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Abstract

Objectives Our aim was to assess the trend in gynaecologic cancer (GC) mortality in the period from 2010 to 2022 in
the United States, with focus on the impact of the pandemic on increased deaths.

Methods GC mortality data were extracted from the Center for Disease Control and Prevention Wide-Ranging Online
Data for Epidemiologic Research (CDC WONDER) platform. We analysed mortality trends and evaluated observed vs.
predicted mortality for the period from 2020 to 2022 with joinpoint regression and prediction modelling analyses.

Results A total of 334,382 deaths among adults aged 25 years and older with gynaecologic cancer were
documented from 2010 to 2022. The overall age-standardised mortality rate (ASMR, per 100,000 persons) for ovarian
cancer-related death decreased gradually from 7.189in 2010 to 5.517 in 2019, yielding an APC (annual percentage
change) of -2.8%. However, the decrease in ovarian cancer-related mortality slowed down by more than 4-fold during
the pandemic. Cervical cancer -related mortality decreased slightly prior to the pandemic and increased during

the pandemic with an APC of 0.6%, resulting in excess mortality of 4.92%, 9.73% and 2.03% in 2020, 2021 and 2022,
respectively. For uterine corpus cancer, the ASMR increased from 1.905 in 2010 to 2.787 in 2019, and increased sharply
t03.079in 2021 and 3.211 in 2022. The ASMR rose steadily between 2013 and 2022, yielding an APC of 6.9%.

Conclusions Overall, we found that GC-related mortality increased during the COVID-19 pandemic, and this increase
was not specific to age, race, or ethnicity.
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Introduction
Gynaecologic cancer (GC) continues to be a significant
disease burden globally and in the United States. Ovar-
ian cancer (OC) is the most lethal of all malignancies
found in women. Even though the mortality rate for
OC is decreasing remarkably [1], the prognosis is often
poor due to asymptomatic or surreptitious growth of the
tumour, with a 5-year relative survival rate of 49% [2].
As the second most common cancer in less developed
regions, cervical cancer (CC) ranks eleventh in more
developed regions [3]. Since 2006, human papilloma virus
(HPV) vaccination has been recommended for young
females aged 11-26 years in the U.S,; this led to a 43.35%
decrease in CC mortality among young females, despite
a less substantial decrease in older women [4]. Further-
more, a recent study [5] noted rapid changes in GC land-
scape, with the risk of death from uterine corpus cancer
(UCC) being similar to that for OC among women over-
all. As UCC is associated with the metabolic syndrome
and fertility patterns, changes related to these factors
brought about by the pandemic must be considered.
Since 2020, the global population has experienced sev-
eral waves of the COVID-19 pandemic and remarkable
associated excess mortality [6]. Several studies have ana-
lysed the excess of cancer-related mortality during the
pandemic [6-8]. However, there is no study reporting the
impact of the COVID-19 pandemic on GC-related mor-
tality. In this study, we provide an updated summary of
the mortality rates of ovarian, cervical, and uterine can-
cers in the United States, with special attention paid to
disparities observed across age and race groups.

Methods

Study design and population

This study performs time series and predictive analyses
of GC-related mortality rates in the U.S. population from
01/01/2010-12/31/2022. Data were obtained through
the National Vital Statistics System (NVSS) dataset on
the Center for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research (CDC
WONDER) website. The database contains annual mor-
tality data with respect to 99% of deaths across all states
and the District of Columbia. Also, we collected demo-
graphic data including age, race, and cause of death for
those records with death related to GC. Institutional
Review Board (IRB) approval was not sought for this
study, as data from the NVSS website were publicly avail-
able and fully deidentified. The study complies with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.

Definitions
In NVSS dataset, Data on GC-related deaths were col-
lected from 01/01/2010-12/31/2022 for people aged>25
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years. Causes of death were recorded using the tenth edi-
tion of the International Classification of Diseases (ICD-
10). Based on the scope of our study, the ICD-10 codes of
GC-related death causes were C56 for OC, C53 for CC,
C54 for UCC, and U07.1 for COVID-19. Tumour were
not usually the direct cause of death in patients; there-
fore, to avoid bias, we defined GC-related deaths as those
with gynaecologic tumours listed as the primary cause
of death or the underlying cause of death. Age stratifi-
cation was performed and three categories were estab-
lished: 25—44 years; 45—64 years; and =65 years. Race
and ethnicity groups were defined as Hispanic, non-His-
panic Alaska Indians/American Natives (AI/AN), non-
Hispanic Asian, non-Hispanic black, and non-Hispanic
white.

Statistical analysis

Demographic characteristics of decedents with GC are
presented as frequencies with percentages. The crude
death rate (per 100,000 people) was calculated by taking
the number of deaths for each type of GC and dividing
it by the total U.S. population in the corresponding year.
The age-standardised mortality rate (ASMR, per 100,000
people) was determined by multiplying the age-specific
mortality rate by the number of people in each age group
in the standard population. According to the 2000 U.S.
Census Standard Population, the age structure is divided
into groups of 10 years, beginning at 25 years and end-
ing with the oldest age group of 85 years and older. To
quantify GC-related mortality during the pandemic,
we performed a predictive analysis based on the ASMR
during 2010-2019 to determine expected mortality in
2020, 2021 and 2022, and then compared the observed
and expected mortalities. The predictive analysis was
performed by a polynomial model, in each subgroup,
we experimented with first-degree, second-degree, and
third-degree polynomials and selected the model that
best fit based on the RMSE values. COVID-19-related
excess death was calculated by the percentage of COVID-
19 related ASMR in totally excess deaths.

