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Synopsis
Internet search data can serve as an innovative surveillance tool to estimate the incidence and
mortality rates of common gynecological malignancies in the United States.

Abstract
Objective: To determine whether state-specific internet search data correlates with the
incidence and mortality of gynecological malignancies in the United States.
Study Design: We examined the associations between Search Volume Index (SVI) and ageadjusted incidence and mortality of gynecological cancers. SVI is obtained from Google public
data from Google Trends. Incidence and mortality data were obtained from the National
Program of Cancer Registries, National Cancer Institute, and National Vital Statistics System,
in the United States during 2009-2013.
Results: State-level SVI and age-adjusted incidence rates were statistically significant and
correlated for three of five gynecological cancers (cervix, r=0.295, p <0.001; uterine r=0.346,
p <0.001; vulvar r=0.362, p<0.001). Similarly, SVI for cervical and uterine cancers and ageadjusted cancer mortality rates were statistically significant and correlated (cervix, r=0.359, p
<0.001; uterus, r=0.226, p <0.05).
Conclusion: Population-based internet search data is weakly-to-moderately correlated with
incidence rates of cervical, uterine and vulvar cancers, and with cervical and uterine cancer
mortality rates. Internet search data can serve as an innovative surveillance tool to estimate the
incidence and mortality rates of common gynecological malignancies in the United States.
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According to the Pew Research Center, internet use among Americans has been increasing over
the last fifteen years, with 88 percent of adults using the Internet. This increase in use appears
among all age, gender, racial, and socioeconomic categories [1]. Patients regularly use the
internet to search for health information online. Generally, information is sought by using a
search engine, a tool that searches the internet for web pages related to a search query [2].
These online searches are stored in query databases and generate "big data." The data can
provide an insight into the behavior of those seeking health information online. The search
dynamics for a certain disease can be helpful as a real-time surveillance tool for diseases [3].
With over 87 percent of the market share, Google is the most utilized search engine in the
United States [4]. A freely accessible big data system, Google Trends, was developed in 2006.
Google Trends can be used to assess data surrounding people's interest in a search term using
the Google search engine. It has been used by many disciplines for "data mining" or
"infodemiological" studies for various diseases and conditions. However, recent studies have
been limited on the infodemiology of cancer [5].
According to the Centers for Disease Control and Prevention, cancer is the second leading
cause of death in the United States [6]. Wehner et al recently examined the correlation between
the incidences and mortality rates of the ten most prevalent cancers in the United States and
Google internet search volumes. In their study, Google search volume was statistically
significantly correlated with the incidence rates of colon cancer, lung cancer, lymphoma,
melanoma and thyroid cancer. Mortality rates were statistically significantly correlated with
Google search volume for colon cancer, lung cancer, lymphoma and melanoma. The
researchers excluded cancer of the "corpus and uterus, NOS" as they concluded there was no
unifying search term with adequate data for analysis [7].
The current study builds upon this prior work by analyzing gynecologic cancer-related searches
conducted in the United States from 2009-2013 using the Google search engine. The data was
analyzed for correlations between the incidence and mortality rates of gynecological cancers
in the United States by state.

Materials & Methods
Google search volume data was collected through Google Trends (GT)
(https://trends.google.com/trends/). Data was used to estimate the relative search volume of
each included cancer search term. Data was collected at the national and state levels. GT data
is an unbiased sampling of Google search engine data. Data is both real-time, collected from
the last seven days, and non-real time, data from 2004 up to 36 hours prior to the search. The
data is collected, connected to a topic, and de-identified. Data excluded from GT are: searches
made by few people, duplicate searches, and searches containing special characters. GT data
are normalized for total Google search volume. In other words, each data point is divided by
the total searches for a given geographical location during a specific period, in order to compare
relative popularity of the search. This represents the Search Volume Index (SVI) for a given
search term. SVI are presented on a scale of 0 to 100.
The most common gynecological cancers in the United States and the District of Colombia are
based upon the Centers for Disease Control and Prevention’s National Program of Cancer
Registries during the period 2009 to 2013. Google SVI by state was collected and recorded.
Data was downloaded during August 2017. Searches were initiated by entering the cancer,
https://www.redelve.com/#/journal/:id/Obstetrics_and_Gynaecology Volume 2019, Issue 01

