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4. Summary 

4.1 Breast cancer 

Human epidermal growth factor receptor 2 positive (HER+) metastatic breast cancer (MBC) is a biologically 

aggressive form of breast cancer (BC) that is likely to progress, remains difficult to treat, and is associated with 

a poor prognosis. In 2019, 5,105 women and 54 men were diagnosed with breast cancer in Denmark. There is 

no way to access the total incidence and prevalence of metastatic breast cancer (MBC) patients in Denmark as 

the nationwide cancer register does not capture recurrence of breast cancer and most patients with MBC have 

a recurrence with metastases after an earlier local diagnosis. Yearly, approximately 200 patients suffer from 

HER2-positive, unresectable locally advanced or metastatic breast cancer who failed at least one treatment. 

Approximately 56% of incident patients with MBC reach third-line systemic treatment.  

 

In contrast to patients diagnosed with early breast cancer where cure is possible, MBC, is considered incurable 

and treatment is palliative. Treatment goals include reducing metastatic burden, slowing tumour growth, and 

delaying metastatic progression. However, as patients are living longer with metastatic disease, emphasis on 

maintaining health-related quality of life is increasingly important. 

4.2 Tucatinib  

Tucatinib (TUKYSA®) is a new therapy for the treatment of HER2-positive (HER+) metastatic breast cancer 

(MBC). It is indicated in combination with trastuzumab and capecitabine (tucatinib combination) for the 

treatment of adult patients with HER2-positive locally advanced or metastatic breast cancer who have received 

at least two prior anti-HER2 treatment regimens. 

 

Tucatinib is an orally bioavailable, reversible, small molecule tyrosine kinase inhibitor (TKI) that is highly specific 

to HER2. In vitro, tucatinib inhibits phosphorylation of the tyrosine kinase domain of the HER2 receptor, 

resulting in inhibition of downstream cell signaling and cell proliferation, and induces death in HER2-driven 

tumor cells.  

 

Tucatinib received a positive opinion by the EMA CHMP on the 10th of December 2020 and received market 

authorization in the European Union on the 11th of February 2021.  

 

The recommended dose is 300 mg tucatinib (two 150 mg tablets) taken twice daily continuously in combination 

with trastuzumab (6 mg per kg of body weight intravenously once every 21 days, with an initial loading dose of 

8 mg per kg) and capecitabine (1000 mg per m2 of body-surface area orally twice daily on days 1 to 14 of each 

21-day cycle). 

 

4.3 Clinical documentation for tucatinib 

The efficacy of tucatinib was demonstrated in the clinical trial HER2CLIMB, the first and only randomized, 

double-blind, placebo-controlled, active-comparator global trial of HER2-positive MBC to include patients both 

with and without brain metastases. The trial included 612 patients with HER2-positive MBC who were 

previously treated with trastuzumab, pertuzumab, and trastuzumab-emtasine (T-DM1). The primary  endpoint 

was progression-free survival, key secondary endpoints were overall survival, confirmed objective response 

rate and duration of response.  The results demonstrated a reduced risk of progression or death compared to 

placebo, both in patients with and without brain metastasis. The tucatinib combination reduced the primary 

endpoint of risk of disease progression or death by 46% compared with the placebo combination (HR=0.54; 

95% CI 0.42, 0.71; p<0.001). The tucatinib combination reduced the key secondary endpoint of risk of death by 

34% compared with the placebo-combination group (HR=0.66; 95% CI 0.50, 0.88; p=0.005). 
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Further, tucatinib demonstrated a manageable safety profile with low rates of discontinuation due to adverse 

events. The addition of tucatinib to trastuzumab and capecitabine did not lead to any clinical meaningful 

differences in health-related quality of life compared to placebo in combination with tucatinib and trastuzumab 

as measured by the EQ-5D-5L instrument.  

4.4 Health economic analysis 

The most relevant comparator to the tucatinib combination in Denmark is trastuzumab in combination with 

capecitabine (TRASCAP). The base case analysis of the cost-utility analysis reflects this, comparing tucatinib in 

combination with trastuzumab and capecitabine with trastuzumab and capecitabine in a Danish setting from an 

extended health service perspective. The analysis was performed using a life-time time horizon and costs and 

benefits were discounted with 3.5%. 

 

The cost-utility analysis predicted that the tucatinib combination was more effective and more costly compared 

to the combination of trastuzumab and capecitabine with an incremental cost-effectiveness ratio (ICER) of DKK 

887,621.  

5. The patient population, the intervention and choice of comparator(s) 

5.1 The medical condition and patient population 

In Europe and North America, an estimated one in eight women will develop breast cancer during their lifetime 

[1]. Breast cancer is responsible for 15% of all cancer deaths in women and is the leading cause of cancer-

related mortality in women in 103 of 185 countries [2]. In 2019, 5,105 women and 54 men were diagnosed 

with breast cancer in Denmark. The corresponding age-standardized incidence rate was 148.9 per 100,000 

inhabitants for women and 1.6 for men [3]. Among women, the most frequent age groups at diagnosis were 

between 45 and 59 years (28%) and between 60 and 74 years (37%). The estimated prevalence was 72,193 of 

which 78% were aged 60 years (43% 60 – 74 years) or older (35% 75+ years) [3]. 

5.1.1 Metastatic breast cancer 

In MBC, cancer cells break away from where they first formed (primary cancer), travel through the blood or 

lymph system, and form new tumours (metastatic tumours) in other parts of the body. The metastatic cancer 

cells have features similar to the primary tumour, and are unlike the cells in the place where the metastatic 

tumor is found [4]. MBC is either identified at first BC diagnosis (de novo) or recurs in those originally diagnosed 

with early BC. Approximately 20-25% of patients experience a relapse after diagnosis with early BC [5] and 

approximately 75% of MBC is due to early BC that has progressed to distant disease [6-9].  

 

Clinical outcomes of patients with MBC are dependent on tumour biology, extent, and localization of 

metastasis [10]. For patients with BC, common sites of metastasis include the bone, brain, liver, and lungs [11, 

12]. Symptoms of MBC can vary depending on where the cancer has spread [4, 13]:  

 

• Bone metastases: severe, progressive pain; fractures 

• Brain metastases: persistent, severe headaches or pressure to the head; visual disturbances; seizures; 

vomiting/nausea; and cognitive, functional, and behavioral changes 

• Liver metastases: jaundice; itchy skin or rash; high liver enzymes; abdominal pain; loss of appetite; 

nausea/vomiting 

• Lung metastases: chronic cough; inability to take a full breath; chest pain; nonspecific symptoms 

including weight loss, fatigue, poor appetite 
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In contrast to the early BC setting in which patients can be cured, treatment in the metastatic setting focuses 

on palliation [14], with goals of reducing metastatic burden, slowing tumour growth, and delaying metastatic 

progression. However, as patients are living longer with metastatic disease, emphasis on maintaining health 

related quality of life (HRQoL) is increasingly important. The median survival for these patients is approximately 

two years, but longer in the younger patient population where 15-25% of the patients still live after five years 

and some even live 10 years or more with good quality of life . 

5.1.2 Human epidermal growth factor receptor 2 positive breast cancer 

Human epidermal growth factor receptor 2 (HER2) status, alongside with the hormone receptor status, of the 

breast cancer is informative regarding the pathology of the disease, prognosis and available treatment 

alternatives. HER2 is a protein that normally is expressed at low levels in healthy breast tissue. An 

overproduction of HER2 leads to increased division and growth of cells. Approximately 15% – 20% of breast 

cancer tumors show an overexpression of HER2 [15].  

 

HER2-positive breast cancer is often characterized by an aggressive tumor with rapid growth associated with 

higher risk of relapse and death in absence of adequate treatment. Patients with HER2-positive breast cancer 

are also more prone to develop brain metastasis (often multiple) compared to other sub-types of breast 

cancer. Distant metastasis in patients with HER2-positive breast cancer is rather evenly found in skeleton, lung, 

liver, soft tissue and the brain [16].  

 

Systemic therapies, such as monoclonal antibodies, are effective in treating early breast cancer, however, they 

have limited activity in the brain. This may have led to a change in the pattern of metastatic occurrence in 

patients with HER2-positive MBC [17, 18] as the brain is increasingly becoming the first site of metastasis [17, 

19], and patients are presenting with a higher number of brain metastases at diagnosis [20]. HER2-positive 

MBC is frequently associated with metastases to the brain [21, 22], and up to 50% of patients will develop brain 

metastases throughout the course of HER2-positive MBC [23-26]. In addition, among MBC patients with brain 

metastases, up to 40% are asymptomatic and are diagnosed based only on imaging exams [27-29]. Because 

routine brain imaging is not recommended for these patients [30, 31], brain metastases often remain 

undiagnosed, and thus the prevalence of brain metastases in patients with HER2-positive MBC is likely 

underestimated in the literature. 

