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SHORT COMMUNICATION

Real-world costing analysis for diffuse large 
B-cell lymphoma in British Columbia
S. Costa msc,*† D.W. Scott mbchb phd,‡§ C. Steidl md,‡|| S.J. Peacock dphil,*†# and D.A. Regier phd*†**

ABSTRACT

Introduction Diffuse large B-cell lymphoma (dlbcl) accounts for 30%–40% of all non-Hodgkin lymphomas. 
Approximately 60% of patients are cured with standard treatment. Targeted treatments are being investigated and 
might improve disease outcomes; however, their effect on cancer drug budgets will be significant. For the present 
study, we conducted an analysis of real-world costs for dlbcl patients treated in British Columbia, useful for health 
care system planning.

Methods Patient records from a retrospective cohort of patients diagnosed with dlbcl in British Columbia during 
2004–2013 were anonymously linked across multiple administrative data sources: systemic therapy, radiotherapy, 
hospitalizations, oncologist services, outpatient medications, and fee-for-service physician services. Using generalized 
linear modelling regression, time-dependent costs (in 2015 Canadian dollars) were estimated in 6-month intervals 
over a 5-year period. The inverse probability weighting method was applied to account for censored observations. 
Nonparametric bootstrapping was used to estimate standard errors for the mean cost at each time interval.

Results The cohort consisted of 678 patients (5-year overall survival: 67%). Mean age at diagnosis was 64 ± 14 years; 
median follow-up was 3.2 years. Mean total cost of care was highest in the first 6 months after diagnosis ($29,120; 95% 
confidence interval: $28,986 to $29,170) and after disease progression ($18,480; 95% confidence interval: $15,187 to 
$24,772). Systemic therapy and hospitalization costs were the largest cost drivers. At each time interval, costs were 
observed to be positively skewed.

Conclusions Our results depict real-world costs for the treatment of dlbcl patients with standard chop-r therapy. 
Cost-model parameters are also provided for economic modelling of dlbcl interventions.
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INTRODUCTION

Diffuse large B-cell lymphoma (dlbcl) is the most com-
mon form of non-Hodgkin lymphoma, representing 
approximately 30%–40% of all non-Hodgkin lymphoma 
cases1. Treatment is usually administered shortly after 
diagnosis2,3. Standard treatment for dlbcl has remained 
a combination of chemotherapy drugs including cyclo-
phosphamide, doxorubicin, vincristine, and prednisone 
(chop). Rituximab was added to chop in the early 2000s, 
and chop-r has remained the standard treatment regime 
for nearly two decades4,5. Approximately 60% of patients are 
cured with chop-r, and differences in response to chop-r 
might be explained in part by the discovery of at least two 
distinct and clinically meaningful subtypes of dlbcl4,6,7. 

The efficacy and toxicity of subtype-specific treatments are 
currently being investigated in clinical trials4,8.

When introduced, the budgetary impact of chop-r 
compared w ith chop was signif icant, est imated at 
approximately $11,000 (2015 Canadian dollars) over a 
15-year time horizon. Although associated with a signif-
icant survival benefit5, the use of chop-r placed upward 
pressure on cancer drug budgets. As subtype-specific 
treatments become more common in oncology, the sus-
tainability of cancer drug budgets is at the forefront of 
policy discussions9,10. Having an understanding of the 
real-world costs of dlbcl treatment can be helpful for 
health care system planning and budget impact assess-
ments2,11. Here, we present a real-world analysis of the 
costs incurred for the treatment of dlbcl over a 5-year 
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period in British Columbia. Coefficients from our cost 
model are included for potential use in future economic 
models and analyses. Ethics approval for the study was 
obtained from the University of British Columbia–BC 
Cancer Research Ethics Board.

METHODS

Data Sources
We conducted a secondary analysis of administrative 
health data to obtain an understanding of direct medical 
costs in 6 categories (Table i): systemic therapy, including 
chemotherapy, nursing, pharmacy, and clerk services; 
radiotherapy; hospitalizations; outpatient prescription 
drugs; outpatient fee-for-service physician services; and 
oncologist services. A cohort of patients diagnosed with 
dlbcl was established using records from the database 
maintained by the Centre for Lymphoid Cancer. That data-
base includes clinical outcomes information for patients 
with lymphoid cancer treated at the provincial cancer agen-
cy as determined by standard clinical practice guidelines. 
Inclusion criteria were established to produce a cohort of 
patients diagnosed and treated in British Columbia be-
tween 1 January 2004 and 30 June 2013 who were 18 years 
of age or older and hiv-negative. Characteristics retrieved 
included age, sex, patient status at follow-up, and dates of 
disease diagnosis, progression, death, and last available 
follow-up. Anonymized unique patient identifiers were 
used to link patient records from the Centre for Lymphoid 
Cancer database to all other individual-level data.

