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Abstract

Backgrounds:The pressure to the healthcare system for providing ongoingmonitoring

and treatment for breast cancer survivors is increasing. This study aims to identify the

factors that affect the public healthcare costs of stage I–III breast cancer and stage IV

cancer in New Zealand.

Methods:We identifiedwomen diagnosedwith invasive breast cancer between July 1,

2010 and June 30, 2018 and who received services in a public hospital. Patients were

identified from the National Breast Cancer Register and/or New Zealand Cancer Reg-

istry and were linked to the national administrative datasets. A two-part model was

used to identify the factors that affect the public healthcare costs of stage I–III breast

cancer and stage IV cancer.

Results: We identified 16,977 stage I–III and 1,093 stage IV breast cancer patients

eligible for this study. The costs of stage I–III cancer in the second to fifth year post

diagnosis decreased over time, and the costs of stage IV cancer in the first year post

diagnosis increased over time. After adjustment for other factors, the costs of stage

I–IV cancer decreased with age but increased with cancer stage. HER2+ cancers had

the highest costs, followed by triple negative cancers. After adjustment for other fac-

tors, Pacific and Asian women had lower costs, and Māori had similar costs compared

to others. For stage I–III cancers, women living in nonmajor urban areas had a higher

chance of incurring costs in follow-up years, and screen detected patients and patients

having any services in a private hospital had a decreased probability of receiving any

public healthcare services.

Conclusions: Pacific women had higher costs than others, but after adjustment for

cancer stage, subtype, and other factors, they had lower costs than others. The early

detection and better management of stage I–III breast cancer can lead to better

outcome and lower costs in follow-up years.
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1 INTRODUCTION

Breast cancer is themost common cancer amongNewZealandwomen,

affecting one in nine women over their lifetime.1 Due to the growing

and aging population and increasing screening coverage, breast cancer

incidence has been rising steadily, from 2799 cases in 2009 to 3572

in 2018 (28% increase).2 Mortality from breast cancer (both in terms

of number of deaths and mortality rates) is declining,1,3 with 80% of

breast cancer patients surviving more than 10 years. The pressure to

the healthcare system for providing ongoingmonitoring and treatment

for breast cancer survivors is also increasing.

Breast cancer was the most expensive cancer to treat in New

Zealand, with breast cancer diagnosis and treatments accounting for

15% of the total costs of cancer in New Zealand.4 The economic bur-

den of breast cancer keeps rising in New Zealand.4 Overseas studies

have shown that breast cancer diagnosis and treatment costs vary

by ethnicity, age, cancer stage and biomarker status (estrogen recep-

tor [ER], progesterone receptor, and human epidermal growth factor

receptor 2 [HER2]).5,6 No studies inNewZealand have been conducted

to examine how patient demographics and tumor characteristics affect

the costs of breast cancer.

The treatment pattern and prognosis of stage I–III breast cancer

are very different from stage IV breast cancer. Therefore the costs are

expected to be different between these two groups. This study aims to

identify the factors that affect the public healthcare costs of stage I–III

breast cancer and stage IV cancer in New Zealand.

2 MATERIALS AND METHODS

2.1 Data sources

All women diagnosed with invasive (stage I-IV) breast cancer between

July 1, 2010 and June 30, 2018 were identified from the National

Breast Cancer Register (NBCR) and/or from the New Zealand Cancer

Registry. The identified breast cancer patients, who received health-

care services in a public hospital, were included in this study. The

eligible breast cancer patients were linked with the Pharmaceutical

Collection (PHARMS, including all publicly funded pharmaceuticals

prescribed in both public and private hospitals), National Minimum

Dataset (NMDS, including all publicly funded inpatient records),

National Non-Admitted Patients Collection (NNAPC, including all pub-

licly funded outpatient records), the Mortality Collection (MORT,

coded mortality information), and death certificates (uncoded mortal-

ity information). The data linkage was through the National Health

Index (NHI) number. NHI number is a unique identifier for people using

publicly funded health and disability services in New Zealand.

2.2 Cancer care pathway

We divided the cancer care pathway into two phases: (1) the initial

treatment phase (TP, 3 months preceding and 12 months following

diagnosis of breast cancer) and (2) the follow-up phase (second to fifth

year followingdiagnosis) for stage I–III cancers andon-going treatment

phase (second to fifth year followingdiagnosis) for stage IVcancers.We

furtherbrokedown the follow-upphase/on-going treatmentphase into

the year 2(Y2), year 3(Y3), year 4(Y4), and year 5(Y5). We considered

the date of death or the latest date of service (31/12/2019) available

in theNNAPC, NMDS, and PHARMS as the censor datewhichever was

earlier. The estimation of costs for each phase only included patients

who had follow-up time for that phase.

2.3 Cost estimation

The cost estimation was from the Ministry of Health perspective. We

only included public medical costs, that is, costs for public outpatient

services, public inpatient services, and funded pharmaceuticals (pub-

lic or private hospital prescribed). Our clinical advisors checked the

purchase unit codes definitions for outpatient services (in NNAPC),

surgery codes for inpatient services (in NMDS), and pharmaceuticals.