Subgroup analysis was conducted by age, sex, and
race/ethnicity. Sex-specific mortality rates were calcu-
lated within each age group. All analyses were carried
out using the Joinpoint Trend Analysis software (ver-
sion 4.9.1.0; National Cancer Institute, Bethesda, MD),
PyCharm3.9.0 (prediction analysis), and R 4.0.2 soft-
ware (all other analyses and data cleaning). A two-tailed
p-value of 0.05 was used to determine significance.

Results

Decedent population and characteristics for GC

A total of 334,382 deaths among adults aged 25 years and
older with gynaecologic cancer were documented from
2010 to 2022. Ovarian cancer was the most common
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Table 1 Age characteristics of gynaecologic cancer deaths in the US., 2010-2022

2010-2022 2010 2019 2020 2021 2022

Gynecologic  Overall 334,382 [100.00] 23,937 [100.00] 26,649 [100.00] 27,969 [100.00] 28,154 [100.00] 28,017 [100.00]
Cancert Age

25-44 17,367 [5.19] 1279 [5.34] 5[4.93] 1397 [4.99] 1540 [5.47] 1361 [4.86]

45-64 106,225 (31.77] 8042 [33.60] 8093 [30 37] 8331 [29.79] 8220 [29.20] 8121 [28.99]

>65 210,790 [63.04] 14,616 [61.06] 17,241 [64.70] 18,241 [65.22] 18,394 [65.33] 18,535 [66.16]
Ovarian Overall 195,885 [100.00] 15,548 [100.00] 14,570 [100.00] 14,822 [100.00] 14,807 [100.00] 14,597 [100.00]
Cancer Age

25-44 5547 [2.83] 464 [2.98] 407 [2.79] 416 [2.81] 424 [2.86] 433[2.97]

45-64 58,481 [29.85] 4829 [31.06] 4193 [28.78] 4240 [28.61] 4119[27.82] 4110[28.16]

>65 131,857 [67.31] 10,255 [65.96] 9970 [68.43] 10,166 [68.59] 10,264 [69.32] 10,054 [68.88]
Cervical Overall 60,540 [100.00] 4346 [100.00] 4673 [100.00] 4905 [100.00] 5075 [100.00] 4772 [100.00]
Cancer Age

25-44 10,376 [17.14] 744 117.12] 768 [16.43] 845 [17.23] 944 [18.60] 775116.24]

45-64 26,722 [44.14] 2033 [46.78] 2038 [43.61] 2067 [42.14] 2095 [41.28] 1987 [41.64]

>65 23,442 [38.72] 1569 [36.10] 1867 [39.95] 1993 [40.63] 2036 [40.12] 2010 [42 12]
Uterine Cor-  Overall 79,143 [100.00] 4119[100.00] 7506 [100.00] 8349 [100.00] 8393 [100.00] 8787 [100.00]
pusCancer  Age

25-44 1507 [1.90] 74 [1.80] 141 [1.88] 139[1.66] 187 [2.23] 1581[1.80]

45-64 21,488 [27.15] 1207 [29.30] 1894 [25.23] 2067 [24.76] 2047 [24.39] 2076 [23.63]

>65 56,148 [70.94] 2838 [68.90] 5471 [72.89] 6143 [73.58] 6159 [73.38] 6553 [74.58]

Data are presented as n [%]; age is presented in years. tGynaecologic cancer includes cervix uteri (International Statistical Classification of Disease and Related
Health Problems, 10th revision [ICD-10] code C53), corpus uteri (ICD-10 code C54), and ovary (ICD-10 code C56)
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Fig. 1 Age-standardised mortality rates for gynaecologic cancer in the U.S, 2010-2022

cause of death from gynaecological malignancy, account-
ing for 59.37% (195,885) of deaths, followed by UCC
(79,143, 23.58%), and CC (60,540, 18.04%) (Table 1).
The GC-related ASMR (per 100,000 persons) decreased
gradually from 11.11 in 2010 to 10.16 in 2019, with only
a mild increase in 2016. There was a rise in mortality in
2020 (10.49, 4.80% excess mortality) and a sustained
increase in 2021 (10.68, 10.33% excess mortality) fol-
lowed by a slight decline in 2022 (10.60, 15.37% excess
mortality) (Fig. 1 and Table 2). Monthly ASMR mirrored
patterns for different phases of the COVID-19 pandemic
among women, particularly in the surge in deaths at the

beginning of 2021 and 2022 (Fig. 2). Most decedents
were =65 years old (63.04%), and were overwhelmingly
non-Hispanic whites (75.29%) followed by non-Hispanic
blacks (12.78%), and Hispanics (8.05%). However, non-
Hispanic American Indians/Alaska Natives had the high-
est excess mortality of 34.33% (9.23 vs. 6.87 per 100,000
persons) (Table S1 and S2).

OC-related mortality

The overall ASMR for OC-related death decreased gradu-
ally from 2010 (7.189) to 2019 (5.517), yielding an annual
percent change (APC) of -2.8%, p<0.001; 95% CI = [-3.1
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Fig. 2 Age-standardised mortality rates for gynaecologic cancer in the U.S. during different phases of the COVID-19 pandemic, 2018-2022

-2.4]. However, this decrease slowed down by more
than 4-fold, with an APC of -0.6% during the pandemic;
95%CI = [-2.5 to 1.3] (Fig. 1 and Table S3). The observed
ASMRSs for 2020-2022 were higher than predicted (5.50
vs. 5.38 for 2020, 5.51 vs. 5.21 for 2021, 5.48 vs. 5.03 for
2022) (Table 2). The ASMR was highest in older adults
throughout the study period, while the elderly were also
the subgroup with the most significant downward trend
in mortality with an APC of -2.3% (95%CI = [-2.8 to
-1.9]). This is compared to the APCs of -1.6% and —2.0%
in younger and middle-aged women, respectively (Table
S4).

