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Objective 

To estimate the indirect costs associated with a diagnosis of human epidermal growth factor 

receptor positive (HER2+) metastatic breast cancer (mBC) compared to non-cancer controls.  

Methods 

We performed a matched retrospective cohort analysis using the IBM MarketScanⓇ Databases 

from 2008 – 2018, comparing the differences in hours missed due to absenteeism and days 

missed due to short-term disability (STD) among adult female patients with HER2+ mBC aged 

18-64 compared to non-cancer controls during the first 12 months after mBC diagnosis. We 

estimated multivariable linear regression models to estimate the indirect costs associated with the 

diagnosis.  
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Results 

A total of 68 subjects with HER2+ mBC and 198 controls with absenteeism data, and 509 

HER2+ mBC subjects and 1522 controls eligible for STD were included in the study. Among 

employees with absenteeism benefits, patients with HER2+ mBC missed an estimated 372 (95% 

CI: 240 to 505) more hours during the 12 months after diagnosis compared to controls. This 

resulted in estimated annual employee absenteeism productivity losses of $10,424 for patients 

with HER2+ mBC versus $3,501 for controls (difference of $6,923 [95% CI: 779 to 1251]). 

Among employees with STD eligibility, the estimated the mean missed days among those with 

HER2+ mBC was 27 (95% CI: 22 to 31) days higher than those without cancer. This resulted in 

an incremental estimated $3,942 (95% CI: 3,250 to 4,634) annual productivity loss due to STD 

for HER2+ mBC patients.  

Conclusions  

Workplace productivity losses are associated with patients who have HER2+ mBC compared to 

those without the diagnosis. These indirect costs should be considered when calculating the 

burden of illness of HER2+ mBC.  
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Chapter 1. INTRODUCTION  

1.1 DISEASE AND THERAPEUTIC AREA  

 An estimated 268,600 new cases of breast cancer were diagnosed in 2019 making it the 

most common cancer diagnosis among women in the United States.1 Approximately 6% of all 

breast cancer cases either progress to distant metastatic disease or are defined as distant metastatic 

disease upon diagnosis.2  

 Metastatic breast cancer (mBC) has a 5-year survival of 27.5%, and prognosis depends on 

the histological subtype of the malignancy.2,3  Histological subtypes are defined by hormone 

receptor (HR, estrogen receptor [ER] and/or progesterone receptor [PR]) and human epidermal 

growth factor receptor positive (HER2+) status. Those diagnosed with HER2+ breast cancer are 

usually younger, belong to minority groups, and diagnosed with later stage disease compared to 

HER2- mBC.2 Additionally, differences in disease prognosis have been noted in patients who are 

diagnosed with metastatic HER2+ disease upon first diagnosis, known as de novo HER2+ mBC, 

compared to patients who progress to mBC after an initial diagnosis of HER2+ early breast cancer 

(EBC), known as recurrent HER2+ mBC. Despite being diagnosed with later stage disease, de 

novo mBC is associated with longer median survival compared to recurrent disease.4,5  

 National Comprehensive Cancer Network treatment guidelines recommend patients with 

both de novo or recurrent HER2+ mBC receive HER2+ targeted therapy in combination with 

chemotherapy because it is associated with prolonged survival and increased quality of life.6,7 The 

treatment landscape for HER2+ targeted therapies continues to rapidly mature. Since 2007, three 

new trastuzmab biosimilars (Kanjiniti [2019];  Herzuma [2018], Ogiviri [2017]) have been 
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approved as well as five additional novel HER2+targeted therapies (Herceptin Hylecta [2019], 

Kadcyla [2019], Tykerb [2007], Nerlynx [2017], and Perjeta [2012]).6,8-15 

1.2 COSTS OF HER2+ MBC  

 The economic burden attributable to breast cancer consists of both direct and indirect costs. 

Direct costs consist of medical and nonmedical costs associated with treatment, while indirect 

costs are not attributable explicitly to health care events and include workplace productivity losses 

incurred due to missed or reduced work productivity.  Direct costs of breast cancer are well 

described and substantial.16,17 However, direct costs are only part of the total economic burden of 

disease, particularly among breast cancer patients who are working age and experience workplace 

disruption.18-20 Workplace productivity losses attributed to mBC are substantial.18-21 Studies 

examining the rate of return-to-work showed an estimated 40% of patients did not return to work 

one-year following their mBC diagnosis.18  Compared with early disease, mBC appears to be more 

burdensome in terms of productivity losses in the first year after diagnosis, but data are limited 

and outdated.22 Even less is known about how HER2+ status affects productivity losses. 

 Causes of productivity losses are multifactorial. One cause is the physical burden of the 

disease itself. A more aggressive, advanced mBC prognosis can contribute to more workhours 

missed.18 Another cause of productivity loss can be attributed to the side effects of cancer 

treatment. As the treatment landscape matures, productivity losses may decrease if new therapies 

further improve disease symptoms and/or cause fewer side effects and therefore decrease the 

physical burden of treatment. It is important to quantify productivity losses among patients with 

HER2+ mBC to understand the full economic burden of illness.   The impact of mBC on work-

related productivity losses is not well characterized in the current treatment landscape. To our 

knowledge, no study to-date has quantified productivity losses among mBC patients with the 
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HER2+ subtype.18,23  The objective of the study was to estimate the impact of a diagnosis of 

HER2+ mBC on workplace productivity losses, thus adding to the limited data characterizing the 

burden of illness within this important subpopulation of mBC.  