 

Patients who develop brain metastases have an even greater burden of disease because they have a worse 

prognosis, and the symptomatic patients also suffer from neurological symptoms leading to further 

deteriorations in HRQoL, and incur higher treatment costs [26, 32-34]. Despite treatment, survival after the 

development of brain metastases in patients with HER2-positive MBC is poor, with a 1-year survival of 50% and 

a 3-year survival of only 16% [35], and death most frequently (61% to 70%) due to progression of brain 

metastases [36, 37]. Development of brain metastases is a devastating diagnosis and patients experience lower 

HRQoL compared with patients with metastases at other sites due to pain, potentially life-threatening seizures, 

activity limitations, and cognitive decline associated with both the disease and its treatment [26, 38, 39]. 

 

5.1.3 Prognosis 

The 5-year survival rate for BC is relatively high, however, it decreases dramatically by stage at diagnosis [40, 

41].  Despite treatment advances, 5-year survival among patients with HER2-positive MBC is less than 50%.  
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brain metastasis (yes/no), Eastern Cooperative Oncology Group (ECOG) performance status score (0/1), and 

geographic region (North America/Rest of the world). The results for the subgroup analysis were consistent 

with the results for the ITT population. Table 56 shows an overview of HER2CLIMB. 

 

Patients were randomized 2:1 to receive either tucatinib or placebo in combination with trastuzumab and 

capecitabine. Figure 1 shows the study design for HER2CLIMB. Patients were stratified by known history of 

treated or untreated brain metastases2 (yes or no), ECOG performance status (0 or 1), and geographic region 

(US and Canada or rest of world). Contrast-enhanced spiral computed tomography (CT), positron emission 

tomography (PET)/CT, and/or contrast-enhanced magnetic resonance imaging (MRI) were obtained at baseline, 

every 6 weeks for 24 weeks, and every 9 weeks thereafter. Brain MRI at baseline was required for all patients.  

 

Figure 1. Schematic of Study Design for HER2CLIMB 

 
BID, twice daily; CNS, central nervous system; CT, computed tomography; IV, intravenous; MRI, magnetic resonance imaging; PET, positron emission 
tomography; PD, progressive disease; PO, orally; RECIST, Response Evaluation Criteria in Solid Tumors; SC, subcutaneous 
a Treatments continued until unacceptable toxicity, disease progression, withdrawal of consent, or study closure. Patients with CNS progression may have 
undergone local therapy to CNS lesions and continued on study treatment with approval from the medical monitor for clinical benefit. 
b Contrast CT, PET/CT (CT must have been of diagnostic quality), and/or MRI and brain contrast MRI scan at baseline, every 6 weeks for the first 24 weeks, and 
then every 9 weeks thereafter until PD, initiation of a new therapy, withdrawal of consent, or study closure. Patients without brain metastases at baseline did 
not require brain contrast MRIs while on treatment. A brain contrast MRI was required at the 30-Day Follow-up Visit for all patients. 
c Assessment of overall survival and/or disease recurrence, as well as collection of information regarding any additional anti-cancer therapies administered 
after completion of study treatment. 
d If study treatment was discontinued for reasons other than disease progression (per RECIST 1.1) or death, every reasonable effort was made to obtain 
contrast CT, PET/CT and/or MRI, and contrast brain MRI (only in patients with known brain metastases) approximately every 9 w eeks until disease progression 
(per RECIST 1.1), death, withdrawal of consent, or study closure. 
Source: [53] 
 

The patient characteristics from the trial are presented in Table 57. In the comparison of the tucatinib 

combination with the placebo combination, possible effect modifiers and prognostic factors, e.g., age, stage at 

diagnosis, HR-status, presence of brain metastases, and locale of other metastases were balanced between the 

 
2 In the literature, the terminology central nervous system (CNS) metastases refer to brain and leptomeningeal metastases. 

HER2CLIMB included a subset of these patients, as those with leptomeningeal metastases were excluded, which is typically 
done in clinical trials. HER2CLIMB is unique in that it included patients with stable brain metastases (patients who had received 
prior therapy for their brain metastases with no progression and symptoms at the time of study enrolment) and active brain 
metastases (those previously treated with progression detected at the time of study consideration and also those with newly 
diagnosed lesions with no prior therapy for brain metastases). No pivotal, randomized, controlled trial of this size has included 
patients with active brain metastases. 
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two arms. An overview of patient characteristics at baseline is presented in: Appendix C Baseline characteristics 

of patients in studies used for the comparative analysis of efficacy and safety. 
 

The detailed results of HER2CLIMB is presented below.  
 

7.1.2 Efficacy and safety – HER2CLIMB 

7.1.2.1.1 Progression-free survival 

As of the September 4, 2019 data cut-off date, 275 of the first 480 randomized patients (57.3%) had 

experienced a PFS event (disease progression or death): 178 patients (55.6%) in the tucatinib-combination 

group and 97 (60.6%) in the placebo-combination group (Figure 2). The tucatinib combination reduced the 

primary endpoint of risk of disease progression or death by 46% compared with the placebo combination 

(HR=0.54; 95% CI [0.42, 0.71]; p<0.001) and led to a more than 2-month improvement in median PFS. A 

landmark analysis showed at 1 year, the estimated PFS was 33.1% (95% CI 26.6%, 39.7%) in the tucatinib-

combination group compared with 12.3% (95% CI [6.0, 20.9%]) in the placebo-combination group [52]. 

 

Figure 2. Kaplan-Meier Estimate of Progression-Free Survival per BICR (Primary Endpoint Population) 

 
BICR, blinded independent central review; CI, confidence interval; HR, hazard ratio; mo, months; No, number 
Source: [52] 

 

In the primary endpoint population, results of the PFS by investigator analysis were consistent with the primary 

efficacy endpoint (PFS by BICR). Similarly, the improvement in PFS by BICR with the tucatinib combination in 

the total study population (ITT-OS, N=612) was also consistent with the primary efficacy endpoint in the 

primary endpoint population with a 46% reduction in the risk of disease progression or death for the tucatinib-

combination group compared with the placebo-combination group, HR=0.54; 95% CI [0.42, 0.68] (see Figure 3). 
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Figure 3. Kaplan-Meier Estimate of Progression-Free Survival by BICR (Total Study Population; ITT-OS) 

 
BICR, blinded independent central review; Cape, capecitabine; CI, confidence interval; HR, hazard ratio; ITT, intent to treat; No, number; 
OS, overall survival; Pbo, placebo; Tras, trastuzumab; TUC, tucatinib 
Source: [54] 
 

7.1.2.1.2 Progression-Free Survival Key Subgroup Analyses 

A forest plot of the primary analysis of PFS by selected baseline characteristics and prespecified subgroups is 

presented in Figure 4. The results of these analyses were consistent with the overall study result in the primary 

endpoint population. 

 

Figure 4. Progression-Free Survival per BICR by Subgroups (Primary Endpoint Population) 

BICR, blinded independent central review; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; ER, estrogen receptor; No, 

number; PR, progesterone receptor; yr, year 

Source: [52] 
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7.1.2.1.3 Overall survival 

In the ITT-OS population, the tucatinib combination reduced the key secondary endpoint of risk of death by 

34% compared with the placebo-combination group (HR=0.66; 95% CI [0.50, 0.88]; p=0.005) (see Figure 5. 

Landmark analyses showed that at 1-year, estimated OS was 75.5% (95% CI [70.4%, 79.9%]) in the tucatinib-

combination group and 62.4% (95% CI [54.1%, 69.5%]) in the placebo-combination group. At 2 years, estimated 

OS was 44.9% (95% CI [36.6%, 52.8%]) in the tucatinib-combination group and 26.6% (95% CI [15.7%, 38.7%]) in 

the placebo-combination group. The tucatinib combination extended median OS by 4.5 months over the 

placebo-combination group.  

