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Abstract 

Background:  Information and knowledge about cost of illness and labour productivity in patients with HER2-
positive early-stage and metastatic breast cancer treated with trastuzumab is limited. The aim of this study was to 
estimate the direct and indirect costs associated with treatment of HER2-positive breast cancer among patients with 
early-stage and metastatic breast cancer, treated with trastuzumab, in a 10-year period after diagnosis.

Materials and methods:  This study included all Danish HER2-positive breast cancer patients (≥ 18 years) treated 
with trastuzumab between 2005 and 2016 identified in The Danish Patient Register and the Danish Cancer Register. 
Furthermore, we identified patients experiencing metastatic or recurrent breast cancer. For the study populations, we 
estimated total direct costs and indirect costs for one year prior to the breast cancer diagnosis and up to 10 years after 
diagnosis compared with a group of matched controls free of breast cancer. In addition to The Danish Patient Register 
and Cancer Register, we applied patient level data from The Civil Registration System, The National Pathology Reg-
ister, National Health Service Register for Primary Care, Register of Medicinal Product Statistics, Register of Municipal 
Services, The DREAM database, and Population’s Education Register.

Results:  We identified 4,153 HER2-positive breast cancer patients, whereof 27% were identified with metastatic or 
recurrent breast cancer. During the follow-up period of 10 years, we estimated excess direct costs of EUR 115,000 
among the total study population compared to controls; EUR 211,000 among patients with metastases or recurrence; 
and EUR 89,000 among patients without metastases or recurrence. Direct costs were found to be highest in the first 
year after diagnosis and also peaked in the year after recurrence. Labour productivity was significantly lower among 
patients with recurrence 10 years after breast cancer diagnosis compared with controls.

Conclusions:  In this study, we estimated the direct and indirect cost associated with HER2-positive breast cancer. 
The costs were significantly higher during the 10 years after diagnosis compared to the control group, specifically 
among patients experiencing metastases or recurrence of breast cancer.
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Introduction
Breast cancer is the most frequent type of cancer diag-
nosed among women in European countries, constituting 
20–25% of all incident cancer diagnoses [1]. In Den-
mark, the annual number of cases is approximately 4,700 
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(age-standardised rate 86.1 per 100,000 women) [2, 3], 
and worldwide, more than 2 million women were diag-
nosed with breast cancer in 2018 [4]. The survival rate 
for breast cancer has increased during the past decade, 
which is likely attributable to advances in treatments, 
new surgical techniques, standardisation of treatment 
protocols, mammography screening and early diagnos-
tics [5]. However, approximately 20% of breast cancer 
patients experience de novo metastatic breast cancer 
(metastatic breast cancer at diagnosis) or will experience 
recurrent cancer, which is usually considered an incur-
able condition.

About 10–15% of early-stage breast cancer patients 
have HER2-positive breast cancer [6]. Before the intro-
duction of treatments targeting HER2-positive breast 
cancer, it was an illness associated with higher rates of 
disease recurrence and higher mortality than other breast 
cancer subtypes. However, new targeted therapies have 
significantly changed the treatment paradigm of patients 
with early-stage HER2-positive breast cancer [7]. Since 
2006, one-year treatment (17 cycles) with trastuzumab 
in combination with chemotherapy has been offered as 
standard treatment in Denmark to women with early-
stage HER2-positive breast cancer before or after surgery.

Although the various subtypes of breast cancer affect 
many thousands of women worldwide each year, infor-
mation and knowledge about the cost of illness and 
labour productivity of patients with HER2-positive early-
stage and metastatic breast cancer treated with trastu-
zumab is limited. Indirect costs are likely substantial, as 
a large proportion of HER2-positive cases exit the labour 
market after treatment [8]. Furthermore, cohort studies 
comparing HER2-positive cancers with HER2-negative 
cancers found HER2-positive cases to be more expen-
sive to treat [9], and have higher cost of illness per patient 
[10].

