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Purpose: Evidence on the impact of the coronavirus disease 2019 (COVID-19) pandemic on outcomes in patients with ovarian cancer
patients is limited. We compared remission outcomes in patients with ovarian cancer before and during the pandemic.

Patients and Methods: This retrospective cohort study included patients diagnosed with epithelial ovarian cancer between 01/01/
2017 and 06/30/2021 at Kaiser Permanente Southern California. Pre and post pandemic periods were designated using March 4, 2020,
as the cut-off. Stage I-IV patients who completed chemotherapy and/or surgery as first-line treatment were included. Data on
remission outcomes (complete and clinical remission) were abstracted by manual chart reviews. Complete remission was defined as
no evidence of disease; clinical remission included both complete and partial response to treatment. Modified Poisson regression was
used to evaluate the association of pandemic and remission. Effect modification by race/ethnicity was evaluated.

Results: Of 748 ovarian cancer patients included, 72.7% and 27.3% patients were diagnosed before and during the pandemic, respectively.
Complete remission was observed in 75.7% and 73.5% patients before and during the pandemic, respectively (p =0.53). No statistically significant
association of pandemic period with remission outcomes was observed in the adjusted models. However, race/ethnicity modified the association of
pandemic period with complete remission (p-value < 0.01). White patients, but not other racial/ethnic groups, were 13% more likely to achieve
complete remission during the pandemic than during the pre-pandemic [adjusted rate ratio (95% confidence interval): 1.13 (1.00-1.28)].
Conclusion: Patients diagnosed with ovarian cancer achieved similar complete and clinical remission rates before and during the
pandemic. Association of the pandemic period with complete remission varied for White vs non-White patients.
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Introduction
The COVID-19 pandemic brought unprecedented disruptions in the delivery of care across the globe. Care in cancer
patients was particularly affected following recommendations to minimize potential COVID-19 exposure in these
vulnerable, immunocompromised populations.' Discontinuation of cancer screening programs, delays in cancer diagnosis
and treatment initiation, altered treatment recommendations during the course of treatment, and delay in active cancer
surveillance were reported after the onset of the pandemic in the United States (US)." ™ Patients with ovarian cancer, the
most lethal gynecologic cancer among women, were no exception.’

A study conducted among gynecologic oncology patients, including patients with ovarian cancer, at three affiliated
New York City hospitals reported a treatment delay, change in treatment plans or treatment cancellation during the first
two months of the COVID-19 pandemic.® Changes were reported in ovarian cancer treatment recommendations

following the onset of the pandemic. To reduce COVID-19 exposure and surgery-related complications and
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hospitalizations, the American College of Surgeons (ACS) categorized ovarian cancer interval cytoreductive surgery,
often the first line treatment choice, as “semi-urgent”.” At the same time, to accommodate for delays in surgery and to
reduce harm in patients with ovarian cancer, the national and international gynecologic oncology societies recommended
preferential use of neoadjuvant chemotherapy during the pandemic.”® Although previous studies have reported on the
adoption of altered treatment recommendations in ovarian cancer care,'®'? the impact of the COVID-19 pandemic on
ovarian cancer outcomes remains under-studied."?

Besides treatment adaptations to meet the safety needs during the pandemic, the pandemic may also have negative
impacts on patient outcomes through other mediators, such as changing household income and/or loss of insurance, and
health care utilization barriers independent of insurance coverage, such as more limited options for transportation or
childcare. To our knowledge, remission rates of ovarian cancer before and after the onset of the COVID-19 pandemic has
not been extensively compared and reported.

To inform whether patients achieved similar rates of remission in the context of the pandemic, given altered treatment
recommendations and patient-level socioeconomic factors, the objective of this study was to assess the association of the
COVID-19 pandemic with cancer remission after completion of the first course of treatment in patients newly diagnosed

with epithelial ovarian cancer at a large integrated healthcare delivery system.

