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Abstract 
  
Objective: To determine whether overall efficacy data of Larotrectinib obtained by basket trials are useful 

to form an average ICER in the assessment of cost-effectiveness in solid tumours, compared with 

Docetaxel, Eribulin, and Trifluridine/tipiracil in NSCLC, breast cancer, and colorectal cancer patients 

respectively.  

Methods: An economic evaluation for Larotrectinib was conducted in the form of a CEA per NICE 

guidelines. The cost-effectiveness of Larotrectinib was assessed for three cancer indications (non-small 

cell lung cancer, breast cancer, and colorectal cancer) using three similar partitioned survival Markov 

Models with a lifetime horizon. The Markov models were based on several clinical studies of which 

efficacy data was taken for Larotrectinib vs standard of care in last line treatment (Docetaxel, Eribulin, 

and Trifluridine/tipiracil, respectively). The potential impact on resource costs expected from introducing 

Larotrectinib (as well as the comparators) were considered from a healthcare perspective. The ICER for 

a QALY and LY gained were estimated, eventually forming an average ICER. Scenario analyses and 

probabilistic sensitivity analyses (PSA) were conducted. 

Results: The average ICER over all three models was £83.202,61 per QALY gained per patient, ranging 

between £65.137,42 and £113.727,37. Most benefit was, however, found in the life-years gained of which 

all ICERs were below £50.000,00 per patient, with an average ICER of £40.762,06 per life-year gained, 

ranging between £35.020,97 and £49.793,37. 

Conclusion: The use of overall efficacy data of Larotrectinib in different solid tumour types resulted in 

quite a wide range of ICERs, but at all times showing more benefits at higher costs. In terms of costs per 

QALY, the ICERs were not below the current WTP-threshold of £30,000 per QALY gained, and in that 

sense, not cost-effective. However, the additional life-years gained by Larotrectinib are tremendously 

high, ranging from 11 – 15 years. This is reason to believe that Larotrectinib is a promising drug in 

prolonging life for patients receiving last line of treatment. The use of an average ICER and its range in 

cost-effectiveness analyses can be beneficial to identify in what cancers the drug may be possibly most 

suited to become cost-effective. In addition, the cost-effectiveness analysis shows what strengths the 

intervention possibly has (in this case, more additional life-years gained). Also, prices can be obtained 

and evaluated by NICE to determine beforehand what reasonable price arrangements would be during 

confidential negotiations. To further reduce uncertainties around the safe use of average ICER results, it 

would be beneficial to conduct a similar type of research in more cancer histologies and more diverse 

populations with bigger patient groups, once more mature data and data on a larger set of patients would 

be available. 
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1. Introduction 
 
Treating cancer patients has always been challenging due to the different types of tumour physiology, the 

histology, and the continuous change of the tumour. In addition to treatment difficulties, the complex 

phenomenon of cancer drug resistance occurs as well (1). Due to cancer drug resistance at some point, 

many patients can hardly find curing treatments. This results in poor prognosis for cancer patients. On 

average, 166.000 cancer patients in the United Kingdom (UK) die every year (2). That counts for almost 

20 deaths each hour.  

 

Fortunately, improvements had been made where targeting oncogenic drivers resulted in better outcomes 

for patients with metastatic or advanced cancer (3). These therapies target specific tumour locations and 

thus are tumour-histology dependent. More innovative cancer treatments have been developed to treat 

specific cancer types and treat rare mutations found in multiple cancer histologies. Particularly interesting 

are tumour agnostic (TA) therapies, which target specific gene modifications regardless of the tumour 

histology (4). One of these therapies targeting rare mutations is Larotrectinib which specifically targets 

tumours with an NTRK fusion, where Larotrectinib inhibits the TRKA, TRKB and TRKC proteins in 

multiple solid tumour types (5). Larotrectinib has been the first to be approved by the European Medicine 

Agency (EMA) and Food and Drugs Administration (FDA) as a monotherapy treatment for paediatric and 

adult patients (6)(7). These patients should have tumours expressing the NTRK gene fusion, regardless of 

histology, that are metastatic, advanced, or where surgery is restricted due to high chance of severe 

morbidity (6)(7)(8). Larotrectinib, which specifically inhibits the TRKA, TRKB and TRKC proteins, 

shows a 73% progression-free survival (PFS) of the patients after six months and 55% PFS after one year 

(5). The overall response rate (ORR) was 79% (72-85) with a median duration of 35,2 months (5). 

However, efficacy data about these treatments is obtained via single-arm basket trials, which contain a 

small number of patients (9)(10). In addition, these patients have different types of cancer and diverse 

tumour locations, though similar genetic tumour mutations as shown in figure 1 by Hong et al. (9). It has 

been suggested in figure 1 by Hong et al. that the best responses to Larotrectinib were found in i.a. lung 

and breast cancer, with respectively 9 out of 12 and 3 out of 4 patients with response (9). Minor responses 

were obtained in i.a. colon cancer, where only 4 out of 11 patients responded (9).   

 

Figure 1: Waterfall plot by Hong et al. of the maximum change in tumour size, according to tumour type. 
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Efficacy data obtained by basket trials consist of an average pooled ORR and overall PFS (5)(9). In case 

of ORR, a response is defined as the shrinkage of the tumour. Furthermore, the PFS and ORR from basket 

trials assume that the clinical effectiveness across these histologies is comparable. As mentioned in an 

article by Murphy et al., this assumption neglects the heterogeneity in clinical effectiveness across the 

different histologies within the basket trial (11). By this, Murphy et al. try to explain that patients with 

different histologies, who are treated with Larotrectinib, may also experience different (types of) benefits 

due to their specific cancer characteristics despite the similar genetic tumour mutations (11). This results 

in higher uncertainties around the obtained overall efficacy data from such basket trials.  

