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Abstract

Background: Disparities driven by socioeconomic factors have been shown to impact outcomes
for cancer patients. We sought to explore this relationship among patients with multiple mye-
loma (MM) who were not considered for hematopoietic stem cell transplant in the first-line set-
ting and how it varied over time.
Methods: We queried the National Cancer Database for patients diagnosed with MM between
2004 and 2016 and included only those who received systemic therapy as the first-line treat-
ment. Enrollment rates for therapy were calculated as receipt of systemic therapy as the inci-
dent event of interest (numerator) over time to initiation of therapy (denominator) and used to
calculate incident rate ratios that were further analyzed using Poisson regression analysis. A
multivariate Cox proportional hazards model was constructed for survival analysis, and differ-
ences were reported as hazard ratios (HRs).
Results: We identified 56,102 patients for enrollment analysis and 50,543 patients for survival
analysis. Therapy enrollment in a multivariate model was significantly impacted by race and sex
(p < .005). Advanced age, earlier year of diagnosis, lack of insurance or Medicaid, and higher
comorbidity were associated with poor survival (HR > 1), whereas female sex, non-Hispanic
black race, higher income, and treatment at an academic center were associated with
improved survival (HR < 1).
5206, USA.
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Conclusion: Disparities in treatment of MM exist and are caused by a complex interplay of mul-
tiple factors, with socioeconomic factor playing a significant role. Studies exploring such deter-
minants may help in equitable distribution of resources to overcome such differences.

� 2020 King Faisal Specialist Hospital & Research Centre. Published by Elsevier Ltd. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
Introduction

Coronavirus disease 2019 (COVID-19) has brought attention
to issues related to timeliness of treatment and impact of
delay in treatments among cancer patients [1]. There is
concern that disparity in health care outcomes driven by
disparity in access to treatment would be magnified at the
time of COVID-19 and that there is urgent need to under-
stand and address them [2,3]. Multiple myeloma (MM) is
the second most common blood cancer diagnoses in the Uni-
ted States and accounted for 2% of all cancer-related deaths
in 2016 [4]. While the outcomes for patients with this dis-
ease has improved over time, we aimed to explore if this
improvement was impacted by social determinants of
health [5].

The incidence of MM as well as its precursor monoclonal
gammopathy of unknown significance is two- to three-fold
higher in African Americans (AA) than in other racial groups
resulting in higher mortality overall from the disease [6–9].
The treatment options in MM are variable and may involve
chemotherapy, immune modulatory therapy, monoclonal
antibodies, and hematopoietic stem cell transplant (HSCT)
[10]. Prior studies found a variable impact of race and
socioeconomic status on the outcome of patients with MM
and that by providing equal access to therapy, different
population groups may be able to achieve similar outcomes
[11–18]. However, survival improvement over the years has
been less significant for AA compared with Caucasians when
considering patients able to receive appropriate therapy
[6]. Despite developments in stem cell transplantation
which potentially offers the best outcome, a large number
of patients remain ineligible for transplant [12,13]. As novel
non-transplant therapy options are being developed, factors
impacting the treatment and outcomes of these patients are
pertinent to be analyzed in the evolving health care para-
digm. We hypothesized that socioeconomic factors impact
the initiation of systemic therapy in patients with MM who
receive systemic therapy as the first-line treatment. We
also explored how these factors affected survival.
Methods

We conducted a retrospective analysis using de-identified
data accessed from the National Cancer Database (NCDB).
The study was exempted from Institutional Review Board
(IRB) oversight and did not require ethics approval.

We queried the NCDB for patients diagnosed with MM
between 2004 and 2016 (ICD-0-3 code 9732). We excluded
patients who were considered for HSCT and included only
those who received systemic therapy (chemotherapy,
immunotherapy, or hormonal therapy) as the first-line
treatment. Patients with active myeloma were defined as
those who were treated within 120 days of diagnosis based
on similar methodology of previous studies since the NCDB
fails to distinguish active myeloma from smoldering mye-
loma at diagnosis [19]. Due to concern for reporting errors,
we excluded patients diagnosed at one center but received
further treatment at other centers.