OC-related mortality decreased across all races/ethnic-
ities, with the most dramatic APC decrease in non-His-
panic American Indians/Alaska Natives (-3.6%) followed
by non-Hispanic whites (-2.7%), non-Hispanic blacks
(-2.2%), Hispanics (-2.0%) and non-Hispanic Asians
(-0.8%) (Table S2). Although mortality rates continue to
be higher in white versus black women, this disparity is
narrowing (Fig. S1B). In 2020, all racial/ethnic groups
saw a difference between observed and expected mortal-
ity, with the largest excess mortality in Non-Hispanic AI/
AN (88.13%), followed by Non-Hispanic Asians (19.38%)
(Table S1).

CC-related mortality

Most decedents with cervical cancer were 45—-64 years
of age (44.14%) and greater than 65-years old (38.72%)
at the time of death, while the proportion of deaths in
younger people was also close to 20%. CC-related mortal-
ity slightly declined prior to the pandemic (APC —0.6%),
increased after 2018 (APC 0.6%) and peaked in 2021
(Table S3). Mortality trends stratified by age are shown in
table S4. Notably, during the pandemic, the steepest rise
in mortality was seen in older adults (APC 2.4%). Younger
adults experienced a significant decrease in mortality
ratio during the pandemic. However, this group exhibited

the highest percentage of excess deaths (15.38% in 2020
and 26.13% in 2021) and showed a noticeable increase in
2021 (Fig. 3 and Table S4). The middle-aged group had a
flat trend throughout the study period (APC —0.2%) and
relatively low excess mortality. In the older subgroup,
about 30% of deaths were associated with SARS-CoV-2
infection (Table 3).

The ASMR of cervical cancer decreased across all races
and ethnicities during the study period, with the most
dramatic APC decrease in non-Hispanic blacks (-2.4%,
p<0.001; 95%CI = [-3.1, -1.6]), followed by non-His-
panic AI/ANs (-2.2%), non-Hispanic Asians (-1.8%), and
Hispanics (-0.9%) (Table S2). The high excess mortality
due to CC during the pandemic was seen in Hispanics
(18.88%) and non-Hispanic Asians (12.06%) (Table S1).

UCC-related mortality

For uterine corpus cancer, the ASMR was stable between
2010 and 2013, then increased from 2013 onwards, yield-
ing an APC of 6.9%, p<0.001; 95%CI = [5.6, 8.3]. This
continued in 2015 (Fig. 1), with increases in the mortality
rate in the middle-aged subgroup (APC 10.7%, p<0.05;
95%CI = [1.1 to 21.3]) and in the older subgroup (APC
11.5%, p<0.05; 95%CI = [4.8 to 18.6]) (Table S4) during
2014-2017. As a result, the ASMR for uterine corpus
cancer increased from 1.905 in 2010 to 2.787 in 2019, and
further increased to 2.925 in 2020 and 3.074 in 2021 dur-
ing the pandemic (Table 2). The excess mortality rates in
uterine corpus cancer were 3.68% in 2020, 3.30% in 2021
and 8.42% in 2022. Of note, COVID-19-related deaths
accounted for 43.84%, 62.89% and 26.74% of the excess
deaths in 2020, 2021 and 2022, respectively (Table 2 and
Table 3). The ASMRs stratified by age are shown in Fig. 3;
Table 2. Importantly, the excess mortality in the younger
subgroup was significantly higher than that in both the
middle-aged and older subgroups during the COVID-19
pandemic (Table 2).
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Table 3 The percentage of COVID-19 related in excess deaths
in women with gynaecologic cancer in the U.S. by age group,
2020-2022

Age Years Pandemic  Pandemic  Pandemic
Epoch 1 Epoch 2 Epoch 3
2020 2021 2022
COVID%*  COVID%*  COVID%*
Gynecologic  Overall 30.186 19.665 16.224
Cancert Age
25-44 years NA 0.000 187.562
45-64 years 39.119 36.301 140416
>65 years 31.551 20.164 13453
Ovarian Overall 57.465 32.196 18.404
Cancer Age
25-44 years NA NA NA
45-64 years 21.166 56.260 8975
>65 years 28612 12.231 8.900
Cervical Overall 13217 17.640 85.373
Cancer Age
25-44 years NA 4.717 0.000
45-64 years 0.000 48.236
>65 years 37414 25.899 27.575
Uterine Overall 43.844 62.892 26.744
Corpus Age
Cancer 25-44years  NA NA NA
45-64 years 38213 30.880 11.667
>65 years 45.830 97.497 29.875

Abbreviation: NA: not applicable

tGynecologic cancerincludes cervix uteri (International Statistical Classification
of Disease and Related Health Problems, 10th revision [ICD-10] code C53);
corpus uteri (ICD-10 code C54); and ovary (ICD-10 code C56)

*Denotes the percentage of COVID-19 related ASMR in excess deaths

Values higher than 100 mean that the ASMR associated with COVID-19 is greater
than the ASMR of excess deaths

UCC-related mortality increased across all races/eth-
nicities through the study period, with an average APC
of 7.0%, 6.1%, 4.8% and 4.6% in Hispanics, non-Hispanic
blacks, non-Hispanic Asians, and non-Hispanic whites,
respectively. The ASMR was roughly twice as high in
non-Hispanic black women than that in women of other
races/ethnicities (Fig. S1 and Table S1).

