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Abstract: Due to the ramping down of cancer surgery in early pandemic, many newly diagnosed
patients received other treatments first. We aimed to quantify the pandemic-related shift in rate of
surgery following chemotherapy. This is a retrospective population-based cohort study involving
adults diagnosed with cancer between 3 January 2016 and 7 November 2020 in Ontario, Canada who
received chemotherapy as first treatment within 6-months of diagnosis. Competing-risks regression
models with interaction effects were used to quantify the association between COVID-19 period
(receiving a cancer diagnosis before or on/after 15 March 2020) and receipt of surgical reSection
9-months after first chemotherapy. Among 51,653 patients, 8.5% (n = 19,558) of them ultimately
underwent surgery 9-months after chemotherapy initiation. Receipt of surgery was higher during
the pandemic than before (sHR 1.07, 95% CI 1.02–1.13). Material deprivation was independently
associated with lower receipt of surgery (least vs. most deprived quintile: sHR 1.11, 95% CI 1.04–1.17),
but did not change with the pandemic. The surgical rate increase was most pronounced for breast
cancer (sHR 1.13, 95% CI 1.06–1.20). These pandemic-related shifts in cancer treatment requires
further evaluations to understand the long-term consequences. Persistent material deprivation-
related inequity in cancer surgical access needs to be addressed.
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1. Introduction
1.1. Background

Surgery is central to the management of many cancers as it represents the only curative
modality. The ongoing COVID-19 pandemic has caused disruption in cancer services
with evidence of delayed diagnoses and poor access to surgery [1]. As surgeries were
delayed, the use of neoadjuvant chemotherapy was expanded. The American College
of Surgeons recommended using neoadjuvant therapy for eligible people with breast,
colorectal or thoracic cancers as hospitals redirected resources toward the care of patients
with COVID-19 [2]. The National Health Service established surgical hubs to operate on
patients who urgently needed surgery in the next 24–72 h [3]. In Ontario, Canada, surgical
priority was given to patients with life-threatening conditions and those with obstructed,
perforated, or actively bleeding cancers [4,5].

1.2. Cancer Care Continuum and Inequity during the COVID-19 Pandemic

Whether such changes in therapeutic approaches impacted downstream patient treat-
ment and outcomes is unclear [6]. More specifically, whether newly diagnosed patients
receiving upfront chemotherapy went on to get surgery for cancer within a clinically rea-
sonable time window is unknown. A literature search on MEDLINE revealed only 5 studies
documenting the subsequent receipt of a cancer surgical resection among new cancer pa-
tients initially treated non-surgically during the COVID-19 pandemic (Appendix A) [7–11].
Notably, newly diagnosed oesophageal cancer patients in Ireland and breast cancer patients
in Turkey did not experience a different rate of surgery following neoadjuvant therapy
during the pandemic compared to their pre-pandemic counterparts [7,10]. However, in
India, the receipt of surgery after neoadjuvant chemotherapy has dropped among ovarian
cancer patients from 64% in 2019 to just 33% during 2020 [8]. Likewise, The Netherlands
reported significantly prolonged wait times from neoadjuvant radiation or chemoradiation
initiation to surgery in colorectal cancer patients in 2020 than in 2018/2019 [11]. The only
real-world results that point to a clearly increased receipt of surgery following neoadjuvant
therapy during the pandemic come from Canada; specifically, among newly diagnosed
breast cancer patients who had been first treated by hormonal therapy within 6 months of
diagnosis, their subsequent receipt of surgery was indeed higher during the pandemic pe-
riod than before, although such difference was not observed among those initially managed
by chemotherapy [9]. Overall, these conflicting results suggest a lack of clear understanding
on how cancer care continuum has been shifted by the pandemic. The strength of evidence
is further limited by the small sample size of existing studies and their focus on a single
disease site. As such, there is a need to identify if the pandemic has hindered the sequence
of cancer care beyond its apparent impact on the provision of individual cancer treatment
modality. These insights on the degree to which the healthcare system was able to maintain
the delivery of standard cancer care services under a rapidly evolving, resource-intensive
public health emergency will provide guidance on how to care for these cancer patients in
the long term and how to adjust the model of care to prepare the system for the next health
catastrophe [12].

It is also imperative to examine if the pandemic-related disruptions on cancer care con-
tinuum and their impact were inequitably distributed, and how this related to demography,
geography, and social determinants of health. Inequities in healthcare access and outcomes
can be accentuated along the continuum of care as patients progress from diagnosis to first
and then subsequent treatment modalities, a phenomenon that has been described in low
socioeconomic status (SES), rural dwelling, and racialized populations [13]. As such, cancer
patients with low SES may have faced additional barriers during the pandemic in accessing
surgery after chemotherapy, a hypothesis yet to be formally assessed [6,9,14].

The two-fold objective of this study was (1) to quantify the impact of the pandemic on
surgical resection rates for patients receiving chemotherapy as their first cancer treatment
and (2) to examine whether surgery rates following chemotherapy differed by SES.
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2. Materials and Methods
2.1. Study Design

This retrospective population-based cohort study was conducted in Ontario, Canada
where 14.6 million permanent residents have universal access to physician services under
the Ontario Health Insurance Plan (OHIP) [15]. Administrative datasets were linked using
unique encoded identifiers and analyzed at ICES, formerly known as the Institute for Clini-
cal Evaluative Sciences, a prescribed entity under Ontario’s Personal Health Information
Protection Act (PHIPA). Section 45 of PHIPA authorizes ICES to collect personal health
information without consent and allows research projects that use these data to be exempt
from review by a Research Ethics Board. The use of data in this study was approved by
ICES’ Privacy and Legal Office.

2.2. Data Sources

The Ontario Cancer Registry (OCR) captures 96% of index cancers across the
province [16,17]. The Registered Persons Database (RPDB) includes sociodemographic
and vital status data of permanent residents. The Immigration, Refugees and Citizenship
Canada (IRCC) Permanent Resident Database (with data from January 1985 to May 2017)
includes records of individuals who immigrated to Ontario during this period. The OHIP
claims database contains physician billing records for chemotherapy visits. Canadian Insti-
tute for Health Information (CIHI)’s Hospital Discharge Abstract Database and Same-day
Surgery Database contain information on surgical procedures performed at a hospital.
Statistics Canada’s Postal Code Conversion File (PCCF) contains the status of rural liv-
ing [18]. The Ontario Marginalization Index (ONMARG) database stores information on
material deprivation, a validated measure of SES that encompasses the family structure,
living condition, education, employment, income, and receipt of government transfer
payments in a neighborhood [19].