 

Like the United Kingdom (UK), multiple countries in Europe use information about a drugs' cost-

effectiveness to inform their reimbursement decision-making bodies.  Many chemotherapies have been 

examined in numerous trials with many patients. These trials generated substantial histology dependent 

efficacy data enabling demonstration of cost-effectiveness for different cancer indications. This led to 

multiple chemotherapies being implemented as first- or second-line treatments. New challenges for cost-

effectiveness assessments arise since new promising cancer medications targeting rare mutations are 

entering the market. Though TA treatments are revolutionary for patients, it brings new hurdles in terms 

of CEAs for the decision making by reimbursement bodies. These bodies used to assess the cost-

effectiveness of drugs and determine an incremental cost-effectiveness ratio (ICER) for a single indication, 

where-else now multiple indications are being addressed with TA drugs. Each tumour histology has a 

different underlying prognosis of the disease and different treatment options that are currently available. 

Compared to the current standards of care, the added value of TA therapies balanced against the added 

costs is hard to measure for separate cancer indications, as efficacy data for separate cancer indications 

does not exist. Not being able to account for heterogeneity in the efficacy of TA therapies across 

histologies in CEAs could lead to wrong decisions where reimbursements of TA drugs are not cost-

effective in certain histologies (11). This could lead to additional costs and unwanted health consequences. 

Basket trials providing average efficacy data were initially accepted by the authorisation bodies such as 

EMA, but payers such as The National Institute for Health and Care Excellence (NICE) faced similar 

problems as just mentioned. According to NICE, an average TA clinical effect cannot be used in CEAs, 

causing them to request evidence per tumour histology for each cancer type separately (12). Since multiple 

health technology assessment (HTA) agencies are starting to review appraisals of TA cancer treatments, 

and this emerging problem pointed out by NICE is being encountered, consensus on how to act on this is 

needed (12)(13)(14). As more tumour-agnostic therapies are in the pipeline and reimbursement procedures 

are ongoing, pressure starts to build up on payers to decide on what to do with this limited data though 

high need for these therapies. On the other hand, manufacturers of TA drugs are being challenged by 

reimbursement bodies as well since their new innovative drug turns out to bring new hurdles within its 

market authorisation. This can discourage pharmaceutical companies from innovating new and better 

drugs, leading to unfavourable consequences in the future.  

 

Larotrectinib has been approved by EMA/FDA and accepted by NICE. It is obtained in the cancer drug 

fund under the condition that more efficacy data would be gathered to counteract the current uncertainties 

around the available data. The deadline set by NICE for the primary data collection is July 2023 (15). The 

published NICE appraisal for Larotrectinib has most data masked, implying that the cost-effectiveness 

estimates of Larotrectinib are still confidential (16). Other than that, no cost-effectiveness studies have 

been published regarding Larotrectinib. Furthermore, uncertainty around the usage of overall efficacy data 

from basket trials in CEAs has not clearly been shown. If overall efficacy data can be useful to conduct 
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CEA's for Larotrectinib by forming an average ICER, a faster decision can be made by reimbursement 

bodies. Perhaps an average ICER of Larotrectinib for multiple cancer histologies does not necessarily 

deviate substantially from histology specific ICERs to make it un-useful. Whether a CEA using overall 

efficacy data can prove cost-effectiveness in a specific tumour type remains the question. The cost-

effectiveness of Larotrectinib in specific cancer histologies could overcompensate the possible losses in 

other histologies. In both cases, patients can still be treated with Larotrectinib and benefit from it. In that 

manner, overall efficacy data from basket trials can still be used to conduct multiple CEAs forming an 

average ICER, leading to the possible usage of TAs as a last line treatment in different tumour types. 

Hence, this study aims to examine the possible use of overall efficacy data for CEAs to form an overall 

ICER. This was done by assessing the cost-effectiveness of the TA drug Larotrectinib versus disease-

specific comparators in different solid tumour types (breast cancer, non-small cell lung cancer, and 

colorectal cancer) expressing NTRK-gene mutations, showing whether the differences in ICERCEAs are 

small enough to justify the use of an average ICER. The average ICER represents the primary endpoint of 

this study. In addition, a cost-effectiveness acceptability curve (CEAC), probabilistic sensitivity analyses 

on all parameters, and scenario analyses will be the secondary endpoints of this study to judge the formed 

ICERs and robustness of this study. The potential risk reimbursement bodies take when deciding based 

on an overall CEA will be explored. 
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2. Methods 
 
An economic evaluation for Larotrectinib was conducted in the form of a CEA per NICE guidelines (12). 
The potential impact on resource costs expected from introducing Larotrectinib (as well as the 

comparators) were considered from the NICE healthcare perspective who required the perspective of the 

NHS and Personal Social Service as decisionmaker and payer (1)(17). As per NICE guidelines, only direct 

healthcare costs were taken into account (18). The cost-effectiveness of Larotrectinib was assessed for 

three cancer indications (non-small cell lung cancer (NSCLC), breast cancer, and colorectal cancer) using 

three similar Markov Models. A visual representation is shown in figure 2.  

This economic evaluation generated ICERs (Dcosts/DQALYs) of Larotrectinib vs standard of care in last 

line treatment for each cancer type. These treatments are Docetaxel monotherapy, Eribulin, and 

Trifluridine/tipiracil for NSCLC, breast cancer, and colorectal cancer, respectively. More elaboration on 

these comparators will be given under section 2.2. Intervention and comparators. The three-indication 

specific ICERs were averaged, which represented the primary endpoint of this study, necessary to answer 

the research question. Secondary endpoints were the cost-effectiveness acceptability curve (CEAC) to 

judge the probability of cost-effectiveness for different WTP-thresholds, probabilistic sensitivity analyses 

on all parameters to test the robustness of the economic evaluation, and scenario analyses. All ICERs were 

examined and compared with each other, considering the variabilities and range to determine whether this 

model could generate an informative average ICER. 