The previous studies investigating cost of illness for 
HER2-positive patients have primarily been conducted as 
cohort studies or through trials. Denmark offers unique 
options for performing studies on real-world data via 
access to high-quality, exhaustive register data on the 
long-term outcomes of implementation of new targeted 
medicines. Therefore, we used the Danish national regis-
ters to investigate the association between HER2-positive 
breast cancer (with and without metastases or recur-
rence), extended direct and indirect costs.

Methods
A retrospective population-based study was designed to 
analyse direct and indirect costs among Danish women 
diagnosed with HER2-positive breast cancer in the 
period 2005 to 2016 who were treated with trastuzumab. 

Our data included information starting from 2004, in 
order to observe the change from before diagnosis.

Data sources
Since 1968, all Danish citizens have been assigned a 
unique personal identification number, recorded in the 
Danish Civil Registration System (CRS) [11]. For all 
individuals, the CRS registers date of birth, gender, vital 
status, region of residence and family relationships. The 
CRS enables an identity-secure linkage of information 
among the Danish national registers. Patient-specific data 
were collected from the Danish National Patient Register 
(DNPR), which contains information on all somatic hos-
pitalisations in Denmark since 1977. Moreover, all outpa-
tient activities, emergency room contacts and psychiatric 
ward contacts, including diagnoses and performed pro-
cedures, have been included in the DNPR since 1995 [12]. 
Information on all tariffs and unit cost estimates for each 
somatic hospital contact (hospital admissions and out-
patient visits) was retrieved from the DNPR, which was 
available from 2002 onwards. The date of diagnosis of 
breast cancer was retrieved from the Danish Cancer Reg-
ister, which contains data on the incidence of cancer and 
on tumour characteristics among the Danish population, 
dating back to 1943 [13]. The HER2 status of study par-
ticipants was obtained from the Danish National Pathol-
ogy Register, which contains information on all pathology 
examinations conducted in Denmark since 1997 [14]. 
Data on primary healthcare services and unit costs were 
retrieved from the Danish National Health Service Reg-
ister for Primary Care [15]. Prescription medicine costs 
were collected from the Register of Medicinal Product 
Statistics. Acquisition and unit cost estimates were based 
on the market price, including patient co-payment and 
public reimbursement. Information regarding home care 
services was retrieved from the Register of Municipal 
services. Information of employment was retrieved from 
the DREAM Database, which is owned by the Danish 
Ministry of Employment. The DREAM database includes 
information on weekly labour market public transfer 
payments, i.e. unemployment benefits or disability pay-
ments, for all Danish citizens since 1991. Individuals 
receiving such a payment are included in the database for 
the corresponding year, while the remaining members of 
the workforce are not included.

Information regarding highest obtained education was 
obtained from the Population’s Education Register [16] 
and was defined by the highest obtained education at the 
time of breast cancer diagnosis.

Institutional setting
The study was conducted in Denmark. Denmark has 
a tax-financed universal healthcare system, where 
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treatment is free at point of consumption. Hospitals are 
financed through a combination of block grant transfers 
and activity-based financing using a DRG-system. Pri-
mary care physicians fulfil a gatekeeper-function, where 
patients need a referral before receiving specialized or 
hospital care, unless emergency care is necessary. Private 
health insurance is available, but not widely used. Even if 
a patient is covered by private health insurance, cancer 
treatment is provided through the public sector. For pre-
scription drugs, Danish citizens face an annual deduct-
ible fee of 2,0.650 Euro. After which, prescription drugs 
are financed 100% by the state.

All treatment facilities and pharmacies are obligated 
to report administrative data to the Danish Health Data 
Authority. The activity data is routinely used for review of 
hospital activity and reimbursement in accordance with 
the Danish DRG-system. For cancer treatments, data 
quality was a stated aim of the Cancer Package II (Imple-
mented 01 January 2006).

Study population
The study population was defined as women ≥ 18  years 
diagnosed with incident HER2-positive breast cancer 
in the period between 2005 and 2016 who were treated 
with trastuzumab. All women with incident breast can-
cer were identified in the Danish Cancer Register using 
the ICD-10 code C50. In the Danish National Pathology 
Register, information on HER2 status was retrieved using 
SNOMED code T04 (breast) in combination with either 
SNOMED code F29603 (HER2 receptor overexpression) 
or SNOMED code FE13B5 (HER2 gene amplification). 
In the DNPR, treatment with trastuzumab was identified 
using treatment code BOHJ13. More than six treatments 
with trastuzumab in the year following diagnosis resulted 
in inclusion in the study population.