 

Figure 5. Kaplan-Meier Estimate of Overall Survival per BICR 

(Total Study Population; ITT-OS) 

 
BICR, blinded independent central review; CI, confidence interval; ITT, intent to treat; mo, months; No, number; OS, overall survival 
Source: [52] 

 

7.1.2.1.4 Overall survival key subgroup analyses 

A forest plot of OS by selected baseline characteristics and subgroups is presented in Figure 6. The analysis of 

OS by selected prespecified subgroups (age ≥65 or <65 years, race, hormone receptor status, baseline brain 

metastases, ECOG status and geographic region) show results that were consistent with the overall total study 

population (ITT-OS).  
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Figure 6. Overall Survival per BICR by Subgroups (ITT-OS Population) 

 

BICR, blinded independent central review; CI, confidence interval; ER, estrogen receptor; ECOG, Eastern Cooperative Oncology Group; ITT, 

intent to treat; OS, overall survival; PR, progesterone receptor; yr, year  

Source: [52] 

7.1.2.1.5 Time to new brain lesions (or progression of a previous lesion) or death (post-hoc analysis) 

In a post-hoc analysis the time to new brain lesions (or the progression of an existing brain lesion) or death 

were explored in the ITT-OS population of HER2CLIMB [55, 56]. For patients without brain metastases at 

baseline this was the time to a first lesion, while for patients with brain metastases this represented a 

progression of a lesion or the development of new lesion. The tucatinib combination was found to be 

associated with a 48% reduction in the risk of progression in the brain during the study time (HR=0.52, 95% CI 

[0.33, 0.82], see Figure 7). The median new brain lesion free survival for the tucatinib combination arm was not 

reached (NR, 95% CI [13.9, -]) and estimated to 11.7 months for the placebo combination (95% CI [9.5, -]).  

Figure 7. Time to new brain lesion-free survival: time from randomization to new, or a progression of a lesion in the brain 

or death by investigator assessment 

 
 Source: [55, 56] 

 

Patients that progress due to brain metastases are assumed to have different resource use and quality of life 

compared to patients that progress due to other reasons. This assumption was based on discussion with a 

Danish clinical expert [43]. The Kaplan-Meier estimate was directly used in the cost-effectiveness analysis to 

identify patients that progress due to a new, or a progression of an existing lesion in the brain. 
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7.1.2.1.8 Duration of Response 

Duration of response (DOR) was defined as the time from the first objective response (CR or PR that is 

subsequently confirmed) to documented disease progression per RECIST 1.1 or death from any cause, 

whichever occurs first. The median DOR for patients with measurable disease at baseline per BICR was 8.3 

months (95% CI [6.2, 9.7]) for the tucatinib-combination group and 6.3 months (95% CI [5.8, 8.9]) for the 

placebo-combination group [53]. The median DOR for patients with measurable disease at baseline per 

investigator was 6.9 months (95% CI [6.2, 8.3]) for the tucatinib-combination group and 6.9 months (95% CI 

[4.2, 8.9]) for the placebo-combination group. 

7.1.2.1.9 Patient-Reported Outcomes/EQ-5D-5L 

HRQoL was evaluated in the ITT-OS population using the EuroQoL 5 Dimensions (EQ-5D-5L), which consists of 

the EQ-5D descriptive system and the EQ visual analogue scale (VAS). The questionnaire was implemented in 

protocol amendment 7 and, consequently, only a subset of patients has baseline HRQoL data (217 in the 

tucatinib-combination group and 112 in the placebo-combination group). 

During study treatment, no clinically meaningful differences in HRQoL were observed between the two 

treatment arms in any of the 5 domains: anxiety/depression, mobility, pain/discomfort, self-care, and usual 

activities [53]. The mean EQ-5D-5L VAS score was similar between treatment arms and stable throughout the 

trial, suggesting maintenance of HRQoL in both arms (Table 10). Thus, no clinically meaningful declines in EQ-

5D score from baseline to end of treatment were observed with the addition of tucatinib to trastuzumab and 

capecitabine.  

Figure 9. EQ-5D-5L Visual Analog Scale Score Over the Course of Treatment (Full Study Population; ITT-OSa) 

 
Cap, capecitabine; EQ-5D-5L, EuroQol 5 dimensions; HRQoL, health-related quality of life; ITT-OS, intent to treat overall survival population; Tra, trastuzumab; 
Tuc, tucatinib 
a HRQoL was evaluated in the full study population (ITT-OS); however the EQ-5D-5L was implemented in protocol amendment 7; consequently, there were 
fewer patients with baseline HRQoL data (N=330, 217 in the tucatinib-combination group and 224 in the placebo-combination group) than in the full ITT-OS. 
Baseline was defined as most recent non-missing assessment on or before first dose date. 
n/N: n is the number of patients who completed the survey. N is the number of patients who completed baseline survey and are still on study. Cycles where 
the number of patients in each treatment group remained ≥20% of initial cohort size are presented. The length of the box represents the interquartile range 
(the distance between the 25th and 75th percentiles). The horizontal line in the box interior represents the group median. The whiskers extend to the group 
minimum and maximum values. 
Source: [57] 
 

7.1.2.1.10 Safety 

In the primary endpoint population, patients had a longer median treatment exposure to tucatinib (7.3 

months) compared with placebo (4.4 months) (Table 10) [52]. Among the 601 patients who received at least 

one dose of any study drug in the safety analysis population, the median duration of exposure to tucatinib or 

placebo was 5.8 months and 4.4 months, respectively. The median duration of exposure to capecitabine was 

5.7 months (range, 0.3 to 35.4) in the tucatinib-combination group versus 4.4 months (range, 0.3 to 24.1) in the 

placebo-combination group. The median duration of exposure to trastuzumab was 6.0 months (range, 0.7 to 
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Table 11).  
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7.1.2.1.12 Efficacy studies – Documentation for the comparator’s clinical efficacy  

See section 7.1. 

7.1.2.1.13 Ongoing studies for the intervention  

See Table 14 for ongoing studies of the tucatinib. 
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7.1.3 Comparative analyses of efficacy and safety 

Not applicable – the comparative efficacy is based on the HER2CLIMB study presented above. 

8. Health economic analysis 

For the health economic analysis of tucatinib, a cost-utility analysis was performed, comparing the tucatinib 

combination with the combination of capecitabine and trastuzumab. The outcomes of analysis were 

incremental cost per QALY and LY gained. 

Both the quality of life and life span are of interest as HER2-positive breast cancer in the metastatic setting is 

associated with relatively short survival. Hence, additional lifetime spent with the best possible health-related 

quality of life was considered as relevant.  

The base-case analysis includes both direct treatment and healthcare utilization costs. Direct non-medical and 

indirect costs encompass travel costs and productivity loss which are included in the sensitivity analysis. 

8.1 Model 

A partitioned survival model was used in this cost-effectiveness analysis; a visual representation of the model 

structure is presented in Figure 10: Model structure. Partitioned survival models are commonly used in 

oncology modeling. In the current model, patients begin in the progression-free state and initiate either 

tucatinib plus capecitabine and trastuzumab or a comparator treatment. Patients can remain progression-free 

for a time, experience disease progression (not related to brain metastases), disease progression due to brain 

metastases, or die. Once patients progress, they can receive subsequent lines of anticancer therapy and 

supportive care. 

Figure 10: Model structure 

 

OS = overall survival; PFS = progression-free survival. 

Note: The data in the figure are fictitious and used for illustrative purposes only. S(t) PFS is the survival function describing the probability 

that a patient remains in the progression-free health state beyond a specific time point (t) from model entry. S(t) OS is the survival function 

describing the probability that a patient survives in the progression-free or the progressed health states beyond a specific time point (t) 

from model entry. Membership in the progressed health state is determined by subtracting the progression-free state membership from 

the dead state membership. 
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The model structure captures the expected patient pathway from treatment initiation to death and reflects 

differences in costs and outcomes among patients receiving alternative systemic therapies for pretreated 

HER2-positive locally advanced or mBC. The model structure allows for variation in the risk of progression and 

death over time, which is observed in PFS and OS data for patients. The model cycle length of one week was 

chosen to provide precision in the tracking of the number of patients in each health state over time in the early 

years of the model. As the cycle length is short in comparison to the model time horizon, no half-cycle 

correction is applied in this model [58]. 

 

Costs and health-related utilities are allocated to each health state and multiplied by the number of patients in 

each health state to calculate weighted costs and QALYs per cycle.  

Treatment costs included costs of drug acquisition, administration, and monitoring. Costs and disutilities 

associated with adverse events (AEs) were estimated per episode and were applied once at the beginning of 

the simulation, based on the proportion of patients in each treatment arm who experience each AE. 

The time horizon for the base case was selected to be 20 years. Considering the prognosis of patients included 

in the analysis it is assumed that this time horizon reflects the lifespan and a longer time frame would not 

translate into additional information regarding differences in the treatment effect, costs or other outcomes. 

 

A discount rate of 3.5% was applied based on the socio-economic discount rate from the Ministry of Finance 

[59]. 

The global model was validated internally, externally and a cross validation was conducted. To ensure it reflects 

Danish clinical practice, a clinical expert was consulted to ensure that the clinical pathway and disease 

complexity, as well as important differences in costs and outcomes between treatments, were accurately 

captured by the model. 