This study only included the inpatient, outpatient, and pharmaceutical

records relevant to breast cancer. Diagnostic service costs (e.g., radiol-

ogy and pathology)were included in the inpatient and outpatient costs.

For pharmaceuticals, relevant endocrine therapy, chemotherapy, and

HER2 targeted therapies were included. To avoid overestimation of

costs, we did not include othermedications such as those for pain relief

aswe could not identifywhether theywere related to breast cancer. All

cost estimationswerebasedon2019/2020NewZealandDollars (NZ$,

1 NZ$= .645 US$, 1NZ$= .568€).7

Inpatient costs were estimated bymultiplying the accumulated cost

weights for all relevant events with the purchase unit price set by the

National Pricing Programme. The cost weights provide resource uti-

lization information and are calculated by the Ministry of Health for

each diagnosis-related group code using the Weighted Inlier Equiv-

alent Separation method. The Ministry of Health sets a purchase

unit price for each year. The 2019/2020 cost-weight unit price was

NZ$5,216.21.8 Outpatient costs were estimated by multiplying the

number of relevant outpatient visits recorded in the NNAPC with

the outpatient visit unit cost (based on District Health Board con-

tractedpurchaseunit prices). Thepublicly fundedpharmaceutical costs

were estimated by multiplying the quantity of pharmaceuticals dis-

pensed by the unit prices for each pharmaceutical that appears in the

Pharmaceutical Schedule.9

2.4 Econometric model

Healthcare expenditure data have mixed distributions, characterized

by a disproportionate proportion of zero-cost observations (nonusers)

anda right-skeweddistribution.10 Therefore,we introduceda two-part

model to identifywhat factors affect costs and to predict breast cancer

costs with known patient factors.11–13 All data analysis was conducted

separately for stage I–III and stage IV cancers. In the first part of the

model, we used a logit model to predict the probability of incurring a
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LAO ET AL. 3

cost in a given time period. In the second part of the model, we used

a generalized linear model (GLM) model to estimate the costs condi-

tional on the first part of model predicting positive probability. The

GLMmodel used a gamma distribution and log link function.17 An odds

ratio (OR)higher thanone in the logitmodel implies ahigherprobability

of incurring a cost, and a positive coefficient in the GLM model means

higher cost. Because this study only included patients who received

healthcare services in a public hospital, all eligible patients incurred

costs during in TP. Therefore, the first part of the model was not

deemed necessary for TP, and only the GLMmodel was used.

For the two-part model, we included year of diagnosis, age group

(<45, 45–59, 60–69, 70–79, and 80+ years), ethnicity (Māori, Pacific,

Asian, and others), cancer stage (only for stage I–III cancers), sub-

type, socio-economic status (deprivation quintile estimated based on

the NZDep2013 groups deprivation scores),14 rurality (major urban

versus other locality),15 mode of detection (screen detected and symp-

tomatic), and whether they had received any treatments in private

hospitals as thepredictor variables. Basedon their prognosis and treat-

ment pattern, breast cancer subtypes were categorized into three

groups according to biomarker status: ER+/HER2-, HER2+, and triple

negative.

All data analyses were performed in R Studio (Massachusetts,

United States). Ethics approval for the study was granted through

the Northern B Health and Disability Ethics Committee (reference:

19/NTB/188).

3 RESULTS

During the study period, 16,977 stage I–III and 1,093 stage IV

breast cancer patients received treatments in a public hospital

(Appendix Table 1). The majority of these patients were aged 45–69

years, and 11.7% were Māori, 5.4% Pacific and 6.4% Asian. Most of

themhad stage I–II cancer, andmajority had ER+/HER2- disease. Fifty-

three percent of patients lived in major urban area, and 41.9% of the

patients were screen detected. For stage I–III cancers, most (66.5%)

of the healthcare costs were incurred in the TP (NZ$32,159), and

the costs declined across the following years from NZ$6,788 in Y2

to NZ$2,915 in Y5(Table 1). For stage IV cancer, the costs were high

across the whole follow-up period with $33,298 in TP, $22,010 in Y2,

$20,632 in Y3, $19,008 in Y4 and $16,334 in Y5. The costs differed by

subgroup.

For stage I–III cancer, the two-partmodel showed that the likelihood

of receiving treatment in a public hospital in Y3–Y5 decreased over-

time (Table 2, adjusted OR < 1 Appendix Table 2), and the associated

costs also decreased overtime in Y2-Y5(Table 3, coefficient < 0) after

adjustment for other factors. The costs of stage I-III cancer in TP did

not changewith time. Forwomen aged80 years or older, theywere less

likely to receive treatment in Y3–Y5 (OR < 1). Compared to women

aged 45–59 years, the OR of having treatments in Y2 was 1.57 (95%

confidence interval: 1.32–1.89) forwomenaged less than45 years, and

.89, .71, and .53 for those aged60–69, 70–79, and80+ years. This asso-

ciationwas consistent when estimating the costs using the GLMmodel

(Table 3), with negative correlation (negative coefficients) between age

and costs fromTP to Y5. Compared to others, Pacific andAsianwomen

were less likely to incur costs in public hospitals in Y2 and Y3 (adjusted

OR<1 inTable2).Whenestimating the costs (Table3), therewas aneg-

ative correlation between costs for Pacific andAsianwomen compared

to costs for others (coefficient< 0).