Metastatic and recurrent HER2‑positive breast cancer
Patients who experienced recurrence or metastatic breast 
cancer does not qualify as early-stage breast cancer. Met-
astatic cancer is considered the last stage cancer, while 
80% of recurrent cancer cases is identified as metastatic 
[17]. Hence study participants were assigned to one of 
two subpopulations: patients who experienced metastatic 
or recurrent HER2-positive breast cancer within the 
study period, and patients with early-stage breast cancer 
who did not experience metastases or recurrence within 
the study period.

Patients with metastatic HER2-positive breast can-
cer were defined as patients who were registered with 
TNM-M code M1 at time of diagnosis or, patients who 
received more than 17 treatments of trastuzumab in the 
13 months after diagnosis [18, 19]. Recurrence was iden-
tified in patients who received at least six trastuzumab 

treatments within the first year after diagnosis, at some 
point afterward discontinued treatment for at least six 
months, and then initiated trastuzumab treatment again.

Control population
To determine the cost of illness, we compare the cost 
of HER2-positive patients with controls from the Dan-
ish population. One control for each patient was ran-
domly selected from the general population via the CRS, 
matched on age and highest obtained education as of 
the year of breast cancer diagnosis. All controls were 
female. The DNPR was used to ensure that all controls 
were unexposed to breast cancer in the study period. To 
reduce the risk of introducing bias, we limited the match-
ing criteria to only birth year and highest obtained edu-
cation. We had in total 91,964 potential controls and 
the controls were matched exact on a 1:1 ratio based on 
age and education. If education was obtained abroad or 
from a not-approved Danish institution, education will 
be missing in The Education Register. If a patient was 
observed with missing in this variable, it was matched 
with a control who also had missing in this variable. Each 
control was assigned the same index date as the matched 
case.

Unit costs and outcome variables
Outcomes for this study included direct and indirect 
costs attributable to HER2-positive cancer. Direct costs 
consisted of costs generated from consumption primary 
care services, hospital care services and home care ser-
vices. Indirect cost was estimated based on labour mar-
ket productivity. Additionally, we included prescription 
medicine as a separate category.

The direct costs were estimated based on services 
noted in the national registers. For each contact with the 
healthcare system an observation in the register data is 
made. This observation contains date and reason for visit, 
services provided to the patient (including but not lim-
ited to consultation, medication/treatment provided in 
a hospital setting, diagnostic imaging, surgery) and the 
estimated cost of these services. The cost of all included 
services are determined by the national tariffs and fees 
(DRG-tariffs for the hospital sector and fees for the pri-
mary healthcare sector).

From the DREAM database yearly employment rates 
were estimated and subsequently labour productivity 
values were estimated by multiplying the yearly employ-
ment rate, with gross average yearly wages, adjusted for 
the number of effective weekly working hours among 
women. The labour productivity value estimations 
included only women considered to constitute the work-
force, i.e. those between the ages of 18 and 65.
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Due to legal restrictions regarding access to detailed 
data on prescription medicines, it was not possible to 
merge this information on a patient level with other 
direct costs – hence, we report this in a separate category. 
However, an analysis of the overall costs of prescription 
medicines produced an estimate of any differences in 
costs between cases and controls.

Prescription medication in this context include all 
reimbursed medications, not provided in a hospital 
setting. For example, anti-nausea medication is often 
provided in combination with chemotherapy. If that 
medication is provided in a hospital context, it will be 
registered in the DNPR. If the same prescription is re-
filled at a pharmacy outside the hospital context later, 
that cost will be registered in this category. However, this 
category is not limited to cancer-related medications, but 
all prescription medication collected by the study partici-
pants in the study period..

All costs were set to the 2016 price level, and tariffs 
in both the Danish National Health Service Register 
for Primary Care and the DNPR were inflated using the 
combined price and wage index for healthcare services, 
according to the Danish Regions [20]. Prescription medi-
cine prices were not inflated, as they fluctuate, making 
price indices difficult to interpret. In the present study, 
all costs are reported in euros and assume the following 
exchange rate: EUR 1 = DKK 7.5.

