15. Does the study describe an assessment of 
the model fit? 

Yes, model fit was compared using DIC and unspecified “additional criteria” due to the 
complexity of the fractional polynomial models (CS p. 85. 88, 93, appendix 8.5) 

16. Has there been any discussion around the 
model uncertainty? 

Partly. Uncertainty is briefly mentioned in CS section 4.10.13 but the CS does not discuss all 
possible sources of uncertainty or consider which would have the most impact on the results. 

17. Are the point estimates of the relative 
treatment effects accompanied by some 
measure of variance such as confidence 
intervals? 

Partly. Unlabelled uncertainty ranges are displayed for the predicted atezolizumab OS curves 
(CS Figures 8-14) and log hazard function curves (CS Figures 15-17) but not explained or 
discussed. Upper and lower bounds of the log-hazard function (contrast estimate slope and 
intercept) are provided for 2L only (CS Table 24 and clarification response A30).  

Discussion - overall results  
18. Does the study discuss both conceptual 
and statistical heterogeneity?  
 

Partly. The CS does not explicitly discuss the types of heterogeneity present. However, the CS 
states that priors were used to represent between-study heterogeneity, and in clarification 
response A28 the company stated that random-effects models were included to allow for 
between-study heterogeneity. As noted above (items 8 and 9) the CS reports some aspects of 
conceptual heterogeneity qualitatively. 

Discussion - validity  
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19. Are the results from the indirect/NMA 
compared, where possible, to those just using 
direct evidence? 

Partly. Visual naive comparisons between survival curves can be made by inspecting CS 
Figures 8-14. These are not discussed in detail in the CS. However, the CS does state that for 
1L the predicted atezolizumab OS K-M curves were almost identical to the original OS K-M curve 
from cohort 1 of Imvigor 210 (CS Figures 8 and 9). In contrast, for 2L there were differences 
between the predicted and observed atezolizumab OS K-M curves, which the CS points out, e.g. 
for CS Figure 10. The company explained in clarification response A15 that the network meta-
analysis consisted only of direct comparisons. They provided results for the pairwise direct 
comparisons analysed separately and these concur with the network meta-analysis results. This 
is to be expected as the same underlying fractional polynomial model was used for both 
analyses.   

1L: first-line; 2L: second-line; NMA: network meta-analysis; OS: overall survival; PFS: progression-free survival 
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