For the purpose of the study, race was reclassified into
four categories as non-Hispanic whites (NHW), non-
Hispanic black (NHB), Hispanics, and other. Comorbidity
was quantified using the Charlson/Deyo comorbidity index
[20]. Socioeconomic data included educational status repre-
sented in terms of quartiles of the percentage of persons
with less than a high school education according to the res-
idents’ census tract and median household income. The
facility type was assigned according to the Commission on
Cancer accreditation category as used in the NCDB. Loca-
tions were assigned based on data provided by the US
Department of Agriculture Economic Research Service.
Insurance status is captured in the NCDB as it appears on
the admission facesheet for the patient and was recoded
as none, private, government, and other types of insurance.
The American College of Surgeons and the Commission on
Cancer have not verified and are not responsible for the
analytic or statistical methodology employed, or the conclu-
sions drawn from these data by the investigator.

Two groups were generated for analysis: (a) enrollment
to therapy analysis group and (b) survival analysis group (ex-
cludes patients in 2016 as survival is not reported for
patients diagnosed with disease in 2016).

Summary statistics are presented as percentage for cat-
egorical data and median value with interquartile range
(IQR) for quantitative data.

Enrollment rate ratios

Time to initiation of therapy (TTI) was defined as time in
days from the date of diagnosis of cancer to earliest date
of initiation of first-line cancer-directed therapy. The data
was transformed into time series format with initiation into
cancer-directed therapy as the incident event of interest
(numerator) and TTI as the time horizon (denominator) to
calculate rate of initiation of therapy or enrollment rate
to therapy per 1000 person-days. In epidemiologic terms,
an incident rate ratio is a relative difference measure used
to compare the incidence rates of events (in this case, rate
of enrollment into cancer-directed therapies) between var-
ious groups [21]. We utilized multivariate Poisson regression
analysis to calculate the incident rate ratios (ratio of enroll-
ment rates) and assess for significant impact of any vari-
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ables on the enrollment to therapy [22]. This is reported as
an enrollment rate ratio (ER). An ER < 1 indicates lower
enrollment rate in comparison with the alternate group,
whereas an ER > 1 suggests otherwise.

Survival analysis

Survival was measured in terms of months from the day of
diagnosis to the day of censoring (last follow-up or day of
death). Survival estimates were performed using the
Kaplan–Meier method. Cox proportional hazard modeling
assessed for significant independent variables impacting
survival.

Data was analyzed using STATA version 15 (College Sta-
tion, TX: StataCorp LLC). Adjusted effect size estimates
and 95% confidence intervals are reported using an alpha
level of 0.05 to indicate statistical significance. Extremely
low values for p values are represented as <0.005. Most
results are rounded to a decimal place of 1 except on occa-
sion where we had to use decimal places up to two or three
digits to represent the underlying differences or value for
statistical significance.

Results

Cohort characteristics

The dataset included 160,900 patients with MM. Of these,
we identified 56,102 patients for enrollment analysis and
50,543 for survival analysis. Median age was 69 (IQR 60–
77) years and 55% were males. The selection process is out-
lined in Fig. 1A and B (CONSORT diagrams).

Baseline characteristics of the cohorts are summarized in
Table 1. The majority were NHW, had insurance, belonged
to metropolitan areas, and were treated at Comprehensive
Community Cancer Centers or Academic Programs. Most
patients had a comorbidity score of 0.

Rate of enrolment to chemotherapy and time to
initiation of therapy

Overall rate of enrollment to systemic therapy was 42.3 per
1000 person-days, and median TTI was 17 (IQR 6–33) days.
The temporal trend for the enrollment rate is depicted in
Fig. 2. Multivariate analysis of socioeconomic factors
impacting enrollment to systemic therapy are summarized
in Table 2. Therapy enrollment in a multivariate model
was significantly impacted by race and sex (p < .005) with
ER < 1 for females versus males and NHB versus NHW.

Survival by socioeconomic and demographic factors

The overall median survival improved by 5 months between
2004–2005 and 2014–2015 (28.5 vs. 33.4 months). The
trend is depicted in Fig. 3. The results for multivariate anal-
ysis of factors impacting the survival are summarized in
Table 3. Advanced age, earlier year of diagnosis, lack of
insurance or Medicaid insurance, and higher comorbidity
were associated with poor survival outcomes, whereas
female sex, NHB race, higher income, and treatment at an
academic center were associated with improved survival
outcomes. The differential impact of race, income, and
insurance on survival persisted over the years and are shown
in Fig. 4.