Discussion

In this study, we assessed the temporal trends of mortal-
ity for three GCs (OC, CC, and UCC) from 2010 to 2022
to analyse the effect of the COVID-19 pandemic on GC-
related mortality. We found an increase in GC-related
mortality during each month between 2019 and 2022 that
was significantly higher than predicted mortality based
on pre-pandemic trends. There is already evidence that
patients with gynaecological cancers may be particularly
affected by the COVID-19 pandemic [9, 10]. A spike in
growth was seen at the beginning of the prevalence of the
Alpha and Omicron variant followed by a sharp decline.
Considering the hysteresis of malignant tumor mortality,
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the relationship between this large fluctuation and dif-
ferent stages of COVID-19 requires longer studies. The
overall curve for 2022 is downward, with the impact of
COVID-109 likely to fade. Both OC- and CC-related mor-
tality rates stably decreased prior to the pandemic, but
this decrease slowed down in the former and reversed
in the latter. For uterine corpus cancer, the ASMR rose
steadily beginning in 2013, with a moderate rise after
2019, overall yielding an APC of 6.9% during 2013-2022.
Importantly, we also found that effects of the pandemic
on GC-related mortality are seen in all age groups, races,
and ethnicities. However, there were marked disparities
between subgroups.

COVID-19-related deaths account for 30% or lower of
the excess deaths during the timeframe of the pandemic,
emphasizing the notion that a non-COVID-19-related
indirect increase in mortality deserves attention. Henley
et al. [11] also found that an excess number of persons
with cancer died from COVID-19 and other diseases
than from underlying malignacy. Health care systems
have experienced an unprecedented backlog of oncologic
procedures, owing to a reduction in medical resources
and screening programs as a result of shifting focus to
care for an overwhelming number of COVID-19 patients.
Patients were more likely to experience delays in the
receipt of radiation therapy and less likely to undergo
radiation therapy if adverse pathology was detected at the
time of surgery [12]. Most affected was the young popu-
lation, possibly owing to more barriers to treatment such
as lack of transportation, financial strain, and scarcity of
medical resources as a result of local epidemic prevention
and control policies [13]. A mortality gap exists between
non-Hispanic white and non-Hispanic black women
for cervical and uterine cancers (and to a lesser extent
for ovarian cancer). In 2010-2021, overall gyneacologi-
cal cancer mortality is highest among the white popula-
tion, largely due to the mortality rate of ovarian cancer
and ageing of the population. Mortality rates of cervical
and uterine cancers were higher in black women than in
those of other races during the study period. This goes in
line with known findings which showed that age-adjusted
mortality rates in patients with cancer and COVID-19
were found to be significantly higher in NH Black or Afri-
can American, Hispanic or Latino, and NH American
Indian or Alaskan Native groups in 2020 [14].

Ovarian cancer is the leading cause of death in middle-
aged and older women. Young women are more likely
to have low stage and low grade epithelial cancers [15],
and they are able to tolerate more aggressive surgery and
chemotherapy. In contrast, older patients, often with
comorbidities, may be less likely to tolerate certain com-
bination chemotherapy regimens, frequently resulting
in discontinuation before the regimen is completed [16,
17]. Excess OC-related deaths are high among the elderly,
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who are also disproportionately affected by COVID-
19. This phenomenon of excess deaths is similar to that
which has been reported in patients with diabetes mel-
litus, chronic liver disease, and cirrhosis [7, 8, 18]. Inde-
pendent risk factors for mortality include age 70 years or
older, surgery for malignant disease, and major surgery
[19].

The low mortality rate observed in Asian women is
likely because they are typically younger at diagnosis,
are more likely to present with localized disease, and
are more likely to have ovarian cancer subtypes associ-
ated with favourable prognosis [20]. Black women with
ovarian cancer have worse overall survival and have
more comorbidity burden when beginning treatment
when compared to white women with ovarian cancer
[21]. However, during the pandemic, the mortality rate
gap narrowed between white and black women, likely
due to the rapid and significant decline in the incidence
of ovarian cancer in white women. Excess deaths were
higher among non-Hispanic AI/AN women (88.134%),
thought to be partly related to the lack of opportunities
for remote work (i.e., higher risk of COVID-19 expo-
sure) in this population [22]. Similarly, in our previous
study [8, 23] in chronic liver disease, excess deaths were
high among non-Hispanic AI/AN populations due to less
access to medical services.

The trend in ASMR for cervical cancer was stabilized
pre-pandemic. This is attributed at least in part to lower
detection of glandular cancers [24] and the relatively
short time since the introduction of the HPV vaccine.
During the pandemic, young women had the highest
excess deaths from cervical cancer, contributing to the
increase in ASMR. The recommendation for co-screen-
ing with HPV testing and cytology may have led to
increased detection of early-stage cancers [25], and the
increased ASMR is expected to decline as normal medi-
cal activities resume.

Different from the pattern observed with ovarian can-
cer and uterine cancer, women aged 45—64 years had the
largest number of deaths, with the highest hysterectomy-
corrected cervical cancer incidence rate [26]. The data
reported herein may be an underestimate of the true
excess burden in consideration of the incidence and mor-
tality of cervical cancer corrected for number of women
not at risk. Also during this time, a greater increase in the
ASMR among older women was observed. There was a
significant uptick in 2021 for younger and older women.
This may be a result of missed screening opportuni-
ties at earlier ages and delayed diagnosis and treatment.
However, the prolonged time from diagnosis to the ini-
tiation of treatment (<6 months) showed limited nega-
tive effects on survival with early-stage female cancers
[27]. Women older than 65 years, who overall are living
longer, may have an even higher risk of cervical cancer
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associated with advanced age; vaccination is the best way
to prevent cervical cancer in this and other age groups
[28]. The most cost-effective strategy for prevention and
detection would be to ensure adequate screening before
age 65 years, and then continuing surveillance going for-
ward for those with higher risk [28]. About 30% of excess
deaths in this age group were associated with COVID-19.
This phenomenon is pronounced in developed countries,
as these countries have a larger population of individuals
older than 65 years, and the excess number of deaths in
this population is greater.

