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Abstract

Importance—As hepatocellular carcinoma (HCC)-associated mortality continues to rise in the 

United States, there is a crucial need for strategies to shift diagnoses from late to early stage in 

order to improve survival.

Objective—To describe a population-based geospatial approach to identifying areas with high 

late-stage HCC burden for intervention.

Design—Cross-sectional study between 2008 and 2017.

Setting—Los Angeles County.

Participants—All incident cases of HCC with residential address at diagnosis in Los Angeles 

County were identified from a population-based cancer registry. Late stage included AJCC 7th 

Edition stages III-IV and unstaged cases.

Exposure—Sociodemographic factors.

Main outcome(s)—Geographic “hotspots” or areas with a high density of late-stage HCC, 

identified using kernel density estimation in ArcMap 10.3.1.

Results—51.8% of 7,519 incident cases of HCC were late stage. We identified a total of 23 

late-stage hotspots, including 30.0% of all late-stage cases. Cases within hotspots were more 
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often racial/ethnic minorities, foreign-born, under or uninsured, and of lower socioeconomic 

status. The age-adjusted incidence rate of late-stage HCC was twofold higher within hotspots 

(6.85 per 100,000 in hotspots vs 3.38 per 100,000 outside of hotspots). The calculated population-

attributable risk was 43%, suggesting that a substantial proportion of late-stage HCC burden could 

be averted by introducing interventions in hotspot areas. We mapped the relationship between 

hotspots and federally qualified health centers primary care clinics and subspecialty clinics in Los 

Angeles County to demonstrate how clinic partnerships can be selected to maximize impact of 

interventions and resource use. Hotspots can also be utilized to identify “high-risk” neighborhoods 

that are easily recognizable by patients and the public and to facilitate community partnerships.

Conclusion and relevance—Reducing late-stage HCC through geographic late-stage hotspots 

may be an efficient approach to improving cancer control and equity.
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Introduction

Hepatocellular carcinoma (HCC) is one of few remaining cancers with rising mortality in 

the United States (US) [1]. Survival is closely linked to tumor stage at diagnosis, with 

5-year survival of 33% with localized versus 2% with metastatic cancer [2]. The wide gap in 

survival may be attributed to curative therapies, such as radiofrequency ablation, resection, 

and transplantation, for select patients with early localized disease, which increase median 

survival from 4 to 6 months to 29 to 59 months [3-5]. Shifting diagnoses from late to 

early stage for a substantial number diagnosed is critical for improvements in survival to be 

realized at a population-level.

Existing strategies to increase the early detection of HCC have not taken a population-based 

or spatially oriented approach [6, 7]. As individuals with similar health-related risk factors 

and access-to-care parameters often live in geographically close communities [8], directing 

interventions toward geographic areas, in addition to individuals, can induce cancer equity 

through multiple pathways. This is of particular relevance to HCC, for which surveillance is 

only recommended in specific clinical conditions (e.g., patients with cirrhosis). Geographic 

hotspot detection, in the context of our study, is a term ascribed to geostatistical methods 

for identifying areas of elevated disease burden without the limitations inherent in use of 

arbitrary administrative boundaries [9]. Applying this approach to cancer control allows the 

strategic re-allocation of resources to a smaller subset of highest risk areas and populations 

to maximize the impact of delivered interventions and provide a rationale for the practical 

selection of locations (e.g., clinics, neighborhoods) to perform such interventions.

In this study, we use a high-quality population-based cancer registry to detect areas with 

high density of late-stage HCC, termed “late-stage hotspots”, in a defined metropolitan 

setting (single county). We demonstrate the utility of hotspots in recognizing priority targets 

(populations, clinics, and neighborhoods) for intervention and quantify the potential impact 

of modifying risk of late-stage cancer within hotspot areas.
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Methods

Study setting

Los Angeles County (LAC) is the most populous county in the US, with a multi-ethnic 

urban population of over 10 million constituents (49% Hispanic, 26% White, 15% Asian, 

and 9% Black) [10]. Compared to other counties, LAC has one of the highest age-adjusted 

incidence rates of HCC across the nation and has the highest absolute number of cases 

diagnosed per year [11]. The LAC Cancer Surveillance Program (LACSP) is the population-

based cancer registry for all of LAC and contributes to the California Cancer Registry (CCR) 

and the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) 

database.