 

2.1. Patient Baseline Characteristics.   
A summary of the patient baseline characteristics is given in appendix A. The efficacy data used in this 

study for the indication arm with Larotrectinib is taken from research by Hong et al. containing 153 

patients with different cancer types, indicated with an NTRK fusion (9). This was the pivotal study on 

which the EMA based its approval for Larotrectinib. According to the NICE appraisal, Larotrectinib as a 

new treatment should not displace any effective therapies and should thus be used as last-line treatment in 

patients with the NTRK-fusion mutation (12)(16). As mentioned before, for each cancer type, a different 

comparison with Larotrectinib was made according to its specific last line standard of care treatment in 

the UK. The efficacy data for the three comparator arms are each from a different study, summarised in 

table 1.  

 

 

 

 

 

Figure 2: Visual concept of the economic evaluation. 

Table 1: Studies serving efficacy data of the comparators. 
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These studies were selected on a last-line treatment option for their specific indication, and populations 

that were as much as possible matching the baseline patient characteristics with those of the Hong et al. 

study. The Hong et al. study has a heterogenic patient population including many tumour types with 

patients of all ages. Though, assumed was that the patients within the Hong et al. study with NSCLC, 

breast cancer, or colorectal cancer matched the patient populations chosen for each of the mentioned 

indications in this study since this is last-line treatment. Each Markov model consisted of a different patient 

population according to the cancer indication that was being treated (NSCLC, breast cancer or colorectal 

cancer). For the lung cancer model, the study population consisted of adults with a mean age of 63 years 

old (34 – 85), with advanced NSCLC (19). For the breast cancer model, the population consisted of adults 

between 24 and 80 years with a mean age of 54 (20). For the colorectal cancer model, the patient 

population had a mean age of 65 years old, ranging between 58 and 71 years (21).  

 

All patients had either locally or solid metastatic tumours, and an Eastern Cooperative Oncology Group 

(ECOG) score ranging from 0-2 (on a scale of 0-5, where higher scores mean more disability) 

(9)(19)(20)(21). If possible, patients were previously treated with standard therapy for their specific cancer 

type. In addition, all patients showed adequate organ functioning (9)(19)(20)(21). Finally, all patients were 

assumed to have an identifiable NTRK fusion.  
 

2.2. Intervention and comparators. 
Larotrectinib was considered the intervention of which hard capsules were available in 100 mg to be taken 

twice a day orally (12). Efficacy data of Larotrectinib were derived from the basket trial by Hong et al. 

(9). As Larotrectinib was investigated in a single-arm trial, no direct or indirect comparative evidence on 

the three comparators (Docetaxel, Eribulin, Trifluridine/tipiracil) was available. Hence naïve and 

unadjusted comparisons were used in this cost-effectiveness analysis. To identify the most suitable 

efficacy data for each comparator, an explorative literature search was done to find several potential 

studies on efficacy.  

 

For NSCLC, the current standard of care as last line option in both squamous and non-squamous cells is 

docetaxel monotherapy (when progressed on first and second-line treatment) (22) (23). In this case, data 

for Docetaxel as the comparator arm in the NSCLC model was drawn from the Cufer et al. trial in which 

the dose consisted of 75mg/m2 iv. docetaxel (19). This study was chosen because of the clear Kaplan 

Meier data indicating the numbers at risk. This is necessary for reconstruction of the Kaplan Meier curves 

in excel to eventually extrapolate the efficacy data. Though this data by Cufer et al. is from 2006, it has 

similar outcomes to a recent study from 2020 by Arrieta et al. about the efficacy and safety of 

pembrolizumab plus Docetaxel vs Docetaxel monotherapy in patients with previously treated advanced 

NSCLC (24). Contrary to Cufer et al., the study by Arrieta et al. does not provide numbers at risk in the 

Kaplan Meier data.  

 

In the comparator arm of the breast cancer model, the chosen intervention was Eribulin which, according 

to the NICE guidelines, is a 3rd line treatment for advanced breast cancer (25). Only for patients with 

triple-negative (HR- and HER2-) advanced breast cancer, this can be used as a 2nd line treatment after 

progression on the first-line chemotherapy regimen (25). In any way, Eribulin is offered as the last line 

and thus most suitable as a comparator for Larotrectinib in breast cancer patients. Efficacy data for this 

comparator arm was taken from the Kaufman et al. trial (20). Compared to other studies on Eribulin, 

Kaufman et al. had very positive outcomes with a median OS of 15,9 months (95% CI, 15.2 to 17.6 
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months) and a median PFS of 4,1 months (95% CI, 3.5 to 4.3) (20). Using this data as a comparator against 

Larotrectinib results in a relatively conservative approach as to other studies such as done by Pouwels et 

al., who recently found an OS of 5.9 months (95% CI: 4.6-11.0) and PFS of 3.5 months (95% CI: 2.7–5.5) 

in advanced breast cancer patients (26).  In addition, the study by Kaufman et al. had a large population 

with 1090 randomised patients, of which 554 received Eribulin, where Pouwels et al. had a population of 

45 patients receiving Eribulin. As recommended by NICE and lived up to by Kaufman et al., Eribulin was 

administered intravenously with a dosage of 1.23 mg/m2 over one to five minutes (20)(27). This was done 

on days one and eight of each 21-days cycle (28).  