Analytic Techniques
Total observation time was divided into 1 or 2 treatment 
phases depending on the occurrence of relapse. First-line 
treatment was defined as the time from date of diagnosis to 
either date of relapse or date of last follow-up. Second-line 
treatment was defined as the time from date of disease 
relapse (after primary treatment) to date of last follow-up. 
Total observation time for each subject was divided into 
6-month intervals to align with a typical course of chop-r 
treatment14. Censoring variables were used to indicate 
patient status as either alive at last follow-up, relapsed, or 
died. All direct medical costs were included in the analysis 
and were converted to 2015 Canadian dollars15.

Treatment-related costs during the observation period 
were calculated for each patient by multiplying units of 
resource consumption by the unit cost for each expense 
category (Table i). Once all category-specific costs were es-
timated, the values were summed to calculate the total cost 
for each 6-month interval. To account for data censoring, 
the nonparametric inverse probability weighting method 
was applied to predict the conditional survival probability 
for each time interval, given the multi-record nature of the 
data11,16. When plotted, costs were observed to be inversely 
proportional to time (Figure 1). We thus fit a generalized 
linear regression model to the data, assuming a log-link 
(State/SE) function, gamma distribution with time (6-month 
interval), and inverse time (1/time) as response variables. 
Nonparametric bootstrapping (1000 bootstrapped samples) 
was used to estimate standard errors of the means. The 95% 
confidence intervals of the means were estimated using the 

TABLE I Sources of cost data and unit costs

Cost category Source for ...

Data Unit cost

Systemic therapy BC Cancer, Systemic Therapy Program  
(BC Cancer Registrya)

Drug reimbursement cost

Radiotherapy CAIS scheduling and appointment records  
(BC Cancer Registrya)

Literature-derived cost per course of treatment12

BC Cancer, Radiotherapy warehouse  
(BC Cancer Registrya)

Hospitalizations CIHI, Discharge Abstract Databaseb Cost of a standard hospital stay  
for British Columbia13

Outpatient services provided by 
 fee-for-service practitioners

British Columbia MSPc MSP fee item paid

Outpatient prescription medications British Columbia PharmaNetd Drug reimbursement, professional dispensing fees

Oncologist services CAIS scheduling and appointment records  
(BC Cancer Registrya)

New patient visit: MSP item 33510

British Columbia MSP 2014 fee schedule Follow-up visit: MSP item 33507

a  BC Cancer. BC Cancer Registry [https://www.popdata.bc.ca/data/health/bccancer]. Ver. 2, data extract. Vancouver, BC: Population Data BC: 
2015. [Approved by: BC Cancer, 2014]

b  Canadian Institute for Health Information. Discharge Abstract Database (hospital separations) [https://www.popdata.bc.ca/data/health/dad]. 
Ver. 2, data extract. Vancouver, BC: Population Data BC; 2015. [Approved by: Ministry of Health, 2014]

c  British Columbia, Ministry of Health. Medical Services Plan, Payment Information File [https://www.popdata.bc.ca/data/health/msp]. Ver. 2, data 
extract. Vancouver, BC: Population Data BC; 2015. [Approved by: Ministry of Health, 2014]

d  British Columbia, Ministry of Health. PharmaNet [https://www.popdata.bc.ca/data/health/PharmaNet]. Ver. 2, data extract. Vancouver, BC: 
Ministry of Health, 2014. [Approved by: Data Stewardship Committee; 2014]

CAIS = Cancer Agency Information System; CIHI = Canadian Institute for Health Information; MSP = Medical Services Plan.
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corresponding percentiles from the bootstrap distribution. 
Table ii presents mean cost estimates, confidence intervals, 
and standard errors for first-line and second-line treatment 
periods over a period of 5 years. All data analyses were con-
ducted in the SAS (version 9.4: SAS Institute, Cary, NC, U.S.A.) 
or Stata/SE (version 15.1: StataCorp LP, College Station, TX, 
U.S.A.) software application.

RESULTS

Table iii summarizes patient characteristics. Most par-
ticipants (58%) were men, had been diagnosed with  
advanced-stage disease (53%), and had received a mean of 
5 cycles of chop-r. The BC Cancer Systemic Therapy Pro-
gram chemotherapy protocols suggest 3 cycles to 6–8 cycles 
of chop-r for patients with limited- and advanced-stage 
disease14. Mean follow-up was 3.2 years. As depicted in 
Figure 1, costs are incurred mostly in the first 6 months after 
either the date of diagnosis or the date of disease relapse. 
That observation reflects the fact that most patients (60%) 
were in remission after first-line treatment—a finding 
comparable to results reported in the literature4.