Discussion

Studies have demonstrated improvement in the survival of
patients with MM [10]. However, the improvement has not
been experienced uniformly by all subsections of the society
and was attributed to the disparity in the utilization of HSCT
[12,17]. However, the majority of patients with MM do not
receive HSCT, and the present study aimed to evaluate
the trends and disparities in the management of these
patients [13]. We chose to measure the rate of enrollment
to cancer-directed therapy rather than merely the therapy
receipt status as this would reflect the receipt of therapy
as well as the time to receiving the therapy, both of which
may be impacted by socioeconomic and demographic fac-
tors. This is based on studies that used similar methodology
to assess factors impacting the trends in treatment [23–25].
As far as we could gather from the literature, this is the first
study looking at the impact of socioeconomic and demo-
graphic factors on the enrollment to systemic therapy for
this group of patients as other studies focused on the
receipt or lack of receipt of treatments [12,13,15,17]. We
found that disparities exist in enrollment to systemic ther-
apy as well as outcomes for patients with MM. Moreover,
the disparities were preserved over the years.

As mentioned previously, considerable variability exist-
ing in the therapies for MM and influenced by racial-ethnic
and demographic characteristics has been revealed by other
studies [15]. It has been observed that HSCT remains
underutilized among AA [15]. Racial-ethnic minority status,
older age, low socioeconomic status, residence in a
metropolitan area, and lack of medical insurance were fac-
tors associated with lower likelihood of treatment with
HSCT upfront [13]. Underutilization of treatments such as
the proteasome inhibitor bortezomib has also been demon-
strated among AA patients that was correlated to a 12%
increased risk for mortality [26]. Even with improvement
in the proportion of patients getting treatment, the differ-
ences based on racial characteristics were preserved and
reflected in our study. This is discouraging from a public
health standpoint [27].

Survival analyses in the present study also reveal several
caveats. It is interesting that unlike other hematological
malignancies, NHB achieved better odds for survival than
Caucasians in this analysis model adjusted for income and
insurance status [28–30]. This suggests that insurance,
income, and comorbidities may be stronger drivers of health
outcomes but not necessarily related to access to therapy.
The finding in support of the argument that outcome dispar-
ity may not be fully explained in terms of access barriers is
that NHB patients had higher survival rates despite lower
enrollment rate to systemic therapy, whereas the trends
were quite concordant when considering income and insur-
ance status. Therefore, the study supports the idea that
additional factors such as follow-up care and individual
decision-making process are important in determining out-
comes for these patients [14,26,27]. The better outcomes



Fig. 1 Flow diagram demonstrating selection of patients for the study for (A) enrollment to therapy analysis and (B) survival
analysis.
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discrepant with enrollment rate for AA may also be due to
favorable risk cytogenetics as hypothesized in recent stud-
ies [31,32]. Notably, although better outcomes have been
demonstrated historically for AA, the rate of improvement
is still lower compared with Caucasians. This difference is
most pronounced at times of development of novel thera-
pies such as HSCT or the introduction of thalidomide [6].
The impact of income and socioeconomic status on sur-
vival in patients with MM is significant [27,33–37]. Fiala
et al. [26] reported a survival advantage associated with
higher socioeconomic status that was partially accounted
by the higher rates of HSCT. In the present study, this vari-
ability was minimized as we excluded patients who under-
went HSCT reported as the first-line treatment although it



Table 1 Baseline characteristics of patients selected for the study of enrollment to therapy analysis (n = 56,102) and survival
analysis (n = 50,543).

Characteristic Enrollment analysis group
Distribution
Median (IQR) or n (%)

Survival analysis group
Distribution
Median (IQR) or n (%)

Age, years 69
(60–77)

69
(60–77)

Days to systemic therapy 17
(6–33)

Enrollment rate for therapy 42.3
(42–42.7)

Sex
Male 30,079 (54.7) 27,619 (54.6)
Female 25,393 (45.3) 22,924 (45.4)

Race
Non-Hispanic whites 36,889 (65.8) 33,174 (65.6)
Non-Hispanic blacks 11,402 (20.3) 10,228 (20.2)
Hispanic 3152 (5.6) 2803 (5.6)
Others 4659 (8.3) 4338 (8.6)

Insurance
Uninsured 2059(3.7) 1941 (3.9)
Insured 53,029 (96.3) 47,673 (96.1)
Private 16,241 (29.0) 14,761 (29.2)
Medicare 3399 (6.1) 3005 (6.0)
Medicaid 32,954 (58.7) 29,518 (58.4)
Details unknown 1449 (2.6) 1318 (2.6)