 

For metastatic colorectal cancer, NICE recommends 2nd line standard of care with Trifluridine/tipiracil, 

which simultaneously is last-line treatment (29). Efficacy data of Trifluridine/tipiracil was taken from a 

study by Chida et al. (21). Results were recently obtained (in 2020), presenting a median OS of 8.1 months 

(95% CI, 6.8–9.2 months) and a median PFS of 2.5 months (95% CI, 2.1–3.1 months). These results were 

similar to what was found by Carriles et al. in 2019 (median OS of 8.30 months; 95% CI 6.23–9.87, and 

median PFS of 2.62 months; 95% CI 2.36–3.05) (30). Preference went to the most recent data available, 

hence choosing the Chida et al. study. In addition, numbers at risk in the Kaplan Meier curves were not 

provided in the paper by Carriles et al. in contrary to Chida et al. As according to the NICE standards and 

in line with the Chida et al. trial, Trifluridine/tipiracil was administered twice a day with 35 mg/m2  per 

dose at a maximum of 80 mg per dose (31). This was administered orally on days 1 to 5 and days 8 to 12 

of each 28-day cycle (31). Since no patient-level data about the body surface area (BSA) was available, 

an average dose was estimated by calculating the average BSA using the normal distribution examined in 

the NICE single technology appraisal [ID1507] shown in appendixes B and C.  

 

A summary of the studies used to obtain efficacy data for the comparator arms in each Markov model is 

given in table 1. Treatment for all therapies was given up until disease progression. Dose-modification in 

the trials was only allowed when severe adverse reactions did not resolve or improve after four weeks 

(9)(19)(20)(21). However, for simplicity, the assumption was made that there were no dose modifications.  

 

2.3. Overall Markov Model Structure. 
A cost-effectiveness model was developed in which efficacy data had 

been extrapolated as data was not mature enough to cover a lifetime 

horizon from multiple trials. This model was triplicated and used for 

the different cancer indications (lung, breast, colorectal) with their 

comparators (Docetaxel, Eribulin, Trifluridine/tipiracil, respectively). 

As patients were continuously at risk of either progressing or dying, a 

partitioned survival Markov Model was considered the best fit. This 

was programmed in Microsoft Excel (version 16.46), whereby three 

health states were used: stable disease (SD), progressive disease (PD), 

and death, as displayed in figure 3. Patients entering the model started 

in the SD state and would, after the first Markov cycle, remain in the 

SD state or transition either to the PD or death state. Patients who were 

from then on in the PD state could either stay there or enter death state.  

 

To be able to include all consequences of the treatments, a lifetime horizon was considered since there is 

a difference in life expectancy for each treatment. This meant that the data would be extrapolated for as 

Figure 3: Diagrammatical representation of 
the Markov Model structure 
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long as necessary to have less than 5% of the population alive at the end of the model. In the models, a 

cycle length equals the duration of a treatment cycle for the comparator. In the NSCLC and breast cancer 

models, this was three weeks. In the colorectal cancer model, the cycle length equalled four weeks. For 

all models, the maximum number of cycle lengths was 314. The time horizon in the NSCLC and breast 

cancer models were thus 217 months. In the NSCLC model, only 2% and 3% of the patient population 

were alive after 217 months in the Larotrectinib and Docetaxel arm, respectively. In the breast cancer 

model, this was only 2% and 1% in the Larotrectinib and Eribulin arm, respectively. For the colorectal 

cancer model, the time horizon was 290 months since a cycle length equalled four weeks. After 290 

months, 0,2% and 0,1% in respectively the Larotrectinib and Trifluridine/tipiracil arm were alive.  

 

Utility values were used to calculate the QALYs per cycle, to eventually calculate the total amount of 

QALYs obtained during the complete study for each treatment arm (9)(19)(20)(21). Per NICE guidelines, 

discount rates of 3.5% were applied for both costs and QALY’s. 

 
2.4. Model inputs (efficacy data extrapolation). 

The OS and PFS efficacy data in all comparator arms were used to estimate the transition probabilities 

between health states. Kaplan Meier curves containing OS and PFS data of Docetaxel, Eribulin, and 

Trifluridine/tipiracil were taken from the studies mentioned in table 1 and recreated with the 

WebPlotDigitizer4.1 software to retrieve X and Y coordinates. These coordinates and the numbers at risk 

from the KM curves were used to estimate the numbers of events and censorship by the interpolation 

method of Hoyle & Henley (32). Thereafter, this data was used as input for RStudio and fitted to four 

different distributions advised by NICE in the technical support document. This consisted of the 

exponential, Weibull, lognormal and log-logistic distributions (33)(34). Next, the best parametric 

distribution fit for OS and PFS of each comparator was determined using the Akaike Information Criterion 

(AIC) while also considering clinical plausibility. Appendix D shows an overview of the statistically fitted 

distributions for each treatment arm. The distributions generating the lowest AICs are marked in grey and 

represent the best statistical fit. For all comparators, both PFS and OS data were fitted with the log-logistic 

distribution. This led to the most positive extrapolated outcomes and was in line with the lowest AIC, 

except for the OS data of Trifluridine/tipiracil. According to the AIC, the best statistical fit would be the 

lognormal distribution. However, in order to be both consistent and conservative towards Larotrectinib, 

the most favourable outcomes for the Trifluridine/tipiracil arm were with the log-logistic, hence choosing 

for this distribution. In appendixes E-G, the KM curves for all comparators are shown, fitted to the 

different distributions. In addition, a graph with the chosen distributions for the OS and PFS data for each 

comparator is included.  

 

For the indication arm, PFS data of Larotrectinib was derived from the basket trial by Hong et al., to which 

the different distributions were fitted (9). According to the AIC, the best statistical fit was the lognormal 

distribution. However, the exponential distribution was chosen to take a rather conservative approach since 

this resulted in the least positive results. The OS data published by Hong et al. in their supplementary 

appendix seemed clinically unobtainable as it was highly immature and based on an incomparable 

population including children. If these data were used, possible outcomes would be too optimistic for 

Larotrectinib, suggesting unusual overall survival rates. In order to counteract this, the OS data was 

adjusted by assuming that patients in the Larotrectinib arm who entered the progressive disease health 

state would not live longer than patients in the comparator arm entering the progressive disease health 

state, since the underlying patient population was the same in both arms, assuming no further treatment 
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benefit beyond progression on Larotrectinib. A new OS curve for Larotrectinib was formed by calculating 

the area between the extrapolated OS and PFS curves (according to the log-logistic distribution) of the 

comparators. Then, the extrapolated OS curve of Larotrectinib (according to the exponential distribution) 

was dragged down by changing the intercept of the OS data for Larotrectinib to form a new OS curve in 

such a manner that the area between these Larotrectinib PFS and (new) OS curves is equal to the area 

between the OS and PFS curves of the comparator. The AIC and log(scale) parameters were kept constant. 

