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Objectives: The race, age, and region-stratified incidence of vulvar (VUC) and vaginal (VAC) cancers with different histology were unclear.
Methods: Data was retrieved from the United States Cancer Statistics database. Average annual percent change (AAPC) and incidence rate ratio (IRR) were calculated.
Results: Overall, VUC incidence increased from 18.3 (per 1,000,000 woman-years) to 19.6, but VAC incidence decreased from 5.6 to 4.4. VUC squamous cell carcinoma (SCC) incidence increased (AAPC, 0.96; 95% CI, 0.66–1.25), VUC adenocarcinoma (ADE) incidence stabilized (AAPC, −0.24; 95% CI, −1.44 to 0.98), and VUC other malignancies (OM) incidence decreased (AAPC, −1.31; 95% CI, −2.58 to −0.02). While VAC incidence decreased for any histology (AAPC, -0.63; 95% CI, −1.03 to −0.22; AAPC, −1.60; 95% CI, −2.80 to −0.39; and AAPC, −1.57; 95% CI, −2.24 to −0.89 for SCC, ADE, and OM). Similar trends were observed in most of the stratifications.
Conclusion: VUC and VAC incidences varied by histology overall and within stratifications by race, age, and region. The incidence decreased for VUC and VAC with all histologies, except for the increasing VUC SCC incidence.
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INTRODUCTION
Vulvar cancer (VUC) and vaginal cancer (VAC) are two rare malignancies in women, accounting for nearly 10% of all gynecologic cancers, with approximately 6000 newly diagnosed cases and 5000 deaths yearly in the United States [1]. Squamous cell carcinoma (SCC, 80%–90%) is the primary histological type of these two carcinomas, followed by adenocarcinoma (ADE, 4%–10%) and other histological types (hereafter referred to as other malignancies, OM) [2–4].
From 1999 to 2015 in the United States, the incidence rate of VUC SCC increased by 1.3% per year, with a significant increase in women aged 50–69. The incidence rate of VAC SCC decreased by 0.3% per year, with a significant decrease in women aged younger than 40 and 70 years or older [5]. However, no studies investigate the incidence rate trends of ADE and OM, especially within different age groups.
It has been reported that 69% and 71% of VUC and VAC patients have an HPV infection, indicating that VUC and VAC are probably highly associated with human papillomavirus (HPV) [6]. Thus, disparities in HPV prevalence and HPV vaccination rate could probably contribute to the disparities in the incidence rate of these two cancers. Furthermore, geographic disparities in vaccination uptake across different United States regions may also result in continuing disparities in VUC and VAC [7, 8]. Thus, investigating the incidence rate of these two cancers within different geographic regions of the United States may provide some clues.
Racial disparities in incidence rates are well documented in several common carcinomas, such as malignant meningioma, hepatocellular carcinoma, uterine corpus carcinoma, prostate carcinoma, and pancreatic carcinoma [9–14]. Referring to the VUC and VAC, although the trends in the incidence rate of SCC have been assessed, the incidence rate trends in ADE and OM have not been investigated, especially within subgroups stratified by race.
To our knowledge, previous studies have not comprehensively taken histological type, age, race, and geographic region into account when evaluating the incidence rate trends of these two cancers. Thus, this study aimed to evaluate the age-adjusted incidence rate trends of VUC and VAC with different histological subtypes overall and stratified by race, age, and geographic regions of the United States.
METHODS
Study Population
Using the third edition of the International Classification of Diseases for Oncology (ICD-O-3) codes, we identified patients with microscopically confirmed primary VUC (including labium majus [C51.0], labium minus [C51.1], clitoris [C51.2], overlapping lesion of the vulva [C51.8], and vulva NOS [C51.9]) and primary VAC (C52.9) diagnosed between 1 January 2001 and 31 December 2018 from the United States Cancer Statistics (USCS, representing approximately 97.8% of the United States population) database (2020 submission). We included patients aged 20 years or older and excluded patients aged younger than 20 years due to the small case counts in this age group. Patients whose cancer was reported through only a death certificate or autopsy were also included. Patients with a primary tumor in situ were excluded. Age was classified into six categories: 20–39, 40–49, 50–59, 60–69, 70–79, and 80 years or older. The race included three groups-whites, blacks, and others (American Indians/Alaska Native, Asian or Pacific Islander, and Unknown race). Cases were classified into three subgroups by histology based on the ICD-O-3 histology codes: SCC (8050-8089), ADE (8140–8389), and OM (8000–8049, 8090–8139, 8390–9992). ADE and OM were merged into a group named non-SCC when evaluating the incidence rate trends within subgroups stratified by race, age, and region, because of cases of less than 16 in some locations. The regions of the United States include the Northeast (Connecticut, Massachusetts, Maine, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, Vermont), Midwest (Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, North Dakota, Nebraska, Ohio, South Dakota, and Wisconsin), South (Alabama, Arkansas, District of Columbia, Delaware, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, and West Virginia), and the West (Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, New Mexico, Nevada, Oregon, Utah, Washington, and Wyoming). The ethics approval was waived by the Ethics Committee of the ShengJing Hospital of China Medical University because we use public available deidentified data.