 

8.2 Relationship between the data for relative efficacy, parameters used in the model and relevance for 

Danish clinical practice  

8.2.1 Presentation of input data used in the model and how they were obtained 

The input data used for the base case was mainly derived from the pivotal trial HER2CLIMB and literature. 

Where needed, data was extrapolated based on goodness-fit statistics and clinical plausibility. A summary of 

included clinical inputs is presented in Table 15. 
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8.3 Extrapolation of relative efficacy 

8.3.1 Time to event data 

The inputs regarding effectiveness for the tucatinib combination and TRASCAP were sourced from the pivotal 

trial HER2CLIMB (see section 7). The two main inputs regarding effectiveness used in the model and economic 

analysis were PFS and OS. The ITT population from the HER2CLIMB trial was used to conduct the survival 

analyses for PFS and OS.  

8.3.1.1 Progression free survival 

As of the September 4, 2019 data cutoff date for HER2CLIMB the estimated PFS was 33.1% (95% CI 26.6%, 

39.7%) in the tucatinib-combination group compared with 12.3% (95% CI 6.0, 20.9%) in the placebo-

combination group [52]. The median PFS in patients receiving tucatinib was 7.8 months (95% CI: 7.5 -9.6) 

compared to 5.6 months (95% CI: 4.2 -7.1) for patients receiving placebo (Figure 11). 

Figure 11. Kaplan-Meier estimates for progression free survival from HER2CLIMB. 

 
Cape = capecitabine; Pbo = placebo; Tras = trastuzumab; TUC = tucatinib. 

 

Although the PFS data from the HER2CLIMB trial was reasonably mature (56% and 61%, for the tucatinib 

combination and placebo, respectively [52]), it still required extrapolation to estimate the unrestricted mean 

difference in PFS needed for the economic analysis. To investigate if proportional hazards (PHs) or accelerated 

failure time factors (AFTs) may be used in the survival analysis the log-cumulative hazard was plotted (Figure 

12). 
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Figure 12. Log cumulative hazard plot for PFS HER2CLIMB. 

 
 

The two arms of the PFS in HER2CLIMB cross, indicating non-proportional hazards. The proportionality of 

hazards were further graphically explored with Shoenfeld residuals (Figure 13). 

 

Figure 13. Schoenfeld residuals as a function of time in HER2CLIMB, progression free survival 

 
The residuals showed variation with time, indication of non-proportionality for treatment effect. However, a 

formal test failed to reject a zero slope for the (linier) dependence of the residuals with time (Chi-squared = 

0.275, degrees of freedom = 1; p = 0.60).  

 

As the PH assumption is uncertain, survival distributions allowing for different hazards (e.g., different scale and 

shape) were fitted to the data and a constant treatment effect was thus not assumed in the projections. It is 

important to note that the PH assumption is not rejected as the estimators for the shape parameters of the 

fitted distributions are not restricted to be different. The standard survival distributions were used, the 
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exponential, Weibull, Gompertz, log-logistic, lognormal, and generalised gamma. The distributions fitted to PFS 

with corresponding AIC and BIC are presented in Table 22. 
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Models typically associated with the PH assumption, Gompertz and Weibull, together with the exponential 

model demonstrated the worst statistical fit (highest AIC and BIC, Table 22). Both the Gompertz and the 

Weibull predict an increasing difference in progression rate between the tucatinib combination and TRASCAP 

with time (see Figure 14 and Figure 15). 

 

Figure 14. Projection of the Gompertz progression rate (hazard) 

 

Figure 15. Projection of the Weibull progression rate (hazard) 

 
The exponential model predicts a constant difference (Figure 16). These distributions (Gompertz, Weibull and 

the exponential model) predict less plausible differences in mean survival compared with the difference seen in 

the restricted mean observed in HER2CLIMB (approximately 5.2 months).  
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Figure 16. Projection of the exponential progression rate (hazard) 

 
The most clinically plausible situation is believed to be a difference in progression rates during the trial with a 

converging progression risk with time. Based on external clinical input the most clinically plausible difference in 

progression rates would demonstrate convergence over time in progression rates between study arms as the 

effect of therapy wears out [43]. This is also consistent with what is observed in HER2CLIMB (smoothed hazard 

rate is presented in Figure 18). The progression rates in HER2CLIMB are both unimodal – the hazards show an 

increase during the first 10 months, followed by a decrease and convergence of rates past 16 months. This non-

monotonic increase/decrease of the hazard may be modelled using the standard survival distributions: 

generalised gamma, log-logistic or lognormal. The lognormal had the overall best fit of the three while 

demonstrating a clinically plausible development of the hazard (Figure 17) and was thus selected for the base 

case.  

 

Figure 17. Projection of the lognormal progression rate (hazard) 

 
The log-logistic distribution offers a plausible alternative while generalised gamma clearly underestimates the 

mean difference in survival as the extended mean is close to the restricted mean seen in HER2CLIMB 

(approximately 5.2 months).  
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Figure 18. Smoothed hazard PFS from HER2CLIMB 

 
 

An overlay of the different distributions with the Kaplan-Meier (KM)-estimate for the two arms in HER2CLIMB 

is presented in Figure 19. The lognormal distribution show clinically plausible survival extrapolations over ten 

years for both arms.  

Figure 19. Extrapolation of survival distributions, PFS HER2CLIMB 

 
 

 

8.3.1.2 Overall survival 

The OS from HER2CLIMB is presented in Figure 20. The tucatinib combination extended median OS by 4.5 

months over the placebo-combination group, in patients receiving tucatinib the median OS was 21.9 months 

(95% CI: 18.3 - 31.0) compared to 17.4 months (95% CI: 13.6 - 19.9) for patients receiving TRASCAP. 
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Figure 20. Kaplan-Meier estimates for overall survival from HER2CLIMB. 

 
 

The same approach to the survival analysis was used for OS as for PFS. The log-cumulative hazard plot is 

presented in Figure 21 and reveals crossing curves and thus separate distributions were fitted.  

 

Figure 21. Log-cumulative hazard function for OS, HER2CLIMB 

 
 

As for PFS, the time-dependence of the hazard ratio was further graphically explored with Schoenfeld residuals  

(Figure 22).  
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Figure 22. Schoenfeld residuals as a function of time in HER2CLIMB, overall survival 

 
 

The smoothed residuals showed variation with time. A formal statistical test of the (linear) dependence of the 

Shoenfeld residuals failed to reject the null hypothesis (Chi-squared = 0.286, degrees of freedom = 1; p = 

0.5929) indicating that there is not strong evidence against proportional hazards. The situation was similar to 

the analysis of PFS and separate survival models were fitted to the two arms of the trial - the PH assumption is 

thus not rejected as the estimators for the shape parameters of the fitted distributions are not restricted to be 

different. 
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Gompertz, lognormal, and exponential demonstrated the worst fit to the data from HER2CLIMB. 

Weibull and log-logistic show the lowest AIC and BIC but predicted very different survival 

estimates. The smoothed hazard is presented in Figure 23.  

Figure 23. Smoothed hazard OS from HER2CLIMB. 

 
The smoothed hazard for OS, the mortality rate, for TRASCAP show a similar shape as the hazard 

for PFS (unimodal with convergence of hazards over time). The TRASCAP data is more mature 

(42% versus 32% for TRASCAP and the tucatinib combination, respectively). The shape of the 

hazard for TRASCAP is clinically plausible, as frail patients will fail (die) early, and with disease 

specific survival reaching a maximum to then decrease as patients overcome the critical phase of 

the disease. The different shape seen for the tucatinib arm of HER2CLIMB is assumed to be a 

consequence of less events (less mature data) as only events inform the shape of the hazard and 

there is no reason to assume a different shape for the tucatinib arm compared to the TRASCAP 

arm.  

 

Further, it is clinically plausible that the hazard for OS follows the approximate shape of the PFS, 

as mortality in breast cancer would be expected to be closely linked to the progression of the 

tumors(s). In the base case a distribution that predicts a similar shape for both arms of the model 

was selected.  

 

The Weibull, log-logistic and generalized gamma were associated with the best statistical fit. 

Comparing the clinical plausibility of extrapolations, the log-logistic model demonstrates a 

plausible development consistent with HER2CLIMB, with a unimodal shape and most importantly 

a converging risk between the two arms with time – i.e., the difference in mortality between the 

two arms seen in the trial converges with time. The log-logistic and the lognormal distributions 

show this behavior and as the log-logistic had the best fit to the data in HER2CLIMB it was 

selected for the base case. 