Chapter 2. METHODS  

2.1 STUDY DESIGN 

 We conducted a matched retrospective cohort analysis to estimate the indirect costs 

associated with HER2+ mBC diagnosis in the United States using the data from a large US 

national, commercially insured claims database. The study aimed to estimate the extent and cost 

of a diagnosis of HER2+ mBC on productivity loss. The primary outcome of this study was the 

difference in hours missed due to absenteeism and days missed due to STD among adult, female 

patients with HER2+ mBC during the first 12 months after diagnosis compared to non-cancer 

controls. Secondary objective was to estimate the costs attributed to this worktime missed. As a 

secondary outcome of interest, primary objectives were stratified into patients with de novo mBC 

compared to recurrent mBC. An exploratory analysis looked at trends associating productivity 

losses with the of year of diagnosis.  

2.2 DATA SOURCE  

 Our study population consisted of privately insured US employees in the IBM    

MarketScan Ⓡ  Health and Productivity Management (HPM) and Commercial Claims and 

Encounters (CCAE) databases from January 1, 2008 - December 31, 2018. The HPM database 

consists of more than 3 million privately insured employees. The database contains data regarding 
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workplace absence and short-term disability. This information was linked to the medical, 

pharmacy, and enrollment data in the CCAE database.    

2.3 SAMPLE SELECTION 

The study population included adult female subjects aged 18 - 64 years with a diagnosis of 

HER2+ mBC, shown in Figure 1. MBC diagnosis was identified with an International 

Classification of Disease Clinical Modification (ICD-9-CM or ICD-10-CM) primary diagnosis 

code for breast cancer preceding an ICD-9-CM or ICD-10-CM for a secondary malignancy 

between January 2008 to December 2017 (Appendix A).   The index date for cases is the date of 

the first mBC diagnosis. HER2+ targeted therapies have remained a mainstay of treatment for 

HER2+ mBC throughout the study timeline, therefore, HER2+ status was assumed due to the 

presence of an inpatient or outpatient claim for a HER2+ targeted therapy between the date of 

diagnosis for primary breast cancer up to 90 days after the date of diagnosis for secondary 

malignancy (Appendix A). The median time from diagnosis to treatment is estimated to be 26-49 

days, therefore, a window of 90 days allowed for capturing most of the HER2+ population while 

minimizing selection bias.24,25 Study subjects were excluded if they had a diagnosis of cancers 

other than breast cancer in the 6 months prior to index date. All subjects were required to be eligible 

for employee benefits of absenteeism and/or short-term disability (STD) and to maintain 

continuous enrollment for 6 months prior and 12 months after the mBC diagnosis date.  

HER2+ mBC patients were matched 3 to 1 with adult, female non-cancer controls with 

absenteeism or STD data using greedy matching on 5-year age bins,  study enrollment year, 

geographic region, and CCI score (as measured 6 months prior to index date). Potential controls 

with missing values for any of the matching covariates were excluded from the match. HER2+ 
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mBC patients and eligible controls were randomly sorted prior to matching, and all matching 

factors were weighted equally.26  

 

Figure 1: Flow Chart of Subject Selection 

 

 For the secondary analyses, the study HER2+ mBC cohort was stratified into de novo and 

recurrent HER2+ mBC. De novo HER2+ mBC patients were diagnosed with metastatic disease at 

first diagnosis, where recurrent HER2+ mBC patients were diagnosed with metastatic disease after 

an early breast cancer diagnosis. Previous studies have shown treatment patterns and survival 

outcomes vary between patients with de novo versus recurrent mBC, and that de novo mBC is 

associated with longer median survival.4 A claim for a HER2+ targeted therapy on or after the 

mBC diagnosis date identified patients with de novo HER2+ mBC. A HER2+ claim between the 

initial breast cancer diagnosis and mBC diagnosis defined recurrent HER2+ mBC subjects.   

 For an exploratory analysis, we were interested in the temporal trends associated with date 

of diagnosis. During the study timeline, eight therapeutic agents were approved.  These new 

therapies have improved the health outcomes of patients with mBC, and therefore could impact 

productivity losses associated with a diagnosis of HER2+ mBC.24  

2.4 MEASUREMENTS 

 Baseline demographics measured included age, geographic region, index year,  employee 

class (hourly vs salary) at index date, and adapted Charlson Comorbidity Index (CCI) based on the 
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6 months prior to mBC diagnosis calculated by the presence of 18 conditions. Cancer and 

metastatic cancer diagnoses were excluded from the CCI calculation.28-30 

 Productivity losses were defined as hours or days missed due to absenteeism or short-term 

disability (STD) during the first 12 months after index date, respectively. Absenteeism data 

contained dates of absence, number of hours missed, and reason for absence (sick, disability, leave, 

vacation, or Family Medical Leave). STD data consisted of dates of leave and number of days 

missed.  We censored STD episodes that extended beyond the last date of study follow up, and the 

days missed were recalculated using the number of business days between the start date of the 

leave and the last follow up date.  Any duplicate entries were deleted from the analysis. To 

calculate the indirect cost of missed work, we multiplied the number of hours missed by the median 

wage rate in the United States for all occupations in 2018, $18.58 per hour, as determined by the 

US Department of Labor.31 We assumed an 8-hour workday to calculate the indirect costs 

associated with missed days due to STD.  

2.5 STATISTICAL ANALYSIS  

 We described the demographic and clinical characteristics of the study population during 

the 6-month pre-index period. Continuous variables were reported using means and standard 

deviations (SD), and categorical variables were reported using counts and percentages. 

Standardized mean differences (SMD) were used to compare the HER2+ mBC and non-cancer 

controls.  