Statistical Analysis
The age-adjusted incidence rates were calculated using the SEER*Stat software (version 8.3.9) overall and by race, histological subtype, age group, and region. Incidence rates were age-adjusted to the 2000 US standard population and expressed as per 1,000,000 woman-years. Incidence rate ratios (IRR) were estimated, and their 95% confidence intervals (CIs) were calculated using the Tiwari modification method.
Trends in incidence rates were calculated using the National Cancer Institute Joinpoint regression software (version 4.9.0.0). In the Joinpoint software, we calculated annual percent changes (APCs) and their 95% CIs using the Empirical Quantile method [15, 16]. The Joinpoint software chooses the best-fitting linear regression model in a logarithmic scale based on the least-weighted Bayesian Information Criterion to identify years when APCs significantly changed, allowing a maximum of three joinpoints while providing a minimum number of joinpoints necessary to fit the data. Trends were summarized by the average APCs (AAPCs). All statistical tests were two-sided, and a p-value of less than 0.05 was considered statistically significant.
RESULTS
Age-Adjusted Incidence Rates
We identified 81636 primary VUC cases and 21954 primary VAC cases from the USCS database between 2001 and 2018. Overall, the age-adjusted VUC incidence rate was 19.2 per 1,000,000 woman-years, and the VAC incidence rate was 5.1 per 1,000,000 woman-years. The incidence rates varied considerably by race, with the highest VUC incidence rate among whites (20.3) and the highest VAC incidence rate among blacks (7.6). Moreover, the lowest incidence rates for VUC and VAC were demonstrated in others (10.9 and 4.3, respectively). The incidence rate varied widely by histological type and was highest for SCC (15.1 and 3.4 for VUC and VAC, respectively), followed by OM (3.8 and 1.0) and ADE (0.3 and 0.8) (Table 1).
TABLE 1 | Age-adjusted incidence rates of vulvar and vaginal cancers by histology and race (cohort study, United States, 2001–2018).
[image: Table 1]The VUC SCC incidence rate was significantly higher among whites (15.9) than among blacks (11.8) and others (3.5). The VUC ADE incidence rates were similar in whites (0.3), blacks (0.4), and others (0.3). In contrast, the VAC SCC and ADE incidence rates were higher among blacks (5.1 and 1.0, respectively) than among whites (3.2 and 0.7) and others (2.6 and 0.7). The OM incidence rate of VUC was highest among whites (4.1) but of VAC among blacks (1.5) (Table 1).
The incidence rate overall varied regionally and was higher in the Midwest (21.4) and Northeast (21.2) for VUC and the South (5.6) for VAC. Moreover, the incidence rates were lowest in the West for VUC (15.5) and VAC (4.6), respectively. Furthermore, a similar regional difference in the incidence rate was observed within most subgroups stratified by histological type and race (Table 2).
TABLE 2 | Age-adjusted incidence rates of vulvar and vaginal cancers by histology, race, and region (cohort study, United States, 2001–2018).
[image: Table 2]The VUC and VAC incidence rates increased with age and were highest among patients aged 80 years or older overall and for all histological types (Supplementary File).
Overall Trends in Age-Adjusted Incidence Rates
Overall, the VUC age-adjusted incidence rate increased from 18.3 per 1,000,000 woman-years in 2001 to 19.6 per 1,000,000 woman-years in 2018 (AAPC, 0.58; 95% CI, 0.24 to 0.91) and VAC age-adjusted incidence rate decreased from 5.6 per 1,000,000 woman-years in 2001 to 4.4 per 1,000,000 woman-years in 2018 (AAPC, −0.93; 95% CI, −1.31 to −0.56, Figure 1).
[image: Figure 1]FIGURE 1 | Age-Adjusted Incidence Trends of Vulvar and Vaginal Cancers for Different Histological Types (Cohort Study, United States, 2001–2018). (A) vulvar cancer; (B) vaginal cancer. All trends are summarized by the average annual percentage change estimated; trends are plotted on a different scale. SCC, squamous cell carcinoma; ADE adenocarcinoma; OM, other malignancies. (*) Significantly different than zero at p < 0.05.
The VUC SCC incidence rates increased significantly by 0.96 percent yearly (AAPC, 0.96; 95% CI, 0.66–1.25) but VAC SCC incidence rates decreased 0.63 percent annually (AAPC, −0.63; 95% CI, −1.03 to −0.22). The VUC ADE incidence rate was stable (AAPC, −0.24; 95% CI, −1.44 to 0.98) but VAC ADE declined 1.60 percent annually (AAPC, −1.60; 95% CI, −2.80 to −0.39). The VUC OM incidence rate declined 1.31 percent yearly (AAPC, −1.31; 95% CI, −2.58 to −0.02) and VAC OM incidence rate decreased 1.57 percent annually (AAPC, −1.57; 95% CI, −2.24 to −0.89) (Figure 1).