Materials and Methods
Study Design, Setting, and Subjects

This retrospective cohort study was conducted at Kaiser Permanente Southern California (KPSC), the largest not-for
profit healthcare organization in California, that serves more than 4.7 racially/ethnically and socioeconomically diverse
members. Initially, 1047 patients diagnosed with incident epithelial ovarian cancer between January 1st, 2017 and
June 30th, 2021 at KPSC were identified. Patients diagnosed with epithelial type ovarian cancer between 2017 and 2020
were identified from KPSC’s Surveillance, Endpoints, and End Results (SEER)-affiliated cancer registry. Patients
diagnosed in 2021 were initially identified from KPSC’s electronic medical records (EMR) using ICD-10 diagnosis
codes and subsequently confirmed by chart review. Patients who were diagnosed with COVID-19 anytime between
ovarian cancer diagnosis and ovarian cancer treatment completion (first course of treatment) were excluded. This was
done to reduce confounding by cancer treatment delays/interruptions following COVID-19 diagnosis. Finally, 748
patients with epithelial ovarian cancer were included in the analysis based on the following inclusion criteria: a) patients
were aged 18-89 years at the time of incident ovarian cancer diagnosis, b) were active members of KPSC health plan at
the time of ovarian cancer diagnosis, c) did not have any prior ovarian cancer diagnosis, d) did not have another cancer
diagnosis within six months prior to their incident ovarian cancer diagnosis, €) had no missing information on age at
diagnosis, cancer stage, and/or race/ethnicity, f) had at least 12 months of KPSC membership prior to ovarian cancer
diagnosis, g) did not terminate KPSC membership within 12 months after ovarian cancer diagnosis, h) received ovarian
cancer treatment at KPSC, i) received chemotherapy or surgery as the first line of treatment, and j) had follow-up
evaluations to allow assessment of remission outcomes (Figure 1).

The study was approved by KPSC’s institutional review board (IRB). Due to the use of secondary, de-identified data,
the requirement for written or verbal consent was waived. The data that support the findings of this study are not publicly
available; however, data can be made available from the corresponding author upon reasonable request.

Data Collection

Data on ovarian cancer-related variables, including date of diagnosis, cancer stage, histology type, and treatment were
extracted from KPSC’s SEER-registry and EMR, as appropriate, for patients diagnosed in 2017-2020. For patients
diagnosed in 2021, International Classification of Diseases-10 (ICD-10) diagnosis codes (C56, C56.1, C56.2, C56.3, and
C56.9) were used to identify ovarian cancer patients from KPSC’s EMR. Medical chart reviews were conducted
manually to validate ovarian cancer diagnosis and to extract information on cancer histology and stage in patients
identified from the EMR. Remission outcomes were also abstracted from standardized manual chart review using pre-
specified definition (see below). For patients diagnosed in 2021, data on ovarian cancer treatment, including use of
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Patients diagnosed with incident ovarian cancer of
epithelial origin between January 1st, 2017, and June 30th,
2021, at KPSC.

(N=1047)

e Outside age range 18-89 years (n=8)
e Did not have KPSC membership 12 months prior and after
ovarian cancer diagnosis (n=119)

n=127 patients were excluded

Epithelial ovarian cancer patients aged 18-89 years with
active KPSC membership during, 12 months before, and
12-months after ovarian cancer diagnosis.
(N=920)

e Had any prior ovarian cancer diagnosis or had another
cancer diagnosis within six months prior to their incident
ovarian cancer diagnosis (n=50)

e  Had missing information on age at diagnosis, cancer stage,
and/or race/ethnicity (n=30)

e  Did not receive ovarian cancer treatment at KPSC (n=30)

e Were diagnosed with COVID-19 anytime between ovarian
cancer diagnosis and ovarian cancer treatment completion
(first course of treatment) (n=11)

e Did not have data on remission outcomes (n=51)

n=172 patients were excluded

Study cohort that met study inclusion/exclusion criteria
(N=748)

Figure | Flowchart showing study population of patients diagnosed with epithelial ovarian cancer between January Ist, 2017, and June 30th, 2021, at Kaiser Permanente
Southern California.

neoadjuvant chemotherapy, were obtained from EMR, supplemented by chart review. Data on sociodemographic and
other clinical variables were extracted from the EMR.

