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ABSTRACT 

 

Introduction: Advances in multiple myeloma (MM) treatment have improved survival, 

but there are increased concerns about treatment affordability and access. This study 

assessed 1) how cost-sharing assistance and area deprivation affect treatment receipt, 2) 

changes in the patient cost responsibility and disparities in treatment over time, and 3) how 

the low-income subsidy (LIS), which lowers Part D cost sharing, and area deprivation 

affect treatment access and survival. 

Methods: Using the Surveillance, Epidemiology, and End Results-Medicare database, we 

identified patients diagnosed with MM. The effect of cost-sharing assistance and area 

deprivation on treatment was estimated using multilevel logistic regression. We estimated 

the monthly incremental patient cost responsibility among MM patients compared to non-

cancer controls and examined changes over time (2007-2011, 2012-2016). The effect of 

diagnosis period and area deprivation on treatment was estimated using multilevel logistic 

regression. The association between LIS, area deprivation, and mortality was estimated 

from a mixed-effects Cox proportional hazards model. We assessed whether treatment 

mediates the association between LIS and mortality. 

Results: Individuals receiving Medicare Parts A, B and D cost-sharing assistance had 

higher odds of receiving treatment compared with non-recipients (OR=1.21; 95%CI: 1.01–

1.45).  Living in the most deprived area (Quintile 5) was associated with lower odds of 

receiving treatment compared with the least deprived area (Quintile 1; OR=0.81; 95%CI: 

0.65–0.99), but there was no difference in the other quintiles. The difference in the 

estimated monthly incremental patient cost responsibility between 2012-2015 and 2007-



 
 

2011 was $58 [average marginal cost; 95%CI: $12–$105]). The difference in the likelihood 

of any treatment receipt between Quintile 1 and 5 decreased, but the difference in the 

likelihood of receiving a novel agent-based regimen increased. The mortality hazard was 

higher for LIS recipients relative to non-recipients in Quintiles 1, 3 and 4 (HR=1.50, 1.38, 

1.28; p=0.0001), and there was no difference in the other two quintiles. This association 

was partially mediated by treatment receipt.  

Conclusions: The patient cost responsibility for MM care increased over time. The type of 

cost-sharing assistance and area deprivation affect treatment receipt, although not across 

all quintiles. LIS receipt did not confer a survival benefit. 
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5 Overview 

 

5.1 Study Motivation and Rationale 

Despite substantial scientific advances in the diagnosis and treatment of many 

cancers in recent years, access to and affordability of treatments poses a major challenge 

for patients. Patients with cancer experience high financial burden from patient cost sharing 

(i.e., what patients pay out-of-pocket), even those with health insurance.1 Multiple 

myeloma (MM) is an incurable hematologic cancer. Novel MM drugs introduced over the 

past decade improve patients’ survival, but are often extremely expensive and may place a 

substantial burden on elderly patients with little or no income. Patient out-of-pocket costs 

can be significantly different for patients with Medicare only and for patients who have 

additional assistance to pay for Medicare cost sharing.2 The literature suggests that the 

patient share of the cost plays a role in treatment decisions.3,4 Evidence also suggests that 

another important factor which influences the type of treatment received by MM patients 

is the socioeconomic environment in which one lives.5,6  

Research has not taken a holistic view of the elderly MM patient and the different 

aspects affecting one’s access to treatment. There is lack of evidence on how patient cost 

sharing and the broader socioeconomic environment together affect access to MM 

treatment. Additionally, it is unknown how patient cost sharing for MM care has changed 

over time with the introduction of extraordinarily expensive MM therapies in recent years. 

Whether changes in cost sharing are mirrored by widening disparities in treatment access 

over this time frame is yet unknown. 
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There are several cost-sharing assistance programs that help qualifying Medicare 

beneficiaries with out-of-pocket expenses. The Medicare Part D low-income subsidy (LIS) 

was developed to reduce the cost barriers to access to care for individuals with low income 

by paying for some prescription drug premiums, deductibles, and/or coinsurance. While 

the literature suggests that the receipt of the LIS is associated with improved access to 

novel oral immunomodulatory drugs among MM patients,2 how other cost sharing 

assistance programs affect access to MM treatment is largely unknown. Furthermore, 

whether receipt of the LIS confers improved survival through improved treatment access 

and mitigates the known gap in survival outcomes between socioeconomic subgroups is 

yet unclear. This empirical evidence is critical to guide future interventions and policies to 

improve health care access, minimize disparities, and optimize patient outcomes. 

Therefore, the goals of this dissertation were to assess the effects of patient cost-

sharing assistance and the socioeconomic area deprivation on MM treatment receipt; 

examine whether cost sharing for MM care has increased over time and whether this is 

mirrored by a widening gap in treatment access across socioeconomic subgroups; and 

assess whether LIS receipt is associated with improved survival through improved 

treatment access.  
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5.2 Specific Aims  

Aim 1: Assess the effects of patient cost-sharing assistance and county-level area 

deprivation on MM treatment receipt among elderly Medicare beneficiaries with MM. 

Hypothesis: Patients receiving cost-sharing assistance and patients residing in a more 

socioeconomically deprived area have lower odds of any MM treatment, lower odds of 

MM treatment initiation within 30 days, lower odds of treatment with a novel agent-based 

regimen, lower odds of receiving a stem cell transplant (SCT), and higher odds of treatment 

with a traditional chemotherapy-based regimen. 

Aim 2a: Examine how the patient share of the cost of MM care has changed over time for 

elderly Medicare beneficiaries with MM. 

Hypothesis: Patient cost responsibility for MM care is higher for individuals diagnosed in 

2012-2016 than for individuals diagnosed in 2007-2011.  

Aim 2b: Assess how differences in the odds of MM treatment receipt between individuals 

residing in more and less deprived areas have changed over time for elderly Medicare 

beneficiaries with MM.  

Hypothesis: Differences in the odds of any MM treatment receipt, and the odds of treatment 

with novel agent-based regimens between individuals residing in more and less deprived 

areas are greater among individuals diagnosed in 2012-2016 compared with 2007-2011. 

Aim 3a: Assess the associations between LIS receipt, area deprivation and all-cause 

mortality. 

Hypothesis: The difference in the hazard of mortality between individuals residing in more 

and less deprived areas is smaller among patients who receive the LIS. 
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Aim 3b: Assess whether the association between LIS, area deprivation and mortality is 

mediated by treatment receipt.  

Hypothesis: The association between LIS, area deprivation and mortality is mediated by 

MM treatment receipt.  
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6 Background 

6.1 Financial Burden of Cancer Care 

Significant scientific advances have been made in oncology in recent years with the 

development of new therapeutic options; however, these new treatments have also 

contributed to a substantial increase in the cost of cancer care.7–9 The average cost of newly 

approved cancer treatments has increased by 10 times over the past 15 years, with many 

treatments priced at $10,000 per month or more.10–12 With many health insurers in the US 

now imposing cost-sharing mechanisms for high-cost medications, even insured patients 

are thought to be under substantial financial hardship, sometimes also referred to as 

“financial toxicity.”1  

Even among individuals who have health insurance, patients often experience 

financial barriers to accessing treatment, and are placed in a situation where they have to 

make treatment decisions based on affordability. In a study of Medicare beneficiaries with 

Part D, beneficiaries on oral cancer medications were found to experience high out-of-

pocket (OOP) costs, and about 35%–70% of patients delayed or discontinued their 

treatments because of cost.13 In another study, cancer survivors were more likely to report 

a change in prescription drug use for financial reasons compared with individuals without 

a cancer history, where change in prescription drug use was defined as: 1) skipping 

medication doses, 2) taking less medicine, 3) delaying filling a prescription, 4) asking a 

doctor for lower cost medication, 5) buying prescription drugs from another country, or 6) 

using alternative therapies.14 Furthermore, studies have shown that patient cost sharing can 

act as barriers to treatment or care, leading to adverse health events such as hospitalizations 

and emergency room (ER) visits.15,16 
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6.2 Epidemiology and Clinical Presentation of Multiple Myeloma (MM) 

Multiple myeloma (MM) is a hematologic malignancy of the plasma cells, 

characterized by clonal proliferation of malignant plasma cells in the bone marrow, protein 

in the blood or urine, and associated organ dysfunction.17 It accounts for approximately 1% 

of neoplastic diseases and 13% of hematologic cancers,17 and is the second most common 

hematologic cancer in the US.18 The lifetime risk of getting MM is estimated to be 1 in 132 

(0.76%).19  In 2016, there were an estimated 131,392 individuals living with MM in the 

US.20 It is estimated that approximately 34,920 new cases will be diagnosed in the US in 

2021, and approximately 12,410 deaths are expected to occur.20 At the global level, MM 

incident cases increased by 126% and deaths increased by 94% from 1990 to 2016. Of the 

126% increase in incident cases, population growth contributed 40.4%, an aging world 

population contributed 52.9%, and increases in age-specific incidence rates contributed 