This process was carried out in each model according to its specific comparator. Both OS and PFS data of 

Larotrectinib for all models are visible in appendix H. 

 

Each treatment arm in the Markov Models starts with an extrapolated population of 1000 patients. The 

Markov cycles were equal to the treatment cycles according to the comparators used in the models. With 

a Markov cycle length of three weeks in the lung and breast models and four weeks in the colorectal cancer 

model, the effects and adverse reactions could be determined, as well as the health states. The chance of 

transitioning more than once from a health state within one cycle is neglectable.  

 
2.5. Model inputs (treatment effects; utility). 

Utility values for the SD and the PD states of breast and colorectal cancer patients were mapped to EQ-

5D and taken from NICE single technology appraisals for each indication with its specific comparator 

treatment as shown in table 2 below.  In the case of Docetaxel, the utility scores were taken from Nafees 

et al. since no single technology appraisal for Docetaxel in NSCLC from NICE was available, and thus 

UK society-based utilities were assumed adequate and appropriate (35). Utility values of Nafees et al. 

were also used in the single technology appraisals from NICE for Nivolumab in NSCLC patients. In that 

appraisal, the cost-effectiveness of Nivolumab in NSCLC patients was assessed, and utility values of 

Nafees et al. were used in their scenario analysis, showing less positive results since these utilities are 

considerably low (36). Using these utilities in our study strengthens the conservative approach taken. 

The adverse events (AEs) and the frequencies of occurrence due to the treatment(s) were obtained from 

the trials and modelled in the SD state. Disutility’s assigned to AEs were taken from the same sources 

used for the utility valuation of the health states indicated in table 2. Appendix I shows an elaboration on 

the used disutility values for each adverse event and all cancer indications. When (adverse) events occurred 

at unknown time points in the Markov cycle, assumed was that the event took place halfway the treatment 

cycle hence applying a half-cycle correction. The same was considered for related costs. 

 

2.6. Treatment resources/costs. 
To obtain resources for this economic evaluation, data were derived from the trials and NICE technology 

appraisals as described in tables 1 and 2, a UK clinical audit, and expert opinion. Costs were obtained 

using NHS reference costs, the British National Formulary, data from the personal social services research 

unit (PSSRU), and the electronic market information tool (eMIT). Resources were measured, valued, and 

Table 2: Utility values used in the different models. 



 12 

assigned to the SD and PD states as visualised in table 3. Detailed data are shown in appendix J. Each 

cancer indication is treated differently, has different adverse events, and thus different resources are 

obtained in the models. For each model with its specific indication, resources were considered according 

to the comparators’ NICE appraisal.  

 

 
 
 
 
 
 
 
 
 

2.7. Scenario Analyses and Probabilistic Sensitivity Analyses (PSA). 
To provide insights on the robustness of the results, scenario analyses were conducted in all models. The 

chosen distributions for OS and PFS (exponential for Larotrectinib and log-logistic for the comparators) 

were already the most conservative options taken. Any other distributions would have led to lower ICERs. 

To allow for a more conservative scenario, instead of changing distributions, Larotrectinib efficacy data 

was replaced with that of Entrectinib. Entrectinib is a similar TRK inhibitor and belongs to the same drug 

class as Larotrectinib. The difference is that Entrectinib is not purely a selective TRK inhibitor but has 

additional inhibition of the ROS1 and ALK kinases (37). This resulted in a slightly different profile 

compared to Larotrectinib and made Entrectinib possibly useful in additional indications such as ROS1-

positive NSCLC (38). Larotrectinib was found before Entrectinib and had more mature data with more 

patients. However, the published efficacy data for Entrectinib, contrary to Larotrectinib, was obtained 

from a study population without young children (38). In our models, the comparator arms do not include 

young children, while the overall efficacy data of Larotrectinib used in our indication arm (in fact) does. 

By replacing the Larotrectinib overall PFS (and recreated OS) data with that of Entrectinib, the patient 

populations in both arms align more in terms of age. Data for the overall OS and PFS data of Entrectinib 

were taken from an integrated analysis of three-phase 1–2 trials by Doebele et al. (39). Both median OS 

and PFS data of Entrectinib are lower (21 and 11 months respectively) than Larotrectinib (44 and 28 

months respectively), which should lead to higher ICERs (9)(39). Just as was done for Larotrectinib, the 

exponential distribution was fitted to the Entrectinib OS and PFS data since this was the best statistical fit 

for both. The OS data of Entrectinib (contrary to Larotrectinib) seemed clinically plausible in this case. 

Only 0,2 - 1% of the patients in the models were alive after 314 treatment cycles, hence recreating the OS 

data was unnecessary.  

 

Validating the robustness of this economic evaluation, PSA was performed to determine the impact of 

uncertainty around input parameters by varying all parameters. For each parameter, a 95% CI was 

modelled. One thousand sets of simulations were done in which, for both treatment arms, the parameters 

had different random values according to their prespecified distributions. This resulted in 1000 times 

different costs and effects, and thus 1000 different ICERs were demonstrated in a CE-plane. For 

(dis)utilities, incidences and proportions, beta distributions were used. Resources and costs were assigned 

gamma distributions. As much as possible, published standard errors (SEs) for the parameters were used. 

