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Abstract

Purpose: Multiple Myeloma (MM), the second leading blood malignancy, has complex 

and costly disease management. We studied patterns of treatment disparities and unplanned 

interruptions among the MM patients after the Affordable Care Act to assess their prevalence 

and effect on survival.

Materials and Methods: This retrospective study of 1002 MM patients at a tertiary referral 

center used standard guidelines as a reference to identify underuse of effective treatments. We 

used multivariate logistic regression and Cox proportionate hazard to study the prognostic effect 

on survival.

Results: Median age in the cohort was 63.0 [IQR: 14] years. Non-Hispanic White (NHW) 

patients were older (p=0.007) and more likely to present with stage I disease (p=0.02). Underuse 

of maintenance therapy (aOR=1.98; 95%CI 1.12–3.48) and interruptions in treatment were 

associated with race/ethnicity and insurance (aOR=4.14; 95%CI: 1.78–9.74). Only underuse of 

induction therapy was associated with overall patient survival.
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Conclusion: Age, race, ethnicity and primary insurance contribute to the underuse of treatment 

and in unplanned interruptions in MM treatment. Addressing underuse causes in such patients is 

warranted.
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Overview and Objectives

With more than 25,000 new cases diagnosed and 12,000 deaths per annum1, multiple 

myeloma (MM) is the second most common blood malignancy in the United States and 

its morbidity and mortality burden may vary by age, race and gender.1 The expansion of 

available therapeutic options in recent years has inspired optimism regarding the disease­

related survival. Over 60% rates of very good partial response or better has been observed 

among younger and transplant eligible patients who had received pre-transplant induction 

therapy.2 However, disparities among racial groups are reported in several studies3–8 and the 

high cost of MM treatment can be a barrier to care.9 Given rising rates of MM particularly 

in New York City (NYC),10 improved therapies and national reports of disparities, we aimed 

to assess the extent of disparities in administration of induction therapy, Autologous Stem 

Cell Transplant (ASCT) and maintenance therapy in the years following the Affordable 

Care Act, in a state with generous Medicaid insurance at an inner city academic medical 

center. The key study aims are: 1. To assess disparities in treatment and unplanned care 

interruptions by sociodemographic factors and identify factors associated with underuse of 

treatment modalities by multivariate model; 2. To investigate if underuse of a specific type 

of treatment modality has an impact on patient survival and assess its relative significance 

compared with other covariates, including comorbidity and disease stage at diagnosis.

Materials and Methods

The study was approved by the Institutional Review Board.

Study population

We identified a retrospective cohort of 3101 patients at a NYC tertiary referral center 

between 2010 and 2014 using ICD −9 code 203.0. As this ICD did not distinguish between 

MM, smoldering myeloma and MGUS, we manually reviewed charts and excluded patients 

with smoldering myeloma and MGUS, leaving a final cohort of 1002 active MM patients.

Variables

We abstracted: demographic variables, primary insurance, Charlson Comorbidity Index 

(CCI), components of disease stage at diagnosis to calculate International Staging System 

(ISS), and treatment variables. If treatments were not given, we abstracted the reasons why 

as indicated in physicians’ progress notes. Patients’ self-reported race and ethnicity variables 

were merged to derive a race/ethnicity variable. Hispanic race/ethnicity included patients 

of Hispanic ethnicity irrespective of their racial background. Patients who either reported 

their background as Other or Unknown were categorized into Other. The CCI values were 
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grouped into none (CCI=0), mild to moderate (CCI=1–4) and severe comorbidity (CCI 

>=5). Insurance was categorized as Medicaid for patients with Medicaid and dual eligible 

(Medicaid and Medicare), private for those with primary commercial insurance, Medicare 

for patients with Medicare only and with Medigap insurance, self-pay and unknown. Data 

were abstracted from progress notes to identify any unplanned interruptions in treatment. 

To define overall survival (OS), we obtained patients’ vital status, dates of last contact 

and death from the electronic medical record and from the American College of Surgeons 

certified tumor registry which must maintain 90% follow-up for ongoing certification.11

Treatment modalities and definition of underuse

Underuse was defined as lack of a particular treatment modality, not a specific regimen, that 

patient was eligible to receive for their primary treatment: Induction, ASCT, Maintenance- 

according to the NCCN 2014 guidelines (version 2.2014)12 (see Appendix). Primary 

treatment consists of completion of the first set of chemotherapy regimen for induction, 

followed by ASCT and maintenance.

