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Aim: To describe the direct healthcare costs associated with repeated cytotoxic chemotherapy treatments
for recurrent high-grade serous cancer (HGSC) of the ovaries. Patients & methods: Retrospective review
of 66 women with recurrent stage III/IV HGSC ovarian cancer treated with repeated lines of cytotoxic
chemotherapy in a Canadian University Tertiary Center. Results: Mean cost of treatment of first relapse was
CAD$52,227 increasing by 38% for two, and 86% for three or more relapses with median overall survival
of 36.0, 50.7 and 42.8 months, respectively. In-hospital care accounted for 71% and chemotherapy drugs
accounted for 17% of the total costs. Conclusion: After the third relapse of HGSC, cytotoxic chemotherapy
did not prolong survival but was associated with substantially increased healthcare costs.
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Ovarian cancer ranks within the top five as a cause of cancer-related mortality and healthcare expenditure in
women [1,2]. 80% of deaths from ovarian cancer are due to its most common subtype, high-grade serous cancer
(HGSC), which is characteristically diagnosed at stage III/IV, and despite treatment will recur in 80% of patients [3–

5]. Once it recurs, unless amenable to complete resection, it is incurable and hence the goal of treatment is to
alleviate symptoms and prolong good-quality life with chemotherapy [3,6]. However, emerging resistance makes
the remissions achieved with cytotoxic chemotherapy only temporary, with shorter treatment-free intervals and
cumulative toxicity with successive lines of treatment [7].

Advances in precision medicine now make available, targeted therapies that significantly delay recurrence with
lower toxicity compared with cytotoxic chemotherapy [5,6]. For example, oral poly-ADP ribose polymerase inhibitors
have produced clinically meaningful prolongation of good-quality life for women with germline or somatic breast
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cancer gene mutations and platinum-sensitive HGSC recurrence [8–11]. Despite benefits to patients, the high
acquisition cost of these therapies limits their accessibility.

Unfortunately, the health economic assessment of newer treatments is hampered by the lack of comprehensive
data on healthcare costs related to the treatment of disease recurrences with the current standard of care, specifically,
multiple lines of chemotherapy [12,13]. This is because health economic assessments focus on drug acquisition costs,
which represent only a fraction of the total financial burden of cancer care. Other costs, such as those related to
emergency room visits, tests, interventions as well as hospital stays, are often not included or are underestimated
in these assessments. This happens because fragmentation of healthcare provision, combined with lack of precision
and granularity in administrative databases that group together various ovarian cancer subtypes and stages of disease,
preclude obtaining accurate and specific healthcare utilization and cost estimates. As a result, the costs of treating
cancer are underestimated. In addition, most cost–effectiveness evaluations of cancer treatments are based on Phase
II/III randomized controlled trials [14], which have limited generalizability to the target population because neither
treatment protocols, nor the participating patients are representative of the real-world setting [15]. For example,
poor performance status and comorbidities, despite being common in patients with recurrent cancer, are exclusion
criteria in Phase II/III randomized controlled trials [15]. It follows that accurate cost assessments derived from the
real-world setting are essential for the assessment of new treatments and their comparison to conventional cytotoxic
therapies.

The results of a study published by Doyle et al. almost 20 years ago, showed that increased lines of chemotherapy
were associated with increased costs but not better outcome or survival. In this study, inpatient care, chemotherapy
agents and outpatient care accounted for 62, 21 and 8% of the total healthcare costs. Of the total costs, 43%
was attributable to chemotherapy and 43% to supportive care. However, since the publication of this study,
cancer treatments have changed and most chemotherapy is now delivered in the outpatient setting [16]. Gordon
et al. reported that in women with primary epithelial ovarian cancer, treatment costs increased with later stage at
diagnosis and more than one lines of chemotherapy [17]. Similar results were reported by Delgado-Ortega et al. using
Markov models to simulate cohorts of women with epithelial ovarian cancer in Spain [18]. Using health economic
models, Rocconi et al. showed that the incremental cost–effectiveness ratio was not favorable after the second line
of chemotherapy in patients with platinum resistant epithelial ovarian cancer [19]. Therefore, there is a need for
contemporary real-world cost assessment of conventional chemotherapy regimens to provide a benchmark in the
health economic evaluation of new emerging treatments [12,13,15].

The current study describes the direct healthcare cost of treating recurrent HGSC with standard-of-care cytotoxic
chemotherapy in a Canadian Tertiary University Center.

Material & methods
Study design
This is a retrospective chart review of patients treated by the Gynecology Oncology Service at the McGill University
Health Center (MUHC), a tertiary care academic hospital in Montreal (QB, Canada). The study was approved by
the Research Ethics Board of the MUHC. Using the database of the Service, the oncology pharmacy-database and
the institutional tumor registry, we identified all patients with recurrent stage III/IV HGSC treated at the MUHC
between 2010 and 2014. In order to be included in the study, patients must have had their first recurrence between
2010 and 2014 and were exclusively treated at the MUHC from recurrence until transfer to palliative care services
or death. Patients treated with targeted therapies, such as PARP-inhibitors and Bevacizumab, were excluded because
during the study period, these therapies were not publicly funded and were used only as part of clinical trials.

Setting
The Canadian universal public health insurance covers all in-hospital medical services and medications. In Quebec,
all residents have mandatory public or private outpatient drug insurance. Gynecologic cancer care in Quebec is
largely provided by teams accredited by the government’s cancer agency. The MUHC Gynecology Oncology team
has level IV accreditation (the highest).

Details of standard of care are provided in Box 1. At first recurrence, patients for whom repeat surgery is not
possible are treated with chemotherapy that is delivered in a dedicated ambulatory Oncology Day Center. More
specifically, the medical team consists of surgeons that perform all surgeries and medical oncologists who are
responsible for the selection and administration of chemotherapy. The type of chemotherapy used depends on the
platinum sensitivity of the disease and response to previous treatments and the treating physician’s judgment. Patient
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Box 1. Details of standard of care.

• Decisions about each patient’s management at recurrence are made at the interdisciplinary tumor-board. Patients
with potentially resectable disease, in other words, oligo-metastases, are generally treated by repeat surgery. If
the recurrent disease is deemed inoperable, patients are offered chemotherapy. As the goal of treatment is to
prolong good-quality life, we delay starting chemotherapy in asymptomatic patients; however, we initiate it
before tumor burden is high.

• Patients with platinum-sensitive recurrence are retreated with combination chemotherapy of platinum with taxol
or pegylated liposomal doxorubicin; platinum monotherapy is used in patients with poor performance status.
Platinum-resistant recurrence is treated with pegylated liposomal doxorubicin. If the disease fails to respond,
gemcitabine, weekly taxol, topotecan, alkylating agents, hormones are used as per the treating physician’s
judgement. As the single-payer of the second most populous province in Canada, the Quebec Government
negotiates drug prices and, when available, generic versions of drugs are used.

• The interdisciplinary gynecologic oncology team includes a dedicated pivot nurse, a clinical nurse specialist and a
liaison nurse, who help patients maximize the use of outpatient services and services in the community and
reduce the need for inpatient care.

• The gynecologic oncology service works closely with the Supportive and Palliative Care Service, which includes
four subspecialized services: Cancer Pain Clinic, Cancer Nutrition and Rehabilitation, Psycho-social Oncology and
the Supportive Care Clinic. Symptomatic patients are referred to this service to help manage physical and
emotional symptoms alongside active chemotherapy treatment.

• Intervention to prolong life or alleviate symptoms (gastrointestinal stents, double j-catheters/nephrostomy,
drains for pleural effusion and ascites, intensity-modulated radiotherapy, radio ablation or surgical removal of
isolated metastasis, nerve blocks) are used liberally.

• In Quebec, physicians are not salaried and bill the provincial government using a complex system of basic and
supplemental fees. Fees vary depending on whether the physician is on the subspecialist register, time of
consultation (e.g., night, holidays), duration of consultation, whether academic teaching is involved, language
barriers, reduced mobility, among others.

care is provided by a multidisciplinary team that is comprised of gynecologic oncologists, palliative care specialists,
nurses, pharmacists and other healthcare professionals as needed. All treatments including administration of
chemotherapy, transfusions, drainage of ascites or pleural effusions and management of adverse events are provided
by the Gynecology Oncology Service. The Gynecologic Oncology Service consults and works with the Supportive
and Palliative Care Service (SPCS) early in the trajectory of recurrent disease. When the projected life expectancy
of a patient is thought to be less than 3 months and the patient is no longer on chemotherapy, she is eligible for
increased home services under the jurisdiction of the SPCS, or for transfer to the SPCS inpatient facility at the
MUHC or to a hospice in the community. All cost for patient management including chemotherapy is paid by the
Provincial Health Insurance. The majority of Quebec residents have mandatory drug insurance that covers most
of the prescription drug costs. Thus, all patients have equitable access to approved and funded interventions/drugs
regardless of their financial status and ability to pay. The current study includes only the costs incurred while
patients were under active chemotherapy treatment by the Gynecology Oncology Service.

Ascertainment of direct healthcare costs
We ascertained healthcare resource utilization from hospital medical records, in-hospital medication use from
the hospital pharmacy database and outpatient prescriptions from the medical records. Costs for services were
calculated using the unit costs provided by the Regie de l’assurance maladie du Quebec, the Quebec government’s
health insurance agency, and the MUHC Finance Department.

Direct healthcare costs were ascertained for the following:

• All prescription drugs, including chemotherapy;
• Imaging;
• Blood tests;
• Surgery, radiotherapy and other interventions intended to palliate or cure recurrent disease;
• Ambulatory care;
• Emergency room visits;

future science group www.futuremedicine.com 539



Research Article Gilbert, Ramanakumar, Festa et al.

• Cost for inpatient hospital stays including medical interventions, nursing, support services, nutritional support,
physiotherapy, palliative and occupational therapy. These are predominantly, but not exclusively, related to the
costs of managing adverse events;

• Outpatient costs which include the cost for administration of chemotherapy.

The following costs could not be ascertained and are not included in the analysis:

• Physician fees;
• Services provided by the Local Community Services Centers;
• Cost incurred during admission to rehabilitation centers;
• Home care services;
• Palliative care services;
• Primary care services.

Statistical analyses
Patients were classified into treatment groups according to the number of chemotherapy regimens (lines) received
as none, one, two and three or more. Descriptive statistics were reported for the entire patient cohort and for
groups according to the number of chemotherapy treatments received. Overall survival (OS) and progression-free
survival (PFS) were estimated with the Kaplan–Meier Estimator. Healthcare costs were ascertained from the time
of recurrence until transfer to the palliative care service or death. Costs are reported in 2016 Canadian dollars.
Analyses were conducted on observed data. There were no imputations for missing data. Descriptive statistics
for costs included the mean, median and interquartile range. Bivariate comparisons were conducted with the χ2

statistics for categorical variables, analysis of variance for continuous variables and the Jonckheere–Terpstra test for
ordered alternatives for costs. Multivariate analysis of variance was used to determine the proportion of variance
in the total costs attributed to each cost component and to adjust the between-group differences with respect total
costs for patient demographics and profile. Generalized linear models with a gamma distribution and log as the
link function was used to adjust the total healthcare costs for potential confounders. Multivariate linear regression
was used to develop a predictive model for total direct healthcare costs. All analyses were conducted with Statistical
Package for the Social Sciences (SPSS) version 24.

Results
Of the 120 patients with recurrent stage III/IV HGSC treated at the MUHC during the study period, 66 met the
study inclusion criteria. There were no clinically important differences between the patients included in the analysis
and those who were excluded (Table 1), demonstrating that the study cohort was representative of women with
recurrent stage III/IV HGSC treated at the MUHC. Mean age (standard deviation [SD]) was 60.6 (8.6) years,
and 48% of the women were Caucasian. At diagnosis, 68% had stage IIIC, and 25% had stage IV disease. The
median (95% CI) PFS and OS of the 66 HGSC patients included in the analysis were 16.4 (12.9–21.4) and 40.3
(33.2–50.7) months, respectively. No patient in this series was admitted to the intensive care or high-dependency
unit during follow-up. All had at least one consultation with the SPCS.

Seven patients (11%) with comorbidities and poor performance status died without receiving further chemother-
apy postrecurrence and were not included in the cost analysis. Of the remaining 59 patients, 16 (24%) received
one line, 21 (32%) received two and 22 (33%) received three or more lines of cytotoxic chemotherapy for recur-
rent disease. There were no statistically significant differences with respect to patient demographics and disease
parameters between the patient groups.

The patients that received only one line of chemotherapy had a lower proportion of patients younger than
55 years old (18.8 vs 28.65 and 31.8%), lower proportion with history of breast cancer (6.3 vs 19.0 and 13.6%),
lower proportion with wild-type BRCA (18.8 vs 28.6 and 50.0%) and higher proportion with no residual after
surgery (31.3 vs 19.0 and 18.2%) when compared with those receiving two or more lines.

Patients that received two lines of chemotherapy postrecurrence had lower proportion with International Feder-
ation of Gynecology and Obstetrics (FIGO) stage IV (19.0 vs 31.3 and 27.3%), platinum resistant tumors (14.3
vs 26.7 and 31.8%) and treated with neoadjuvant chemotherapy (38.1 vs 62.5 and 54.5%) when compared with
patients treated with one or more than three lines, respectively (Table 2).
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Table 1. Patient profile by cohort.
Variable Total cohort Excluded from cohort Excluded from analysis Included in analysis

N 120 Percentage 54 Percentage 7 Percentage 59 Percentage

Age: n, %

– �55 33 27.5 16 29.6 1 14.3 16 27.1

– 55–64 47 39.2 21 38.9 1 14.3 25 42.4

– 65–74 30 25.0 12 22.2 4 57.1 14 23.7

– 75+ 10 8.3 5 9.3 1 14.3 4 6.8

Age: mean (SD) 60.3 (9.7) 59.4 (10.4) 65.3 (10.83) 60.6 (8.61)

Ethnicity: n %

– Caucasian 60 50.4 27 50.0 5 71.4 28 48.3

– Other 22 18.5 12 22.2 1 14.3 9 15.5

– Unknown 37 30.8 15 27.8 1 14.3 21 36.2

History of breast cancer: n %

– Yes 13 10.8 5 9.3 8 13.6

– No 102 85.0 45 83.3 7 100.0 50 84.7

– Unknown 5 4.2 4 7.4 1 1.7

BRCA status: n %

– BRCA1/BRCA2 20 16.7 7 13.0 1 14.3 12 20.3

– Wild type 37 30.8 15 27.8 2 28.6 20 33.9

– Unknown 62 52.5 31 57.4 4 57.1 27 45.8

Surgery outcome (residual): n %

– No residual 32 26.7 16 29.6 3 42.9 13 22.0

– �1 cm residual 52 43.3 22 40.7 2 28.6 28 47.5

– 1+ cm residual 31 25.8 13 24.1 2 28.6 16 27.1

– Unknown 5 4.2 2 3 2 3.4

FIGO stage: n %

– Stage 3A/3B 10 8.3 4 6 4 6.8

– Stage 3C 85 70.8 46 69.7 6 85.7 40 67.8

– Stage IV 25 20.8 16 24.2 1 14.3 15 25.4

Chemotherapy type: n %

– Adjuvant 62 51.7 31 47 2 28.6 29 49.2

– Neo adjuvant 58 48.3 35 53 5 71.4 30 50.8

There were 120 patients identified, of which 66 fulfilled the study inclusion and exclusion criteria. Of these 66, 7 were excluded from further analyses because they died before
receiving the chemotherapy after the recurrence.
FIGO: International Federation of Gynecology and Obstetrics.

The median OS from first diagnosis for patients with one, two and three or more chemotherapy lines postre-
currence was 36.7, 50.7 and 42.8 months, respectively (p = 0.941; Figure 1); median PFS was 13.3, 13.6 and
14.7 months, respectively (p = 0.161; Figure 2). Median OS for the entire cohort from first recurrence was
21.0 months (95% CI: 17.25, 24.7) and from initiation of chemotherapy for the third relapse it was 7.9 months
(95% CI: 3.6, 11.74).

Table 3 shows that compared with the mean healthcare costs incurred for patients receiving one line of chemother-
apy (CAD$52,227) for relapsed disease, the mean total costs were 38% ($72,374) and 86% ($97,243) higher,
respectively, for those treated with two or three and more lines of chemotherapy. The mean for all cost components
increased with the number of chemotherapy lines used. In-hospital stay was the largest contributor to healthcare
costs for all groups, accounting for 71% of the direct costs (Figure 3). The cost of all prescription medications,
including chemotherapy, accounted for 17% of the total direct healthcare costs across all treatment groups.

Figure 4 shows the quintile distributions of the total costs by the number of postrecurrence lines of chemotherapy.
The respective distribution of total healthcare costs for patients receiving one, two and three or more lines of
chemotherapy were below $79,900 in 57, 38 and 18% between $79,900 and $109,854 in 6, 33 and 18% and
above $109 854 for 13, 14 and 41%, respectively, for each group.
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Table 2. Patient profile by number of postrecurrence chemotherapy treatments.
Variable Total lines of chemotherapy postrecurrence p-value

1 2 >= 3 Total

N Percentage N Percentage N Percentage N Percentage

N 16 21 22 59

Age group �55 3 18.8 6 28.6 7 31.8 16 27.1 0.060

55–64 8 50.0 5 23.8 12 54.5 25 42.4

65–74 5 31.3 6 28.6 3 13.6 14 23.7

�= 75 4 19.0 4 6.8

Age (years): mean (SD) 61.1 (6.6) 62.8 (11.12) 58.3 (6.72) 60.6 (8.61) 0.227

Race Caucasian 8 50.0 8 40.0 12 54.5 28 48.3 0.422

Other 1 6.3 3 15.0 5 22.7 9 15.5

Unknown 7 43.8 9 45.0 5 22.7 21 36.2

History of breast
cancer

Yes 1 6.3 4 19.0 3 13.6 8 13.6 0.560

No 15 93.8 17 81.0 18 81.8 50 84.7

Unknown 1 4.5 1 1.7

BRA BRCA1/BRCA2 4 25.0 5 23.8 3 13.6 12 20.3 0.337

Wild type 3 18.8 6 28.6 11 50.0 20 33.9

Unknown 9 56.3 10 47.6 8 36.4 27 45.8

Surgery outcome
(residual)

None 5 31.3 4 19.0 4 18.2 13 22.0 0.565

�1 cm 7 43.8 10 47.6 11 50.0 28 47.5

�= 1 cm 4 25.0 5 23.8 7 31.8 16 27.1

Unknown 2 9.5 2 3.4

FIGO stage IIIA/IIIB 1 6.3 3 14.3 4 6.8 0.410

IIIC 10 62.5 14 66.7 16 72.7 40 67.8

IV 5 31.3 4 19.0 6 27.3 15 25.4

Platinum sensitive† Yes 11 73.3 18 85.7 15 68.2 50 76.9 0.517

No 4 26.7 3 14.3 7 31.8 15 23.1

Chemotherapy type Adjuvant 6 37.5 13 61.9 10 45.5 29 49.2 0.308

Neoadjuvant 10 62.5 8 38.1 12 54.5 30 50.8

The p-value based on � 2 test and analysis of variance for mean age.
†Platinum sensitivity was not know for one patient with I line of chemotherapy.
FIGO: International Federation of Gynecology and Obstetrics.

The total direct healthcare costs for patients with platinum resistance disease were higher when compared with
those with platinum sensitive tumors, although the differences were not statistically significant (p = 0.364). The
increase in total direct healthcare costs with higher number of lines of chemotherapy treatment was similar for
platinum sensitive and resistant disease. Furthermore, chemotherapy accounted for 14.8 and 24.5%, and inpatient
cost accounted for 71.5 and 66.4% of the total direct healthcare costs for patients with platinum sensitive and
resistant disease respectively (Figure 5).

After adjusting for patient’s age, race, BRCA type, use of adjuvant chemotherapy, history of breast cancer,
FIGO status and platinum sensitivity, the mean (95% CI) total direct health costs for 1, 2 and >= 3 lines of
postrecurrence chemotherapy were $68,805 ($39,238–$98,374), $84,482 ($56,723–$112,242) and $107,202
($81,396–$133,008; Figure 6).

Inpatient stay was the major driver of the between-group differences in adjusted direct health costs, contributing
80.8% of the cost variance, with chemotherapy accounting for 8.1% (Table 4).

The results of the multivariate linear regression analysis showed that after adjusting for the same covariates listed
above, each additional line of chemotherapy postrecurrence increased the total direct healthcare costs by $10,620
(p = 0.067; Table 5). This analysis also showed that the effect of history of breast cancer (p = 0.109), BRCA type
(p = 0.113) and FIGO stage (p = 0.116) on total direct healthcare costs approached statistical significance.
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Discussion
In the current study of patients with recurrent ovarian HGSC, continued chemotherapy after the third recurrence
did not improve OS or PFS. This is similar to the results reported by Boyle [16] and suggests that when all patients
with this disease receive a uniformly high standard of care, patient outcomes are most likely determined by patient
characteristics and the biology of the disease, rather than the number of lines of chemotherapy. However, with
each recurrence and associated treatment, the direct healthcare costs increased substantially. The proportion of
patients in whom costs exceeded $109,854 (the fifth quintile) increased from 13% in those treated with one line
of chemotherapy to 41% in those treated with three or more lines for repeated relapses. After adjusting for patient
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Table 4. Proportion of variance in direct healthcare costs.
Independent variable Cost variance (%)†

Inpatient stay 80.84

Chemotherapy 8.09

Imaging 3.31

Surgery and radiotherapy 2.33

Outpatient visits 0.87

ER visits 0.46

Drains and catheters 0.20

Transfusions 0.01

Patient and disease parameters‡ 3.89

†Proportion of variance in direct healthcare costs explained by each variable in multivariate analysis of variance model.
‡Number of postrecurrence chemotherapy lines, race, history of breast cancer, BRCA, chemotherapy type (adjuvant vs neoadjuvant), International Federation of Gynecology and Obstet-
rics status, platinum sensitivity.
ER: Emergency room.

Table 5. Multiple linear regression model.
Independent/predictor variable Parameter estimate (�) SE (�) p-value

Constant 24437.74 35361.93 0.493

Number of post recurrence chemotherapy lines 10619.53 5677.61 0.067

Race (caucasian vs other) -13644.45 14032.37 0.336

History of breast cancer (yes vs no) 37394.65 22912.20 0.109

BCRA-1/2 vs wild type/unknown -29760.88 18449.52 0.113

Chemotherapy (adjuvant vs neoadjuvant) -12931.55 15387.37 0.405

FIGO 3C vs 3A/3B 29337.85 30940.66 0.348

FIGO IV vs 3A/3C 53175.68 33245.24 0.116

Platinum sensitive vs resistant -4364.59 17585.44 0.805

Dependent variable = total direct healthcare costs.
FIGO: International Federation of Gynecology and Obstetrics.

and disease parameters, the major driver of healthcare costs in this cohort of patients was inpatient hospital services
accounting for 81%, while drug acquisition costs accounted for only 8% of the total.

The pooled results of three large Phase III randomized control trials including 1620 patients showed that the
median survival was 8.9, 6.2 and 5.0 months respectively, after treatment of the third, fourth and fifth relapse [7];
the authors suggested that, after three relapses, additional chemotherapy treatments did not appear to be clinically
worthwhile. Although patients recruited into randomized control trials are generally selected for better baseline
health, in our unselected cohort of patients treated with three or more regimens of chemotherapy for relapse, the
median OS of 7.9 months (95% CI: 3.6, 11.7), from the third relapse, was comparable to that of the above study.

The main strength of this study is that it reflects real-world practice. Additional strengths include near complete
ascertainment of direct healthcare costs, the granularity of the data, and the homogeneous study population
focusing on only stage-III/IV patients with recurrent HGSC. Furthermore, patients were treated by an accredited
interdisciplinary team, benefited from the best available treatment regardless of their financial situation, and had
access to supportive and palliative care services early in the trajectory of recurrent disease. The lack of improved
survival with repeated cytotoxic chemotherapy after the third relapse, even in these near optimal conditions, reveals a
major treatment gap for these patients, one that warrants careful consideration for investment in targeted treatments
instead of cytotoxic chemotherapy. This study provides useful benchmark cost data for analyses comparing new
treatments to conventional cytotoxic chemotherapy. In addition, the current study provides data that can be used
to model the effect of additional lines of post recurrence chemotherapy in the real-world setting.