Statistical analyses
The study followed participants from one year prior to 
their index date, i.e. date of incident breast cancer diag-
nosis (1 January 2005 at the earliest), and until 10 years 
after index date, death, emigration, or end of follow-up 
(31 December 2016), whichever occurred first.

Average individual direct and indirect costs were cal-
culated on a yearly basis according to index date for cases 
and controls, respectively. Due to the large number of 
observations in all categories, a one-sample t-test was 
applied to determine significance in differences between 
direct costs among cases and controls.

A secondary analysis estimated the direct costs of met-
astatic and recurrent breast cancer. Thus, date of metas-
tases or recurrence was defined as the date of breast 
cancer diagnosis if the patient was diagnosed with meta-
static breast cancer (de novo breast cancer), as the date 
of the 18th treatment of trastuzumab if the patient was 
identified with more than 17 treatments of trastuzumab, 
or as the date of re-initiation of treatment with trastu-
zumab after a six-month break. Direct costs three years 
after recurrence were estimated. After three years, we do 
no longer attribute the costs to recurrence but consider it 
equal to the cost of HER2-positive cancer.

Finally, further analysis included an estimate of the 
individual average costs of prescription medicines among 
cases and controls.

Data management and statistical analyses were carried 
out using SAS statistical software (9.4; SAS Institute, Inc., 
Cary, NC, USA) on Statistics Denmark’s research com-
puters via a remote server.

Results
Between 2005 and 2016, 7,156 incident HER2-positive 
breast cancer patients were identified in the Danish 
National Pathology Register. Among those, 4,153 (58%) 
were treated with trastuzumab within the first year after 
diagnosis (see flow chart, Fig. 1) and thus were included 
in the study population. Of these, 1,109 (27%) women 
were identified as patients with metastatic or recur-
rent cancer and 3,044 (73%) women were identified as 
patients without recurrence or metastases.

Basic characteristics of the study population are pre-
sented in Table  1. Age and highest obtained education 
at diagnosis did not vary in correlation to the popula-
tion with metastatic or recurrent breast cancer and the 
population without recurrence. However, there was some 
variation in region of residence. In supplementary mate-
rials Table S1, we provide summary statistics of the con-
trol pool and matched controls. In Table S2 we present 
frequency of comorbidities diagnosed two years prior to 
diagnosis date/index date by ICD-10 chapters.

Average direct costs
Table 2 presents the annual average direct costs per per-
son among patients with HER2-positive breast cancer 
treated with trastuzumab compared to matched controls 
free of breast cancer among the total study population, 
the population with metastatic or recurrence of breast 
cancer and the population without metastatic or recur-
rence of breast cancer.

In the year before diagnosis (year -1), we found no 
statistically significant difference between metastatic or 
recurrence cases’ and controls’ average individual direct 
costs. The differences in total direct costs between cases 
in the total study population and controls, and between 
cases without metastatic or recurrence and controls, 
were statistically significant (p = 0.0209); however, the 
costs were only slightly higher among cases compared to 
the costs among controls (1.2 times).

In the year of diagnosis, the average direct costs were 
25.9 (p < 0.001) times higher among cases in the total 
study population compared to controls, 27.3 (p < 0.001) 
times higher among cases with metastases or recurrence 
compared to controls and 25.3 (p < 0.001) times higher 
among cases without metastases or recurrence compared 
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to controls, corresponding to differences in actual costs 
of EUR 58,217, EUR 67,099 and EUR 54,910, respectively.

In subsequent years, the average direct costs remained 
statistically significantly higher among cases alive com-
pared to controls alive in all study populations. In the 10th 
year after diagnosis, the average direct costs remained 
significantly higher among the total study population and 
among patients with metastases or recurrence. Among 
all cases, the costs were 2.3 (p = 0.003) times higher com-
pared to controls in year 10, whereas the costs were 10.0 
(p = 0.002) times higher among cases with metastases or 
recurrence and 1.2 (p = 0.402) times higher among cases 
without metastases or recurrence compared to controls.