32.6%.21 The median age at diagnosis is 69 years and the number of individuals with MM 

is expected to increase with an ageing population.20  

While MM is considered incurable with currently available treatments, according to 

the National Cancer Institute, the 5-year survival rate for MM is 56.9%.20 Factors that 

influence survival include cancer characteristics, patient characteristics (including 

sociodemographic factors), the initial treatment received, and a patient’s response to initial 

therapy.22–25 Previous studies have identified characteristics such as tumor stage, 

cytogenetics, and elevated serum β2-microglobulin or lactate dehydrogenase as indicators 

of poor prognosis among MM patients.17,23,24 
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MM patients commonly experience complications including renal insufficiency, 

bone complications such as fractures and hypercalcemia, hematologic complications 

including anemia, bone marrow failure, and bleeding disorders, infections, and neurologic 

complications, such as spinal cord compression and intracranial plasmacytomas.26 Anemia, 

is present in about 73% of patients at diagnosis, and is generally related to myeloma 

marrow infiltration or renal dysfunction.27,28 Bony lesions develop in almost 80% of 

patients with newly diagnosed disease, and in one study, 58% of patients reported bone 

pain.28 Renal impairment occurs in 20 to 40% of patients with newly diagnosed disease,28,29 

mainly as a result of direct tubular damage from excess  accumulation and precipitation of 

myeloma light chains in the renal tubules, dehydration, hypercalcemia, and the use of 

nephrotoxic medications.30 These complications are associated with risk of substantial 

long-term morbidity31 and high health care resource utilization.32–34  

6.3 MM Treatment 

Although MM is a progressive and incurable neoplasm of the plasma cells, the 

treatment landscape has evolved significantly over the years and recent advances in 

treatment have greatly improved the disease’s prognosis.18,35 The mainstay of MM therapy 

in the 1960s was melphalan (or another traditional chemotherapy agent) given with 

prednisone.36 The first major advance in MM treatment was the development of autologous 

stem cell transplant (SCT) in the 1980s and 1990s.37 In the mid-1990s, SCT became 

common, but was reserved primarily for younger patients.38 Since the 2000s, one of the 

major advances in the treatment of MM has been the introduction of novel agents, including 

the immunomodulatory agents (IMiDs; thalidomide and lenalidomide) and the proteasome 

inhibitors (PIs; bortezomib).36 The use of novel agents has increased substantially over 
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time, with the percentage of MM patients using novel agents increasing from 8.7% in 2000 

to 61.3% in 2014.39 From 2012, the use of triplet regimens including an IMiD, a PI and a 

corticosteroid became the predominant treatment of choice and the use of triplet regimens 

has increased over time while the use of doublet regimens has decreased over time.40,41 

More recently, new agents, including monoclonal antibodies and histone deacetylating 

agents have become available, some of which are approved specifically for the treatment 

of relapsed or refractory disease (Figure 1).  

 

Figure 1. Multiple Myeloma Drug Timeline42 

Standard treatment for MM is largely dependent on patient fitness and underlying 

health status.21 For patients in good overall health, the preferred treatment for newly 

diagnosed patients with MM comprises a triplet novel agent regimen, typically including 

an IMiD and a PI in combination with glucocorticoids, e.g., 

bortezomib/lenalidomide/dexamethasone, followed by SCT and maintenance therapy with 

an IMiD or PI.21,43 SCT eligibility is based on overall underlying health. The American 

Society of Clinical Oncology (ASCO) guidelines state that chronologic age and renal 

function should not be the sole criteria used to determine eligibility for SCT.43 Initial 
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treatment for patients with MM who are transplant-ineligible are individualized based on 

multiple factors, such as disease-specific factors such as cytogenetic abnormalities, and 

patient-specific factors including age, comorbidities, functional status, frailty status, and 

patient preferences. It is recommended that triplet therapies be considered for patients with 

MM who are transplant-ineligible, including bortezomib, lenalidomide, and 

dexamethasone, and should include at minimum a novel agent (IMiD or PI) and a steroid 

if possible.43 

6.4 Cost of MM Treatment and Management 

While MM patient survival has improved over the past decade with the introduction 

of IMiDs and PIs, these novel agents have contributed to a substantial financial burden.44 

These affordability concerns are amplified in MM due to the need for multi-drug regimens 

in many cases that combine two or more costly drugs.45  

The high cost of MM is not solely due to the cost of new drugs but is due to several 

factors including healthcare services associated with diagnosis, staging, management, and 

monitoring.45 Expensive imaging and diagnostic tests for complications, e.g., bone disease, 

at multiple points during the disease course, and the need for studies such as fluorescent in 

situ hybridization (FISH) for cytogenetic molecular classification and risk stratification 

contribute to the high cost of MM management.45 

Health care costs for MM patients (from the health plan perspective) range from 

approximately $15,000 up to approximately $50,000 per patient per month (Table 1).46 A 

recent study examining the lifetime cost of care among Medicare beneficiaries with MM 

from the Medicare perspective found the mean adjusted incremental MM lifetime cost to 
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be $184,495. Mean per-member-per-month phase-specific incremental MM costs were 

estimated to be $1,244 for the pre-diagnosis phase, $11,181 for the initial phase, $5,634 

for the continuing care phase, and $6,280 for the terminal phase.47  

Table 1. All-Cause Health Care Cost of MM Patients (adapted from Fonseca et al.46) 

Study Regimen 
Line of 

Therapy 

Per Patient Per Month 

Cost 

Fonseca et al.39 Not specified 
All $14,656 

First $18,424 

MacEwan et 

al.48 
Not specified 

First $22,527 

Second $35,266 

Third $47,417 

Chen et al.49 

Pomalidomide + 

Dexamethasone 

All $18,298 

Carfilzomib + Dexamethasone All $24,734 

 

Due to cost-sharing mechanisms implemented by health insurers, many patients are 

at risk of financial hardship despite having health insurance. The burden associated with 

patient cost sharing may be particularly apparent among the elderly Medicare population 

with low income, especially those facing high cost sharing for Part D prescription 

medications or those without supplemental insurance for Part B, which covers 

chemotherapy and other outpatient care.46 Prior studies have shown that patients with 

cancer often make treatment decisions (e.g., delaying/discontinuing treatment) based on 

affordability.13,14 Accordingly, differential cost barriers to treatment access may lead to 

disparities in treatment patterns, e.g., delayed time to treatment initiation and lower 

likelihood of treatment with newer, efficacious and more tolerable agents, which tend to 

be more expensive. In a cross-sectional survey study of MM patients, 71% of patients had 

at least minor financial burden, and 36% reported applying for financial assistance. 46% 
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of patients reported using their savings to pay for treatment and 21% indicated that they 

borrowed money to pay for medications.1  

6.5 Patient Cost Sharing and MM Treatment Receipt 

In a study that examined the association between prescription drug coverage and 

receipt of MM therapy among Medicare beneficiaries with MM, beneficiaries enrolled in 

a Part D plan or other creditable prescription drug coverage were more likely to receive 

active MM treatment than individuals without prescription drug coverage, and Part D plan 

enrollees were less frequently treated with parenteral agents or traditional cytotoxic 

agents.4 

In another study which examined the association of the Medicare Part D LIS with 

the use of oral IMiDs, the receipt of LIS which substantially lowers OOP drug costs was 

associated with a higher likelihood of receiving IMiDs.2 The median OOP expense for the 

first IMiD prescription for Medicare beneficiaries was reported to be $3,178 for 

beneficiaries without LIS and $3 for those with LIS. The findings of this study suggest that 

those who do not receive LIS may face a financial barrier to accessing orally administered 

novel agents. Additionally, in this study, patients treated with IMiDs had significantly 

fewer emergency department visits and hospitalizations compared with patients not treated 

with IMiDs, shedding light on the potential beneficial effects of having access to IMiD 

treatment.2 
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6.6 Programs that Provide Medicare Cost Sharing Assistance 

Many Medicare beneficiaries face cost sharing for their health care, including 

insurance premiums, deductibles, and copays for Medicare-covered services, as well as 

spending on services not covered by Medicare.50 The financial burden of paying for health 

care can be especially high for those with modest incomes and greater medical needs.50 

With half of all Medicare beneficiaries living on annual per capita income of less than 

$26,200, which is below the 2021 federal poverty level of $26,500, cost sharing for health 

care can pose a substantial challenge.50 In a report published by the Kaiser Family 

Foundation, in 2013, Medicare beneficiaries’ average health care spending was 41% of the 

average per capita Social Security income and this is projected to increase to 50% in 2030.50 

More than one-third (36%) of beneficiaries with traditional fee-for-service Medicare spent 

at least 20% of their per capita total income on health care costs in 2013.50  

Several mechanisms to offset cost sharing are available to Medicare beneficiaries. 

Medicare beneficiaries may choose to purchase Medigap to help pay for some of the 

Medicare cost sharing. Most Medigap policies help pay for Medicare Part B deductibles, 

copayments and coinsurance. Some policies may also cover Part A costs.51 Some 

beneficiaries may have private insurance in addition to Medicare through for example, their 

employer, which may pay for part/all of the cost not covered by Medicare. 