All patients should undergo induction therapy, except those with poor prognosis due to 

other comorbid conditions. To be eligible for ASCT, patients had to: complete induction 

therapy with at least a partial response, be < 77 years of age, have albumin levels of 

>2.5, an ejection fraction (EF) of >20%, an ECOG of <4, and not have a poor prognosis 

from another comorbidity. We chose an EF of >20% based on expert opinion and data 

noting EFs <50% were permissible for patients treated at a center with strong cardiology 

specialty services.13, 14 Age cutoff was based on expert opinion and prior CMS restrictions. 

Performance status was taken at date of diagnosis or from initial visit closest to diagnosis. 

Patients who complete induction therapy, followed by ASCT, or transplant ineligible patients 

who obtained at least a stable disease are eligible for maintenance therapy.

Patients who were noted to receive treatment later, had known clinical contraindications 

to respective treatments according to the data obtained from progress notes or follow-up 

calls were excluded from underuse classification. We called patients assigned to underuse 

category to ascertain treatment and status.

Unplanned interruptions in treatment

When treatment was interrupted due to issues limiting access to care, such as loss or lapse 

of insurance coverage, lack of transportation, or inability to pay treatment-related out-of­

pocket expenses as abstracted from progress notes, it was coded as unplanned treatment 

interruption.

Statistical analysis

Tests of association for underuse with categorical covariates were performed using the Chi­

square test or Fisher’s exact test. One sample t-tests were performed to test the difference 

of means for continuous covariates. Multivariate logistic regression with generalized linear 

model was fitted to identify sociodemographic and other patient variables associated with 

the underuse of induction, transplant, maintenance and interrupted therapies. Univariate and 

multivariable Cox regression models with Breslow approximation to maintain backwards 
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compatibility were applied to test the association of sociodemographic variables, treatment 

modalities, disease stage and comorbidities (CCI) as defined by the International Staging 

System (ISS) to the overall survival (OS). OS was defined as the time between primary 

diagnosis to the time of death (reported without specific cause of death) or the time of last 

contact (censored).

Results

Descriptive analysis

Median age in the study cohort was 63.0 [IQR: 14] years with 56.7% males; 22% of patients 

reported their race-ethnicity as Other (see Table 1). Patients with the Non-Hispanic White 

(NHW) and Other racial/ethnicity background (OTH) were older than NHB, Hispanic and 

Asian patients (NHW :63.8 ±11.5, Non-Hispanic Black (NHB): 61.2 ± 11.2, Hispanic: 60.3 

± 10.2, Asian :61.2 ± 9.4, Others (OTH): 63.5 ± 11.2; p=0.007). Statistically significant 

racial differences were observed among Asian, Hispanic White, NHB, NHW patients by 

their primary insurances (p<0.001). NHW patients had the lowest rate of Medicaid (3.9%) 

and highest rate of private insurance use (47.1%) (data not shown).

Disease stage at diagnosis varied by race/ethnicity and primary insurance provider (p=0.5 

and 0.84, respectively), with the highest rate of stage I at diagnosis among the OTH (49%) 

and NHWs (43%). Privately insured and self-paying patients had the highest rate of stage I 

presentation (46.8% and 50%, respectively). There was no significant association between 

missing ISS and underuse; 242 patients were unstaged.

Potential predictors of the underuse of treatment modalities (see Figure 1)

Underuse of induction—Overall, induction underuse was 7.7%. It was highest among 

patients with OTH and NHW backgrounds (7.2% and 13.5%, respectively), patients aged 

≥65 years (>80 years: 24.2%; 65–80 years: 10.0%), and with ISS stage I (6.8%) and II 

(6.2%). The lowest underuse was observed among the Medicaid patients (Medicaid: 2.1%; 

Medicare: 8.8%; private insurance: 5.7%).

In a multivariate model, OTH race and ethnicity (adjusted odds ratio (aOR) = 2.1; 95% CI: 

1.2–3.7, p=0.01), and age > 80 (aOR: 5.9, 95% CI: 1.6–28.6, p-value=0.01) and unknown 

primary payor (aOR: 3.1, 95% CI: 1.0–8.2, p-value=0.03) emerged as significant predictors.

Underuse of ASCT—Overall, 32.7% of eligible patients did not undergo ASCT. 