Cohort selection

We included incident cases of HCC using International Classification of Diseases for 

Oncology, 3rd edition topography code C22.0 (liver) and restricted to histology codes 

8170–8175 (HCC subtypes, excluding intrahepatic cholangiocarcinoma, hepatic adenoma, 

and metastatic lesions). Cases diagnosed between 2008 and 2017 were included. Exclusion 

criteria included residence outside of LAC and missing residential address (< 1% missing 

in LACSP). We defined late stage as American Joint Committee on Cancer (AJCC) 7th 

Edition stages III-IV, which includes tumors with large vessel involvement, regional or 

distant spread, and any unstaged cases [12].

Hotspot detection

To identify areas in LAC with the highest density of late-stage HCC, we created a 

Kernel Density surface in ArcMap 10.3.1 (Redlands, CA), based on the latitude/longitude 

coordinates of residential address at diagnosis. Kernel density estimation is a geostatistical 

method that produces a smooth surface to represent the density of spatial point events across 

space [13]. Each cell is given a density value that is based on a user-determined bandwidth 

centered over each point location (= coordinates of late-stage HCC case); points closer to 

the focus point are weighted more heavily than those farther away [14]. To prevent edge 

effect errors at county boundaries, we included cases from neighboring counties identified in 

the CCR database during the creation of the density surface. Because we were interested in 

targeting our interventions in areas with the highest occurrence (i.e., raw number of cases) of 

late-stage cancer, we did not consider the underlying population at this stage of analysis.

We iteratively divided our continuous density surface into ‘hotspots’ (areas meeting or 

exceeding the density cutpoint) and surrounding lower-density areas using each density 

value integer present in the data (range 1–241). Any small, highly localized hotspots 

meeting the density value threshold but containing fewer than 20 cases (any stage) were 

excluded. We qualitatively reviewed maps and statistics for each of the 241 cutpoints 

(potential cutpoints and corresponding maps are available in online Appendix Figs. 1 and 

2), selecting a cutpoint that (1) maximized areas with the highest proportion of late-stage 

cases, (2) optimized difference in proportion late stage within and outside of hotspots, and 

(3) captured at least 20% of cases (any stage) within hotspots. The rationale for these 

specific considerations was to optimize the geographic dimensions of hotspots such that 
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any intervention delivered to hotspots would impact a sufficient number of individual cases 

to have an appreciable effect on overall late-stage cancer. Yet, the number of discrete 

hotspots and size needed to be minimized such that a given intervention could be reasonably 

delivered with finite resources.

Characteristics of hotspot cases

The following covariates were available in the LACSP registry: age, sex, race/ethnicity, 

birthplace, marital status, insurance, comorbidity index, and socioeconomic status (SES). 

Mutually exclusive racial/ethnic groups included Hispanic, non-Hispanic White, non-

Hispanic Black, non-Hispanic Asian/Asian Pacific Islander (API), and non-Hispanic Other. 

Birthplace was categorized as US-born and foreign-born. Insurance was categorized 

as insured (including private and Medicare), Medicaid, and not insured/unknown. The 

comorbidity index grouped individuals into low, moderate, and high comorbidity as 

previously described [15]. We used the well-validated update of the Yost index called 

the Yang index as a measure for census tract-level socioeconomic status (SES), based on 

principal components analysis of the following variables from the American Community 

Survey: 1) Education Index; 2) Percent persons with a ratio of household income to poverty 

line 2 or higher (percent persons above 200% poverty line); 3) Percent persons with a 

blue-collar job; 4) Percent persons employed; 5) Median rental; 6) Median value of owner-

occupied housing unit; 7) Median household income; 8) Percent occupied housing unit; and 

9) Percent owner-occupied housing unit [16, 17]. Yang SES index was categorized into low 

to high SES quintiles (Q1: lowest; Q2: lower-middle, Q3: middle, Q4: upper-middle, and 

Q5: upper) and assigned to the census tract in which each case resided.