using exact search terms and the most common lay terms for the given cancer (e.g. “cervical
cancer,” “uterine cancer,” “ovarian cancer,” etc.). State and national age-adjusted cancer
incidence and mortality rates for each cancer for 2009 to 2013 were collected from the Centers
for Disease Control Wide-ranging Online Data for Epidemiologic Research (CDC WONDER)
application (https://wonder.cdc.gov/cancer.html). Incidence data is provided by the Centers for
Disease Control and Prevention National Program of Cancer Registries (NPCR) and the
National Cancer Institute Surveillance, Epidemiology and End Results (SEER) programs.
Mortality data is provided by the Centers for Disease Control and Prevention National Vital
Statistics System (NVSS). Population age-adjusted rates were based on the 2000 U.S. standard
population. To protect personal privacy, if figures represented less than 16 cases for a specific
category, data was suppressed; for data analysis purposes, these suppressed values were given
a zero-value. In the year 2011, incidence age-adjusted data was “missing” for Nevada. Cancer
registries were required to meet specific data quality criteria established by the United States
Cancer Statistics for their incidence statistics to be included in the report. Therefore, Nevada
state incidence data was considered “missing” for 2011.
Pearson’s correlation and the corresponding p-value were calculated to examine the strength
and significance of the association between known cancer incidence and mortality rates of the
most common gynecological cancer types and Google SVIs by state. Statistical significance
was defined as p < 0.05. P-values of zero indicate that a p-value is smaller than 0.001. States
with SVI of zero were excluded from the analysis. Analysis was performed using R: The R
Project for Statistical Computing, version 3.4.0 statistical software. Correlation plots were
constructed using R package “ggplot2.”
The University of Kentucky Institutional Review Board determined this project did not require
IRB review because all data has been de-identified and there is no link or code to re-identify
subjects.

Results
Cervical Cancer
For the years of 2009 to 2013, there were 62,253 cases of cervical cancer, and 20,231 cervical
cancer related deaths (Figure 1).
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Figure 1: Incidence (bars) and mortality (line) of cervical cancer in the United States, 20092013 (CDC WONDER).
West Virginia, Arkansas, Oklahoma, the District of Colombia, and Mississippi had the highest
age-adjusted incidence rates of cervical cancer (9.3-10.1; Figure 6). Arkansas, Mississippi,
West Virginia, Alabama, Kentucky and Louisiana had the highest age-adjusted cervical cancer
mortality rates (3.0-3.4; Figure 7). The highest average Google SVI were for West Virginia,
Alabama, Mississippi, Kentucky and South Carolina (72-100; Figures 6, 7). New Hampshire,
Vermont, Utah, Massachusetts, and North Dakota had the lowest age-adjusted cervical cancer
incidence rates (4.6-5.4; Figure 6). Vermont, North Dakota, Rhode Island, Massachusetts,
Wisconsin, Utah and Maine had the lowest age-adjusted mortality rates (1.2-1.4; Figure 7).
Utah, California, Montana, Rhode Island, and Idaho had the lowest average Google SVI (4756; Figures 6,7). The correlations between Google SVI and age-adjusted incidence and
mortality rates are moderately positive and significant (Incidence [r=0.295, p =0], Mortality [
r=0.359, p =0]; Figures 6,7).
Uterine Cancer
The CDC WONDER application separates uterine cancer into two categories: uterine corpus
and uterus, Not Otherwise Specified (NOS). For this study, the total cases of uterine corpus
and uterus NOS were combined. This was repeated for cancer-related deaths, and age-adjusted
incidence and mortality rates. There were 242,044 cases of uterine cancer, and 42,992 cancerrelated deaths (Figure 2).

Figure 2: Incidence (bars) and mortality (line) of uterine cancer in the United States, 20092013 (CDC WONDER).
The states with the highest age-adjusted incidence rates were Vermont, New Hampshire,
Pennsylvania, Iowa and Rhode Island (31.1-33.1; Figure 6). The District of Colombia,
Vermont, Maryland, New Jersey and New York had the highest age-adjusted mortality rates
(5.2-7.8; Figure 7). West Virginia, South Dakota, Iowa, Indiana, and New Hampshire had the
highest average Google SVI (71-85; Figures 6,7). Nevada, Alabama, Louisiana, Mississippi
and Texas had the lowest age adjusted incidence rates (18.7-20.7; Figure 6). The states with
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the lowest age-adjusted mortality rates were Wyoming, Arkansas, North Dakota, Nevada, and
Alabama (2.9-3.4; Figure 7). Wyoming, Vermont, North Dakota, Montana, and Delaware had
the lowest average Google SVI (0-45; Figures 6,7). Age-adjusted incidence rates and Google
SVI showed a moderately positive correlation, which was statistically significant (r=0.346, p
=0, Figure 6). Google SVI and age-adjusted mortality rates showed a moderate, positive
correlation that was significantly significant (r=0.226, p <0.05; Figure 7).
Ovarian Cancer
Ovarian cancer had the second highest number of cases with 106,948 during the 2009 to 2013
period. There were 72,034 ovarian cancer-related deaths (Figure 3).