Trends in Age-Adjusted Incidence Rates by Histologic Type and Race
When grouped by race, the VUC SCC incidence rates increased significantly among whites (AAPC, 1.05; 95% CI, 0.78–1.32) and blacks (AAPC, 0.75; 95% CI, 0.10–1.41) but were stable among others (AAPC, 0.11; 95% CI, −1.14–1.37), while VUC non-SCC incidence rates decreased in whites (AAPC, -1.29; 95% CI, −2.34 to −0.23), stabilized in blacks (AAPC, −1.03; 95% CI, −2.54 to 0.50), and increased significantly in others (AAPC, 1.33; 95% CI, 0.11–2.27). As for VAC, SCC and non-SCC incidence rates decreased in all race subgroups, although the decreased incidence rates were only statistically significant among blacks (AAPC, −1.49; 95% CI, −2.01 to −0.98) for SCC and among whites (AAPC, −1.40; 95% CI, −2.01 to −0.78) and blacks (AAPC, −1.80; 95% CI, −2.84 to −0.76) for non-SCC (Figure 2).
[image: Figure 2]FIGURE 2 | Age-Adjusted Incidence Trends of Vulvar and Vaginal Cancers by Race Overall and by Different Histological Types (Cohort Study, United States, 2001–2018). (A,C,E) vulvar cancer; (B,D,F) vaginal cancer; (A,B) overall and within (C,D) SCC and (E,F) non-SCC subgroups. All trends are summarized by average annual percentage change estimate; trends are plotted on a different scale. The numbers on the right of the trends curve are average annual percent changes. SCC, Squamous cell carcinoma; non-SCC, adenocarcinoma and other malignancies. (*) Significantly different than zero at p < 0.05.
Trends in Age-Adjusted Incidence Rates by Histologic Type and Age
After stratifying by age group, significantly increased VUC SCC incidence rate were seen among those aged 50–59 (AAPC, 2.45; 95% CI, 1.64–3.27), 60–69 (AAPC, 2.41; 95% CI, 2.00–2.82), and 70–79 (AAPC, 0.89; 95% CI, 0.58–1.21); however, significantly decreased VUC non-SCC incidence rate were seen among those aged 20–39 (AAPC, -2.73; 95% CI, −4.87 to −0.55), 40–49 (AAPC, 1.10; 95% CI, −2.09 to −0.10), and 80 years or older (AAPC, −0.79; 95% CI, −1.40 to −0.17). On the contrary, the significantly declined VAC SCC incidence rates were observed among those aged 20–39 (AAPC, −2.65; 95% CI, −4.03 to −1.25), 80 years or older (AAPC, −2.07; 95% CI, −2.89 to −1.24), and significantly declined VAC non-SCC incidence rates among those aged 40–49 (AAPC, −2.21; 95% CI, −3.78 to −0.62), 50–59 (AAPC, −2.29; 95% CI, −3.11 to −1.46), 60–69 (AAPC, −1.28; 95% CI, −2.38 to −0.17), and 80 years or older (AAPC, −1.95; 95% CI, −2.77 to −1.12) (Figure 3).
[image: Figure 3]FIGURE 3 | Age-Adjusted Incidence Trends of Vulvar and Vaginal Cancers by Age Overall and by Different Histological Types (Cohort Study, United States, 2001–2018). (A,C,E) vulvar cancer; (B,D,F) vaginal cancer; (A,B) overall and within (C,D) SCC and (E,F) non-SCC. All trends are summarized by the average annual percentage change estimated; trends are plotted on a different scale. The numbers on the right of the trends curve are average annual percent changes. SCC, squamous cell carcinoma; non-SCC, adenocarcinoma and other malignancies. (*) Significantly different than zero at p < 0.05.
Trends in Age-Adjusted Incidence Rates by Histological Type and Region
VUC SCC incidence rates increased significantly in the Midwest (AAPC, 1.62; 95% CI, 1.12–2.12), Northeast (AAPC, 1.06; 95% CI, 0.69–1.42), South (AAPC, 0.87; 95% CI, 0.38–1.36), but stabilized in the West (AAPC, 0.27; 95% CI, −0.27–0.81). However, VUC non-SCC incidence rates decreased significantly in the Midwest (AAPC, −1.73; 95% CI, −3.38 to −0.06), South (AAPC,-0.92; 95% CI, −1.66 to −0.18), and West (AAPC, −0.70; 95% CI, −1.37 to −0.02), but not significantly in the Northeast (AAPC, −0.99; 95% CI, −2.45 to 0.49).
Additionally, VAC SCC incidence rates only declined significantly in the South (AAPC, -0.68; 95% CI, −1.29 to −0.07), but stabilized in other regions. On the contrary, VAC non-SCC incidence rates decreased significantly in Midwest (AAPC, −2.11; 95% CI, −3.23 to −0.98), Northeast (AAPC, −1.47; 95% CI, −2.49 to −0.43), South (AAPC, −1.43; 95% CI, −2.14 to −0.72), but not significantly in the West (AAPC, −1.08; 95% CI, −2.23 to 0.09) (Figure 4).
[image: Figure 4]FIGURE 4 | Age-Adjusted Incidence Trends of Vulvar and Vaginal Cancers by Region Overall and by Different Histological Types (Cohort Study, United States, 2001–2018). (A,C,E) vulvar cancer; (B,D,F) vaginal cancer; (A,B) overall and within (C,D) SCC and (E,F) non-SCC. All trends are summarized by the average annual percentage change estimated; trends are plotted on a different scale. The numbers on the right of the trends curve are average annual percent changes. SCC, Squamous cell carcinoma; non-SCC, adenocarcinoma and other malignancies. (*) Significantly different than zero at p < 0.05.
DISCUSSION