Outcome, Exposure, and Covariates of Interest
Remission after completion of first course of ovarian cancer treatment was the outcome of interest. Remission outcomes
included both complete and clinical remission. Complete remission was defined by the following: imaging (PET or CE
scan) showing no evidence of disease; normal CA 125 values, or a physician note documenting confirmed complete
remission following first-line treatment. Clinical remission included both complete remission and partial response. Partial
response was defined as an incomplete/partial response to therapy. Remission outcomes were ascertained using medical
records through 12 months from completion of first course of treatment for each study patient. Ten percent of the patients
were double reviewed by two research staff for quality assurance. Our main exposure of interest was the COVID-19
pandemic period; pre-pandemic and pandemic periods were defined based on the cutoff date of implementation of stay-at
-home order in California: March 4, 2020.

Covariates of interest included age at cancer diagnosis, race/ethnicity, cancer stage (FIGO), cancer histologic subtype,
days from cancer diagnosis to treatment initiation, KPSC membership years prior to ovarian cancer diagnosis, overall
comorbidity burden, and neighborhood deprivation index (NDI). Cancer stage included FIGO stages I-IV. Overall
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comorbidity burden was defined using the modified Charlson Comorbidities Index (CCI).'* Diagnosis of ovarian cancer
was excluded from the CCI and unweighted scores based on comorbidities recorded in the EMR within 12 months prior
to ovarian cancer diagnosis were reported.'* Neighborhood deprivation index (in quartiles), a measure for neighborhood
socioeconomic status (SES), was derived from the American Community Survey 2015-2019 S-year estimates; using the
methodology previously described. '

Statistical Analysis

Patient demographics and cancer characteristics for the overall study population and by the pandemic periods were
reported using frequency (percentage) or mean (standard deviation); Chi-square and #-test p-values were reported, as
appropriate. Since most of the remissions were achieved within 12 months of treatment completion, we focused on
whether remission was achieved (a binary outcome) rather than time from treatment completion to remission. Because
remission was not a rare outcome, we used modified Poisson regression with robust error variance to estimate rate ratios.
Bivariate (crude) and multivariable (adjusted) models were performed to estimate associations of pandemic period with
clinical and complete remission. In the adjusted models, potential confounders including age, race/ethnicity, stage, and
covariates with crude p-value <0.10 in bivariate models were included. Since racial/ethnic disparities in ovarian cancer
outcomes are well documented, a two-way interaction term between race/ethnicity and pandemic period were included in
the adjusted model to check for potential effect modification by race/ethnicity. Level of significance was set at 0.05 and
two-sided p-values were reported. All analyses were conducted in SAS version 9.4 (Cary, NC).

Results
Characteristics of the Study Population

Sociodemographic and clinical characteristics of the study population are shown in Table 1. Of 748 ovarian cancer
patients included, 72.7% were diagnosed during the pre-pandemic period and 27.3% were diagnosed during the
pandemic period. Patients diagnosed during the pandemic period were slightly younger than patients diagnosed in the
pre-pandemic period [mean age 60.9 vs 62.6 years, respectively, p-value=0.11]. Overall, 46.8% patients were non-
Hispanic White, followed by 33.0% Hispanic patients, 12.4% Asian/Pacific Islander/other races, and 7.5% non-Hispanic
Black patients. Overall, FIGO stage III was the most common stage at cancer diagnosis (39.6%), followed by FIGO
Stage I (27.8%), FIGO stage IV (21.5%), and FIGO stage II (11.1%). Overall, serous carcinoma was the most common

Table | Table Showing Sociodemographic and Clinical Characteristics of Patients Diagnosed With Epithelial Ovarian
Cancer by the COVID-19 Pandemic Periods

Pre-Pandemic Period | Pandemic Period Total p-value
(N=544, 72.7%) (N=204, 27.3%) (N=748)

Age at diagnosis (years) 0.03
Mean (SD) 62.6 (12.5) 60.9 (13.2) 62.5 (12.7)