For stage I–III cancer, both the probability of incurring any cost and

the amount of costs increased with cancer stage for all follow-up years

(Tables 2 and 3, adjusted OR > 1 and coefficient > 0). Compared to

patients with ER+/HER2- cancer, patients with HER2+ cancer were

significantlymore likely to incur costs in Y2 (adjustedOR> 1) butwere

less likely to incur costs in Y3-Y5(adjustedOR< 1). Patients with triple

negative cancers were less likely to incur costs in Y2–Y5 (adjusted

OR<1).Whenestimating the costs (Table 3),HER2+ cancers and triple

negative cancers had higher costs during the TP-Y5 than ER+/HER2-

cancers (coefficient > 0). Women living in nonmajor urban areas had

a higher probability of incurring costs in Y2-Y5 (adjusted OR > 1), but

their incurring costswere similar to the costs forwomen living inmajor

urban areas. Being screen detected and having any services in a private

hospital were associated with a decreased probability of receiving any

public healthcare services (Table 2).

For stage IV cancer, the differences in probabilities of incurring

costs by subgroup were not significant after adjustment for other

factors, except for Pacific women who had a lower chance of incur-

ring costs in Y3 and Y5 compared to others (adjusted OR < 1 in

Table 4). When estimating the costs for stage IV cancers with the GLM

model (Table 5), there was a negative correlation between age and

costs (coefficient < 0). Asian and Pacific women had lower costs than

costs than others in Y2 (coefficient < 0). HER2+ cancers had higher

costs than ER+/HER2- cancers throughout the whole study period

(coefficient > 0), and triple negative cancers had higher costs than

ER+/HER2- cancers but only in TP (coefficient>0).Other factorswere

not significant in the two-part model for stage IV cancers.

4 DISCUSSION

This study found that the costs of stage I-III breast cancer were associ-

ated with year of diagnosis, patient age, ethnicity, cancer stage, cancer

subtype, socioeconomic status, mode of detection, and rurality. The

costs of stage I–III breast cancer in TP did not change in 2010–2018,

but the costs in FU2-FU5 decreased over time. This can be attributed

to the reduced risk of metastatic relapse over time.16 This result is

encouraging. Better management for stage I–III cancers in the first

year post diagnosis can improve prognosis and reduce follow-up costs.

The costs of stage IV breast cancer were associated with year of

diagnosis, patient age, ethnicity, and subtype. The costs of stage IV

cancer in TP increased over time. This is probably related to Pharmac

funding pertuzumab for HER2+ advanced breast cancer in January

2017.17

Both the costs of stage I–III breast cancer and the costs of stage

IV cancer decreased with age before and after adjustment for other

factors including stage and subtype. Our previous papers showed that
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4 LAO ET AL.

TABLE 1 Estimatedmean costs for breast cancer patients from two-part model

Subgroup

Stage I-III Stage IV

TP Y2 Y3 Y4 Y5 TP Y2 Y3 Y4 Y5

Year of diagnosis

2010–2012 $31,918 $7,780 $3779 $3687 $3272 $29,556 $20,960 $20,883 $17,370 $17,443

2013–2015 $32,236 $6,792 $3193 $3259 $2641 $32,409 $20,736 $18,483 $20,745 $15,331

2016–2018 $32,263 $6,000 $2857 $1839 NA $39,372 $25,250 $24,387 $17,937 NA

Ethnicity

Māori $37,282 $7643 $3479 $3058 $3089 $41,501 $25,103 $21,954 $25,254 $21,496

Pacific $38,364 $11,053 $3366 $3981 $3607 $36,446 $20,852 $23,738 $18,887 $17,185

Asian $32,713 $6690 $2707 $2514 $2754 $37,721 $21,315 $21,089 $25,710 $18,682

Others $30,926 $6385 $3287 $3246 $2859 $31,111 $21,682 $19,996 $17,562 $15,345

Age (years)