Clinics and neighborhoods

To visualize the geographic availability of primary services and specialty services (for liver 

disease) and identify specific clinics for intervention, we overlaid the locations of federally 

qualified health centers (FQHCs) and gastroenterology/hepatology (GI/HEP) clinics on our 

hotspot map. Primary care clinics with FQHC designation in LAC were obtained from 

the Health Center Service Delivery Sites database provided by the Health Resources and 

Services Administration (https://data.hrsa.gov/data/download). Active GI/HEP clinics in 

LAC were obtained from the publicly available Medicare Physician Compare Database. A 

clinic was considered inside a hotspot if its latitude/longitude coordinates fell directly inside 

of hotspot boundaries. Due to some clinics being proximate but not inside a hotspot, we 

examined the impact of applying 1- and 2-km buffers around clinics on reducing the number 

of hotspots without a clinic. We also identified neighborhoods within hotspot areas to 

provide an example of how results can be translated to community leaders and stakeholders. 

LAC is divided into 272 unofficial neighborhoods that are well established and recognizable 

to the general public [18]. A neighborhood was considered inside a hotspot if the centroid of 

the neighborhood fell within hotspot boundaries.

Statistical analysis

Descriptive characteristics of cases were compared within and outside of hotspots with chi-

square testing for categorical variables. We performed univariate and multivariable logistic 

regression (with inclusion of variables with univariate p < 0.05) to examine association 
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between covariates and residence in a late-stage hotspot as outcome. We calculated the 

age-adjusted incidence rate (AAIR) per 100,000 persons of late-stage HCC by hotspot 

status and overall. We then calculated attributable risk using the equation (AAIRhotspot 

– AAIRnothotspot) / AAIRhotspot, followed by population-attributable risk (PAR) using the 

equation (AAIRhotspot – AAIRoverall)/AAIRhotspot. Hotspot status for each census tract was 

assigned based on whether or not the centroid of the census tract fell within a hotspot 

boundary [19]. Population denominators for AAIR and PAR were based on the 2010 US 

Census [19], linearly interpolated on a yearly basis using the 2000 and 2010 Decennial 

Census tract population counts (interpolated through 2017) [19-21]. All statistical analyses 

were performed using SAS 9.3 (SAS Institute, Inc., Cary, North Carolina).

Results

Overview of late-stage hotspots

A total of 7,519 incident cases of HCC were included, 51.8% of which were late stage. 

23 discrete hotspots were identified (Fig. 1). Hotspots captured 26.7% of all cases in LAC, 

including 30.0% of all late-stage cases. The proportion of late-stage cases within hotspots 

was 59.1%, compared to 49.1% across the rest of LAC, a 10.0% difference or an absolute 

difference of 1,517 late-stage cases. In coldspots (the lowest density cutpoint that includes 

30% of late-stage HCC cases), 42.9% were late stage, a difference in proportion of late-stage 

cases of 16.2% (data not shown). Hotspots spanned 430 (18.3%) of 2,344 census tracts in 

LAC.