Labour productivity
Figure  2 presents the average individual labour pro-
ductivity among HER2-positive breast cancer patients 
compared to controls who were free of breast cancer 
from year -1 to year 10. In the year prior to index date, 
cases and controls in all study populations did not dif-
fer significantly regarding labour productivity: p = 0.180 
among the total study population, p = 0.99 among cases 

with metastases or recurrence and p = 0.103 among cases 
without metastases or recurrence. For all three study 
populations, labour productivity was slightly higher 
among cases compared to controls.

Among the total study population, labour productiv-
ity decreased significantly in the year of diagnosis and 
remained statistically significantly lower during the 
entire follow-up period. Among the population of cases 
with metastases or recurrence, labour productivity was 
significantly lower throughout the study period; in year 
10, labour productivity was 2.8 (p < 0.001) times lower 
among cases compared to controls, whereas cases with-
out metastases or recurrence showed labour produc-
tivity comparable to controls from year 9 and onwards 
(p = 0.114).

Direct costs of recurrence
Among patients experiencing metastases or recur-
rence, 201 patients (5.5% of cases) were identified 
with metastatic breast cancer at the time of diagno-
sis (i.e. de novo breast cancer), while the rest expe-
rienced a recurrence after a mean time of 1.5  years. 

Fig. 1  Flowchart of the study population
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Table  3 presents average individual direct costs three 
years after recurrence. In the first year after recur-
rence, the average individual cost increased to EUR 
38,383 among cases, compared to EUR 2,129 among 

their matched controls. Thus, a second spike in direct 
costs was related to recurrence among breast cancer 
patients.

Table 1  Characteristics of the study population

Metastasis or recurrence defined as patients with TNM-M code M1 at time of diagnosis, patients who received more than 17 treatments of trastuzumab in the 
13 months after diagnosis or patients who received at least six trastuzumab treatments within the first year after diagnosis and at some point afterward discontinued 
treatment for at least six months, and then initiated trastuzumab treatment again

Total study population Study population with metastases 
or recurrence

Study population without 
metastases or recurrence

N (%) N (%) N (%)

Total 4,153 (100%) 1,109 (27%) 3,044 (73%)

Age at diagnosis
Mean (std) 55.8 (11.7) 56.2 (12.5) 55.6 (11.4)

  18–40 years 436 (10%) 132 (12%) 304 (10%)

  41–50 years 977 (24%) 246 (22%) 731 (24%)

  51–60 years 1,242 (30%) 300 (27%) 942 (31%)

  61–75 years 1,326 (32%) 362 (33%) 964 (32%)

  Over 75 years 172 (4%) 69 (6%) 103 (3%)

Education
  Primary or no education 1,106 (27%) 327 (29%) 779 (26%)

  Secondary 197 (5%) 53 (5%) 144 (5%)

  Short cycle tertiary 1,628 (39%) 411 (37%) 1,217 (40%)

  Bachelor’s or equivalent 910 (22%) 246 (22%) 664 (22%)

  Master’s or higher 265 (6%) 62 (6%) 203 (7%)

  Missing 47 (1%) 10 (0%) 37 (0%)

Region of residence
  Capital Region of Denmark 1,180 (28%) 260 (23%) 920 (30%)

  Region Zealand 631 (15%) 309 (28%) 322 (11%)

  Region of Southern Denmark 945 (23%) 208 (19%) 737 (24%)

  Central Denmark Region 985 (24%) 265 (24%) 720 (24%)

  North Denmark Region 412 (10%) 67 (6%) 345 (11%)

TNM classifications
  Tumor Size
    Ta and Tis -  < 5 7 (0.2%)

    T1 1861 (44.8%) 357 (39%) 1,468 (48%)

    T2 1426 (34.3%) 348 (38%) 1,117 (37%)

    T3 367 (8.8%) 107 (12%) 226 (7.4%)

    T4 237 (5.7%) 68 (7.5%) 104 (3.4%)

    Tx 208 (5.%) 30 (3.3%) 125 (4.1%)