 

The generalized gamma predicts different shapes for the two arms in analysis, with an increased 

mortality in the tucatinib compared to TRASCAP which is not consistent with the clinical data. The 

Weibull distribution predicts an increasing difference between the two arms of the trial. The 

projections of the distributions are presented in Figure 24, Figure 25, and Figure 26.  
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Figure 24. Extrapolation of the log-logistic distribution for mortality rate (hazard)  

 

Figure 25. Extrapolation of the Weibull distribution for mortality rate (hazard) 

 

Figure 26. Projection of the genarlised gamma distribution for mortality rate (hazard) 

 
The clinical plausibility of the extrapolation of survival was validated in discussions with clinical 

experts [43, 64]. The Gompertz and exponential was completely discarded as the statistical fit 

was poor and the shapes and development of the hazards with time were clinically implausible. 

Long-term extrapolations for the different survival distributions on survival probability are 

presented in Figure 27. It is more difficult to assess clinical plausibility based on the survival 

curves, but visual inspection shows that log-logistic is a good fit to the data from HER2CLIMB. 

Low proportions of survivors are predicted beyond 15 years, which is to be expected in this 

patient population [43]. 
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Figure 27. Extrapolation of survival distributions, OS HER2CLIMB 

 

8.3.1.3 Validation of extrapolations from HER2CLIMB 

No suitable studies were identified in a systematic literature review (details in Appendix A) that 

could validate the extrapolation of time to event data from HER2CLIMB.  The review revealed 

three studies that potentially could include traszumab + capecitabine treated HER2+ patients 

after 2 anti HER2 therapies; The MonarcHER trial, the SOPHIA trail and the TH3RESA trial [75-78]. 

The MonarcHER [78] trial included 79 patients treated with trastuzumab plus standard-of-care or 

single-agent chemotherapy of physician’s choice. As the trial had 19 months follow-up and only 

included PFS and as it was not reported how many patients were indeed treated with 

trastuzumab + capecitabine, the trial was excluded as potential external validation for the 

survival projections for HER2CLIMB. The SOPHIA [77] trial included in the comparator arm 270 

patients treated with trastuzumab and physicians choice of chemotherapy. Median follow up was 

15.8 months and of the 270 patients only 72 were treated with trastuzumab + capecitabine. A 

KM curve for this sub-population was not published. As median follow up was not longer than in 

HER2CLIMB and as no KM curve for the trastuzumab + capecitabine patients was published, the 
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SOPHIA trial was excluded as potential external validation for the survival projections for 

HER2CLIMB. The TH3RESA trial [75, 76] included 154 patients randomized to a combination with 

HER2-directed therapy + physicians choice of chemotherapy after progression on trastuzumab 

and lapatinib. The follow up was for the primary analysis 6.5 months for the comparator arm. A 

later and final OS update with median follow up in the comparator arm of 15.8 months was 

published in 2017 [76]. At the time of this final OS update 47% of patients in the physicians 

choice arm had crossed over to the intervention therapy.  As median follow up was not longer 

than in HER2CLIMB and as 47% of patients had crossed over, the TH3RESA trial was excluded as 

potential external validation for the survival projections for HER2CLIMB. 

8.3.1.4 Treatment duration 

Treatment duration for the tucatinib combination and TRASCAP was taken from HER2CLIMB to 

best capture resource use of drug. The KM-estimate was close to complete and the extended 

mean was used in the base case analysis, the cut-point for the exponential extension of the KM-

estimate was 20 months. As a scenario analysis, treatment during PFS was tested. Treatment 

duration as used in the analysis is presented in Figure 28.  
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Direct costs - 
transportation 
costs 

509 1,373 -864 

Indirect costs - 
healthcare 
resource use 

4,043 10,905 -6,862 

Total other 
costs 

4,552 12,278 -7,726 

Total 9,988 26,938 -16,950 
    

Progression - disease management and monitoring wo BM 

Direct costs - 
healthcare 
resource use 

72,412 47,129 25,282 

Other costs 
   

Direct costs - 
transportation 
costs 

8,223 5,352 2,871 

Indirect costs - 
healthcare 
resource use 

61,036 39,725 21,310 

Total other 
costs 

69,259 45,077 24,182 

Total 141,670 92,206 49,464 
    

Total PPS costs 151,658 119,145 32,514 

Death 62,091 65,154 -3,063 
    

Total health 
state costs 

315,218 237,729 77,489 

Post 
progression 
treatments 

144,950 147,876 -2,926 

Antidiarrheals 142 38 104 

Adverse events 9,568 4,234 5,335 

Total costs 1,230,634 479,242 751,392 

TRASCAP: Trastuzumab and capecitabine 
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8.7 Sensitivity analyses  

8.7.1 Deterministic sensitivity analyses 

A one-way deterministic sensitivity analysis (OWSA) was conducted. Where upper and lower 95% 

confidence intervals were not available, input values were varied by 20% for both lower and 

upper bound. shows the results of the OWSA including the 25 values which had the largest 

impact on the ICER when being varied. The tornado diagram in Figure 29 shows the ten most 

sensitive values. The relative dose intensity for tucatinib had the largest impact on the ICER 

followed by the relative dose intensity for trastuzumab. 
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Post-progression % - Pertuzumab (cycle 2+) - Tuc + Tras + Cap (2,461) 2,461  4,922  

Post-progression % - Lapatinib - Tras + Cap 
 

2,370 (2,370) (4,740) 

Post-progression % - Lapatinib - Tuc + Tras + Cap (2,323) 2,323  4,646  

Health State Costs - Progressed w. BM (Direct) 2,178  (2,178) (4,355) 

Health State Costs - Progressed w. BM (Other) 1,824  (1,824) (3,648) 
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Figure 29. Tornado diagram for one-way sensitivity analysis 
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Discount rate – Costs: 0% 3.5% 929,094 

Discount rate – Costs: 5% 871,896 

Body weight: 75 kg 69.5 kg 890,673 

Age adjusted utilities  No  887,182 

 

8.7.2 Probabilistic sensitivity analyses 

Probabilistic sensitivity analyses (PSA) were conducted to establish the impact of parameter 

uncertainty. A total of 1,000 iterations were run. An overview of all assumptions regarding the 

PSA is presented in Appendix J Probabilistic sensitivity analyses. 

 

Figure 30 presents the cost-effectiveness plane, which showed that all 1,000 iterations were in 

the North-East quadrant.  

 

Figure 30. Cost-effectiveness plane 

 
 

Figure 31 presents the cost-effectiveness acceptability curve (CEAC). The CEAC showed that the 

tucatinib combination had a 50% probability of being cost-effective at a willingness-to-pay of DKK 

900,000.  
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Figure 31. Cost-effectiveness acceptability curve 
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10.2 Cost-effectiveness analysis 

The discounted results of the base-case deterministic analysis for the all-comers population 

showed that the tucatinib combination was associated with higher per patient costs and benefits 

versus TRASCAP. The base-case ICER were DKK 886,942 per QALY gained and DKK 744,398 per 

life-year gained. The QALY benefit of tucatinib versus TRASCAP manifests predominantly from 

time spent in the progression-free health state. The incremental cost was due to additional drug 

acquisition costs associated with the tucatinib combination, which was impacted by drug pack 

prices, drug doses (including parameters for relative dose intensity and patient body weight or 

body surface area used in dose calculations), and treatment duration.  

The univariate sensitivity analyses demonstrate that the ICER (QALYs) is most sensitive to 

changes in the relative dose intensity for the tucatinib combination.   

The probabilistic sensitivity analysis results were very similar to the deterministic results which 

demonstrates the robustness of the analysis. The cost-effectiveness acceptability curves showed 

that the tucatinib combination has 50% probability of being cost-effective at a willingness-to-pay 

threshold of DKK 900,000 per QALY. 

Over a lifetime time horizon, HER2-positve MBC patients treated with the tucatinib combination 

were estimated to incur mean total costs of DKK 1,230,634 in the base-case with a mean life 

expectancy of 3.01years and 2.40 total QALYs. 

10.2.1  Strengths of the analysis 

A transparent, probabilistic cost-effectiveness model was developed in Microsoft Excel and 

Microsoft Visual Basic for Applications. The model was adapted to a Danish setting according to 

the DMC’s guidelines. The three-health state partitioned survival model structure aligns with the 

approach used in previous technology appraisals in breast cancer. The model captures the 

lifetime of patients and uses a 7-day cycle length, which provides sufficient granularity to capture 

any important differences in costs and outcomes between comparator treatments. 

 

Extensive research was performed to identify input data used in the model, including a 

systematic literature review of clinical evidence [89] and a systematic literature review of 

economic evidence [90, 91].  

 

Where possible, data were used from the HER2CLIMB trial in the base-case analysis, which 

represents the target population. Extensive survival analyses were performed for PFS and OS, 

including various parametric models fitted to the trial data. There was good consistency between 

the results using different methodologies, highlighting the robustness of the analyses. 