Comparison of cases diagnosed within and outside of hotspots

There was no difference in age, sex, and year of diagnosis by hotspot residence (p > 0.05) 

(Table 1). Over 50% were diagnosed under the age of 65 and 74% were male in both 

groups. There were striking differences, however, in sociodemographic composition. 86.3% 

of individuals within hotspots were racial/ethnic minorities (43.8% Hispanic; 30.0% Asian/

API; 11.6% Black; 0.9% Other) compared to 69.5% (36.7% Hispanic; 21.8% Asian/API; 

10.0% Black; 1.0% Other) in all other areas (p < 0.01). 48.6% within hotspots compared to 

36.9% outside were born outside of the US (p < 0.01). There was a gradient in proportion 

within each SES quintile in hotspot areas, from 1.1% in the highest SES quintile to 44.8% 

in the lowest SES quintile (see Fig. 2). In comparison, there was an even distribution across 

SES quintiles in non-hotspot areas with 19.1% in the lowest SES quintile and 15.1% in the 

highest quintile.

Factors associated with residence in a late-stage hotspot

Age, sex, and comorbidity index were not associated with residence in a late-stage hotspot 

in univariate models (Table 2). While all non-White racial/ethnic groups were associated 

with hotspot residence on univariate testing, only Asian/Pacific Islanders had independently 

increased odds of residence in a hotspot compared to Whites (OR 2.1, 95% CI 1.7–2.6) 

after adjustment for all other covariates, including SES. In multivariable models, hotspot 

residents were also more likely to be foreign-born (OR 1.3, 95% CI 1.2–1.5), not married 

(OR 1.2, 95% CI 1.1–1.3), and Medicaid insured (OR 1.3, 95% CI 1.1—1.4). Likelihood of 

residence in a hotspot sequentially increased with each quintile decrease in SES (OR 3.1, 
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9.7, 20.3, and 32.5 for upper-middle, middle, lower-middle, and lowest quintile, respectively, 

compared to highest quintile, p < 0.01).

Clinic and neighborhoods within late-stage hotspots

Mapped relationship between location of primary (FQHCs) and specialty (GI/HEP clinics) 

services and hotspots is presented in Fig. 3. 178 (37.0%) of 481 FQHCs were within 

hotspots and 5 hotspots contained no FQHC clinics. A total of 229 unique GI/HEP clinics 

in LAC were identified. Of these, 36 (16%) GI/HEP clinics fell directly within hotspot 

areas and 14 of the 23 hotspots contained no GI/HEP clinic. We were able to reduce the 

number of hot spots without a GI/HEP clinic to 8 using a 1-km buffer around clinics and to 

3 using a 2-km buffer around clinics. However, the addition of a buffer led to an increase 

in total GI/HEP clinics within hotspot areas to 67 (with 1-km buffer) and 103 clinics 

(with 2-km buffer), demonstrating the trade-off between number of clinics within hotspots 

and number of hotspots without a clinic. There are 272 total neighborhoods in LAC [18]. 

Hotspots spanned 60 (22.1%) of LAC neighborhoods (online Appendix Fig. 3). The median 

number of neighborhoods within hotspots was 2 (IQR 1–2); the largest hotspot spanned 17 

neighborhoods.

Population-attributable risk of late-stage disease in hotspots

The AAIR of incident late-stage HCC in LAC overall was 3.93 per 100,000 population (95% 

CI 3.25–3.51). The AAIR within hotspots was 6.85 per 100,000 (6.43–7.27) compared to 

an AAIR outside hotspots of 3.38 per 100,000 (95% CI 3.80–4.05). The attributable risk 

of late-stage HCC to residence in a hotspot was 0.51, with a population-attributable risk of 

0.43.

Discussion

In this study, we present a population-based, geospatial approach to identifying priority 

geographic areas and population subgroups to achieve cancer control for HCC, a cancer with 

rising mortality in the US [1]. As resources in any healthcare system are finite, data-driven 

methods to allocate resources, particularly those that take advantage of existing population-

based databases, are attractive. Critically, our analysis identifies precisely where the greatest 

absolute risk of late-stage HCC occurs, which is where interventions should be targeted for 

maximal impact. Moreover, we demonstrate the efficiency inherent to our approach, such 

that modification of risk of late-stage disease in hotspot areas has the potential to reduce 

late-stage HCC overall by up to 43%.