  Lymph nodes
    No 1686 (40.6%) 315 (28%) 1,371 (45%)

    N1 1424 (34.2%) 395 (36%) 1,113 (37%)

    N2 398 (9.6%) 172 (16%) 236 (7.8%)

    N3 246 (5.9%) 139 (13%) 132 (4.3%)

    Nx 356 (5.9%) 88 (7.9%) 191 (6.3%)

  Metastasis
    M0 3381 (81.4%) 775 (70%) 2,705 (89%)

    M1 216 (5.2%) 199 (18%) 0

    Mx 513 (12.4%) 135 (12%) 338 (11%)
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Prescription medicine
The average individual costs of prescription medicines 
are presented in Table  4. In the year prior to index 
date, the costs of prescription medicines did not vary 
significantly between cases and controls. In year 1 and 
year 3, cases had slightly higher costs of prescription 

medicines compared with controls. In the remaining 
years, however, we found no differences in costs of pre-
scription medicines between cases and controls. Dur-
ing the entire study period, the average yearly cost of 
prescription medicine was EUR 343 for cases and EUR 
330 for controls.

Fig. 2  Average individual labour productivity among (a) all HER2-positive patients, (b) HER2-positive patients with metastases or recurrence and (c) 
HER2-positive patients without metastases or recurrence in the year before diagnosis and 10 years after diagnosis

Table 3  Average individual direct costs after recurrence, EUR (CI)

* T-test for differences in average direct costs between cases and controls. Recurrence defined as patients who received at least six trastuzumab treatments within the 
first year after diagnosis and at some point afterward discontinued treatment for at least six months, and then initiated trastuzumab treatment again

Year 1 after recurrence Year 2 after recurrence Year 3 after recurrence

Case 38,383 (36,417–40,348) 21,703 (19,929–23,478) 18,486 (16,442–20,530)

Control 2,129 (1,738–2,519) 2,693 (1,837–3,549) 2,350 (1,840–2,860)

P-value*  < .0001  < .0001  < .0001

N (cases) 1,096 845 651

Table 4  Average individual costs of prescription medicines, EUR

Controls drawn from a pool of breast cancer free danes and matched exact on a 1:1 ratio based on age and education

Year -1 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

Total study population Case 342 401 368 373 364 359 336 324 329 303 277

Control 346 348 339 324 333 334 328 324 334 310 312

P-value 0.74 0.0004 0.05 0.002 0.09 0.20 0.73 0.996 0.87 0.87 0.52

N (cases) 4,153 4,153 3,785 3,212 2,577 2,069 1,611 1,189 775 476 247
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Discussion
Using the Danish national registers, we carried out the 
first large-scale assessment of the association between 
HER2-positive breast cancer and direct costs related 
to metastases or recurrence and no metastases or non-
recurrence. Our analyses showed higher direct costs 
in the 10  years after diagnosis among women with 
HER2-positive breast cancer who experience metasta-
ses or recurrence. During the 10-year follow-up period, 
patients in the total study population had excess direct 
costs of EUR 115,000 compared to controls, patients 
with metastatic or recurrence of breast cancer had 
excess direct costs of EUR 211,000 compared to con-
trols, and patients without metastases or recurrence 
had excess direct costs of EUR 89,000 compared to con-
trols. The average individual direct costs were higher in 
the years after diagnosis among breast cancer patients 
experiencing metastases or recurrence than among 
those not experiencing metastases or recurrence. This 
can partly be explained by the fact that approximately 
5% of the study population was diagnosed with de novo 
breast cancer at incidence.

Due to differences in methodology, study design and 
included costs – and thereby in the chosen perspective 
of the analyses – it is somewhat difficult to compare the 
results of the present study with cost estimates identified 
in the literature. Bermejo et al. (2020), from Spain, found 
total costs of HER2-positive/HR-positive to be EUR 
290,243 in the five years following diagnosis, while for 
HER2-positive/HR-Negative it was EUR 249,152. They 
do not provide a control group to separate the attribut-
able costs, and their cost estimates are based on expert 
opinion, and not observed costs [10].