The overall GC mortality rate had generally decreased
from 2010 to 2015, but experienced a distinct rise in
2016, reflecting the sustained decline in ovarian cancer
and the increase in uterine corpus cancer. More impor-
tantly, uterine corpus cancer became the second leading
cause of GC deaths after 2015. This trend paralleled the
increase in the ageing population and in the prevalence
of metabolic syndrome. The “Baby Boomers’, those who
turned 49-67 years of age by 2013, are at high risk for
uterine cancer as it occurs most frequently in postmeno-
pausal women [29]. Additionally, this group has a higher
average body mass index (BMI) [30], an increased use
of postmenopausal oestrogen, and changing reproduc-
tive patterns (e.g., fewer births, earlier age at menarche)
[31, 32]. These factors may contribute to the sharp rise
in ASMR observed for uterine corpus cancer, although
the study by Clarke et al. [33] indicated that this trend
is driven by nonendometrioid subtypes, which are less-
strongly-associated with oestrogen-related risk factors
and obesity than endometrioid carcinoma. During the
pandemic, CC and OC peaked in 2021, but the upward
trend of UCC is likely to continue until 2040 [34].

Among elderly women, the higher observed ASMR of
UCC is associated with COVID-19. In addition to the
rise in all-cause mortality, obesity, and diabetes during
the pandemic, it should be noted that care for the elderly
with stroke or other cardiovascular events was also dis-
rupted with an increase in incidence of these conditions
[7, 35-37].

Black women are twice as likely to die as a result of
uterine corpus cancer when compared to white women,
and are more likely to be diagnosed with aggressive non-
endometrioid subtypes [38]. The key to decreasing the
incidence of uterine cancer control lies in these non-
endometrioid subtypes, which are largely responsible for
the rise in incidence and mortality of UCC. The racial
disparity is highlighted by the gap in 5-year survival rates,
with 64% of black women surviving compared to 86%
of white women. Studies have shown that black Ameri-
cans have a 33% higher risk of dying of cancer than white
Americans, as they often receive poorer-quality treat-
ment and have lower general access to healthcare [39].
For example, non-Hispanic white women are more likely
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to receive guideline-concordant treatment. Further-
more, black women experience more social, economic,
and political marginalization that translates into higher
allostatic load and weathering on the body [40]. Chronic
stress may increase the risk of tumours driven by oestro-
gen, leaving black women at risk for aggressive uterine
cancer as they age [31].

To our knowledge, this study represents the most
comprehensive analysis of GC mortality trends and the
impact of the COVID-19 pandemic to date in the U.S.
However, this study has limitations. Our analyses do not
account for histologic subtypes of the various types of
GC presented, which have different effects on death at
different age. Also, in the U.S., hysterectomy-corrected
endometrial cancer incidence rates were estimated to be
about 30% higher than uncorrected rates [41]. The data
presented here underestimate the rate of UCC among at-
risk women. Finally, we have only analysed publicly avail-
able data, which may limit interpretation; however, this
potential limitation is likely minor.

Conclusions

We found a decrease in mortality for ovarian cancer and
cervical cancer, but a rise in mortality for uterine cor-
pus cancer in the U.S. Our analysis provides strong evi-
dence that the burden of GC is not equally distributed
across age and racial groups. It is possible that long-term
sequelae of delayed or deferred care due to the pandemic
and of COVID-19 disease itself will result in increased
mortality in future years. As such, regular preventative
screening, vaccination, and treatment should be resumed
as soon as possible with respect to GC. Ideally, this study
will support the implementation of future policies related
to GC prevention and management, with emphasis on
the need for these policies to protect the most vulnerable
populations.

Abbreviations

GC Gynaecologic cancer

OC Ovarian cancer

CcC Cervical cancer

ucc Uterine corpus cancer

HPV Human papilloma virus

ASMR Age-standardized mortality rates
APC Annual percentage change
COVID-19  Coronavirus Disease 2019

NVSS National Vital Statistics System

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/513027-024-00567-6.

[ Supplementary Material 1 ]

Acknowledgements
We thank the NVSS team for their efforts.

Page 9 of 10

Author contributions

FJand ML participated in the design of the manuscript. YX, YG, SQ and FJ
analyzed the data and drafted the manuscript, YX, YG, SQ, FL, YD, JX, ZX, FJ and
ML analyzed the data and participated the discussion on the manuscript. YD,
FJand ML revised the manuscript. All authors have read and approved the
final version of the manuscript.

Funding

This work was supported by The Shaanxi Provincial Key R&D Program (grant
no. 2017ZDXM-SF-26-3) and The National Natural Science Foundation of China
(grant no. 81702578). The funding body did not play any roles in the design of
the study and collection, analysis, and interpretation of data and in writing the
manuscript.

Data availability
The NVSS can be accessed through this website: https://wonder.cdc.gov/mcd-
icd10-provisional.html.

Declarations

Ethics approval and consent to participate
Since all data from NVSS were publicly available and completely de-identified,
the study did not seek approval from the institutional review board.