Geographic patterns of disease are well described in many types of cancer, including 

HCC [22, 23]. However, many approaches for mapping point-based disease occurrence 

require the aggregation of point records to an existing areal unit (e.g., census tracts, ZIP 

Codes.), enabling (1) the de-identification of secure data and (2) the detection of spatial 

patterns across these areal units, but may obscure the true underlying pattern of disease, 

known as the Modifiable Areal Unit Problem (MAUP) [9]. The advantage of kernel density 

estimation of hotspots is that it overcomes MAUP by mapping disease observations without 

aggregating points into predetermined areal units, a method not previously applied to cancer 
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registry data. Furthermore, we purposefully chose to examine areas of highest density 

without adjusting for underlying population. Our approach differs from conventional hotspot 

analyses that are looking for areas with higher than expected disease parameters, which 

often result in the identification of very small areas with few cases and therefore is not 

practical or meaningful for changing disease burden across a population (an example is 

provided in online Appendix Fig. 4).

Our hotspots also highlight the disproportionate burden of late-stage HCC in low-income, 

minority, and immigrant communities. Racial/ethnic and socioeconomic disparities in HCC 

are frequently described, including greater likelihood of late-stage cancer at diagnosis and 

lower survival among Hispanics and Blacks as compared to Asians and Whites [24, 25]. 

There are little data to suggest host or tumor genetics underlie these differences [26], 

while factors related to healthcare utilization and delivery including insurance, access 

to and utilization of curative therapies, and surveillance uptake very likely play a role. 

The overlap of late-stage hotspots with areas of lowest SES (33-fold higher likelihood 

of residence in a hotspot) strongly supports the hypothesis that social determinants of 

health and access-to-care are primary drivers of differential stage at diagnosis for HCC 

and interventions targeting these pathways or policies to expand access will ultimately 

have the greatest impact on cancer equity. While our hotspots only cover 30% of HCC 

cases in LAC, they capture a much larger proportion of cancer within LAC’s lowest SES 

populations, who experience the lowest survival (15% 5-year HCC survival in lowest SES 

quintile versus 25% in highest quintile in LAC). Thus, any intervention to improve early 

detection targeting these areas will have outsized influence on downstream outcomes. The 

hotspot approach can therefore be a useful tool to address the clear social and racial injustice 

in the disproportionate burden of late-stage HCC in low SES populations.

The core of early detection of HCC is guideline-recommended imaging and tumor marker 

surveillance every six months in at-risk patients [27]. Uptake of timely surveillance in 

the US is suboptimal, with an overall pooled compliance of only 20%, with lowest rates 

seen in low-income individuals [28]. Multilevel early detection interventions are needed 

to combat this disparity. A geographic hotspot approach aggregates multiple levels of 

influence (e.g., patient, provider, and community) to support the development of multilevel 

interventions, which are often more effective [29]. To that end, we visualized the macro-

geographic relationship between availability of primary/specialty clinics and hotspots—

showing here that FQHCs are well-aligned clinic targets to reach hotspot populations. We 

also demonstrate the potential number of clinics available for feasibility assessments in the 

pre-implementation planning phase. In hotspots where a substantial fraction of residents are 

immigrants, culturally tailored and language-concordant interventions may be especially 

impactful if implemented within the FQHCs that primarily serve these communities. 

Existing interventions that have demonstrated efficacy such as mailed outreach and patient 

navigators can be packaged in such a way and delivered to hotspot FQHCs [6, 7]. Further, 

ascertainment of hotspot neighborhoods can be used to educate and raise awareness in 

the general public, media, and among stakeholders, particularly in metropolitan areas like 

Los Angeles that has distinct and well-recognized neighborhoods. This knowledge can 

also be leveraged toward establishing high-yield community partnerships and deploying 

community-based interventions tailored to the unique needs of the most highly impacted 
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neighborhoods. It is important to note that early detection is a start but alone is insufficient 

to address poor outcomes in vulnerable populations; post-diagnosis treatment pathways, 

resources, and support across the entire cancer continuum are also needed. We envision 

this hotspot method as a tool to support effective multi-faceted implementation work—a 

framework to identifying the characteristics and locations of those at greatest need and the 

partnerships and stakeholders needed for success.