A recent study by Sussell et al. [21] investigated the cost 
of metastatic HER2-positive breast cancer in a US set-
ting. The authors found cumulative direct costs among 
patients with metastatic HER2-positive breast cancer 
to be $412,903 (~ EUR 302,000) during the three years 
after diagnosis, primarily driven by outpatient visits and 
HER2-targeted therapy drug costs. Although the esti-
mated direct costs were higher than those estimated in 
this study, the primary drivers were found to be simi-
lar, as costs of outpatient contacts including medication 
dispensed at hospitals constitute 82% of the total costs 
in this study. The differences in direct costs can partly 
be explained by the differences in cost of trastuzumab 
in Denmark and the US. During the study period, the 
cost of trastuzumab has been 2.5 times higher in the US 
compared with Denmark (information about US prices 
has been provided by Roche Denmark). Assuming a 
similar cost of trastuzumab in Denmark would result in 
increased outpatient costs corresponding to nearly EUR 
200,000 in the three years after diagnosis.

Only patients who received six or more treatments 
with trastuzumab was included in the patient group. This 
exclude HER2-positive patients who ceased treatment 
of trastuzumab before any effect of treatment can be 
expected [22]. The results are therefore constricted to be 
the attributable cost of trastuzumab treatment for HER2-
positive breast cancer patients.

The strengths of our study include its retrospective 
register-based design, which included all Danish women 
diagnosed with HER2-positive breast cancer treated 
with trastuzumab between 2005 and 2016 with complete 
information on direct costs up until 2016. By design, the 
risk of biases related to participation, outcome surveil-
lance or follow-up in our analyses is therefore miniscule. 
Furthermore, we were able to adjust for age and highest 
obtained education (and gender by inclusion criteria for 
pool of controls) by matching the cases and controls on 
these factors, which limited confounding. While it could 
have been possible to expand on the matching criteria, it 
was set to only age and education to avoid selection bias. 
Direct costs were similar among cases and controls in 
the year prior to index date, which is essential in studies 
focused on cost of illness. The number of patients receiv-
ing trastuzumab in the study period is consistent with 
the sales figures of trastuzumab in Denmark, indicating 
a high validity of the procedure codes in the registers. 
All in all, the Danish registers are of high completeness, 
with few missing observations. As there are so few miss-
ing observations, we have not concerned ourselves with 
imputation.

The estimation of indirect costs is based on the aver-
age income of women in Denmark, as opposed to the 
actual reported annual income for each individual. We 
chose this approach as we have detailed data on which 
weeks each individual worked. Hence, by using the aver-
age income, we can estimate the expected indirect costs 
which occurred after the cancer diagnosis were given to 
get a more accurate estimate of the production loss.

However, this study also has a number of limitations 
that require consideration. Firstly, the phrase “recurrence 
of breast cancer” is not well defined. The Danish national 
registers do not include information on recurrence, so we 
defined “recurrence” by the use of trastuzumab. There-
fore, we cannot rule out an element of mis-categorisation 
of patients as recurrent and non-recurrent, which might 
have influenced our results. Secondly, the incidence of 
HER2 breast cancer and the number of patients treated 
with trastuzumab varied and was particularly lower in 
the beginning of the study period. This could indicate an 
irregular use of the SNOMED code for HER2-positive 
and the procedure code for trastuzumab in the beginning 
of the study period, although the numbers stabilised in 
the last part of the study period.
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Thirdly, it was not possible to include the costs of 
prescription medicine in the total direct costs due to 
data access limitations. However, prescription medi-
cine costs did not seem to vary much between cases 
and controls during the study period, which indicates 
that their absence may not have impacted the results 
significantly.

And lastly, the findings are constrained to the com-
parison of HER2-positive patients who fit the inclusion 
criteria and cancer-free control group. Had the control 
group consisted of a different histologic breast cancer 
group, the excess costs would likely be lower.

Conclusion
In conclusion, our study suggests that the direct costs 
for patients with HER2-positive breast cancer remains 
significantly higher than the direct costs for controls in 
the 10 years after diagnosis. Moreover, there is a need 
for future studies investigating how to identify patients 
with recurrence, since this information is not defined in 
the Danish national registers.
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