Consent for publication
All authors have read the manuscript and approved the submission.

Competing interests
FJ: Speaker: Gilead Sciences, MSD and Ascletis. Consulting/advisory board:
Gilead, MSD. All other authors do not have conflict of interest.

Transparency statement

The lead author affirms that this manuscript is an honest, accurate, and
transparent account of the study being reported; that no important aspects
of the study have been omitted; and that any discrepancies from the study as
planned (and, if relevant, registered) have been explained.

Received: 5 September 2023 / Accepted: 31 January 2024
Published online: 20 February 2024

References

1. Malvezzi M, Carioli G, Rodriguez T, Negri E, La Vecchia C. Global trends and
predictions in ovarian cancer mortality. Annals Oncology: Official J Eur Soc
Med Oncol. 2016;27(11):2017-25. https://doi.org/10.1093/annonc/mdw306.

2. Siegel RL, Miller KD, Fuchs HE, Jemal A, Cancer Statistics. 2021. CA: a cancer
journal for clinicians. 2021;71(1):7-33. https://doi.org/10.3322/caac.21654.

3. Ferlay J, Soerjomataram |, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer
incidence and mortality worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer. 2015;136(5):E359-86. https.//doi.org/10.1002/
jic29210.

4. TabibiT, Barnes JM, Shah A, Osazuwa-Peters N, Johnson KJ, Brown DS. Human
papillomavirus vaccination and Trends in Cervical Cancer incidence and
mortality in the US. JAMA Pediatr. 2022;176(3):313-6. https://doi.org/10.1001/
jamapediatrics.2021.4807.

5. Giaquinto AN, Broaddus RR, Jemal A, Siegel RL. The changing Landscape
of Gynecologic Cancer Mortality in the United States. Obstet Gynecol.
2022;139(3):440-2. https://doi.org/10.1097/a0g.0000000000004676.

6. Estimating excess mortality. Due to the COVID-19 pandemic: a systematic
analysis of COVID-19-related mortality, 2020-21. Lancet (London England).
2022;399(10334):1513-36. https://doi.org/10.1016/50140-6736(21)02796-3.

7. LvF Gao X,Huang AH, Zu J, He X, Sun X, et al. Excess diabetes mellitus-
related deaths during the COVID-19 pandemic in the United States. EClini-
calMedicine. 2022;54:101671. https://doi.org/10.1016/j.eclinm.2022.101671.

8. Gao X, LvF HeX ZhaoY,LiuY, Zu J, et al. Impact of the COVID-19 pandemic
on liver disease-related mortality rates in the United States. J Hepatol.
2023;78(1):16-27. https://doi.org/10.1016/jjhep.2022.07.028.

9. Lara OD, O'Cearbhaill RE, Smith MJ, Sutter ME, Knisely A, McEachron J, et al.
COVID-19 outcomes of patients with gynecologic cancer in New York City.
Cancer. 2020;126(19):4294-303. https://doi.org/10.1002/cncr.33084.


https://doi.org/10.1186/s13027-024-00567-6
https://doi.org/10.1186/s13027-024-00567-6
https://wonder.cdc.gov/mcd-icd10-provisional.html
https://wonder.cdc.gov/mcd-icd10-provisional.html
https://doi.org/10.1093/annonc/mdw306
https://doi.org/10.3322/caac.21654
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1001/jamapediatrics.2021.4807
https://doi.org/10.1001/jamapediatrics.2021.4807
https://doi.org/10.1097/aog.0000000000004676
https://doi.org/10.1016/s0140-6736(21)02796-3
https://doi.org/10.1016/j.eclinm.2022.101671
https://doi.org/10.1016/j.jhep.2022.07.028
https://doi.org/10.1002/cncr.33084

Xi et al. Infectious Agents and Cancer

20.

21

22.

23.

24,

25,

26.

(2024) 19:4

Frey MK, Fowlkes RK, Badiner NM, Fishman D, Kanis M, Thomas C, et al.
Gynecologic oncology care during the COVID-19 pandemic at three affili-
ated New York City hospitals. Gynecol Oncol. 2020;159(2):470-5. https://doi.
0rg/10.1016/j.ygyno.2020.09.005.

Henley SJ, Dowling NF, Ahmad FB, Ellington TD, Wu M, Richardson LC. COVID-
19 and other underlying causes of cancer deaths - United States, January
2018-July 2022. MMWR Morb Mortal Wkly Rep. 2022,71(50):1583-8. https://
doi.org/10.15585/mmwr.mm7150a3

Kumar D, Dey T. Treatment delays in oncology patients during COVID-19
pandemic: a perspective. J Global Health. 2020;10(1):010367. https://doi.
0rg/10.7189/jogh.10.010367.

Ward E, Halpern M, Schrag N, Cokkinides V, DeSantis C, Bandi P, et al. Associa-
tion of insurance with cancer care utilization and outcomes. Cancer J Clin.
2008;58(1):9-31. https://doi.org/10.3322/ca.2007.0011.

Jambunathan B, Lang J, Mays M, Ekwenna O. Quantifying mortality burden
in patients with cancer due to COVID-19 in the US: a national cross-sectional
analysis. Cancer Med. 2023;12(16):17413-7. https://doi.org/10.1002/
cam4.6364.

Chan JK, Urban R, Cheung MK, Osann K, Shin JY, Husain A, et al. Ovarian
cancer in younger vs older women: a population-based analysis. Br J Cancer.
2006;95(10):1314-20. https://doi.org/10.1038/s}.bjc.6603457.