2.3. Study Cohort

We identified adults (age 18 or above) who were newly diagnosed with cancer between
3 January 2016 and 7 November 2020 and received chemotherapy within 6 months of
diagnosis as their first cancer treatment. The accrual end date (November 2020) reflected
the last update of cancer incidence data from the OCR at time of this analysis (January
2022). If multiple cancer diagnoses occurred during the study period, only the earliest
diagnosis was selected. We excluded patients with a diagnosis of melanoma or skin cancer
to ensure a robust capture of at-hospital cancer surgeries given these are usually treated
in the outpatient setting; patients with cancers primarily labelled as ophthalmologic and
paraneoplastic neurological syndromes were also excluded due to rarity (<0.04% of the
cohort). Patients were followed from first date of chemotherapy for 9 months, or to date of
surgery, or until date of death, or to end of study (26 June 2021), whichever occurred first.
Due to the lag of data in databases that specifically maintain records of chemotherapy visits
(the Cancer Activity Level Reporting and the Ontario Drug Benefit databases) at time of
this analysis, we restricted chemotherapy to be physician-supervised intravenous infusions
billable using the OHIP G-codes [15]. Hence, oral drugs including endocrine therapy for
breast and prostate cancers were not identified.

2.4. Outcome—Time to Surgery after First Chemotherapy

We defined our outcome to be the time (measured in months) from the first date of
chemotherapy to the date of surgery. Patients who were alive without getting surgery at
the end of the follow-up window were censored. Surgical codes were obtained from CIHI
and ascertained using the OCR diagnosis records to ensure a match between surgical site
and cancer type. We also ensured that only resections, not biopsies, were captured.
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2.5. Exposure—COVID-19 Pandemic Time Period

The main exposure was whether cancer diagnosis occurred before or after the start
of the COVID-19 pandemic using 15 March 2020 when hospitals were advised to cancel
nonemergent and elective procedures by the province’s Chief Medical Officer of Health to
represent the start date of COVID-19 [20]. The period before this date (from 3 January 2016
to 14 March 2020) was termed pre-pandemic and the period thereafter (from 15 March 2020
to 7 November 2020) was the pandemic period [21]. A binary variable was created using
pre-pandemic as the reference level.

2.6. Covariates

We considered sociodemographic and clinical characteristics of patients at time of
cancer diagnosis (baseline). Patient age and sex were obtained from the RPDB. Rural living,
defined as living in a rural area or a small town with a population of less than 10,000, was
extracted from the PCCF [18]. Immigration status was identified from the IRCC Permanent
Resident Database. Material deprivation from the ONMARG was reported in quintiles [19].
Comorbidity was measured by the Elixhauser Comorbidity Index using hospitalization
records over the past 5 years [22]. Five comorbidity groups were created for patients scored
0, 1, 2, 3+ on the index and for those who were not hospitalized [23,24]. Cancer type was
determined using the OCR diagnosis records.

2.7. Statistical Analysis

Descriptive analyses were carried out to compare the baseline characteristics of pa-
tients by COVID-19 period using 0.10 as a standardized difference threshold to identify a
significant difference [25]. For the sub-cohort that received a surgical resection during the
follow-up, we used the t-test and the Wilcoxon Rank-Sum test to compare their mean and
median time spent from first chemotherapy to surgery by COVID-19 period.

For the entire cohort, we studied time to surgery after first chemotherapy using a
time-to-event analytical framework, with all-cause death being modelled as a competing
risk of receiving surgery [26]. We estimated the cumulative incidence functions (CIFs) of
surgery by COVID-19 period and compared them using the Gray’s Test [27]. To quantify
the association between COVID-19 period and time to surgery after first chemotherapy,
we constructed four Fine-Gray subdistribution hazards models [28]: the first model was
univariable with only the COVID-19 period exposure variable; the second model was
multivariable and accounted for all a priori chosen patient characteristics; the third model
added interaction terms between the COVID-19 period and each cancer type to the second
model to assess if the pandemic has impacted cancer types differently. The final model
included interaction terms between COVID-19 period and material deprivation quintile
to the second model to test if surgical inequalities were accentuated by the pandemic. All
analyses were 2-sided using p-value < 0.05 to identify statistical significance. Analyses
were performed on SAS Enterprise Guide 7.15 (SAS Institute, Inc., Cary, NC, USA).

3. Results

Our cohort included 51,653 adults diagnosed with cancer between 3 January 2016 and
7 November 2020 and who received chemotherapy as the first cancer treatment within
6 months of diagnosis (Table 1). Compared with patients diagnosed in the pre-pandemic pe-
riod (N = 45,807, 88.7%), those who received the diagnosis afterwards (N = 5846, 11.3%) were
more likely to have breast cancer (19.4% vs. 14.6%, standardized difference 0.13) and started
chemotherapy faster after diagnosis (mean days ± SD, 38.44 ± 30.62 vs. 43.69 ± 34.11;
standardized difference 0.16). The mean follow-up duration after first chemotherapy
was 7.06 ± 2.79 months and 6.69 ± 2.76 months, respectively, for those diagnosed in pre-
pandemic and the pandemic period (standardized difference 0.13).



Curr. Oncol. 2022, 29 7736

Table 1. Characteristics of patients receiving chemotherapy as the first cancer treatment within
6 months of diagnosis, stratified by COVID-19 period (n = 51,653).

