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of 66 women with recurrent stage IlI/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 I1I/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 [5,61. For example, oral poly-ADP ribose polymerase inhibitors
have produced clinically meaningful prolongation of good-quality life for women with germline or somatic breast  Fyture
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cancer gene mutations and platinum-sensitive HGSC recurrence [s-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
I1/1II 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 ez a/. 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 ez 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 ITII/TV 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.

e 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.

e 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.

e 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.

e 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.

e 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.

e 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;
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e 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;

e 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 %2
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 111/TV 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) PES 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 1 143 16 271
—-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 52 433 22 40.7 2 28.6 28 47.5
- 14 cm residual 31 25.8 13 24.1 2 28.6 16 271
- 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% (397,243) 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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Overall survival since recurrence
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Figure 1. Overall survival from first diagnosis for patients with one, two and three or more chemotherapy lines
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Figure 2. Progression-free survival since first recurrence.
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Figure 3. Total direct healthcare cost by number of postrecurrence chemotherapy treatments. In-hospital stay was
the largest contributor to healthcare costs, accounting for 71% of the total direct healthcare costs, while the cost of
medications accounted for 17% of the costs.

1%
40— 38%

18%

Patients (%)

154 14% | 14%

1 2 >=3
Number of post-recurrence chemotherapy treatments

=< =19 997 =19,997.01-48,202.3 =48,202.4-79 000.5 -79,000.6-109 854.6 = >=109,854.7+

Figure 4. Distribution of total direct healthcare costs by number of postrecurrence chemotherapy treatments. With
increasing number of chemotherapy treatments, the proportion of patients in whom costs exceeded CAD$109,854
increased from 13 to 41%.
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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 25 424
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 Yes 1 6.3 4 19.0 3 13.6 8 13.6 0.560
cancer No 15 93.8 17 81.0 18 81.8 50 84.7
Unknown 1 45 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 1" 50.0 20 33.9
Unknown 9 56.3 10 47.6 8 36.4 27 45.8
Surgery outcome None 5 31.3 4 19.0 4 18.2 13 22.0 0.565
(residual) <1em 7 438 10 476 1 50.0 28 4755
>=1cm 4 25.0 5 23.8 7 31.8 16 271
Unknown 2 9.5 2 34
FIGO stage HA/INB 1 6.3 3 143 4 6.8 0.410
Hc 10 62.5 14 66.7 16 72.7 40 67.8
v 5 313 4 19.0 6 27.3 15 25.4
Platinum sensitive Yes 1 733 18 85.7 15 68.2 50 76.9 0.517
No 4 26.7 3 143 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 x?2 test and analysis of variance for mean age.

TPlatinum sensitivity

was not know for one patient with | 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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Figure 5. Distribution of total direct healthcare costs by platinum sensitivity of the disease. The distribution of
sources of cost was similar for patients with platinum sensitive and resistant disease with the majority of the costs
being due to in-hospital stay.
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Figure 6. Total direct healthcare costs by number of chemotherapy lines postrecurrence. Least square means
adjusted for race, history of breast cancer, BRCA, chemotherapy type (adjuvant vs neoadjuvant), FIGO status, platinum
sensitivity.

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

TProportion 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 (B) 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 3Cvs 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].

Odur 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 ¢t 4/. 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

e Recurrent high-grade serous cancer (HGSC) of the ovaries is largely incurable.

e The goal of treatment is palliation but repeated treatments with cytotoxic chemotherapy have limited efficacy
and high toxicity.

e Precision therapies delay recurrence with lower toxicity, but drug acquisition costs are high.

e This study ascertains the real-world healthcare costs of treating recurrent HGSC with successive regimens of
standard-of-care chemotherapy.

e \We ascertained the total direct healthcare costs for the treatment of 66 women with stage Ill/IV HGSC with
sequential lines of chemotherapy for their recurrences.

e 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.

e Patients received a median of two lines of chemotherapy for recurrent disease; 33% received three or more lines.

e 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).

e Mean cost of treatment of first relapse was CAD$52,227, and increased by 38% for two, and 86% for three or
more relapses.

e In-hospital care was the major driver of healthcare costs, accounting for 71% of the total, while drugs accounted
for 17%.

o 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.

e 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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