Selle F, Colombo N, Korach J, Mendiola C, Cardona A, Ghazi Y, et al. Safety
and Efficacy of Extended Bevacizumab Therapy in Elderly (=70 years) versus
younger patients treated for newly diagnosed ovarian Cancer in the Inter-
national ROSIA Study. Int J Gynecol cancer: Official J Int Gynecol Cancer Soc.
2018;28(4):729-37. https://doi.org/10.1097/igc.0000000000001221.

Fairfield KM, Murray K, Lucas FL, Wierman HR, Earle CC, Trimble EL, et al.
Completion of adjuvant chemotherapy and use of health services for older
women with epithelial ovarian cancer. J Clin Oncology: Official J Am Soc Clin
Oncol. 2011;29(29):3921-6. https://doi.org/10.1200/jc0.2010.34.1552.

Yeo YH, He X, Lv F, Zhao Y, Liu Y, Yang JD, et al. Trends of Cirrhosis-related
Mortality in the USA during the COVID-19 pandemic. J Clin Transl Hepatol.
2023 Jun;11(3):751-6. https://doi.org/10.14218/JCTH.2022.00313

Mortality. Pulmonary complications in patients undergoing surgery with
perioperative SARS-CoV-2 infection: an international cohort study. Lancet
(London England). 2020;396(10243):27-38. https://doi.org/10.1016/
50140-6736(20)31182-x.

Karia PS, Tehranifar P, Visvanathan K, Wright JD, Genkinger JM. Cancer-Specific
Mortality in Asian American Women Diagnosed with Gynecologic Cancer:

A Nationwide Population-Based Analysis. Cancer epidemiology, biomark-
ers & prevention: a publication of the American Association for Cancer
Research, cosponsored by the American Society of Preventive Oncology.
2022;31(3):578-87. https://doi.org/10.1158/1055-9965.Epi-21-0829.
Taylor JS, He W, Harrison R, Zhao H, Sun CC, Lu KH, et al. Disparities in treat-
ment and survival among elderly ovarian cancer patients. Gynecol Oncol.
2018;151(2):269-74. https://doi.org/10.1016/j.ygyn0.2018.08.041.

McCoy RG, Campbell RL, Mullan AF, Bucks CM, Clements CM, Reichard RR, et
al. Changes in all-cause and cause-specific mortality during the first year of
the COVID-19 pandemic in Minnesota: population-based study. BMC Public
Health. 2022;22(1):2291. https://doi.org/10.1186/512889-022-14743-z.
ZhaoY, Yeo YH, Samaan J, Lv F, He X, Liu J, et al. Racial and ethnic disparities
in years of potential life loss among patients with cirrhosis during the COVID-
19 pandemic in the United States. Am J Gastroenterol. 2023;118(4):752-7.
https://doi.org/10.14309/ajg.0000000000002191.

Sherman ME, Wang SS, Carreon J, Devesa SS. Mortality trends for cervical
squamous and adenocarcinoma in the United States. Relation to inci-
dence and survival. Cancer. 2005;103(6):1258-64. https://doi.org/10.1002/
cncr.20877.

Ronco G, Dillner J, Elfstrom KM, Tunesi S, Snijders PJ, Arbyn M, et al. Efficacy
of HPV-based screening for prevention of invasive cervical cancer: follow-up
of four European randomised controlled trials. Lancet (London England).
2014;383(9916):524-32. https://doi.org/10.1016/50140-6736(13)62218-7.
Shahmoradi Z, Damgacioglu H, Clarke MA, Wentzensen N, Montealegre J,
Sonawane K, et al. Cervical Cancer incidence among US women, 2001-2019.
JAMA. 2022. https://doi.org/10.1001/jama.2022.17806.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 10 of 10

MinYY, Liu Z, Huang R, Li R, Jin J, Wei Z, et al. Survival outcomes following
treatment delays among patients with early-stage female cancers: a nation-
wide study. J Translational Med. 2022;20(1):560. https://doi.org/10.1186/
§12967-022-03719-7.

Feldman S, Alimena S. Cervical Cancer Prevention and cost for women older
Than 65 years in the US-Are we spending too much or too little? JAMA Intern
Med. 2023;183(1):20-1. https://doi.org/10.1001/jamainternmed.2022.5251.
Lortet-Tieulent J, Ferlay J, Bray F, Jemal A. International patterns and

trends in Endometrial Cancer incidence, 1978-2013.J Natl Cancer Inst.
2018;110(4):354-61. https://doi.org/10.1093/jnci/djx214.

Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, et al.
National, regional, and global trends in body-mass index since 1980: system-
atic analysis of health examination surveys and epidemiological studies with
960 country-years and 9-1 million participants. Lancet (London England).
2011,377(9765):557-67. https://doi.org/10.1016/50140-6736(10)62037-5.
Mullins MA, Cote ML. Beyond obesity: the rising incidence and mortality
rates of Uterine Corpus Cancer. J Clin Oncology: Official J Am Soc Clin Oncol.
2019;37(22):1851-3. https://doi.org/10.1200/jc0.19.01240.

Finer LB, Philbin JM. Trends in ages at key reproductive transitions in the
United States, 1951-2010. Women's Health Issues: Official Publication
Jacobs Inst Women'’s Health. 2014;24(3):e271-9. https://doi.org/10.1016/j.
whi.2014.02.002.

Clarke MA, Devesa SS, Harvey SV, Wentzensen N. Hysterectomy-corrected
uterine Corpus Cancer Incidence trends and Differences in Relative Survival
Reveal Racial Disparities and rising rates of nonendometrioid cancers. J Clin
Oncology: Official J Am Soc Clin Oncol. 2019;37(22):1895-908. https://doi.
0rg/10.1200/jco.19.00151.