Limitations of this study are inherent to retrospective chart reviews and hospital health record databases. One
of the main limitations of retrospective studies is that certain costs may not be ascertained and hence the overall
costs would be underestimated. We could only ascertain costs that were documented in medical charts and hospital
databases. Costs for physician fees, community clinics, rehabilitation, palliative services and home care as well
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as indirect healthcare and intangible costs were not included. Physician fees, being the most important of the
nonincluded costs, could not be accurately ascertained, as the Quebec supplemental fee system would render
estimates unreliable. Data from the literature on direct healthcare costs for ovarian cancer treatment indicate that
physician fees account for 13–20% when chemotherapy administration is included as a physician service [20,21].
Thus, the impact of not including physician-fees on the validity of the results is unlikely to be material but would
most likely increase with repeated lines of chemotherapy and further dilute the impact of drug acquisition costs on
the total.

Another potential limitation of the study is that the data were derived from a single Canadian University Health
Center and that this can affect the generalizability of the results to the target populations of patients with recurrent
high-grade serous ovarian cancer that are treated in other provinces of Canada or in other countries.

The MUHC is one of the two University Tertiary Centers in Quebec and one of the few institutions where
advanced cancer care is provided in the province. Based on the above, we can consider the sample of patients treated
in the MUHC to be an unbiased, and random and hence a valid representative of the Quebec population of women
with advanced ovarian cancer.

The age adjusted and overall incidence rates of ovarian cancer is not different between Canadian provinces [22].
Furthermore, the profile, treatment protocols and outcomes of patients with high-grade recurrent serous ovarian
cancer will not be different between Canadian provinces and most likely between different developed countries.
We can therefore accept that the sample of patients with high-grade recurrent serous ovarian cancer in our study is
a reasonable representation of the target population in Canada and developed countries.

With respect to the absolute cost for treatment the recurrences with sequential cytotoxic chemotherapy, there
may be differences between provinces and certainly between countries. However, the focus of the study results and
the message conveyed, is not with respect to the absolute costs but the relative costs, and specifically the increase in
costs with sequential cytotoxic chemotherapies and the proportional contribution of each service component to the
overall hospital costs. We can, therefore, accept that while generalization of the absolute cost results in our study
to other time periods or provinces may be somewhat limited, the inference to the target population with respect to
the impact of repeated sequential chemotherapies and the relative contribution of the different service components
to the total costs is reasonable.

Generalization of results in the Universal Canadian healthcare system to other jurisdictions without universal
healthcare, with respect to absolute and even relative costs, may be limited. Nonetheless, the results of studies from
the Canadian Universal healthcare system, provide valuable benchmark estimates of the absolute costs and relative
increases in costs in a setting where access to care is universal. In other words, these studies allow us to conduct
health economic assessments under ideal conditions where all patients have access to the same high-quality care.

We could not discern from the clinical notes which of the various factors associated with advanced cancer
namely, disease burden, drug toxicity or physical deterioration dictated the need for more inpatient treatment, as
these were intertwined. Patients with advanced, recurrent on cytotoxic chemotherapy require frequent admissions
to resource-intensive, inpatient units, because any adverse event in a patient on chemotherapy treatment warrants
investigations/interventions due to the possibility that it is chemotherapy related and therefore potentially reversible.
However, with repeated relapses, bowel-obstruction, increasing pleural effusion and ascites is a function of disease
progression for which cytotoxic chemotherapy rarely helps [23].

Our results show that while continuing treatment with more than three lines of chemotherapy does not improve
survival, the need for inpatient care reflecting deterioration of functioning was associated with substantially higher
costs. This finding is comparable with the data reported by others. Lewin et al. found no improvement in survival
in patients treated with chemotherapy compared with those receiving palliative care during the end-of-life period;
however, there was a significant cost difference [24].

The results of this study and the others attesting to downstream human and financial consequences of using
repeated regimens of cytotoxic chemotherapy for HGSC recurrences calls for reappraisal of the current paradigm for
treating this disease. Increasingly, new therapies/interventions that are more effective in prolonging life with lower
toxicity are becoming available but are much more expensive. When considering the value of these treatments, it
would be necessary to compare drug acquisition costs along with downstream healthcare costs associated with these
treatments.
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Future perspective
The incorporation of newer treatments for cancer that will include targeted therapies, immunotherapies and
personalized medicine will be challenged by higher acquisition costs in comparison to currently used cytotoxic
chemotherapy-based regimens. Comparative cost–effectiveness studies will be required to assess the societal benefits
of these advanced treatments and to appropriately allocate healthcare resources and funding. Real-world ascertain-
ment of the direct healthcare costs associated with conventional cytotoxic chemotherapy treatment will be essential
in these evaluations that must consider not only acquisition costs, but all direct healthcare costs related to the
management of cancer patients. The current study provides real-world estimates of costs for repeated cytotoxic
therapies in patients with recurrent high-grade serum ovarian cancer as well as parameters that can be used in the
development of health economic models for the treatment of this disease.

Summary points

• Recurrent high-grade serous cancer (HGSC) of the ovaries is largely incurable.
• The goal of treatment is palliation but repeated treatments with cytotoxic chemotherapy have limited efficacy

and high toxicity.
• Precision therapies delay recurrence with lower toxicity, but drug acquisition costs are high.
• This study ascertains the real-world healthcare costs of treating recurrent HGSC with successive regimens of

standard-of-care chemotherapy.
• We ascertained the total direct healthcare costs for the treatment of 66 women with stage III/IV HGSC with

sequential lines of chemotherapy for their recurrences.
• Healthcare costs ascertained were comprised of costs for prescription medications including chemotherapy,

imaging, blood tests, surgical and medical interventions, nursing, and auxiliary healthcare provided in the
ambulatory, emergency department and inpatient settings.

• Patients received a median of two lines of chemotherapy for recurrent disease; 33% received three or more lines.
• Median overall survival (from diagnosis to death) was 36.0, 50.7 and 42.8 months, respectively, for patients

receiving one, two, and three or more lines of chemotherapy postrecurrence (p = 0.941).
• Mean cost of treatment of first relapse was CAD$52,227, and increased by 38% for two, and 86% for three or

more relapses.
• In-hospital care was the major driver of healthcare costs, accounting for 71% of the total, while drugs accounted

for 17%.
• After the third relapse of HGSC, cytotoxic chemotherapy did not prolong survival but was associated with

substantially increased healthcare costs, largely due to the need for in hospital care.
• Downstream real-world costs, including the need for inpatient support associated with repeated cytotoxic

therapy should be considered in addition to drug acquisition costs when conducting health economic
comparisons of novel precision targeted therapies versus standard of care cytotoxic chemotherapies.
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Aim: To assess the cost–effectiveness of crizotinib verses platinum-based doublet chemotherapy as the
first-line treatment for anaplastic lymphoma kinase (ALK)-positive non-small-cell lung cancer (NSCLC) in
the real-world setting. Methods: Data from 163 advanced ALK positive NSCLC patients were collected
from West China Hospital, Sichuan University (Chengdu, China). They were categorized into two groups
as treated with crizotinib (n = 83) or chemotherapy (n = 80) as a first-line therapy. The progression-free
survival (PFS) as the primary clinical outcome, and the direct medical costs were collected from hospi-
tal information systems. Incremental cost–effectiveness ratio (ICER) was calculated with costs, quality-
adjusted life-years, as well as the costs discounted at 3% annually. Additionally, two different kinds of
medical insurance (MI) for pharma-economic assessment were considered. Results: Crizotinib improved
PFS versus chemotherapy in ALK positive patients (median PFS 19.67 m vs 5.47 m; p < 0.001). Moreover,
crizotinib obtained an ICER of US$36,285.39 before the end of 2016, when crizotinib, pemetrexed and
anti-angiogenesis drugs were not MI covered. This is more than the willingness to pay threshold (three-
times of gross domestic product per capita in mainland China or Sichuan Province). However, ICER was
US$7321.16, which is less than willingness to pay, when crizotinib and all chemotherapy drugs were cov-
ered by MI from the end of 2016. Sensitivity analysis demonstrated a 99.7% probability for crizotinib to be
more cost-effective than chemotherapy, when crizotinib and all anticancer drugs were MI covered. One-
way sensitivity analysis for the reimbursement ratio of crizotinib indicated that cost-effective tendency
for crizotinib increased as reimbursement ratio increased. Conclusion: Crizotinib could be an effective,
and cost-effective first-line treatment for ALK positive advanced NSCLC with the MI coverage currently
available in Chengdu, Sichuan Province, China.
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Among all of the cancers, lung cancer is the most relevant problem in society, because it has the highest worldwide
mortality rate. Eighty percent of all cases are non-small-cell lung cancer (NSCLC). The previous therapeutic
treatments for advanced NSCLC are mainly based on traditional chemotherapy agents. These traditional anticancer
drugs tend to have low efficacy, which is confirmed by the fact that the mortality rate is still high [1]. However,
targeted therapies are generating a revolution in therapeutic treatment by blocking specific enzymes, and growth
factor receptors involved in cancer cell proliferation. Although target drugs are very expensive and appear to increase
healthcare costs, vital socio-economic clinical consequences should be discussed [2]. For instance, considering
opportunity costs, including day-hospital costs, costs for treating adverse effects or costs for clinicians may be
reduced when target therapies are used [1]. In addition, the continuous evolution of technological change in
medicine should be associated with a far-sighted health policy. An important challenge by policy makers is to design

J. Comp. Eff. Res. (2020) 9(2), 93–102 ISSN 2042-6305 9310.2217/cer-2019-0075 C© 2020 Future Medicine Ltd

https://orcid.org/0000-0002-3390-9697


Research Article Huang, Tian, He et al.

a fruitful health policy that should provide good quality healthcare at low cost to population. Hence, the vital
characteristics to design and implement a far-sighted policy for healthcare that can trigger clinical/cost–effectiveness
of target therapies should be discussed [2].

Anaplastic lymphoma kinase (ALK) rearrangement is present in 3–5% of NSCLCs [3,4]. Crizotinib is an orally
administered ALK tyrosine kinase inhibitor, it displays remarkable efficacy as first generation targeted agents.
Compared with chemotherapy, crizotinib therapy improved survival and response rate, as well as a better quality of
life [5–7]. It initiates significant shrinking of tumors in approximately 90% of patients with ALK-positive NSCLC [8].
Crizotinib has a 75% response rate versus 45% for chemotherapy in a first-line setting [6,9]. The results from the
Profile 1014 study showed that the median progression-free survival (PFS) of crizotinib was 10.9 months. This is
significantly longer than PFS with pemetrexed plus platinum chemotherapy [6], and also provides a new benchmark
for overall survival, highlighting the benefit of crizotinib for prolonging survival [10].

There are some studies about the assessment of the economic value of crizotinib. Djalalov et al. reported crizotinib
first-line therapy is not cost-effective, by using a Markov model from the Canadian public health, due to the high-
drug cost and a low biomarker frequency in the population [11]. Crizotinib was approved for ALK-positive advanced
NSCLC in mainland China in 2013. The crizotinib patient assistance program (PAP) was implemented for Chinese
patients who tested ALK positive to help them afford it. It was reported that in the PAP setting, crizotinib therapy
is a cost-effective alternative, compared with pemetrexed plus platinum chemotherapy by PROFILE 1014 trial data
analysis [12]. However, it is difficult to ascertain response in the real-world situation. First, PFS in the real-world is
longer than it would be in randomized clinical trials because, some patients can benefit from continuing crizotinib
treatment beyond disease progression (CBPD) [13–16]. Second, the chemotherapy regimen used in clinical practice
in the real-world is not just the pemetrexed platinum scheme, but also other schemes, or chemotherapy combined
with anti-angiogenesis drugs. Finally, most chemotherapeutic drugs were covered by medical insurance (MI) since
2010 [17]. Pemetrexed and anti-angiogenesis drugs were included in MI since 2017 [18,19]. Crizotinib has been
covered by the critical disease insurance in Chengdu, Sichuan Province, China since 2016 [20].

We carried out this real-world study to assess the cost–effectiveness of first-line crizotinib versus chemotherapy for
ALK positive metastatic NSCLC under the different MI situations. The analysis of this research provides evidence for
crizotinib’s socio economic consequences on the healthcare system, and supports clinical and economic-effectiveness
of personalized medicines.

Methods
Data & sources
From June 2010 to June 2016, a total of 163 advanced ALK positive NSCLC patients with no systemic treatment
were collected from West China Hospital, Sichuan University (Chengdu, China), with a median follow-up of
27.67 months. The data were retrieved from the hospital information system of West China Hospital, which can
guarantee the completeness and the quality of the data. In addition, due to the treatment requirement for advanced
NSCLC patients, the quality of follow-up could be ensured in this study. Eligible patients were aged at least 18 years
old, with histologically or cytopathologically confirmed newly diagnosed stage IIIB/IV, and with the presence of
at least one documented ALK rearrangement, with the treatment of crizotinib or platinum-based chemotherapy as
the first-line therapy. Patients were ineligible if they received crizotinib and platinum-based chemotherapy at the
same time during the study period. Patients were categorized into two groups as treated with crizotinib (n = 83) or
chemotherapy (n = 80) as a first-line therapy.

Measures of the study
The primary clinical outcome was the PFS and the main economic outcome is the incremental cost–effectiveness
ratio (ICER). The PFS of chemotherapy was defined as: the time from initiation of treatment to RECIST-defined
disease progression (PD), or death from any cause. The total PFS of crizotinib was defined as: from initiation of
treatment, to the end of treatment or death from any cause. If the patient was last known to be progression-free,
then the study period end date was used for censoring. Adverse events (AE) were classified and graded according to
Common Terminology Criteria for Adverse Events, version 4.0.

This analysis used the perspective of the Chinese healthcare, only direct medical costs data were considered.
Costs data were collected from the hospital information system. The total direct medical costs for each patient
were calculated as the sum of all cost categories. Since the end of 2016, the price of crizotinib has fallen 10% in
Sichuan, Chengdu. Crizotinib was covered by the critical disease insurance. Mean cost per patient over the entire
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period was calculated by summing the totals and then dividing the sum by the sample size in each arm. Costs were
discounted at an annual rate of 3%, in line with Chinese guidelines for pharmacoeconomic evaluations. The costs
are shown in 2017 US dollars (1USD = 6.74 RMB). Since health utility measurements were not available in the
real-world setting, literature-based utility weights were used [5].

In China, Pfizer and the China Primary HealthCare Foundation are currently implementing a PAP. PAP allows
ALK-positive NSCLC patients that received crizotinib to pay US$31750.74 for the first year of treatment and
US$15875.37 for the second year until to PD with the doctor’s assessment. When crizotinib costs were partly paid
by public healthcare payers in Chengdu, the patients need to pay US$21364.9 for the first year and US$14243.32
for the second year until to PD.

For the residents living in Chengdu, reimbursement was provided by the universal government-sponsored
insurance plan. The detailed reimbursement ratio of the drugs referred to the Sichuan Drug Catalog for Basic
Medical Insurance, Work-Related Injury Insurance, and Maternity Insurance (2010 Edition) before the end of
2016 [18]. According to the MI policy, Drugs of class A and B were covered by 100 and 80% separately. The
new reimbursement rules referred to the National Drug Catalog for Basic Medical Insurance, Work-Related Injury
Insurance and Maternity Insurance (2017 Edition) [19]. Pemetrexed, bevacizumab and endostatin were included
into drug catalog of Medical Insurance as class B from 2017 [18]. Crizotinib was included into Medical Insurance
for Major Diseases in Chengdu at the end of 2016 and reimbursement ratio was calculated as 70% [20]. In addition,
for the other costs besides the drug cost, reimbursement ratio was calculated as 70% referring to Chengdu medical
service and price item (announced by the Ministry of Human Resources and Social Security of Chengdu, 2016
version) [21].

The main economic outcome is the ICER. Health benefits were expressed as life years (LYs), and quality-adjusted
life-years (QALYs) gained. The ICER was calculated by dividing the incremental cost difference between the two
strategies, by the incremental difference in health outcomes (LYs and QALYs). We used 3× the per capita gross
domestic product (GDP) of Sichuan in 2017 (US$6607.83) as the cost–effectiveness threshold according to the
WHO recommendations.

Data analysis & procedure
For statistical methods included in this study, continuous variables are presented as mean, standard deviation,
median and range per group. Categorical variables are expressed as percentage. For the comparison test, two-tailed
Student’s t-test for the continuous variables, and Fisher’s exact test, or Chi-square test were used for the categorical
variables as appropriate. Survival curves for PFS were plotted using the Kaplan–Meier method. Medians and the
associated 95% CIs were computed. The differences were assessed by the log-rank test. All tests were two-sided,
with statistical significance at p < 0.05. In addition, propensity score matching (PSM) was used to adjust significant
differences in patient characteristics and reduce the influence of possible confounding factors. Logistic regression
was calculated with the covariates, age, gender, disease period, smoking status, histopathology, ECOG performance
status, metastatic status and ALK-rearranged test methods. A total of eight variables were included, and one-to-one
nearest-neighbor matching without replacement was performed with a caliper of width equal to 0.2. Analyses were
conducted with the R statistical package v.2.13.1 (R Foundation for Statistical Computing, Vienna, Austria).

Probabilistic Sensitivity Analysis (PSA) was performed to assess the impact of uncertainty around the key
parameters of the model on the ICER. A second-order Monte Carlo simulation with 1000 iterations was used to
run replicated outcomes. The normal distributions used for costs, utility and reimbursement ratio were carried
to the specific limits. The results are presented as an Incremental cost–effectiveness scatter plot. In addition,
one-way sensitivity analysis for the reimbursement ratio of crizotinib and three chemotherapy drugs (pemetrexed,
bevacizumab and endostatin) was also examined.

Results
Patient characteristics
Patients’ characteristics were summarized in Table 1. Except for a little difference in age, it was almost balanced in
patients characteristics between crizotinib group and chemotherapy group. The patients in crizotinib group were
younger than control group (p = 0.042). PSM was used to adjust for the age differences, and the results were
unchanged after PSM (Supplementary Table 4).
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Table 1. Baseline characteristics.
Characteristics All patients (n = 163) Crizotinib (n = 83) Chemotherapy (n = 80) p-value

Age 0.042

– Median (range) 50 (24.79) 48 (24.69) 51.5 (28.79)

– Mean ± standard deviation 49.82 ± 11.31 48.02 ± 11.54 51.69 ± 10.83

– Male Gender -no(%) 70 (42.9%) 32 (38.6%) 38 (47.5%) 0.320

Stage 1.000

– IIIB 11 (6.7%) 6 (7.2%) 5 (6.2%)

– IV 152 (93.3) 77 (92.8%) 75 (93.8%)

No Smoking status – no (%) 132 (81.0%) 67 (80.7%) 65 (81.2%) 1.000

Histopathology – no (%) 0.127

– Adenocarcinoma 150 (92.0%) 79 (95.2%) 71 (88.8%)

– Non-adenocarcinoma 13 (8%) 4 (4.8%) 9 (11.2%)

ECOG performance status no (%) 1.000

– 0 or 1 146 (89.6%) 71 (85.5%) 75 (93.8%)

– 2 or 3 17 (10.4%) 12 (14.5%) 5 (6.2%)

Metastatic status

– Brain metastases present 47 (28.8%) 26 (31.3%) 21 (26.3%) 0.588

– Bone metastases present 60 (36.8%) 31 (37.3%) 29 (36.3%) 1.000

– Extra-pulmonary metastases present 66 (40.5%) 34 (41.0%) 32 (40%) 1.000

ALK rearranged test 0.159

– Ventana IHC 65 (39.9%) 38 (45.8%) 27 (33.8%)

– FISH 98 (60.1) 45 (54.2%) 53 (66.2%)

ALK: Anaplastic lymphoma kinase; ECOG: Eastern Cooperative Oncology Group; FISH: Fluorescent in situ hybridization; IHC: Immunohistochemistry.

Base-case analysis
In this study, crizotinib was administered at a dose of 250 mg orally, twice per day, with proper adjustments as
needed. Conventional chemotherapy as the first-line treatment regimen was as follows: 55% were pemetrexed plus
platinum chemotherapy, 12.5% were paclitaxel plus platinum chemotherapy, 3.8% were etoposide plus platinum
chemotherapy, 12.5% were combined chemotherapy with anti-angiogenesis like bevacizumab and endostatin.
There was a significant improvement in objective response rate and disease control rate for the crizotinib group
compared with the chemotherapy group (objective response rate: 48.2 vs 7.5%, respectively; p < 0.001; disease
control rate: 95.2 vs 81.3%, respectively; p = 0.011; Supplementary Table 1). The median-PFS in the crizotinib
group was significant longer than it was in chemotherapy (13.9 vs 5.47 m, respectively; p < 0.001; Supplementary
Figure 1). At the data cut off, 67 patients who received crizotinib had primary PD and 30 patients were decided by
physicians to continue CBPD, where 56.7% of the patients were brain metastasis. The results in survival analysis
showed that the patients taking crizotinib prolonged total median PFS compared with the chemotherapy group
(19.67 vs 5.47 m, respectively; p < 0.001; Figure 1).

The related AE were summarized in Supplementary Table 2. The most common AE with crizotinib was hepatic
toxicity, with 2.4% of the patients reaching 3 grade. The most common AE with chemotherapy was hematologic
toxicity, with 8% of patients at 3 grade.

The costs were summarized in Table 2. The cost of crizotinib is higher than the anticancer drug cost in chemother-
apy group. However for the other costs, including costs for AE Management, Examination and Hospitalization in
crizotinib were less than in chemotherapy. The majority of the total cost was the anticancer cost for both groups.
Due to crizotinib, pemetrexed, bevacizumab and endostatin being covered by MI after the end of 2016, the total
cost for patients’ perspective decreased significantly.

The results of cost–effectiveness are reported in Table 3. The base-case results indicate that crizotinib would
result in a longer PFS, more LYs (1.18 years) and QALYs (0.99 years) for the clinical benefit. Before the end of
2016, the ICER was US$30442.83 per LYs gained, and US$36285.39 per QALYs gained, and both of them were
more than willingness to pay (WTP; 3 × GDP). After the end of 2016, the ICER dropped notably considering the
new MI policy. Not only the ICER was US $6142.33 per LYs gained, which was less than 1 × GDP for Sichuan
province, China, but also the ICER was US$7321.16 per QALYs, which was less than 1 × GDP for China. Both of
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Figure 1. Kaplan–Meier analysis comparing total progression-free survival between the patients treated with
crizotinib and chemotherapy as first-line therapy for anaplastic lymphoma kinase positive non-small-cell lung cancer.
PFS: Progression-free survival.