 For the primary study objective, we compared the mean difference in hours missed due to 

absenteeism and the mean difference in sick leave days among HER2+ mBC female patients aged 

18-64 compared to non-cancer controls during a 12-month period after diagnosis. We estimated 

multivariable linear regression models, adjusting for region, CCI score, index year, and age at 



 

 

7 

diagnosis. These models compared the hours missed due to absenteeism and days missed due to 

STD during the 12-month follow up period.  

 For the secondary objective, we conducted a subgroup analysis estimating the differences 

in mean missed work hours for the absenteeism cohort and mean missed work days of the STD 

cohort comparing subjects with de novo HER2+ mBC compared to recurrent mBC using similar 

multivariable linear regression models.  

 We also performed an exploratory trend analyses to evaluate changes in productivity loss 

over time. We used estimated linear regression models to assess mean missed work hours and 

mean missed work days across diagnosis years (2008 – 2017), adjusting for de novo cancer status, 

age at diagnosis, and CCI score among patients with HER2+ mBC using both a heterogeneity test 

and trend test. In the heterogeneity model, we defined 2008 as the reference year, and we compared 

each index year to the reference year. To evaluate if there is a temporal relationship between 

HER2+ mBC and productivity losses, we used linear trend tests to test for the association of missed 

days or missed hours over time.  

 For data management, we used SAS, version 9.4, (SAS Institute, Cary, North Carolina). 

Statistical analyses were performed using R Studio 3.6.1. Alpha levels of < 0.05 were considered 

statistically significant.  The study was exempt from Institutional Review Board (IRB) review by 

the University of Washington Human Subjects Division IRB as the MarketScanⓇ databases was 

created by a third party analyst, is Health Insurance Portability and Accountability Act of 1996 

(HIPAA) compliant (all data are de-identified), and does not meet the US federal definition of 

“human subjects research”.



Chapter 3. RESULTS 

3.1 BASELINE CHARACTERISTICS 

 The study populations included 68 women with HER2+ mBC and 198 controls with 

absenteeism data, and 509 HER2+ mBC subjects and 1522 controls eligible for STD (Figure 1). 

The mean ages were 48 and 49 years for the absenteeism and STD cohorts, respectively. The 

matching procedure balanced measured covariates between HER2+ mBC patients and controls in 

both cohorts. Table 5.1 compares the mean values for the HER2+ mBC subjects and controls for 

each of the absenteeism and STD cohorts.  

3.2 INDIRECT COSTS ASSOCIATED WITH HER2+ MBC  

3.2.1 Absenteeism 

 More subjects with HER2+ mBC had non-zero absenteeism hours (79.4% vs 69.7%) 

compared to controls. Patients with HER2+ mBC missed an estimated 561 hours compared to an 

estimated 188 hours missed among controls for a difference of 373 more hours (95% CI: 240 to 

505) over the 12-month follow up period after adjusting for covariates. The mean estimated 

indirect costs associated with productivity losses due to absenteeism is $3,501 for the noncancer 

controls compared to $10,424 for subjects with HER2+ mBC (cost difference = $6,923 [95% CI: 

$779 to $1251]) over the 12 months after diagnosis. Results reported in 

Table 5.3.  

3.2.2 Short Term Disability  

 Patients with HER2+ mBC had more non-zero STD days (54.9% vs 12.5%) compared to 

controls. After adjusting for covariates, we found a statistically significant difference in mean 
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missed days during the first 12 months after diagnosis comparing subjects with HER2+ mBC to 

those without a cancer diagnosis. We estimate the mean missed days among those with HER2+ 

mBC is 27 (95% CI: 22 to 31) days higher than those without cancer. This results in an indirect 

cost due to STD of $5,380 for HER2+ mBC patients compared to $1,438 for a difference of 

$3,942 (95% CI: 3250 to 4634) over the 12-month period. Results are reported in Table 5.5. 

3.3 INDIRECT COSTS ASSOCIATED WITH DE NOVO HER2+ MBC  

 A total of 68 patients (45 with de novo HER2+ mBC and 23 with recurrent HER2+ 

mBC) and 509 patients (374 with de novo HER2+ mBC and 135 with recurrent HER2+ mBC) 

were included in the subgroup analyses evaluating the association between mean missed work 

time and de novo HER2+mBC. Baseline characteristics between patients with de novo HER2+ 

mBC and recurrent mBC for absenteeism and STD cohorts are summarized in Table 8.13. No 

differences between groups were seen at baseline.  

 We did not see statistically significant evidence that the impact of recurrent HER2+ mBC 

compared to de novo mBC on absenteeism differed between groups during the 12-month follow 

up period. The number of patients with non-zero workdays among those with recurrent mBC was 

78.3% compared to 77.8% of those with de novo HER2+ mBC. We estimated those with 

recurrent HER2+ mBC missed an average of 229 hours compared to 422 hours among those with 

de novo HER2+ mBC for a difference of 193 (95% CI: -120 to 506) hours during the 12 months 

after diagnosis. Results in Table 5.7. 

 Mean missed days due to STD was significantly higher in patients with de novo versus 

recurrent HER2+mBC, however.  More patients with de novo HER2+ mBC compared to 

recurrent had non-zero workdays (42.8% vs 16.3%). We estimated those with recurrent HER2+ 

mBC missed an estimated 14 days compared to an estimated 45 days missed among those with 
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de novo HER2+ mBC (difference of 31 days, 95% CI: 23 to 38) over the 12-month follow up 

period. Results from the STD linear regression models are displayed in Table 5.8.   