Figure 3: Incidence (bars) and mortality (line) of ovarian cancer in the United States, 20092013 (CDC WONDER).
New York, West Virginia, New Jersey, Connecticut, and Pennsylvania had the highest ageadjusted incidence rates of ovarian cancer during the years 2009 to 2013 (12.6-12.8; Figure 6).
Interestingly, Oregon, Montana, Washington, Oklahoma, Alabama, and Wyoming had the
highest age-adjusted mortality rates during the same time (8.2-8.9; Figure 7). States with the
highest average Google SVI were Kentucky, West Virginia, Pennsylvania, Maine, and
Alabama (82-89: Figures 6,7). The states with the lowest age-adjusted incidence rates were
Hawaii, Mississippi, Louisiana, North Dakota, and South Carolina (9.7-10.1, Figures 6).
Hawaii, North Dakota, Rhode Island, Alaska, and Louisiana had the lowest age-adjusted
mortality rates (5.4-6.8; Figure 7). California, Nevada, Wyoming, Utah, and Hawaii had the
lowest average Google SVI (45-51; Figures 6,7). The correlation of Google SVI and ageadjusted incidence rates were not correlated nor statistically significant. This was also
demonstrated with Google SVI and age-adjusted mortality rates (Figures 6,7).
Vulvar Cancer
There were 23,919 cases of vulvar cancer during the study period, and 4,947 cancer-related
deaths (Figure 4).
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Figure 4: Incidence (bars) and mortality (line) of vulvar cancer in the United States, 20092013 (CDC WONDER).
Kentucky, Maine, Rhode Island, Iowa, and Pennsylvania had the highest age-adjusted
incidence rates during 2009 to 2013 (3.3-3.8; Figure 6)). The states with the highest ageadjusted mortality rates were Vermont, West Virginia, Delaware, Iowa, and Massachusetts
(0.7-0.8; Figure 7). Average Google SVI data were highest in Kentucky, Iowa, Pennsylvania,
Ohio, and Missouri (54-72; Figures 6,7). New Mexico, Arizona, Utah, Texas, Hawaii, and
California had the lowest age-adjusted incidence rates (1.8-2.0; Figure 6). Six states (Alaska,
Hawaii, Montana, New Mexico, Utah and Wyoming) and the District of Colombia had their
age-adjusted mortality rate data suppressed because there were less than 16 mortality cases
during that period and were recorded with a zero-value. Average Google SVI data was zero for
18 states and the District of Colombia including those mentioned above. Google SVI data and
the age-adjusted incidence rate for vulvar cancer demonstrated moderate positive correlation
which was statistically significant (r=0.347, p = 0, Figure 6). There was no significant
correlation between Google SVI and age-adjusted mortality rate (Figure 7).
Vaginal Cancer, and other Female Genital Organs
During the 2009 to 2013 study period, there were 16,483 cases of vaginal cancer, and cancers
of other female genital organs. Additionally, there were 4,643 cancer-related deaths (Figure 5).
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Figure 5: Incidence (bars) and mortality (line) of vaginal (& other female organ) cancer in the
United States, 2009-2013 (CDC WONDER).
Rhode Island, Minnesota, Kentucky, the District of Colombia, and Maine had the highest ageadjusted incidence rates (2.4-2.9; Figure 6).
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Figure 6: Correlations between state-level cancer incidence (by site) and Google Search
Volume Index. Each dot represents a State.