<45 $43,350 $12,832 $5689 $6163 $4678 $54,656 $32,618 $33,942 $35,166 $25,821

45–59 $34,874 $7891 $3651 $3370 $3175 $42,003 $27,950 $21,787 $18,875 $15,262

60–69 $29,866 $4799 $2143 $2077 $2141 $29,758 $18,635 $20,837 $22,571 $19,425

70–79 $26,242 $4216 $2822 $3136 $2378 $24,764 $15,611 $14,079 $7,431 $10,129

80+ $20,738 $2319 $2270 $1781 $2286 $13,911 $4,954 $4,099 $2,548 $3,985

Cancer stage

Stage I $27,255 $4549 $2215 $2151 $2538

Stage II $32,431 $6524 $3027 $2808 $2421

Stage III $39,814 $10,518 $5191 $5294 $4204

Stage IV $33,298 $22,010 $20,632 $19,008 $16,334

Subtype

ER+/HER2- $26,056 $3035 $2594 $2337 $2199 $21,331 $11,217 $10,723 $9,092 $8,321

HER2+ $63,575 $23,864 $6068 $6581 $5786 $75,596 $56,115 $55,299 $51,527 $43,549

Triple negative $28,383 $4977 $5131 $5863 $4753 $33,397 $17,417 $8,069 $4,630 $14,218

Deprivation quintile

1 (least deprived) $28,674 $6290 $3310 $3005 $2632 $33,005 $19,609 $18,295 $15,179 $10,410

2 $30,445 $6693 $2969 $3025 $2779 $34,296 $23,653 $24,033 $24,042 $22,468

3 $31,881 $6543 $3122 $3078 $3260 $31,711 $22,410 $24,505 $18,191 $14,576

4 $34,151 $6583 $3427 $3580 $2898 $31,878 $20,907 $16,603 $18,948 $20,014

5 (most deprived) $35,639 $7828 $3574 $3368 $2990 $35,055 $23,327 $20,612 $18,821 $13,842

Rurality

Major urban $32,036 $7277 $3759 $3601 $3111 $34,722 $24,466 $21,623 $21,177 $20,241

Others $32,329 $6242 $2773 $2785 $2695 $31,661 $19,086 $19,266 $16,052 $11,234

Mode of detection

Symptomatic $33,422 $8106 $4214 $4276 $3668 $36,802 $22,849 $20,762 $19,239 $18,415

Screen-detected $29,599 $5920 $2951 $2873 $2468 $34,401 $27,875 $25,624 $26,745 $21,457

Received any treatment in private hospitals

No $35,554 $6994 $3582 $3401 $3073 $33,247 $20,927 $18,798 $17,206 $15,476

Yes $16,532 $5822 $1970 $2427 $2278 $34,224 $35,982 $38,878 $35,637 $24,427

Total $32,159 $6788 $3279 $3215 $2915 $33,298 $22,010 $20,632 $19,008 $16,334
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LAO ET AL. 5

TABLE 2 Adjusted odds ratio of incurring costs from the logit regressionmodel for stage I-III breast cancers

Subgroup

Y2

OR (95%CI)

Y3

OR (95%CI)

Y4

OR (95%CI)

Y5

OR (95%CI)

Year (continuous) 1.01 (.99–1.03) .93 (.91–.94)*** .90 (.88–.92)*** .87 (.84–.89)***

Age group

<45 1.57 (1.32–1.89)*** 1.13 (.98–1.31) .98 (.85–1.14) 1.03 (.88–1.21)

45-59 Reference

60-69 .89 (.80–.98)* 1.00 (.90–1.10) 1.03 (.93–1.14) 1.16 (1.03–1.29)*

70-79 .71 (.62–.81)*** .91 (.80–1.03) 1.02 (.89–1.18) 1.08 (.93–1.27)

80+ .53 (.45–.62)*** .63 (.53–.74)*** .65 (.55–.78)*** .71 (.58–.86)***

Ethnicity

Māori 1.14 (.98–1.33) 1.10 (.96–1.26) 1.01 (.87–1.17) 1.06 (.90–1.24)

Pacific .65 (.54–.80)*** .77 (.64–.93)** .82 (.67–1.01) .93 (.74–1.18)

Asian .78 (.66–.92)** .80 (.68–.94)** .98 (.82–1.17) 1.10 (.91–1.35)

Others Reference

Cancer stage

Stage I Reference

Stage II 1.55 (1.41–1.70)*** 1.46 (1.34–1.60)*** 1.55 (1.41–1.70)*** 1.52 (1.37–1.69)***

Stage III 3.01 (2.62–3.46)*** 2.71 (2.39–3.07)*** 2.48 (2.18–2.83)*** 2.26 (1.97–2.59)***

Subtype

ER+/HER2-

HER2+ 1.90 (1.64–2.22)*** .88 (.79–.99)* .86 (.76–.97)* .80 (.70–.91)***

Triple negative .28 (.25–.32)*** .25 (.22–.28)*** .26 (.22–.30)*** .27 (.23–.31)***

Deprivation (quintile)

1 (Most deprived) Reference

2 1.10 (.96–1.25) 1.22 (1.09–1.38)*** 1.21 (1.07–1.38)** 1.14 (.99–1.31)

3 1.03 (.91–1.17) 1.05 (.93–1.18) 1.09 (.96–1.24) 1.07 (.93–1.23)

