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Despite improvements in cancer survival overall, disparities in multiple myeloma (MM) 

outcomes remain, particularly for rural and minority populations.1–3 These populations face 

several barriers that intensify health disparities, including lower education levels; higher rates of 

poverty and unemployment as well as employment in low-wage occupations; lower rates of 

health insurance coverage (especially among individuals under age 65 who are not eligible for 

Medicare); and limited health care access due to lack of provide in rural areas.4 In Arkansas, 

these disparities are amplified by racial and geographical segregation, which, coupled with the 

state’s high rural population, creates significant barriers to healthcare access and contributes to 

poorer outcomes across various health conditions, including MM. 

We analyzed 4,712 MM patients who underwent autologous stem cell transplant at the 

University of Arkansas for Medical Sciences (UAMS), the state’s sole transplant center, to 

assess the impact of race, geography, clinical risk, and socioeconomic factors on overall 

survival (OS) and progression-free survival (PFS). Black metro patients had the best outcomes, 

however, rural patients, particularly those from the Arkansas’s Lower Delta region, had worse 

survival and delayed diagnosis. These disparities were larger in PFS for Black patients and OS 

in White patients. Social vulnerability - such as poverty, unemployment and lack of 

transportation - was strongly associated with poorer PFS. These findings highlight persistent 

and widening gaps between outcomes based on geography, race and socioeconomic status. 

We leveraged data from the Arkansas 4000 (AR4000) cohort (1989–2018), after excluding non-

residents and those with missing race information (Supplemental Table 1) 5. This study 

received approval from the UAMS Institutional Review Board (IRB #239657). The dataset 

includes patients from all 50 U.S. states, the District of Columbia, and all 75 Arkansas counties. 

We analyzed a subset of 1,027 Arkansan residents and 1,808 patients with gene expression 

profiling (GEP70 risk scores) (Figure 1). The Arkansas subpopulation had a higher proportion of 

Black patients (20.4% vs. 10.4% overall) and non-metro residents (37.7% vs. 23.1% overall). 



The gene expression subpopulation had a significantly longer median overall survival (116 

months vs. 74 months for the entire cohort and 69 months for the Arkansas subpopulation), 

likely reflecting that this group primarily includes patients enrolled after 2007, when gene 

expression profiling became more common. 

Patients were classified as residing in metro or non-metro areas based on residential ZIP codes, 

using SEER’s Rural-Urban Continuum Codes. We evaluated demographic factors (race, sex, 

age ≥65), geographic location, biological risk, and county-level socioeconomic indicators from 

the CDC’s Social Vulnerability Index (SVI). For the Arkansas subset, we further analyzed six 

regional clusters: Northwest, North Central, Upper Delta, Central, Southwest, and Lower Delta. 

Survival analyses were performed using Cox proportional hazards models, Kaplan–Meier 

estimates, and log-rank tests, with statistical significance defined as P ≤ 0.05.  

Firstly, we performed univariate survival analyses across the full cohort and Arkansas 

subpopulations. Hispanic (HR: 2.66, P < 0.01) and Native American patients (HR: 1.98, P < 

0.01) had significantly worse PFS compared to White patients. Older age (≥65; HR: 1.15, P = 

0.02) and Arkansas residency (HR: 1.19, P < 0.01) were also associated with inferior PFS. 

These findings remained significant in multivariable models. For OS, Asian patients had better 

outcomes (HR: 0.54, P < 0.01), while Hispanic patients again fared worse (HR: 2.72, P < 

0.0001). Male sex (HR: 1.15, P < 0.001), age ≥65 (HR: 1.37, P < 0.0001), and non-metro 

residence (HR: 1.08, P = 0.048) were associated with worse OS, though the non-metro effect 

did not remain significant (P = 0.162). 

As expected, survival improved over time across the cohort. However, metro and non-metro 

disparities widened in later years, reaching statistical significance among patients diagnosed 

between 2009 and 2018 (P = 0.048) (Figure 2). Notably, among GEP70-classified low-risk 

patients, Arkansans had significantly worse outcomes than their out-of-state counterparts (PFS: 

P = 0.018; OS: P < 0.0001), a disparity not observed among high-risk patients (Figure 3A). 



Additionally, female Arkansan patients had poorer outcomes than non-Arkansan females (OS: 

HR: 1.16, P = 0.028; PFS: HR: 1.24, P = 0.019). 

Among Arkansans, patients in the Lower Delta region had significantly worse PFS (HR: 1.59, P 

< 0.01) and OS (HR: 1.35, P = 0.022) compared to those in Central Arkansas (Figure 3B). 

While no survival differences were observed across all six state regions collectively, direct 

comparison of the best- and worst-performing regions revealed a stark contrast. Surprisingly, 

we observed that White patients in the Lower Delta had the poorest OS, while Black patients 

had the poorest PFS.  

Secondly, we found that age at diagnosis varied significantly by race, geography, and sex. 

Black patients were diagnosed at a younger mean age than White patients (55 vs. 58 years, P ≤ 

0.001) (Figure 2C). Among White patients, metro versus non-metro residence had a small but 

significant effect on age at diagnosis (60 vs. 61 years, P < 0.001), though this was not observed 

in White Arkansans. By contrast, non-metro Black patients in Arkansas were diagnosed much 

later than their urban counterparts (61 vs. 54 years, P < 0.001), with the largest gap seen in 

non-metro Black males compare to metro Black males (62 vs. 54 years, P < 0.01) (Figure 2D). 

We also observed older age at diagnosis among White female Arkansans compared to their 

out-of-state peers (62 vs. 59 years, P < 0.001) (Figure 2E). 