3.4 TRENDS ASSOCIATED WITH YEAR OF DIAGNOSIS 

 We estimated linear regression models to describe the association between index year and 

both absenteeism and STD in order to evaluate chronologic trends. We found modest evidence 

that more recently diagnosed mBC HER2+ patients had more missed work hours (p-value = 

0.02). From 2008 to 2017, patients with HER2+ mBC missed an additional 51.3 (95% CI: 8.22, 

94.44) hours for each successive year of diagnosis. We did not find evidence that year of 

diagnosis is associated with a difference in mean missed STD days (Table 5.10). 

Chapter 4. DISCUSSION 

This analysis estimated the work hours missed due to absenteeism, workdays missed due 

to STD, and indirect costs attributable to both absenteeism and STD for patients diagnosed with 

HER2+ mBC compared to non-cancer controls.  We found that there was a substantial and 

significant difference for all these workplace productivity measures.  

 When comparing patients with de novo HER2+ mBC compared to recurrent HER2+ 

mBC, patients with de novo mBC experienced an incremental mean difference of 31 additional 

missed days compared to those with recurrent mBC. Although patients with de novo mBC have a 

longer median survival compared to recurrent mBC, they are often diagnosed with more 

advanced-stage disease and higher tumor burdens compared to those with recurrent mBC.4,5 This 

higher disease burden could contribute to the increased number of missed days during the first 12 

months after diagnosis.  Interestingly, despite significant therapeutic development in the 

treatment of HER2+ mBC during the study timeline, we found a trend of more missed hours due 
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to absenteeism over time. Trends in survival among patients with de novo mBC and recurrent 

mBC have been demonstrated from 1990 to 2010,  therefore, it is possible that the novel 

treatments are allowing people to live longer with more progressed disease, and patients with 

more progressed disease are missing more work.32 Our small sample size limits the 

interpretability of these results. No association was seen between year of diagnosis and STD 

days missed.  

Our findings are consistent with previous literature describing the association between 

mBC and productivity losses. Wan et al. estimated the incremental indirect costs of mBC 

compared to non-cancer controls and found patients with mBC experienced STD costs of $1,010 

(2009 USD) more compared to controls $2,383 compared to $1,282 (2009 USD) during the first 

12 months after diagnosis.19 Similarly, Fu and all estimated the incremental indirect costs to be 

$1,911 and $6,157 (2009 USD) for absenteeism and STD respectively comparing mBC patient to 

non-cancer controls during the first 12 months after diagnosis.18 Neither study stratified the 

results by HER2 status.   

 Our study is the only retrospective cohort study focusing on productivity losses among 

mBC patients with HER2+ status. Our findings are larger in magnitude compared to the previous 

similarly designed studies evaluating productivity losses among patient with mBC regardless of 

HER2 status, thus demonstrating a potential difference between HER2+ compared to HER2- 

patient populations.18,19  

 This study has several limitations. First, the continuous enrollment criteria select for 

patients who survived the 12 months after diagnosis. This may bias our population toward 

healthier subjects, thus limiting the generalizability of the results. We also lack specificity in the 

diagnosis codes for identifying HER2+ status. We allowed HER2+ treatment from the time of 
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the primary breast cancer diagnosis up to 90 days after the metastatic diagnosis.  Previous studies 

identified the median time for HER2+ mBC patients to be treated with a HER2+ therapy is 26 - 

49 days, therefore the 90-day window captured most of the population with HER2+ mBC while 

minimizing selection bias, but may have misclassified patients with HER2+ mBC who were 

treated after the 90-day window. We performed an analysis to evaluate the attrition rate after 

implementing the 90-day criteria and 2,096 subjects out of 11,502 (18.2%) subjects with HER2+ 

mBC were treated after the 90-day window. Additionally, although treatment with a HER2+ 

directed therapy has remained the standard of care throughout study timeline, the inclusion 

criteria relies on the assumption that all HER+ patients received HER2+ treatment at first line 

treatment or soon after mBC diagnosis. Third, we used a linear regression model to estimate 

between group differences, which may be biased due to the skewed outcome data and large 

number of enrollees with zero missed work hours and zero missed workdays. The generalized 

linear model may be more appropriate particularly in estimating indirect cost due to absenteeism 

considering the small sample size. Finally, the HPM data source consists of privately insured 

patients, therefore, the sample does not represent patients who have public insurances or who are 

uninsured. It also only quantifies indirect costs attributed to absenteeism or STD and does not 

quantify indirect costs associated with premature mortality.  

 To our knowledge, this is the first study evaluating the indirect costs associated with 

HER2+ mBC. This study provides evidence that both the work hours missed and STD days 

missed during the first 12 months after diagnosis of HER2+ mBC may be significantly higher 

among employees with a diagnosis with HER2+ mBC. Additionally, de novo HER2+ mBC 

patients could have higher indirect costs due to STD compared to recurrent HER2+ mBC 

patients. This study demonstrates the substantial workplace productivity losses associated with a 
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common subtype of mBC. These results can be used to inform economic models from the 

societal perspective and can have important implications on the value proposition of novel 

therapies that result in less workplace disruption.   
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Chapter 5. TABLES 

 

Table 5.1.Baseline Demographics 

 Short Term Disability Population* Absenteeism Population*  
Controls HER2+ 

mBC 

 
Controls HER2+ 

mBC 

 

n 1522 509 SMD 198 68 SMD 

Age, mean (sd) 49.5 (8.2) 49.5 (8.19) 0.002 48.7 (8.7) 48.8 (8.7) 0.012 

Diagnosis index 

year, n (%) 

 
0.007 

 

0.058 

2008 45 (3.0) 15 (2.9) 
 

12 (6.1) 4 (5.9)  

2009 51 (3.4) 17 (3.3) 
 