4 1.31 (1.14–1.50)*** 1.38 (1.21–1.56)*** 1.24 (1.08–1.41)** 1.13 (.98–1.31)

5 (Least deprived) 1.01 (.88–1.17) 1.05 (.92–1.19) 1.29 (1.11–1.49)*** 1.22 (1.04–1.43)*

Rural/Urban

Major urban Reference

Others 1.22 (1.11–1.34)*** 1.27 (1.16–1.38)*** 1.21 (1.10–1.32)*** 1.15 (1.04–1.27)**

Mode of detection

Symptomatic Reference

Screen detected .62 (.56–.70)*** .70 (.63–.77)*** .80 (.72–.90)*** .87 (.77-.98)*

Received any treatment in private hospitals

No Reference

Yes .74 (.66–.82)*** .77 (.70–.85)*** .79 (.71–.87)*** .83 (.74-.93)**

***< .001, **< .01, *< .05.

younger women were more likely to be diagnosed with advanced

cancer and more aggressive subtype, and they receive more treat-

ment than older women.18,19 Increasing age was associated with

decreasing use of surgery, adjuvant radiotherapy, endocrine ther-

apy, and chemotherapy, even after adjustment for stage and level

of comorbidity.18,19 Before adjustment for other factors, Māori and

Pacific patients seemed to incur higher public healthcare costs. How-

ever, after adjustment,Māori patients had equivalent costs, and Pacific

patients had lower costs than others for both stage I–III cancer and

stage IV cancer. This can be partly explained by that Māori and Pacific

women were younger, had more advanced cancer at diagnosis and

more aggressive subtypes.20–22 Māori and Pacific women were less

likely to receive trastuzumab when diagnosed with HER2+ breast

cancer.22,23 Māori and Pacific women were less likely to receive treat-

ment in private hospital than New Zealand European women, and this

study only included public healthcare costs but excluded the private
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TABLE 3 Coefficients for predicting costs from the generalized linear model (GLM)model for stage I-III breast cancers

Subgroup

TP coefficient

(95%CI)

Y2 coefficient

(95%CI)

Y3 coefficient

(95%CI)

Y4 coefficient

(95%CI)

Y5 coefficient

(95%CI)

Year of diagnosis

(continuous)

.00 (.00–.01) −.03 (−.05–(−.01))* −.06 (−.09–(−.02))*** −.07 (−.11–(−.03))*** −.08 (−.14–(−.01)*

Age group

<45 .10 (.05–.14)*** .35 (.19–.52)*** .28 (.06–.50)* .39 (.14–.64)** .14 (−.18–.46)

45–59 Reference

60–69 −.14 (−.16–(−.11))*** -.39 (-.52–(-.27))*** −.48 (−.65–(−.32))*** −.43 (−.61–(−.24))*** −.36 (−.59–(−.13))**

70–79 −.34(−.38–(−.31))*** −.50 (−.65–(−.33))*** −.33 (−.54–(−.11))** −.16 (−.40–.08) −.42 (−.73–(−.09))**

80+ −.61(−.66–(−.56))*** −.96 (−1.16–(−.75))*** −.67 (−.94–(−.38)*** −.64 (−.96–(−.30))*** −.46 (−.88–.00)*

Ethnicity

Māori −.02 (−.06–.02) −.13 (−.29–.03) −.13 (−.33–.09) −.05 (−.29–.19) −.09 (−.39–.23)

Pacific −.14 (−.20–(−.08))*** −.13 (−.36–.12) −.59 (−.90–(−.25))*** −.24 (−.58–.13) −.18 (−.62–.30)

Asian −.11 (−.16–(−.06))*** −.43 (−.63–(−.21))*** −.65 (−.93–(−.36)*** −.58 (−.88–(−.25))*** −.40 (−.77–.01)

Others Reference

Cancer stage

Stage I Reference

Stage II .16 (.14–.19)*** .17 (.06–.29)** .13 (−.03–.28) .12 (−.06–.29) -.08 (-.30–.15)

Stage III .32 (.28–.35)*** .51 (.38–.65)*** .55 (.36–.73)*** .51 (.29–.72)*** .21 (−.06–.49)

Subtype

ER+/HER2- Reference

HER2+ .98 (.94–1.01)*** 2.03 (1.90–2.17)*** .78 (.59–.96)*** .98 (.78–1.20)*** 1.00 (.74–1.28)***

Triple negative .11 (.07–.15)*** .49 (.29–.69)*** .57 (.29–.87)*** .80 (.48–1.14)*** .75 (.35–1.20)***

Deprivation (quintile)

1 (Most deprived) Reference

2 .05 (.01–.08)* .16 (.00–.32)* −.05 (−.26–.16) .01 (−.23–.24) .03 (−.27–.33)

3 .04 (.00–.08)* .01 (−.15–.17) −.11 (−.32–.10) −.02 (−.26–.22) .14 (−.16–.44)

4 .08 (.04–.12)*** .06 (−.10–.21) .00 (−.21–.21) .17 (−.07–.40) .04 (−.26–.35)