Age at Diagnosis 0.29
18<=Age<55 137 (25.2%) 65 (31.9%) 202 (27.0%)
55<=Age<65 158 (29.0%) 58 (28.4%) 216 (28.9%)
65<=Age<75 152 (27.9%) 48 (23.5%) 200 (26.7%)
75<=Age<89 97 (17.8%) 33 (16.2%) 130 (17.4%)

Race/Ethnicity 0.09
Asian/Pacific
Islander/Others 60 (11.0%) 35 (17.2%) 95 (12.7%)
Non-Hispanic Black 39 (7.2%) 17 (8.3%) 56 (7.5%)

Hispanic 179 (32.9%) 68 (33.3%) 247 (33.0%)
Non-Hispanic White 266 (48.9%) 84 (41.2%) 350 (46.8%)
(Continued)
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Table 1 (Continued).

Pre-Pandemic Period | Pandemic Period Total p-value
(N=544, 72.7%) (N=204, 27.3%) (N=748)
FIGO Stage 0.65
Stage | 158 (29.0%) 50 (24.5%) 208 (27.8%)
Stage Il 58 (10.7%) 25 (12.3%) 83 (I1.1%)
Stage I 213 (39.2%) 83 (40.7%) 296 (39.6%)
Stage IV 115 (21.1%) 46 (22.6%) 161 (21.5%)
Ovarian Cancer Histology 0.06
Clear cell carcinoma 49 (9.0%) 15 (7.4%) 64 (8.5%)
Endometrioid carcinoma 59 (10.9%) 24 (11.8%) 83 (11.1%)
Mixed epithelial 60 (11.0%) 9 (4.4%) 69 (9.2%)
Serous carcinoma 301 (55.3%) 128 (62.8%) 429 (57.4%)
Other epithelial subtypes 75 (13.8%) 28 (13.7%) 103 (13.8%)
Prior KPSC Membership (years) 0.82
Ito<5 131 (24.1%) 44 (21.6%) 175 (23.4%)
5to<I5 170 (31.3%) 62 (30.4%) 232 (31.0%)
|5t0<30 139 (25.6%) 54 (26.5%) 193 (25.8%)
30+ 104 (19.1%) 44 (21.6%) 148 (19.8%)
Charlson Comorbidities Index 0.11
0 254 (46.7%) 97 (47.6%) 351 (46.9%)
| I51 (27.8%) 43 (21.0%) 194 (25.9%)
2+ 139 (25.6%) 64 (31.4%) 203 (27.1%)
Neighborhood Deprivation Index (Quartiles)® 0.62
Highest SES 148 (27.2%) 48 (23.5%) 196 (26.2%)
Upper middle SES 115 (21.1%) 49 (24.0%) 164 (21.9%)
Lower middle SES 147 (27.0%) 52 (25.5%) 199 (26.6%)
Lowest SES 134 (24.6%) 55 (27.0%) 189 (25.3%)
Time to treatment initiation 0.71
<=2 weeks 293 (53.9%) 113 (55.4%) 406 (54.3%)
>2 weeks 251 (46.1%) 91 (44.6%) 342 (45.7%)
Achieved complete remission 0.53
Yes 412 (75.7%) 150 (73.5%0 562 (75.1%)
No 132 (24.3%) 54 (26.5%) 186 (24.9%)
Achieved clinical remission 0.49
Yes 477 (87.7%) 175 (85.8%) 652 (87.2%)
No 67 (12.3%) 29 (14.2%) 96 (12.8%)

Abbreviation: *SES, socioeconomic status.

cancer histologic subtype (57.4%). No statistically significant differences in race/ethnicity (p-value=0.09), FIGO stage
(p-value=0.65), time to treatment initiation (p-value=0.71), CCI (p-value=0.11), NDI (p-value=0.62), and prior KPSC
membership (p-value=0.82) were observed before and during the pandemic. Overall, 87.2% patients achieved clinical
remission and 75.1% achieved complete remission after completion of first therapy; 12.8% patients did not respond to
treatment. No statistically significant difference was observed in the unadjusted proportion of patients achieving clinical
remission before and during the pandemic (87.7% vs 85.8%, respectively, p-value=0.49). Proportion of patients achiev-
ing complete remission before and during the pandemic was 75.7% and 73.5%, respectively (p-value=0.53).
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Complete Remission