Characteristics
Cancer Diagnosed in

Pre-Pandemic
(N = 45,807, 88.7%)

Cancer Diagnosed in
the Pandemic

(N = 5846, 11.3%)

Standardized
Difference a

Age at diagnosis
(Mean ± SD) 63.80 ± 14.27 63.46 ± 14.24 0.02

Female 24,066 (52.5%) 3234 (55.3%) 0.06

Rural residents 5591 (12.2%) 779 (13.3%) 0.03

Immigrants 6086 (13.3%) 839 (14.4%) 0.03

Material deprivation
quintile b

1, least deprived 9990 (21.8%) 1258 (21.5%) 0.01
2 9534 (20.8%) 1275 (21.8%) 0.02
3 8791 (19.2%) 1191 (20.4%) 0.03
4 8698 (19.0%) 1052 (18.0%) 0.03

5, most deprived 8413 (18.4%) 1022 (17.5%) 0.02

Region

Toronto 3678 (8.0%) 454 (7.8%) 0.01
Central 13,514 (29.5%) 1732 (29.6%) 0

East 11,529 (25.2%) 1510 (25.8%) 0.02
North 3075 (6.7%) 434 (7.4%) 0.03
West 14,010 (30.6%) 1716 (29.4%) 0.03

Comorbidity c

0 5384 (11.8%) 671 (11.5%) 0.01
1 3546 (7.7%) 435 (7.4%) 0.01
2 2240 (4.9%) 248 (4.2%) 0.03

3+ 2790 (6.1%) 300 (5.1%) 0.04
No hospitalization 31,847 (69.5%) 4192 (71.7%) 0.05

Cancer type

Breast 6682 (14.6%) 1137 (19.4%) 0.13
Central nervous system 172 (0.4%) 23 (0.4%) 0

Cervical 170 (0.4%) 15 (0.3%) 0.02
Colorectal 3,668 (8.0%) 453 (7.7%) 0.01
Endocrine 80 (0.2%) 11 (0.2%) 0
Esophagus 518 (1.1%) 70 (1.2%) 0.01

Genitourinary 766 (1.7%) 104 (1.8%) 0.01
Gynecologic (excluding

cervical) 1760 (3.8%) 225 (3.8%) 0

Head and neck 522 (1.1%) 80 (1.4%) 0.02
Hepato-pancreatic biliary 3460 (7.6%) 490 (8.4%) 0.03

Lung 6222 (13.6%) 761 (13.0%) 0.02
Lymphoma 8293 (18.1%) 899 (15.4%) 0.07

Prostate 1447 (3.2%) 193 (3.3%) 0.01
Sarcoma 923 (2.0%) 101 (1.7%) 0.02
Stomach 1532 (3.3%) 161 (2.8%) 0.03

Other 9592 (20.9%) 1123 (19.2%) 0.04
a We used 0.1 to identify a statistically and clinically significant imbalance in the distribution of characteristics
between the two groups of patients. There were missing data for rural living status (0.2%) and material deprivation
status (0.8%) that did not differ between the two patient groups (both standardized differences < 0.01). These
patients were excluded from the multivariable regression analysis. b We measured material deprivation using
the Ontario Marginalization Index that considers the following neighborhood characteristics: population that is
without a high school diploma, unemployed, or considered low-income, and households that are single-parent
families, receiving government transfer payments, or living in dwellings that need major repair. c The Elixhauser
comorbidity index was computed using a 5-year look-back window to capture records of hospitalization in
administrative databases.
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Nine months after first chemotherapy, 18.5% (N = 9558) of patients underwent a
surgical resection. Among them, the median time from first chemotherapy to surgery was
4.31 months, regardless of whether the cancer was diagnosed in pre-pandemic (interquartile
range (IQR) 3.19–4.96) or during the pandemic (IQR 3.22–4.90, p-value 0.93). The mean time
to surgery was also identical between the two groups (4.10 ± 1.64 vs. 4.09 ± 1.62 months,
p-value 0.74).

Figure 1 shows the CIFs of receiving surgery within 9 months after first chemotherapy,
treating death as a competing risk. Patients who were diagnosed with cancer during
the pandemic were significantly more likely to receive surgery after first chemotherapy,
especially after the 4.5th month (Gray’s test p-value < 0.01). Specifically, 4 months after first
chemotherapy, the probability of receiving surgery was 7.9% (95% confidence interval [CI]
7.2%–8.6%) among patients diagnosed during the pandemic compared to 7.2% (95% CI
6.9%-7.4%) for those diagnosed in the pre-pandemic period. The difference grew to 20.1%
(95% CI 19.1%–21.1%) vs. 16.3% (95% CI 15.9%–16.6%) 6 months after first chemotherapy,
and further escalated to 22.1% (95% CI 21.1%–23.2%) vs. 18.1% (95% CI 17.7%–18.4%) at
9-months.
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Figure 1. Cumulative Incidence functions of surgery received within 9-month after first chemotherapy
for patients first treated with chemotherapy by COVID-19 period. Legend: Death (not shown) was
modelled as a competing-risk event. The pre-pandemic period (dashed) is from 3 January 2016 to
14 March 2020, while the pandemic period (solid) is from 15 March 2020 to 7 November 2020. At
each time point after the date of first chemotherapy, the cumulative incidence of receiving surgery
was higher in the pandemic period than in pre-pandemic (Gray’s p-value < 0.0001).

In Table 2, we report that in the univariable model, the rate of surgery among those
who received chemotherapy as initial cancer treatment increased in the pandemic rela-
tive to pre-pandemic period (subdistribution hazard ratio (sHR) 1.25, 95% CI 1.18–1.32).
After adjusting for covariates, surgery use remained higher for those diagnosed during
the pandemic (sHR 1.07, 95% CI 1.02–1.13). Additional factors that were independently
associated with increased receipt of surgery were younger age, the least deprived quintile,
lower comorbidity, and having breast cancer. Notably, patients in the least deprived quin-
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tile (representing the highest SES) were more likely to receive surgery (sHR 1.11, 95% CI
1.04–1.17) than those in the most deprived quintile.

Table 2. Competing risks regression results showing the COVID-19 impact on receipt of surgery in
9 months after first chemotherapy for patients first treated with chemotherapy.

Variables sHR 95% CI p-Value

Univariable model

Cancer diagnosis in the pandemic vs. pre-pandemic a 1.25 1.18–1.32 <0.01

Multivariable model

Cancer diagnosis in the pandemic vs. pre-pandemic 1.07 1.02–1.13 0.01

Age at cancer diagnosis, each 10-year increase 0.83 0.82–0.84 <0.01

Females vs. males 1.00 0.92–1.08 0.93

Immigrants vs. non-immigrants 1.04 0.99–1.08 0.14

Material deprivation (vs. 5—most deprived) b

1—Least deprived 1.11 1.04–1.17 <0.01
2 1.06 1.00–1.13 0.06
3 1.03 0.96–1.09 0.43
4 1.00 0.94–1.07 0.97

Comorbidity (vs. no hospitalization)
0 0.88 0.83–0.93 <0.01
1 0.84 0.76–0.93 <0.01
2 0.83 0.73–0.95 <0.01