Rahib L, Wehner MR, Matrisian LM, Nead KT. Estimated projection of US
Cancer incidence and death to 2040. JAMA Netw Open. 2021;4(4):e214708-e.
https://doi.org/10.1001/jamanetworkopen.2021.4708.

Magliano DJ, Chen L, Carstensen B, Gregg EW, Pavkov ME, Salim A, et

al. Trends in all-cause mortality among people with diagnosed diabe-

tes in high-income settings: a multicountry analysis of aggregate data.
Lancet Diabetes Endocrinol. 2022;10(2):112-9. https://doi.org/10.1016/
$2213-8587(21)00327-2.

Yeo YH, Wang M, He X, Lv F, Zhang Y, Zu J, et al. Excess risk for acute myo-
cardial infarction mortality during the COVID-19 pandemic. J Med Virol.
2023;95(1):228187. https://doi.org/10.1002/jmv.28187.

Wadhera RK, Shen C, Gondi S, Chen S, Kazi DS, Yeh RW. Cardiovascular deaths
during the COVID-19 pandemic in the United States. J Am Coll Cardiol.
2021;77(2):159-69. https://doi.org/10.1016/j,jacc.2020.10.055.

Cote ML, Ruterbusch JJ, Olson SH, Lu K, Ali-Fehmi R. The growing Burden of
Endometrial Cancer: a Major Racial Disparity Affecting Black Women. Cancer
epidemiology, biomarkers & prevention: a publication of the American
Association for Cancer Research, cosponsored by the American Society of
Preventive Oncology. 2015;24(9):1407-15. https://doi.org/10.1158/1055-9965.
Epi-15-0316.

Shavers VL, Brown ML. Racial and ethnic disparities in the receipt of cancer
treatment. J Natl Cancer Inst. 2002,94(5):334-57. https://doi.org/10.1093/
jnci/94.5.334.

Geronimus AT, Hicken M, Keene D, Bound J. Weathering and age patterns

of allostatic load scores among blacks and whites in the United States. Am J
Public Health. 2006;96(5):826-33. https://doi.org/10.2105/ajph.2004.060749.
Siegel RL, Devesa SS, Cokkinides V, Ma J, Jemal A. State-level uterine corpus
cancer incidence rates corrected for hysterectomy prevalence, 2004 to 2008.
Cancer epidemiology, biomarkers & prevention: a publication of the Ameri-
can Association for Cancer Research, cosponsored by the American Society
of Preventive Oncology. 2013;22(1):25-31. https://doi.org/10.1158/1055-
9965.Epi-12-0991.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.ygyno.2020.09.005
https://doi.org/10.1016/j.ygyno.2020.09.005
https://doi.org/10.15585/mmwr.mm7150a3
https://doi.org/10.15585/mmwr.mm7150a3
https://doi.org/10.7189/jogh.10.010367
https://doi.org/10.7189/jogh.10.010367
https://doi.org/10.3322/ca.2007.0011
https://doi.org/10.1002/cam4.6364
https://doi.org/10.1002/cam4.6364
https://doi.org/10.1038/sj.bjc.6603457
https://doi.org/10.1097/igc.0000000000001221
https://doi.org/10.1200/jco.2010.34.1552
https://doi.org/10.14218/JCTH.2022.00313
https://doi.org/10.1016/s0140-6736(20)31182-x
https://doi.org/10.1016/s0140-6736(20)31182-x
https://doi.org/10.1158/1055-9965.Epi-21-0829
https://doi.org/10.1016/j.ygyno.2018.08.041
https://doi.org/10.1186/s12889-022-14743-z
https://doi.org/10.14309/ajg.0000000000002191
https://doi.org/10.1002/cncr.20877
https://doi.org/10.1002/cncr.20877
https://doi.org/10.1016/s0140-6736(13)62218-7
https://doi.org/10.1001/jama.2022.17806
https://doi.org/10.1186/s12967-022-03719-7
https://doi.org/10.1186/s12967-022-03719-7
https://doi.org/10.1001/jamainternmed.2022.5251
https://doi.org/10.1093/jnci/djx214
https://doi.org/10.1016/s0140-6736(10)62037-5
https://doi.org/10.1200/jco.19.01240
https://doi.org/10.1016/j.whi.2014.02.002
https://doi.org/10.1016/j.whi.2014.02.002
https://doi.org/10.1200/jco.19.00151
https://doi.org/10.1200/jco.19.00151
https://doi.org/10.1001/jamanetworkopen.2021.4708
https://doi.org/10.1016/s2213-8587(21)00327-2
https://doi.org/10.1016/s2213-8587(21)00327-2
https://doi.org/10.1002/jmv.28187
https://doi.org/10.1016/j.jacc.2020.10.055
https://doi.org/10.1158/1055-9965.Epi-15-0316
https://doi.org/10.1158/1055-9965.Epi-15-0316
https://doi.org/10.1093/jnci/94.5.334
https://doi.org/10.1093/jnci/94.5.334
https://doi.org/10.2105/ajph.2004.060749
https://doi.org/10.1158/1055-9965.Epi-12-0991
https://doi.org/10.1158/1055-9965.Epi-12-0991

	﻿Trends in gynaecologic cancer mortality and the impact of the COVID-19 pandemic in the United States
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and population
	﻿Definitions
	﻿Statistical analysis

	﻿Results
	﻿Decedent population and characteristics for GC
	﻿OC-related mortality
	﻿CC-related mortality
	﻿UCC-related mortality

	﻿Discussion
	﻿Conclusions
	﻿References