However, when SEs were not found in the literature, assumptions were made. This led to estimations of 

Table 3: Resource assignment to health states 
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SEs ranging between 5% and 20%. An overview of the estimated SEs and their underlying reasons can be 

found in appendix K. As mentioned earlier, PSA results were plotted in a CE-plane, providing a clear 

visualisation of the ICERs obtained by the PSA and the surrounding uncertainty. A cost-effectiveness 

acceptability curve (CEAC) was then derived from the CE-plane, stating the probabilities for which WTP-

thresholds the interventions were cost-effective. 
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3. Results 
 

3.1. Primary economic analyse. 
Table 4 shows results of the cost-effectiveness analyses from all three models. The average ICER over all 

three models was £83.202,61 per QALY gained per patient, ranging between £65.137,42 and £113.727,37. 

Larotrectinib was most dominant against Eribulin in the breast cancer model, followed by 

Trifluridine/tipiracil in the colorectal cancer model. The lowest ICERs from Larotrectinib vs Eribulin 

yielded 7,91 QALYs gained, resulting in a total discounted cost per QALY of £65.137,42. The next best 

ICER was £70.743,04 per QALY gained by comparing Larotrectinib with Trifluridine/tipiracil. Highest 

ICERs were yielded by the NSCLC model where Larotrectinib vs Docetaxel resulted in a total discounted 

cost per QALY gained of £113.727,37 per patient, with 4,95 incremental QALYs.  

 

The most benefit was, however, found in the life-years gained. All ICERs were below £50.000,00 per 

patient, with an average ICER of £40.762,06 per life-year gained, ranging between £35.020,97 and 

£49.793,37. The lowest ICER was yield by the breast cancer model in which Larotrectinib vs Eribulin 

generated 14,72 additional life years per patient at a total discounted cost of £515.553,25, which resulted 

in an ICER of £35.020,97. Larotrectinib vs Trifluridine/tipiracil resulted in 13,53 additional life years 

gained in colorectal patients, at a total discounted cost of £37.471,83. Complete in-depth results can be 

found in Appendix K. 

 

3.2. Scenario analyses. 
Results of the scenario analysis where Larotrectinib had been replaced in the models by Entrectinib can 

be found in table 5. All models yielded higher ICERs in terms of both QALY and LY gained except for 

the colorectal model where Entrectinib vs Trifluridine/tipiracil resulted in a £17.757,81 lower total 

discounted costs per QALY and £10.036,45 lower LY gained per patient than for Larotrectinib vs 

Trifluridine/tipiracil. The average ICERs for both the QALY and LY gained, however, were still higher 

in the scenario analysis with Entrectinib, resulting in an increase of £11.439,80 per average QALY and 

£7.682,32 per average LY gained. 
 
 
 
 
 
 

 
3.3. Probabilistic Sensitivity Analyses (PSA). 

Figure 4 shows the cost-effectiveness plane of Larotrectinib vs the comparators in all models. Except for 

the NSCLC model, all 1000 PSA iterations are in the upper right quadrant. This means that there are more 

QALYs gained at additional costs for Larotrectinib compared to both Eribulin and Trifluridine/tipiracil. 

Table 4: Summary of the primary economic analyses results 

Table 5: Primary results of scenario analysis 
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For Docetaxel, only 1% of all iterations fell in the upper left quadrant, which counted more costs for fewer 

QALYs.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The CEAC of Larotrectinib vs all comparators are shown in figure 5. At a possible willingness to pay 

threshold of £70.000, the probability of Larotrectinib to be cost-effective in NSCLC patients against 

Docetaxel was 36%, while this was 56% and 60% for Trifluridine/tipiracil in colorectal cancer patients 

and Eribulin in breast cancer patients respectively. Of all comparators, Larotrectinib has the highest 

probability of being cost-effective against Eribulin in breast cancer patients up to 70% at a threshold value 

of £90.000. From £90.000 on, this changes into more cost-effectiveness against Trifluridine/tipiracil in 

colorectal cancer patients. At a willingness to pay threshold of £150.000/QALY gained, the probabilities 

of Larotrectinib to be cost-effective are 76%, 89%, and 94% against Docetaxel, Eribulin and 

Trifluridine/tipiracil, respectively. Overall, Larotrectinib had a lower chance of being cost-effective 

towards Docetaxel in NSCLC patients than it had towards Eribulin and Trifluridine/tipiracil in their 

respective cancer populations.  

 

 

Figure 4: Cost-effectiveness plane of all comparisons 

Figure 5: Cost-effectiveness acceptability curves (CEAC) of Larotrectinib vs each and all comparators 
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4. Discussion  
 

4.1. Brief summary of results. 
To our best knowledge, this was the first study conducting a cost-effective analysis of Larotrectinib as last 

line cancer treatment in solid tumours using overall efficacy data in NSCLC, breast cancer, and colorectal 

cancer patients. In all indications, Larotrectinib resulted in an average of 13,19 additional life-years 

gained, ranging from 11,32 years in NSCLC patients to 14,72 years in breast cancer patients. Our study 

found the most benefits for Larotrectinib to lay with breast cancer patients where it had an ICER of 

£65.137,42 per QALY gained, and £35.020,87 per life-year gained. The next most beneficial indication 

for Larotrectinib in this study was colorectal cancer with an ICER of £70.743,04 per QALY gained, and 

£37.471,83 per LY gained. The ICER of Larotrectinib vs Docetaxel in NSLC patients was £113.727,37 

per QALY gained, and £49.793,37 per LY gained.  