Bivariate and multivariable associations of pandemic period and other covariates of interest with remission outcomes are
shown in Table 2. In the bivariate model, pandemic period was not associated with complete remission [RR (95% CI):
0.97 (0.88-1.07)] (Figure 2). In the multivariable model, no association of the pandemic period with complete remission
was observed after adjusting for age, race/ethnicity, FIGO stage, CCI, prior membership, and time to treatment initiation
[adjusted RR (95% CI: 0.98 (0.90-1.06)]. Compared to non-Hispanic White patients, non-Hispanic Black patients were
slightly less likely to achieve complete remission [adjusted RR (95% CI): 0.84 (0.68—1.04)]. Patients with FIGO stages
IIT and IV were 21% and 36% less likely to achieve complete remission, than stage I patients, respectively [adjusted RR
(95% CI): 0.79 (0.73-0.86) and 0.64 (0.55-0.75), respectively]. Patients with CCI score = 1 and 2+ were 16% and 19%

Table 2 Bivariate and Multivariable Association of the COVID-19 Pandemic With Complete and Clinical Remission After
Completion of First Course of Ovarian Cancer Treatment

Bivariate Poisson
Complete Remission

Adjusted® Poisson

Complete Remission

Bivariate Poisson
Clinical Remission

Adjusted® Poisson

Clinical Remission

[RR (95% CI)]

[RR (95% CI)]

[RR (95% ClI)]

[RR (95% Cl)]

Pandemic periods
Pre-pandemic
Pandemic

Reference
0.97 (0.88-1.07)

Reference
0.98 (0.90-1.06)

Reference
0.98 (0.92-1.04)

Reference
0.98 (0.92-1.04)

Age at Diagnosis

18<=Age<55 Reference Reference Reference Reference
55<=Age<65 0.95 (0.87-1.05) 1.05 (0.96-1.15) 1.02 (0.96-1.09) 1.07 (1.00-1.14)
65<=Age<75 0.85 (0.76-0.95) 1.01 (0.91-1.13) 0.92 (0.85-1.00) 0.99 (0.92-1.07)
75<=Age<89 0.79 (0.69-0.91) 1.02 (0.88-1.17) 0.90 (0.81-0.99) 1.00 (0.90-1.10)
Race/Ethnicity
Non-Hispanic Reference Reference Reference Reference
WhiteAsian/Pacific
Islander/Others I.11 (1.00-1.25) 1.07 (0.97-1.19) 1.06 (0.98-1.15) 1.04 (0.97-1.13)
Non-Hispanic Black 0.78 (0.61-0.98) 0.84 (0.68-1.04) 0.94 (0.82-1.08) 0.98 (0.86-1.11)
Hispanic 1.07 (0.97-1.17) 1.05 (0.96-1.14) 1.06 (1.00-1.13) 1.05 (0.99-1.12)
FIGO Stage
Stage | Reference Reference Reference Reference
Stage Il 0.96 (0.89-1.03) 0.99 (0.92-1.07) 0.99 (0.94-1.03) 1.00 (0.94-1.05)
Stage Il 0.72 (0.66-0.78) 0.79 (0.73-0.86) 0.85 (0.81-0.90) 0.89 (0.83-0.94)
Stage IV 0.55 (0.47-0.63) 0.64 (0.55-0.75) 0.78 (0.72-0.86) 0.84 (0.76-0.92)
Neighborhood
Deprivation Index
(Quartiles)
Highest SES Reference NA Reference NA
Upper middle SES 0.99 (0.88-1.11) 0.98 (0.90-1.06)
Lower middle SES 1.02 (0.91-1.13) 1.03 (0.95-1.10)
Lowest SES 0.95 (0.84-1.07) 1.01 (0.94-1.09)
Prior KPSC Membership
(years)
Ito<5 Reference Reference Reference NA
5to<I5 0.92 (0.83-1.02) 0.95 (0.87-1.05) 0.96 (0.90-1.02)
15t0<30 0.93 (0.83-1.03) 1.00 (0.91-1.11) 0.95 (0.88-1.02)
30+ 0.84 (0.74-0.96) 0.96 (0.84-1.09) 0.90 (0.83-0.98)
(Continued)
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Table 2 (Continued).