3+ 0.64 0.55–0.74 <0.01

Cancer type (vs. breast cancer)
Colorectal 0.36 0.34–0.39 <0.01
Esophagus 0.38 0.32–0.45 <0.01

Gynecologic excluding cervical 0.90 0.82–0.97 <0.01
Hepato-pancreatic biliary 0.06 0.05–0.07 <0.01

Lung 0.031 0.026–0.036 <0.01
Lymphoma 0.001 0.000–0.002 <0.01

Prostate 0.10 0.08–0.12 <0.01
Sarcoma 0.000 0–0 <0.01
Stomach 0.33 0.29–0.37 <0.01
Other c 0.028 0.025–0.031 <0.01

a The pre-pandemic period is from 3 January 2016 to 14 March 2020, and the pandemic period is from
15 March 2020 to 7 November 2020. We verified the proportional-hazard assumption by examining an in-
teraction term between the COVID-19 period and a binary variable denoting time since first chemotherapy >
4.5 months. Because this interaction term was insignificant (p-value 0.70), we ruled out any violation of the
proportional-hazard assumption; b There was an overall negative association between material deprivation and
time to surgery within 9-month after first chemotherapy (Type-III p-value < 0.01); c “Other” includes central
nervous system, cervical, endocrine, genitourinary, head and neck, and other cancer types with unknown or
ill-defined primary site.

By adding interaction terms between the COVID-19 period and cancer type to the
multivariable model (Figure 2), we found the pandemic impact on surgery use to differ
by cancer type overall (Type-III p-value of interaction terms < 0.01) and that individually,
the difference was significant for breast, colorectal, and sarcoma cancers (p-value of each
interaction term < 0.01). In the pandemic period, the receipt of surgery for breast cancer
increased (sHR 1.13, 95% CI 1.06–1.20) following chemotherapy as first treatment, whereas
that of colorectal (sHR 0.76, 95% CI 0.63–0.92) and sarcoma (sHR 0.69, 95% CI 0.55–0.86)
cancers both decreased. Examination of interaction terms between the COVID-19 period
and material deprivation revealed an absence of accentuated surgical access inequalities
in the pandemic, as the interaction effect was found insignificant (Type-III p-value of
interaction terms 0.37).
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Figure 2. The COVID-19 pandemic impact on the use of surgery after chemotherapy initiation
by cancer type. Legend: We report the subdistribution hazard ratios (sHRs) and associated 95%
confidence intervals of receiving surgery within 9 months after chemotherapy initiation in the
pandemic relative to pre-pandemic period for each cancer type. sHRs were computed from a
multivariable Fine-Gray regression model, where interaction of the COVID-19 pandemic indicator
(pandemic vs. pre-pandemic) with cancer type was included. “Other” includes central nervous
system, cervical, endocrine, genitourinary, head and neck, and other cancer types with unknown
or ill-defined primary site. sHRs that are significantly different from 1 were highlighted in black,
while insignificant sHRs were plotted in gray. A sHR > 1 implies an increased use of surgery within
9-month following chemotherapy initiation in the pandemic relative to pre-pandemic period.

4. Discussion

In our cohort of 51,653 patients who were first treated with chemotherapy within
6 months of diagnosis, their subsequent receipt of surgery was significantly higher in the
pandemic than before. People with breast cancer exhibited the most pronounced increase in
subsequent surgical use. Material deprivation was independently and negatively associated
with surgery use after first chemotherapy and there were no changes in the pandemic.

There are several potential reasons for our observations. The increased rate of surgery
during the pandemic period after chemotherapy might reflect patients who would have
otherwise had surgery upfront but were placed on neoadjuvant chemotherapy instead
due to directed prioritization of non-surgical cancer treatments at the beginning of the
pandemic [4,5]. This speculation is supported by a range of population-level analyses
showing a sharp decrease in cancer surgery volume in the early pandemic [1,23,29,30]. Our
results may also reflect the temporal shifts towards neoadjuvant approaches that are not
specifically driven by the pandemic [31,32]. Stage migration due to the abrupt cessation
of screening and disruptions in other cancer services could have also led to higher use
of chemotherapy in both neoadjuvant and palliative settings [33]. Because stage data is
not yet available in our cancer registry for the pandemic period, future study with this
data can confirm whether the higher rate of surgery observed reflects the pandemic impact
on patients’ disease status and prognosis or represents a deviation from standard cancer
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therapy. These insights are needed to formulate treatment plans to maximize long-term
patient outcomes.

In line with a recently published report [9], we found breast cancer patients receiving
chemotherapy as the first treatment to have the most significant increase in subsequent
surgery use during the pandemic. Incident detection of breast cancer was severely hin-
dered by COVID-19 since cancer screening including mammograms for asymptomatic
women was one of the most affected cancer care domains [34]. In Ontario during the first
6 months of COVID-19 alone, there were nearly 2000 less breast cancer diagnoses [24].
Further to the lowered incidence, single-centre data has shown a higher percentage of
late-stage presentation of breast cancer during the pandemic than before [35,36], with some
evidence suggesting a change in the distribution of subtypes [37]. For certain subtypes
such as estrogen/progesterone receptor-positive cancers there has been an expanded use
of molecular testing (such as Oncotype DX) on diagnostic core biopsies in recent years [38].
Collectively, these shifts have led to more use of neoadjuvant chemotherapy for breast
cancer management during the pandemic [9,36], and, according to our results, more use of
breast surgery 9 months after first chemotherapy as well. Further work will be required to
demonstrate if 9-months represents a reasonable gap between neoadjuvant chemotherapy
initiation and surgery. Modeling studies that aim to forecast the pandemic impact on breast
cancer outcomes need to incorporate our data to improve the prediction accuracy [39–41].

We found surgical use following chemotherapy as the first treatment to only decrease
for two cancer types, including sarcoma cancer which was rare (2% of our cohort). These
findings may demonstrate the success of de-escalation measures to maintain cancer treat-
ment [4,5]. Specifically, by employing chemotherapy as a mitigating tactic, most eligible
patients were able to receive surgery after a reasonable delay that was not significantly
greater than pre-pandemic levels. This also creates a serendipitous natural experiment
where some patients received upfront surgery (pre-pandemic) while others received neoad-
juvant treatment followed by surgery. Once stage data becomes available, real-world
comparisons of these two approaches may be performed. For cancer types that are not
typically managed by a neoadjuvant approach (such as prostate and lymphoma cancers),
our results showed that for newly diagnosed patients who had indeed started first-line
chemotherapy, they were equally likely to get surgery in the next 9 months during the
pandemic and in pre-pandemic. With stage data future research can advance this finding
by distinguishing palliative and neoadjuvant chemotherapy in these cancer types to better
map out the pandemic impact on the treatment pathway for patients needing surgery.