 

4.2. Input choices, assumptions, and limitations. 
Several limitations challenged this study. First and most important is limited evidence for the efficacy of 

Larotrectinib. Larotrectinib has only been searched in basket trials with very few patients and short follow-

up duration. Besides the heterogeneity in these basket trials, limited evidence already brings hurdles for 

modelling. Additionally, no real-world data was available, which led to a model-based approach on earlier 

published RCT data resulting in more uncertainty around the chosen distributions for the data. As a result, 

the validity of the assumptions made in our model was determining the findings and conclusions. To 

compensate and show robustness of these findings, most conservative assumptions on efficacy were taken 

and even more conservative alternative PFS and OS were tested through scenario analysis. Also, 

probabilistic sensitivity analyses were conducted. However, it should be acknowledged that uncertainty 

remains substantial, and future evidence generation on patients with NTRK fusions remains key to reduce 

this uncertainty.  In addition, as the point of this study, we used overall efficacy data instead of histology 

specific data. Histology specific efficacy data could have led to more differentiated ICERs. Furthermore, 

the OS data of Larotrectinib in all models was different. It was recreated with respect to each model its 

comparator’s efficacy data. This kept our findings conservative since the overall OS data of Larotrectinib, 

as suggested by Hong et al., exceeds the OS we recreated. In consequence, our conservative approach has 

led to an underestimation of the ICERs where these would probably have been lower than yielded by our 

models. However, if indeed the OS data by Hong et al. was clinically plausible, then the additional life 

years would increase dramatically, resulting in much lower ICERs than yielded by our model. Though, 

this would have been an irrational overestimation of the ICERs since the patient population in the Hong 

et al. study contains children, which was not the case in the patient population in our models.  

 

Next limitation lies within the populations used in our models. Only for patients where NTRK fusion 

positivity can be measured by next-generation sequencing, FISH, or reverse transcriptase PCR, the tumour 

agnostic therapy Larotrectinib can be applied to (9). It was assumed that our patient population had 

measurable NTRK fusion tumours. However, none of the studies used for efficacy data in the comparator 

arms showed the inclusion of patients having NTRK fusion-positive tumours since this is a rare mutation. 

A study by Forsythe et al. showed that the global incidence of NTRK fusion tumours was 0,52 with a 5-

year prevalence of 1,52/100.000 patients (40). The highest frequencies of NTRK fusions were reported in 

rare cancers such as secretory breast cancer (92,87%) (40). Lower frequencies were found in non-secretory 

breast cancer (0.60%), colorectal cancer (0,26%), and NSCLC (0,17%). Additionally, we assumed that 
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patients with and without an NTRK fusion have the same prognosis and thus react the same to cancer 

treatments. Nevertheless, perhaps the prognosis for patients with the NTRK fusion is different from 

patients without the NTRK fusion. A recent study from February 2021 by L Bazhenova et al. stated that 

patients with NTRK fusions seem to have a higher risk of dying, though not statistically significant (41). 

If this is true, this could result in lower OS and PFS data in the comparator arms than used in our study, 

resulting in higher incremental differences that would generate lower ICERs. In that case, our ICERs are 

an underestimation of what in reality could be. However, this has not properly been researched yet and 

thus more research is necessary to determine the impact.  

 

Other limitations in our study lay with the utility values taken from the Nafees et al. study in our NSCLC 

model. These were considerably lower than the utility values used for the health states in the other models. 

This could be why the ICERs in our NSCLC model are considerably high(er). Less conservative utility 

values as used by NICE would have resulted in more QALYs gained and consequently lower costs per 

QALY. However, the utility rates for both the SD and PD health states were fixed in all models for 

simplicity but are not the actual representation of reality.  As patients tend to progress in the SD state, it 

can be said that the quality of life decreases after each cycle until finally entering the PD state. The same 

goes for people in the PD state who will eventually enter the death state. Consequently, this leads to 

decreasing utilities after each cycle and thus fewer QALYs gained, disfavouring the ICER to increase.  

 

As mentioned in the methods section, for simplicity, there were no dose modifications nor discontinuations 

in any treatment arms. However, patients experiencing unacceptable toxicity in some cases could have led 

to treatment discontinuation. Also, dose-modification in the trials was allowed when severe adverse 

reactions did not resolve or improve after four weeks (9). In case of Larotrectinib, some adverse events 

led to dose reduction in 8 patients (9). These adverse events include increase in the alanine- or aspartate 

aminotransferase level, a decrease in absolute neutrophil count, and dizziness  (9). One can argue that the 

adverse events costs might have gone up for these patients while drug costs went down due to dose 

reductions. This could have led to different outcomes. On the one hand, there could have been fewer 

benefits caused by the worsening of the disease. On the other hand, adverse events costs are lower than 

drug costs (for Larotrectinib). Since the drug costs for Larotrectinib have the biggest impact on the ICER, 

this may have resulted in an overestimation of the drug costs. Larotrectinib is patented by Bayer, which 

led to a high monopoly price. The price given by the BNF was £5000,00 per 100 ml containing 20mg 

Larotrectinib per ml. This equals ten doses per patient which is £500 per dose. It is known that 

Larotrectinib is also available in tablet form and that the prices for these tablets are lower. However, these 

prices are still confidential and not yet published by the BNF. For that manner, the price for a 100 mg 

tablet was taken from drug.com, which was $555,11 on Jun 7, 2021. This was equal to £403,57 at that 

time. This price was used and assumed fixed in our models. However, these are high costs when taking 

into account that each patient needs 200 mg at the cost of £807,14 a day till progression. Such costs can 

be reduced considering new price arrangements such as a compounding scheme with Bayer, possibly 

leading to a 50% price reduction. In that case, the drug acquisition costs can be reduced, eventually leading 

to lower (acceptable) ICERs for Larotrectinib.  

 

Drug acquisition costs were only accounted for treatments used in the SD state. For drug acquisition costs 

in the PD states, no further chemotherapy on progression was included as this was assumed last line 

treatment. However, in some cases, it would be unethical to not continue treatment with, for example, 

Docetaxel. If this were accounted for, drug acquisition costs would have increased resulting in possibly 
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higher ICERs. Next, pre-medications were only included for the Docetaxel arm in our NSCLC model. 