Costs were modelled over time using the equation

                                                 ,

where t is time (in 6-month intervals), a is the coefficient 
of the constant term (first-line: 5.786; second-line: 9.178), 
b is the coefficient for time (first-line: –0.017; second-line: 
–0.194), and c is the coefficient for inverse time (first-line: 
4.527; second-line: 0.842). Coefficient values were estimated 
from the generalized linear regression model.

Our model estimated the mean cost of care in the first 
6 months after diagnosis to be $29,120 (95% confidence in-
terval: $28,986 to $29,170); it was $18,480 (95% confidence 
interval: $15,187 to $24,772) in the first 6 months after relapse 
(Table ii). Inpatient hospitalization for second-line treatment 
was the highest driver of cost (62%), most of which can 
be attributed to patients (3%) who underwent autologous 
stem-cell transplantation (asct) as second-line treatment. 
Systemic therapy represented the largest driver of costs in 
the first 6 months after diagnosis (56%). In both the first-line 
and second-line treatment periods, radiotherapy services 
accounted for a similar proportion of the total cost (1%–16%).

DISCUSSION AND CONCLUSIONS

Here, we present an analysis of the real-world costs in-
curred by a cohort of patients diagnosed with dlbcl in the 
province of British Columbia. Costs are presented 6-month 
time intervals, supplemented with information about mod-
el fitting so that costs can be modelled over time.

Our estimated costs are lower than those in other 
dlbcl costing studies. In Ontario, the censoring-adjusted  
total cost of treatment for dlbcl was estimated to be 
approximately $70,200 (2015 Canadian dollars) for all 
ages for the first year after diagnosis, including home and 
community care services11. A study using micro-costing 
techniques conducted in Alberta estimated a mean cost of 
$40,191 for treatment during first-line therapy, $5,294 for 
disease assessment, and $3,905 for follow-up costs over 
a mean duration of 450 days (all costs in 2015 Canadian 
dollars)2. Data about staging tests and other diagnostics, 
such as flow cytometry and magnetic resonance imaging, 
were not included in our analysis. Patient characteristics 
might also differ between studies. For example, studies 
with a higher proportion of patients undergoing costly 
procedures such as asct might report higher hospital-
ization costs. In addition, differences in costing meth-
ods, analysis timeframes (pre-diagnostic, for instance), 
analytical approaches, and unit costs (hospital cost per 
case, for instance) also make it challenging to ensure 
similarity for cost comparisons13. However, the positive 
skewness of our cost data at each time interval is similar 
to reports from other authors, suggesting that costs are 
incurred mostly by a small proportion of patients. As in 
other studies, hospitalizations accounted for the largest 
proportion of the costs incurred during second-line treat-
ment11. The shift away from hospitalization costs toward 
outpatient prescription medications in our study could 
place a greater financial burden on patients.

As with any secondary analysis of administrative data, 
our study has limitations. Missing records and varying 
completeness of data has likely affected our results. For ex-
ample, home and community care services were excluded 
from our analysis because of incompleteness of records. 
The average estimated cost for patients who underwent 
asct in our analysis is lower than estimates reported 
elsewhere. The total inpatient and outpatient costs of an 
asct procedure were reported to be approximately $58,793 
(2015 Canadian dollars)2 in Alberta and $47,076 (2015 Ca-
nadian dollars) in the Netherlands17. Mean inpatient costs 
for an asct procedure in our analysis was approximately 

FIGURE 1 Fitted cost model showing censoring-adjusted costs for 
the cohort, plotted against time (t) in 6-month intervals. (A) Costs for 
first-line treatment. (B) Costs for second-line treatment. The solid black 
line indicates the fitted cost model; the dotted lines indicate the 95% 
confidence limits.
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$30,000, although harvesting costs and other laboratory 
activities might not be fully captured in our datasets. We 
also observed that most patients who progressed and died 
(58%) did so within 6 months of their date of progression, 
thus limiting the period for which costs could be captured.

Despite its limitations, this work has provided some 
valuable insights. Providing mean costs over time for dlbcl 
care is useful for health care system planning, especially 
considering the potential effects that targeted treatments 
can have on how dlbcl is managed8,18. Our work has also 
made use of costing methods that account for censoring 
and made explicit how costs were modelled over time. 
Those approaches can be useful for future research involv-
ing modelling of dlbcl costs and contribute to the broader 
costing literature.
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