Table 2. Summary of cost (US$) included in the base-case analysis.
Cost/patient
(95% CI)

Before the end of 2016 After the end of 2016

Crizotinib
(n = 83)

Chemotherapy
(n = 80)

p-value Crizotinib
(n = 83)

Chemotherapy
(n = 80)

p-value

Anticancer drug 44942.5 (43159.06,
46725.94)

8146.12 (5918.71,
10373.53)

�0.05 9846.06 (9367.18,
10324.94)

1724.29 (1280.59,
2167.99)

�0.05

Adverse event
management

20.53
(9.56, 31.5)

35.13 (23.2, 47.06) �0.05 20.53 (9.56, 31.5) 35.13 (23.2, 47.06) �0.05

Radiotherapy 239.76 (143.37, 336.1) 384.87 (231.68, 538.06) 0.85 239.76 (143.37, 336.15) 384.87 (231.68, 538.06) 0.85

Hospitalization 111.25 (42.03,180.47) 190.15 (146.88, 233.42) �0.05 111.25 (42.03, 180.47) 190.15 (146.88, 233.42) �0.05

Examination 904.32 (786.85,
1021.79)

1161.9 (1011.73,
1312.07)

�0.05 904.32 (786.85,
1021.79)

1161.9 (1011.73,
1312.07)

�0.05

Other costs† 495.59 (342.34, 648.84) 873.22 (646.44, 1100) �0.05 495.59 (342.34, 648.84) 873.33 (646.44, 1100) �0.05

Total cost‡ 46713.94 (44788.08,
48639.8)

10791.4 (8351.65,
13231.15)

�0.05 11617.51 (10953.93,
12281.09)

4369.56 (3624.05,
5115.07)

�0.05

†Other costs were included materials, support solution and so on.
‡Total costs were calculated from the patient’s perspective.
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Table 3. Cost–effectiveness analysis.
Group Strategy Cost (US$) PFS

LYs
ICER/LYs PFS

QALYs
ICER/QALYs

Before the end of 2016 – Crizotinib without MI 46713.94 1.64 1.31

– Chemotherapy with partly MI 10791.40 0.46 30442.83† 0.32 36285.39†

After the end of 2016 – Crizotinib with MI 11617.51 1.64 1.31

– Chemotherapy with MI 4369.56 0.46 6142.33‡ 0.32 7321.16§

†�3 × GDP of China.
‡�1 × GDP of Sichuan Province China.
§�1 × GDP of China.
GDP: Gross domestic product; ICER: Incremental cost–effectiveness ratio; LY: Life Year; MI: Medical insurance; PFS: Progression-free survival; QALY: Quality-adjusted life year.

them were less than WTP. Based on these findings, crizotinib can be considered a cost-effective option for advanced
ALK positive patients comparing with chemotherapy, even after all the chemotherapy drugs were covered by MI.

Sensitivity analysis
To drive robust estimations of incremental LYs, QALYs and costs, the PSA was performed using a second-order
Monte Carlo simulation with 1000 iterations to run replicated outcomes. The setting of all parameters in PSA
were listed in SupplementaryTable 3. The probability sensitivity analysis revealed that all the simulation results
for ICER fell within the first, and fourth quadrants. More than 90% of the results were located in the first
quadrant (Figure 2). Moreover, more than 99% of sampled ICERs were below a threshold of WTP. These results
indicated that compared with chemotherapy, crizotinib showed cost–effectiveness in more than 99% of probability,
considering a cost–effectiveness threshold of a 3 × GDP per capita in 2017 in Sichuan when crizotinib and
all the anticancer drugs were covered by MI. In addition, one-way sensitivity analysis for reimbursement ratio
of crizotinib and three chemotherapy drugs which were covered by MI from 2017 was also assessed (Figure 3).
First, six reimbursement ratios of crizotinib including 0%, 60–100% were assessed as three chemotherapy drugs
(pemetrexed, bevacizumab and endostatin) 80% MI covered (green circle). Second, three chemotherapy drugs 60,
80 and 100% MI covered were analyzed as crizotinib 70% MI covered (blue triangle line). The results indicated
that the cost-effective tendency for crizotinib increases as the reimbursement ratio increases.

Discussion
To our knowledge, this is the first study using patient-level real-world data to investigate the cost–effectiveness of
crizotinib versus chemotherapy as first-line treatment for ALK-positive advanced NSCLC patients, which is likely
to better reflect effectiveness, and resource use than RCT evidence. There are three points to consider. First of all, we
reported a median total PFS of 19.67 m after crizotinib treatment, which is more than the PFS of 10.9 m in Profile
1014. Among 67 crizotinib-treated patients with RECIST-defined PD, 30 (45%) continued CBPD. These patients
responded to, and exhibited extended PFS from initial crizotinib treatment, and had a site of PD particularly
amenable to local therapy (brain). Second, the chemotherapy regimen is not limited to a pemetrexed platinum
scheme, but other schemes, or chemotherapy combined with anti-angiogenesis drug were also used. Finally, the
change of MI policy was considered in the study. We found crizotinib is a cost-effective choice for ALK-positive
NSCLC in comparison with chemotherapy with Chengdu, Sichuan Province MI coverage after 2016.

Dajlalov [11] reported crizotinib first-line therapy was not cost-effective using a Markov model. However,
Chouaid provided different comments [22]. The standard first-line treatment strategy was cisplatin-gemcitabine
doublet. However, the recommendations for first-line treatment of NSCLC also included other regimens such as
pemetrexed concurrently with cisplatin, or at the patients discretion, bevacizumab combined with chemotherapy.
If some patients received these high-cost drugs, such as pemetrexed or bevacizumab, it will probably significantly
impact the ICER. In our real-world study, 55% were pemetrexed plus platinum chemotherapy, 12.5% were
combined chemotherapy with bevacizumab and endostatin. We found crizotinib first-line treatment could be
cost-effective compared with chemotherapy with the MI coverage and PAP.

Compared with a recent published model-based economic analysis using PROFILE 1014 trial data analysis [12],
the study focused on the assessment of three ALK rearrangement testing methods in combination with crizotinib
versus a traditional regimen, as well as the impact of crizotinib PAP. Both of the two studies suggest crizotinib is an
effective, and cost-effective first-line treatment for ALK-positive advanced NSCLC compared with chemotherapy.
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Figure 2. Incremental cost–effectiveness scatter plot for probabilistic sensitivity analyses. Each point represents the mean incremental
cost and effectiveness of crizotinib compared with chemotherapy as first-line therapy for anaplastic lymphoma kinase positive
non-small-cell lung cancer.
WTP: Willingness to pay.

Although crizotinib has been approved in China since 2013, the clinical practical use was limited due to the high
price. What’s more, most chemotherapeutic drugs were covered by MI. Pemetrexed and anti-angiogenesis drugs
were also included in MI later. At the end of 2016, crizotinib was covered by MI in Chengdu, Sichuan Province.
It caused a major change for the treatment strategy for ALK-positive NSCLC. Our study indicates that crizotinib
could be a cost-effective alternative if it is covered by MI. Since the end of 2018, crizotinib has been covered by MI
in some other regions of China. This study could benefit healthcare systems in further regions of China currently
considering coverage of crizotinib.

Given its retrospective nature, this study had several limitations. First, the results might be limited because of
the small sample size in this study. We implemented quality controls to make sure that a consistent conclusion was
achieved between the patients diagnosed at different years in the study. We randomly screened 10% of the patients
who were diagnosed at different year, and ICER was calculated for these patients respectively. The results showed
that the consistent conclusion was obtained. Second, there was selection bias in patient characteristics because the
median age for the patients in the crizotinib group is 3 years younger than the patients in chemotherapy group in
this study. It suggested that young patients may have a stronger desire for treatment. PSM was used to adjust for
significant differences, and similar results were obtained (Supplementary Tables 4–9 and Figures 2–4). Third, since
the utility data for Chinese are very limited currently, the utilities included in this study were extracted American
utility scores from the literature based on the PROFILE 1007 study [7]. Moreover, sensitivity analysis was performed
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for the utilities to make sure the conclusions were not influenced by varying the values. Finally, it is difficult to
collect all cost data in a real-world situation. We estimated the examination cost based on the routine clinical
practice. It is our desire that further study can be based on multicenter randomized trial, or registration study.

In summary, the present study provides valuable real-world evidence that with the Chengdu, Sichuan province
MI coverage, crizotinib could be an effective and cost-effective first-line treatment for ALK positive advanced
NSCLC compared with chemotherapy.
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Summary points

• Crizotinib as first generation of anaplastic lymphoma kinase (ALK) tyrosine kinase inhibitor, displays remarkable
efficacy, improving survival and response rate, as well as a better quality of life compared with chemotherapy.
However, the expensive price limited the wide use in clinical practice.

• This study assessed the cost–effectiveness of crizotinib verses platinum based doublet chemotherapy as the
first-line treatment for ALK-positive non-small-cell lung cancer in the real-world setting.

• The progression-free survival (PFS) was the primary clinical outcome, and the direct medical costs were collected
from hospital information systems.

• Incremental cost–effectiveness ratio (ICER) was calculated with costs and quality-adjusted life years.
• The results demonstrated that crizotinib improved PFS versus chemotherapy in ALK-positive patients (median PFS

19.67 vs 5.47 m; p < 0.001).
• Moreover, crizotinib obtained an ICER of US$36,285.39 before the end of 2016, when crizotinib, pemetrexed and

anti-angiogenesis drugs were not medical insurance (MI) covered. This is more than the willingness to pay
threshold (three-times of gross domestic product per capita in mainland China or Sichuan Province).

• However, ICER was US$7321.16, which is less than willingness to pay, when crizotinib and all chemotherapy drugs
were covered by MI from the end of 2016.

• These findings suggest that crizotinib could be an effective, and cost-effective first-line treatment for ALK
positive advanced non-small-cell lung cancer with the MI coverage currently available in Chengdu, Sichuan
Province, China.
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The introduction of rituximab biosimilars into healthcare systems can potentially help to control health-
care costs for the treatment of hematologic malignancies. However, there are currently several barriers to
the uptake of biosimilars. This review discusses barriers to the adoption of rituximab biosimilars by stake-
holders including patients and healthcare providers. We outline the importance of utilizing real-world
evidence in providing additional clinical experience on rituximab biosimilars in hematologic malignancies
to improve stakeholder confidence regarding their efficacy and safety. We conclude by offering recom-
mendations for designing and conducting effective real-world studies. Such studies can provide evidence
to help achieve lower-priced biologics and improved patient access to help sustain the treatment of hema-
tologic malignancies with biologics, including rituximab biosimilars.
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In the USA, healthcare expenditure for cancer treatment is increasing, partly due to the cost of biologic drugs,
which creates a challenge for the future sustainability of affordable cancer care [1]. The increase in cancer incidence
due to a rise in life expectancy and improved survival rates has extended the length of time that patients receive
treatment and contributed to the escalation in cancer healthcare costs [2,3]. Rituximab (MabThera R©; Rituxan R©) is a
chimeric monoclonal antibody that targets the B-cell-specific antigen CD20, and this biologic drug has transformed
standard therapies for the majority of lymphoid malignancies [4]. Rituximab is approved for the treatment of several
conditions, including – but not limited to – follicular lymphoma (FL), diffuse large B-cell lymphoma, and chronic
lymphocytic leukemia [5,6]. However, patient access to rituximab can be restricted, particularly in countries with
limited financial resources [7].

As patent portfolios for biologics near end of term, the availability of biosimilar versions of these drugs may
mitigate the total cost of care by potentially providing more affordable treatment options, thereby increasing patient
access to these important therapies [1,8]. Biosimilars are biologic drugs that are developed to be highly similar in
structure and function to licensed (i.e., reference or originator) products, with no clinically meaningful differences
in efficacy, safety and purity [9,10]. The Biologics Price Competition and Innovation Act of 2009 (enacted as part of
the Affordable Care Act) provides an abbreviated approval pathway for biosimilars [9,11]. As such, the introduction
of rituximab biosimilars into healthcare systems can potentially help to control the treatment costs for hematologic
malignancies [12].

The availability of rituximab biosimilars, however, does not automatically guarantee their adoption in routine
clinical practice. Despite the availability of a filgrastim biosimilar, its uptake in the USA has been less than anticipated
and has lagged behind other countries where granulocyte-colony stimulating factor biosimilars for use in cancer
supportive care are available [13]. In order to realize the potential savings for US healthcare systems, several barriers
to the uptake of rituximab biosimilars need to be overcome. These barriers include the perceptions of stakeholders
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(including patients and healthcare providers), financial disincentives related to reimbursement, and regulatory
policies (such as the interchangeability of reference products and biosimilars) [8,11,14]. Real-world evidence (RWE)
can provide additional information to supplement the clinical data required by regulatory agencies as part of the
abbreviated approval of biosimilars, to help overcome some of these barriers. The aim of this review is to discuss the
current barriers to the uptake of biosimilars, the utility of RWE in providing additional clinical experience of the
use of rituximab biosimilars for the treatment of hematologic malignancies, and recommendations for conducting
effective real-world studies.

Regulatory guidance & rituximab biosimilars
To gain regulatory approval, biosimilars must be sufficiently similar to the corresponding reference product such
that they are not expected to show any clinically meaningful differences in safety, efficacy and purity demonstrated
through a robust regulatory pathway. Similarity of a proposed biosimilar to its reference product is established using
a ‘totality-of-the-evidence’ approach, comprising data from comparative analytical, preclinical, pharmacokinetic
and clinical studies [10,15]. These confirmatory clinical studies are conducted to establish similarity to the reference
product in terms of quality, efficacy and safety [16]. Biosimilars have the same mechanism of action as their
corresponding reference product [9,10]. As such, with appropriate scientific justification, regulatory guidance permits
the approval of a biosimilar in all eligible indications held by the reference product, without a comparative trial in
each indication. This is known as extrapolation across indications [9,10,17,18].

Many countries have now established regulatory pathways for the approval of biosimilars [9,10,18–22]. Rituximab
biosimilars have been approved in the USA and the European Union through these pathways, using collective
evidence from analytical, nonclinical and clinical studies. The comparative clinical studies were conducted in
patients with either rheumatoid arthritis or FL, as these populations are adequately sensitive to detect meaningful
differences in efficacy or safety between the biosimilar and reference rituximab (Table 1) [23–40]. There are also
several rituximab biosimilars currently under development [41–44].

Real-world studies
The US FDA defines real-world data as “data relating to patient health status and/or the delivery of healthcare
routinely collected from a variety of sources” [45]. These sources go beyond the traditional clinical trial setting and
include electronic patient health records, claims data, product and disease registries, patient-reported outcomes
(PROs) and other emerging data sources, such as social media and industry collaborations (Table 2) [46,47]. RWE
is the “clinical evidence on the use and potential benefits or risks of a medical product derived from analysis
of real-world data” [45]. Real-world studies can provide insights into different aspects of treatment and patient
outcomes to enhance the evidence generated from conventional clinical trials in selected patient populations [48,49].
For example, data from electronic patient records were used to evaluate changes in practice efficiency by comparing
subcutaneous and intravenous administration of rituximab [50]. RWE has also been used to inform early treatment
milestones, understand treatment patterns, and provide patient perspectives regarding disease management for
chronic myeloid leukemia [49].

RWE can be used to gain a more accurate insight into patient outcomes, for example, disease progression and
long-term survival can be studied over longer time periods than those used in clinical trials [48]. By providing
additional clinical experience of rituximab biosimilars, RWE supplements the clinical data required by regulatory
agencies for the approval of biosimilars, and thereby potentially alleviate some of the current barriers to their
uptake (Table 3) [8]. In addition, the evidence that is generated can be systematically analyzed to identify possible
ways to improve disease management. However, real-world studies also have limitations, including internal validity,
confounding factors, lack of standardization in assessing response and progression, variable data quality and increased
risk of bias [47,51]. Furthermore, different sources of real-world data have their own strengths and limitations [47].
Therefore, translating real-world data into robust, clinically relevant evidence can be a challenge.

Relevance of RWE to healthcare stakeholders
Currently, real-world data are accumulated from disease registries mandated by regulatory authorities as part of the
pharmacovigilance requirements for the approval of a biosimilar [52,53]. Data accumulated through pharmacovig-
ilance could be used to inform physicians on the utilization of rituximab biosimilars in clinical practice, and to
help inform discussions about treatment decisions between physicians and patients [54]. The availability of RWE on
the use of biosimilars may also increase understanding among physicians and prescribers that comparative clinical
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Table 1. Rituximab biosimilars approved in the USA and the European Union for the treatment of hematological
malignancies†.
Product Key clinical studies Approved hematological

indications‡
Regulatory authority
(approval date)

Ref.

CT-P10#

(Truxima R© [rituximab-abbs],
Ritemvia R©, Blitzima R©; Celltrion)

Pharmacokinetics trial (n = 154) and extension study (n = 83);
randomized, double-blind study in patients with RA (n = 372):
– Similar PK and immunogenicity between CT-P10 and

reference rituximab
Randomized, double-blind studies in patients with previously
untreated advanced FL (n = 140) and patients with LTB-FL
(n = 258)
– Similar PK, PD, efficacy, safety and immunogenicity

between CT-P10 and reference rituximab
– Similar PK, safety and efficacy between CT-P10 and

reference rituximab

NHL; CLL¶ EMA (Feb 2017/Jul 2017);
US FDA (Nov 2018)

[23–31]

GP2013
(Rixathon R©/Riximyo R©§; Sandoz)

Randomized, double-blind efficacy and safety study in patients
with RA (n = 173):
– Similar PK, PD, safety, efficacy and immunogenicity

between GP2013 and reference rituximab
Randomized, double-blind study in patients with previously
untreated advanced FL (n = 629)
– Similar efficacy and safety between GP2013 and reference

rituximab

NHL; CLL§ EMA (Jun 2017) [32–35]

PF-05280586 (Ruxience™,
rituximab-pvvr; Pfizer)

Pharmacokinetics trial (n = 220) and extension study (n = 185) in
patients with active RA:
– Similar PK, PD, safety and immunogenicity demonstrated

between PF-05280586 and reference rituximab
Randomized, double-blind efficacy and safety study in patients
with untreated CD20-positive LTB-FL (n = 394)
– Similar efficacy, safety, immunogenicity, PK and PD between

PF-05280586 and reference rituximab

NHL; CLL US FDA (Jul 2019)
EMA (Apr 2020)

[36–40]

†As of April 2020.
‡Some rituximab biosimilars are also approved to treat conditions including granulomatosis with polyangiitis, microscopic polyangiitis, pemphigus vulgaris and RA.
¶CLL is not an approved indication for Ritemvia or rituximab-abbs.
§Approved in the European Union as Riximyo under a duplicate marketing authorization for the treatment of NHL.
#Clinical program was developed in consultation with the US FDA and EMA to support the global development of the product.
CLL: Chronic lymphocytic leukemia; FL: Follicular lymphoma; LTB-FL: Low tumor-burden FL; NHL: Non-Hodgkin lymphoma; PD: Pharmacodynamic; PK: Pharmacokinetic; RA: Rheumatoid
arthritis.

Table 2. Sources of real-world data.
Setting Examples

Research studies Observational studies
Post-approval safety studies

Clinical setting Electronic patient health records
Patient medical charts
Patient registries (disease and product based)

Administrative claims databases Patient medical claims

Pharmacy Prescription records

Patient Patient-reported outcomes
Patient-powered research networks
Information from wearables and fitness trackers

Emerging data sources Social media
Cross-industry data collaborations

Adapted from The Network for Excellence in Health Innovation 2015 [46] and Nabhan et al., JAMA Oncol. 2019 [47].

studies of proposed biosimilars and the corresponding reference product are well-designed, and that data from these
studies, which are required for regulatory approval, are reliable. In turn, this may improve the uptake of biosimilars.

In contrast to randomized clinical trials conducted in a selected patient population, patient populations in real-
world settings are heterogeneous. RWE can therefore demonstrate the efficacy and safety of biosimilars in patient
populations for whom clinical trial data are not available, such as children, the elderly, and those with concurrent
medical conditions [13,14,48,55]. This aspect is of particular relevance in oncology as more than 95% of patients with
cancer are treated outside of clinical trials [56]. In Europe, for example, real-world data from the Global Oncology
Monitor (Ipsos Healthcare) have been used to evaluate prescription patterns for rituximab biosimilars [57]. This
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Table 3. Barriers to the uptake of biosimilars in the USA.
Barrier Issue Role of real-world evidence

Perception of stakeholders
(including physicians and
patients)

Patients may be reluctant to switch from reference products to
biosimilars
Physicians lack confidence in prescribing biosimilars

To inform educational programs for physicians and patients on the
efficacy and safety of rituximab biosimilars in more diverse patient
populations

Pricing and
reimbursement

Healthcare providers may not be able to adopt biosimilars if payers
prefer the reference product in reimbursement models

To demonstrate the market value of rituximab biosimilars (e.g., by
lowering treatment cost and improving patient access) to enable
payers to make decisions on reimbursement

Regulatory policies Prescribers are unsure whether clinical data on the interchangeability
of reference products and biosimilars are reliable or whether
extrapolation of data across indications is permitted

To provide data on the efficacy and safety of biosimilars in
extrapolated indications, and provide data on switching between
reference products and biosimilars

Republished from Barriers to Oncology Biosimilars Uptake in the United States, Nabhan C et al., The Oncologist , 23 (11), Copyright Wiley 2018 [8]; permission conveyed through Copyright
Clearance Center, Inc.

online medical chart review study of the treatment of non-Hodgkin lymphoma (NHL) in five countries found that
patients who had received first-line treatment, and had indolent disease and FL, were more likely to be treated with
a rituximab biosimilar than with the reference product [57].

RWE can support physicians and patients when making decisions on nonmedical switching, to or from a
reference biologic, for reasons relating to treatment cost or availability, rather than as a medical requirement [58,59].
Randomized clinical trials are powered to demonstrate efficacy and are largely limited to assessing known adverse
events, whereas real-world populations are more appropriate for identifying previously unreported or rare adverse
events [60,61]. Evidence from real-world settings could enhance confidence in the safety of biosimilars; for example,
the post-market safety experience of granulocyte-colony stimulating factor biosimilars has demonstrated that
real-world use in the USA is consistent with global safety data [62].

RWE can be used to determine potential cost savings for payers [55]. For example, researchers have compared the
potential time and cost savings, which may be achieved from a US payer perspective, by using different formulations
of the reference product and a rituximab biosimilar in the treatment of patients with NHL [63]. In this time- and
cost-simulation analysis in patients with NHL receiving R-CHOP therapy (rituximab plus cyclophosphamide,
doxorubicin, vincristine and prednisone), subcutaneous delivery of reference rituximab saved on both time and
cost compared with intravenous administration. Moreover, intravenous dosing of a proposed rituximab biosimilar
in an R-CHOP regimen provided time and cost savings when compared with subcutaneous administration of the
reference product [63]. Further real-world studies are needed to determine the extent of the savings that could be
achieved in clinical practice [60].

There is increasing interest from regulatory bodies in the use of RWE to support their decision-making, as
highlighted in the “Framework for the FDA’s real-world evidence program” [45]. The guidance provides a framework
for evaluating the use of real-world data to support approvals in new indications for a drug, and for post-approval
study requirements, as set out in the 21st Century Cures Act [45,64]. The framework also highlights potential gaps in
the current sources of real-world data; for example, it recommends that electronic patient health records and medical
claims data should be utilized. The FDA recommends that strategies to address these gaps should be explored,
including the use of mobile technologies and other tools for collecting PROs [45]. Real-world data can provide
support throughout the development of all new drugs by identifying unmet treatment needs, generating hypotheses
for clinical research, and providing insights on efficacy and safety for pre-regulatory approval and post-approval
outcomes [46]. As such, RWE can be used to support the approval of drugs for expanded indications; for example,
palbociclib is now approved to treat men with breast cancer, with its approval supported by real-world data from
electronic health records and insurance claims [65].

Relevance of RWE in the era of biosimilars in hematology
As treatment options for hematologic malignancies increase, real-world data can be accumulated to expand the
evidence base for disease management in clinical practice [42]. RWE has the potential to address outcomes in
clinical practice, and increase understanding of adverse events, use of resources and economic burden [66–68]. This
may facilitate evidence-based clinical decision-making and increase the uptake of biosimilars. Real-world studies
have evaluated treatment patterns for novel therapies in patients with chronic lymphocytic leukemia to identify
sequencing strategies and reasons for treatment discontinuation [69,70]. As more rituximab biosimilars become
available, RWE could provide an understanding of the sequence in which patients should be treated with these
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Table 4. Clinical and real-world studies for biosimilars.
Source Advantages Disadvantages

Randomized clinical trials – Well-designed and controlled; high-quality data are
collected
– Patient baseline data are collected

– May not reflect real-world patients seen by physicians due
to strict inclusion and exclusion criteria
– Limited indications are studied
– Patients are followed up for limited time periods

Observational studies (prospective) – Include different population subgroups (e.g., pediatric,
pregnant and older patients)
– Can be designed to address specific efficacy and safety
questions to build confidence in biosimilars
– Provide data on long-term patient outcomes
– Demonstrate efficacy in extrapolated indications

– Issues of selection bias and confounding factors

Observational studies (retrospective) – Evaluate adherence to treatment with biosimilars
– Evaluate switching between reference products and
biosimilars

– Patient baseline data may not be available
– Issues of recall bias and confounding factors

Patient registries and electronic health
records

– May identify rare side effects or trends in adverse events
– More broadly representative of clinical settings and
patient populations

– Patient registries can have high set-up and maintenance
costs

Review of insurance claims/pharmacy
records

– Provide information on treatment patterns (comparing
use of reference products with biosimilars)
– Provide data on treatment costs

– Prescribing decisions are not always evidence-driven, and
can be affected by other factors, such as physican preference

drugs and offer invaluable insights into potential comparisons between rituximab biosimilars. Accumulating real-
world data may help to reassure physicians and patients on the effectiveness of rituximab biosimilars in extrapolated
indications [71].