5 (Least deprived) .06 (.02–.10)** .14 (−.03–.31) .04 (−.18–.26) .04 (−.21–.29) .02 (−.31–.34)

Rural/Urban

Major urban Reference

Others .02 (−.01–.05) −.05 (−.16–.05) −.23 (−.37–(−.08))** −.15 (−.31–.02) −.10 (−.30–.10)

Mode of detection

Symptomatic Reference

Screen detected −.04 (−.07–(−.01))* −.04 (−.17–.09) −.03 (−.21–.16) −.03 (−.23–.17) −.11 (−.37−.15)

Received any treatment in private hospitals

No Reference

Yes −1.05 (−1.08−(−1.01))*** −.54 (−.67–(−.40))*** −.67 (−.84–(−.49))*** −.45 (−.64–(−.26))*** −.55 (−.79–(−.30))**

***<.001, **<.01, *<.05.

costs. Asian women had lower costs than others, which is probably

associated with the lower probability of metastatic relapse for Asian

women.24

Consistent with overseas findings, this study also found that breast

cancer costs are higher for patients whose breast cancer is more

advanced at diagnosis.25–27 Patients with stage I disease had the low-

est costs across all phases. This is because they were less likely to

receive adjuvant therapyandwere less likely tohave cancer recurrence

or metastatic relapse in following years. For patients with metastatic

breast cancer, the costs during the Y2–Y5 were substantially higher

than other cancer stages. It was because more endocrine therapies,

chemotherapy, HER2 targeted therapies and bisphosphonates and

radiation therapy were used for metastatic breast cancer in the fol-

lowing years. The higher costs for HER2+ cancers were due to the
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LAO ET AL. 7

TABLE 4 Adjusted odds ratio of incurring costs from the logit regressionmodel for stage IV breast cancers

Subgroup

Y2

OR (95%CI)

Y3

OR (95%CI)

Y4

OR (95%CI)

Y5

OR (95%CI)

Year (continuous) 1.07 (.95–1.22) .95 (.83–1.10) .94 (.78–1.14) 1.07 (.83–1.39)

Age group

<45 1.39 (.61–3.41) 1.52 (.63–3.92) 1.03 (.40–2.83) .77 (.25–2.40)

45–59 Reference

60–69 2.15 (.88–6.08) 2.20 (.87–6.36) 3.64 (.97–13.67) 2.41 (.73–9.62)

70–79 .81 (.38–1.79) .89 (.40–2.01) 1.78 (.68–5.07) 1.93 (.60–7.03)

80+ .93 (.38–2.47) 1.84 (.55–8.46) .75 (.23–2.68) 3.16 (.48–64.15)

Ethnicity

Māori .95 (.40–2.53) 1.02 (.38–3.24) 6.59 (.82–52.70) 1.39 (.35–7.20)

Pacific .42 (.18–1.04) .32 (.13–.82)* .41 (.14–1.21) .29 (.09–.91)*

Asian .72 (.22–3.28) .32 (.10–1.12) 1.12 (.24–8.31) 1.09 (.22–8.27)

Others Reference

Subtype

ER+/HER2- Reference

HER2+ .52 (.25–1.11) .57 (.27–1.28) 1.04 (.40–3.00) 1.27 (.44–4.11)

Triple negative .44 (.15–1.61) NA .64 (.16–3.27) NA

Deprivation (quintile)

1 (Most deprived) Reference

2 .80 (.28–2.19) .69 (.25–1.82) .49 (.15–1.49) .49 (.09–2.13)

3 .72 (.25–1.94) 1.24 (.40–4.10) 1.05 (.29–3.75) .52 (.10–2.28)

4 .93 (.32–2.49) 1.51 (.50–4.63) 1.42 (.40–5.03) .72 (.13–3.36)

5 (least deprived) .60 (.22–1.52) .62 (.23–1.59) .52 (.15–1.66) .34 (.06–1.45)

Rural/Urban

Major urban Reference

Others .64 (.33–1.25) 1.20 (.57–2.56) .79 (.35–1.79) 1.07 (.42–2.82)

Mode of detection

Symptomatic Reference

Screen detected 1.05 (.33–4.69) 1.49 (.46–6.73) NA .73 (.22–2.68)

Received any treatment in private hospitals

No Reference

Yes 1.35 (.44–5.96) 1.42 (.44–6.44) 1.27 (.41–4.89) .81 (.21–3.55)

Note: NA: not available because the number in this subgroup is too small.

***<.001, **<.01, *<.05.

expensive HER2 targeted therapies. Trastuzumab has been funded for

HER2+ metastatic breast cancer since 2002, and for HER2+ stage I–

III breast cancer since 2007.28 However, ER+/HER2- cancers had a

higher chance of incurring costs in Y3–Y5 than HER2+ and triple neg-

ative cancers. This is probably because of the endocrine therapy, which

is often recommended for 5–10 years for ER+ cancers.