Figure 7: Correlations between state-level cancer mortality rates (by site) and Google Search
Volume Index. Each dot represents a State.
Maine, Minnesota, Connecticut, Iowa, and South Carolina had the highest age-adjusted
mortality rates (0.7-0.8; Figures 6,7). Average Google SVI data was highest in Louisiana,
Kentucky, Alabama, Ohio, and Pennsylvania (66-82; Figures 6,7). States with lowest ageadjusted incidence of vaginal cancer were Wyoming, South Dakota, Montana, North Dakota,
and Oklahoma (0.0-1.3; Figure 6). There were 12 states, and the District of Colombia, with
age-adjusted mortality rates of zero. 19 states had average SVI data of zero. There were no
correlations between Google SVI and age-adjusted incidence, or mortality rates (Figures 6,7).
Table I shows correlation coefficients between age-adjusted incidence rates and Google search
volume for the most common gynecological cancers in the United States: uterine cervix, uterus
corpus, ovary, vulva, and vagina. Figure 8 represents national GT SVI during 2009-2013 for
each gynecological cancer; there were no obvious seasonal patterns for the cancer types of our
analysis.
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Incidence
Mortality
Correlation p-value Correlation p-value
Cervix
0.295
0
0.359
0
Uterine
0.346
0
0.226
0.001
Ovarian
-0.007
0.914
0.059
0.352
Vulvar
0.362
0
0.012
0.88
Vaginal
-0.005
0.953
-0.042
0.613
Table 1: Correlation coefficients between cancer incidence and mortality rates and relative
Google Search volume indices, 2009-2013.

Figure 8: National monthly Google Search Volume trends by cancer site from 2009-2013.

Discussion
The Internet has gradually become an important source of health information by both patients
and physicians [8]. In the United States, Internet is ubiquitous with increased usage across all
ages and socioeconomic levels [1]. Furthermore, 92 percent of adults report the use of internet
search engines like Google. The Internet serves as a portal for users to seek health information
easily and anonymously. GT has shown promise when applied to field of medicine. In 2009,
researchers at Google and the Centers for Disease Control and Prevention (CDC) partnered to
establish Internet search engine data to predict trends in infectious diseases. Researchers were
able to predict flu outbreaks one to two weeks ahead of the CDC’s US Influenza Sentinel
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Provider Surveillance Network. Furthermore, GT has successfully predicted trends in West
Nile virus, norovirus, varicella, influenza [9].
With nearly 1.5 million new cases of annually, cancer is the second leading cause of death in
the United States. The most common gynecological cancers in the United States are uterine,
ovarian, cervical, vulvar, and vaginal [10]. Incidence of these cancers varies between states and
changes year-to-year. Traditionally, researchers have utilized the CDC and National Cancer
Institute (NCI) Surveillance, Epidemiology, and End Results (SEER) Program as
epidemiological sources for cancer statistics. However, there can be a 2-4-year delay until
incidence data are publicly reported. Recent studies have shown that cancer incidence is
correlated with online search volume at the state level [11]. Furthermore, research has shown
that internet search activity for cancer can be associated with the public burden of cancer in
three areas: incidence, mortality, and news coverage. Additionally, health information seeking
behaviors have been shown to be a novel surveillance tool for predicting and assessing potential
disease burden [2]. Wehner et al confirmed previous findings that Google Trends search
volume data can be used as a real-time tool to predict the incidence and mortality of cancers in
the United States. They also found seasonality, or increased search volume indices, for certain
cancers that were associated with their respective cancer public awareness (i.e. October and
breast cancer awareness) [7].
We examined the utility of Google Trends, which is internet search data that is publicly
available information on population interest in a health topic, to estimate gynecological cancer
incidence and mortality in the United States. Our results demonstrate that Google Trends data
is significantly correlated for cervical, uterine, and vulvar cancer incidences. Furthermore, our
results demonstrate Google Trends data is significantly correlated with cervical cancer
mortality. There were no seasonality trends for any type of cancer. As such, there appears to
be some utility in using Google Trends as a form of cancer surveillance for certain
gynecological cancers.
Because this is a population-based study at both state and national levels, the findings of our
study cannot be applied at the individual level (e.g. that only patients with ovarian cancer are
those generating the ovarian cancer-related searches). Furthermore, our study cannot fully
explain the causality of the trends in search terms and when they occur (e.g. before or after
cancer diagnosis). Also, this study does not account for differences in access to computers or
the Internet by region but does make assumptions based on Pew Research data.
In conclusion, Google Trends can be used as an innovative, real-time surveillance tool to
estimate the incidence and mortality rates of common gynecological malignancies in the United
States.
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