Improving biosimilar uptake for the treatment of hematologic malignancies has the potential to reduce healthcare
costs and expand patient access [14,17]. Increased competition between biosimilars may further reduce the costs of
these drugs. However, there is a lack of consensus on the extent of these savings and, in any event, they are not
likely to be as large as those obtained for generic drugs [72,73]. Additionally, biosimilars may improve patient care;
for example, by enabling patients to receive treatment at an earlier stage of their disease [74,75].

The FDA’s Biosimilars Action Plan recommends the increased use of real-world data to facilitate regulatory
decision-making related to biosimilars [76]. RWE could also support safety assessments and the appropriate pre-
scribing of biosimilars; for example, by considering data from the FDA’s Adverse Event Reporting System and
Sentinel Initiative, and data from insurance companies [76]. Real-world studies that accumulate data from a variety
of sources, such as patient registries and insurance claims records, can provide further supportive data on the clin-
ical experience of biosimilars. The results from such studies may help inform physicians, patients, manufacturers
and regulatory bodies to guide decisions on the use of biosimilars in the treatment of patients across a range of
conditions, including hematologic malignancies [55].

Designing effective real-world studies: challenges & recommendations
Challenges
As more rituximab biosimilars become available (including in extrapolated indications), there is a need for well-
designed real-world studies to gain broader experience of their use in clinical practice and to gain the trust of the
prescribing community [77,78]. However, obtaining reliable RWE for biosimilars with high-quality data can be a
challenge. The key advantages and disadvantages of clinical and real-world studies in generating evidence on the
use of biosimilars are summarized in Table 4. There are, however, several challenges to consider in the design of
these studies, including data quality, biases, confounding factors, cost, patient confidentiality, access to data and
governance [48,78]. Furthermore, there is a lack of knowledge and awareness of the systems and processes currently
in place to support the collection of real-world data and the methods for analyzing these data [79]. Conducting
real-world studies is typically less resource intensive than for randomized clinical trials; however, there is no agreed-
upon design for an effective study, although checklists to ensure any data are of regulatory-grade quality have been
proposed [56]. Pragmatic clinical trials can be conducted by physicians to test interventions in real-world clinical
practice settings with a more representative range of patients than those included in randomized clinical trials, as
eligibility criteria are not as strict [80]. One advantage of these trials is that they can be used to evaluate how an
intervention works in various healthcare settings, such as hospitals, clinics or physician practices.
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Physicians and their patients may have concerns about switching to a biosimilar in the middle of a treatment
cycle for cost rather than medical reasons [8]. Therefore, some physicians and pharmacists might need additional
sources of evidence on the effects of switching from the reference product to a biosimilar, as regulatory agencies
generally do not require switching studies to be conducted for the approval of a biosimilar [81]. Oncologists must
decide if and when treatment should be switched to biosimilars, either to or from a reference product or between
different biosimilars [82]. Most physicians are unlikely to switch unless financial or other ‘toxicities’ emerge [83].
While the FDA requires switching studies for approved biosimilars to be designated as interchangeable, it does not
require clinical trials in each extrapolated indication [81]. However, a lack of confidence in the efficacy and safety of
rituximab biosimilars could lead to lower uptake. This in turn might increase the time required to collect sufficient
data to undertake robust real-world studies, particularly if these are retrospective. Furthermore, stakeholders might
require RWE that is based on region-specific data and they may not fully accept evidence based on data generated
outside their region.

Recommendations
As rituximab biosimilars have only recently been approved for use in the USA, real-world data on their use in
clinical practice are lacking; as such, initial studies should be prospective (e.g., a registry that captures patient-
level data on the use of the biosimilar and reference product). As evidence on the real-world use of rituximab
biosimilars accumulates, retrospective studies could be designed to address clinical and economic outcomes. Such
studies may help to inform stakeholders and patients that RWE can be used alongside data from clinical trials to
broaden the evidence base on the efficacy and safety of rituximab biosimilars [46]. These studies should also include
additional information, such as PROs and economic analyses. PROs (e.g., health-related quality of life, and patient
preference and satisfaction) could aid differentiation between competing products as more rituximab biosimilars
are approved [55,84]. Documentation of PROs can contribute to an improved understanding of the overall efficacy
of approved drugs; for example, by recording accurate information on patients’ symptom burden [84]. Such studies
may enable biosimilar costs to be evaluated in relation to patient outcomes [85]. To ensure that real-world studies
are designed to address meaningful questions, it is important to consider the views of all stakeholders, including
patients [78]. However, best practices for involving different stakeholders when designing and conducting real-world
studies are still being developed [78].

Collaborations are required between organizations that are adept at generating real-world data and groups with
expertise in the analysis, interpretation and dissemination of these findings [55]. Biosimilar manufacturers and their
collaborators could alleviate some of the concerns that physicians may have about the safety and effectiveness
of biosimilars by designing real-world studies that provide supportive evidence for the safety of biosimilars. The
American Society of Clinical Oncology’s ‘big data’ initiative, CancerLinQ R©, could potentially contribute valuable
information on biosimilar use and effectiveness by integrating real-time data for clinical oncology practice and
identifying safety concerns in real-world settings [86].

It will be important to identify whether further clinical evidence is required, and to prioritize specific questions
regarding the use of biosimilars that can be addressed in real-world studies [55]. Evaluating the long-term use of
biosimilars requires not only financial support from relevant stakeholders but also a consensus on the questions
that should be addressed; for example, is the primary concern safety or efficacy and should real-world studies
compare biosimilars with their reference product or with other rituximab biosimilars. Real-world studies also need
to be designed using appropriate methods for data collection in each NHL indication. There is therefore a need to
establish a working group to address the specific challenges of collating RWE on biosimilars for the treatment of
hematologic malignancies, and to develop a consensus statement to ensure some level of evidence for the quality
and comparability of data. Demonstrating the real-world value of rituximab biosimilars to all stakeholders is key
to improving patient access and increasing the uptake of these drugs. As such, there are opportunities to design
effective real-world studies to provide reliable long-term data on rituximab biosimilars.

Conclusion
Designing and conducting effective real-world studies for rituximab biosimilars may help to overcome barriers to
their adoption by stakeholders. RWE can provide long-term data on the efficacy and safety of rituximab biosimilars
in more diverse patient populations, particularly those not studied in clinical trials. This evidence could also support
decision-making on non-medical switching, to or from a reference biologic. As randomized clinical trials are often
costly to conduct, RWE can provide supportive evidence to help achieve lower-priced biologics and improve patient
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access to these therapies. As such, RWE has the potential to help sustain the treatment of hematologic malignancies
with biologics, including biosimilars.

Future perspective
Treatment options for hematological malignancies are anticipated to expand in the future as more rituximab biosim-
ilars are approved. Stakeholders including patients and physicians will need more information to aid differentiation
between biosimilars to support decision-making on the appropriate treatment for each patient. Real-world studies
have an important role in providing reliable data on long-term patient outcomes, understanding the sequence
in which patients should be treated with these drugs and demonstrating the efficacy of rituximab biosimilars in
extrapolated indications. Mobile technologies (such as, wearable electronic devices) are likely to support real-world

Executive summary

Background
• Healthcare expenditure for cancer treatment is increasing, partly due to the cost of biologic drugs, creating a

challenge for the future sustainability of affordable cancer care.
• As patent portfolios for biologics are nearing end of term, drug companies are developing biosimilars that may

provide more affordable treatment options and increase patient access to these important therapies.
• Demonstrating the value of rituximab biosimilars to stakeholders (including patients and healthcare providers) in

the real world is key to improving patient access; however, there are currently several barriers to the adoption of
rituximab biosimilars.

Regulatory guidance & rituximab biosimilars
• To gain regulatory approval, biosimilars must be sufficiently similar to the corresponding reference biologic such

that they are not expected to show any clinically meaningful differences in efficacy, safety and purity.
• Biosimilar approval is established using a ‘totality-of-the-evidence’ approach, comprising comparative analytical,

preclinical, clinical pharmacokinetic, and efficacy and safety studies in an appropriate patient population.
• Some rituximab biosimilars have been approved in the USA and the European Union through these pathways and

there are several other rituximab biosimilars currently in development.
Real-world studies
• Real-world studies can provide insights into different aspects of treatment and patient outcomes to supplement

the evidence generated from conventional clinical trials in selected patient populations.
• Real-world data can be collected from a variety of sources including electronic patient health records, claims

data, product and disease registries, PROs as well as from emerging data sources, such as social media and
industry collaborations.

Relevance of RWE to healthcare stakeholders
• RWE can demonstrate the efficacy and safety of biosimilars in patient populations for whom clinical trial data are

not available.
• Evidence on the use of biosimilars from real-world settings could enhance stakeholder confidence in the safety of

these drugs.
Relevance of RWE in the era of biosimilars in hematology
• RWE has the potential to address outcomes in clinical practice, and increase understanding of adverse events, use

of healthcare resources and the economic burden on healthcare systems.
• As more rituximab biosimilars become available, RWE may help inform physicians, patients, manufacturers and

regulatory bodies to guide decisions on the use of these drugs for the treatment of hematologic malignancies.
Designing effective real-world studies: challenges & recommendations
• Obtaining reliable RWE for biosimilars can be challenging and there are several factors to consider when

designing real-world studies, including data quality, biases, confounding factors, cost, patient confidentiality,
access to data and governance.

• Real-world data on the use of rituximab biosimilars in clinical practice are lacking so initial studies should be
prospective (e.g., registries to capture patient-level data on the use of the biosimilar and reference product).

• Retrospective studies could be designed to address clinical and economic outcomes, and acquisition of additional
information such as PROs to aid differentiation between different biosimilars.

• Collaborations are required between organizations that are adept at generating real-world data and groups with
expertise in the analysis, interpretation and dissemination of these findings.

Conclusion
• Providing real-world data on the efficacy and safety of rituximab biosimilars may help to overcome barriers to

their adoption by stakeholders.
• RWE can provide supportive evidence to help achieve lower-priced biologics, improve patient access to these

therapies and help sustain the treatment of hematologic malignancies with biologics, including biosimilars.
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studies to collect data on PROs, such as health-related quality of life, and patient preference and satisfaction. Reas-
suring stakeholders on the efficacy and safety of rituximab biosimilars by accumulating reliable evidence through
well-designed real-world studies can potentially help increase the uptake of rituximab biosimilars and, in turn,
reduce healthcare costs for the treatment of hematologic malignancies.
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Aim: Diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma (FL) are common types of non-
Hodgkin’s lymphoma, and real-world evidence continues to be lacking for healthcare costs and utiliza-
tion among DLBCL and FL patients. Our study aims to describe medical and pharmacy costs and health
resource utilization and to characterize longitudinal treatment patterns among these patients. Methods:
A retrospective observational study was performed among adult patients with DLBCL or FL using the US
MarketScan (Truven) administrative claims data from 1 January 2007 to 31 December 2015. Diagnoses of
DLBCL and FL were based upon ICD-9 codes. Identifications of treatment lines involved 30 lymphoma-
specific anticancer systemic agents. Direct healthcare costs and utilizations were computed in the 1-year
postdiagnosis period. Generalized linear models with a gamma link were used to compare healthcare
costs between therapies with and without rituximab. Results: A total of 2767 DLBCL and 5989 FL patients
received frontline therapy. The majority received treatment within 3 months after initial diagnosis (DLBCL
79.9% and FL 62.4%) and were treated with rituximab or bendamustine either alone or in combination
(DLBCL 67.4% and FL 84.7%). The total healthcare costs were US $15,555 and $10,192 per patient per
month within 1 year following their initial diagnosis for DLBCL and FL, respectively. The medical costs
were nearly twice as much as the drug costs for DLBCL patients. Both DLBCL and FL patients receiving
rituximab had higher pharmacy costs but lower medical costs (p < 0.001). During the first year following
initial diagnosis, the resource utilization (per patient per month) of DLBCL patients included 0.21 inpatient
admissions, 0.26 radiation therapy, 2.63 outpatient or office visits, 0.18 emergency room visits, 0.06 inten-
sive care unit admissions and 0.10 stem cell transplantation. FL patients occupied less health resources
than DLBCL patients. Conclusion: The healthcare costs and health resources utilized were considerable in
non-Hodgkin’s lymphoma, especially DLBCL patients.
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Non-Hodgkin’s lymphoma (NHL) is a cancer that typically starts in lymphocytes in the lymph nodes and other
lymphoid tissues, such as the spleen and bone marrow, which serve as part of the immune system. NHL is one of
the most common cancers in the USA, with approximately 72,240 Americans diagnosed with NHL in 2017 [1].
For unknown reasons, NHL incidence rates have almost doubled since the 1970s [1]. Furthermore, substantial
healthcare costs and utilization have become a significant burden for both the healthcare system and the patient’s
family [2,3].

Approximately 85% of NHL cases are diagnosed with B-cell lymphomas in the USA, and diffuse large B-cell
lymphoma (DLBCL) is the most common type of NHL, representing approximately one out of every three
lymphoma diagnoses [4]. DLBCL can affect any age group but occurs most frequently among older individuals.
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DLBCL usually begins as a quickly growing mass in a lymph node deep within the body, such as in the chest or
abdomen, or in a lymph node in the neck or armpit, but it can also start in other areas, such as the intestines, bone,
or even brain or spinal cord [4]. The five-drug chemoimmunotherapy combination R-CHOP remains the standard
frontline treatment of DLBCL and has not changed in more than 15 years since the anti-CD20 monoclonal
antibody rituximab was added to the CHOP backbone as standard-of-care for DLBCL in 2002 [5]. However, at
least a third of patients are not cured by R-CHOP, and relapsed or refractory DLBCL is fatal in approximately 90%
of patients [6]. Recently, genomics and personalized medicine have been discussed to improve treatment options for
DLBCL [7].

Another common type of NHL is follicular lymphoma (FL) accounting for approximately 15−30% of all NHLs
in developed countries [3,8,9]. The term follicular indicates that the cells tend to grow in a nodular pattern within
the lymph nodes. The average age for patients with FL is 60 years and usually occurs throughout many lymph
node sites in the body and bone marrow [4]. FL is known as ‘indolent’ or ‘low-grade’ but is difficult to cure. Death
occurs at a median of 12.5 years after diagnosis [10], generally as a consequence of resistant disease, transformation
to diffuse large B-cell pathology, or side effects from therapy. FL patients younger than 40 have a median overall
survival of 24 years [10]. It has been suggested that these lymphomas might not require treatment prior to a clinical
need to do so because of a lack of associated survival advantage [8]. FL may be untreated or treated by radiation
only in the early stages. Advanced disease can be treated with a variety of options, often including chemotherapy
plus immunotherapy, with rituximab frequently used in combination or alone as an immunotherapeutic agent [11].

Given the rapid evolution in diagnostic subtyping as well as treatment regimens, it is important to examine the
economic burden, treatment patterns and outcomes among these patients based on real-world evidence utilizing
secondary databases to assist in informing those involved in the decision-making process. Our study aimed to
describe total healthcare costs and resource utilization in patients with DLBCL and FL and to characterize real-
world longitudinal treatment patterns among them, including the type, duration and sequence of therapy.

Patients & methods
Study design & data source
A retrospective observational study was performed among adult patients with DLBCL or FL using the US
MarketScan (Truven) administrative claims data from 1 January 2007 to 31 December 2015. This database has
commercial and Medicare Advantage enrollees, comprising of inpatient admissions, inpatient services, outpatient
services, outpatient drug claims, detail enrollment and laboratory test results. Data are available for over 170 million
patients who have been sampled since 1995. The MarketScan and other claims databases are some of the best tools
available to some research questions when clinical trials are not feasible. Since this study utilized a retrospective
unidentified database, we have identified no risks of relapse or survival rates for these patients.

Identification of treatment lines
The diagnoses of DLBCL and FL were based upon the International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9) codes (200.7× for DLBCL, 202.0× for FL). Identification of treatment
lines involved 30 lymphoma-specific anticancer systemic agents: bendamustine, brentuximab vedotin, carboplatin,
chlorambucil, cisplatin, cyclophosphamide, cytarabine, cytosine, doxorubicin, epirubicin, etoposide, filgrastim, flu-
darabine, gemcitabine, ibritumomab tiuxetan, idelalisib, lenalidomide, mesna, methotrexate, methylprednisolone,
mitoxantrone, oxaliplatin, procarbazine, rituximab, tositumomab, vincristine, ibrutinib, ifosfamide, dexamethasone
and prednisone. These agents were extracted by the corresponding codes derived from the Healthcare Common
Procedure Coding System and/or National Drug Code (NDC). All agents received within 30 days following the
day of the first infusion or fill date constituted frontline therapy. The date of the first infusion or fill associated with
frontline therapy was the index frontline therapy date. Prednisone alone was not considered as a treatment line,
whereas dexamethasone alone was considered if it was received continuously for 42 days or more.

The second and subsequent lines of therapy were identified if a patient switched to a different agent/regimen
(e.g., from rituximab-based to bendamustine-based), if an agent was added to the regimen (except dexamethasone
and prednisone), or if the same or similar regimen had a treatment gap of greater than 120 days. Two regimens
were considered to be similar if they included the same agents, except for dexamethasone and prednisone.
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Inclusion & exclusion criteria
Patients included in this analysis met the following criteria: had at least one inpatient claim or two outpatient
claims with diagnosis of DLBCL/FL at least 60 days apart (but less than 1 year apart) during the study period; were
continuously enrolled with medical and pharmacy benefits for at least 12 months prior to the index diagnosis date
through at least 30-days postindex diagnosis date; and were age 18 years or older at the index diagnosis. Patients
who had claims for DLBCL/FL, another primary cancer, or metastatic disease during the 12-month period prior
to the index date were excluded. The follow-up period was from the index diagnosis of DLBCL/FL through
disenrollment, death, or end of available data, whichever occurred earlier.

Statistical analysis
Descriptive results were reported using frequency and percentage for categorical variables, and mean, standard
deviation, median and quartile for continuous variables. Treatment patterns were categorized by drug class
(rituximab/bendamustine either alone or in combination, vs others), autologous stem cell transplant therapy
([SCT], with and without chemotherapy/immunotherapy) and specific regimens as well as durations, which were
reported for each therapy line.

Direct healthcare costs were computed in the 1-year postdiagnosis period utilizing the variable ‘total pay’ in the
claims data, which represents the combined health plan reimbursement (payouts from the insurance/payers) and
patient paid amounts (out of pocket from patients). Average total costs were reported on a per patient per month
basis in 2015 US dollars, which were adjusted by the annual medical care component of the consumer price index.
Total costs were calculated and presented in categories of pharmacy costs, and medical costs which consisted of
inpatient costs, outpatient facility costs, office visit costs, emergency room (ER) costs and other outpatient costs.
During the same time period, healthcare resource utilization was also reported, including inpatient admissions,
facility outpatient or office visits, ER visits and intensive care unit (ICU) admissions.

Generalized linear models with a gamma link were used to compare healthcare costs between therapies with and
without rituximab. All relevant statistical tests were two-tailed with a 0.05 cut-off value for statistical significance.

Results
Patient characteristics
Based upon the inclusion and exclusion criteria, from a total of 50,173 patients, 4651 DLBCL and 10,429 FL
patients were identified. Of these, 2794 DLBCL patients and 6021 FL patients received one of the proposed
treatments (SCT, chemo, or immunotherapy) and met the other inclusion and exclusion criteria (Figure 1). The
average age was 61 (standard deviation [SD] 14.3) years for DLBCL patients and 60 (SD 13.1) years for FL
patients. The proportion with inpatient claims were 54.9 and 34.3%, for DLBCL and FL respectively (Table 1).
Demographics were otherwise similar between DLBCL and FL patients. The top three co-morbidities were cancer,
diabetes without complications and chronic pulmonary disease for both DLBCL and FL patients (Table 2). Among
those receiving therapy, the majority received frontline treatment within 3 months after initial diagnosis (79.9%
for DLBCL, 62.4% for FL). Of DLBCL patients, 977 received second-line treatment, and 330 received three or
more lines of treatments. Of FL patients, 2406 received second-line treatment, and 406 received three or more
lines of treatment.

Treatment patterns
Among 2767 DLBCL patients who received frontline treatment, their physician specialties included oncology
(36.3%), radiotherapy (27.9%), internal medicine (26.8%), hematology (31.1%) and multispecialty (8.2%).
During frontline treatment, 4.5% received both SCT and chemo/immunotherapy, and 67.4% were treated by
rituximab or bendamustine either alone or in combination (Figure 2). More patients received SCT in the second-
line (10.3%) and third-line (14.5%) of treatment (Figure 3). The percentage of patients who received G-CSF agents
as supportive care were 65.8, 48.1 and 40.9% during frontline, second-line and third-line therapies respectively.

For FL patients, their physician specialties were similar to those described for DLBCL patients. During frontline
treatment, 1.9% received both SCT and chemo/immunotherapy, and 84.7% were treated by rituximab or ben-
damustine either alone or in combination (Figures 2 & 3). The percentage of patients who received G-CSF agents
as supportive care were 35.6, 32.2 and 26.8% during frontline, second-line and third-line of treatment respectively.
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Patients with diagnosis (15,079 DLBCL and 35,094 FL) between 1/1/2007 and 6/30/2015 in the
database

Patients aged 18 years old or above (14,892 DLBCL and 34,845 FL)

Patients continuously enrolling with medical and pharmacy benefits for 12 months prior to the
index diagnosis date (9348 DLBCL and 17,111 FL)

Patients who did not have other primary cancers or metastatic disease during the wash-out
period (4651 DLBCL and 10,429 FL)

Patients receiving any proposed treatment, such as SCT, chemotherapy, and immunotherapy
(2795 DLBCL and 6,038 FL)

Patients continuously enrolling with medical and pharmacy benefits for at least 30 days after
initiation of treatment (2794 DLBCL and 6,021 FL)

Final analysis dataset:
Patients who received the frontline of treatment (2,767 DLBCL and 5,989 FL)

Patients who received the second line of treatment (977 DLBCL and 2,406 FL)
Patients who received the third or later line of treatment (330 DLBCL and 406 FL)

Figure 1. Population selection.
DLBCL: Diffuse large B-cell lymphoma; FL: Follicular lymphoma; SCT: Stem cell transplantation.

Healthcare costs
The averages of all healthcare costs were $15,555 and $10,192 per patient per month (PPPM) within 1 year after
initial diagnosis for DLBCL and FL, respectively (Table 3). Two-thirds of total costs were medical costs ($10,398
per patient per month) for DLBCL patients, and 56% of total costs were medical costs ($5731 per patient per
month) for FL patients.

As depicted in Table 4, compared with those who did not received rituximab, DLBCL patients receiving
rituximab had higher pharmacy costs ($5473 vs $2118; p < 0.001) and lower medical costs ($6417 vs $8782;
p < 0.001) within 1 year after initial diagnosis. Similarly, FL patients receiving rituximab also had higher pharmacy
costs ($6387 vs $2406, p < 0.001) and lower medical costs ($4740 vs $7138; p < 0.001).