12 (6.1) 4 (5.9)  

2010 66 (4.3) 22 (4.3) 
 

18 (9.1) 6 (8.8)  

2011 114 (7.5) 38 (7.5) 
 

21 (0.6) 7 (10.3)  

2012 117 (7.7) 40 (7.9) 
 

12 (6.1) 5 (7.4)  

2013 134 (8.8) 45 (8.8) 
 

8 (4.0) 3 (4.4)  

2014 209 (13.7) 70 (13.8) 
 

26 (13.1) 9 (13.2)  

2015 222 (14.6) 74 (14.5) 
 

18 (9.1) 6 (8.8)  

2016 273 (17.9) 91 (17.9) 
 

35 (17.7) 12 (17.6)  

2017 291 (19.1) 97 (19.1) 
 

36 (18.2) 12 (17.6)  

Region, n (%) 
 

0.006  0.085 

Northeast 251 (16.5) 85 (16.7) 
 

8 (4.0) 4 (5.9)  

North Central 333 (21.9) 111 (21.8) 
 

50 (25.3) 17 (25.0)  

South 629 (41.3) 210 (41.3) 
 

113 (57.1) 38 (55.9)  

West 309 (0.3) 103 (20.2) 
 

27 (13.6) 9 (13.2)  

Age Categories, n 

(%) 

 
0.004 

 0.029 

18-34 78 (5.1) 26 (5.1) 
 

24 (12.1) 8 (11.8)  

35-44 324 (21.3) 108 (21.2) 
 

17 (8.6) 6 (8.8)  

45-54 647 (42.5) 216 (42.4) 
 

101 (51.0) 34 (50.0)  

55-65 473 (31.1) 159 (31.2) 
 

56 (28.3) 20 (29.4)  

Comorbidity Index, 

n (%) 

 
0.011 

 

0.105 

0 1002 (65.8) 334 (65.6) 
 

135 (68.2) 45 (66.2)  

1 387 (25.4) 129 (25.3) 
 

51 (25.8) 17 (25.0)  

2 83 (5.5) 29 (5.7) 
 

8 (4.0) 4 (5.9)  

3+ 50 (3.3) 17 (3.3) 
 

4 (2.0) 2 (2.9)  

Class, n (%) 
 

0.181  0.19 

Salary  594 (39.0) 223 (43.8) 
 

103 (52.0) 39 (57.4)  

Hourly 600 (39.4) 157 (30.8) 
 

78 (39.4) 21 (30.9)  

Other 328 (21.6) 129 (25.3) 
 

17 (8.6) 8 (11.8)  
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Table 5.2.  Unadjusted Productive Time Missed and Indirect Cost of Study Population  

 

Table 5.3.  Regression Model of Productive Hours Lost Due to Absenteeism Associated with 

HER2+ mBC  
 

Coefficient 95% CI p-value 

Intercept 188.44 (-117.93, 494.8) 0.23 

HER2+ mBC 372.62 (239.98, 505.26) <0.001 

Age  -2.59 (-7.22, 2.04) 0.27 

Diagnosis index 

year 

 

2008 ref   

2009 -96.33 (-237.14, 44.48) 0.18 

2010 -87.82 (-234.11, 58.47) 0.24 

2011 38.55 (-105.88, 182.98) 0.60 

2012 -156.96 (-322.5, 8.59) 0.06 

2013 -100.56 (-253.89, 52.77) 0.20 

De Novo mBC, n 

(%) 

 
374 (73.5) 

 

 45 (66.2)  

Key: STD = short term disability; sd = standard deviation; n = number; HER2+ =  Human 

Epidermal Growth Factor Receptor Positive; mBC = metastatic breast cancer; SMD = 

standardized mean difference, CI =  confidence interval 

* Short-term disability and absenteeism populations are not mutually exclusive 

 Short Term Disability 

Population* 

Absenteeism Population* 

 
Controls HER2+ mBC Controls HER2+ mBC 

n 1522 509 198 68 

Patients w/ non-zero 

sick leave n (%) 

 

Days 80 (5.3)   182 (35.8)   

Hours   136 (68.7) 53 (77.9) 

Average time missed  

Days 2.24 (12.5) 28.8 (53.3)   

Hours   134 (126) 502 (527) 

Average indirect cost 

(USD) of time missed 

(sd)  

 

333 (1857) 4276 (7919) 2,491 (2,349) 9,327 (10,633) 

Key: STD = short term disability; sd = standard deviation; n = number; HER2+ =  Human 

Epidermal Growth Factor Receptor Positive; mBC = metastatic breast cancer; SMD = 

standardized mean difference, CI =  confidence interval 

* Short-term disability and absenteeism populations are not mutually exclusive 
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2014 -39.36 (-178.47, 99.74) 0.58 

2015 -139.82 (-264.56, -15.08) 0.03 

2016 11.76 (-128.52, 152.05) 0.87 

2017 67.75 (-85.92, 221.43) 0.39 

Region 
 

Northeast ref   

North Central 100.54 (-73.65, 274.73) 0.26 

South 104.07 (-56.91, 265.05) 0.20 

West 230.14 (44.17, 416.11) 0.02 

Charlson 

Comorbidity 

index 

 

0 ref   

1 -65.18 (-154.39, 24.03) 0.15 

2 -185.20 (-312.46, -57.94) <0.001 

3+ 329.08 (-36.62, 694.78) 0.08 

Key: STD = short term disability; sd = standard deviation; n = number; HER2+ =  

Human Epidermal Growth Factor Receptor Positive; mBC = metastatic breast 

cancer; SMD = standardized mean difference, CI =  confidence interval 

 