There are a few limitations of our approach. The disparities found in LAC may not 

be generalizable to other geographic locales, although we anticipate similar findings in 

large diverse metropolitan counties across the US. An advantage of our approach is that 

high-quality cancer registries are available in all US states and our method of hotspot 

detection can easily be replicated for individualized, region-specific, and cancer-specific 

results. Comparisons across all SEER registries is not yet feasible since the smallest level 

of geography available currently is census tracts. We do not account for residential mobility 

and temporal changes in environment and neighborhoods over time. Migration both in and 

out of LAC is generally low, estimated at 1–2% of the total population per year [30]. Further, 

comparing density maps of the cohort separated into 5-year intervals (2008–2012 vs 2013–

2017), the highest density areas were relatively stable across the two time periods (online 

Appendix Fig. 5).

Registry databases lack the granularity in clinical data to determine staging more relevant 

to clinical practice, thus individuals categorized as “early stage” in this study may in 

actuality have few or no therapeutic options. However, we believe the likelihood that 

this would introduce a geography-specific pattern that substantially influences the location 

and boundaries of hotspots is low. Our definition of late stage captures those in which 

HCC surveillance, if performed, likely would have resulted in earlier diagnosis. Lastly, 

registry data do not include etiology of liver disease, which if known, would further 

support prevention efforts and upstream identification of individuals at-risk for HCC to 

enter surveillance programs. At present, we can hypothesize likely etiology based on racial/

ethnicity composition in a given hotspot (e.g., chronic hepatitis B if predominantly Asian), 

but this is a crude approximation and principal etiologic causes of liver disease by race/

ethnicity has changed over time [31]. Future directions include registry linkage to claims 

databases or changes in data abstraction to include these crucial variables within registries to 

bridge this gap.

Efficient strategies to combat high rates of late-stage HCC at time of cancer diagnosis are 

urgently needed. In summary, population-based geographic late-stage hotspot detection is 

a novel, rational, and practical approach to addressing this need. Identified hotspots can 

be incorporated into the development and implementation of multilevel early detection 

interventions with the ultimate goal of improving HCC cancer control and outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Late-stage HCC hotspots in Los Angeles County. Abbr: HCC = hepatocellular carcinoma 

23 discrete hotspots were identified (outlined in red) representing areas of highest density of 

late-stage hepatocellular carcinoma. Cancer data came from the California Cancer Registry, 

Sites: C220 (8,170–8,175, males and females, all ages, 2008–2017). Data were managed, 

analyzed, and mapped in ArcGIS 10.3.1. Density distribution is based on latitude/longitude 

of patient address at diagnosis. Areas with sparse data have been suppressed
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Fig. 2. 
Relationship between socioeconomic status and hotspots by (A) mapping hotspots overlaid 

on census tract SES quintiles and (B) distribution of SES quintiles by hotspot status. SES 
socioeconomic, HCC hepatocellular carcinoma, LAC Los Angeles County. Each census tract 

in LAC was assigned a single SES quintile as represented in the left panel by a color scale: 

lightest green = lowest SES to darkest green = highest SES. Hotspot status for each census 

tract was assigned based on whether or not its centroid fell within a hotspot boundary
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Fig. 3. 
Relationship between (A) primary care clinics and (B) specialty care clinics and late-stage 

hotspots. FQHC federally qualified health center, GI gastroenterology, HCC hepatocellular 

carcinoma. Primary care clinics with FQHC designation obtained from the Health Center 

Service Delivery Sites database (Health Resources and Services Administration). GI clinics 

obtained from Physician Compare Database (Medicare). 1-km (blue) buffer and 2-km 

(green) buffer added to clinics to examine impact on number of hotspots without a clinic
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