Health resource utilization
During the first year after initial DLBCL diagnosis, the average healthcare resource utilization PPPM included 0.21
inpatient admissions, 0.26 radiation therapy, 2.63 outpatient or office visits, 0.18 ER visits, 0.06 ICU admissions
and 0.10 stem cell transplantation. During the study period, the percentages of DLBCL patients receiving at least
once inpatient admission, radiation therapy, ICU, or SCT were 78.1, 29.5, 34.5 and 9.6%, respectively. Overall,
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Table 1. Demographics.
Characteristics Label DLBCL (n = 2794) FL (n = 6021)

n % n %

Age group (years): – 18–44 322 11.5 633 10.5

– 45–64 1428 51.1 3330 55.3

– 65–69 264 9.4 585 9.7

– 70–74 258 9.2 528 8.8

– 75–79 221 7.9 452 7.5

– 80+ 301 10.8 493 8.2

Sex: – Males 1585 56.7 3067 50.9

– Females 1209 43.3 2954 49.1

Patient type: – Inpatients 1533 54.9 2064 34.3

– Outpatients 1261 45.1 3957 65.7

Region: – Northeast 456 16.5 1016 17.1

– North Central 788 28.5 1740 29.3

– South 1084 39.2 2277 38.4

– West 436 15.8 901 15.2

Data type: – Fee for service 1470 52.6 3283 54.5

– Encounter 174 6.2 398 6.6

– Medicare 1052 37.7 2136 35.5

– Medicare encounter 98 3.5 204 3.4

Insurance plan: – Comprehensive 612 21.9 1152 19.1

– HMO 248 8.9 558 9.3

– POS 144 5.2 337 5.6

– PPO 1434 51.3 3219 53.5

– Others 356 12.7 755 12.5

DLBCL: Diffuse large B-cell lymphoma; FL: Follicular lymphoma; HMO: Health maintenance organization; POS: Point-of-service; PPO: Preferred provider organization.

Rituximab-based

Bendamustine/rituximab-based

Bendamustine-based

Gemcitabine-based

Lenalidomide-based

Ibrutinib-based

Ifosphamide-based

Proportion of patients receiving a regimen

Diffuse large B-cell lymphoma

100 7020 30 40 50 60
Proportion of patients receiving a regimen

Follicular lymphoma

100 7020 30 40 50 60

3rd line 2nd line 1st line

Figure 2. Regimens for diffuse large B-cell lymphoma and follicular lymphoma.

FL patients occupied less healthcare resources than DLBCL patients. During the first year after initial FL diagnosis,
the average healthcare resource utilization PPPM included 0.10 inpatient admissions, 0.12 radiation therapy, 2.06
outpatient or office visits, 0.11 ED visits, 0.03 ICU admissions and 0.04 stem cell transplantation. During the
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Table 2. Clinical characteristics at baseline.
Co-morbidities DLBCL (n = 2794) FL (n = 6021)

n % n %

Cancer 743 26.6 1541 25.6

Diabetes without complications 560 20.0 1066 17.7

Chronic pulmonary disease 462 16.5 950 15.8

Mild liver disease 327 11.7 547 9.1

Metastatic carcinoma 285 10.2 476 7.9

Peripheral vascular disease 235 8.4 433 7.2

Cerebrovascular disease 206 7.4 385 6.4

Congestive heart failure 200 7.2 357 5.9

Renal disease 171 6.1 274 4.6

Connective tissue
disease-rheumatic disease

147 5.3 230 3.8

Diabetes with complications 121 4.3 228 3.8

Peptic ulcer disease 84 3.0 89 1.5

Myocardial infarction 67 2.4 137 2.3

AIDS/HIV 30 1.1 40 0.7

Paraplegia and hemiplegia 16 0.6 23 0.4

Moderate or severe liver
disease

14 0.5 16 0.3

Dementia 9 0.3 17 0.3

Time distribution from initial diagnosis to first-line treatment

– �3 months 2211 79.9 3740 62.4

– 3–5 months 197 7.1 760 12.7

– ≥6 months 359 13.0 1489 24.9

DLBCL: Diffuse large B-cell lymphoma; FL: Follicular lymphoma.
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Figure 3. Autologous stem cell transplant therapy for follicular lymphoma and diffuse large B-cell lymphoma.
ASCT: Autologous stem cell transplant.

study period, the percentages of FL patients receiving at least once inpatient admission, radiation therapy, ICU or
SCT were 59.4, 17.8, 22.8 and 4.9%, respectively.

Discussion
This observational study provides real-world evidence of treatment patterns, healthcare cost and healthcare resource
utilization in patients with DLBCL and FL. The majority of DLBCL and FL patients were treated by rituximab
or bendamustine either alone or in combination during frontline treatment, and more than a quarter of patients
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Table 3. Healthcare costs during 1 year following frontline treatment in 2015 US dollars.
Categories Diffuse large B-cell lymphoma Follicular lymphoma

Mean PPPM Standard deviation Mean PPPM Standard deviation

Average total costs 15,555 19,951 10,192 15,556

Drug costs 5157 6134 4462 6041

Medical costs 10,398 18,139 5731 13,626

– Inpatient 6257 15,806 2895 11,848

– Outpatient facility 1366 3721 982 2872

– Other outpatient 2298 2978 1513 2147

– Office visit 247 330 195 279

– Emergency room 230 700 145 791

PPPM: Per patient per month.

Table 4. Healthcare costs by regimen.
Healthcare cost ($)† Diffuse large B-cell lymphoma Follicular lymphoma

Regimen with
rituximab

Regimen without
rituximab

Adjusted p-value Regimen with
rituximab

Regimen without
rituximab

Adjusted p-value

–Total costs 12,021 11,083 0.036 10,865 9365 �0.001

– Pharmacy costs 5473 2118 �0.001 6387 2406 �0.001

– Medical costs 6417 8782 �0.001 4740 7138 �0.001

received second-line therapies within 1 year from the initial date of frontline treatment. The healthcare costs and
healthcare resource utilizations were considerable, especially for DLBCL patients. The medical costs were nearly
twice as much as the drug costs for DLBCL patients during frontline treatment. Our findings also demonstrated
that patients receiving rituximab had lower medical costs than those who did not receive rituximab for both DLBCL
and FL patients, although they had relatively higher pharmacy costs.

Healthcare costs for NHL could be affected by numerous types of lymphoma, different treatment therapies,
diverse side effects from various treatment, complicated prognoses and the growing emergence of new drugs. Patients
with aggressive NHL tended to accrue higher costs compared with those with indolent lymphomas [2]. In our study,
the healthcare costs of DLBCL patients were more than $5000 PPPM higher than FL patients during the first year
of frontline treatment. Previously studies have demonstrated that rituximab has a favorable economic profile in
both DLBCL and FL patients [12–14]. However, this result is not consistent with the findings from Griffiths et al.
that reported rituximab could result in higher 4-year total costs of $23,097 in DLBCL patients, although rituximab
was associated with survival benefits [15]. Our study demonstrated that DLBCL patients receiving rituximab had
higher pharmacy costs ($3355 PPPM) and lower medical costs (save $2365 PPPM) than those who did not receive
rituximab. Aside from costs, the use of rituximab as a maintenance therapy for DLBCL continues to be a point of
controversy [16], although a recent Phase III clinical trial reported that rituximab maintenance therapy improved
survival in male patients with DLBCL [17]. On the other hand, growing evidence demonstrates that rituximab
maintenance therapy could significantly prolong progression-free survival for patients with FL, but without an
improvement in overall survival or quality of life after first-line induction chemoimmunotherapy [18–20]. Also, NHL
patients receiving myelosuppressive chemotherapy often take G-CSF agents, such as pegfilgrastim and filgrastim,
in order to reduce the risk of febrile neutropenia. Our study found that 35.8% of DLBCL patients and 35.6%
of FL patients received G-CSF agents during frontline treatment. Lyman et al. reported that the incremental
cost–effectiveness of pegfilgrastim versus 6-day filgrastim primary prophylaxis was $2167 per febrile neutropenia
episode avoided [21]. In addition, allogeneic SCTs in DLBCL and FL patients could significantly increase their
economic burden [22].

It is not surprising that DLBCL patients consume more healthcare resources than FL patients because of the
aggressive tendency of DLBCL. In our study, 34.5% of DLBCL patients and 22.8% of FL patients required ICU
admission prior to or during chemotherapy. According to the findings reported in a recent study, hemodynamic
(37.8%) or respiratory failure (24.3%) may be the primary reasons for requiring ICU treatments in DLBCL
patients [23]. Our study also found that advanced DLBCL patients were more likely to receive SCT (10.3 and
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14.5% in second-line and third-line treatment, respectively). This might be, at least in part, attributed to the fact
that the efficacy and feasibility of SCT have recently become confirmed in DLBCL patients, even among elderly
patients [24–26]. However, there is no evidence suggesting that adding SCT as part of FL initial treatment could
improve overall survival [27].

As a claim-based analysis, some inherent limitations are unavoidable. First, the data may incompletely capture
the conditions and outcomes documented in the medical records when filing a claim or reimbursement. Since no
validated approach could be used to identify nonresponses and relapses in this database, we did not report these
clinical outcomes in our paper. Second, as survival data were not available in our analysis, we did not adjust average
costs when utilizing the Kaplan–Meier Sample Average estimator approach. To minimize bias associated with
censored data, we only analyzed healthcare costs and healthcare resource utilization during the first year after initial
diagnosis. Finally, the diagnosis was based upon ICD-9 coding system that might not correspond to histologic
diagnosis. Despite its limitations, this study adds to the body of research in economic burden and treatment patterns
for DLBCL and FL patients. Our findings may be useful for relevant patients, health providers, stakeholders and
researchers in this field.

Conclusion
The healthcare costs and health resources utilized were considerable in non-Hodgkin’s lymphoma, especially among
DLBCL patients.

Summary points

• Given the rapid evolution in diagnostic subtyping as well as treatment regimens, it is important to examine
economic burden, treatment patterns and outcomes among non-Hodgkin’s lymphoma patients, including diffuse
large B-cell lymphoma (DLBCL) and follicular lymphoma (FL).

• The majority of DLBCL and FL patients were treated with rituximab or bendamustine either alone or in
combination during frontline treatment, and more than a quarter of patients received second-line therapies
within 1 year from the initial date of frontline treatment.

• The total healthcare costs were US $15,555 and $10,192 per patient per month within 1 year following their
initial diagnosis for DLBCL and FL, respectively. The medical costs were almost twice as much as the drug costs for
DLBCL patients during frontline treatment.

• DLBCL patients occupied more health resources than FL patients. During the first year following initial diagnosis,
inpatient admissions per patient per month were 0.21 for DLBCL and 0.10 for FL.
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Aim: To analyze real-world data relating to treatment decision-making in stage III–IV ovarian cancer
(OC). Materials & methods: Real world data were collected from a survey of physicians and their pa-
tients (n = 2413) across Europe and the USA in 2017–2018. Results: 49% had stage IVb disease. 39, 54 and
7% of patients received first-line (1L), second-line, or 7% third-line or later treatment. In the 1L (ongoing
or completed), 93% received platinum-containing regimens, 26% bevacizumab-containing regimens and
1% a PARP inhibitor-containing regimen. In 1L maintenance treatment, 81% received bevacizumab, 17%
platinum-containing treatments and 6% a PARP inhibitor. Conclusion: The most common 1L treatment
for advanced ovarian cancer was platinum-containing chemotherapy. Of those receiving 1L maintenance
therapy, 70–99% (across countries) received targeted therapy.
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Ovarian cancer (OC) is the fifth most common cancer among women, with the majority of cases being classified
as epithelial carcinoma [1]. It is estimated that OC accounted for approximately 295,000 newly diagnosed cases of
cancer and approximately 185,000 deaths worldwide in 2018 [2]. Although OC incidence exhibits wide geographical
variation, the highest age-adjusted incidence rates are observed in economically developed parts of the world. In
North America and central and eastern Europe, incidence rates generally exceed eight per 100,000 [3]. In 2017,
the number of newly diagnosed cases in the USA was estimated to be >22,000 and the number of deaths was
expected to exceed 14,000 [4]. In Europe in 2012, an estimated 66,000 new cases of OC were diagnosed, resulting
in approximately 42,000 deaths [5].

Most patients with OC present with advanced disease at diagnosis, and the current standard of care is surgical
cytoreduction followed by platinum-containing chemotherapy (carboplatin and paclitaxel) in the first-line (1L)
setting [1,6]. Maintenance therapy is prescribed in order to prolong responses to 1L treatment [7]. A number of
targeted treatments have been approved for the treatment of OC, including bevacizumab (approved in Europe in
2011 and the USA in 2014) [8] and the PARP inhibitors olaparib (approved in Europe and the USA in 2014) [9,10],
rucaparib (approved in the USA in 2016 and Europe in 2018) [11,12] and niraparib (approved in Europe and the
USA in 2017) [13,14]. Despite approximately 80% response rates to primary therapy, over half of patients relapse
within 2 years and eventually develop platinum-resistant disease, while others progress during 1L treatment and
develop refractory disease [6].

There is an increasing recognition of the role of real-world evidence in informing decisions related to drug
development, approval, reimbursement and prescribing [15]. However, real-world data on the treatment patterns in
patients with OC are limited. For this study, advanced OC was defined as histologically confirmed epithelial ovarian,
fallopian tube or peritoneal cancer, including malignant Mullerian tumors with a high-grade serous component
in stages II to IV. The objective of this study was to analyze real-world treatment data for patients with advanced

Future Oncol. (2020) 16(15), 1013–1030 ISSN 1479-6694 101310.2217/fon-2020-0083 C© 2020 Future Medicine Ltd



Research Article Hall, Chang, Moon et al.

OC receiving drug treatment for OC, with an emphasis on the 1L and 1L maintenance therapy settings, across
Europe (France, Germany, Italy, Spain and the UK) and the USA to provide information relevant to treatment
decision-making.

Materials & methods
Adelphi Real World Disease Specific Programmes (DSPs) are large, multinational surveys conducted in clinical
practice that describe current disease management, disease burden impact and associated treatment effects (clinical
and physician perceived). The DSP is a point-in-time survey of physicians and their patients presenting in a
real-world clinical setting. A complete description of the DSP methodology has been previously published [16].

Data were collected in France, Germany, Italy, Spain, the UK and the USA between December 2017 and March
2018. Physicians were instructed to complete an attitudinal survey, a survey exploring their workload and a patient
record form (PRF) for the next eight consecutive patients eligible for inclusion who visited the physician for routine
care. The physician-reported PRF contains detailed questions on patient demographics, clinical characteristics and
OC treatment history.

Patients for whom a PRF was completed were invited to fill out a patient self-complete (PSC) form, which
contained questions regarding their perspective of the disease and their care, in addition to a number of patient-
reported outcome measures.

Participating physicians
Physicians were eligible to participate in the DSP if they were either a medical oncologist or gynecologist and
were personally responsible for treatment decisions for and management of patients with OC. Physicians had to
be seeing a minimum of ten patients with stage II to IV OC per month and have been in practice between 5 and
35 years to qualify.

Patients
Patients were eligible for inclusion in this analysis if they were aged ≥18 years, had a physician-confirmed diagnosis of
OC (defined as histologically confirmed epithelial ovarian, fallopian tube or peritoneal cancer, including malignant
Mullerian tumors with a high-grade serous component), were receiving active drug treatment for OC at the time of
data collection (patients who were under observational management alone were excluded), and had stage III to IV
disease at the time of data collection (82 patients [3%] were stage II when recruited into the DSP but were omitted
from the analysis). Patients were ineligible if they were enrolled in a clinical trial at the point of consultation.

Physicians enrolled the next eight consulting patients who met the inclusion criteria. These were divided into
three patients receiving 1L drug treatment (consolidation or maintenance) at the time of data collection, one patient
receiving second-line (2L) or later drug treatment at the time of data collection who had received bevacizumab
as 1L maintenance and four patients receiving 2L or later drug treatment at the time of data collection who had
received a platinum-containing regimen in the 1L (this may include patients on a PARP inhibitor).

Data collection
Physicians provided informed consent via a checkbox as part of the research screener. Patients also provided informed
consent via a checkbox for use of their anonymized and aggregated data for research and publication in scientific
journals. Data were collected in such a way that patients and physicians could not be identified directly; all data
were aggregated and de-identified before receipt. Ethics approval from the Western Institutional Review Board was
also obtained for this research [17]. Data collection was undertaken in line with European Pharmaceutical Market
Research Association [18] guidelines. The DSP was performed in full accordance with relevant legislation at the time
of data collection, including the US Health Insurance Portability and Accountability Act of 1996 [19] and Health
Information Technology for Economic and Clinical Health Act legislation [20].

Analysis
Analyses were descriptive, with continuous variables expressed as means, standard deviations and ranges and all
categorical variables as counts and percentages [21].

Agreement between physicians and patients in the reporting of symptoms was investigated via kappa analysis [22],
with kappa values indicating the level of agreement as <0 = poor; 0–0.20 = slight; 0.21–0.40 = fair; 0.41–
0.60 = moderate; 0.61–0.80 = substantial; and 0.81–1.00 = almost perfect [20]. A simple kappa analysis was
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performed to assess inter-rater agreement (i.e., physician vs patient), with no weighting involved [23]. The kappa
statistic and 95% CIs are reported, where a crossover between the confidence interval and 0 may indicate no
agreement between the patient and the physician.

Results
Participating physicians
A total of 340 physicians participated in the DSP (France, 50; Germany, 50; Italy, 46; Spain, 46; UK, 36; USA,
112). Approximately a third of physicians were participating in a clinical trial of OC treatment at the time of data
collection, and 42% had previous clinical trial experience, including trials of PARP inhibitors and immuno-oncology
treatments.

Patient demographics & clinical characteristics
Details of patient demographics and clinical characteristics are presented in Table 1. Data were collected for a total
of 2413 patients, with PSC forms completed by 996 (41%) overall. The majority of patients were white/Caucasian.
Most patients were initially diagnosed with advanced OC; at the time of data collection, 49% were stage IVb and
73% had an Eastern Cooperative Oncology Group performance status of 0 or 1. Some differences were observed
between patients who completed a PSC form and those who did not. Patients who did not complete a PSC form
were more likely to be employed, have been diagnosed at a more advanced stage, be at a more advanced stage at the
time of data collection, and have been diagnosed with advanced OC for a shorter time than patients who completed
a PSC form. Overall, 60% of patients were initially diagnosed with OC by a gynecologist and 24% by a medical
oncologist. Medical oncologists made 56% of advanced OC diagnoses and initiated 89% of 1L drug treatments.

Comorbidities reported in >10% of all patients included hypertension (25%), diabetes (15%), depression
(13%), anxiety (12%) and hyperlipidemia (12%); 44% of patients reported having none of the comorbidities
provided to their physicians in a comprehensive list.

Physicians reported that 26% of patients were experiencing no impact on activities of daily living, with 52%
experiencing a mild decrease in such activities. Physicians reported that for 14% of patients, a caregiver was
responsible for the patient’s daily needs. Of 1562 patients with data available, 33% had been hospitalized at least
once in the previous 12 months due to OC.

Biomarker testing
In the total analysis population, just over half of patients (53%) had undergone some form of biomarker testing for
advanced OC outside a clinical trial setting. Testing for BRCA1 and BRCA2 was very common: >90% of patients
who had a biomarker test had been tested for mutations in each of these genes (Table 2). Approximately a quarter
of patients (23%) tested for BRCA1 had a positive result, and a slightly lower proportion (14%) of those tested for
BRCA2 tested positive (Table 2). Testing for BRCA1 and BRCA2 was performed at the point of advanced diagnosis
in 80 and 78% of patients, respectively.

History of surgery & radiotherapy
Overall, 58% of patients had undergone surgery, with 44% of these patients having a hysterectomy, 43% cytore-
ductive surgery and 23% undergoing debulking surgery (Table 3). Of those who underwent debulking surgery,
24% had an R0 resection, 46% were optimally debulked and 29% were sub-optimally debulked. Geographical
differences were seen in surgical history. In total, 11% of patients had received radiotherapy (Table 3).

Drug treatment
Details of line of treatment at the time of data collection and drug treatment history are shown in Table 4. At the
time of data collection, 39% of patients were receiving 1L treatment for OC.

Of patients receiving 1L treatment or who had completed 1L treatment at the time of data collection, 93%
received a platinum-containing regimen, 26% received a bevacizumab-containing regimen, and 1% received a PARP
inhibitor-containing regimen. In the 1L, the most common regimen was paclitaxel plus carboplatin/cisplatin, which
58% of patients received. Of 2413 patients included in our analysis, 917 (38%) received 1L maintenance treatment;
81% of these received a bevacizumab-containing regimen, 17% a platinum-containing regimen and 6% a PARP
inhibitor-containing regimen. Bevacizumab monotherapy was the most commonly prescribed regimen for 1L
maintenance.
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Table 1. Patient demographics and clinical characteristics.
Demographic Total

(n = 2413)
France
(n = 396)

Germany
(n = 393)

Italy
(n = 347)

Spain
(n = 353)

UK
(n = 332)

USA
(n = 592)

Age (years)†

n
Mean (SD)
Median
Range

2401
63.0 (9.75)
64.0
27–89

393
64.8 (10.04)
66.0
27–88

392
62.0 (8.98)
62.0
36–86

347
61.8 (10.19)
62.0
37–85

353
62.2 (9.72)
63.0
30–85

332
64.2 (8.97)
65.0
28–84

584
63.0 (10.01)
63.0
31–89

Ethnic origin
White/Caucasian
African American/Afro-Caribbean
Other‡

2086 (86%)
135 (6%)
192 (8%)

348 (88%)
19 (5%)
29 (7%)

371 (94%)
2 (1%)
20 (5%)

341 (98%)
0
6 (2%)

339 (96%)
0
14 (4%)

287 (86%)
13 (4%)
32 (10%)

400 (68%)
101 (17%)
91 (15%)

Smoking status
Current smoker
Ex-smoker
Never smoked
Unknown

186 (8%)
454 (19%)
1503 (62%)
270 (11%)

35 (9%)
64 (16%)
268 (68%)
29 (7%)

31 (8%)
59 (15%)
236 (60%)
67 (17%)

64 (18%)
55 (16%)
182 (52%)
46 (13%)

6 (2%)
81 (23%)
241 (68%)
25 (7%)

12 (4%)
73 (22%)
209 (63%)
38 (11%)

38 (6%)
122 (21%)
367 (62%)
65 (11%)

Employment status
Working full time
Working part time
Long-term sick leave
Homemaker
Retired
Other§

344 (14%)
244 (10%)
196 (8%)
527 (22%)
927 (38%)
175 (7%)

36 (9%)
14 (4%)
46 (12%)
66 (17%)
201 (51%)
33 (8%)

54 (14%)
67 (17%)
24 (6%)
69 (18%)
174 (44%)
5 (1%)

77 (22%)
40 (12%)
11 (3%)
93 (27%)
103 (30%)
23 (7%)

33 (9%)
17 (5%)
48 (14%)
139 (39%)
99 (28%)
17 (5%)

24 (7%)
29 (9%)
31 (9%)
45 (14%)
168 (51%)
35 (11%)

120 (20%)
77 (13%)
36 (6%)
115 (19%)
182 (31%)
62 (10%)

Health insurance
Public
Private
Both public and private
Employer provided
None
Other
Unknown

1767 (73%)
170 (7%)
180 (7%)
182 (8%)
12 (�1%)
3 (�1%)
99 (4%)

161 (41%)
0
175 (44%)
0
0
0
60 (15%)

338 (86%)
55 (14%)
0
0
0
0
0

321 (93%)
0
0
0
7 (2%)
1 (�1%)
18 (5%)

340 (96%)
8 (2%)
5 (1%)
0
0
0
0

314 (95%)
14 (4%)
0
0
0
0
4 (1%)

293 (49%)
93 (16%)
0
182 (31%)
5 (1%)
2 (�1%)
17 (3%)

Cancer history
n
Previous non-OC¶

2287
95 (4%)

384
9 (2%)

358
17 (5%)

332
13 (4%)

347
11 (3%)

322
12 (4%)

544
33 (6%)

Breast cancer history
n
Previously diagnosed with breast cancer#

94
47 (50%)

9
5 (56%)

16
11 (69%)

13
7 (54%)

11
9 (82%)

12
4 (33%)

33
11 (33%)