Table 5.4. Regression Model of Indirect Cost Due to Absenteeism Associated with HER2+ 

mBC  
 

Coefficient 95% CI p-value 

Intercept 3501.161 (-2191.13, 9193.45) 0.226884 

HER2+ mBC 6923.336 (4458.91, 9387.76) < 0.001 

Age  -48.1069 (-134.2, 37.99) 0.272185 

Diagnosis index 

year  

2008 ref   

2009 -1789.81 (-4406.1, 826.49) 0.179086 

2010 -1631.64 (-4349.73, 1086.44) 0.238212 

2011 716.2658 (-1967.32, 3399.86) 0.599572 

2012 -2916.24 (-5992.09, 159.61) 0.063029 

2013 -1868.41 (-4717.24, 980.43) 0.197648 

2014 -731.399 (-3315.89, 1853.1) 0.577771 

2015 -2597.78 (-4915.44, -280.11) 0.028187 

2016 218.5927 (-2387.98, 2825.17) 0.868943 

2017 1258.835 (-1596.45, 4114.12) 0.386046 

Region  

Northeast ref   

North Central 1868.032 (-1368.33, 5104.4) 0.256703 

South 1933.643 (-1057.38, 4924.66) 0.204105 

West 4275.998 (820.72, 7731.28) 0.015497 
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Charlson 

Comorbidity 

index  

0 ref   

1 -1211.06 (-2868.58, 446.47) 0.151397 

2 -3441 (-5805.55, -1076.45) 0.004511 

3+ 6114.324 (-680.33, 12908.98) 0.077561 

Key: STD = short term disability; sd = standard deviation; n = number; HER2+ =  

Human Epidermal Growth Factor Receptor Positive; mBC = metastatic breast 

cancer; SMD = standardized mean difference, CI =  confidence interval 

 

Table 5.5. Regression Model of Productive Days Missed Associated with HER2+ mBC  

 

Variable 
 

 
Coefficient 95% CI p-value 

Intercept 9.68 (-0.39, 19.74) 0.06 

HER2+ mBC 26.53 (21.87, 31.18) <0.001 

Age  -0.13 (-0.3, 0.04) 0.14 

Diagnosis index 

year  
2008 ref   
2009 -6.36 (-14.04, 1.32) 0.10 

2010 3.69 (-6.43, 13.81) 0.47 

2011 -3.13 (-10.65, 4.39) 0.41 

2012 -3.58 (-10.83, 3.68) 0.33 

2013 -5.90 (-12.77, 0.96) 0.09 

2014 -3.67 (-10.68, 3.35) 0.31 

2015 -2.85 (-9.74, 4.03) 0.42 

2016 -2.21 (-9.17, 4.74) 0.53 

2017 0.19 (-6.68, 7.06) 0.96 

Region  
Northeast ref   
North Central 1.36 (-2.75, 5.48) 0.52 

South 0.31 (-3.16, 3.77) 0.86 

West -0.08 (-4.48, 4.32) 0.97 

Charlson 

Comorbidity 

index  
0 ref   
1 1.68 (-1.23, 4.58) 0.26 

2 1.79 (-4.01, 7.58) 0.55 

3+ 8.36 (0.04, 16.69) 0.05 
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Key: STD = short term disability; sd = standard deviation; n = number; HER2+ =  

Human Epidermal Growth Factor Receptor Positive; mBC = metastatic breast 

cancer; SMD = standardized mean difference, CI =  confidence interval 

 

Table 5.6. Regression Model of Indirect Cost Due to STD Associated with HER2+ mBC  

Variable 
 

 
Coefficient 95% CI p-value 

Intercept 1438 (-58.46, 2934.89) 0.06 

HER2+ mBC 3943 (3250.88, 4634.92) <0.001 

Age  -19 (-44.14, 6.46) 0.144 

Diagnosis index 

year  
2008 ref   
2009 -946 (-2087.2, 195.7) 0.104 

2010 548 (-955.75, 2052.75) 0.475 

2011 -465 (-1583.52, 652.92) 0.415 

2012 -532 (-1610.08, 546.68) 0.334 

2013 -877 (-1898.01, 143.14) 0.092 

2014 -545 (-1588.09, 497.82) 0.305 

2015 -424 (-1447.24, 598.86) 0.416 

2016 -329 (-1362.81, 704.56) 0.532 

2017 28 (-993.01, 1049.13) 0.957 

Region    
Northeast ref   
North Central 203 (-408.88, 814.54) 0.516 

South 45 (-469.35, 560.06) 0.863 

West -12 (-666.11, 641.85) 0.971 

Charlson 

Comorbidity 

index  
0 ref   
1 250 (-182.32, 681.5) 0.257 

2 266 (-595.44, 1126.55) 0.545 

3+ 1243 (5.36, 2481.38) 0.049 

 

 

Table 5.7. Regression Model of Productive Hours Lost Associated with De Novo compared 

to recurrent HER2+ mBC 

Variable 
 

 
Coefficient 95% CI p-value 

Intercept 229.29 (-772.55, 1231.14) 0.65 

De novo mBC 193.33 (-120.11, 506.76) 0.22 

Age  -5.06 (-21.49, 11.37) 0.54 
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Diagnosis index 

year 

 