Median income
<$38,000 11,871 (21.2) 10,781 (21.4)
$38,000– $47,999 13,248 (23.7) 11,939 (23.7)
$48,000–$62,999 14,638 (26.2) 13,181 (26.2)
�$63,000 16,135 (28.9) 14,445 (28.7)

Education
�21% 10,628 (19.0) 9548 (19.0)
13.0–20.9% 15,061 (26.9) 13,581 (27.0)
7.0–12.9% 17,680 (31.6) 15,931 (31.6)
<7.0% 12,556 (22.4) 11,312 (22.5)

Comorbidity score
0 40,316 (71.9) 36,509 (72.2)
1 9902 (17.7) 9103 (18.0)
2 3927 (7.0) 3421 (6.8)
�3 1957 (3.5) 1510 (3.0)

Location
Metropolitan 45,818 (83.7) 41,277 (83.7)
Urban 7817 (14.3) 7048 (14.3)
Rural 1124 (2.1) 1013 (2.1)

Facility type
Community Cancer Center 5482 (9.9) 4944 (9.9)
Comprehensive Community Cancer Center 24,395 (439) 22,081 (44.1)
Academic/Research Program 18,336 (33.0) 16,340 (32.6)
Integrated Network Cancer Program 7361 (13.3) 6689 (13.4)

Year of diagnosis groups
200–2005 5932 (10.6) 5932 (12.0)
2006–2007 6808 (12.1) 6808 (14.1)
2008–2009 7983 (14.2) 7983 (15.8)
2010–2011 8770 (15.6) 8770 (17.4)
2012–2013 9974 (17.8) 9974 (19.7)
2014–2015 11,076 (19.7) 11,076 (21.9)
2016– 5559 (9.9)

(continued on next page)
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Fig. 2 Temporal trend for enrollment rate to systemic therapy (number per 1000 person-days).

Table 1 (continued)

Characteristic Enrollment analysis group
Distribution
Median (IQR) or n (%)

Survival analysis group
Distribution
Median (IQR) or n (%)

Implementation of Affordable Care Act (ACA)
Pre-ACA 24,951 (44.5) 24,951 (49.4)
Post-ACA 31,151 (55.5) 25,592 (50.6)

IQR = interquartile range.
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is possible some of these patients did receive HSCT down-
stream. In addition, multiple surrogates for socioeconomic
status (income, education, and geographical location) were
used, and their respective adjustments during analysis sug-
gested income to be the dominant variable. An improved
survival in patients with MM belonging to a higher socioeco-
nomic status has been demonstrated in other countries as
well including those with universal health care and 2-week
referral system for suspected cancer patients [38–41]. This
implies that increasing access and reducing costs alone may
not eliminate outcome disparities. Possible mechanisms of
poor survival may include poor tolerance of therapies or
poor adherence but is an area of active investigation. Fac-
tors such as private insurance, academic center, and favor-
able geographical location also appeared to impact survival
[42,43]. These should be matters of consideration while
designing health care policies in the future.

While timely initiation of therapy is an important factor
to improve outcomes, it is interesting to note that in studies
on hematological malignancies, there is paradoxically worse
survival in those who started therapy earlier which is con-
tradictory to that from solid tumors [44,45]. Although the
findings may appear paradoxical, the variability likely
reflects the fact that sicker patients and patients with
advanced stage MM associated with poor prognosis are
enrolled into therapy earlier [44]. Therefore, it is proposed
that clinical trials should accommodate patients who need
urgent therapy to detect treatment effects in high-risk
groups [44].

The present study has the advantage that it utilized the
NCDB that included patients with private and government
insurance, thereby allowing for comparison between the
groups. The impact of other parameters, such as geograph-
ical location and educational status of the patients, was also
included in the multivariate analysis. Use of multiple surro-
gates for socioeconomic status (income, education, and
geographical location) and their respective adjustments
during analysis helped improve the robustness and general-
izability of the results. Advancements in the pharmacologi-
cal therapy for MM in the form of proteasome inhibitor
bortezomib (2003), thalidomide and lenalidomide (2006:
early part of study), and pomalidomide (2013: late part of
study) could have certainly influenced the outcomes at var-
ious time periods but were not studied separately. The
NCDB database fails to distinguish active MM from smolder-
ing MM—a limitation of previous studies [13]. We overcame
this limitation by defining patients with active myeloma as
those treated within120 days from diagnosis similar to pre-
vious studies [19].