Family OC history
n
Confirmed family history of OC††

2187
229 (10%)

372
44 (12%)

331
33 (10%)

308
25 (8%)

343
34 (10%)

310
27 (9%)

525
66 (13%)

Family BRCA history
n
BRCA-positive family members‡‡

184
77 (42%)

36
22 (61%)

24
9 (38%)

16
4 (25%)

29
13 (45%)

23
6 (26%)

56
23 (41%)

Stage at initial diagnosis of OC
I
II
III
IV
Unknown/not assessed

29 (1%)
124 (5%)
1030 (43%)
1213 (50%)
17 (1%)

1 (�1%)
10 (3%)
187 (47%)
196 (49%)
2 (1%)

7 (2%)
17 (4%)
157 (40%)
211 (54%)
1 (�1%)

5 (1%)
15 (4%)
148 (43%)
174 (50%)
5 (1%)

1 (�1%)
16 (5%)
200 (57%)
135 (38%)
1 (�1%)

6 (2%)
13 (4%)
149 (45%)
161 (48%)
3 (1%)

9 (2%)
53 (9%)
189 (32%)
336 (57%)
5 (1%)

Current OC stage§§

III
IVa
IVb

789 (33%)
436 (18%)
1188 (49%)

132 (33%)
72 (18%)
192 (48%)

109 (28%)
92 (23%)
192 (49%)

104 (30%)
22 (6%)
221 (64%)

152 (43%)
70 (20%)
131 (37%)

107 (32%)
52 (16%)
173 (52%)

185 (31%)
128 (22%)
279 (47%)

Time since diagnosis of advanced OC (months)
Mean (SD)
Median
Range

14.8 (17.81)
11.0
0–208

16.5 (17.92)
11.0
0–113

14.8 (18.25)
11.0
0–208

19.1 (25.30)
11.0
0–178

14.7 (12.95)
12.0
0–111

15.2 (18.43)
9.5
0–189

11.1 (12.96)
8.0
0–186

Data reprensented as n (%) unless otherwise stated.
† Excludes a total of 12 patients aged �90 years.
‡ Includes Native American, Asian (Indian subcontinent and other), Chinese, Hispanic/Latino, Middle Eastern and mixed race.
§ Includes student, unemployed and unknown.
¶Percentage based on patients for whom data were available.
#Percentages based on patients with previous non-OC and data available.
††Percentages based on patients for whom data were available.
‡‡Percentage based on patients with family history of OC and data available.
§§At the time of data collection.
¶¶Percentages based on patients at stage IVb at the time of data collection.
ECOG: Eastern Cooperative Oncology Group; OC: Ovarian cancer; PS: Performance status; SD: Standard deviation.
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Table 1. Patient demographics and clinical characteristics (cont.).
Demographic Total

(n = 2413)
France
(n = 396)

Germany
(n = 393)

Italy
(n = 347)

Spain
(n = 353)

UK
(n = 332)

USA
(n = 592)

Current ECOG PS§§

0
1
2
3/4
Unknown/not assessed

510 (21%)
1258 (52%)
462 (19%)
147 (6%)
36 (1%)

56 (14%)
218 (55%)
110 (28%)
12 (3%)
0

142 (36%)
165 (42%)
50 (13%)
11 (3%)
25 (6%)

110 (32%)
149 (43%)
47 (14%)
34 (10%)
7 (2%)

62 (18%)
154 (44%)
111 (31%)
26 (7%)
0

48 (14%)
257 (77%)
27 (8%)
0
0

92 (16%)
315 (53%)
117 (20%)
64 (11%)
4 (1%)

Sites of current metastases§§ ,¶¶

Abdomen/peritoneum
Colon
Lungs
Liver
Lymph nodes
Brain
Skin
Spleen
Bone
Other
Unknown

749 (63%)
80 (7%)
391 (33%)
472 (40%)
471 (40%)
14 (1%)
21 (2%)
28 (2%)
74 (6%)
16 (1%)
16 (1%)

136 (71%)
17 (9%)
48 (25%)
69 (36%)
79 (41%)
3 (2%)
1 (1%)
3 (2%)
11 (6%)
2 (1%)
3 (2%)

80 (42%)
20 (10%)
69 (36%)
96 (50%)
50 (26%)
5 (3%)
16 (8%)
4 (2%)
29 (15%)
2 (1%)
0

165 (75%)
20 (9%)
67 (30%)
73 (33%)
94 (43%)
1 (�1%)
1 (�1%)
1 (�1%)
10 (5%)
7 (3%)
5 (2%)

97 (74%)
3 (2%)
44 (34%)
58 (44%)
47 (36%)
0
1 (1%)
0
3 (2%)
3 (2%)
0

101 (58%)
7 (4%)
78 (45%)
75 (43%)
75 (43%)
0
1 (1%)
14 (8%)
4 (2%)
1 (1%)
0

170 (61%)
13 (5%)
85 (30%)
101 (36%)
126 (45%)
5 (2%)
1 (�1%)
6 (2%)
17 (6%)
1 (�1%)
8 (3%)

Data reprensented as n (%) unless otherwise stated.
† Excludes a total of 12 patients aged �90 years.
‡ Includes Native American, Asian (Indian subcontinent and other), Chinese, Hispanic/Latino, Middle Eastern and mixed race.
§ Includes student, unemployed and unknown.
¶Percentage based on patients for whom data were available.
#Percentages based on patients with previous non-OC and data available.
††Percentages based on patients for whom data were available.
‡‡Percentage based on patients with family history of OC and data available.
§§At the time of data collection.
¶¶Percentages based on patients at stage IVb at the time of data collection.
ECOG: Eastern Cooperative Oncology Group; OC: Ovarian cancer; PS: Performance status; SD: Standard deviation.

Table 2. Biomarker testing.
Biomarker testing Total

(n = 2413)
France
(n = 396)

Germany
(n = 393)

Italy
(n = 347)

Spain
(n = 353)

UK
(n = 332)

USA
(n = 592)

Have ever undergone biomarker testing
Yes
No
Unknown

1267 (53%)
991 (41%)
155 (6%)

236 (60%)
139 (35%)
21 (5%)

244 (62%)
115 (29%)
34 (9%)

146 (42%)
180 (52%)
21 (6%)

226 (64%)
118 (33%)
9 (3%)

127 (38%)
185 (56%)
20 (6%)

288 (49%)
254 (43%)
50 (8%)

Biomarker test†

BRCA1
BRCA2
PD-1/PD-L1
HER2
EGFR
MSI
Other

1267
1238 (98%)
1181 (93%)
183 (14%)
143 (11%)
152 (12%)
128 (10%)
469 (37%)

236
232 (98%)
227 (96%)
231 (9%)
17 (7%)
25 (11%)
22 (9%)
72 (31%)

244
240 (98%)
233 (95%)
37 (15%)
46 (19%)
54 (22%)
18 (7%)
100 (41%)

146
146 (100%)
142 (97%)
0
1 (1%)
0
1 (1%)
20 (14%)

226
226 (100%)
215 (95%)
18 (8%)
4 (2%)
18 (8%)
7 (3%)
23 (10%)

127
120 (94%)
119 (94%)
6 (5%)
4 (3%)
3 (2%)
4 (3%)
16 (13%)

288
274 (95%)
245 (85%)
101 (35%)
71 (25%)
52 (18%)
76 (26%)
238 (83%)

BRCA1 result§

Positive
Negative
Inconclusive
Unknown/awaiting result

1238
289 (23%)
841 (68%)
4 (�1%)
104 (8%)

232
43 (19%)
149 (64%)
1 (�1%)
39 (17%)

240
66 (28%)
167 (70%)
1 (�1%)
6 (3%)

146
32 (22%)
90 (62%)
0
24 (16%)

226
65 (29%)
145 (64%)
0
16 (7%)

120
16 (13%)
89 (74%)
0
15 (13%)

274
67 (24%)
201 (73%)
2 (1%)
4 (1%)

BRCA2 result¶

Positive
Negative
Inconclusive
Unknown/awaiting result

1181
161 (14%)
908 (77%)
9 (1%)
103 (9%)

227
29 (13%)
159 (70%)
1 (�1%)
38 (17%)

233
27 (12%)
196 (84%)
4 (2%)
6 (3%)

142
17 (12%)
102 (72%)
0
23 (16%)

215
31 (14%)
167 (78%)
1 (�1%)
16 (7%)

119
10 (8%)
94 (79%)
0
15 (13%)

245
47 (19%)
190 (78%)
3 (1%)
5 (2%)

Data represented as n (%) unless otherwise stated..
†Percentages based on a total of 1267 patients who underwent biomarker testing.
‡ Includes PTEN, TF53, MYC, KRAS, PIK3CA, ARID1A, HRD, ATM, TMB, other.
§Percentages based on a total of 1238 patients who underwent BRCA1 testing.
¶Percentages based on a total of 1181 patients who underwent BRCA2 testing.
MSI: Microsatellite instability.
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Table 3. History of surgery and radiotherapy.
Patient history Total

(n = 2413)
France
(n = 396)

Germany
(n = 393)

Italy
(n = 347)

Spain
(n = 353)

UK
(n = 332)

USA
(n = 592)

Have ever received
Surgery
Radiotherapy
Neither

1395 (58%)
256 (11%)
924 (38%)

187 (47%)
25 (6%)
199 (50%)

322 (82%)
52 (13%)
47 (12%)

170 (49%)
8 (2%)
173 (50%)

239 (68%)
104 (29%)
95 (27%)

189 (57%)
3 (1%)
142 (43%)

288 (49%)
64 (11%)
268 (45%)

Type of surgery†

Hysterectomy‡

Cytoreduction
Debulking
Other/unknown

1395
620 (44%)
593 (43%)
326 (23%)
41 (3%)

187
104 (56%)
61 (33%)
35 (19%)
10 (5%)

322
200 (62%)
107 (33%)
40 (12%)
12 (4%)

170
87 (51%)
63 (37%)
33 (19%)
8 (5%)

239
74 (31%)
176 (74%)
14 (6%)
3 (1%)

189
57 (30%)
87 (46%)
67 (35%)
3 (2%)

288
98 (34%)
99 (34%)
137 (48%)
5 (2%)

Resection status after debulking surgery§

R0 resection (0 cm)
Optimally debulked (�1 mm–1 cm)
Sub-optimally debulked (�1 cm)
Unknown

326
77 (24%)
150 (46%)
95 (29%)
4 (1%)

35
22 (63%)
7 (20%)
6 (17%)
0

40
10 (25%)
20 (50%)
10 (25%)
0

33
6 (18%)
11 (33%)
14 (42%)
2 (6%)

14
1 (7%)
10 (71%)
3 (21%)
0

67
17 (25%)
25 (37%)
23 (34%)
2 (3%)

137
21 (15%)
77 (56%)
39 (28%)
0

Time from surgery to start of 1L drug treatment (days)
Hysterectomy‡

Mean (SD)
Cytoreduction
Mean (SD)
Debulking
Mean (SD)

316
84.5 (322.2)
264
68.5 (177.7)
155
54.5 (124.9)

56
50.8 (88.0)
21
115.3 (211.2)
15
90.4 (248.6)

64
41.5 (90.3)
67
49.0 (93.5)
24
36.7 (38.8)

63
170.5 (650.3)
37
69.9 (194.6)
22
40.9 (26.1)

47
26.9 (14.3)
80
64.4 (195.6)
5
23.0 (14.8)

31
168.6 (316.0)
27
37.6 (18.2)
29
53.9 (78.4)

55
72.3 (167.3)
32
113.3 (271.2)
60
60.6 (147.1)

Data represented as n (%) unless otherwise stated.
†Percentages based on all patients who underwent surgery (patients could undergo more than one type of surgery).
‡ Includes any form of hysterectomy.
§Percentages based on patients who underwent debulking.
1L: First-line; SD: Standard deviation.

In the 2L, 61% of patients received a platinum-containing regimen, 16% a bevacizumab-containing regimen, 4%
a PARP inhibitor-containing regimen and 34% a liposomal doxorubicin-containing regimen. The most common
2L regimen was liposomal doxorubicin in combination with carboplatin/cisplatin, received by 15% of patients.
The most common third-line treatment type was a platinum-containing regimen, received by 34% of patients,
with 3, 5 and 23% of patients receiving a bevacizumab-containing regimen, a PARP inhibitor-containing regimen
and a liposomal doxorubicin-containing regimen, respectively. The most common treatment, received by 16% of
patients, was liposomal doxorubicin monotherapy in the third line.

Rationale for treatment decisions
Overall, the most commonly stated reason for choosing 1L drug treatment was expected progression-free survival
benefit (56%; Figure 1A).

For 1728 patients who had completed 1L drug treatment (monotherapy or combination) at the time of data
collection, the most common reason for stopping 1L treatment was completion of the treatment regimen; almost
half of patients achieved a complete response. Disease progression was the reason for stopping 1L treatment in
5–19% of patients across countries (Figure 1B).

The most common reason overall for the choice of 1L maintenance treatment in 279 patients receiving 1L mainte-
nance treatment at the time of data collection was progression-free survival benefit (63%), followed by maintenance
of/improvement in health-related quality of life (HRQoL; 42%), and overall survival benefit (39%; Figure 1C). For
624 patients receiving 2L treatment at the time of data collection who did not receive 1L drug-based maintenance
treatment, the predominant reason for not prescribing it was because the tumor had already progressed, although
this varied notably by country (Figure 1D). Overall, 60% of patients stopped their 1L maintenance regimen because
they had completed the treatment course and 35% stopped due to disease progression (Figure 1E).

Treatment adverse effects, symptoms & unmet need with 1L treatment & 1L maintenance
treatment
Physicians reported that patients who experienced adverse effects with the 1L regimen they were receiving at the
time of data collection ranged from 9% in Italy to 42% in Spain, although it should be noted that differences in
adverse effects between countries is likely due to differences in treatment patterns between these countries. Nine
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Table 4. Drug treatment.
Treatment Total

(n = 2413)
France
(n = 396)

Germany
(n = 393)

Italy
(n = 347)

Spain
(n = 353)

UK
(n = 332)

USA
(n = 592)

Current line of therapy
1L
2L
3L+

941 (39%)
1295 (54%)
177 (7%)

149 (38%)
210 (53%)
37 (9%)

145 (37%)
220 (56%)
28 (7%)

119 (34%)
193 (56%)
35 (10%)

130 (37%)
207 (59%)
16 (5%)

140 (42%)
162 (49%)
30 (9%)

258 (44%)
303 (51%)
31 (5%)

1L drug treatment (ever received)†

Platinum-containing regimen
Bevacizumab-containing regimen
PARP inhibitor-containing regimen‡

2413
2252 (93%)
621 (26%)
28 (1%)

396
380 (96%)
148 (37%)
0

393
388 (99%)
103 (26%)
0

347
313 (90%)
139 (40%)
1 (�1%)

353
340 (96%)
58 (16%)
3 (1%)

332
325 (98%)
76 (23%)
0

592
506 (85%)
97 (16%)
24 (4%)

Paclitaxel + carboplatin/cisplatin
Paclitaxel + carboplatin/cisplatin + bevacizumab
Docetaxel + carboplatin/cisplatin
Carboplatin/cisplatin
Bevacizumab monotherapy
Carboplatin/cisplatin + liposomal doxorubicin
Gemcitabine + carboplatin/cisplatin

1402 (58%)
537 (22%)
115 (5%)
65 (3%)
50 (2%)
43 (2%)
39 (2%)

215 (54%)
126 (32%)
17 (4%)
2 (1%)
11 (3%)
3 (1%)
4 (1%)

259 (66%)
95 (24%)
22 (6%)
5 (1%)
3 (1%)
1 (�1%)
1 (�1%)

145 (42%)
125 (36%)
5 (1%)
18 (5%)
11 (3%)
7 (2%)
10 (3%)

240 (68%)
51 (14%)
23 (7%)
6 (2%)
6 (2%)
9 (3%)
7 (2%)

221 (67%)
75 (23%)
2 (1%)
20 (6%)
1 (�1%)
5 (2%)
1 (�1%)

322 (54%)
65 (11%)
46 (8%)
14 (2%)
18 (3%)
18 (3%)
16 (3%)

Received 1L maintenance treatment
Yes
No, did not receive
No, still receiving 1L treatment

2413
917 (38%)
834 (35%)
662 (27%)

396
156 (39%)
134 (34%)
106 (27%)

393
165 (42%)
122 (31%)
106 (27%)

347
143 (41%)
129 (37%)
75 (22%)

353
138 (39%)
133 (38%)
82 (23%)

332
102 (31%)
115 (35%)
115 (35%)

592
213 (36%)
201 (34%)
178 (30%)

1L maintenance treatment (ever received)† ,§

Platinum-containing regimen
Bevacizumab-containing regimen
PARP inhibitor-containing regimen‡

917
153 (17%)
747 (81%)
57 (6%)

156
24 (15%)
141 (90%)
7 (4%)

165
8 (5%)
150 (91%)
10 (6%)

143
29 (20%)
118 (83%)
1 (1%)

138
16 (12%)
101 (73%)
25 (18%)

102
5 (5%)
101 (99%)
0

213
71 (33%)
136 (64%)
14 (7%)

Bevacizumab monotherapy
Paclitaxel + carboplatin/cisplatin + bevacizumab
Olaparib monotherapy
Paclitaxel + carboplatin/cisplatin
Carboplatin/cisplatin
Docetaxel + carboplatin/cisplatin
Paclitaxel monotherapy
Gemcitabine + carboplatin/cisplatin
Carboplatin/cisplatin + liposomal doxorubicin

680 (74%)
45 (5%)
44 (5%)
36 (4%)
17 (2%)
12 (1%)
10 (1%)
10 (1%)
9 (1%)

123 (79%)
11 (7%)
5 (3%)
6 (4%)
0
1 (1%)
0
1 (1%)
0

143 (87%)
5 (3%)
8 (5%)
1 (1%)
0
0
0
0
1 (1%)

108 (76%)
8 (6%)
1 (1%)
4 (3%)
13 (9%)
0
3 (2%)
2 (1%)
0

91 (66%)
9 (7%)
24 (17%)
5 (4%)
1 (1%)
0
3 (2%)
1 (1%)
0

97 (95%)
4 (4%)
0
1 (1%)
0
0
0
0
0

118 (55%)
8 (4%)
6 (3%)
19 (9%)
3 (1%)
11 (5%)
4 (2%)
6 (3%)
8 (4%)

2L drug treatment (ever received)¶ ,#

Platinum-containing regimen
Bevacizumab-containing regimen
PARP inhibitor-containing regimen‡

Liposomal doxorubicin-containing regimen

1472
897 (61%)
241 (16%)
66 (4%)
496 (34%)

247
174 (70%)
46 (19%)
9 (4%)
75 (30%)

248
143 (58%)
26 (10%)
13 (5%)
73 (29%)

228
108 (47%)
31 (14%)
2 (1%)
70 (31%)

223
155 (70%)
69 (31%)
5 (2%)
75 (34%)

192
140 (73%)
1 (1%)
1 (1%)
87 (45%)

334
177 (53%)
68 (20%)
36 (11%)
116 (35%)

Carboplatin/cisplatin + liposomal doxorubicin
Gemcitabine + carboplatin/cisplatin
Liposomal doxorubicin monotherapy
Paclitaxel + carboplatin/cisplatin
Gemcitabine + carboplatin/cisplatin + bevacizumab
Gemcitabine monotherapy
Topotecan monotherapy
Carboplatin/cisplatin
Paclitaxel monotherapy
Docetaxel + carboplatin/cisplatin
Bevacizumab monotherapy
Paclitaxel + carboplatin/cisplatin + bevacizumab
Olaparib monotherapy

224 (15%)
213 (14%)
194 (13%)
145 (10%)
74 (5%)
67 (5%)
58 (4%)
53 (4%)
51 (3%)
49 (3%)
39 (3%)
38 (3%)
32 (2%)

41 (17%)
42 (17%)
19 (8%)
29 (12%)
18 (7%)
14 (6%)
9 (4%)
5 (2%)
6 (2%)
2 (1%)
0
15 (6%)
3 (1%)

39 (16%)
36 (15%)
25 (10%)
20 (8%)
0
18 (7%)
23 (9%)
16 (6%)
8 (3%)
12 (5%)
6 (2%)
10 (4%)
5 (2%)

16 (7%)
51 (22%)
45 (20%)
12 (5%)
12 (5%)
19 (8%)
7 (3%)
7 (3%)
18 (8%)
3 (1%)
9 (4%)
5 (2%)
2 (1%)

42 (19%)
25 (11%)
22 (10%)
24 (11%)
27 (12%)
3 (1%)
10 (4%)
2 (1%)
8 (4%)
2 (1%)
2 (1%)
4 (2%)
2 (1%)

51 (27%)
27 (14%)
31 (16%)
32 (17%)
1 (1%)
5 (3%)
4 (2%)
21 (11%)
8 (4%)
3 (2%)
0
0
1 (1%)

35 (10%)
32 (10%)
52 (16%)
28 (8%)
16 (5%)
8 (2%)
5 (1%)
2 (1%)
3 (1%)
27 (8%)
22 (7%)
4 (1%)
19 (6%)

3L drug treatment (ever received)¶ ,††

Platinum-containing regimen
Bevacizumab-containing regimen
PARP inhibitor-containing regimen‡

Liposomal doxorubicin-containing regimen

177
60 (34%)
6 (3%)
8 (5%)
40 (23%)

37
9 (24%)
0
5 (14%)
10 (27%)

28
8 (29%)
0
0
9 (32%)

35
10 (29%)
1 (3%)
0
6 (17%)

16
4 (25%)
0
0
4 (25%)

30
15 (50%)
1 (3%)
0
7 (23%)

31
14 (45%)
4 (13%)
3 (10%)
4 (13%)

Data represented as n (%) unless otherwise stated.
†Numbers of patients receiving platinum-, bevacizumab-, and PARP inhibitor-containing regimens are shown, followed by treatment regimens received by ≥1% of patients overall.
Platinum-, bevacizumab-, and PARP inhibitor-containing regimens could be administered as monotherapy or in combination with other treatment; hence, percentages may total �100%.
‡ Includes olaparib, rucaparib, and niraparib.
§Percentage based on patients who ever received 1L maintenance treatment.
¶Numbers of patients receiving platinum-, bevacizumab-, PARP inhibitor-, and liposomal doxorubicin-containing regimens are shown, followed by treatment regimens received by ≥2%
of patients overall. Platinum-, bevacizumab-, and PARP inhibitor-containing regimens could be administered as monotherapy or in combination with other treatment; hence, percentages
may total �100%.
#Percentage based on patients who ever received 2L drug treatment.
††Percentage based on patients who ever received 3L or later drug treatment.
1L: First-line; 2L: Second-line; 3L: Third-line.
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Table 4. Drug treatment (cont.).
Treatment Total

(n = 2413)
France
(n = 396)

Germany
(n = 393)

Italy
(n = 347)

Spain
(n = 353)

UK
(n = 332)

USA
(n = 592)

Liposomal doxorubicin monotherapy
Paclitaxel monotherapy
Gemcitabine + carboplatin/cisplatin
Gemcitabine monotherapy
Topotecan monotherapy
Paclitaxel + carboplatin/cisplatin
Carboplatin/cisplatin
Carboplatin/cisplatin + liposomal doxorubicin
Olaparib monotherapy
Etoposide monotherapy

29 (16%)
27 (15%)
18 (10%)
16 (9%)
15 (8%)
11 (6%)
10 (6%)
10 (6%)
4 (2%)
3 (2%)

8 (22%)
8 (22%)
1 (3%)
4 (11%)
1 (3%)
4 (11%)
0
2 (5%)
4 (11%)
1 (3%)

8 (29%)
2 (7%)
2 (7%)
2 (7%)
5 (18%)
1 (4%)
2 (7%)
1 (4%)
0
0

3 (9%)
4 (11%)
6 (17%)
8 (23%)
5 (14%)
0
2 (6%)
2 (6%)
0
0

2 (13%)
6 (38%)
1 (6%)
1 (6%)
1 (6%)
0
1 (6%)
2 (13%)
0
0

4 (13%)
6 (20%)
4 (13%)
1 (3%)
0
3 (10%)
5 (17%)
3 (10%)
0
0

4 (13%)
1 (3%)
4 (13%)
0
3 (10%)
3 (10%)
0
0
0
2 (6%)

Data represented as n (%) unless otherwise stated.
†Numbers of patients receiving platinum-, bevacizumab-, and PARP inhibitor-containing regimens are shown, followed by treatment regimens received by ≥1% of patients overall.
Platinum-, bevacizumab-, and PARP inhibitor-containing regimens could be administered as monotherapy or in combination with other treatment; hence, percentages may total �100%.
‡ Includes olaparib, rucaparib, and niraparib.
§Percentage based on patients who ever received 1L maintenance treatment.
¶Numbers of patients receiving platinum-, bevacizumab-, PARP inhibitor-, and liposomal doxorubicin-containing regimens are shown, followed by treatment regimens received by ≥2%
of patients overall. Platinum-, bevacizumab-, and PARP inhibitor-containing regimens could be administered as monotherapy or in combination with other treatment; hence, percentages
may total �100%.
#Percentage based on patients who ever received 2L drug treatment.
††Percentage based on patients who ever received 3L or later drug treatment.
1L: First-line; 2L: Second-line; 3L: Third-line.

adverse effects were reported for ≥10% of patients in the total study population, with the most common being
nausea, hair loss and fatigue.