Medicaid plays a role in paying for some Medicare premiums and copays for low-

income Medicare beneficiaries. Medicare and Medicaid together provide health care 

coverage for 10.7 million low-income older adults and people with disabilities who are 

dually eligible.52 Almost 20% of Medicare beneficiaries receive assistance with Medicare 
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cost sharing either through one of the four Medicare Savings Programs or through full 

Medicaid benefits.52   

The Medicare Savings Programs53 which cover Medicare Part A and/or Part B 

premiums, deductibles, and/or coinsurance are for: 

• Qualified Medicare beneficiaries (QMBs) – beneficiaries with incomes up to 100% 

of the federal poverty level (FPL); 

o Program helps pay for Part A premiums, Part B premiums, deductibles, 

coinsurance and copayments 

• Specified low-income Medicare beneficiaries (SLMBs) – beneficiaries with 

incomes between 101 and 120% FPL and limited assets; 

o Program helps pay for Part B premiums 

• Qualifying individuals (QIs) – beneficiaries with incomes between 121 and 135% 

FPL and limited assets and who are otherwise ineligible for Medicaid;  

o Program helps pay for Part B premiums 

• Qualifying disabled and working individuals (QDWIs) – disabled and working 

individuals with incomes up to 200% FPL and limited assets 

o Program helps pay for Part A premiums 

For dually eligible individuals, Medicare is the primary payer for health care 

services and state Medicaid programs provide financial assistance in the form of payment 

of Medicare premiums and cost sharing (including deductibles and coinsurance).52 

Another program which helps with Medicare cost sharing is the LIS program (also 

called Extra Help). The Medicare Modernization Act established income-related 
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provisions in Medicare, one of which created the Part D LIS program, which helps pay for 

Medicare Part D premiums and cost sharing for low-income Medicare beneficiaries.52  

Individuals participating in the QMB, SLMB, or QI Medicare Savings Programs and dually 

eligible beneficiaries who receive full Medicaid benefits are automatically eligible for the 

LIS program. Non-duals that meet income and asset level requirements are also eligible for 

LIS. 

6.7 Socioeconomic Environment and MM Treatment Access 

Patient cost sharing is likely not the only factor determining patient access to MM 

treatment. The environment in which one lives influences how a patient accesses care and 

what specific therapeutic modalities are selected for treatment.5,6 Among MM patients, the 

socioeconomic conditions of the area of residence has been shown to be associated with 

the likelihood of receiving novel therapies5 and the likelihood of receiving a SCT.6 For 

every $10,000 increase in the median household income at the census-tract level, the odds 

of receiving no novel therapies decreased by 6% (univariate analysis OR: 0.94; 95% CI: 

0.91-0.96).5 In another study, a composite measure of education level and annual 

household income at the zip code level was found to be associated with the odds of SCT 

receipt.6 Residence in an area of low income/education was associated with 45% lower 

odds of SCT receipt compared with residence in an area of high income/education (OR: 

0.55; 95% CI:0.50-0.60).6 Hence, both individual-level factors affecting treatment access, 

including the patient share of the cost, as well as broader environmental factors such as 

area deprivation, i.e., the level of socioeconomic disadvantage in an area, may impact 

access to care, and play an important role for individual health. 
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7 Aim 1: Association Between Patient Cost-Sharing Assistance, Area Deprivation 

and Multiple Myeloma (MM) Treatment Receipt 

7.1 INTRODUCTION 

Significant scientific advances have been made in oncology in recent years with the 

development of new therapeutic options; however, these new treatments have also 

contributed to a substantial increase in the cost of cancer care.7–9 Even among individuals 

who have health insurance, patients often experience financial barriers to accessing 

treatment, and are placed in a situation where they have to make treatment decisions based 

on affordability. In a study of Medicare beneficiaries with Part D, beneficiaries on oral 

cancer medications were found to experience high out-of-pocket (OOP) costs and about 

35%–70% of patients delayed or discontinued their treatments because of cost.13 In another 

study, cancer survivors were more likely to report a change in prescription drug use, such 

as delaying filling a prescription, asking a doctor for lower cost medication, or using 

alternative therapies for financial reasons compared with individuals without a cancer 

history.14  

MM is a hematologic malignancy of the plasma cells. Although there is no cure for 

MM, recent advances in treatment have greatly improved the disease’s prognosis.18,35 MM 

patient survival has improved over the past decade with the introduction of 

immunomodulatory drugs (IMiDs) and proteasome inhibitors (PIs); however, these novel 

agents have imposed a substantial financial burden on patients.44 Patients with MM may 

be particularly vulnerable to financial toxicity due to the need for multi-drug regimens in 

many cases that combine two or more costly therapeutic agents.45 Many MM patients also 

experience complications, which may require additional treatment and supportive care, 



16 
 

adding to the cost burden. Patients with MM may thereby face financial barriers to 

accessing guideline-recommended treatment regimens, which have been shown to be 

effective in improving the prognosis of patients with MM. 

There are several different venues through which Medicare beneficiaries may 

receive cost-sharing assistance which lowers, and in some cases, eliminates patient cost 

sharing. For example, individuals may receive cost-sharing assistance through public 

sources such as Medicaid, through Medigap, or through employer-sponsored supplemental 

insurance. These sources of cost-sharing assistance differ in terms of the coverage they 

provide, i.e., Parts A, B and D cost-sharing assistance versus Parts A/B cost-sharing 

assistance only versus Part D cost-sharing assistance only, and may thereby differentially 

affect the utilization of treatments among Medicare beneficiaries with MM. 

The patient share of the treatment cost is unlikely to be the sole factor affecting 

patient access to treatment. It may be intimately linked with the socioeconomic 

environment in which one lives to influence how a patient ultimately gets access to care 

and what specific therapeutic modalities are selected for treatment. The socioeconomic 

environment in which people live is recognized as a key determinant of health,54 and the 

socioeconomic conditions of the area of residence have been shown to be associated with 

treatment receipt and outcomes among individuals with cancer.55–57 Yet the impact of area-

level socioeconomic factors on the utilization of treatments and outcomes among elderly 

MM patients remains understudied. It is yet unknown how individual and area-level 

socioeconomic factors together affect treatment receipt among MM patients. Given the 

availability of a wide range of highly effective therapeutic options in MM, it is important 

to identify patient groups who are untreated or undertreated based on individual-level 
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patient characteristics as well as area-level characteristics. Understanding the impact of 

these factors may provide the opportunity to minimize barriers to MM treatment, and 

thereby improve treatment access for all patients living with MM who may benefit from 

treatment.  

The objective of this study was to evaluate the effects of patient cost-sharing 

assistance and county-level area deprivation on MM treatment receipt (any MM treatment 

receipt, time to treatment initiation, and type of treatment received) among elderly 

Medicare beneficiaries with MM. 

7.2 METHODS 

Data Source  

This retrospective cohort study was conducted using the Surveillance, 

Epidemiology, and End Results (SEER)—Medicare data (2006-2016), which links data 

from the SEER cancer registry to Medicare enrollment and administrative claims data. The 

SEER program collects data from cancer registries covering about 34.6% of the US 

population,58 and provides information related to cancer diagnosis, patient 

sociodemographics, geographic information, insurance enrollment information, the date of 

death, and the cause of death as reported on the death certificate.59 The Social Deprivation 

Index (SDI) developed by the Robert Graham Center, the policy institute affiliated with 

the American Academy of Family Physicians was used as the area deprivation measure.60 

Cohort Selection 

Individuals were included in the study if they were diagnosed with MM between 

2007 and 2015 and were aged 66 years or older at the time of diagnosis. All individuals 
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were required to have continuous enrollment in Medicare Parts A and B and no Health 

Maintenance Organization (HMO) enrollment during the 12-month pre-diagnosis period. 

Individuals were also required to have continuous Medicare Parts A, B and D, and no HMO 

enrollment from the month of diagnosis until death, disenrollment, or 12 months post-

diagnosis, whichever occurred first. Individuals without ICD-9 codes for MM-defining 

clinical features, referred to as the CRAB criteria (calcium [elevated], renal failure, anemia, 

and bone lesions) were excluded as this would be suggestive of smoldering/asymptomatic 

myeloma which is typically not treated the same way as active MM.5 Patients were also 

excluded if they did not have histologic confirmation of MM, if they were diagnosed with 

MM at autopsy or through death certificate only, or if their diagnosis date was unknown. 

Individuals whose primary payer at diagnosis was private insurance, TRICARE/military, 

Veterans Affairs, or Indian/Public Health Service, and individuals for whom data regarding 

insurance status at diagnosis were missing were excluded from the study. 

Measures  

Independent Variable: Cost-Sharing Assistance 

Cost-sharing assistance was operationalized in two ways: 1) as a binary variable to 

indicate whether the patient had any cost-sharing assistance at diagnosis, and 2) as a 

categorical variable for the type of cost-sharing assistance received, if any (no cost-sharing 

assistance, Parts A/B assistance only, Part D assistance only, and Parts A, B and D 

assistance). Individuals with cost-sharing assistance for Parts A/B only included 

individuals with supplemental insurance (i.e., Medigap or employer-sponsored/other 

private supplemental medical coverage), and individuals in the Qualified Medicare 

Beneficiary (QMB) Only Medicare Savings Program (without other Medicaid benefits) 
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and no LIS. Individuals with Part D assistance only included individuals with the LIS only. 

Individuals with Parts A, B and D cost-sharing assistance included individuals with full 

Medicaid benefits, individuals enrolled in a Medicare Savings Program with Medicaid 

coverage including prescription coverage (i.e., QMB Plus or Specified Low-Income 

Medicare Beneficiary (SLMB) Plus), and individuals with Medigap/other private 

supplemental medical coverage/enrollment in the QMB Only program with Part D cost-

sharing assistance, e.g., the LIS. 

Independent Variable: Area Deprivation 

The county-level SDI60 was linked to individual-level SEER-Medicare data based 

on the county of residence recorded for the month of diagnosis. This county-level measure 

of area deprivation was used as counties are stable geographic units within which social 

and health policies are often developed and implemented.61,62 The SDI is a composite index 

of area deprivation based on seven domains (income, education, employment, housing, 

household characteristics, transportation, and demographics), developed using 2008-2012 

and 2011-2015 American Community Survey data.60,63 2008-2012 SDI was used for 

individuals diagnosed between 2007-2010 and 2011-2015 SDI was used for individuals 

diagnosed between 2011-2015. The SDI was used to group individuals into quintiles of 

area deprivation, ranging from the least-deprived (Quintile 1) to the most-deprived 

(Quintile 5). 