This was due to limited data about the frequencies and the types of pre-medications necessary for all other 

treatment arms. Though the [ID1299] NICE appraisal states that supportive medications can be used in 

the Larotrectinib arm, no precise data about how many patients make use of it is given (16). If pre-

medications were taken into account, this would have resulted in higher (incremental) costs via 

Larotrectinib, increasing the ICERs.  

 

Scenario analysis showed that when taking PFS and OS from the Entrectinib basket trial as a proxy for 

Larotrectinib efficacy, ICERs were substantially higher. This happened as in this scenario the OS (and 

PFS) for Entrectinib were significantly lower compared to the base case analysis, which means that people 

enter progressive disease and the death state earlier. This is because the Larotrectinib study of which the 

efficacy data is taken includes young children in their patient population (9). Children were not included 

in the Entrectinib program (39). The lower PFS data of Entrectinib also resulted in less drug acquisition 

costs for Entrectinib. In the NSCLC and breast cancer models this led to higher ICERs since the 

incremental life years decreased as well as the incremental QALYs. However, in our colorectal cancer 

model, a slightly better extrapolated PFS for Entrectinib than for Larotrectinib resulted in an additional 

0,31 life years for colorectal cancer patients in the Entrectinib arm. Together with lower drug acquisition 

costs, this led to lower ICERs. Yet, these data have to be interpreted with caution since the patient 

population used in the Entrectinib model is very small (n = 54) (39).  

 

Finally, although many assumptions have been drawn for this study due to insufficient data availability, 

the validity was determined high since most (if not all) assumptions were discussed with an expert. In 

addition, sensitivity analysis was conducted, demonstrating the robustness of our research. Regarding this 

sensitivity analysis, the PFS data was taken from KM-curves and recreated with the corresponding number 

of patients at risk. This led to high uncertainty around the recreated and extrapolated PFS curves, resulting 

in some widespread ICERs as visible in the scatter plot of the CE-plane. The uncertainty around the 

recreated OS data for Larotrectinib in our sensitivity analysis is underestimated since this was derived 

from the area between the extrapolated PFS and OS curves of the comparator. 

 
4.3. Possible policy implications. 

For a drug to be assumed cost-effective by NICE, a threshold value preferably between £20,000 and 

£30,000 per QALY gained is used (42) (43). None of the ICERs generated by our models fell below this 

threshold. Though, these are very conservative findings, meaning that realistically the ICERs could be at 

acceptable prices below the threshold value, especially with better price arrangements. In addition, the 

costs per life-year gained are negotiable and far less expensive than a QALY gained (£49.793, £35.021, 

and £37.472 of Larotrectinib vs Docetaxel, Eribulin and Trifluridine/tipiracil, respectively). Larotrectinib 

is used as last line treatment in this study, meaning that patients have no alternative treatment options left. 

One could argue that prolonging life is just as important, therefore despite the high price per QALY, 

Larotrectinib should still be considered. NICE will accept ICERs exceeding £30,000 per QALY if specific 

requirements are met, especially for cancer medicines to be taken in the Cancer Drug Fund (CDF). Due to 

high uncertainty around the efficacy data but plausible cost-effectiveness of Larotrectinib, NICE estimated 

that additional data would counteract this uncertainty by completing primary data collection by July 2023 

(15) (44). According to a study by Leigh et al., the WTP-threshold as determined by the CDF was 

£223.627,00 per QALY gained (45). At this threshold, our CEAC-curve shows probabilities of 90,8%, 

97,3% and 99,2% for Larotrectinib to be cost-effective in NSCLC, breast cancer, and colorectal cancer 
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patients respectively. For Larotrectinib to be cost-effective outside the CDF as well, lower prices should 

be negotiated with Bayer. For Larotrectinib vs Docetaxel to be cost-effective in NSCLC patients, the 

Larotrectinib list price should be lowered from £403,57 per 100 mg to £103,57. However, for Larotrectinib 

to be cost-effective compared to Eribulin for breast cancer patients, a 50% discount would be enough. 

Overall, the average price for the average ICER to be £30,000 is £160. That is a list price reduction of 

60%.  

 

5. Conclusion 
 
This study showed that the use of overall efficacy data of Larotrectinib in different solid tumour types 

resulted in a wide range of ICERs, but at all times showing more benefits at higher costs. In terms of total 

discounted costs per QALYs, these ICERs are not yet below current WTP-thresholds and in that sense not 

cost-effective. However, the additional life-years gained by Larotrectinib are tremendously high (ranging 

from 11 – 15 years). This is reason to believe that Larotrectinib is a promising drug in prolonging life for 

patients receiving last line of treatment.  

 

The use of an average ICER and its range in cost-effectiveness analyses can be beneficial to identify in 

what cancers the drug may be possibly most suited to become cost-effective. In addition, the cost-

effectiveness analysis shows what strengths the intervention possibly has (in this case, many additional 

life-years gained). Also, prices can be obtained and evaluated by NICE to determine beforehand what 

reasonable price arrangements would be during confidential negotiations. However, despite the fact that 

we used three cancer indications that were quite similar in type (solid tumours), the ICERs regarding these 

indications in terms of QALY gained ranged between £65.137,42 and £113.727,37. In terms of LY gained, 

this was between £35.020,97 and £49.793,37. Even though the iterations in our CE-plane for all 

comparisons were clustered, the difference among the ICERs can be even bigger in haematological cancer 

or cancer in children. To further reduce uncertainties around the safe use of average ICER results, it would 

be beneficial to conduct a similar type of research in more cancer histologies and more diverse populations 

once more mature data and data on a larger set of patients would be available.  
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