Inequalities in care are noted in our data. We found material deprivation, a measure of
lower SES, to be associated with lower use of surgery after first chemotherapy throughout
the study period, and the magnitude of such inequality was the same during the pandemic.
It is important to note that our results do not imply that patients of lower SES did not expe-
rience additional obstacles in receiving cancer care during the pandemic; on the contrary,
many support resources such as transportation services and social/finance assistances were
diminished, particularly early on. Cancer patients with lower SES reported struggling to
navigate the complex medical environment amid the pandemic, including to adamantly
advocate for having the standard curative treatment (surgery) [14]. It is possible that the
observed absence of any change in inequality reflects a shift in incident patient profile
in the pandemic, as those with lower SES were either not diagnosed at all or had higher
rates of presenting with unresectable advance disease. With stage data future research
can identify surgical resection candidates to delineate the inequity related to early cancer
diagnosis (including poor access to primary care) from the inequity on surgical use after
chemotherapy.

Our findings are subject to limitations. First, while we focused on patient-level factors
in this analysis, access to cancer surgery is also impacted by health system capacity and
hospital characteristics (structures of care) [12]. Future work should use a mixed-effect
modeling strategy or an ecological study design to assess how the pandemic-related
high-level shifts in the health system translates to individual-level differences in cancer
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surgery use. Next, we were unable to capture hormonal therapy, a procedure not explicitly
identified in the physician billing data (OHIP) we used to establish chemotherapy visits.
Future study needs to assess the surgical status among neoadjuvant hormonal therapy
recipients to see if the pandemic has impacted them uniquely [9]. We also did not have
data on cancer staging, and thereby, were unable to control for staging as a covariate in
the regression analysis or distinguish chemotherapy used for palliative and neoadjuvant
purposes. Finally, alternative indices could be used to pinpoint which dimension of SES
limits the access to cancer surgery. Ideally, such an index needs to include race/ethnicity,
which we could not adjust for in this analysis [42].

5. Conclusions

This study examined newly diagnosed cancer patients first treated by chemotherapy
within 6 months of cancer diagnosis and found their use of surgery 9 months after first
chemotherapy to be significantly higher after the start of COVID-19. This increase was
the most significant in breast cancer. Further study should determine if the higher rate of
surgery is attributed to a shift in patient profile or represents a deviation from the standard
therapy. Material deprivation is associated with a reduced utilization of cancer surgery,
which calls for more research to pinpoint the phase of cancer care where the inequity occurs.
The findings of this study reveal major limitations in the current cancer system that must
made significant and potentially harmful shifts in non-COVID-19 patient management
during a public health catastrophe. There is an urgent need to expand system capacity to
prepare for future emergency surges in care demand.
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Appendix A Literature Search Strategy and Results (7 October 2022)

Ovid MEDLINE: Epub Ahead of Print, In-Process & Other Non-Indexed Citations,
Ovid MEDLINE®Daily and Ovid MEDLINE®<1946-Present>

1 exp Neoplasms/ 3743346

2 ("cancer" or malignan* or oncolog*).ti,ab. 2,504,728

3 COVID-19/ or exp COVID-19 Testing/ or COVID-19 Vaccines/ or
SARS-CoV-2/

192,823

4 (coronavirus/ or betacoronavirus/ or coronavirus infections/) and (disease
outbreaks/ or epidemics/ or pandemics/)

40,181

5 (nCoV* or 2019nCoV or 19nCoV or COVID19* or COVID or SARS-COV-2
or SARSCOV-2 or SARS-COV2 or SARSCOV2 or SARS coronavirus 2 or
Severe Acute Respiratory Syndrome Coronavirus 2 or Severe Acute
Respiratory Syndrome Corona Virus 2).ti,ab,kf,nm,ot,ox,rx,px.

290,401

6 ((new or novel or "19" or "2019" or Wuhan or Hubei or China or Chinese)
adj3 (coronavirus* or corona virus* or betacoronavirus* or CoV or
HCoV)).ti,ab,kf,ot.

78,800

7 (longCOVID* or postCOVID* or postcoronavirus* or postSARS*).ti,ab,kf,ot. 57

8 ((coronavirus* or corona virus* or betacoronavirus*) adj3 (pandemic* or
epidemic* or outbreak* or crisis)).ti,ab,kf,ot.

13,780

9 ((Wuhan or Hubei) adj5 pneumonia).ti,ab,kf,ot. 409

10 3 or 4 or 5 or 6 or 7 or 8 or 9 302,333

11 ("new" or "incident" or diagnos* or "first" or initial*).ti,ab. 8,437,359

12 1 or 2 or 11 11,391,516

13 General Surgery/ 40,392

14 ("cancer surgery" or "surgical resection" or cancer resection or
surger*).ti,ab.

1,368,381

15 13 or 14 1,393,863

16 (chemo* or "systemic therapy" or radiation or radiotherap* or "hormonal
therapy" or neoadjuvant or endocrine therapy).ti,ab.

1,204,385

17 10 and 12 and 15 and 16 386

18 limit 17 to (English language and humans and yr="2019-Current") 243

A comprehensive literature search for peer-reviewed English-language journal articles
published between 1 Janaury 2019 and 7 October 2022 was performed on the MEDLINE
database. The search yielded 243 studies, of which 238 were unique. Title/abstract screen-
ing identified 80 studies that were eligible for full-text assessment. A total of 75 studies were
excluded for the following reasons: being a commentary/editorial (n = 9), being irrelevant
to the COVID-19 pandemic (n = 8), being a review (n = 4), did not present any outcomes
related to the continuum of cancer care (n = 53), or did not focus on newly diagnosed cancer
patients (n = 1). These exclusions resulted in 5 studies in the final review.



Curr. Oncol. 2022, 29 7743

References
1. Walker, M.J.; Wang, J.; Mazuryk, J.; Skinner, S.-M.; Meggetto, O.; Ashu, E.; Habbous, S.; Nazeri Rad, N.; Espino-Hernández, G.;

Wood, R.; et al. Delivery of Cancer Care in Ontario, Canada, during the First Year of the COVID-19 Pandemic. JAMA Netw. Open
2022, 5, e228855. [CrossRef] [PubMed]

2. American College of Surgeons COVID-19: Elective Case Triage Guidelines for Surgical Care. 2020. Available online:
https://www.facs.org/covid-19/clinical-guidance/elective-case (accessed on 25 January 2022).