Outcome Measures: MM Treatment 

MM-directed treatment receipt, including time to treatment initiation and type of 

treatment received was ascertained during the 12-month period following diagnosis using 

Medicare medical and prescription claims. The receipt of any MM treatment (stem cell 
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transplant [SCT] or drug treatment, including novel agents, traditional chemotherapy 

agents and corticosteroids) was identified using procedural codes and national drug codes 

on Medicare claims. Time to MM treatment initiation was computed by counting the 

number of days elapsed between the diagnosis date and the date that the first MM treatment 

prescription was filled or administered. We assessed the likelihood of MM treatment 

initiation within 30 days of diagnosis. 

Among individuals who received any MM treatment, we assessed the receipt of 

each of the following treatments separately: (1) a SCT during the 12-month period 

following diagnosis, (2) a novel agent-based regimen as first line therapy, and (3) a 

traditional chemotherapy regimen as first line therapy. A novel agent-based regimen was 

defined as a regimen that includes one or more novel agents, with or without traditional 

chemotherapy agent(s), e.g., lenalidomide, bortezomib and dexamethasone, or bortezomib, 

cyclophosphamide and dexamethasone. A chemotherapy regimen was defined as a 

regimen which includes a traditional chemotherapy agent(s) and a steroid, with no novel 

agents, e.g., melphalan and prednisone, or vincristine, doxorubicin and prednisone. A first 

line regimen was defined as all MM agents dispensed or administered within 30 days of 

the first fill/administration of a MM treatment following diagnosis.64,65  

Covariates 

We evaluated sociodemographic and clinical variables that could be associated with 

cost sharing assistance, area deprivation, and/or treatment receipt. Sociodemographic 

covariates included age at diagnosis (66-70, 71-75, 76-80, >80), sex (female, male), race-

ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Other), marital status 

(married [including domestic partner], not married), geographic region (Northeast, 
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Midwest, West, South), rural/urban residence, zip-code level median household income as 

a proxy for individual income (≤35,000, 35,001-50,000, 50,001-65,000, >65,000), and year 

of diagnosis. Clinical and health status covariates included the NCI comorbidity index66 

measured during the 12-month pre-diagnosis period and a proxy for performance status, 

indicated by the presence of at least one of the following events during the 12-month pre-

diagnosis period: hospitalization, skilled nursing or long-term care facility stay, hospice 

stay, oxygen use, and the use of walking aids or wheelchairs.67,68  

Instrumental Variables  

State-level instrumental variables (IVs) were used to correct for potential 

endogeneity related to the receipt of cost-sharing assistance by Medicare beneficiaries. The 

percentage of the total population in each state with Medicare and Medicaid, and with 

Medicare and private insurance were obtained from the Kaiser Family Foundation69 to be 

used as IVs, and merged at the state level by year of diagnosis for each individual. 

Following prior studies that have used similar state-level instruments,70,71 these IVs were 

selected because they were expected to be highly correlated with individual-level insurance 

type and enrollment in cost-sharing assistance programs (public/private/none), but not 

directly related to the outcomes of interest, i.e., individual treatment receipt. The 

association between these state-level and individual-level health insurance enrollment 

variables are intuitive. For instance, individuals who reside in a state with a larger 

proportion of individuals enrolled in Medicaid (a proxy for the state’s policies on Medicaid 

eligibility) would naturally be more likely to be enrolled in Medicaid. This association has 

been shown empirically as well.70 Similarly, Medigap policies differ across states (e.g., a 

one-time enrollment period versus continuous/annual enrollment eligibility)72 and 
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therefore, state-level Medigap enrollment rates are likely to be correlated with an 

individual’s likelihood of having Medigap in addition to Medicare. 

Statistical Analysis 

Descriptive statistics were used to examine the distribution of characteristics among 

elderly Medicare beneficiaries with MM. Chi-square and t-tests were used for bivariate 

comparisons of characteristics by cost-sharing assistance receipt status and the type of cost-

sharing assistance received.  

For each outcome (i.e., any MM treatment receipt, time to treatment initiation, and 

type of treatment received), we determined whether a multilevel model was needed by 

implementing a null model (variance components model) with no explanatory variables to 

assess whether treatment receipt and time to treatment initiation vary by county. If there 

was no statistically significant variation at the county level, not necessitating a multilevel 

model, an adjusted logistic regression model was used. If there was statistically significant 

variation at the county level, an adjusted multilevel logistic regression model was used. 

The multilevel model was developed in four steps, starting with the null model and ending 

with the fully adjusted model. First, a null model with no explanatory variables was 

developed. Second, the individual-level cost-sharing assistance variable was added to the 

model. Third, all other individual-level variables were added to the model. Finally, the 

county-level area deprivation variable was added to the model (fully adjusted model). At 

each step, the intraclass correlation coefficient (ICC) was calculated and reported. The ICC 

indicates how much of the variation in the outcome is explained by the individual-level 

and county-level characteristics specified in the multilevel model.73 The interaction 
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between the receipt of cost-sharing assistance/type of cost-sharing assistance and area 

deprivation was tested for inclusion in the regression models. 

A two-stage residual inclusion (2SRI) instrumental variable analysis was used to 

test and correct for potential bias arising from endogeneity related to the receipt of cost-

sharing assistance. The 2SRI approach was chosen as it generates a consistent estimator in 

nonlinear models.74 The 2SRI modeling was carried out separately for each of the binary 

and categorical endogenous variables (i.e., any cost-sharing assistance and type of cost-

sharing assistance respectively). In the first stage, the potentially endogenous variable was 

regressed on the IVs and the control variables. Residuals were generated from the first-

stage regression and stored. In the second stage, the outcome of interest was estimated as 

a function of the potentially endogenous variable, the control variables, and the predicted 

residuals from the first-stage regression. Because 2SRI inserts the predicted first-stage 

error into the main equation, and not the true error, the standard errors were bootstrapped 

to generate the 95% confidence intervals for the odds ratios.  

The distributions of the two IVs were examined. To test the linearity of the logit in 

the first-stage regression, i.e., to determine if the IVs as continuous variables are linearly 

related to the log odds of the endogenous variable, that is, the Y in the first-stage regression, 

the Box-Tidwell test was performed. The natural logarithms of the IVs were added to the 

first-stage regression model; significance of these terms would indicate nonlinearity in the 

logit. 

An IV approach must satisfy two requirements: 1) relevance: the IVs should be 

strongly correlated with the endogenous variables in the first-stage regression, and 2) 

independence/exogeneity: the IVs should be exogenous, i.e., the IVs should not be 
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correlated with the error term in the outcome equation and the IVs must affect the outcome 

only through the endogenous variable.75 The strength of the IVs was assessed by examining 

the F-statistic from the joint significance test. In general, for models with one endogenous 

variable, an F-statistic greater than 10 in the first-stage regression indicates strong IVs.76 

The independence/exogeneity requirement was gauged by testing overidentifying 

restrictions as outlined by Wooldridge.75 The statistical significance of the estimated 

coefficient on the residuals were also evaluated, as in the 2SRI model, the significance of 

the residuals indicates whether there is evidence of endogeneity.77 In the absence of 

evidence of endogeneity, we planned on reverting to the main non-2SRI model, which 

provides more precise estimates.78 

All models reported estimates with 95% confidence intervals (CI). IV analyses 

were conducted using Stata/IC 13.0. All other analyses were conducted using SAS Studio 

(SAS Institute, Cary, NC). 

7.3 RESULTS 

Study Sample  

We identified 7,055 Medicare beneficiaries diagnosed with MM after applying the 

inclusion and exclusion criteria (Figure 2). The sample included 1,573 individuals (22.3%) 

without any cost-sharing assistance and 5,482 individuals (77.7%) with some form of cost-

sharing assistance. Individuals with cost-sharing assistance included 1,798 individuals with 

Parts A, B and D cost-sharing assistance, 317 individuals with Part D cost-sharing 

assistance only, and 3,367 individuals with Parts A/B cost-sharing assistance only.  
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Figure 2. Cohort Selection 
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Baseline characteristics of patients stratified by the receipt of any cost-sharing 

assistance and stratified by the type of cost-sharing assistance are presented in Tables 2 

and 3 respectively. Characteristics of the study sample stratified by area deprivation 

quintile are presented in Appendix Table 1, and the distribution of the seven 

socioeconomic variables comprising the SDI in each quintile are presented in Appendix 

Table 2.  