Additionally, the model includes health state utility weights derived from EQ-5D data collected in 

the HER2CLIMB trial. Unit costs were taken from recognized national sources (where available). 

Extensive sensitivity analysis was performed, including univariate and probabilistic sensitivity 

analyses incorporating all model parameters. 

10.3 Limitations 

Some inputs to the analysis were based on assumptions and clinical expert opinion, such as the 

proportion of patients receiving different post-progression treatments. No treatment duration 

data for post-progression treatments were available from the HER2CLIMB trial; data was instead 

derived from literature. 
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Long-term extrapolation of OS curves from short-term clinical trials is always subject to 

uncertainty and hence should be validated against long-term data from other sources. However, 

long-term validation specifically for this patient population is difficult due to a lack of real-world 

evidence.  
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lapatinib was given for ≤ 21 days and was discontinued for reasons other than 
disease progression or toxicity) 

2. Neratinib, afatinib, or other investigational HER2/epidermal growth factor 
receptor (EGFR) or HER2 tyrosine kinase inhibitor (TKI) at any time previously 

3. Capecitabine (or other fluoropyrimidine) for metastatic disease except in cases 
where capecitabine was given for < 21 days and was discontinued for reasons 
other than disease progression or toxicity. Patients who have received 
capecitabine for adjuvant or neoadjuvant treatment at least 12 months prior to 
starting study treatment are eligible. 

2. Clinically significant cardiopulmonary disease 

3. Carriers of Hepatitis B or Hepatitis C or have other known chronic liver disease 

4. Positive for human immunodeficiency virus (HIV) 

5. Unable for any reason to undergo MRI of the brain 

6. Have used a strong CYP3A4 or CYP2C8 inhibitor within 5 half-lives of the inhibitor, or a 
strong CYP3A4 or CYP2C8 inducer within 5 days prior to first dose of study treatment 

7. Have known dihydropyrimidine dehydrogenase deficiency (DPD) 

8. CNS Exclusion - Based on screening brain MRI, patients must not have any of the 
following: 

1. Any untreated brain lesions > 2.0 cm in size, unless approved by medical 
monitor 

2. Ongoing use of systemic corticosteroids for control of symptoms of brain 
metastases at a total daily dose of > 2 mg of dexamethasone (or equivalent) 

3. Any brain lesion thought to require immediate local therapy. Patients who 
undergo local treatment for such lesions identified by screening contrast brain 
MRI may still be eligible for the study based on criteria described under CNS 
inclusion criteria 

4. Known or suspected leptomeningeal disease (LMD) 

5. Poorly controlled seizures Unblinded Phase Crossover Inclusion Criteria - 
Participants who were randomized to the control arm (placebo + trastuzumab + 
capecitabine) must meet the following criteria to be eligible to crossover to the 
experimental arm. 

9. Have measurable or non-measurable disease assessable by RECIST 1.1 

10. For patients who were randomized to the control arm and on the long-term follow-up 
period at the time of crossover screening: have progression of unresectable locally 
advanced or metastatic breast cancer after last systemic therapy (as confirmed by 
investigator) or be intolerant of last systemic therapy. 

11. Have an ECOG Performance Status of 0 or 1 

12. Have a life expectancy of at least 6 months 

13. Have adequate hepatic and renal function and hematologic parameters 

14. Left ventricular ejection fraction (LVEF) ≥ 50% 

15. CNS Inclusion - Based on screening brain magnetic resonance imaging (MRI), patients 
must have one of the following: 

i. No evidence of brain metastases ii. Untreated brain metastases not needing immediate 
local therapy iii. Previously treated brain metastases not needing immediate local therapy 

16. Brain metastases previously treated with local therapy may either be stable since 
treatment or may have progressed since prior local CNS therapy 

17. Patients treated with CNS local therapy for newly identified lesions found on contrast 
brain MRI performed during screening for this study may be eligible to enroll if the 
following criteria are met: 

1. Time since whole brain radiation therapy (WBRT) is ≥ 21 days prior to first dose 
of study treatment, time since stereotactic radiosurgery (SRS) is ≥ 7 days prior 
to first dose of study treatment, or time since surgical resection is ≥ 28 days. 

2. Other sites of disease assessable by RECIST 1.1 are present Unblinded Phase 
Crossover Exclusion Criteria - Participants who were randomized to the control 
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arm (placebo + trastuzumab + capecitabine) will be excluded from the 
crossover to the experimental arm for any of the following reasons. 

18. Discontinuation of study treatment due to an adverse event while on the double-blind 
phase of the study. If the adverse event leading to discontinuation of study treatment has 
resolved, the patient may be allowed to crossover with approval from the medical 
monitor. 

19. History of exposure to the following cumulative doses of anthracyclines: 

1. Doxorubicin > 360 mg/m^2 

2. Epirubicin > 720 mg/m^2 

3. Mitoxantrone > 120 mg/m^2 

4. Idarubicin > 90 mg/m^2 

5. Liposomal doxorubicin > 550 mg/m^2 

20. History of allergic reactions to trastuzumab, capecitabine, or compounds chemically or 
biologically similar to tucatinib 

o Exceptions for Grade 1 or 2 infusion related reactions to trastuzumab that were 
successfully managed, or known allergy to one of the excipients in the study drugs 

21. Have received treatment with any systemic anti-cancer therapy, non-CNS radiation, or 
experimental agent within 3 weeks prior to start of crossover therapy 

22. Any toxicity related to prior cancer therapies that has not resolved to ≤ Grade 1, with the 
following exceptions: 

1. Alopecia and neuropathy (must have resolved to ≤ Grade 2) 

2. CHF (must have been ≤ Grade 1 in severity at the time of occurrence and must 
have resolved completely) 

3. Anemia (must have resolved to ≤ Grade 2) 

23. Have clinically significant cardiopulmonary disease 

24. Have known myocardial infarction or unstable angina within 6 months prior to start of 
crossover therapy 

25. Require therapy with warfarin or other coumarin derivatives 

26. Inability to swallow pills or significant gastrointestinal disease which would preclude the 
adequate oral absorption of medications 

27. Have used a strong CYP2C8 inhibitor within 5 half-lives of the inhibitor or have used a 
strong CYP2C8 or CYP34A inducer within 5 days prior to start of the crossover (tucatinib) 
treatment. 

28. Known dihydropyrimidine dehydrogenase deficiency 

29. Unable to undergo contract MRI of the brain 

30. Have evidence within 2 years prior to start of crossover therapy of another malignancy 
that required systemic treatment 

31. CNS Exclusion: 

32. CNS Exclusion - Based on screening brain MRI, patients must not have any of the 
following: 

1. Any untreated brain lesions > 2.0 cm in size, unless approved by medical 
monitor 

2. Ongoing use of systemic corticosteroids for control of symptoms of brain 
metastases at a total daily dose of > 2 mg of dexamethasone (or equivalent) 

3. Any brain lesion thought to require immediate local therapy. Patients who 
undergo local treatment for such lesions identified by screening contrast brain 
MRI may still be eligible for the study based on criteria described under CNS 
inclusion criteria 

4. Known or suspected leptomeningeal disease (LMD) 

5. Poorly controlled seizures 
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Primary endpoints 
reported 

PFS (Per RECIST 1.13 as determined by Blinded Independent Central Review (BICR)) among the first 
480 patients who underwent randomization defined as the time from randomization to 
documented disease progression or death from any cause, whichever occurs earlier.  

Results: 

PFS at 1 year was 33.1% in the tucatinib-combination group and 12.3% in the placebo-
combination group (hazard ratio for disease progression or death, 0.54; 95% confidence interval 
[CI], 0.42 to 0.71; P<0.001), and the median duration of PFS was 7.8 months and 5.6 months, 
respectively. 

Key secondary 
outcomes  

Key secondary end points were assessed in the total population and included:  

• OS defined as the time from randomization to death from any cause 

• PFS (Per RECIST 1.1 as  determined by Blinded Independent Central Review (BICR)) among the 
patients with brain metastases at baseline (same definition as primary end point) 

• cORR (Per RECIST 1.1. as determined by BICR) defined as the percentage of patients with 
measurable disease at baseline who had a confirmed complete response or partial response, 
as assessed by means of blinded independent central review  

Results:  

OS at 2 years was 44.9% in the tucatinib-combination group and 26.6% in the placebo 
combination group (hazard ratio for death, 0.66; 95% CI, 0.50 to 0.88; P=0.005), and the median 
overall survival was 21.9 months and 17.4 months, respectively.  

Among the patients with brain metastases, PFS at 1 year was 24.9% in the tucatinib-combination 
group and 0% in the placebo-combination group (hazard ratio, 0.48; 95% CI, 0.34 to 0.69; 
P<0.001), and the median PFS was 7.6 months and 5.4 months, respectively. 