The critical findings of this study are that VUC and VAC incidence rates for different histology varied significantly by race, age, and region. The VUC SCC incidence rates were increasing, while the VUC non-SCC, VAC SCC, and VAC non-SCC incidence rates were decreasing. Similar incidence rate trends were observed in most stratifications after stratifying by race, age, and region.
As we discovered in this study, the VUC SCC incidence rates were increasing in the United States, similar to a previously published study evaluating the VUC SCC incidence based on the USCS database [5]. The increasing VUC incidence rates were also found in Norway, Germany, and Australia [17–20]. Although based on the incidence rate changes in different histological types and races, this research could probably rule out the probability that the increasing VUC incidence rate was attributable to misclassifying VAC into VUC. It remains unclear why VUC and VAC incidence rates have opposite temporal trends, although they are all Human Papillomavirus (HPV)-related. Unknown risk factors likely contribute to the increasing VUC SCC incidence rate and the decreasing VAC incidence rates, for example, environmental factors or genetic susceptibility, which we could not clarify.
This study found that race was an important factor affecting the incidence rate of VUC and VAC. Blacks had the highest incidence of VAC with any histology type; however, Whites had the highest VUC SCC incidence. One explanation lies in the difference in HPV prevalence. It has been found that black females have a higher high-risk HPV prevalence than Whites [21, 22]. In recent years, the prevention of HPV-related precancers has made significant progress. By 2012, 6 years after the mid of 2006 when HPV vaccination was recommended for females aged 11–26 years old, the HPV-positive cervical precancer incidence decreased in young females aged 14–24 in the United States [23]. From 2008 to 2014, the decreased HPV positive cervical precancer incidence decreased not only in vaccinated females but also in unvaccinated females, but more sharply in vaccinated females [24]. From 2009 to 2011, the percentage of females and males aged 11–18 initiating vaccination increased yearly [25]. The decreased HPV incidence in unvaccinated females might indicate that HPV vaccine introduction had led females to transfer from an unhealthier lifestyle and be more careful to protect themselves from risk factors of HPV, such as an early age for first sexual intercourse, two or more sex partners, and smoking [22]. Another possible explanation might be the unmet healthcare need for black females compared to white females [26]. As for the possible cause of the highest VUC SCC in Whites, there might be unknown factors except for HPV infection or unmet healthcare needs, such as genetic determinants [27].
Our study confirmed the increasing incidence rates in vulvar SCC patients aged 50–59 and 60–69 years in the United States during the past decades, consistent with the findings of the published study [5]. Additionally, we observed an increased VUC SCC incidence among patients aged 70–79 years. Moreover, we found a decreased VAC SCC incidence rate in the 20–39 years and 80 years or older groups. Similarly, the previous study also found decreased VAC SCC incidence rates in women aged younger than 40 and 70 years or older [5]. We also found a decreasing VAC non-SCC incidence rate among patients aged 40–49, 50–59, 60–69, and 80 or older. We confirmed that the oldest patients had the highest incidence rate of VUC and VAC, regardless of the type of cancer, which is possibly contributed to by the accumulation of mutations and exposure-dependent changes in tissue with the increase of age, similar to the pattern in other cancers [28].
To the best of our knowledge, another strength of this study is assessing incidence by United States geographic region. Overall, the VUC incidence rates were higher and increasing more sharply in the Midwest and Northeast, and the VAC incidence rates were highest in the South and decreased in all regions. Furthermore, after stratifying by race, significant regional differences in incidence rates for different histology were observed within most stratifications, underscoring the geographic region’s importance as a factor associated with VUC and VAC incidence rates. Notably, the West region had the lowest and most stable VUC incidence rate and the lowest and decreasing VAC incidence rate. One potential reason for that may be the higher HPV vaccine uptake rate for young female adolescents in the west region of the United States [7, 29]. However, it is worth stating that many years might be spent from vaccination initiation to a future decrease in the incidence rate in specific cancers. Clarifying the reason for the best situation of the West region is of great importance, which may facilitate the improvement of incidence rates of those two cancers in other regions.
Another strength of this study is the detailed incidence rate trends for different histological types within stratifications by race, age, and region. Additionally, the stability of this population-based cohort (USCS) ensures that the same geographic regions are represented over the entire duration of the study. Moreover, the detailed incidence records of newly diagnosed cases and an extended period allow for AAPC calculations and trend observation in this study. Furthermore, a large sample size of patients aged 20 or older, almost complete follow-up data, and high-quality control of the USCS program, make our results representative and generalizable.