 

Table 2. Characteristics of MM patients stratified by the receipt of any cost-sharing assistance 
(n = 7,055) 

 

Full sample 

n (%) 

Patients without  

cost-sharing 

assistance  

n (%) 

Patients with  

cost-sharing 

assistance  

n (%) 

P-valuea 

Overall 7,055 (100%) 1,573 (22.30%) 5,482 (77.70%)  

Sex    <.01 

Female 3,456 (48.99%) 689 (43.80%) 2,767 (50.47%)  

Male 3,599 (51.01%) 884 (56.20%) 2,715 (49.53%)  

Race-Ethnicity**     <.01 

Non-Hispanic White  5,066 (71.81%) 1,266 (80.48%) 3,800 (69.32%)  

Non-Hispanic Black 1,075 (15.24%) 172 (10.93%) 903 (16.47%)  

Hispanic 526 (7.46%) 74 (4.70%) 452 (8.25%)  

Other 373 (5.29%) 58 (3.69%) 315 (5.75%)  

Age    0.30 

66-70 1,582 (22.42%) 365 (23.20%) 1,217 (22.20%)  

71-75 1,724 (24.44%) 405 (25.75%) 1,319 (24.06%)  

76-80 1,593 (22.58%) 339 (21.55%) 1,254 (22.87%)  

>80 2,156 (30.56%) 464 (29.50%) 1,692 (30.86%)  

Marital Status*    <.01 

Not Marriedb 3,068 (43.49%) 558 (35.47%) 2,510 (45.79%)  

Married 3,674 (52.08%) 946 (60.14%) 2,728 (49.76%)  

Unknown 313 (4.43%) 69 (4.39%) 244 (4.45%)  

Geographic Region    <.01 

Northeast 1,448 (20.52%) 320 (20.34%) 1,128 (20.58%)  

Midwest 1,059 (15.01%) 232 (14.75%) 827 (15.09%)  

South  1,858 (26.34%) 329 (20.92%) 1,529 (27.89%)  

West 2,690 (38.13%) 692 (43.99%) 1,998 (36.45%)  

Rural/Urban 

Residence** 

   
0.84 

Urban/Metropolitan 6,882 (97.55%) 1,533 (97.46%) 5,349 (97.57%)  

Rural 163 (2.31%) 37 (2.35%) 126 (2.30%)  
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Table 2 continued. 

Poor Performance 

Status Proxy 

   
<.01 

No  4,179 (59.23%) 990 (62.94%) 3,189 (58.17%)  

Yes 2,876 (40.77%) 583 (37.06%) 2,293 (41.83%)  

NCI Comorbidity 

Index* 

   
<.01 

0 2,734 (38.75%) 681 (43.29%) 2,053 (37.45%)  

0 < Index ≤ 2 1,888 (26.76%) 402 (25.56%) 1,486 (27.11%)  

2 < Index ≤ 4  1,219 (17.28%) 274 (17.42%) 945 (17.24%)  

>4 1,154 (16.36%) 204 (12.97%) 950 (17.33%)  

Unknown 60 (0.85%) 12 (0.76%) 48 (0.87%)  

Annual Income Proxy 

($)c 

   
<.01 

≤35,000 1,858 (26.34%) 329 (20.92%) 1,529 (27.89%)  

35,001-50,000 2,060 (29.20%) 443 (28.16%) 1,617 (29.50%)  

50,001-65,000 1,357 (19.23%) 350 (22.25%) 1,007 (18.37%)  

>65,000 1,780 (25.23%) 451 (28.67%) 1,329 (24.24%)  

Year of Diagnosis    <.01 

2007 641 (9.09%) 116 (7.37%) 525 (9.58%)  

2008 653 (9.26%) 139 (8.84%) 514 (9.38%)  

2009 670 (9.50%) 143 (9.09%) 527 (9.61%)  

2010 736 (10.43%) 150 (9.54%) 586 (10.69%)  

2011 739 (10.47%) 154 (9.79%) 585 (10.67%)  

2012 800 (11.34%) 169 (10.74%) 631 (11.51%)  

2013 975 (13.82%) 223 (14.18%) 752 (13.72%)  

2014 945 (13.40%) 228 (14.49%) 717 (13.08%)  

2015 896 (12.70%) 251 (15.96%) 645 (11.77%)  

Area Deprivation 

Quintile**d 

   
0.35 

1 1,415 (20.06%) 336 (21.36%) 1,079 (19.68%)  

2 1,407 (19.94%) 327 (20.79%) 1,080 (19.70%)  

3 1,417 (20.09%) 308 (19.58%) 1,109 (20.23%)  

4 1,342 (19.02%) 298 (18.94%) 1,044 (19.04%)  

5 1,464 (20.75%) 301 (19.14%) 1,163 (21.21%)  
a Chi-square test was used for categorical variables. 
b ‘Not married’ includes widowed, divorced, separated, and never married. 
c Zip-code level median household income was used as a proxy for individual income.  

d Quintile 1 = least deprived, Quintile 5 = most deprived. 

*Unknown due to missing data. 

**May not add up to 100% due to missing data; Unknown values not shown due to cell size being <11. 
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Table 3. Characteristics of MM patients stratified by the type of cost-sharing assistance 
received (n = 7,055) 

 
Patients 

without any 

cost-sharing 

assistance 

Patients with 

Part A, B 

and D cost-

sharing 

assistance 

Patients 

with Part D 

cost-sharing 

assistance 

Patients 

with Part 

A/B cost-

sharing 

assistance 

P-valuea 

Overall 
1,573  

(22.30%) 

1,798  

(25.49%) 

317  

(4.49%) 

3,367  

(47.73%) 
 

Sex     <.01 

Female 
689  

(43.60%) 

1,062  

(59.07%) 

180 

 (56.78%) 

1,525  

(45.29%) 
 

Male 
884  

(56.20%) 

736  

(40.93%) 

137  

(43.22%) 

1,842  

(54.71%) 
 

Race-Ethnicity**      <.01 

Non-Hispanic White  
1,266  

(80.48%) 

708  

(39.38%) 

142  

(44.79%) 

2,950  

(87.62%) 
 

Non-Hispanic Black 
172  

(10.93%) 

523  

(29.09%) 

128  

(40.38%) 

252  

(7.48%) 
 

Hispanic 
74  

(4.70%) 

336  

(18.69%) 

34  

(10.73%) 

82  

(2.44%) 
 

Other 
58  

(3.69%) 

224  

(12.46%) 

13  

(4.10%) 

78  

(2.32%) 
 

Age     <.05 

66-70 
365  

(23.20%) 

414  

(23.03%) 

95  

(29.97%) 

708  

(21.03%) 
 

71-75 
405 

 (25.75%) 

433  

(24.08%) 

75  

(23.66%) 

811  

(24.09%) 
 

76-80 
339 

 (21.55%) 

415 

 (23.08%) 

65  

(20.50%) 

774  

(22.99%) 
 

>80 
464  

(29.50%) 

536  

(29.81%) 

82  

(25.87%) 

1,074  

(31.90%) 
 

Marital Status*     <.01 

Not Marriedb 
558  

(35.47%) 

1,140  

(63.40%) 

192  

(60.57%) 

1,178  

(34.99%) 
 

Married 
946  

(60.14%) 

565  

(31.42%) 

104  

(32.81%) 

2,059  

(61.15%) 
 

Unknown 
69  

(4.39%) 

93  

(5.17%) 

21  

(6.62%) 

130  

(3.86%) 
 

Geographic Region     <.01 

Northeast 
320  

(20.34%) 

259  

(14.40%) 

53 

 (16.72%) 

816  

(24.24%) 
 

Midwest 
232  

(14.75%) 

173  

(9.62%) 

31  

(9.78%) 

623  

(18.50%) 
 

South  
329  

(20.92%) 

495 

 (27.53%) 

170  

(53.63%) 

864  

(25.66%) 
 

West 
692  

(43.99%) 

871  

(48.44%) 

63  

(19.87%) 

1,064  

(31.60%) 
 

Rural/Urban Residence**     0.20 

Urban/Metropolitan 
1,533  

(97.46%) 

1,755  

(97.61%) 

305 

 (96.21%) 

3,289  

(97.68%) 
 

Rural 
37  

(2.35%) 

38  

(2.11%) 

11 

 (3.47%) 

77 

 (2.29%) 
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Table 3 continued. 

Poor Performance Status 

Proxy 

    
<.01 

No  
990 

 (62.94%) 

853  

(47.44%) 

159  

(50.16%) 

2,177  

(64.66%) 
 

Yes 
583  

(37.06%) 

945 

 (52.56%) 

158  

(49.84%) 

1,190  

(35.34%) 
 

NCI Comorbidity Index**     <.01 

0 
681  

(43.29%) 

471  

(26.20%) 

96  

(30.28%) 

1,486  

(44.13%) 
 

0 < Index ≤ 2 
402  

(25.56%) 

475  

(26.42%) 

96  

(30.28%) 

915  

(27.18%) 
 

2 < Index ≤ 4  
274  

(17.42%) 

367  

(20.41%) 

50  

(15.77%) 

528 

 (15.68%) 
 

>4 
204  

(12.97%) 

459  

(25.53%) 

69  

(21.77%) 

422  

(12.53%) 
 

Annual Income Proxy ($)c     <.01 

≤35,000 
329 

 (20.92%) 

687  

(38.21%) 

134  

(42.27%) 

708  

(21.03%) 
 

35,001-50,000 
443 

 (28.16%) 

542 

 (30.14%) 

111  

(35.02%) 

964  

(28.63%) 
 

50,001-65,000 
350  

(22.25%) 

286  

(15.91%) 

41  

(12.93%) 

680  

(20.20%) 
 

>65,000 
451  

(28.67%) 

283  

(15.74%) 

31  

(9.78%) 

1,015  

(30.15%) 
 

Year of Diagnosis     <.01 

2007 
116  

(7.37%) 

216  

(12.01%) 

37 

 (11.67%) 

272  

(8.08%) 
 

2008 
139  

(8.84%) 

181  

(10.07%) 

36  

(11.36%) 

297  

(8.82%) 
 

2009 
143  

(9.09%) 

184 

 (10.23%) 

32  

(10.09%) 

311 

 (9.24%) 
 

2010 
150  

(9.54%) 

217  

(12.07%) 

30  

(9.46%) 

339  

(10.07%) 
 

2011 
154  

(9.79%) 

203  

(11.29%) 

39  

(12.30%) 

343  

(10.19%) 
 

2012 
169  

(10.74%) 

219  

(12.18%) 

34  

(10.73%) 

378  

(11.23%) 
 

2013 
223  

(14.18%) 

216  

(12.01%) 

38  

(11.99%) 

498 

 (14.79%) 
 

2014 
228  

(14.49%) 

198  

(11.01%) 

48  

(15.14%) 

471  

(13.99%) 
 

2015 
251  

(15.96%) 

164  

(9.12%) 

23  

(7.26%) 

458 

 (13.60%) 
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Table 3 continued. 