Symptoms reported by patients and physicians are shown in Table 5. Physicians reported that 18% of the
total 398 patients receiving 1L treatment or 1L maintenance treatment at the time of data collection who had
completed the appropriate questions in the PSC form were asymptomatic, while only 7% of these same patients
reported having no symptoms. The symptoms most commonly reported by patients receiving 1L treatment or
1L maintenance treatment at the time of data collection were fatigue (reported by 49% of patients and 41% of
physicians), swollen abdomen (42% of patients and 24% of physicians) and lower abdomen/pelvic pain (37% of
patients and 18% of physicians). Kappa analysis indicated a fair level of agreement between physicians and patients
in reporting of nine of 19 symptoms (including no symptoms), slight agreement for nine symptoms and poor
agreement for one symptom.

In total, 404 patients responded to questions on treatment satisfaction. Overall, 49% of patients were either
satisfied or very satisfied with the 1L treatment or 1L maintenance treatment they were receiving at the time of
data collection, with 17% being dissatisfied or very dissatisfied. Marked geographical differences were observed in
treatment satisfaction.

Discussion
In this study, data from clinical practice in five European countries and the USA relating to patients receiving
drug treatment for advanced OC were analyzed to improve understanding of real-world treatment patterns and the
reasons for treatment decisions. While this study focused predominantly on the 1L treatment and 1L maintenance
treatment setting, subsequent lines of therapy were also included in the analysis. Progression from first line therapy
can be interpreted as an unsuccessful outcome, and we wanted to investigate how treatment patterns change
following disease progression.

A total of 2413 patients with stage III or IV OC at the time of data collection were included in the analysis. Similar
numbers of patients were recruited in France, Germany, Italy, Spain and the UK, with each country contributing
14–16% of the total and patients from the USA representing 25% of the overall sample. Patients participating from
each country were of similar age; patients in Europe had broadly similar ethnicity, and there was a lower proportion
of white/Caucasian patients in the USA than in Europe. Very few patients had previously been diagnosed with
another form of cancer or had a family history of OC. Most patients already had an advanced stage of OC at
the time of diagnosis; this reflects the broader picture in clinical practice, with >75% of women presenting with
advanced disease due to the asymptomatic nature of early-stage disease and the nonspecific symptoms of late-stage
disease [24]. When data were collected, half of patients overall had stage IVb OC, with metastases present in multiple
sites.
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Figure 1. Rationale for treatment decisions.
(A) Reason for choosing 1L treatmenta,b,c. (B) Reason for stopping 1L drug treatmentc,d. (C) Reason for choosing 1L maintenance
treatmentb,c,e. (D) Reason for not prescribing 1L maintenance treatmentc,f,g,h. (E) Reason for stopping 1L maintenance treatmentc,i.
The legend should be read from top left to bottom right for columns from left to right for a given country.
a Percentage based on a total of 662 patients receiving 1L treatment at the time of data collection.
b Reasons shown are those reported for ≥25% of total patients.
c More than 1 reason could be reported; hence, percentages may total >100%.
d Percentage based on a total of 1728 patients who have completed their 1L treatment.
e Percentage based on a total of 279 patients receiving their 1L maintenance treatment at the time of data collection.
f Percentage based on a total of 624 patients receiving 2L treatment at the time of data collection and not prescribed maintenance in the
1L.
g Reasons shown are those reported for >5% of patients.
h Other includes not reimbursed/covered by insurance, medically contraindicated, received observational maintenance instead, patient
had already failed maintenance treatment of choice at induction, maintain therapy of choice.
i Percentage based on a total of 638 patients who have completed their 1L maintenance treatment.
1L: First-line; 2L: Second-line; HRQoL: Health-related quality of life.

Testing for biomarkers has the potential to improve OC survival rates through early detection [25] and targeted
treatment [26]. In this analysis, approximately half of patients had been tested for ≥1 biomarker, with BRCA1 and
BRCA2 testing – usually conducted when advanced OC was diagnosed – being the most common. Almost half of
patients overall (47%) did not undergo biomarker testing, which limited the potential for targeted treatment to be
prescribed where appropriate.

Almost 60% of patients in this study had had surgical intervention for OC, with various forms of hysterectomy,
cytoreductive surgery and debulking commonly reported. Platinum-containing therapies were the predominant
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Figure 1. Rationale for treatment decisions (cont.).
(A) Reason for choosing 1L treatmenta,b,c. (B) Reason for stopping 1L drug treatmentc,d. (C) Reason for choosing 1L maintenance
treatmentb,c,e. (D) Reason for not prescribing 1L maintenance treatmentc,f,g,h. (E) Reason for stopping 1L maintenance treatmentc,i.
The legend should be read from top left to bottom right for columns from left to right for a given country.

1L drug treatment, with the majority of patients receiving paclitaxel plus carboplatin/cisplatin, sometimes in
combination with other treatments. These findings were to be expected, as studies have demonstrated surgery and
extent of residual disease to be key to improved survival in OC [1] and platinum-containing chemotherapy following
surgery remains the gold-standard treatment for advanced OC [1,6]. However, a fairly recent study in the UK and
New Zealand provided evidence that patients receiving primary chemotherapy before surgery did not have reduced
survival compared with patients receiving primary surgery [27].

Approximately a quarter of patients in the current analysis received bevacizumab (which targets VEGF) as 1L
treatment, mainly in combination with paclitaxel and platinum-containing therapy. Bevacizumab in combination
with standard chemotherapy as 1L treatment for advanced OC has been shown to improve progression-free but
not overall survival in a critical analysis of Phase III trials [28] and both progression-free and overall survival in
two systematic reviews and meta-analyses [29,30]. Only 1% of patients received a PARP inhibitor in the 1L. PARP
inhibitors were prescribed only in the USA, Italy and Spain; rucaparib was not approved in Europe at the time of
data collection [8,9], and only olaparib was prescribed in Europe.
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Figure 1. Rationale for treatment decisions (cont.).
(A) Reason for choosing 1L treatmenta,b,c. (B) Reason for stopping 1L drug treatmentc,d. (C) Reason for choosing 1L maintenance
treatmentb,c,e. (D) Reason for not prescribing 1L maintenance treatmentc,f,g,h. (E) Reason for stopping 1L maintenance treatmentc,i.
The legend should be read from top left to bottom right for columns from left to right for a given country.
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Figure 1. Rationale for treatment decisions (cont.).
(A) Reason for choosing 1L treatmenta,b,c. (B) Reason for stopping 1L drug treatmentc,d. (C) Reason for choosing 1L maintenance
treatmentb,c,e. (D) Reason for not prescribing 1L maintenance treatmentc,f,g,h. (E) Reason for stopping 1L maintenance treatmentc,i.
The legend should be read from top left to bottom right for columns from left to right for a given country.

1024 Future Oncol. (2020) 16(15) future science group



Real-world treatment patterns in ovarian cancer Research Article

Regimen completed – complete response

Regimen completed – stable disease

Unable to tolerate

Patient request

Regimen completed – partial response

Disease progression

Unacceptable impact on HRQoL

Other

60

50

40

30

20

0

10

Total
(n = 638)

(%
)

France
(n = 113)

Germany
(n = 126)

Italy
(n = 99)

Spain
(n = 90)

UK
(n = 77)

USA
(n = 133)

Figure 1. Rationale for treatment decisions (cont.).
(A) Reason for choosing 1L treatmenta,b,c. (B) Reason for stopping 1L drug treatmentc,d. (C) Reason for choosing 1L maintenance
treatmentb,c,e. (D) Reason for not prescribing 1L maintenance treatmentc,f,g,h. (E) Reason for stopping 1L maintenance treatmentc,i.
The legend should be read from top left to bottom right for columns from left to right for a given country.
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Table 5. Symptoms reported by patients and physicians.
Symptom Patient reported

(n = 398)
Physician reported
(n = 398)

Kappa value (95% CI) Level of agreement†

Fatigue 195 (49%) 165 (41%) 0.274 (0.180–0.367) Fair

Swollen abdomen 167 (42%) 94 (24%) 0.237 (0.146–0.327) Fair

Lower abdomen/pelvic
pain

148 (37%) 71 (18%) 0.284 (0.193–0.375) Fair

Loss of appetite/feeling
full quickly

97 (24%) 80 (20%) 0.239 (0.131–0.347) Fair

Back pain 95 (24%) 41 (10%) 0.210 (0.103–0.316) Fair

Nausea/vomiting 90 (23%) 99 (25%) 0.161 (0.055–0.267) Slight

Weight loss 82 (21%) 62 (16%) 0.190 (0.077–0.302) Slight

Feeling bloated 82 (21%) 76 (19%) 0.305 (0.193–0.418) Fair

Passing urine more often 70 (18%) 18 (5%) 0.118 (0.013–0.224) Slight

Constipation 68 (17%) 38 (10%) 0.183 (0.063–0.303) Slight

Upset stomach/stomach
cramps

53 (13%) 57 (14%) 0.241 (0.115–0.367) Fair

Shortness of breath 52 (13%) 21 (5%) 0.096 (-0.021–0.214)‡ Slight

Vaginal bleeding
(particularly after
menopause)

50 (13%) 4 (1%) 0.057 (-0.032–0.145)‡ Slight

Indigestion/heartburn 46 (12%) 33 (8%) 0.033 (-0.074–0.140)‡ Slight

Needing to urinate more
urgently

37 (9%) 9 (2%) 0.052 (-0.058–0.163)‡ Slight

Menstrual changes 27 (7%) 3 (1%) 0.054 (-0.066–0.173)‡ Slight

Swelling of the lymph
nodes/lymphedema

15 (4%) 12 (3%) -0.035 (-0.057 to -0.012) Poor

Pain during
sex/intercourse

9 (2%) 6 (2%) 0.253 (-0.044–0.551)‡ Fair

Asymptomatic 29 (7%) 73 (18%) 0.387 (0.265–0.510) Fair

†�0 = poor; 0–0.20 = slight; 0.21–0.40 = fair; 0.41–0.60 = moderate; 0.61–0.80 = substantial; and 0.81–1.00 = almost perfect.
‡95% CI for kappa statistic crosses 0, which may indicate that there is no agreement between the patient and physician.
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Patients with OC responding to 1L therapy may be considered for maintenance treatment, with the goal of
prolonging the disease-free period before recurrence or even inducing lasting remission by eliminating residual cancer
cells or impeding turnover of these cells [31]. In this analysis, 38% of patients received 1L maintenance treatment
(although, as mentioned later in this discussion, this number might have been inflated by the requirement for a quota
of included patients to be receiving 1L consolidation or maintenance treatment); 81% received a bevacizumab-
containing regimen and 6% received a PARP inhibitor-containing regimen; 17% received a platinum-containing
regimen (most patients receiving a platinum-containing regimen being in the USA).

In addition to treatment patterns, data collected in the DSP included information on the rationale for treatment
decisions. 1L treatment was stopped in the majority of patients on completion of the regimen, with almost half
of patients achieving a complete response; however, 12% stopped due to disease progression and 3% due to poor
tolerability or impact on HRQoL. The choice of 1L maintenance treatment suggested that physicians were very
conscious of the potential impact on patients receiving continuing treatment, with progression-free survival benefit
and maintenance of or improvement in HRQoL versus overall survival benefit indicated as the reasons for treatment
choice in a higher proportion of patients. This reflects recommendations in the literature regarding treatment goals
for maintenance therapy [31]. There were a considerable number of reasons given for not prescribing 1L drug-based
maintenance treatment as well as a lot of inter-country variability, particularly regarding tumor progression. The
number of patients who stopped treatment due to achievement of a complete response was similar to the number
who stopped due to disease progression, reflecting the varied response to 1L maintenance treatment.

Developments in treatment for OC have led to improved disease control, largely resulting from the use of
targeted therapies and the inclusion of maintenance therapy, which enhances progression-free survival [32]. Research
involving antiangiogenic therapies, PARP inhibitors, inhibitors of growth factor signaling, folate receptor inhibitors,
and various immunotherapeutic approaches provide the potential for OC to become a more manageable chronic
disease at some point in the future [33].

The DSP methodology includes the collection of patient data from physicians and directly from patients (if they
are willing to complete a PSC form). This approach highlighted that physician reporting of symptoms is not always
aligned with patient experience; only a small proportion of patients reported being asymptomatic (7% overall),
whereas physicians reported that almost one in five patients (18%) had no symptoms at the time of data collection.
This disparity spanned a number of common symptoms, as confirmed by kappa analysis, with the proportions of
patients reporting swollen abdomen and lower abdomen/pelvic pain being almost 20% higher than the proportions
of patients that physicians considered as having these symptoms. Misalignment on the perception of symptoms
and treatment adverse effects between physicians and patients with cancer has been well documented [34,35].

Large geographical differences in reporting of both treatment adverse effects and treatment satisfaction were
observed. Relatively few patients from the USA were reported to be experiencing adverse effects while receiving 1L
treatment or 1L maintenance treatment, which might explain their high level of treatment satisfaction compared
with patients from some European countries. However, 68% of patients in Spain were satisfied or very satisfied with
their treatment, despite 42% experiencing adverse effects – the highest proportion in any participating country.
The most common adverse effects experienced were nausea, hair loss and fatigue, which are commonly reported in
the literature [36,37].

Several limitations should be considered in the evaluation of these findings. The DSP was based on a quasi-
random rather than a true random sample of physicians and patients. Although minimal inclusion criteria governed
the selection of participating physicians, participation was influenced by willingness to complete the DSP. Patients
participating in the DSP were those who consulted with their physician and therefore may have visited their
physician more frequently and may be more severely affected than patients with OC consulting their physician less
frequently. Although physicians were requested to collect data on a series of consecutive patients to avoid selection
bias, in the absence of randomization, this was contingent on the integrity of the participating physician rather
than on formalized source verification procedures.

The methodology also required each physician to recruit a quota of patients at various stages in their treatment
history: four of eight patients were required to have received a platinum-containing therapy in the 1L and be in
2L or later, one of eight patients was required to have received bevacizumab as 1L maintenance treatment and
be in 2L or later, and three of eight patients were required to be receiving 1L drug treatment (consolidation or
maintenance). Data were not collected on whether this treatment was neoadjuvant or adjuvant therapy, or whether
the delivery method was intravenous or intraperitoneal. Findings may have been influenced by survival bias, as
only data from patients who had survived on treatment up to the date of data collection were included. Diagnosis
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in the target patient group was based primarily on the judgment and diagnostic skills of the respondent physician,
and a formalized diagnostic checklist was not mandated as part of the DSP methodology. However, this is entirely
consistent with the diagnostic decisions made by physicians in routine clinical practice and is therefore reflective of
the real-world. All data rely on the accurate reporting of the physician.

The DSP was designed to facilitate understanding of real-world clinical practice; thus, physicians could report
only on the data they had on hand at the time of the consultation, representing the evidence used when making
any clinical treatment and other management decisions at that consultation.

Despite such limitations, real-world studies are important for highlighting areas of concern that are not addressed
in clinical trials. Patients included in clinical trials represent a small proportion of the consulting population due to
age restrictions and failure to meet stringent eligibility criteria [38]. Patients treated in a real-world setting may be
less likely to be adherent to medication than those included in clinical trials [39]. As a result, data from real-world
studies can complement clinical trial data and provide insight into the effectiveness of interventions in patients
commonly seen in clinical practice.

In conclusion, this analysis of real-world data illustrated that platinum-containing chemotherapy as 1L drug
treatment following surgery was the most common treatment pattern in France, Germany, Italy, Spain, the UK and
the USA and that maintenance treatment following completion of 1L treatment was a targeted therapy in 71–99%
of patients, depending on the country. The numbers of patients stopping 1L treatment and 1L maintenance
treatment due to disease progression, together with the numbers progressing to 2L treatment and beyond, suggest
that there is an unmet need for effective treatment for this type of cancer.

Summary points

• This study analyzed real-world data providing information relevant to treatment decision-making in advanced
ovarian cancer (OC).

• Data were from the Adelphi Disease Specific Programme, a survey of physicians and their patients, in France,
Germany, Italy, Spain, the UK and the USA in 2017–2018. The 2413 patients included in this analysis had stage
III–IV OC and were receiving drug treatment.

• Descriptive statistics were reported. Simple kappa statistics were computed to quantify chance-corrected
agreement between physicians and patients in the reporting of symptoms.

• At data collection, 49% had stage IVb disease, 39% were receiving first-line (1L), 54% second-line and 7%
third-line or later treatment.

• In the 1L (ongoing or completed), 93% received a platinum-containing regimen, 26% a bevacizumab-containing
regimen and 1% a PARP inhibitor-containing regimen.

• Among the 38% who received 1L maintenance treatment, 81% received bevacizumab, 17% a
platinum-containing treatment and 6% a PARP inhibitor.

• The most common reason for choosing 1L and maintenance treatments was expected progression-free survival
benefit. The most common reason for stopping 1L treatment was complete response.

• Overall, 49% of patients were satisfied/very satisfied with their 1L treatment.
• Kappa analysis indicated a fair level of agreement between physicians and patients in reporting of nine/19

symptoms, slight agreement for nine symptoms and poor agreement for one symptom.
• In Europe and the USA, the most common 1L treatment for advanced OC was platinum-containing chemotherapy.

Of patients who received 1L maintenance therapy, 70–99% (across countries) received targeted therapy.
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Aim: Prior studies have established the economic burden of prostate cancer on society. However, changes
to screening, novel therapies and increased use of active surveillance (AS) create a need for an updated
analysis. Methods: A deterministic, decision-analytic model was developed to estimate medical costs as-
sociated with localized prostate cancer over 10 years. Results: 10-year costs averaged $45,957, $99,445
and $188,928 for low-, intermediate- and high-risk patients, respectively. For low-risk patients, AS 10-year
costs averaged $33,912/patient, whereas definitive treatment averaged $49,667/patient. Despite higher
failure rates in intermediate-risk patients, AS remained less costly than definitive treatment, with 10-year
costs averaging $90,614/patient and $99,394/patient, respectively. Conclusion: Broader incorporation of
AS, guided by additional prognostic tools, may mitigate this growing economic burden.
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As the most common malignancy affecting American men, prostate cancer poses a significant financial burden
on the United States healthcare system [1]. A widely cited study by researchers at the National Cancer Institute
estimated the costs associated with prostate cancer diagnosis and treatment to be $11.85 billion in 2010, making
it the fifth most costly cancer overall [2]. Furthermore, the costs of treating prostate cancer have been shown to be
increasing more quickly than those of any other cancer [2].

For localized prostate cancer patients, stratification into low-, intermediate- and high-risk groups forms the basis
for selection of an appropriate treatment and thereby drives medical resource utilization and cost. Treatment in
accordance with risk group seeks to optimize clinical outcomes for patients. However, the treatment guidelines
from the American Urological Association (AUA) and the National Comprehensive Cancer Network are broad and
recommend multiple potential courses of treatment, such that the potential exists for overtreatment and increased
costs [3–5]. It has been shown that $1.32 billion per year could be saved in the USA by not treating the 80% of the
men with low-risk prostate cancer who would never die of the disease [5]. Undertreatment may also be an issue;
given the rate of biochemical recurrence (BCR), there may be patients for whom more aggressive treatment would
be suitable and reduce the risk of BCR [4,6,7]. Given the interdependence of risk group and appropriate treatment,
understanding current treatment patterns by risk group is necessary to fully characterize the landscape of prostate
cancer costs and highlight opportunities for potential cost savings.

Imprecise selection of patients for treatment formed the basis of the United States Preventive Services Task Force
(USPSTF) recommendation against prostate-specific antigen (PSA) screening for the detection of prostate cancer in
2012 [8]. The recommendation was made following the results of two large, randomized trials that highlighted the
indolent nature of prostate cancer and suggested that PSA screening resulted in the treatment of men who would
otherwise never die of prostate cancer [9,10]. While the USPSTF’s stance has since been adjusted to recommend
PSA screening as an individual decision, approaches to prostate cancer diagnosis are different than they were prior
to 2012.

Although studies have examined the costs of prostate cancer management leading up to the 2012 USPSTF
recommendation, few studies have examined the complete economic costs of treating prostate cancer patients
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Table 1. Clinical treatment paradigm.
Initial treatment modality in the typical practice scenario AUA risk group

Low (42% of localized
prostate cancer patients)

Intermediate (35% of
localized prostate cancer
patients)

High (23% of localized
prostate cancer patients)

AS 24% 4% 0%

RP only 36% 40% 28%

RT only 25% 10% 0%

ADT only 15% 29% 53%

RT and ADT 0% 17% 19%

Total 100% 100% 100%

Initial treatment modality of patients with prostate cancer by AUA risk group. The current clinical practice paradigm was based on a combination of relevant sources, including
published clinical guidelines, peer-reviewed articles on current treatment of prostate cancer patients and in-depth qualitative interviews with board-certified physicians. Primarily,
data from the The US National Cancer Database drove the AS assumptions, and data from the AUA Quality Registry drove the subsequent treatment breakdown.
ADT: Androgen deprivation therapy; AS: Active surveillance; AUA: The American Urological Association; RP: Radical prostatectomy; RT: Radiation therapy.

according to the current treatment paradigm and inclusive of low-, intermediate- and high-risk patients. Recent
research has evaluated the costs associated with the management of low-risk patients or particular treatment
modalities. However, these studies fail to capture the complete burden of prostate cancer management across risk
groups [11–13]. Furthermore, the costs associated with prostate cancer management in the USA have changed since
the passage of the USPSTF guideline; prostate cancer diagnoses have decreased and the adoption of new and costly
drugs, such as sipuleucel-T, abiraterone and enzalutamide, has increased [14–17]. Given these trends, a more detailed
study of the economic burden of prostate cancer that follows patients through the patient journey is needed. The
purpose of this study was to estimate the costs associated with prostate cancer management for a US commercial
health plan over 10 years, based on the current paradigm for the treatment of prostate cancer and associated cost
of care, and inclusive of all treatment modalities and risk groups.

Methods
Model structure & methodology
A deterministic, decision-analytic model was developed to estimate the direct medical costs associated with the
management of localized prostate cancer patients over time from the perspective of a US commercial payer. This
probabilistic model approach was deemed to be optimal in this case given the level of complexity and data availability.
Treatment of a single hypothetical cohort of incident-localized prostate cancer patients was simulated using a patient
flow model, built in Microsoft Excel, that was structured according to prevailing management protocols including
AUA and National Comprehensive Cancer Network guidelines. The hypothetical patient group was separated into
cohorts based on AUA risk-group designations, as is common in clinical practice [18]. Patient flow was modeled
over the course of 10 years, tracking each phase of care across the cohorts. Costs were assigned to each unit of care
based on the estimated average reimbursement rates paid by US commercial health plans, as described below.