Screendetected stage I–III breast cancers had lower costs thannon-

screen detected cancers. Most of screen detected cancers were stage

I, ER+/HER2- cancers, and had a lower risk of disease recurrence. They

weremore likely to have lower costs, whichwould suggest that there is

an economic benefit for breast cancer screening.29 The two-partmodel

showed that evenafter adjustment for cancer stage, subtype, andother

patient factors, screening was still associated with lower breast can-

cer costs. There might be other economic benefits of breast screening

other than identifying early stage and less aggressive cancers. How-

ever, screening can cause overdiagnosis and overtreatment and may

lead to some unnecessary costs. Women with stage I–III cancers living

in nonmajor urban areas had a higher chance of having costs in Y2–Y5

than women living in major urban areas. This may be associated with

their worse prognosis than women living in urban areas.30 Our study

also showed that less deprived women incurred similar or higher costs

compared with more deprived patients after adjustment for other fac-

tors, which suggest that there was no disadvantage in access to breast

cancer treatments for those living in more deprived area.

One of the strengths of this study is that we had comprehensive

data on all breast cancer patients by combining the NBCR data with
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8 LAO ET AL.

TABLE 5 Coefficients for predicting costs from the generalized linear model (GLM)model for stage IV breast cancers

Subgroup

TP coefficient

(95%CI)

Y2 coefficient

(95%CI)

Y3 coefficient

(95%CI)

Y4 coefficient

(95%CI)

Y5 coefficient

(95%CI)

Year of diagnosis

(continuous)

.06 (.03–.09)*** −.01 (−.08–.05) −.04 (−.11–.03) .05 (−.04–.13) −.10 (−.23–.04)

Age group

<45 .10 (−.12–.32) −.25 (−.68–.19) .19 (−.25–.64) .36 (−.11–.84) .03 (−.54−.62)

45–59 Reference

60–69 −.33 (−.53–(−.12))** −.65 (−1.04–(−.25))** −.35 (−.77–.09) −.14 (−.58–.30) −.01 (−.52–.51)

70–79 −.47 (−.66–(−.27))*** −.54 (−.94–(−.12))** −.23 (−.66–.22) −.81 (−1.25–(−.36))*** −.64 (−1.18–(−.10))*

80+ −.89 (−1.11–(−.67))*** −1.39 (−1.88–(−.87))*** −1.18 (−1.73–(−.58))*** −1.52 (−2.10–(−.89)*** −.93 (−1.67–(−.11))*

Ethnicity

Asian −.07(−.38–.27) −.71 (−1.30–(−.01))* −.56 (−1.20–.20) .39 (−.29–1.19) .19 (−.55–1.04)

Māori −.09 (−.31–.13) −.18 (−.61–.28) .01 (−.47–.52) .12 (−.35–.64) −.11 (−.75–.60)

Pacific −.16 (−.39–.09) −.52 (−.99–.00)* −.08 (-.61–.49) −.29 (−.85–.34) −.40 (−1.21–.50)

Others

Subtype

ER+/HER2- Reference

HER2+ 1.13 (.94–1.31)*** 1.64 (1.27–2.01)*** 1.62 (1.23–2.03)*** 1.68 (1.25–2.12)*** 1.70 (1.19–2.24)***

Triple negative .37 (.12–.64)** .34 (−.23–1.00) −.49 (−1.17–.30) −1.07 (−1.78–.23)** .67 (−.08–1.55)

Deprivation (quintile)

1 (Most deprived) Reference

2 −.10(−.33–.13) −.06 (−.52–.40) −.11 (−.59–.37) −.43 (−.95–.08) .06 (−.57–.70)

3 −.05 (−.29–.18) .04 (−.43–.50) −.02 (−.51–.47) −.27 (−.77–.23) −.15 (−.75–.45)

4 −.06 (−.28–.17) .01 (−.43–.45) −.42 (−.88–.03) −.12 (−.61–.36) .54 (-.07–1.13)

5 (least deprived) −.04 (−.27–.19) .27 (−.19–.71) .09 (−.42–.60) −.06 (−.59–.46) .08 (−.62–.79)

Rural/Urban

Major urban Reference

Others .04 (−.12–.19) −.09 (−.42–.23) −.08 (−.42–.26) −.06 (−.41–.29) −.23 (−.63–.17)

Mode of detection

Symptomatic Reference

Screen detected −.29 (−.60–.04) −.10 (−.62–.47) −.20 (−.72–.36) −.19 (−.69–.35) −.42 (−1.04–.24)

Received any treatment in private hospitals

No Reference

Yes −.11 (−.40–.21) .26 (−.25–.84) .43 (−.08–1.00) .65 (.13–1.21)* .46 (−.21–1.19)

***<.001, **<.01, *<.05.

the national administrative datasets. Therefore, the detailed data on

patient demographics and tumor characteristics enabled us to examine

the factors that affect the costs of breast cancer. One of the limita-

tions of this study is that we have only included endocrine therapy,

chemotherapy, and HER2 targeted therapy but no other drugs that

might have been used for breast cancer, for example, antiemetic drugs,

grow factors, pain killers, and bisphosphonates because we could not

identify whether these drugs were used for breast cancer or other

diseases, for example, arthritis and osteoporosis. This study only esti-

mated public healthcare costs. More research is needed on the private

costs as well as patient costs.