Area Deprivation 

Quintile*d 

    
<.01 

1 
336  

(21.36%) 

153 

 (8.51%) 

36  

(11.36%) 

890  

(26.43%) 
 

2 
327  

(20.79%) 

262  

(14.57%) 

46  

(14.51%) 

772  

(22.93%) 
 

3 
308 

 (19.58%) 

365  

(20.30%) 

62  

(19.56%) 

682  

(20.26%) 
 

4 
298  

(18.94%) 

400  

(22.25%) 

94  

(29.65%) 

550 

 (16.34%) 
 

5 
301 

 (19.14%) 

613  

(34.09%) 

78  

(24.61%) 

472  

(14.02%) 
 

a Chi-square test was used for categorical variables. 
b ‘Not married’ includes widowed, divorced, separated, and never married. 
c Zip-code level median household income was used as a proxy for individual income.  

d Quintile 1 = least deprived, Quintile 5 = most deprived. 

*Unknown due to missing data. 

**May not add up to 100% due to missing data; Unknown values not shown due to cell size being <11. 

 
 
 
 

Individuals with missing variables were excluded from the analysis, which resulted 

in 6,664 individuals in the full analysis sample, and 5,248 individuals who received any 

MM treatment (Figure 3).  

 

 

Figure 3. Number of individuals included in the analysis 
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Intraclass Correlation Coefficients  

Table 4 tabulates the ICC at the county level. In the null models for any MM 

treatment receipt, treatment receipt within 30 days, and chemotherapy regimen receipt, the 

county-level ICCs were not statistically significant, that is, the variation in the outcomes 

due to county-level variation was not statistically significant. Therefore, multilevel models 

were deemed unnecessary for these outcomes.  

 

Table 4. Progression of intraclass correlation coefficients at the county level for the association 

between cost-sharing assistance, area deprivation and each of the following outcomes: (a) any 

MM treatment receipt, (b) treatment receipt within 30 days, (c) stem cell transplant (SCT) receipt, 

(d) novel agent-based regimen receipt, (e) chemotherapy regimen receipt. 

Regression Equation 
Covariance estimates for intercept (P-value); 

Intraclass Coefficient (ICC) 

(a) Any MM treatment receipt*§ 
Presence of Any Cost-

Sharing Assistance  

Type of Cost-Sharing 

Assistance  

Null model 
0.0173 (P=0.16); 

ICC = 0.52% 

0.0173 (P=0.16); 

ICC = 0.52% 

(b) Treatment receipt within 30 days*§   

Null model 
0.0247 (P=0.05); 

ICC = 0.75% 

0.0247 (P=0.05); 

ICC = 0.75% 

(c) SCT receipt   

Null model 
0.3360 (P<.01); 

ICC = 9.27% 

0.3360 (P<.01); 

ICC = 9.27% 

Outcome = Cost sharing + e 
0.3417 (P<.01); 

ICC = 9.41% 

0.2794 (P<0.05); 

ICC = 7.83% 

Outcome = Cost sharing + other individual-

level variables + e 

0.1965 (P=0.07); 

ICC = 5.64% 

0.1941 (P=0.07); 

ICC = 5.57% 

Outcome = Cost sharing + other individual-

level variables + area deprivation + e 

0.1078 (P=0.19); 

ICC = 3.17% 

0.1039 (P=0.20); 

ICC = 3.06% 

Outcome = Cost sharing + other individual-

level variables + area deprivation + e + vhat** 

0.1078 (P=0.19); 

ICC = 3.17% 

0.1039 (P=0.19); 

ICC = 3.17% 

(d) Novel agent-based regimen receipt   

Null model 
0.0948 (P<.05); 

ICC = 2.80% 

0.0948 (P<.05); 

ICC = 2.80% 

Outcome = Cost sharing + e 
0.0973 (P<.05); 

ICC = 2.87% 

0.0996 (P<.05); 

ICC = 2.94% 

Outcome = Cost sharing + other individual-

level variables + e 

0.0724 (P=0.05); 

ICC = 2.15% 

0.0722 (P=0.06); 

ICC = 2.15% 

Outcome = Cost sharing + other individual-

level variables + area deprivation + e 

0.0470 (P=0.14); 

ICC = 1.41% 

0.0471 (P=0.14); 

ICC = 1.41% 

Outcome = Cost sharing + other individual-

level variables + area deprivation + e + vhat** 

0.0300 (P=0.14); 

ICC = 0.90% 

0.0468 (P=0.15); 

ICC = 1.40% 
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Table 4 continued. 

(e) Chemotherapy regimen receipt*§   

Null model 
0.0614 (P=0.29); 

ICC = 0.02% 

0.0614 (P=0.29); 

ICC = 0.02% 

*Use of multilevel models deemed unnecessary. 

**vhat = residuals from first-stage regression of 2SRI IV approach. 
§ ICCs are displayed only for the null models because the county-level ICCs were not statistically 

significant, i.e., multi-level models were deemed unnecessary.  

 

In the null model for SCT receipt, the county-level ICC was 9.3%. That is, 9.3% of 

the variation in the odds of receiving a SCT was accounted for by the county in which the 

individual resided at the time of diagnosis. As other variables were added to the multilevel 

model for SCT receipt including the variable for the type of cost-sharing assistance, the 

ICC decreased at each step, indicating that adjusting for these characteristics may account 

for the variation in SCT receipt across counties. The final, fully-adjusted model had 3.1% 

of the variation in SCT receipt associated with the county of residence. When the variable 

for the receipt of any cost-sharing assistance was added to the null model, the ICC followed 

a different pattern. The ICC slightly increased, indicating that adjusting for the receipt of 

any cost-sharing assistance, there is greater variation across counties in SCT receipt. 

However, as other variables were added to the multilevel model, the ICC decreased again, 

and the final, fully-adjusted model had 3.2% of the variation in SCT receipt associated with 

the county of residence.  

In the null model for novel agent-based regimen receipt, the county-level ICC was 

2.8%. That is, 2.8% of the variation in the odds of receiving a novel agent-based regimen 

was accounted for by the county in which the individual resided. When the cost-sharing 

assistance variables (any cost-sharing assistance and type of cost-sharing assistance) were 

each added to the null model, the ICC slightly increased. When other variables were added, 
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the ICC decreased again, and the final, fully-adjusted models had 1.4% of the variation in 

novel agent-based regimen receipt accounted for by the county of residence. 

Association Between Any Cost-Sharing Assistance and Any MM Treatment Receipt 

 The receipt of any cost-sharing assistance was not statistically significantly 

associated with any MM treatment receipt (OR 1.12; 95% CI: 0.97 – 1.30; Table 5). 

However, living in the most deprived area was associated with 19% lower odds of receiving 

any MM treatment compared with the least deprived area (OR 0.81; 95% CI: 0.65 – 0.99). 

There was no statistically significant difference between Quintiles 2, 3, 4 and the least 

deprived area (Quintile 1). There was no statistically significant interaction between cost-

sharing assistance and area deprivation. 
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Table 5. Fully adjusted models for the association between the receipt of any cost-sharing 

assistance, area deprivation and the following outcomes: (a) any MM treatment receipt in the full 

sample, (b) treatment receipt within 30 days in the full sample, (c) SCT receipt among treated, (d) 

novel agent-based regimen receipt among treated, and (e) chemotherapy regimen receipt among 

treated. 

Variables Odds Ratio (95% CI) 

 

(a) Any MM 

treatment 

receiptb 

(n = 6,664) 

(b) 

Treatment 

receipt 

within 30 

daysb 

(n = 6,664) 

(c) SCT 

receipt 

among 

treatedc 

(n = 5,248) 

(d) Novel 

agent-based 

regimen 

receipt 

among 

treatedc 

(n = 5,248) 

(e) 

Chemotherapy 

regimen 

receipt among 

treatedb 

(n = 5,248) 

Main Model      

Cost Sharing 

Assistance 
P = 0.12 P = 0.26 P = 0.60 P < .01 P = 0.16 

No Ref  Ref  Ref  Ref  Ref  

Yes 
1.12  

(0.97 – 1.30) 

0.93  

(0.81 – 1.06) 

1.09  

(0.78 – 1.53) 

1.28  

(1.07 – 1.54) 

1.50  

(0.85 – 2.63) 

Area Deprivation 

Quintilea 
P = 0.37 P = 0.10 P < .05 P = 0.22 P < .05 

1 Ref  Ref  Ref  Ref  Ref 

2 
0.87 

(0.71 – 1.06) 

1.17  

(0.98 – 1.40) 

0.53  

(0.33 – 0.84) 

0.77  

(0.59 – 1.02) 

1.43  

(0.70 – 2.92) 

3 
0.87  

(0.71 – 1.08) 

1.00  

(0.83 – 1.21) 

0.59  

(0.36 – 0.96) 

0.75  

(0.56 – 1.01) 

1.74  

(0.84 – 3.59) 

4 
0.83  

(0.66 – 1.05) 

1.09  

(0.89 – 1.34) 

0.51  

(0.30 – 0.86) 

0.85  

(0.62 – 1.16) 

0.77  

(0.32 – 1.86) 