Bivariate Poisson
Complete Remission

Adjusted® Poisson
Complete Remission

Bivariate Poisson

Clinical Remission

Adjusted® Poisson

Clinical Remission

[RR (95% CI)]

[RR (95% CI)]

[RR (95% CI)]

[RR (95% CI)]

Charlson Comorbidities

Index
0 Reference Reference Reference Reference
| 0.84 (0.76-0.93) 0.84 (0.77-0.92) 0.94 (0.89-1.01) 0.95 (0.89-1.01)
2+ 0.72 (0.64-0.81) 0.81 (0.72-0.91) 0.87 (0.81-0.94) 0.92 (0.86-1.00)
Time to treatment
initiation
<=2 weeks Reference Reference Reference Reference
>2 weeks 0.71 (0.65-0.78) 0.84 (0.76-0.93) 0.87 (0.82-0.92) 0.93 (0.88-1.00)

Notes: *Adjusted for age, race/ethnicity, Cancer stage (FIGO), prior KPSC membership, Charlson comorbidities, and time to treatment initiation; ®Adjusted for
age, race/ethnicity, FIGO stage, Charlson comorbidities, and time to treatment initiation; Clinical remission = complete + partial remission; NA= not applicable/
not included in the adjusted model as crude p-value20.10.

Abbreviations: SES, socioeconomic status; KPSC, Kaiser Permanente Southern California; RR, Risk ratio; Cl, Confidence Interval; NA, not applicable.

less likely to achieve complete remission than patients with no Charlson comorbidities, respectively [adjusted RR (95%
CI): 0.84 (0.77-0.92) and 0.81 (0.72—0.91), respectively]. Patients who initiated treatment >2 weeks after diagnosis were
less likely to achieve complete remission than patients who initiated treatment within 2 weeks [adjusted RR (95% CI):
0.84 (0.76-0.93)].

Clinical Remission

Pandemic period was not associated with clinical remission in bivariate or multivariable models (Table 2 and Figure 2).
In the multivariable model, after adjusting for pandemic period, age, race/ethnicity, CCI, and time to treatment initiation,
patients with FIGO stages Il and IV were less likely to achieve clinical remission than patients with FIGO stage
I [adjusted RR (95% CI): 0.89 (0.83-0.94) and 0.84 (0.76-0.92), respectively]. Patients who initiated treatment >2 weeks
after diagnosis were slightly less likely to achieve clinical remission than patients who initiated treatment within 2 weeks
[adjusted RR (95% CI): 0.93 (0.88-1.00)].

Effect Modification by Race/Ethnicity
The multivariable association of pandemic period with complete remission was modified by race/ethnicity (interaction
p-value <0.01). After adjusting for age, FIGO stage, CCI, prior membership, and time to treatment initiation, non-

Complete remission (Pandemic) - Bivariate = I 4 { (0.97 (0.88-1.07)
Complete remission (Pandemic) - Adjusted = i 4 { |0.98 (0.90-1.06)
Clinical remission (Pandemic) - Bivariate = I 4 1 (0.98 (0.92-1.04)
Clinical remission (Pandemic) - Adjusted °- I 4 1 (0.98 (0.92-1.04)
T T 1 T 1
0.85 0.90 0.95 1.00 1.05 1.10