Clinical paradigm
Key assumptions regarding the initial staging and treatment of incident-localized prostate cancer patients are
presented in Table 1. Table 1 outlines the initial care received by each patient cohort based on AUA risk group.
Additional follow-up care, as well as progression and further treatment costs, were tracked over the 10-year duration
of the model to follow patients through the care continuum (see Disease follow-up & progression section). Patients
initially managed with active surveillance (AS) were modeled to subsequently receive definitive treatment according
to published rates (roughly 30% of low-risk patients and 60% of intermediate-risk patients over 5 years), either
due to disease progression or patient choice [19–21].

The current clinical practice paradigm was based on a combination of relevant sources, including published
clinical guidelines, peer-reviewed articles on current treatment of prostate cancer patients and in-depth qualitative
interviews with board-certified physicians. Data from the US National Cancer Database (NCDB) were used to
inform baseline rates of AS, whereas data from the AUA Quality Registry (AQUA) served as the foundation for
the treatment distribution across definitive treatment modalities [22,23]. To further inform the patient management
paradigm, 23 board-certified urologists were interviewed about their current practice patterns. All urologists who
were interviewed had been in practice for at least 5 years and were actively treating patients with prostate cancer.
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Table 2. Cost inputs.
Category Patient management Cost (USD) Source

Initial treatment RP $10,604 (year 1) 2018 Medicare fee schedules and claims databases

Primary RT $34,116 (year 1) [33]

ADT $2993 (year 1) 2018 Medicare fee schedules and claims databases

Adjuvant/salvage radiation therapy $29,101 (year 1) [33]

Monitoring costs AS $1066 (annual) 2018 Medicare fee schedules and claims databases

Post-RP/RT monitoring $774–$845 (annual) 2018 Medicare fee schedules and claims databases

Advanced treatment ADT $2993 (annual) 2018 Medicare fee schedules and claims databases

CRPC $122,323 (annual) 2018 Medicare fee schedules and claims databases

Medicare scale-up factor 125% [32]

Cost inputs used in the model. Costs were referenced from a variety of sources, including published, peer-reviewed clinical articles and Medicare fee schedules and claims
databases.
ADT: Androgen deprivation therapy; AS: Active surveillance; CRPC: Castrate-resistant prostate cancer; RP: Radical prostatectomy; RT: Radiation therapy.

The urologists practiced in a mix of community and academic settings from all geographic regions in the USA.
No two physicians practiced at the same institution. An in-depth review of the clinical literature, including studies
on the NCDB and AQUA Registry, was used to validate and refine physician perspectives on the management of
patients with localized prostate cancer.

The options modeled for initial patient management were AS, single-modality definitive treatment (including
radical prostatectomy [RP], radiation therapy [RT] or primary androgen deprivation therapy [ADT]) or multi-
modality definitive treatment (RT plus ADT).

The clinical paradigm (Table 1) was intended to represent today’s prevailing practice patterns. Accordingly, initial
patient management varied by AUA risk group. In the AUA low-risk group, 24% of patients were initially managed
using AS, whereas 76% received single-modality therapy. In the AUA intermediate-risk group, 4% were initially
managed using AS, 79% with single-modality therapy and 17% with multimodality therapy. In the AUA high-risk
group, 81% received single-modality therapy and 19% received multimodality therapy [18,19,24–28].

Disease follow-up & progression
Patients were modeled to receive follow-up care and additional treatment based on standard clinical practice. Patient
follow-up care and disease monitoring after initial management includes office visits, PSA screening and biopsies,
as well as treatment for complications resulting from management, such as erectile dysfunction and incontinence.
BCR was modeled according to rates in the published literature, and varied based on the initial treatment type and
AUA risk group [24,29]. Patients who experienced BCR were modeled to receive additional therapy, with patients
initially treated using single-modality RP going on to receive either RT (50%) or ADT (50%) and patients initially
treated with all other modalities going on to receive ADT [30]. For patients progressing to later stages of the disease,
the rate of progression was based on published statistics. The timeline for patients experiencing progression was
based on published survival statistics and estimated progression curves established during physician interviews [31].

Cost inputs
Table 2 displays the unit costs used to populate the economic model. Cost inputs were established for each unit of
care a patient might undergo, including diagnostic procedures, surgical procedures, radiotherapy procedures and
pharmacological therapy. Other costs associated with the treatment, such as office visits, anesthesiology, pathology
and associated complications, were accounted for where appropriate. Costs were triangulated from a variety of
sources, given the known variability in payment rates across US commercial health plans. Sources for costs included
the 2018 Medicare fee-for-service rates, peer-reviewed journal articles and other published sources.

To estimate pricing based on Medicare fee-for-service rates, interviews were conducted with professional coders
specializing in urology to determine which Current Procedural Terminology (CPT), International Statistical Classi-
fication of Diseases and Health Problems (ICD-9) and Diagnosis-Related Group (DRG) codes were most commonly
used in practice. The CPT, ICD-9 and DRG codes were mapped to national payment rates using 2018 Medicare
fee schedules. For each code, the total Medicare reimbursement (combining both professional and facility fees,
where appropriate) was calculated for four separate place of service settings as follows: physician office, ambulatory
surgical center, hospital outpatient and hospital inpatient. For procedures performed in a variety of settings, the
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Table 3. Cost inputs for castrate-resistant prostate cancer.
CRPC therapeutic Full-year cost (USD) Duration of treatment Percentage of patients

receiving
Average per-patient cost (USD)

Leuprolide $2512 (ASP + 6%) Continuous 100 $8351

Sipuleucel-T $125,482 (ASP + 6%) One course 10 $12,548

Abiraterone $124,491 (WAC) 16.5 mo (PFS) 100 $171,176

Docetaxel $4608 (ASP + 6%) 6.3 mo (PFS) 100 $2419

Enzalutamide $132,680 (WAC) 8.3 mo (PFS) 100 $91,770

Cabazitaxel $170,878 (ASP + 6%) 2.8 mo (PFS) 100 $39,872

Denosumab $28,059 (ASP + 6%) 20.7 mo (time to SRE) 80 $38,721

Radium Ra223 dichloride $104,672 (WAC) One course 80 $41,869

Total 39.9 mo (3.33 years) N/A $406,725

Average annual cost $122,323

Cost inputs for CRPC. Calculated based on clinical guidelines and interviews with board-certified neurologists. Cost inputs were based on WAC prices and Medicare ASP drug pricing.
Note: Duration of treatment does not represent a sum of the individual duration of treatment for each therapy as some treatment regimens overlap one another.
ASP: Medicare average sales price; CRPC: Castrate-resistant prostate cancer; mo: Months; N/A: Not applicable; PFS: Progression free survival; SRE: Skeletal-related event; WAC: Wholesale
acquisition cost.

payment amounts for each setting were then combined in a weighted average according to the frequency with
which the relevant code was billed from each of the four settings. For the CPT codes, these data were sourced
from the 2015 Physician/Supplier Procedure Summary (PSPS) database, which contains data on fee-for-service
claims billed to Medicare Part B. In cases where multiple CPT, ICD-9 or DRG codes were used to describe similar
services, a single payment amount was calculated by taking a weighted average of the various codes according to
their billing frequency, as recorded in the PSPS or 2014 Healthcare Cost and Utilization Project databases. For the
ICD-9 and DRG codes, these data were sourced from the 2014 Healthcare Cost and Utilization Project database,
which despite the multiyear data-release lag time, contains the largest collection of data on procedures and diagnosis
counts from publicly available payer healthcare databases, including Medicare. For the CPT codes, the same PSPS
database was used. Finally, Medicare payment rates were inflated by 25% to more accurately reflect the rates paid
by commercial insurers (with the exception of payment rates for pharmaceuticals) [32].

Select cost inputs were determined from alternate sources. The cost inputs for certain specific therapies, including
primary and adjuvant RT, were taken from the published literature [33]. The costs of oral pharmaceuticals were
sourced from published wholesale acquisition cost prices and Medicare average sales price drug pricing.

The cost of treating castrate-resistant prostate cancer (CRPC) was estimated using a hypothetical treatment
regimen based on standard clinical practice (Table 3). The analysis accounted for the percentage of patients
receiving a given therapy, the duration of therapy and dosing schedule and the average cost of therapy. The cost per
milligram was translated into the cost of a full course of treatment according to the dosing schedule specified by
the drug’s US FDA label, clinical guidelines or the most relevant clinical trials. For dosing schedules dependent on
bodyweight or surface area, an average bodyweight of 88.8 kg and average body surface area of 1.9 m2 was used as
reported by the CDC in 2016 [34]. A final average per-patient cost of treating CRPC was calculated and validated
using various published cost analyses [35–41].

Cost analysis
The cumulative costs of prostate cancer management were calculated both on a per-patient basis and for commercial
health plans with 1 or 5 million members. Cumulative costs for a hypothetical cohort of all patients with localized
prostate cancer in the USA managed by private health insurance plans were also estimated.

Sensitivity analysis
Individual assumptions regarding the clinical treatment paradigm and cost inputs were varied within across a range
of values to account for variability across assumptions.

Results
The cumulative costs of prostate cancer management, in 2018 dollars, are presented in Table 4. The cumulative
cost of managing localized prostate cancer on a per-patient basis was estimated to be $46,193 over 5 years and
$110,993 over 10 years. For a commercial plan with 1 million members, the cumulative cost of managing the
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Table 4. Cumulative costs of prostate cancer management.
Cohort Number of localized PCa

patients
Cumulative initial
treatment cost (USD)

Cumulative cost at year 5
(USD)

Cumulative cost at year 10
(USD)

Per patient with localized prostate cancer 1 $16,714 $46,193 $110,993

1-Million member commercial health plan 616 $10,290,638 $28,436,417 $68,327,488

5-Million member commercial health plan 3078 $51,453,191 $142,182,083 $341,637,440

Cumulative costs of prostate cancer management across multiple patient cohort sizes. The number of patients with localized prostate cancer per health plan is based on
published rates of the incidence of prostate cancer in the general population and published stage distribution rates.
PCa: Prostate Cancer.
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Figure 1. Cumulative costs per patient with prostate cancer by risk group.

cohort of localized prostate cancer patients incident over the course of 1 year was estimated to be $10 million, with
costs rising to $28 million over 5 years and $68 million over 10 years. The cost of the initial upfront treatment
comprised 15% of the cumulative cost incurred over 10 years.

Figure 1 illustrates how cumulative costs differed by risk group on a per-patient basis. The costs of care were
similar across risk groups for the initial treatment and in the first 2 years after diagnosis. Over the remainder of
the 10 years, cumulative costs for high-risk patients became the most burdensome. Detailed outputs of cumulative
costs on a per-patient basis are presented in Supplementary Table 1.

Figure 2 illustrates the cost comparison between AS and a weighted average of all other definitive treatment
modalities. As expected, costs in the first year of patient management were far lower for patients being treated with
AS compared with definitive treatment. For low-risk patients, this difference persisted over the 10-year timeframe,
largely due to the relatively low rate of AS failure and subsequent biochemical failure in this patient group. In
intermediate-risk patients, the cost differential noticeably narrowed over the course of the model, a product of the
higher rate of AS failure in this patient group. However, even at 10 years, AS remained a lower cost alternative to
initial definitive treatment. Cost data are presented at years 1, 5 and 10 in Table 5.

Differences in cumulative costs based on initial treatment and by risk group are shown in Figure 3A–D. For low-
risk patients, initial treatment with RT was most expensive, while AS and RP generated approximately equivalent
costs over the course of 10 years. However, it is important to note that this does not take into account the full
spectrum of additional costs due to less-common complications, impact on quality of life and loss of productivity
from surgery. For intermediate-risk patients, AS, RP and ADT androgen drug therapy were approximately equivalent
in cumulative costs 5 years after diagnosis. After 10 years, RP was the least expensive initial treatment option. Patients
initially treated with ADT were estimated to generate the highest cost of any treatment group. Patients initially
treated with RT, either as a single-modality treatment or as multimodality treatment with ADT, also generated high
costs across the 10-year timeframe.
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Figure 2. Cumulative cost per patient with prostate cancer by initial management.
AS: Active surveillance.

Table 5. Costs per patient by initial management.
AUA risk group Patient management Initial treatment (USD) Cost at 5 years (USD) Cost at 10 years (USD)

Low risk AS $1332 $13,178 $33,912

Definitive treatment $20,950 $27,439 $49,677

Intermediate risk AS $1332 $21,297 $90,614

Definitive treatment $18,764 $32,945 $99,394

Cumulative costs per prostate cancer patient by initial management. Costs for the definitive treatment group are a weighted average of costs across definitive treatment modalities (radical
prostatectomy, radiation therapy, androgen deprivation therapy, radiation therapy + androgen deprivation therapy).
AS: Active surveillance; AUA: American Urological Association.

For high-risk patients (Figure 3D), initial treatment with ADT resulted in low costs over the first 2 years
of treatment but became increasingly expensive over time and generated the highest costs over 10 years. Initial
treatment with single-modality RT incurred the second-highest costs over 10 years.

Detailed data on cumulative costs by initial therapy and risk group are presented in Supplementary Table 2.
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Figure 3. Cumulative costs per patient with prostate cancer by initial treatment.
ADT: Androgen deprivation therapy; AS: Active surveillance; RP: Radical prostatectomy; RT: Radiation therapy.

Sensitivity analysis
To assess the model’s sensitivity to changes in specific inputs, each input was modified within a range of plausible
values and the overall costs were recalculated. Each test input was changed in a way that lowered the cumulative
costs (i.e., financially conservative) and in a way that increased cumulative costs (i.e., financially aggressive).

The inputs with the greatest level of variability and uncertainty are shown in Figure 4, which highlights the
baseline assumptions and the percentage change from baseline for the sensitivity analysis. The tornado chart then
illustrates the resulting variance from the original 10-year cost of $110,993. The model was most sensitive to the
percentage markup that private payers pay relative to Medicare for certain procedures, as well as the number of
patients progressing from salvage ADT to CRPC. Similarly, the model was sensitive to the number of patients
progressing from CPRC to death, as well as the costs of CRPC and RT. Of note, given the evolving variability
in how CRPC is managed, both therapeutically and diagnostically, this was an important addition to sensitivity
analysis.

Discussion
Costs
This study estimated the costs associated with prostate cancer management for a US commercial health plan based
on the current treatment paradigm and costs of care, inclusive of all treatment modalities and risk groups. The
study’s timeframe of 10 years enabled an analysis of the costs of prostate cancer, taking into account the impact of
disease progression over time. For a commercial healthcare plan with 1 million members, this study estimated the
10-year cumulative cost to be $68 million, equivalent to $110,000 per patient with localized prostate cancer in the
plan (Table 4).

The initial costs for the management of high-risk patients were found to be similar to those of low- and
intermediate-risk patients over the first 3 years of care, despite the higher severity of localized cancer (Figure 1).
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Model input
(A) 

Base case 
input

(B) 
Conservative

input

(C) 
Aggressive

input

Medicare rate adjustment for private 
payers +25%              +0% +50%

% of patients progressing from 
salvage ADT to CRPC 75%                65% 100%

Cost of treating CRPC n/a                -20% +20%

Cost of radiation therapy n/a                -20% +20%

% of progression from RP to salvage 
RT 50%                63% 38%
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10-year per patient cumulative costs (‘000s)
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Figure 4. Sensitivity analysis.
ADT: Androgen deprivation therapy; CRPC: Castrate resistant prostate cancer; n/a: Not applicable; RT: Radiation therapy.

This dynamic likely occurs because many high-risk patients are initially treated with ADT (51%), which generated
a relatively low annual cost ($2993/year). By comparison, many low- and intermediate-risk patients are initially
treated with RP (36 and 38%, respectively), a treatment associated with a high upfront cost for the surgical procedure
($10,604 for initial treatment). Significantly higher costs were found to be generated by high-risk patients between
years 4 and 10. This finding is likely due to the propensity for high-risk patients to progress to therapies with
greater costs, like salvage RT ($29,101/year) and CRPC ($122,323/year).

The costs associated with the management of low-risk patients is of particular interest given the frequency with
which low-risk patients qualifying for AS opt to receive definitive treatment [5,13]. This study found that initial
treatment with AS saved on costs relative to both RP and RT at year 5. Initial treatment with ADT was estimated to
generate the lowest costs for low-risk patients at year 5. However, ADT is an infrequent initial therapy for low-risk
prostate cancer patients. Given the distribution of low-risk patients across definitive treatments, this study suggests
a savings of $14,800 per patient managed with AS at year 5, compared with those who receive definitive treatment.

Previous studies based upon different modeling and claims-based approaches have estimated similar cost savings
associated with AS over a 5-year timeframe. Keegan et al. estimated a per-patient cost savings of $16,042 at 5 years
for a cohort of men that selected AS for treatment of their prostate cancer [13]. Although the Keegan et al.’s study
was not limited to low-risk patients, most of the patients in the modeled cohort were low risk because patients
considering an AS approach are often low risk. Similarly, Aizer et al. estimated a 5-year per-patient cost savings of
$18,827 for low-risk patients managed with AS compared with low-risk patients who received definitive treatment.

However, neither of these previous studies took into account disease progression over a 10-year time window.
This study found that the overall cost savings of AS remained high over 10 years compared with both ADT and
RT. However, RP incurred similar cumulative costs to AS at year 10 (Figure 3B). The similar resulting cost savings
of AS and RP over 10 years suggest that from a long-term cost perspective, these two modalities of care are more
appropriate for low-risk patients than RT or ADT. However, it is important to note that this does not take into
account the full spectrum of additional costs due to less-common complications, impact on quality of life, and loss
of productivity from surgery. Given the distribution of low-risk patients across definitive treatments, cost savings
for AS are maintained at 10 years compared with definitive treatment, with an estimated per-patient cost savings
of $16,552.

It is well documented that patients may switch insurance plans multiple times over 10 years. Based on this
behavior, insurers may be interested in the costs of prostate cancer management over shorter time frames than
10 years. Patients are members of government insurance plans for longer durations. For Medicare, patients are
often members from the age of 65 to death. On average, this would be about 14 years, given that the US male
life expectancy is 79 years [42]. The implication of these varying plan membership timelines is that different
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policies might be financially advantageous after clinical considerations have been taken into account. For example,
a policy that encourages use of AS and discourages RT for low-risk patients might be financially advantageous for
a commercial private payer interested in a 2-year time window. Given its longer-term perspective, Medicare might
focus on discouraging the use of RT. However, both for the payer and the patient, the most suitable treatment
option is dependent on the patient’s life expectancy and other factors, such as comorbidities. If the patient’s life
expectancy is less than 10 years, AS may be the most suitable treatment option.

The cumulative costs for intermediate-risk patients by initial treatment followed a similar pattern to those of
low-risk patients, albeit over a shorter time frame given the higher likelihood of disease progression. AS and ADT
were estimated to be the least expensive initial treatment options over the first 5 years after diagnosis. In the sixth year
after diagnosis, the cumulative costs for AS and ADT converged with RP, with each treatment incurring a similar
cumulative cost. Given the distribution of intermediate-risk patients across definitive treatments, the per-patient
savings for AS compared with definitive treatment was estimated to be $10,618 at year 5. This per-patient savings
is lower than that estimated for low-risk patients due to the higher rate of prostate cancer progression to additional
follow-up care in the intermediate-risk population.

For high-risk patients, upfront multimodality treatment with RP and RT resulted in the lowest costs over a
10-year timeframe. However, single-modality treatment options such as ADT and RP were less expensive than any
of the RT-based treatments over a 2-year timeframe. This finding highlights the importance of patient selection
to effectively identify high-risk patients who could benefit clinically and reduce long-term costs by undergoing
multimodality treatment.

A diversity of treatment options and approaches exists across the risk groups, each of which bears a different cost
burden. Given the high-cost burden of prostate cancer management, better tools for risk stratification are necessary to
guide optimal clinical care and decrease costs where appropriate. Current tools for risk assessment are unsatisfactory,
particularly because prostate biopsies can undergrade and understage prostate cancer [5]. Furthermore, the PSA’s role
in guiding initial treatment is modestly additive in current practice. Improved risk stratification tools have potential
to generate cost savings by matching the most appropriate treatment to each patient and improving treatment
effectiveness for low- and high-risk patients. For low-risk patients, these tools would allow for better classification of
patients for whom AS is suitable, which this study has shown to be the lowest-cost treatment option for this patient
population. For high-risk patients, these tools would better identify patients in need of multimodality treatment,
which this study has shown can be less costly than single-modality treatment over a 10-year period.

Limitations
This study is subject to a number of limitations. Recognizing that the quality and reliability of any burden of illness
model is directly related to the data used to generate it, this analysis used a clinical paradigm that was extensively
sourced and associated cost inputs that were based on validated reimbursement practices. However, the data were
based on a hypothetical cohort of patients, and the inputs may therefore not be perfectly representative of the
management of a given payer’s prostate cancer patients. If the clinical paradigm is not reflective of clinical practice
within a payer’s physician network, the actual cost savings may differ from the model outputs. Populating the model
with data specific to a given patient or provider mix might provide a more accurate representation of the burden
of prostate cancer management for a given payer. Finally, clinical data inputs are based on averages. It is therefore
difficult to statistically analyze the results of the study.

This model assumes a general age and incidence distribution and does not take into account variation in the
incidence of prostate cancer and treatment response by age. The incidence rate of localized prostate cancer is lower
in younger patients, but these patients are more likely to be aggressive in their treatment approach and thus generate
a higher per-patient cost. By contrast, the incidence rate of localized prostate cancer patients in older patients is
higher, but these patients are more likely to opt for less-aggressive treatment. Given the indirect relationship between
incidence and treatment aggressiveness, it is difficult to estimate this impact. The aggregate cost burden of prostate
cancer for a commercial plan is dependent on the particular age distribution of male patients enrolled in the plan.

Clinicians frequently subclassify intermediate-risk prostate cancer into ‘favorable’ or ‘unfavorable’ risk subgroups.
Although this is a helpful distinction clinically, the authors chose to model these patients as a single-risk group
because extensive published data on the treatment mix for favorable and unfavorable subgroups is not yet available.
This limitation is not likely to have compromised the results of this report, but it could limit how future studies
build upon these results.
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Another limitation of the model is the decision to exclude nonpayer-related expenses related to prostate cancer.
The model does not take into account indirect costs associated with patient quality of life or loss of productivity.
This is consistent with the objective to focus on the commercial payer perspective, but incorporation of these costs
into the model would serve to provide a more holistic view of the economic burden of prostate cancer. Finally, costs
are all tracked and projected as 2018 dollars without inflation or discounting of future dollars in order to directly
compare costs over time. A projected analysis of the economic burden of prostate cancer over time would bring an
additional perspective to a subsequent study.

Conclusion
The economic burden of prostate cancer continues to increase with the incorporation of novel, high-priced therapies.
However, broader incorporation of AS into the initial management of localized prostate cancer could mitigate this
trend. Further development and improved access to more accurate prognostic tools, alongside additional economic
studies, may provide physicians and patients with more information to better select the most clinically appropriate
and cost-efficient initial treatment modality given the patient’s individual level of risk.

Summary points

• Changes to screening, novel therapeutic interventions and an increasing use of active surveillance (AS) have
undoubtedly altered the economic impact of prostate cancer over the past decade.

• After reviewing the current body of clinical literature, a need was identified for an updated analysis of the
economic burden of prostate cancer to the US healthcare system.

• A deterministic, decision-analytic model was developed to estimate the direct medical costs associated with the
management of localized prostate cancer in patients over time.

• The cumulative cost of managing localized prostate cancer on a per-patient basis was estimated to be $46,193
over 5 years and $110,993 over 10 years, and varied significantly by patient risk group.

• For low-risk patients, AS was found to be associated with a 10-year per-patient cost of $33,912, whereas
definitive treatment averaged $49,667 per patient.

• Despite a higher risk of failure in intermediate-risk patients, AS remained less costly than definitive treatment,
with 10-year per-patient costs averaging $90,614 and $99,394, respectively.

• The economic burden of prostate cancer continues to increase with the incorporation of novel high-priced
therapies. However, broader incorporation of AS into the initial management of localized prostate cancer may
mitigate this trend.
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