A major limitation of the study is that we were unable to
identify the type of systemic therapy employed and to
assess for variations in terms of the type of therapy. At
the same time, the present study is applicable to majority
of the patients with MM as only a minority of the patients



Table 2 Multivariate analysis of socioeconomic factors impacting enrollment to systemic therapy (n = 56,102).

Characteristics Enrollment per 1000 person-days (95% CI) Incident rate ratios (95% CI) p

Sex
Male 43.7

(43.2–44.2)
Reference <0.005

Female 40.8
(40.3–41.3)

0.94
(0.92–0.95)

Race
Non-Hispanic whites 43.4

(42.9–43.8)
Reference

Non-Hispanic blacks 39.5
(38.8–40.3)

0.92
(0.90–0.95)

<0.005

Hispanic 40.9
(39.5–42.5)

0.97
(0.93–1.0)

0.08

Others 42.5
(41.3–43.8)

– NS

Insurancea

Uninsured 42.3
(40.5–44.2)

– NS

Insured 42.3
(41.9–42.7)

– NS

Private 42.6
(42.0–43.3)

– NS

Medicaid 41.5
(40.1–42.9)

– NS

Medicare 42.2
(41.8–42.7)

– NS

Details unknown 43.5
(41.3–45.8)

– NS

Median income
<$38,000 41.9

(41.1–42.6)
– NS

$38,000–$47,999 41.9
(41.2–42.6)

– NS

$48,000–$62,999 42.4
(41.7–43.1)

– NS

�$63,000 42.9
(42.2–43.6)

– NS

Education
�21% 41.4

(40.6–42.2)
Reference NS

13.0–20.9% 41.9
(41.2–42.6)

– NS

7.0–12.9% 42.1
(41.5–42.7)

– NS

<7.0% 43.9
(43.2–44.7)

1.04
(1.01–1.07)

0.006

Comorbidity score
0 41.2

(40.8–41.6)
Reference

1 44.3
(43.4–45.2)

1.07
(1.05–1.1)

<0.0005

2 48.8
(47.3–50.4)

1.18
(1.15–1.22)

<0.0005

�3 46.8
(44.7–48.9)

1.16
(1.11–1.22)

<0.0005

(continued on next page)
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Table 2 (continued)

Characteristics Enrollment per 1000
person-days (95% CI)

Incident rate ratios (95% CI) p

Location
Metropolitan 42.0

(41.6–42.4)
Reference

Urban 44.0
(43.1–45.0)

1.05
(1.02–1.07)

0.001

Rural 44.3
(41.8–47.0)

– NS

Facility type
Community Cancer Center 39.8

(38.8–40.9)
Reference

Comprehensive Community Cancer Center 43.8
(43.2–44.3)

1.10
(1.07–1.21)

<0.0005

Academic/Research Program 41.2
(40.6–41.8)

1.05
(1.02–1.09)

0.001

Integrated Network Cancer Program 42.7
(41.7–43.7)

1.09
(1.05–1.13)

<0.0005

Year of diagnosis groups
2004–2005 46.3

(45.1–47.5)
Reference

2006–2007 43.5
(42.5–44.6)

0.94
(0.91–97)

<0.0005

2008–2009 40.6
(39.7–41.5)

0.88
(0.85–0.91)

<0.0005

2010–2011 42.1
(41.2–43.0)

0.91
(0.88–0.93)

<0.0005

2012–2013 42.9
(42.1–43.8)

0.92
(0.89–0.95)

<0.0005

2014–2015 41.7
(40.9–42.5)

0.90
(0.87–0.93)

<0.0005

2016– 40.4
(39.3–41.5)

0.87
(0.84–0.90)

<0.0005

CI = confidence interval; NS = Not significant.

Fig. 3 Temporal trend for median survival (months).
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Table 3 Multivariate analysis of socioeconomic factors impacting survival (n = 50,543).