Given the racial disparities in VUC and VAC incidence rates, clinicians and policymakers could have a chance to pay more attention to individuals in particular races with higher cancer incidence rates, which will favor making clear the reason for the disparities. The results of this study would encourage policymakers to inspect whether the healthcare delivery needs of patients in different racial groups are fully met or not, which is of great benefit. Ongoing surveillance for the two cancers using high-quality population-based registries is crucial for determining the causes of divergent incidence rates and trends.
Our study was subjected to some limitations. It is a cross-section retrospective study. USCS does not provide any information on the established risk factors for VUC and VAC, such as HPV infection, Human Immunodeficiency Virus infection, smoking, and chronic skin conditions (i.e., lichen sclerosis, dystrophies). Therefore, we could not consider these risk factors when assessing VUC and VAC incidence rates. Moreover, although USCS registries use standardized codes and progress to classify race and ethnicity data, the initial collection of that information is carried out by health care facilities and practitioners, and misclassification in a small proportion of cases is possible.
Conclusion
Incidence rates of VUC and VAC varied significantly for different histological types and within stratifications by age, race, and region. The incidence rates decreased for VUC and VAC with all histology, except for the increasing VUC SCC incidence. Similar incidence rate patterns were observed in most subgroups stratified by race, age, and region. This study demonstrates the most detailed and comprehensive evaluation of the VUC and VAC incidence rates in the United States. Identifying the disparities in incidence rates could facilitate the exploration of the etiology of those two cancers and satisfaction of health care delivery needs that were not met. This study contributes to the public health and the planning of health services literature.
DATA AVAILABILITY STATEMENT
The datasets analyzed in this study are available in the SEER database, https://seer.cancer.gov/.
ETHICS STATEMENT
Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS
Y-YY: conceptualization, data curation, formal analysis, methodology, resources, software, supervision, roles/writing—original draft, writing—review and editing. W-LZ: data curation, formal analysis, methodology, project administration, resources, software, supervision, validation, visualization, roles/writing—original draft, writing—review and editing.
ACKNOWLEDGMENTS
A similar preprinted study we previously carried out on the trends in the incidence of the United States between 2000–2016 based on the SEER database could be found on the Research Square [30].
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.ssph-journal.org/articles/10.3389/ijph.2022.1605021/full#supplementary-material
REFERENCES
 1. Siegel, RL, Miller, KD, and Jemal, A. Cancer Statistics, 2019. CA Cancer J Clin (2019) 69(1):7–34. doi:10.3322/caac.21551
 2. Gadducci, A, Fabrini, MG, Lanfredini, N, and Sergiampietri, C. Squamous Cell Carcinoma of the Vagina: Natural History, Treatment Modalities and Prognostic Factors. Crit Rev Oncol Hematol (2015) 93(3):211–24. doi:10.1016/j.critrevonc.2014.09.002
 3. Di Donato, V, Bellati, F, Fischetti, M, Plotti, F, Perniola, G, and Panici, PB. Vaginal Cancer. Crit Rev Oncol Hematol (2012) 81(3):286–95. doi:10.1016/j.critrevonc.2011.04.004
 4. Frank, SJ, Deavers, MT, Jhingran, A, Bodurka, DC, and Eifel, PJ. Primary Adenocarcinoma of the Vagina Not Associated with Diethylstilbestrol (DES) Exposure. Gynecol Oncol (2007) 105(2):470–4. doi:10.1016/j.ygyno.2007.01.005
 5. Van Dyne, EA, Henley, SJ, Saraiya, M, Thomas, CC, Markowitz, LE, and Benard, VB. Trends in Human Papillomavirus-Associated Cancers - United States, 1999-2015. MMWR Morb Mortal Wkly Rep (2018) 67(33):918–24. doi:10.15585/mmwr.mm6733a2
 6. Saraiya, M, Unger, ER, Thompson, TD, Lynch, CF, Hernandez, BY, Lyu, CW, et al. US Assessment of HPV Types in Cancers: Implications for Current and 9-valent HPV Vaccines. J Natl Cancer Inst (2015) 107(6):djv086. doi:10.1093/jnci/djv086
 7. Hirth, J. Disparities in HPV Vaccination Rates and HPV Prevalence in the United States: A Review of the Literature. Hum Vaccin Immunother (2019) 15(1):146–55. doi:10.1080/21645515.2018.1512453
 8. Bray, F, Laversanne, M, Weiderpass, E, and Arbyn, M. Geographic and Temporal Variations in the Incidence of Vulvar and Vaginal Cancers. Int J Cancer (2020) 147(10):2764–71. doi:10.1002/ijc.33055
 9. Rich, NE, Yopp, AC, Singal, AG, and Murphy, CC. Hepatocellular Carcinoma Incidence is Decreasing Among Younger Adults in the United States. Clin Gastroenterol Hepatol (2020) 18(1):242–8. e5. doi:10.1016/j.cgh.2019.04.043