5 
0.81 

(0.65 – 0.99) 

0.93  

(0.76 – 1.13) 

0.74  

(0.43 – 1.26) 

0.73  

(0.53 – 0.99) 

2.33  

(1.11 – 4.88) 

IV Outcome Model      

Cost Sharing 

Assistance 
P = 0.98 P = 0.82 P = 0.72 P = 0.95 P = 0.20 

No Ref Ref  Ref  Ref Ref 

Yes 
0.99  

(0.58 – 1.70) 

1.06  

(0.64 – 1.74) 

1.18  

(0.49 – 2.86) 

1.02  

(0.56 – 1.86) 

3.43  

(0.51 – 22.93) 

Area Deprivation 

Quintilea P < .05 P = 0.15 P = 0.78 P = 0.17 P = 0.23 

1 Ref Ref Ref Ref Ref 

2 
0.86  

(0.70 – 1.05) 

1.15  

(0.96 – 1.38) 

0.64  

(0.44 – 0.91) 

0.82  

(0.67 – 1.02) 

1.38  

(0.65 – 2.93) 

3 
0.87  

(0.72 – 1.06) 

0.97  

(0.80 – 1.17) 

0.73  

(0.50 – 1.06) 

0.75  

(0.60 – 0.93) 

1.72  

(0.86 – 3.46) 

4 
0.83  

(0.68 – 1.02) 

1.05  

(0.86 – 1.27) 

0.92  

(0.62 – 1.38) 

0.92  

(0.74 – 1.15) 

0.80  

(0.33 – 1.93) 

5 
0.80  

(0.65 – 0.98) 

0.91  

(0.74 – 1.10) 

0.93  

(0.62 – 1.40) 

0.78  

(0.62 – 0.99) 

2.02 

(0.94 – 4.34) 

Residual P = 0.55 P = 0.51 P = 0.58 P = 0.64 P = 0.29 

 1.06  

(0.88 – 1.27) 

0.94  

(0.80 – 1.12) 

0.91  

(0.66 – 1.26) 

1.05  

(0.86 – 1.28) 

0.71  

(0.38 – 1.34) 
a Quintile 1 = least deprived, Quintile 5 = most deprived. 
b Multivariable logistic regression models used for (a) any MM treatment receipt, (b) treatment receipt 

within 30 days and (e) chemotherapy regimen receipt. 
c Multilevel models used for (c) SCT receipt and (d) novel agent-based regimen receipt. 
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Association Between Type of Cost-Sharing Assistance and Any MM Treatment Receipt 

 Individuals receiving cost-sharing assistance for Parts A, B and D had 1.21 times 

higher odds of receiving any MM treatment compared with individuals without any cost-

sharing assistance (OR: 1.21; 95% CI: 1.01 – 1.45; Table 6). There was no statistically 

significant difference in the odds of receiving any treatment between individuals without 

any cost-sharing assistance and individuals with Part D assistance only and individuals 

with Parts A and B assistance only. Residing in the most deprived area was associated with 

20% lower odds of receiving any MM treatment compared with the least deprived area 

(OR 0.80; 95% CI: 0.65 – 0.99). There was no statistically significant difference between 

Quintiles 2, 3, 4 and the least deprived area (Quintile 1). There was also no statistically 

significant interaction between the type of cost-sharing assistance and area deprivation. 

 

Table 6. Fully adjusted models for the association between the type of cost-sharing assistance 

received, area deprivation and the following outcomes: (a) any MM treatment receipt in the full 

sample, (b) treatment receipt within 30 days in the full sample, (c) SCT receipt among treated, (d) 

novel agent-based regimen receipt among treated, and (e) chemotherapy regimen receipt among 

treated. 

Variables Odds Ratio (95% CI) 

 

(a) Any 

MM 

treatment 

receiptb 

(n = 6,664) 

(b) 

Treatment 

receipt 

within 30 

daysb 

(n = 6,664) 

(c) SCT 

receipt 

among 

treatedc 

(n = 5,248) 

(d) Novel 

agent-based 

regimen 

receipt among 

treatedc 

(n = 5,248) 

(e) 

Chemotherapy 

regimen 

receipt among 

treatedb 

(n = 5,248) 

Main Model      

Cost-Sharing 

Assistance 
P < .05 P = 0.31 P < .05 P = 0.07 P = 0.43 

No Assistance Ref  Ref Ref  Ref  Ref  

Part A/B Assistance 
1.12  

(0.95 – 1.31) 

0.96  

(0.83 – 1.10) 

1.25  

(0.89 – 1.75) 

1.28  

(1.06 – 1.56) 

1.40  

(0.78 – 2.52) 

Part D Assistance 
0.82  

(0.61 – 1.11) 

0.90  

(0.66 – 1.22) 

0.50  

(0.18 – 1.42) 

 1.35  

(0.87 – 2.09) 

1.89  

(0.65 – 5.54) 

Part A, B and D 

Assistance 

1.21  

(1.01 – 1.45)  

0.84  

(0.71 – 1.01) 

0.62  

(0.36 – 1.09) 

1.27  

(1.01 – 1.61) 

1.76  

(0.87 – 3.55) 

 



36 
 

Table 6 continued. 

Area Deprivation 

Quintilea P = 0.36 P = 0.11 P = 0.05 P = 0.22 P < .05 

1 Ref  Ref Ref Ref  Ref  

2 
0.87  

(0.71 – 1.06) 

1.17  

(0.98 – 1.41) 

0.55  

(0.34 – 0.87) 

0.77  

(0.59 – 1.02) 

1.41  

(0.69 – 2.90) 

3 
0.87  

(0.70 – 1.08) 

1.00  

(0.83 – 1.21) 

0.58  

(0.35 – 0.95) 

0.75  

(0.56 – 1.01) 

1.71  

(0.83 – 3.54) 

4 
0.83  

(0.66 – 1.05) 

1.10  

(0.89 – 1.35) 

0.53  

(0.31 – 0.89) 

 0.85  

(0.62 – 1.16) 

0.76  

(0.31 – 1.85) 

5 
0.80  

(0.65 – 0.99) 

0.94  

(0.77 – 1.15) 

0.76  

(0.45 – 1.31) 

0.73  

(0.53 – 0.99) 

2.28  

(1.09 – 4.78) 

IV Outcome Model      

Cost-Sharing 

Assistance 
P = 0.16 P = 0.30 P = 0.05 P = 0.09 P = 0.44 

No Assistance Ref Ref Ref Ref Ref 

Part A/B Assistance 
1.08  

(0.89 – 1.31) 

0.95  

(0.79 – 1.13) 

1.24  

(0.76 – 2.02) 

1.34  

(1.04 – 1.71) 

1.29  

(0.61 – 2.72) 

Part D Assistance  
0.83  

(0.61 – 1.13) 

0.90  

(0.66 – 1.23) 

0.50  

(0.18 – 1.42) 

1.33  

(0.86 – 2.07) 

1.97  

(0.66 – 5.95) 

Part A, B and D 

Assistance 

1.18  

(0.96 – 1.45) 

0.84  

(0.69 – 1.02) 

0.62  

(0.34 – 1.14) 

1.32  

(1.02 – 1.71) 

1.71  

(0.82 – 3.53) 

Area Deprivation 

Quintilea 
P = 0.36 P = 0.11 P = 0.05 P = 0.21 P < .05 

1 Ref Ref Ref Ref Ref 

2 
0.86  

(0.70 – 1.06) 

1.18  

(0.98 – 1.41) 

0.55  

(0.35 – 0.87) 

0.77  

(0.58 – 1.02) 

1.42 

 (0.69 – 2.91) 

3 
0.88  

(0.71 – 1.09) 

1.00  

(0.83 – 1.21) 

0.58  

(0.35 – 0.95) 

0.75  

(0.56 – 1.01) 

1.72  

(0.83 – 3.58) 

4 
0.84  

(0.66 – 1.05) 

1.10  

(0.89 – 1.35) 

0.53  

(0.31 – 0.89) 

0.85  

(0.62 – 1.16) 

0.77  

(0.32 – 1.87) 

5 
0.80  

(0.65 – 0.99) 

0.94  

(0.77 – 1.15) 

0.77  

(0.45 – 1.31) 

0.73  

(0.53 – 0.99) 

2.30  

(1.09 – 4.84) 

Residual P = 0.56 P = 0.81 P = 0.98 P = 0.61 P = 0.72 

 0.90  

(0.63 – 1.28) 

0.96  

(0.69 – 1.34) 

1.54  

(0.33 – 3.01) 

1.54  

(0.71 – 1.82) 

0.78  

(0.20 – 3.01) 
a Quintile 1 = least deprived, Quintile 5 = most deprived. 
b Multivariable logistic regression models used for (a) any MM treatment receipt, (b) treatment receipt 

within 30 days and (e) chemotherapy regimen receipt. 
c Multilevel models used for (c) SCT receipt and (d) novel agent-based regimen receipt. 

 

Association Between Any Cost-Sharing Assistance and Time to MM Treatment 

Initiation 

 The receipt of any cost-sharing assistance was not statistically significantly 

associated with treatment initiation within 30 days of diagnosis (OR: 0.93; 95% CI: 0.81 – 
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1.06; Table 5). Area deprivation was also not statistically significantly associated with 

treatment initiation within 30 days.  

Association Between Type of Cost-Sharing Assistance and Time to MM Treatment 

Initiation 

 Similar to any cost-sharing assistance, the type of cost-sharing assistance and area 

deprivation were not statistically significantly associated with treatment initiation within 

30 days of diagnosis (Table 6).  