Characteristic Hazards ratio
(95% CI)

p

Overall median survival 33.4
(IQR 11.2–73.5)

Age 1.03
(1.027–1.030)

<0.0005

Days to chemotherapy 0.994
(0.994–0.995)

<0.0005

Year of diagnosis groups
2004–2005 Reference
2006–2007 0.95

(0.92–0.99)
<0.0005

2008–2009 0.88
(0.85–0.92)

<0.0005

2010–2011 0.86
(0.83–0.90)

<0.0005

2012–2013 0.82
(0.79–0.85)

<0.0005

2014–2015 0.84
(0.81–0.88)

<0.0005

Sex
Male Reference Reference
Female 0.9

(0.90–0.94)
<0.0005

Race
Non-Hispanic whites Reference Reference
Non-Hispanic blacks 0.90

(0.87–0.93)
<0.0005

Hispanic 0.80
(0.76–0.85)

<0.0005

Others 0.97
(0.94–1.01)

NS

Insurance
Uninsured Reference Reference
Insured
Private 0.83

(0.78–0.89)
<0.0005

Medicaid 1.09
(1.01–1.17)

0.03

Medicare 0.90
(0.84–0.96)

0.003

Details unknown 0.89
(0.81–0.98)

0.018

Median income
<$38,000 Reference Reference
$38,000–$47,999 0.96

(0.93–0.99)
0.040

$48,000–$62,999 0.93
(0.90–0.97)

<0.005

�$63,000 0.91
(0.87–0.95)

<0.005

(continued on next page)
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Table 3 (continued)

Characteristic Hazards ratio
(95% CI)

p

Location
Metropolitan - NS
Urban -
Rural -

Comorbidity score
0 Reference Reference
1 1.29

(1.26–1.33)
<0.005

2 1.56
(1.50–1.63)

<0.005

�3 1.73
(1.63–1.84)

<0.005

Education
�21% Reference Reference
13.0–20.9% 0.99

(0.95–1.02)
NS

7.0–12.9% 0.98
(0.94–1.02)

NS

<7.0% 0.94
(0.89–0.99)

0.02

Facility type
Community Cancer Center Reference Reference
Comprehensive Community Cancer Center 1.01

(0.97–1.05)
NS

Academic/Research Program 0.95
(0.91–0.98)

0.01

Integrated Network Cancer Program 1.01
(0.97–1.06)

NS

CI = confidence interval; NS = Not significant.
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are eligible for HSCT despite the advancements in the field
[26]. By choosing to assess the enrollment rate to therapy,
we were able to capture the impact of various factors on
the timeline of diagnosis of the disease to initiation of
myeloma-directed therapy. While this adds to the strength
of the study, it should be noted that factors related to lack
of receipt of therapy, which are important in determining
outcomes, are not considered in the present study but have
been evaluated previously [12,13,15,17]. Another limitation
is the lack of data on progression of the disease and that
overall survival may not be an adequate marker for assess-
ing outcomes in these patients. Disease characteristics such
as stage of the disease and quality of life are factors to be
considered which was not captured in the database and
therefore not amenable to analysis [46]. The racial and eth-
nic variations in the incidence of second primary malignan-
cies in treated MM have been demonstrated with uncertain
impact on the long-term outcomes. This could not be
adjusted in the present study and is an area for further
research [47]. The inability of our study to capture the
impact of monoclonal antibody therapy (which is now indi-
cated in the front-line setting) on the outcome measures
is another limitation.

While this study is representative of real-world data over
a decade, the concern also applies to clinical trials. Studies
show that minorities, older individuals, and persons with
more advanced disease are underrepresented in MM trials,
compromising external validity of results [12]. It has been
demonstrated that when disparities are mitigated, the out-
come disparity may be obliterated to some extent. There-
fore, efforts to ensure improved accrual of disadvantaged
sections of the society (lower socioeconomic groups,
patients with higher comorbidities, and patients on govern-
ment insurance according to the present study) should be a
priority. There have been campaigns aimed toward elimi-
nating outcome disparities in cancer, but those focused on
hematologic malignancies specifically may be needed [26].
The efforts should also include creating awareness among
disadvantaged sections of the population and health care
providers involved in treating them. The impact of the
Affordable Care Act that includes measures to eliminate dis-
parity based on insurance, increased health care access,
and improved preventive visits remains to be seen.

Conclusions

Disparities in MM exist and are caused by a complex inter-
play of multiple factors, with socioeconomic factors such
as insurance and income playing a dominant role. The dis-
parities not only exact high human cost but also negatively



Fig. 4 Temporal trend in differences in hazard ratios for survival by (A) race, (B) insurance, and (C) income from multivariate
analysis.
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impact the economics of health care. As we navigate the
care of special patient populations such as these during a
pandemic and design health care policies, social determi-
nants of health are important factors to be kept in mind.
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