Differences in underuse of ASCT were significant by race and ethnicity, primary payor 

and comorbidity status. Underuse was more pronounced among the ≥65 year age group 

(48.3% vs. 14.3% among 18–45 years), NHWs (32.2%) and OTH (45.4%) backgrounds, 

patients with Medicare (42.1% vs. 21.3% among the Medicaid patients) and remarkably 

among the patients having no comorbidity (39.5% vs. 21.7% among the patients having 

severe comorbidity). In a multivariate model, OTH race and ethnicity (aOR = 1.8; 95% CI: 

1.1–3.0, p=0.02) and age group 65–80 years (aOR: 5.7, 95% CI: 2.3–17.5, p-value<0.001) 

emerged as significant predictors.
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Underuse of maintenance therapy—Overall, 10.4% of eligible patients did not receive 

maintenance therapy. Underuse of maintenance therapy was highest among the patients 

aged 45–65 years (20.4% vs. 17.1% among 65–80 years age group), NHB and Hispanic 

backgrounds (25.2% and 23.7%, respectively vs. 12.5% and 16.4% among Asian and NHW 

patients, respectively), and patients holding private insurance (21.7% vs. 13.1% and 17.3% 

among the Medicaid and Medicare, respectively vs. 44.4% and 21.7% among self-paying 

and patients having private insurance). Men had higher rates of maintenance underuse than 

women (22.3% v 15.0%).

In a multivariate model, the NHB background (aOR = 2.0; 95% CI: 1.1–3.5, p=0.02) and 

Medicaid insurance (aOR: 0.5; 95% CI: 0.2–1.1; p-value<0.09; compared to the private 

insurance) emerged as significant predictors. Moreover, we observed weaker significance for 

male gender (aOR = 1.5; 95% CI: 1.0–2.4, p=0.06).

Unplanned interruptions in treatment—Unplanned interruptions in treatment occurred 

in 4.8% of patients - most commonly among Medicaid beneficiaries (14.7% vs. 2.9% among 

patients with private insurance). Hispanic and NHBs had the highest rate of unplanned 

treatment interruptions (12.8% and 8.3%, respectively) vs 2.3% and 2.8% among NHW and 

OTH patients.

Multivariate modelling of unplanned interruptions in treatment found that patients with 

Medicaid (aOR: 4.1; 95% CI: 1.8–9.7; p-value=0.001), and those who were Hispanic (aOR: 

4.5; 95% CI: 1.8–11.5; p-value=0.001) or Black (aOR: 3.4; 95% CI: 1.5–8.0; p-value=0.004) 

were most affected.

Patient survival

By November 2019, overall, 80% of patients were alive. The median follow-up period 

[IQR] was 57.1 [23.7–79.0] months, and it significantly differed by race and ethnicity 

(log rank test p=0.02). The longest median follow-up was observed among the Hispanics 

(68.1 months), and the shortest (38.2 months) among the patients with OTH background. 

Significant differences were observed in OS by race and ethnicity with shortest mean OS 

among OTH patients (40.0 months) and the longest among Asians (49.9 months).

Predictors of patient outcome

Univariate analysis testing the association of potential factors with the OS identified age 

(group) at primary diagnosis, disease stage by ISS, comorbidity (by CCI categories), 

underuse of induction therapy, primary insurance provider, race and ethnicity (Figure 2).

Among the treatment modalities, underuse of induction therapy was significantly associated 

with a lower OS in a univariate (p=0.007) with a median time (IQR) for follow-up of 6.10 

months (0.67; 51.73) and in a multivariate Cox proportionate hazard model (aOR:5.0; 95% 

CI: 2.1–11.8; p<0.001) after controlling for disease stage, co-morbidity and gender (Figure 

3).

Among patients >65 years with Medicare, underuse of induction therapy was significantly 

associated with reduced OS (aOR: 4.5; 95% CI: 1.3–16.1) along with the comorbidity and 
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disease stage indicating that the effect of underuse of induction therapy is independent of 

age or insurance. Further, in a subset of patients of 65–80 years age group with Medicare, 

Medicaid or commercial as their primary insurance, underuse of induction therapy was 

significantly associated with reduced survival (aOR:6.1; 95% CI: 1.2–31.1; p=0.03), as were 

comorbidities and the disease stage at diagnosis. Importantly, social determinants – race, 

ethnicity, primary insurance- did not affect overall survival.

Unplanned interruptions, underuse of transplant and underuse of maintenance therapy were 

not associated with the OS in our study.

Discussion

In this study, we found varying rates of underuse of effective treatments in the management 

of MM in a single institution serving an inner-city population. Not surprisingly, older 

age and sicker patients experienced higher rates of underuse.15 Importantly, minority race­

ethnicity had varying effects– it played no role in underuse of induction or transplant but 

did affect use of maintenance therapy and interruptions in care as did those insured with 

Medicaid. The fact that race-ethnicity independently affected underuse suggests that patients 

and/or physicians’ beliefs and circumstances may exert an effect beyond access to care. 