3. NHS Cancer Programme Cancer Services Recovery Plan. 2020. Available online: https://www.england.nhs.uk/coronavirus/
wp-content/uploads/sites/52/2020/12/C0821-COVID-19-Cancer-services-recovery-plan-14-December-2020.pdf (accessed on
24 January 2022).

4. Ontario Health-Cancer Care Ontario Pandemic Planning Clinical Guideline for Patients with Cancer. 2020. Available online:
https://obgyn.utoronto.ca/sites/default/files/oh-cco_pandemic_planning_clinical_guideline_final_2020-03-10_002.pdf
(accessed on 23 August 2022).

5. Ontario Health-Cancer Care Ontario COVID-19 Supplemental Clinical Guidance for Patients with Cancer. 2020. Available
online: https://www.ontariohealth.ca/sites/ontariohealth/files/2020-04/Ontario%20Health%20Cancer%20Care%20Ontario%
20COVID19%20Supplemental%20Clinical%20Guidance%20for%20Patients%20with%20Cancer_29Mar20%20PDF.pdf (accessed
on 23 August 2022).

6. Powis, M.; Milley-Daigle, C.; Hack, S.; Alibhai, S.; Singh, S.; Krzyzanowska, M.K. Impact of the Early Phase of the COVID
Pandemic on Cancer Treatment Delivery and the Quality of Cancer Care: A Scoping Review and Conceptual Model. Int. J. Qual.
Health Care 2021, 33, mzab088. [CrossRef]

7. Bolger, J.C.; Donlon, N.E.; Butt, W.; Neary, C.; Al Azzawi, M.; Brett, O.; King, S.; Downey, E.; Arumugasamy, M.; Murphy, T.;
et al. Successful Maintenance of Process and Outcomes for Oesophageal Cancer Surgery in Ireland during the First Wave of the
COVID-19 Pandemic. Ir. J. Med. Sci 2022, 191, 831–837. [CrossRef]

8. Goenka, L.; Anandaradje, A.; Nakka, T.; Kayal, S.; Dubashi, B.; Chaturvedula, L.; Veena, P.; Durairaj, J.; Penumadu, P.; Ganesan, P.
The “Collateral Damage” of the War on COVID-19: Impact of the Pandemic on the Care of Epithelial Ovarian Cancer. Med. Oncol.
2021, 38, 137. [CrossRef] [PubMed]

9. Habbous, S.; Tai, X.; Beca, J.M.; Arias, J.; Raphael, M.J.; Parmar, A.; Crespo, A.; Cheung, M.C.; Eisen, A.; Eskander, A.; et al.
Comparison of Use of Neoadjuvant Systemic Treatment for Breast Cancer and Short-Term Outcomes before vs during the
COVID-19 Era in Ontario, Canada. JAMA Netw. Open 2022, 5, e2225118. [CrossRef] [PubMed]

10. Kiziltan, G.; Tumer, B.K.C.; Guler, O.C.; Ozaslan, C. Effects of COVID-19 Pandemic in a Breast Unit: Is It Possible to Avoid Delays
in Surgical Treatment? Int. J. Clin. Pract. 2021, 75, e14995. [CrossRef] [PubMed]

11. Meijer, J.; Elferink, M.A.G.; Vink, G.R.; Sijtsma, F.P.C.; Buijsen, J.; Nagtegaal, I.D.; Tanis, P.J.; Wumkes, M.L.; de Hingh, I.H.J.T.;
Siesling, S.; et al. Limited Impact of the COVID-19 Pandemic on Colorectal Cancer Care in the Netherlands in 2020. Int. J.
Colorectal Dis. 2022, 37, 2013–2020. [CrossRef] [PubMed]

12. Donabedian, A. Evaluating the Quality of Medical Care. Milbank Q. 2005, 83, 691–729. [CrossRef] [PubMed]
13. Ladin, K.; Rodrigue, J.R.; Hanto, D.W. Framing Disparities Along the Continuum of Care from Chronic Kidney Disease to

Transplantation: Barriers and Interventions. Am. J. Transplant 2009, 9, 669–674. [CrossRef] [PubMed]
14. Wachtler, B.; Michalski, N.; Nowossadeck, E.; Diercke, M.; Wahrendorf, M.; Santos-Hövener, C.; Lampert, T.; Hoebel, J.

Socioeconomic Inequalities and COVID-19—A Review of the Current International Literature. J. Health Monit. 2020, 5, 3–17.
[CrossRef]

15. Ontario Health Insurance Plan (OHIP) The Schedule of Benefits: Physician Services under the Health Insurance Act (January
24, 2022 (Effective 1 November 2021)). 2022. Available online: https://www.health.gov.on.ca/en/pro/programs/ohip/sob/
(accessed on 1 August 2022).

16. Cancer Registration: Principles and Methods; Jensen, O.; Parkin, D.; MacLennan, R.; Muir, C.; Skeet, R. (Eds.) IARC Scientific
Publications; International Agency for Research on Cancer: Lyon, France, 1991; ISBN 978-92-832-1195-2.

17. Robles, S.C.; Marrett, L.D.; Clarke, E.A.; Risch, H.A. An Application of Capture-Recapture Methods to the Estimation of
Completeness of Cancer Registration. J. Clin. Epidemiol. 1988, 41, 495–501. [CrossRef]

18. Du Plessis, V.; Beshiri, R.; Bollman, R.D.; Clemenson, H. Definitions of Rural. Rural. Small Town Can. Anal. Bull. 2001, 3. Available online:
https://www150.statcan.gc.ca/n1/en/pub/21-006-x/21-006-x2001003-eng.pdf?st=Q98IWKhx (accessed on 1 August 2022).

19. Matheson, F.I.; Moloney, G.; van Ingen, T. Ontario Agency for Health Protection and Promotion (Public Health Ontario). 2016 Ontario
Marginalization Index: User Guide. 1st Revision; St. Michael’s Hospital (Unity Health Toronto); Public Health Ontario: Toronto, ON,
Canada, 2022.