2008 ref   

2009 -195.38 (-457.51, 66.76) 0.14 

2010 113.19 (-410.49, 636.87) 0.67 

2011 230.92 (-331.84, 793.67) 0.41 

2012 1.36 (-615.51, 618.23) 1.00 

2013 -8.19 (-398.49, 382.1) 0.97 

2014 273.90 (-258.06, 805.87) 0.31 

2015 -149.69 (-433.36, 133.98) 0.29 

2016 382.36 (-34.54, 799.27) 0.07 

2017 554.10 (25.93, 1082.28) 0.04 

Region  

Northeast ref   

North Central 115.81 (-291.42, 523.05) 0.57 

South 212.32 (-172.56, 597.2) 0.27 

West 478.31 (18.27, 938.35) 0.04 

Charlson 

Comorbidity 

index 

 

0 ref   

1 -83.16 (-407.3, 240.99) 0.61 

2 -462.02 (-900.67, -23.38) 0.04 

3+ 627.41 (10.73, 1244.09) 0.05 

Key: STD = short term disability; sd = standard deviation; n = number; HER2+ =  

Human Epidermal Growth Factor Receptor Positive; mBC = metastatic breast 

cancer; SMD = standardized mean difference, CI =  confidence interval 

 

 

Table 5.8. Regression Model of Productive Days Lost Associated with De Novo HER2+ 

mBC 

 

Variable 
 

 
 

 
Coefficient 95% CI p-value 

Intercept 13.69 (-22.94, 50.33) 0.46 

De novo mBC 30.65 (23.23, 38.08) <0.001 

Age  -0.18 (-0.82, 0.46) 0.58 

Diagnosis index 

year 

 

2008 ref   

2009 -20.77 (-43.26, 1.72) 0.07 

2010 17.28 (-18.16, 52.73) 0.34 

2011 -3.31 (-29.72, 23.1) 0.81 

2012 -13.35 (-36.91, 10.22) 0.27 
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2013 -14.42 (-37.26, 8.42) 0.22 

2014 -2.73 (-26.8, 21.34) 0.82 

2015 0.96 (-22.89, 24.81) 0.94 

2016 2.32 (-21.51, 26.15) 0.85 

2017 8.91 (-14.59, 32.4) 0.46 

Region  

Northeast ref   

North Central 2.70 (-11.77, 17.18) 0.71 

South 1.14 (-11.06, 13.34) 0.85 

West 1.12 (-14.37, 16.61) 0.89 

Charlson 

Comorbidity 

index 

 

0 ref   

1 -0.03 (-10.4, 10.34) 1.00 

2 -1.62 (-17.36, 14.11) 0.84 

3+ 24.50 (0.02, 48.97) 0.05 

Key: STD = short term disability; sd = standard deviation; n = number; HER2+ =  

Human Epidermal Growth Factor Receptor Positive; mBC = metastatic breast cancer; 

SMD = standardized mean difference, CI =  confidence interval 

 

Table 5.9. Regression Model of Absenteeism Hours and Index Year  

 

Variable    

 Coefficient 95% CI p-value 

Intercept 229.3 (-772.5, 1231.1) 0.6 

Diagnosis index 

year 

 

2008 ref   

2009 229.3 (-457.5, 66.8) 0.648 

2010 -195.4 (-410.49, 636.87) 0.141 

2011 113.2 (-331.84, 793.67) 0.666 

2012 230.9 (-615.51, 618.23) 0.414 

2013 1.4 (-398.49, 382.1) 0.996 

2014 -8.2 (-258.06, 805.87) 0.967 

2015 273.9 (-433.36, 133.98) 0.306 

2016 -149.7 (-34.54, 799.27) 0.294 

2017 382.4 (25.93, 1082.28) 0.071 

Trend  51.3 (8.22, 94.44) 0.020 

 

 

 Table 5.10. Regression Model of Productive Days Lost Associated with Index Year  

Variable 
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Coefficient 95% CI p-value 

Intercept 15.0 (-22, 52) 0.427 

Diagnosis index 

year 

 

2008 ref   

2009 -20.5 (-43.0, 1.9) 0.073 

2010 17.5 (-18.0, 52.9) 0.333 

2011 -3.1 (-29.5, 23.2) 0.816 

2012 -13.3 (-36.8, 10.1) 0.264 

2013 -14.1 (-36.9, 8.6) 0.223 

2014 -2.5 (-26.5, 21.4) 0.835 

2015 1.2 (-22.6, 24.9) 0.922 

2016 3.9 (-20.8, 28.5) 0.757 

2017 9.1 (-14.3, 32.4) 0.447 

Trend  1.8 (-0.1, 3.6) 0.058 
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Chapter 7. APPENDIX A 

Table 7.11 Identification Codes for Metastatic Breast Cancer and Sites of Metastases 

  

 ICD-9-CM ICD-10-CM HCPCS 
Breast Cancer 174.XX, 175.XX C50.X, D05.X, 

Z90.1X, Z17.0, 

Z17.1, Z85.3 

 

Secondary Malignant 

Neoplasm 
Stage 3:  

196.0, 196.3, 198.2 

 

Stage 4: 

197%,196.1, 196.2, 

196.5, 196.6, 196.8, 

196.9, 198.0, 198.1, 

198.4, 198.5, 198.6, 

198.8, 198.82, 

198.89, 199.0, 199.1 

Stage 3: 

C77.0, C77.3, C792 

 

Stage 4:  

C78.X, C79.0X, 

C79.1X, C79.4X, 

C79.5X, C77.71, 

C77.72, C77.75, 

C77.8, C77.9, 

C79.82, C79.89, 

C79.9, C80.0, C80.1 

 

Brain 198.3 

 