 10. Clarke, MA, Devesa, SS, Harvey, SV, and 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 Oncol (2019) 37(22):1895–908. doi:10.1200/JCO.19.00151
 11. Achey, RL, Gittleman, H, Schroer, J, Khanna, V, Kruchko, C, and Barnholtz-Sloan, JS. Nonmalignant and Malignant Meningioma Incidence and Survival in the Elderly, 2005-2015, Using the Central Brain Tumor Registry of the United States. Neuro Oncol (2019) 21(3):380–91. doi:10.1093/neuonc/noy162
 12. Tavakkoli, A, Singal, AG, Waljee, AK, Elmunzer, BJ, Pruitt, SL, McKey, T, et al. Racial Disparities and Trends in Pancreatic Cancer Incidence and Mortality in the United States. Clin Gastroenterol Hepatol (2020) 18(1):171–8. e10. doi:10.1016/j.cgh.2019.05.059
 13. Murphy, CC, Wallace, K, Sandler, RS, and Baron, JA. Racial Disparities in Incidence of Young-Onset Colorectal Cancer and Patient Survival. Gastroenterology (2019) 156(4):958–65. doi:10.1053/j.gastro.2018.11.060
 14. Dess, RT, Hartman, HE, Mahal, BA, Soni, PD, Jackson, WC, Cooperberg, MR, et al. Association of Black Race with Prostate Cancer-Specific and Other-Cause Mortality. JAMA Oncol (2019) 5(7):975–83. doi:10.1001/jamaoncol.2019.0826
 15. Clegg, LX, Hankey, BF, Tiwari, R, Feuer, EJ, and Edwards, BK. Estimating Average Annual Per Cent Change in Trend Analysis. Stat Med (2009) 28(29):3670–82. doi:10.1002/sim.3733
 16. Kim, H-J, Luo, J, Chen, H-S, Green, D, Buckman, D, Byrne, J, et al. Improved Confidence Interval for Average Annual Percent Change in Trend Analysis. Stat Med (2017) 36(19):3059–74. doi:10.1002/sim.7344
 17. Barlow, EL, Kang, YJ, Hacker, NF, and Canfell, K. Changing Trends in Vulvar Cancer Incidence and Mortality Rates in Australia Since 1982. Int J Gynecol Cancer (2015) 25(9):1683–9. doi:10.1097/IGC.0000000000000547
 18. Buttmann-Schweiger, N, Klug, SJ, Luyten, A, Holleczek, B, Heitz, F, du Bois, A, et al. Incidence Patterns and Temporal Trends of Invasive Nonmelanotic Vulvar Tumors in Germany 1999-2011. A Population-Based Cancer Registry Analysis. PLoS One (2015) 10(5):e0128073. doi:10.1371/journal.pone.0128073
 19. Meltzer-Gunnes, CJ, Småstuen, MC, Kristensen, GB, Tropé, CG, Lie, AK, and Vistad, I. Vulvar Carcinoma in Norway: A 50-year Perspective on Trends in Incidence, Treatment and Survival. Gynecol Oncol (2017) 145(3):543–8. doi:10.1016/j.ygyno.2017.03.008
 20. Hansen, BT, Campbell, S, and Nygard, M. Long-term Incidence Trends of HPV-Related Cancers, and Cases Preventable by HPV Vaccination: A Registry-Based Study in Norway. Bmj Open (2018) 8(2):e019005. doi:10.1136/bmjopen-2017-019005
 21. McQuillan, G, Kruszon-Moran, D, Markowitz, LE, Unger, ER, and Paulose-Ram, R. Prevalence of HPV in Adults Aged 18-69: United States, 2011-2014. NCHS Data Brief (2017). 
 22. Lin, L, Benard, VB, Greek, A, Hawkins, NA, Roland, KB, and Saraiya, M. Racial and Ethnic Differences in Human Papillomavirus Positivity and Risk Factors Among Low-Income Women in Federally Qualified Health Centers in the United States. Prev Med (2015) 81:258–61. doi:10.1016/j.ypmed.2015.08.027
 23. Markowitz, LE, Liu, G, Hariri, S, Steinau, M, Dunne, EF, and Unger, ER. Prevalence of HPV after Introduction of the Vaccination Program in the United States. Pediatrics (2016) 137(3):e20151968. doi:10.1542/peds.2015-1968
 24. McClung, NM, Gargano, JW, Bennett, NM, Niccolai, LM, Abdullah, N, Griffin, MR, et al. Trends in Human Papillomavirus Vaccine Types 16 and 18 in Cervical Precancers, 2008-2014. Cancer Epidemiol Biomarkers Prev (2019) 28(3):602–9. doi:10.1158/1055-9965.EPI-18-0885
 25. Gargano, JW, Zhou, F, Stokley, S, and Markowitz, LE. Human Papillomavirus Vaccination in Commercially-Insured Vaccine-Eligible Males and Females, United States, 2007-2014. Vaccine (2018) 36(23):3381–6. doi:10.1016/j.vaccine.2018.03.045
 26. Manuel, JI. Racial/Ethnic and Gender Disparities in Health Care Use and Access. Health Serv Res (2018) 53(3):1407–29. doi:10.1111/1475-6773.12705
 27. Ozdemir, BC, and Dotto, GP. Racial Differences in Cancer Susceptibility and Survival: More Than the Color of the Skin?Trends Cancer (2017) 3(3):181–97. doi:10.1016/j.trecan.2017.02.002
 28. Laconi, E, Marongiu, F, and DeGregori, J. Cancer as a Disease of Old Age: Changing Mutational and Microenvironmental Landscapes. Br J Cancer (2020) 122(7):943–52. doi:10.1038/s41416-019-0721-1
 29. Yoo, W, Koskan, A, Scotch, M, Pottinger, H, Huh, WK, and Helitzer, D. Patterns and Disparities in Human Papillomavirus (HPV) Vaccine Uptake for Young Female Adolescents Among U.S. States: NIS-Teen (2008-2016). Cancer Epidemiol Biomarkers Prev (2020) 29(7):1458–67. doi:10.1158/1055-9965.EPI-19-1103
 30. Yang-yang, Yue, Wei-li, Zhou, and Dong-mei, Pei. Rising and Falling Trends in Incidence Rates of Vulvar and Vaginal Cancers in the United States, 2000-2016. Research Square [Preprint] (2020). Available at: https://www.researchsquare.com/article/rs-60446/latest (Accessed August 23, 2022) 
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Zhou and Yue. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/ijph-67-1605021-t001.jpg
Category