5 CONCLUSION

The costs of stage I–III breast cancer were associated with year of

diagnosis, patient age, ethnicity, cancer stage, cancer subtype, socioe-

conomic status, mode of detection, and rurality. The costs of stage IV

breast cancer were associated with year of diagnosis, patient age, eth-

nicity, and subtype. Pacific women had higher costs than others, but

after adjustment for cancer stage, subtype and other factors, they had

lower costs thanothers. The early detection andbettermanagement of

stage I–III breast cancer can lead to better outcome and lower costs in

follow-up years.
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APPENDIX

TABLE A1 Patient demographics and tumor characteristics

Subgroup

Stage I–III Stage IV Total

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

Year of diagnosis

2010–2012 4643 (27.3%) 390 (35.7%) 5033 (27.9%)

2013–2015 6454 (38.0%) 406 (37.1%) 6860 (38.0%)

2016–2018 5880 (34.6%) 297 (27.2%) 6177 (34.2%)

Ethnicity

Māori 1973 (11.6%) 137 (12.5%) 2110 (11.7%)

Pacific 854 (5.0%) 114 (10.4%) 968 (5.4%)

Asian 1096 (6.5%) 54 (4.9%) 1150 (6.4%)

Others 13,054 (76.9%) 788 (72.1%) 13,842 (76.6%)

Age (years)

<45 1931 (11.4%) 163 (14.9%) 2094 (11.6%)

45–59 6711 (39.5%) 318 (29.1%) 7029 (38.9%)

60–69 4674 (27.5%) 200 (18.3%) 4874 (27.0%)

70–79 2316 (13.6%) 232 (21.2%) 2548 (14.1%)

80+ 1345 (7.9%) 180 (16.5%) 1525 (8.4%)

Cancer stage

Stage I 6405 (37.7%) 6405 (35.4%)

Stage II 6744 (39.7%) 6744 (37.3%)

Stage III 3828 (22.5%) 3828 (21.2%)

Stage IV 1093 (100.0%) 1093 (6.0%)

Subtype

ER+/HER2- 12,055 (74.8%) 511 (62.3%) 12,566 (74.2%)

HER2+ 2576 (16.0%) 218 (26.6%) 2794 (16.5%)

Triple negative 1482 (9.2%) 91 (11.1%) 1573 (9.3%)

Unknown 864 273 1137

Deprivation quintile

1 (least deprived) 3400 (20.0%) 175 (16.0%) 3575 (19.8%)

2 3374 (19.9%) 209 (19.1%) 3583 (19.8%)

3 3424 (20.2%) 208 (19.0%) 3632 (20.1%)

4 3540 (20.9%) 239 (21.9%) 3779 (20.9%)

5 (most deprived) 3231 (19.0%) 261 (23.9%) 3492 (19.3%)

Unknown 8 1 9

Rurality

Major Urban 8987 (53.1%) 566 (52.0%) 9553 (53.1%)

Others 7929 (46.9%) 523 (48.0%) 8452 (46.9%)

Unknown 61 4 65

Mode of detection

Symptomatic 6761 (56.3%) 600 (90.6%) 7361 (58.1%)

(Continues)
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TABLE A1 (Continued)

Subgroup

Stage I–III Stage IV Total

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

Screen-detected 5248 (43.7%) 62 (9.4%) 5310 (41.9%)

Unknown 4968 431 5399

Received any treatment in private hospitals

No 13,851 (81.6%) 1034 (94.6%) 14,885 (82.4%)

Yes 3126 (18.4%) 59 (5.4%) 3185 (17.6%)

Total 16,977 1093 18,070

TABLE A2 Proportion of patients receiving treatments in different years

TP Y2 Y3 Y4 Y5

Stage I–III

Surgery 68.2% 11.9% 9.2% 8.1% 7.2%

Radiotherapy 62.3% 21.9% 15.2% 13.4% 12.5%

Chemotherapy 32.4% 3.0% 3.2% 3.4% 3.2%

Targeted therapy 11.8% 10.8% 1.1% 1.2% 1.1%

Endocrine therapy 65.6% 60.2% 55.7% 53.5% 51.5%

Stage IV

Surgery 52.1% 22.6% 21.8% 22.3% 21.3%

Radiotherapy 53.5% 33.6% 31.9% 29.0% 26.0%

Chemotherapy 40.7% 25.5% 26.7% 28.1% 27.6%

Targeted therapy 18.8% 16.9% 13.0% 13.1% 12.6%

Endocrine therapy 68.3% 66.1% 62.6% 60.7% 54.7%
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