92.23–92.24, 92.30–

92.33, 92.39, 92.30–

92.33, 92.39, 01.21–

01.25, 01.31, 01.51, 

1.59 

C79.3X 61793, 61796–

61800, 77371–

77372, 77432,  

G0173, G0242, 

G0243, G0251, 

G0338, G0339, 

G0340 

 
Other Cancers 

(exclusion criteria) 
140.xx–173.xx, 

176.xx–195.xx, 

200.xx–208.xx 

C16.X, C17.X, 

C18.X, C21.X, 

C25.X, D12.X, 

C56.X, C57.X, 

C48.X, C54.X, 

C55.X, C25.X, 

C61.X, C64.X, 

C65.X, C66.X, 

C67.X, C68.X, 

C43.X, C73.X, 

C74.X, C75.X, 

D35.X, E20.X, 

E21.X, C69.X, 

C70.X, C71.X 
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 Table 7.12 Identification Codes HER2+ Targeted Therapy 

 

HER2+ Directed Therapy HCPCS NDC 
Herceptin® (trastuzumab) J9355, J3590 50242-132-01; 50242-0132-01 
KanjintiTM  (trastuzumab-anns) C9399 55513-132-01 
Herceptin HylectaTM (trastuzumab 

and hyaluronidase-oysk) J9356 50242-077-01, 50242-0077-01 

OgiviriTM (trastuzumab-dkst) Q5114 
67457-845-50, 67457-846-20, 

67457-847-44, 67457-991-15 
Perjeta® (pertuzumab) J9306 50242-145-01, 50242-0145-01 
Kadcyla® (ado-trastuzumab 

emtansine) J9354 

50242-088-01, 50242-0088-01, 

50242-087-01, 50242-0087-01 

Tykerb® (lapatinib) NA 0078-0671-19 

Nerlynx® (neratinib) NA 70437-240-18 

 

Chapter 8. APPENDIX B 

 Table 8.13 Baseline Characteristics for Patients with De Novo and Recurrent mBC 

 

 Short Term Disability 

Population* 

Absenteeism Population* 

 
Recurrent 

HER2+ 

mBC 

De Novo 

HER2+ 

mBC 

 
Recurrent 

HER2+ 

mBC 

De Novo 

HER2+ 

mBC 

 

n 135 374 SMD 23 45 SMD 

Age, mean (SD)       

Diagnosis index 

year, n (%) 

  0.554   0.387 

2008 2 (8.7) 2 (4.4)  4 (3.0) 11 (2.9)  

2009 2 (8.7) 2 (4.4)  4 (3.0) 13 (3.5)  

2010 1 (4.3) 5 (11.1)  3 (2.2) 19 (5.1)  

2011 2 (8.7) 5 (11.1)  8 (5.9) 30 (8.0)  

2012 1 (4.3) 4 (8.9)  6 (4.4) 34 (9.1)  

2013 2 (8.7) 1 (2.2)  11 (8.1) 34 (9.1)  

2014 4 (17.4) 5 (11.1)  26 (19.3) 44 (11.8)  

2015 2 (8.7) 4 (8.9)  25 (18.5) 49 (13.1)  

2016 3 (13.0) 9 (20.0)  28 (20.7) 63 (16.8)  

2017 4 (17.4) 8 (17.8)  20 (14.8) 77 (20.6)  

Region, n (%)   0.269   0.074 

Northeast 2 (8.7) 2 (4.4)  25 (18.5) 60 (6.0)  

North Central 5 (21.7) 12 (26.7)  28 (20.7) 83 (22.2)  
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Table 8.14.  Unadjusted Productive Time Missed and Indirect Cost of HER2+ mBC 

Population  

 

 

South 12 (52.2) 26 (57.8)  54 (40.0) 156 (41.7)  

West 4 (17.4) 5 (11.1)  28 (20.7) 75 (20.1)  

Age Categories, n 

(%) 

  0.608   0.232 

18-34 2 (8.7) 6 (13.3)  3 (2.2) 23 (6.1)  

35-44 0 (0.0) 6 (13.3)  27 (20.0) 81 (21.7)  

45-54 14 (60.9) 20 (44.4)  56 (41.5) 160 (42.8)  

55-65 7 (30.4) 13 (28.9)  49 (36.3) 110 (29.4)  

Comorbidity Index, 

n (%) 

  0.48   0.171 

0 15 (65.2) 30 (66.7)  93 (68.9) 241 (64.4)  

1 7 (30.4) 10 (22.2)  28 (20.7) 101 (27.0)  

2 0 (0.0) 4 (8.9)  10 (7.4) 19 (5.1)  

3+ 1 (4.3) 1 (2.2)  4 (3.0) 13 (3.5)  

 Short Term Disability 

Population* 

Absenteeism Population* 

 
Controls HER2+ 

mBC 

Controls HER2+ 

mBC 

n 135 374 23 45 

Patients w/ non-zero 

sick leave n (%) 

 

Days 22 (16.3) 160 (42.8)   

Hours   18 (78.3) 35 (77.8) 

Average time missed 

Days 1 (4.8) 23.9 (48.8)   

Hours   379 (452) 565 (620) 

Average indirect cost 

(USD) of time missed 

(sd)  

 

149 (3554) 713 (7255) 7051 

(8392) 

10490 

(11527) 

Key: STD = short term disability; sd = standard deviation; n = number; 

HER2+ =  Human Epidermal Growth Factor Receptor Positive; mBC = 

metastatic breast cancer; SMD = standardized mean difference, CI =  

confidence interval 

* Short-term disability and absenteeism populations are not mutually exclusive 
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Chapter 9. APPENDIX C 

 

Figure 2: Boxplot of Hours Lost Due to Absenteeism  
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Figure 3: Boxplot of Days Lost Due to STD  

 

 

 

 

 

 

 

 

 

 