Among the 511 patients with measurable disease at baseline, as assessed by means of blinded 
independent central review, the percentage who had a confirmed objective response was 40.6% 
(95% CI, 35.3 to 46.0) in the tucatinib-combination group and 22.8% (95% CI, 16.7 to 29.8) in the 
placebo-combination group (P<0.001) 

Other secondary 
efficacy endpoints 

• PFS (Per RECIST 1.1. as determined by investigator assessment) defined as primary endpoint  

• PFS  in patients without BM  

• cORR (Per RECIST 1.1. as determined by investigator assessment) 

• DOR (Per RECIST 1.1. as determined by BICR and investigator assessment) 

• CBR (Per RECIST 1.1. as determined by BICR and investigator assessment) 

Safety endpoints • Incidence of  adverse events 

• Clinical laboratory assessments 

• Vital signs and other relevant safety variables 

• Frequency of dose holding, dose reductions, and discontinuations of tucatinib and 
capecitabine 

• Frequency of dose holding and discontinuations of trastuzumab 

Health economics and 
outcomes endpoints 

• Cumulative HRU, including LOS, hospitalizations, and ED visits 

• HRQoL/health status using the EQ-5D-5L 

Exploratory endpoints • ORR in brain per RANO-BM as determined by BICR 

• DOR in brain per RANO-BM as determined by BICR 

• Time to brain progression in patients with BM at baseline per RANO-BM as determined by 
BICR 

• Presence of HER2 mutations or other potential biomarkers of response 

BICR, blinded independent central review; BM, brain metastases; CBR, clinical benefit rate; cORR: confirmed objective 
response rate; DOR, duration of response; ED, emergency department; EQ-5D-5L, EuroQoL 5 Dimensions 5 Levels; HER2, 
human epidermal growth factor receptor 2; HRQoL, health-related quality of life; HRU, healthcare resource utilization; 
ITT, intent to treat; LOS, length of stay; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; 
RANO-BM, Response Assessment in Neuro-Oncology – Brain Metastases; RECIST, Response Evaluation Criteria in Solid 
Tumors 
a Disease response and progression were evaluated in accordance with RECIST criteria version 1.1 by BICR. 
b HRQoL and health economics endpoints were added in Protocol Amendment 6 (30 August 2017). Thus, analyses for 
these endpoints only include patients who consented to this protocol amendment; consequently, the number of patients 
is smaller compared with the total ITT population. 
Source: [52, 53]  

 
3 Response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1) 92. Eisenhauer, E.A., et 

al., New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J Cancer, 2009. 45(2): p. 

228-47. 
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Best confirmed response n (%) 

Complete response 3 (0.9) 2 (1.2) 

Partial response 135 (39.7) 37 (21.6) 

Stable disease  155 (45.6) 100 (58.5) 

Progressive disease 27 (7.9) 24 (14.0) 

Not evaluable 0 1 (0.6) 

   Not availableb 20 (5.9) 7 (4.1) 

Clinical benefit rate (CBR) % 95% CI* 59.8% (54.8, 64.5) 38.1% (31.4, 45.2) 

Duration of response Median, months, 95% CI** 8.3 (6.2, 9.7) 6.3 (5.8, 8.9) 

Confirmed objective response per investigator in patients with 

measurable disease 

Tucatinib 

Combination 

(N=357) 

Placebo- 

Combination 

(N=173) 

Objective response, n (%) 146 (40.9) 37 (21.4) 

95% CIa (35.8, 46.2) (15.5, 28.3) 

Stratified CMH p-valueb 0.00001 

Best confirmed response n (%) 

Complete response 8 (2.2) 2 (1.2) 

Partial response 138 (38.7) 35 (20.2) 

Stable disease  151 (42.3) 96 (55.5) 

Progressive disease 39 (10.9) 33 (19.1) 

Not evaluable 0 1 (0.6) 

Not availabled 21 (5.9) 6 (3.5) 

Clinical benefit rate (CBR) % 95% CI* 58.0% (53.1, 62.9) 37.6% (30.9, 44.7) 

Duration of response Median, months, 95% CI** 6.9 (6.2, 8.3) 6.9 (4.2, 8.9) 

     

     

BICR, blinded independent central review; BM, brain metastases; CI, confidence interval; CMH, Cochran-Mantel-Haenszel; 
ECOG, Eastern Cooperative Oncology Group; ITT, intent to treat; OS, overall survival; RECIST, Response Evaluation Criteria 
in Solid Tumors; US, United States 
a Confirmed best overall response assessed per RECIST 1.1. 
b Patients with no post-baseline response assessment. 
c Two-sided 95% exact confidence interval, computed using the Clopper-Pearson method (1934). 
d Cochran-Mantel-Haenszel test controlling for stratification factors (Presence or history of BM: Yes/No, ECOG 
performance status: 0/1, and Region of world: US/Canada/Rest of World) at randomization. 
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*The clinical benefit rate (CBR) was defined as achieving stable disease (SD) or non-CR/non-PD for ≥6 months (i.e., no 
documented PD or death within 6 months from date of randomization) or a best overall response of CR or PR as 
determined by BICR review using Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 
** Duration of response (DOR) was defined as the time from the first objective response (CR or PR that is subsequently 
confirmed) to documented disease progression per RECIST 1.1 or death from any cause, whichever occurs first. 
Source: [54] 

 

For safety see section 7. 

Appendix E Safety data for intervention and comparator(s) 

See section 7. 

Appendix F Comparative analysis of efficacy and safety 

Not applicable 

Appendix G – Extrapolation  

See section 8.3 

Appendix H – Literature search for HRQoL data 

See attached SLR. 

 

Appendix I Mapping of HRQoL data  

Not applicable. 

Appendix J Probabilistic sensitivity analyses 

In order to evaluate uncertainty associated with parameter precision, probabilistic sensitivity 

analyses were conducted to establish the impact of such uncertainty. Probabilistic sensitivity 

analyses included all model parameters; estimates of uncertainty were based on the uncertainty 

in the source data where data availability permitted this. In those cases, exact data were used to 

capture the upper and lower bounds; in instances of a lack of data, 10% variability from mean 

values was applied. 

All parameters were varied simultaneously, and multiple sets of parameter values were sampled 

from predefined probability distributions to characterize the uncertainty associated with the 

precision of mean parameter values. 

Parameters can be sampled from appropriate statistical distributions, such as the following: 

 

• Survival function parameters can be sampled from correlated distributions defined by 

their mean, standard error, and covariance. 

• Mean costs can be sampled from a gamma distribution defined by the mean and 

standard error. 
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Treatment duration: antidiarrheals (loperamide) 

Tucatinib 

combination 

21.63 days Normal (CLT) 

TRASCAP 5.80 days Normal (CLT) 

Relative dose intensity: tucatinib combination 

Tucatinib 88.5% Beta (probability/proportion [0,1]) 

Capecitabine 73.9% Beta (probability/proportion [0,1]) 

Trastuzumab 73.9% Beta (probability/proportion [0,1]) 

Relative dose intensity: TRASCAP 

Capecitabine 79.0% Beta (probability/proportion [0,1]) 

Trastuzumab 79.0% Beta (probability/proportion [0,1]) 

Incidence of grade 3+ adverse events 

Hand-foot 

syndrome 

13.1% Beta (probability/proportion [0,1]) 

Diarrhoea 12.9% Beta (probability/proportion [0,1]) 

Alanine 

aminotransferase 

increased 

5.4% Beta (probability/proportion [0,1]) 

Fatigue 4.7% Beta (probability/proportion [0,1]) 

Aspartate 

aminotransferase 

increased 

4.5% Beta (probability/proportion [0,1]) 

Anaemia 3.7% Beta (probability/proportion [0,1]) 

Nausea 3.7% Beta (probability/proportion [0,1]) 

Vomiting 3.0% Beta (probability/proportion [0,1]) 

Stomatitis 2.5% Beta (probability/proportion [0,1]) 

Adverse events incidence: TRASCAP 

Hand-foot 

syndrome 

9.1% Beta (probability/proportion [0,1]) 

Diarrhoea 8.6% Beta (probability/proportion [0,1]) 

Alanine 

aminotransferase 

0.0% Beta (probability/proportion [0,1]) 
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increased 

Fatigue 4.1% Beta (probability/proportion [0,1]) 

Aspartate 

aminotransferase 

increased 

0.0% Beta (probability/proportion [0,1]) 

Anaemia 2.5% Beta (probability/proportion [0,1]) 

Nausea 3.0% Beta (probability/proportion [0,1]) 

Health state utilities 

Progression-free  0.84 Beta (values between 0,1) 

Progressed 

disease 0.77 

Beta (values between 0,1) 