Fortunately, these underuse episodes did not translate into worse survival.

More than one fifth of patients self-identified their race-ethnicity as “other.” We found 

greater underuse of induction and ASCT therapy for these patients. This group was most 

likely to present with early stage disease and to have commercial insurance. Because 

significant proportions of Hispanics self- identify their race as Hispanic,16 we classified 

Hispanic as its own racial-ethnic group and did not include them in the OTH category. We 

chose this approach as our primary hypothesis was that race-ethnicity would function as a 

social construct to affect treatment rates and thus, survival. Given the increasing proportions 

of individuals who self-identify as multi-racial/ethnic and as our nation moves towards 

greater granularity in collecting race-ethnicity data, we need to be clear about how these data 

will help stimulate change in care delivery and research.

Ensuring equity in care related decisions is vital to optimize MM related mortality and 

morbidity. Given known racial differences in incidence, progression and survival in MGUS, 

a premalignant MM condition, as well as in active MM,17, 18 age at diagnosis18 and 

heterogenous disease biology19 quantifying the impact of social determinants’ on quality 

of care and subsequent survival is paramount. Equal access to clinically recommended 

treatment modalities have been shown to mitigate specific disparities in patient outcomes.20 

Therapy delivered is the measured outcome, not the offering of therapies. Thus, factors that 

may contribute to patient refusal or access to care are based on progress notes by physicians, 

physician assistants, or social workers and may not fully capture barriers resulting in 

underuse.

To date, racial disparities in MM care have been attributed to insurance coverage,21 delays 

in payer approvals,22 access and distance to cancer care facilities23 and patients’ ability to 

afford for uncovered expenses.24 The cost of cancer drugs is increasing exponentially26, 26 
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with the monthly cost of lenalidomide nearly $8,000,24, 27at a time when insurers are 

shifting more costs to patients. Given the mounting costs and the challenges posed by 

under-insurance, it is not surprising that we found underuse of maintenance among middle 

aged adults with private insurance.28

In our study, we were surprised to find even the small proportion of induction underuse we 

found. It is possible that this is an overestimate of actual underuse as some patients may 

have gone to outside institutions for their induction therapy. We tried to minimize the risk of 

potential underuse misclassification by calling patients with underuse to ascertain “outside” 

treatments that we may have missed as tracking patients and having them respond to survey 

is difficult in this age of telemarketing.29 Of note, the fact that induction underuse was 

significantly associated with poorer survival does provide face validity to this measure. Our 

findings do correlate with the studies that show significant impact on patient outcome by the 

induction therapy use,30 comorbidities,31, 32 disease stage,33 and contrasts from the studies 

that observed differences in patient survival by insurance status.34

The higher rate of ASCT underuse we found, as compared with induction and maintenance, 

is not surprising. Patients who responded to induction therapy would choose a more 

conservative treatment path, preferring to wait for progression prior to undergoing additional 

cycles of chemotherapy, is also not surprising. We are currently interviewing these 

underuse patients to get a clearer view of their treatment decision-making and get a better 

understanding of the role of culture and family in these decisions. Further complicating such 

decisions is the evolving debate of the role of ASCT as a frontline standard treatment, driven 

by the recent studies.35–38

Underuse of maintenance therapy was significantly associated with black race. Why 

race-ethnicity seems to have had this effect is uncertain. Both race and insurance were 

independently associated with underuse. Medicaid protected against underuse of this 

expensive therapy and black patients in our study were much less likely than Hispanics 

or Asians to have Medicaid (14% vs 22% & 33%, respectively). We did not find a survival 

advantage to maintenance therapy, a finding that corroborates the prevailing debate about the 

role of maintenance therapy in prolonging OS.39 We were unable to assess the impact of 

individual drug/combinations used in maintenance therapy on OS.

Limitations

Underuse was based on chart abstraction and may have misclassified patients treated 

elsewhere. We did reach out to patients who, based on chart abstraction experienced 

underuse of induction, transplant, or maintenance to ascertain their status, collecting updated 

information on treatment and survival. At the same time, limitations exist because we 

were only able to reach out to 60% of the patients due to challenges in finding and 

reaching patients. Duration of any unplanned interruptions were not collected; therefore, 

pattern of treatment could not be analyzed. Limited sample size for assessment of potential 

predictors underlying the underuse and OS is a key limitation of this study. Performance 

status was taken at date of diagnosis or from the initial visit close to diagnosis which 

may result in a bias as patients who complete induction and are referred for transplant 

or maintenance therapy will likely have improved performance status. However, patients 
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referred for progressive disease likely have worse performance status. The study was unable 

to account for the biological heterogeneity of MM due to low sample size, and recent 

molecular advances in precision medicine have resulted in changes in treatment guidelines. 