20. Ministry of Health Ontario Hospitals Asked to Take a Planned Approach to Ramping down Elective Surgeries. Ontario Newsroom,
15 March 2020. Available online: https://news.ontario.ca/en/statement/56328/ontario-hospitals-asked-to-take-a-planned-
approach-to-ramping-down-elective-surgeries(accessed on 8 July 2022).

21. Fu, R.; Sutradhar, R.; Li, Q.; Hanna, T.P.; Chan, K.K.W.; Coburn, N.; Hallet, J.; Eskander, A. Pandemic–Ontario Collaborative
in Cancer Research (POCCR) Imaging and Physician Visits at Cancer Diagnosis: COVID-19 Pandemic Impact on Cancer Care.
Cancer Med. 2022, 11, cam4.5321. [CrossRef]

22. Elixhauser, A.; Steiner, C.; Harris, D.R.; Coffey, R.M. Comorbidity Measures for Use with Administrative Data. Med. Care 1998,
36, 8–27. [CrossRef] [PubMed]

http://doi.org/10.1001/jamanetworkopen.2022.8855
http://www.ncbi.nlm.nih.gov/pubmed/35467731
https://www.facs.org/covid-19/clinical-guidance/elective-case
https://www.england.nhs.uk/coronavirus/wp-content/uploads/sites/52/2020/12/C0821-COVID-19-Cancer-services-recovery-plan-14-December-2020.pdf
https://www.england.nhs.uk/coronavirus/wp-content/uploads/sites/52/2020/12/C0821-COVID-19-Cancer-services-recovery-plan-14-December-2020.pdf
https://obgyn.utoronto.ca/sites/default/files/oh-cco_pandemic_planning_clinical_guideline_final_2020-03-10_002.pdf
https://www.ontariohealth.ca/sites/ontariohealth/files/2020-04/Ontario%20Health%20Cancer%20Care%20Ontario%20COVID19%20Supplemental%20Clinical%20Guidance%20for%20Patients%20with%20Cancer_29Mar20%20PDF.pdf
https://www.ontariohealth.ca/sites/ontariohealth/files/2020-04/Ontario%20Health%20Cancer%20Care%20Ontario%20COVID19%20Supplemental%20Clinical%20Guidance%20for%20Patients%20with%20Cancer_29Mar20%20PDF.pdf
http://doi.org/10.1093/intqhc/mzab088
http://doi.org/10.1007/s11845-021-02597-0
http://doi.org/10.1007/s12032-021-01588-6
http://www.ncbi.nlm.nih.gov/pubmed/34581889
http://doi.org/10.1001/jamanetworkopen.2022.25118
http://www.ncbi.nlm.nih.gov/pubmed/35917122
http://doi.org/10.1111/ijcp.14995
http://www.ncbi.nlm.nih.gov/pubmed/34710280
http://doi.org/10.1007/s00384-022-04209-4
http://www.ncbi.nlm.nih.gov/pubmed/35986108
http://doi.org/10.1111/j.1468-0009.2005.00397.x
http://www.ncbi.nlm.nih.gov/pubmed/16279964
http://doi.org/10.1111/j.1600-6143.2009.02561.x
http://www.ncbi.nlm.nih.gov/pubmed/19344460
http://doi.org/10.25646/7059
https://www.health.gov.on.ca/en/pro/programs/ohip/sob/
http://doi.org/10.1016/0895-4356(88)90052-2
https://www150.statcan.gc.ca/n1/en/pub/21-006-x/21-006-x2001003-eng.pdf?st=Q98IWKhx
https://news.ontario.ca/en/statement/56328/ontario-hospitals-asked-to-take-a-planned-approach-to-ramping-down-elective-surgeries
https://news.ontario.ca/en/statement/56328/ontario-hospitals-asked-to-take-a-planned-approach-to-ramping-down-elective-surgeries
http://doi.org/10.1002/cam4.5321
http://doi.org/10.1097/00005650-199801000-00004
http://www.ncbi.nlm.nih.gov/pubmed/9431328


Curr. Oncol. 2022, 29 7744

23. Eskander, A.; Li, Q.; Hallet, J.; Coburn, N.; Hanna, T.P.; Irish, J.; Sutradhar, R. Access to Cancer Surgery in a Universal Health Care
System during the COVID-19 Pandemic. JAMA Netw. Open 2021, 4, e211104. [CrossRef] [PubMed]

24. Eskander, A.; Li, Q.; Yu, J.; Hallet, J.; Coburn, N.G.; Dare, A.; Chan, K.K.W.; Singh, S.; Parmar, A.; Earle, C.C.; et al. Incident
Cancer Detection during the COVID-19 Pandemic. JNCCN 2022, 20, 276–284. [CrossRef]

25. Austin, P.C. Using the Standardized Difference to Compare the Prevalence of a Binary Variable between Two Groups in
Observational Research. Commun. Stat. Simul. Comput. 2009, 38, 1228–1234. [CrossRef]

26. Austin, P.C.; Lee, D.S.; Fine, J.P. Introduction to the Analysis of Survival Data in the Presence of Competing Risks. Circulation
2016, 133, 601–609. [CrossRef] [PubMed]

27. Gray, R.J. A Class of K-Sample Tests for Comparing the Cumulative Incidence of a Competing Risk. Ann. Stat. 1988, 16, 1141–1154.
[CrossRef]

28. Fine, J.P.; Gray, R.J. A Proportional Hazards Model for the Subdistribution of a Competing Risk. J. Am. Stat. Assoc. 1999,
94, 496–509. [CrossRef]

29. Fu, R.; Kamalraj, P.; Li, Q.; Hallet, J.; Gomez, D.; Sutradhar, R.; Eskander, A. The Changing Face of Cancer Surgery during
Multiple Waves of COVID-19. JNCI Cancer Spectr. 2022, 6, pkac062. [CrossRef] [PubMed]

30. Riera, R.; Bagattini, Â.M.; Pacheco, R.L.; Pachito, D.V.; Roitberg, F.; Ilbawi, A. Delays and Disruptions in Cancer Health Care Due
to COVID-19 Pandemic: Systematic Review. JCO Glob. Oncol. 2021, 7, 311–323. [CrossRef] [PubMed]

31. Aquina, C.T.; Ejaz, A.; Tsung, A.; Pawlik, T.M.; Cloyd, J.M. National Trends in the Use of Neoadjuvant Therapy Before Cancer
Surgery in the US From 2004 to 2016. JAMA Netw. Open 2021, 4, e211031. [CrossRef]