Dead 0.00 Fixed (by definition) 

Indirect costs 

Progression-free 3307.17 Gamma (Positvely skewed >0) 

Progressed w.o. 

brain mets 

3461.71 Gamma (Positvely skewed >0) 

Progressed w. 

brain mets 

3975.83 Gamma (Positvely skewed >0) 

Dead 0 Gamma (Positvely skewed >0) 

Adverse-event unit costs 

Hand-foot 

syndrome 

13366.00 Gamma (Positvely skewed >0) 

Diarrhea  22115.00 Gamma (Positvely skewed >0) 

Alanine 

aminotransferase 

increase 

13366.00 Gamma (Positvely skewed >0) 

Fatigue 3987.00 Gamma (Positvely skewed >0) 

Aspartate 

aminotransferase 

increase 

13366.00 Gamma (Positvely skewed >0) 

Anemia 69514.00 Gamma (Positvely skewed >0) 

Nausea 5130.00 Gamma (Positvely skewed >0) 

Vomiting 22115.00 Gamma (Positvely skewed >0) 

Stomatitis 1186.00 Gamma (Positvely skewed >0) 
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Drug costs 

Tucatinib (150 

mg x 84) 

45,930.80 Fixed (no associated parameter uncertainty) 

Capecitabine 

(500 mg x 120) 

250 Fixed (no associated parameter uncertainty) 

Trastuzumab 

(150 mg) 

10,506.64 Fixed (no associated parameter uncertainty) 

Pertuzumab 

(420 mg) 

19,144.78 Fixed (no associated parameter uncertainty) 

Vinorelbin 1,650.40 Fixed (no associated parameter uncertainty) 

Eribulin 2,462.67 Fixed (no associated parameter uncertainty) 

Loperamide 

(2 mg) 

218.40 Fixed (no associated parameter uncertainty) 

Post-progression treatment: following tucatinib combination 

Trastuzumab  70.0% Beta (probability/proportion [0,1]) 

Lapatinib 15.0% Beta (probability/proportion [0,1]) 

Vinorelbin 35.0% Beta (probability/proportion [0,1]) 

Eribulin 35.0% Beta (probability/proportion [0,1]) 

Pertuzumab 4.0% Beta (probability/proportion [0,1]) 

Post-progression treatment: following TRASCAP 

Trastuzumab  70.0% Beta (probability/proportion [0,1]) 

Lapatinib 15.0% Beta (probability/proportion [0,1]) 

Vinorelbin 35.0% Beta (probability/proportion [0,1]) 

Eribulin 35.0% Beta (probability/proportion [0,1]) 

Pertuzumab 4.0% Beta (probability/proportion [0,1]) 

Drug administration costs 

Tucatinib  0 Gamma (Positvely skewed >0) 

Capecitabine  0 Gamma (Positvely skewed >0) 

Trastuzumab  712 Gamma (Positvely skewed >0) 

Vinorelbin 0 Gamma (Positvely skewed >0) 

Eribulin 712 Gamma (Positvely skewed >0) 



 

   

 Side 98/98 
 

Medicinrådet    Dampfærgevej 27-29, 3. th.   DK-2100 København Ø    +45 70 10 36 00    medicinraadet@medicinraadet.dk     www.medicinraadet.dk 

Lapatinib  0 Gamma (Positvely skewed >0) 

Pertuzumab 712 Gamma (Positvely skewed >0) 
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Status fra andre lande 

Norge: Under behandling1 

Sverige: Under behandling  

England: Under behandling2 

Konklusion 

 

 

 

 
1  https://nyemetoder.no/metoder/tucatinib-tukysa- 
2 https://www.nice.org.uk/guidance/indevelopment/gid-ta10708 



Kbh. 8. marts 2022 
Kære Andreas 
 
Vi forhandlede med Amgros i starten af året på baggrund af den ansøgning vi havde indsendt til 
Medicinrådet i foråret 2021. Da ansøgningen gjaldt hele indikationen for Tukysa, forhandlede vi 
baseret på en anbefaling af denne. Vores tilbud om konfidentiel rabat, givet til Amgros den 4. januar, 
er således ikke gældende for subpopulationen med hjernemetastaser i performance status 0-1 alene.   
 
Som fremført af fagudvalgsformanden på Medicinrådets møde den 26. januar, screenes der ikke 
systematisk i Danmark for at identificere patienter med hjernemetastaser, i modsætning til 
procedurerne i studiet. Der blev i HER2CLIMB studiet gennemført en række tests for a identificerer 
patienter med hjernemetastaser for at muliggøre at der kunne vises effekt i denne sub-population. 
Det er Seagens opfattelse, at præmissen for kun at give adgang af Tukysa til en undergruppe af 
patienter er forkert. 
 
HER2CLIMB studiet er per protokol designet og poweret i forhold til følgende mål for patienter, som 
behandles for lokal fremskreden inoperabel eller metastaserende HER2+ brystkræft efter progression 
på to HER-2 rettede behandlinger: 
 
Primært mål:  

• At undersøge effekten af tucatinib i forhold til placebo I kombination med capecitabin og 
trastuzumab på progressionsfri overlevelse (PFS) målt ved RECIST 1.1 baseret på blindet 
uafhængigt central review (BICR) 

Sekundære mål:  

• At undersøge effekten af tucatinib i forhold til placebo I kombination med capecitabin og 
trastuzumab på PFS i patienter med tidligere hjernemetastase, aktuel hjernemetastase eller 
forandringer i hjernen forenelige med hjernemetastase målt ved RECIST 1.1 baseret på BICR 

• At undersøge effekten af tucatinib i forhold til placebo I kombination med capecitabin og 
trastuzumab på overlevelse (OS) 

 
(https://clinicaltrials.gov/ProvidedDocs/94/NCT02614794/SAP 000.pdf) 
 
Resultatet af studiet har givet entydige svar: 

• For alle inkluderede patienter (ITT-populationen) er der en signifikant forbedret PFS og OS 
efter tucatinib behandling, som er klinisk særdeles meningsfyldt. 

• For patienterne i gruppen hjernemetastaser er resultatet det samme. 
 
Som dokumenteret i ansøgningen, fandt man i et eksplorativt endepunkt effekt på udviklingen af 
hjernemetastaser både for patienter der ved randomisering havde- hhv. ikke havde hjernemetastaser.  
 
En undersøgelse af tumorstørrelse på tværs af patienter med og uden hjernemetastaser viste en 
konsekvent effekt på tværs af grupperne (mørkeblå=hjernemetastaser, lyseblå=ikke 
hjernemetastaser). 
 



  
 
I Tyskland blev tucatinib af G-BA klassificeret til ”Considerable additional benefit” (den næsthøjeste 
merværdikategori) for hele populationen af patienter med lokal fremskreden inoperabel eller 
metastaserende HER2+ brystkræft efter progression på to HER-2 rettede behandlinger. Som en del af 
ansøgningen i Tyskland skal der per protokol gennemføres interaktionsanalyse for samtlige 
subpopulationer i studiet. Resultatet af denne analyse viste at der ikke var interaktion (statistisk 
signifikant effekt) på nogen af de specificerede subpopulationer, inklusiv hjernemetastase gruppen. 
Der var således en konsistent effekt på tværs af samtlige subpopulationer.   
 

       
(se side 183 i: https://www.g-ba.de/downloads/92-975-4537/2021-03-12 Modul4A Tucatinib.pdf) 
 
Vi mener på baggrund af ansøgningen for tucatinib, at en anbefaling alene for patientgruppen med 
hjernemetastaser i performance status 0-1, ville begrænse værdien af behandlingen unødigt for en 
patientpopulation med stort medicinsk behov.  
 
HER2CLIMB studiet viste en signifikant, vedvarende overlevelsesgevinst for såvel alle patienterne (ITT-
populationen) som for patienter med hjernemetastaser. Det er det eneste og første studie, som viser 
dette. I Danmark er standardbehandlingen i 3. linie kombinationen af capecitabin og trastuzumab, 
hvilket er identisk med komparator i studiet.  
 
At studiet viste en fornem gevinst for patienter med hjernemetastaser over standardbehandling i 
Danmark, bør ikke medføre at patienter uden hjernemetastaser som havde den samme gevinst over 
standardbehandling i Danmark, udelukkes fra en signifikant bedre behandling.     



 
På baggrund af dette og referatet fra Rådets møde i januar har vi forhandlet en ny konfidentiel pris 
glædende for hele indikationen med Amgros. Vi håber at denne ny pris kan indgå i Rådets overvejelser 
på Medicinrådets møde den 23. marts.  
  
 
De bedste hilsner 
 
Ole 
  

 
Ole Henriksen | Director Value and Access Nordics 
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