[Rate ratio (95% Confidence interval)]
Reference: Pre-pandemic period

Figure 2 Forest plot showing bivariate and adjusted association of the pandemic periods with complete and clinical remission.
Notes: *Adjusted for age, race/ethnicity, cancer stage (FIGO stage), prior KPSC membership, Charlson comorbidities, and time to treatment initiation. °Adjusted for age,
race/ethnicity, cancer stage (FIGO stage), Charlson comorbidities, and time to treatment initiation.
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Hispanic White patients during the pandemic period were 13% more likely to achieve complete remission than in the pre-
pandemic period [RR (95% CI): 1.13 (1.00-1.28)]. No statistically significant differences in rates of complete remission
during the pandemic period versus the pre-pandemic period were observed in Asian/Pacific Islander/other races [RR 95%
CI): 0.96 (0.79-1.16)], non-Hispanic Black [RR (95% CI): 0.56 (0.29-1.06)], and Hispanic patients [RR (95% CI): 0.89
(0.76-1.04)]. The association of the pandemic periods with clinical remission was not modified by race/ethnicity
(interaction p-value=0.90) (data not shown).

Discussion

In patients newly diagnosed with epithelial ovarian cancer at an integrated healthcare delivery system, rates of complete
and clinical remission did not differ before and during the COVID-19 pandemic. No statistically significant associations
were observed between race/ethnicity and remission outcomes in the adjusted model; however, the association of
pandemic periods with complete remission varied by race/ethnicity. While Non-Hispanic White patients were more
likely to achieve complete remission during the pandemic period than in the pre-pandemic period, no such association
was observed in patients of other races/ethnicities. To our knowledge, this is the first study to evaluate the association of
the COVID-19 pandemic with remission outcomes in patients with ovarian cancer.

Prior studies have reported significant delays in treatment initiation and modifications in treatment management after
the onset of the pandemic in patients with epithelial ovarian cancer.®'*!®!” However, evidence on the impact of the
pandemic on ovarian cancer outcomes is limited and conflicting.'®'® In a multi-center, prospective cohort study,
Fotopoulou et al demonstrated an increase in adverse outcomes, including disease progression and death, after the
onset of the pandemic in patients with ovarian cancer.'> On the other hand, Algera et al reported no statistically
significant differences in rates of postoperative complications and 30-day mortality in Dutch ovarian cancer patients
during the pandemic.'® Antunes et al also reported no differences in post-operative complication rates before and after
the onset of the pandemic,11 Although, none of these studies assessed ovarian cancer remission rates as the outcome of
interest, Algera et al’s and Antunes et al’s studies provide evidence indicating no inferior patient outcomes during the
COVID-19 pandemic.'®!" Our study adds to the evidence of comparable patient outcomes before and after the pandemic;
we observed no differences in complete and clinical remission rates by pandemic period in the bivariate and multi-
variable analyses. However, unlike Algera et al’s and Antunes et al’s studies that included predominantly White ovarian

cancer patients of European ancestry,'*'!

our study cohort consisted of >50% patients of color.

Even though we did not observe any statistically significant racial/ethnic differences in ovarian cancer remission
rates, non-Hispanic Black patients were slightly less likely to achieve complete remission compared to non-Hispanic
White patients. Historically, non-Hispanic Black patients are less likely to receive guideline-appropriate treatment for
ovarian cancer compared to non-Hispanic White patients.'® Differences in treatment quality, ovarian cancer molecular
characteristics, socioeconomic characteristics, and access to care by race/ethnicity have attributed to survival disparities
in patients with ovarian cancer.'® Since our cohort included insured patients in an integrated healthcare system with equal
access to care, racial/ethnic disparities in remission rates were less evident in our cohort. However, the association of
pandemic period with complete remission was modified by race/ethnicity. Non-Hispanic White patients were more likely
to achieve complete remission during the pandemic period than during the pre-pandemic period, after adjusting for age,
FIGO stage, CCI, and time to treatment initiation; however, complete remission rates were comparable before and during
the pandemic in patients of Hispanic, non-Hispanic Black, and Asian/Pacific Islander/Other origin, in the adjusted
models. The reasons for these racial/ethnic differences are not clear. Additional studies are needed to examine factors
contributing to improved remission rates in non-Hispanic White patients after the onset of the pandemic and to assess
why this improvement is lagging for other minority groups.