32. Graham, P.J.; Brar, M.S.; Foster, T.; McCall, M.; Bouchard-Fortier, A.; Temple, W.; Quan, M.L. Neoadjuvant Chemotherapy
for Breast Cancer, Is Practice Changing? A Population-Based Review of Current Surgical Trends. Ann. Surg. Oncol. 2015,
22, 3376–3382. [CrossRef] [PubMed]

33. Guven, D.C.; Sahin, T.K.; Yildirim, H.C.; Cesmeci, E.; Incesu, F.G.G.; Tahillioglu, Y.; Ucgul, E.; Aksun, M.S.; Gurbuz, S.C.;
Aktepe, O.H.; et al. Newly Diagnosed Cancer and the COVID-19 Pandemic: Tumour Stage Migration and Higher Early Mortality.
BMJ Support. Palliat. Care 2021. [CrossRef]

34. Teglia, F.; Angelini, M.; Astolfi, L.; Casolari, G.; Boffetta, P. Global Association of COVID-19 Pandemic Measures with Cancer
Screening: A Systematic Review and Meta-Analysis. JAMA Oncol. 2022, 8, 1287–1293. [CrossRef]

35. Zhou, J.Z.; Kane, S.; Ramsey, C.; Akhondzadeh, M.; Banerjee, A.; Shatsky, R.; Gold, K.A. Comparison of Early- and Late-Stage
Breast and Colorectal Cancer Diagnoses during vs Before the COVID-19 Pandemic. JAMA Netw. Open 2022, 5, e2148581.
[CrossRef] [PubMed]

36. Hawrot, K.; Shulman, L.N.; Bleiweiss, I.J.; Wilkie, E.J.; Frosch, Z.A.K.; Jankowitz, R.C.; Laughlin, A.I. Time to Treatment Initiation
for Breast Cancer during the 2020 COVID-19 Pandemic. JCO Oncol. Pract. 2021, 17, 534–540. [CrossRef]

37. Sheng, J.Y.; Santa-Maria, C.A.; Mangini, N.; Norman, H.; Couzi, R.; Nunes, R.; Wilkinson, M.; Visvanathan, K.; Connolly, R.M.;
Roussos Torres, E.T.; et al. Management of Breast Cancer during the COVID-19 Pandemic: A Stage- and Subtype-Specific
Approach. JCO Oncol. Pract. 2020, 16, 665–674. [CrossRef] [PubMed]

38. Orozco, J.I.J.; Grumley, J.G. ASO Author Reflections: Molecular Testing in Breast Cancer: Is Core Biopsy Equivalent to Surgical
Specimen? Ann. Surg. Oncol. 2021, 1–2. [CrossRef]

39. Alagoz, O.; Lowry, K.P.; Kurian, A.W.; Mandelblatt, J.S.; Ergun, M.A.; Huang, H.; Lee, S.J.; Schechter, C.B.; Tosteson, A.N.A.;
Miglioretti, D.L.; et al. Impact of the COVID-19 Pandemic on Breast Cancer Mortality in the US: Estimates from Collaborative
Simulation Modeling. J. Natl. Cancer Inst. 2021, 113, 1484–1494. [CrossRef] [PubMed]

40. Malagón, T.; Yong, J.H.E.; Tope, P.; Miller, W.J.; Franco, E.L. McGill Task Force on the Impact of COVID-19 on Cancer Control and
Care Predicted Long-Term Impact of COVID-19 Pandemic-Related Care Delays on Cancer Mortality in Canada. Int. J. Cancer
2021, 150, 1244–1254. [CrossRef]

41. Luo, Q.; O’Connell, D.L.; Yu, X.Q.; Kahn, C.; Caruana, M.; Pesola, F.; Sasieni, P.; Grogan, P.B.; Aranda, S.; Cabasag, C.J.; et al.
Cancer Incidence and Mortality in Australia from 2020 to 2044 and an Exploratory Analysis of the Potential Effect of Treatment
Delays during the COVID-19 Pandemic: A Statistical Modelling Study. Lancet Public Health 2022, 7, e537–e548. [CrossRef]

42. Chowkwanyun, M.; Reed, A.L. Racial Health Disparities and Covid-19—Caution and Context. N. Engl. J. Med. 2020, 383, 201–203.
[CrossRef] [PubMed]

http://doi.org/10.1001/jamanetworkopen.2021.1104
http://www.ncbi.nlm.nih.gov/pubmed/33704472
http://doi.org/10.6004/jnccn.2021.7114
http://doi.org/10.1080/03610910902859574
http://doi.org/10.1161/CIRCULATIONAHA.115.017719
http://www.ncbi.nlm.nih.gov/pubmed/26858290
http://doi.org/10.1214/aos/1176350951
http://doi.org/10.1080/01621459.1999.10474144
http://doi.org/10.1093/jncics/pkac062
http://www.ncbi.nlm.nih.gov/pubmed/35980176
http://doi.org/10.1200/GO.20.00639
http://www.ncbi.nlm.nih.gov/pubmed/33617304
http://doi.org/10.1001/jamanetworkopen.2021.1031
http://doi.org/10.1245/s10434-015-4714-x
http://www.ncbi.nlm.nih.gov/pubmed/26202561
http://doi.org/10.1136/bmjspcare-2021-003301
http://doi.org/10.1001/jamaoncol.2022.2617
http://doi.org/10.1001/jamanetworkopen.2021.48581
http://www.ncbi.nlm.nih.gov/pubmed/35166787
http://doi.org/10.1200/OP.20.00807
http://doi.org/10.1200/OP.20.00364
http://www.ncbi.nlm.nih.gov/pubmed/32603252
http://doi.org/10.1245/s10434-021-10604-y
http://doi.org/10.1093/jnci/djab097
http://www.ncbi.nlm.nih.gov/pubmed/34258611
http://doi.org/10.1002/ijc.33884
http://doi.org/10.1016/S2468-2667(22)00090-1
http://doi.org/10.1056/NEJMp2012910
http://www.ncbi.nlm.nih.gov/pubmed/32374952

	Introduction 
	Background 
	Cancer Care Continuum and Inequity during the COVID-19 Pandemic 

	Materials and Methods 
	Study Design 
	Data Sources 
	Study Cohort 
	Outcome—Time to Surgery after First Chemotherapy 
	Exposure—COVID-19 Pandemic Time Period 
	Covariates 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