Total
Histologic subtype
Squamous cel carcinoma
Adenocarcinoma
Other
Race
Whites
Blacks
Others
Histologic type X race
Squamous cell carcinoma
Whites
Blacks
Others
Adenocarcinoma
Whites
Blacks
Others
Other malignancies
Whites
Blacks
Others

Vulvar cancer

Vaginal cancer

No. of
case

81636

63943
1334
16359

72011
6379
2346

57140
5379
1424

1094
175

14677
825
857

Age-adjusted incidence
(95% CI)

19.2 (19.1-19.4)

15.1 (15.0-15.2)
03(03-0.3)
38(38-39)

203 (20.1-20.4)
14.1 (18.7-14.5)
109 (10.5-11.4)

15.9 (15.8-16.1)
1.8 (11.5-12.1)
6.6 (6.2-7.0)

0.3 (0.3-0.3)
0.4 (0.3-0.5)
0.3 (0.2-0.4)

4.1 (4.04.1)
1.9 (1.8-2.0)
4.0 (3.84.3)

Incidence rate
ratio

Reference
0.02 (0.02-0.02)
0.26 (0.25-0.26)

Reference
0.70 (0.68-0.71)
0.54 (0.52-0.56)

Reference
0.74 (0.72-0.76)
0.41(0.39-0.44)

Reference
1.31(1.10-1.54)
1.01(0.77-1.31)

Reference
0.47 (0.43-0.50)
1.00 (0.93-1.07)

No. of
cases

21954

14360
3248
4346

17716
3283
956

11624
2168
568

2625
466
157

3466
649
231

Age-adjusted incidence
(95% Cl)

5.1(65.0-5.2

3.4(33-34)
08 (0.7-0.8)
1.0 (1.0-1.0)

49 (4.8-5.0)
7.6 (7.3-7.9)
43(4.1-4.6)

32(31-33)
51 (4.8-5.3)
26 (2.4-2.8)

0.7 (0.7-0.7)
1.0 (0.8-1.1)
0.7 (0.6-0.8)

1.0 (0.9-1.0
1.5 (1.4-1.6)
1.0(0.9-1.2)

Incidence rate
ratio

Reference
022 (0.22-0.29
0.30 (0.29-0.31)

Reference
1.56 (1.50-1.62)
0.89 (083-0.95)

Reference
1.58 (1.50-1.69)
0.82 (0.75-0.89)

Reference
1.44 (1.30-1.59)
095 (080-1.12)

Reference
1.59 (1.46-1.74)
1.08 (0.94-1.24)





OPS/images/ijph-67-1605021-t002.jpg
Category

Total

Region
Northeast
Midwest
South
West

Vulvar cancer

Vaginal cancer

No. of
cases

81636

17467
20296
29474
14399

Histologic type X region
Squamous cell carcinoma

Northeast
Midwest
South
West

Adenocarcinoma

Northeast
Midwest
South
West

13554
16310
23462
10617

257
318
506
253

Other malignancies

Northeast
Midwest
South
West

Race X region

whites
Northeast
Midwest
South
West

blacks
Northeast
Midwest
South
West

Others
Northeast
Midwest
South
West

3656
3668
5506
3529

15808
18794
25402
12907

1273
1140

3484
482

386
362
588
1010

Age-adjusted incidence
(95% CI)