Cancer stage is an important prognostic factor in patients with ovarian cancer. Previous studies have reported poor
progression-free survival and overall survival in ovarian cancer patients diagnosed at advanced FIGO stages.'”*°
Similarly, we observed reduced remission rates in patients diagnosed with FIGO stages III and IV compared to FIGO
stage I patients. We also observed reduced remission rates in patients with higher comorbidity burden at cancer diagnosis.
Compared to patients with CCI=0, patients with CCI=2+ were less likely to achieve complete and clinical remission in
the adjusted models. Even though evidence on the association of comorbidity burden and remission outcomes in ovarian
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cancer patients is scarce, our finding is not surprising. Previous studies have demonstrated comorbidity burden to be
associated with advanced cancer stage and increased mortality in patients with ovarian cancer.'®?' In a meta-analysis,
Karanth et al reported a lower likelihood of receiving ovarian cancer treatment and an increased mortality risk in patients
with higher comorbidity burden.'® Tt is important to note that the statistically significant association of CCI with
remission outcomes persisted after adjusting for FIGO stage, age, and other covariates of epidemiological and clinical
relevance, in our study. This highlights comorbidity burden as an independent predictor of remission outcomes in patients
with epithelial ovarian cancer. Future studies are warranted to assess if management of modifiable Charlson comorbid-
ities may impact remission outcomes in ovarian cancer patients.

Unlike previous studies, we did not observe any difference in time from ovarian cancer diagnosis to treatment
initiation by pandemic periods.®'""'®*? However, patients who initiated treatment >2 weeks after diagnosis were less
likely to achieve complete and clinical remission than patients who initiated cancer treatment within two weeks of
diagnosis. This finding should be interpreted with caution. For some patients who received surgery as the first-line
treatment, surgery date was recorded as their cancer diagnosis date in the EMR. It is possible that these patients received
surgery for pelvic mass and their cancer was confirmed by perioperative biopsy; this might have resulted in over-
estimation of the association between time to treatment initiation and remission outcomes in our study. Future studies
involving rigorous medical chart reviews are warranted to exclude the possibility of information bias due to incon-
sistencies in measuring time from ovarian diagnosis to treatment initiation. The Institute of Medicine (IOM) cited timely
access to cancer care as one of six aims for improving quality and outcomes in oncology patients;>* however, prior
studies have mostly been restricted to assessing time to treatment with overall survival as the outcome of interest.***>
Future studies in other contemporary ovarian cancer cohorts are needed to confirm if reducing time to treatment initiation
may positively impact remission outcomes, which in turn may improve overall and cancer-specific survival in patients
with ovarian cancer.

Our study had some limitations. First, there exists the possibility of unmeasured confounders and we did not have
measure on all factor that may mediate potential difference in remission rates. For example, we did not have data on
ovarian cancer molecular characteristics (although molecular characteristics are unlikely to differ by pandemic periods),
and we used NDI as a proxy for individual level SES. Second, not all patients had follow-up visits that allowed the
assessment of remission status. That said, only 6% of otherwise eligible patients lacked follow-up evaluations. Hence,
any potential selection bias induced was likely minimal. Finally, our ovarian cancer cohort consisted of insured patients
within an integrated health care system; our findings may not be generalizable to uninsured patients or patients within
other types of health care system.

That said, our study has several strengths, including extensive EMR data supplemented by manual chart reviews for
accurate capture of remission outcomes, the availability of detailed patient clinical characteristics such as comorbidities,
and the inclusion of consecutive patients diagnosed with advanced epithelial ovarian cancer between January 2017 and
June 2021. The KPSC setting allowed us to assess the association of the pandemic with remission outcomes without
confounding by insurance status or differential access to care. We also had a diverse patient population that included
>50% patients from racial/ethnic minorities which allowed us to evaluate potential differences in the relationship
between pandemic period and remission outcomes by racial/ethnic groups.

Conclusion

Our study conducted in an integrated healthcare delivery system provided population-level evidence on the association of
the COVID-19 pandemic and ovarian cancer remission outcomes. Comparable rates of complete and clinical remission
before and after the onset of the pandemic offer some reassurance that outcomes of patients with ovarian cancer was not

negatively impacted during the pandemic in our integrated healthcare system.
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