Cause of death was not available in the data abstracted from the medical records and from 

subsequent follow-ups. Therefore, we were unable to study disease-specific survival. Our 

study population is younger than other population-based cohorts likely due to the many 

referrals to our institution for ASCT.

Conclusion

Racial-ethnic and insurance related disparities in underuse of MM treatment remain in a 

tertiary referral center that has standardized MM care delivery and pays special attention 

to social and access challenges. Underuse of induction therapy appears to affect patient 

survival. Although we did not find survival benefits with maintenance therapy, if this 

continues to be a standard of care, it is incumbent upon delivery systems to identify 

underinsured patients and encourage approaches to reduce associated financial toxicities. 

Appropriate policy measures to prevent the underuse of effective therapies are necessary in 

order to alleviate the morbidity and mortality burden from multiple myeloma. Moreover, this 

study suggests that encouraging accurate self-reporting of sociodemographic by patients can 

help to identify vulnerable groups, a keystone to design healthcare policies tailored to their 

needs.
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APPENDIX

UNDERUSE DEFINITIONS*

Underuse is an episode in which effective MM treatment was not received, as per NCCN 

2014 guidelines.1

A) Induction chemotherapy

All patients should undergo Induction therapy.

Exceptions: poor prognosis due to other comorbid condition (as documented in MD notes; 

excludes renal failure)

Underuse of induction= patient received no induction chemotherapy

Following Induction, patients were classified into two subgroups: 1) eligible to undergo 

autologous transplantation, and 2) ineligible to undergo an autologous transplantation.

*For each group, underuse for each suggested phase of treatment is based on NCCN 2014 MM guidelines. Note – no significant 
general treatment changes in guidelines from 2010–2014.
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B) Assessment of transplant eligibility

All candidates for high dose chemotherapy must have adequate liver, renal, pulmonary, and 

cardiac function, and frailty is a major determinant.2–4

Exceptions**:

• >77years-old [CMS.gov – (CAG-00011N); expert opinion];

• Albumin <2.5;

• EF < 20%;

• ECOG >4

Transplant eligible patients meet above criteria, received induction therapy and obtained at 

least a Partial Response (PR) to the induction therapy. A PR is defined as a 50% decrease 

either in measurable paraprotein (serum and/or urine) or in bone marrow infiltration by 

malignant plasma cells, and sustained for at least one month.

Underuse of Transplant = transplant eligible patient who does not undergo autologous 

hematopoietic cell transplantation (HCT).

C) Maintenance therapy

Patients who obtained a stable disease or a marginal, partial, or complete response in the 

first 100–110 days after undergoing an autologous HCT, or transplant ineligible patients who 

obtained a stable disease, marginal, partial or complete response in the first 100–110 days 

after completing induction therapy, are eligible for maintenance therapy [McCarthy PL. N 

Engl J Med 2012; 366:1770].

Exceptions:

• Albumin <2.5;

• EF < 20%;

• ECOG >4

Underuse of Maintenance = patient eligible to receive maintenance therapy and does not 

receive maintenance therapy
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Highlights:

• Age, race, ethnicity, and insurance contribute to the underuse of myeloma 

treatment

• Underuse of induction therapy was significantly associated with reduced 

survival

• Minority race-ethnicity affected use of maintenance therapy and interruptions 

in care

• Underuse of maintenance therapy was significantly associated with black race
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Figure 1: Multivariate model for potential predictors of underuse of treatment modalities and 
interruptions in treatment
A: Underuse of therapeutic modalities
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Figure 2: Differences in probability of survival by the ISS staging, Charlson Comorbidity Index 
and by underuse of induction therapy.
(ISS: international staging system; CCI: Charlson Comorbidity Index groups; under_induct: 

underuse of induction therapy; payor: Primary insurance payor; RaceEth: Race and 

ethnicity)
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Figure 3: 
Results survival analysis: (A) Univariate Kaplan-Meier plot shows the cumulative 

probability of patient survival by the underuse of induction therapy. (B) Results of the 

multivariate Cox proportional hazards model of overall patient survival displayed as a forest 

plot with hazard ratios for underuse of induction therapy, race and ethnicity, ISS staging and 

Charlson comorbidity index. (ISS: international staging system; CCI: Charlson Comorbidity 

Index categories)
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