19.2 (19.1-19.4)

212(209-21.6)
21.4(21.1-21.7)
19.0(18.8-19.2)
15.5 (15.3-15.8)

16.5 (16.2-16.8)
17.3(17.0-17.5)
15.2 (15.0-15.3)
1.4 (11.2-11.7)

03(0.3-04)
03(0.3-04)
03(03-0.4)
03(0.2-0.3)

4.4(43-46)
38(3.7-4.0)
35(35-36)
38(3.7-4.0)

22.3 (22.0-22.7)
221 (21.8-22.4)
20.1(19.8-20.3)
16.7 (16.4-17.0)

15.2 (14.3-16.1)
14.4 (135-15.3)
14.1 (13.6-14.6)
116 (106-12.7)

10.8 (9.7-12.0)

17.2(16.3-19.2)

13.6 (12.4-14.8)
89(8.4-9.5)

Incidence rate
ratio

Reference
1.01 (0.99-1.03)
0.90 (0.88-0.91)
0.73 (0.72-0.75)

Reference
1.05 (1.02-1.07)
0.92 (0.90-0.94)
0.69 (0.68-0.71)

Reference
1.07 (091-1.27)
1.04 (0.89-1.21)
0.88 (0.74-1.06)

Reference
0,87 (083-091)
0.80 (0.77-0.83)
0.86 (0.82-0.90)

Reference
0.99 (0.97-1.01)
0.90 (088-0.92)
0.75 (0.73-0.76)

Reference
0.95 (0.87-1.03)
0.93 (0.87-0.99)
0.77 (0.69-0.85)

Reference
1.59 (1.36-1.86)
1.26 (1.09-1.45)
083 (0.73-0.94)

No. of
cases

21954

4114
4742
8790
4308

2715
3113
5761
21

554
723
1343
628

845
906
1686
909

3344
3980
6764
3627

621

624
1791
247

149
138
235
434

Age-adjusted incidence
(95% CI)

5.1(6.0-5.2

5.0(4.8-5.1)
5.0 (4.8-5.1)
56(5.5-5.7)
46(4.5-4.8)

3(32-34)
3(3.1-3.4)
37(36-38)
0(2.9-3.1)

07 (06-0.7)
08(0.7-0.8)
08(08-0.9)
07 (06-0.7)

1.0 (1.0-1.1)
1.0 (0.9-1.0)
1.1 (1.0-1.1)
1.0 (0.9-1.0)

47 (46-4.9)
46(4.5-4.8)
5.3(5.1-5.4)
47(45-4.8)

7.6(7.0-8.3)
8.4 (7.8-9.1)
7.6(7.2-8.0)
6.1(54-7.0)

41 (34-4.8)
6.4(53-7.6)
5.3 (4.6-6.1)
37 (34-4.1)

Incidence rate
ratio

Reference
1.00 (0.96-1.04)
1.12 (1.08-1.17)
0.93 (0.89-0.97)

Reference
0.99 (0.94-1.05)
1.12 (1.07-1.17)
091 (0.86-0.99

Reference
1.12 (1.00-1.26)
1.25 (1.18-1.39)
0.99 (0.88-1.11)

Reference
092 (084-1.02
1.04 (0.96-1.14
0.95 (0.86-1.05)

Reference
0.98 (094-1.09
1.11 (1.07-1.16)
0.99 (0.94-1.04

Reference

1.10 (0.98-1.24)
099 (0.91-1.09)
0.80 (0.69-0.94)

Reference
1.56 (1.21-2.01)
1.30 (1.04-1.63)
092 (0.75-1.12)





OPS/images/ijph-67-1605021-g003.gif
Rote (o0 1,908,000 women) 7






OPS/images/ijph-67-1605021-g004.gif
WP orene tmn Sore






OPS/xhtml/nav.xhtml
Contents

		Cover

		Trends in the Incidence of Vulvar and Vaginal Cancers With Different Histology by Race, Age, and Region in the United States (2001–2018)		Introduction

		Methods		Study Population

		Statistical Analysis





		Results		Age-Adjusted Incidence Rates

		Overall Trends in Age-Adjusted Incidence Rates

		Trends in Age-Adjusted Incidence Rates by Histologic Type and Race

		Trends in Age-Adjusted Incidence Rates by Histologic Type and Age

		Trends in Age-Adjusted Incidence Rates by Histological Type and Region





		Discussion		Conclusion





		Data Availability Statement

		Ethics Statement

		Author Contributions

		Acknowledgments

		Supplementary Material

		References









OPS/images/cover.jpg
) UPH | iy

Trends in the Incidence of Vulvar
and Vaginal Cancers With
Different Histology by Race, Age,
and Region in the United States
(2001-2018)





OPS/images/ijph-67-1605021-g001.gif
VT W -

WBf v

- 500 - e - Ou - T

|

J

Rate {per 1,000,000 women)





OPS/images/ijph-67-1605021-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
€ IJPH

S S P H 5 SEHOOL o