To evaluate whether non-metro patients were diagnosed at more advanced disease stages, we 

compared the distribution of International Staging System6 (ISS) stages at diagnosis between 

metro and non-metro patients. ISS stage distribution differed significantly by geographical 

location (Chi-squared test; P = 0.02), with non-metro patients less likely to present with Stage I 

disease (45.4% vs. 50.1%) and more likely to present with Stage III (26.5% vs. 23.3%) 

compared to their metro counterparts. 



To further explore social and structural contributors to these disparities, we incorporated the 

CDC’s Social Vulnerability Index.7 While there was a trend of worse OS, it was not significantly 

different across SVI strata, but PFS was significantly worse in counties with higher poverty (P = 

0.017), unemployment (P = 0.0088), minority population density (P = 0.024), and lack of vehicle 

access (P = 0.0025) (Supplemental Figure 1). These findings suggest that social determinants 

of health, including transportation and economic hardship, may play a role in initiation of 

treatment or interrupting maintenance therapy, which impacts PFS but may not be as important 

to OS. Additionally, previous studies have observed that Black patients, who are 

overrepresented in the most socially vulnerable group, have lower high-risk genetic 

abnormalities8, which may contribute to improved OS.  

There are several limitations to our study. First, this analysis reflects a single-center experience 

spanning three decades, during which referral patterns and treatment protocols, including 

multiple iterations of Total Therapy, have evolved substantially. These changes may introduce 

outcome heterogeneity that is not fully accounted for, particularly as treatment intensity, access 

to novel agents, and transplant eligibility criteria have shifted over time. Additionally, the dataset 

lacks consistent documentation of maintenance therapy following autologous stem cell 

transplant, limiting our ability to assess whether post-transplant treatment differences 

contributed to the observed disparities in survival outcomes. While efforts were made to address 

these changes through the modeling approach, temporal trends remain an important 

consideration when interpreting the association to progression-free and overall survival. We also 

relied on county-level SVI data as a proxy for individual socioeconomic status, which may not 

reflect patient-level barriers with sufficient granularity. Finally, due to sample size limitations, 

racial subgroup analyses in Arkansas were restricted to Black and White patients. These factors 

highlight the need for future studies with more diverse and uniformly treated cohorts, as well as 

improved individual-level data, to better understand disparities in multiple myeloma outcomes. 



In conclusion, our analysis reveals persistent and widening disparities in MM outcomes, with 

rural and socially vulnerable Arkansan patients disproportionately affected. Importantly, Black 

patients receiving consistent care in metro regions had the best outcomes, reinforcing that 

access, not biology, is the primary driver of disparities. We advocate for targeted outreach in 

rural communities, earlier screening, and expanded access to therapy.  
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Figure Legends 

Figure 1: Analysis overview. (A) The initial dataset contained patients that came from all 50 

states (m=4932). The initial stratification was based on biological sex and then we performed 

comparisons on Black/White, metro/non-metro and Arkansas/Other. (B) A subset of the dataset 

that had microarray gene expression which provides the ability to calculate risk and MM subtype 

(n=1963). Stratified by risk, MM subtype and biological sex. (C) Subset of only patients that 

reside in Arkansas with the state divided into 6 regions (n=1028). 

 

Figure 2: Survival over time. Overall survival comparing metro and non-metro patients in 10- 

year increments by diagnosis data: (A) 1989-1998, (B)1999-2008, and (C) 2009-2018. 

 

Figure 3: Age at diagnosis. (A) Overall survival of all patients stratified by from Arkansas or 

other state and GEP70 risk high and low. (B) Overall survival between the Central and Lower 

Delta regions (C) Age at diagnosis for the full dataset stratified by race and compared by region 

(Metro Vs. Non-metro). (D) Age at diagnosis for Arkansas stratified by race and compared by 

region. (E) Age of diagnosis of females stratified by race comparing Arkansas and other states. 









Supplementary Table 1: Patient characteristics. 

 

    

All 

 n(%) 

Arkansan 

n(%) 

Gene Expression  

n(%) p-value 

Race/Ethnicity White 4129 (87.6) 817 (79.6) 1569 (86.8) <0.001 

  Asian 39 (0.8) - 18 (1.0)   

  Black 490 (10.4) 210 (20.4) 202 (11.2)   

  Hispanic 22 (0.5) - 4 (0.2)   

  Native American 30 (0.6) - 14 (0.8)   

  Pacific Islander 3 (0.1) - 1 (0.1)   

Sex Female 1832 (38.9) 444 (43.2) 712 (39.4) 0.03 

  Male 2881 (61.1) 583 (56.8) 1096 (60.6)   

Geographical 

Location Metro 3622 (76.9) 640 (62.3) 1369 (75.7) <0.001 

  Non-metro 1091 (23.1) 387 (37.7) 439 (24.3)   

Over65 No 3546 (75.2) 682 (66.4) 1255 (69.4) <0.001 

  Yes 1167 (24.8) 345 (33.6) 553 (30.6)   

State Other 3667 (77.8) - 1297 (71.7) <0.001 

  Arkansas 1046 (22.2) 1027 (100.0) 511 (28.3)   

Status Median OS (Months) 74 (70 - 78) 69 (63 - 76) 116 (109 - 127)   

  Median PFS (Months) 55 (52 - 59 48 (41 - 55) 67 (64 - 72)   

  

Median Age of 

Diagnosis (Years) 57.9 60.6 59.6   



 

Supplemental Figure 1: Progression free survival comparing different social vulnerability 

factors (A) poverty, (B) unemployment and (C) vehicle access.  

 

 