Association Between Any Cost-Sharing Assistance and SCT Receipt Among Treated 

The receipt of any cost-sharing assistance was not statistically significantly 

associated with SCT receipt among individuals who received any MM treatment (OR: 1.09; 

95% CI: 0.78 – 1.53; Table 5). Living in Quintiles 2, 3 and 4 was associated with lower 

odds of receiving a SCT compared with Quintile 1 (least deprived area), but there was no 

statistically significant difference between Quintiles 1 and 5. There was no statistically 

significant interaction between cost-sharing assistance and area deprivation. 

Association Between Type of Cost-Sharing Assistance and SCT Receipt Among Treated 

Similar to any cost-sharing assistance, the type of cost-sharing assistance was not 

statistically significantly associated with SCT receipt among individuals who received any 

MM treatment (Table 6). Living in Quintiles 2, 3 and 4 was associated with lower odds of 

receiving a SCT as compared with Quintile 1 (least deprived area), but there was no 

statistically significant difference between Quintiles 1 and 5. There was no statistically 

significant interaction between cost-sharing assistance and area deprivation. 
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Association Between Any Cost-Sharing Assistance and Novel Agent-Based Regimen 

Receipt Among Treated 

There was a significant association between the receipt of any cost-sharing 

assistance and the receipt of a novel agent-based regimen as first line therapy among 

individuals who received any MM treatment (OR: 1.28; 95% CI: 1.07 – 1.54; Table 5). 

Living in the most deprived area was associated with 27% lower odds of receiving a novel 

agent-based regimen compared with the least deprived area (OR: 0.73; 95% CI: 0.53 – 

0.99). There was no statistically significant interaction between cost-sharing assistance and 

area deprivation. 

Association Between Type of Cost-Sharing Assistance and Novel Agent-Based Regimen 

Receipt Among Treated 

The receipt of cost-sharing assistance for Parts A/B only was associated with 1.28 

times higher odds of receiving a novel agent-based regimen compared with individuals 

without any cost-sharing assistance (OR: 1.28; 95% CI: 1.06 – 1.56; Table 6). The receipt 

of cost-sharing assistance for Parts A, B and D was associated with 1.27 times higher odds 

of receiving a novel agent-based regimen compared with individuals without any cost-

sharing assistance (OR: 1.27; 95% CI: 1.01 – 1.61). Living in the most deprived area was 

associated with 27% lower odds of receiving a novel agent-based regimen compared with 

the least deprived area (OR: 0.73; 95% CI: 0.53 – 0.99). There was no statistically 

significant interaction between cost-sharing assistance and area deprivation. 
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Association Between Any Cost-Sharing Assistance and Chemotherapy Regimen Receipt 

Among Treated 

There was no statistically significant association between the receipt of any cost-

sharing assistance and the receipt of a chemotherapy regimen as first line therapy among 

individuals who received MM treatment (OR: 1.50; 95% CI: 0.85 – 2.63; Table 5). Living 

in the most deprived area was associated with 2.33 times higher odds of receiving a 

chemotherapy regimen compared with the least deprived area (OR: 2.33; 95% CI: 1.11 – 

4.88). There was so statistically significant interaction between cost-sharing assistance and 

area deprivation. 

Association Between Type of Cost-Sharing Assistance and Chemotherapy Regimen 

Receipt Among Treated 

The type of cost-sharing assistance was not statistically significantly associated 

with the receipt of a chemotherapy regimen as first line therapy among individuals who 

received any MM treatment (Table 6). Living in the most deprived area however was 

associated with 2.28 times higher odds of receiving a chemotherapy regimen compared 

with the least deprived area (OR: 2.28; 95% CI: 1.09 – 4.78). There was so statistically 

significant interaction between cost-sharing assistance and area deprivation. 

IV Analysis 

 The IVs were included as continuous variables in the 2SRI regression as the results 

of the Box-Tidwell test confirmed linearity of the logit in the first-stage regression (Table 

7), that is, the IVs in their continuous form were linearly related to the log odds of the Y 

variable in the first stage regression.  



40 
 

Table 7. Results of the Box-Tidwell test. 

Variable Chi-square statistic P-value 

Regression with ‘any cost-sharing assistance’ variable   

Ln(Medicare_Medicaid) 2.77 0.10 

Ln(Medicare_Private Insurance) 0.63 0.43 

Regression with ‘type of cost-sharing assistance’ 

variable 
  

Ln(Medicare_Medicaid) 4.08 0.25 

Ln(Medicare_Private Insurance) 1.73 0.63 

 

The results of the overidentifying restrictions test are displayed in Table 8. The test statistic 

was less than the critical value for all outcomes, therefore, we did not reject the null 

hypothesis and concluded that there is insufficient evidence of correlation between the IVs 

and the error term, i.e., there is insufficient evidence to suggest that the IVs are endogenous.  

 

Table 8. Results of the overidentifying restrictions test. 

 Endogenous variable 

 
‘Any cost-sharing assistance’ 

variable 

‘Type of cost-sharing 

assistance’ variable 

Outcome R2 

Test 

statistic 

(nR2) 

Critical 

value* 
R2 

Test 

statistic 

(nR2) 

Critical 

value* 

Any MM treatment receipt 0.0000 0 3.84 0.0000 0 3.84 

Treatment receipt within 30 

days 
0.0000 0 3.84 0.0000 0 3.84 

SCT receipt among treated 0.0004 2.099 3.84 0.0004 2.099 3.84 

Novel agent-based regimen 

receipt among treated 
0.0004 2.099 3.84 0.0004 2.099 3.84 

Chemotherapy regimen receipt 

among treated 
0.0004 2.099 3.84 0.0004 2.099 3.84 

*5% critical value in the chi-square distribution with df=1, where df=number of IVs minus the number of 

endogenous variables. 

 

Tables 9 and 10 report the results from the first-stage models. The percentage of state 

residents with Medicare and Medicaid, and the percentage of state residents with Medicare 

and private insurance were strongly predictive of whether the Medicare beneficiary has any 

cost-sharing assistance (Table 9) and the type of cost-sharing assistance the beneficiary 
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has, if any (Table 10). The joint significance test for the IVs returned an F-statistic value 

of 13.65 for the ‘any cost-sharing assistance’ variable, and 39.98 for the ‘type of cost-

sharing assistance’ variable, indicating that the strength of both IVs was satisfactory. The 

results of the 2SRI outcome models are presented in Tables 5 and 6 below the main model 

results. The estimated residuals in the second-stage 2SRI models were not significant for 

any of the outcomes; that is, we did not find evidence of endogeneity. Therefore, we 

decided to revert to the main non-2SRI model results. 

 

Table 9. First-stage IV regression results for any cost-sharing assistance. 

 

Association with 

‘Any Cost-Sharing Assistance’  

OR (95% CI) 

P-value 

% in the state with Medicaid & Medicare 0.72 (0.60 – 0.86) <.01 

% in the state with Medicare & Private Insurance 1.26 (1.15 – 1.37) <.01 

Sex  <.05 

Female Ref  

Male 0.87 (0.77 – 0.99)  

Race-Ethnicity   <.01 

Non-Hispanic White  Ref   

Non-Hispanic Black 1.29 (1.06 – 1.57)  

Hispanic 2.40 (1.82 – 3.16)  

Other 2.27 (1.67 – 3.09)  

Age  0.55 

66-70 Ref   

71-75 0.97 (0.82 – 1.15)  

76-80 1.09 (0.91 – 1.30)  

>80 1.04 (0.88 – 1.23)  

Marital Status  <.01 

Not Married Ref   

Married 0.73 (0.64 – 0.83)  

Geographic Region  <.01 

Northeast Ref   

Midwest 0.78 (0.59 – 1.04)  

South  2.09 (1.62 – 2.70)  

West 1.37 (1.05 – 1.79)  

Rural/Urban Residence  0.57 

Urban/Metropolitan Ref   

Rural 0.89 (0.60 – 1.33)  

Poor Performance Status Proxy  0.76 

No  Ref   

Yes 1.02 (0.89 – 1.18)  
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Table 9 continued. 

NCI Comorbidity Index  <.05 

0 Ref   

0 < Index ≤ 2 1.13 (0.97 – 1.31)  

2 < Index ≤ 4  1.05 (0.88 – 1.26)  

>4 1.32 (1.08 – 1.63)  

Annual Income Proxy ($)  0.15 

≤35,000 Ref   

35,001-50,000 0.93 (0.79 – 1.11)  

50,001-65,000 0.80 (0.66 – 0.97)  

>65,000 0.90 (0.74 – 1.10)  

Year of Diagnosis  <.05 

2007 Ref   

2008 0.84 (0.63 – 1.11)  

2009 0.99 (0.73 – 1.34)  

2010 1.13 (0.83 – 1.54)  

2011 1.21 (0.88 – 1.66)  

2012 1.22 (0.88 – 1.68)  

2013 0.98 (0.72 – 1.34)  

2014 1.00 (0.73 – 1.38)  

2015 0.87 (0.63 – 1.21)  

Area Deprivation Quintile  0.18 

1 Ref   

2 0.93 (0.77 – 1.13)  

3 1.11 (0.90 – 1.36)  

4 0.94 (0.75 – 1.17)  

5 1.12 (0.90 – 1.40)  

 
 

  



43 
 

Table 10. First-stage IV regression results for type of cost-sharing assistance. 

 Association with ‘Type of Cost-Sharing Assistance’ Variable 

 

No Cost-

Sharing 

Assistance 

Part A, B and 

D Assistance 

OR (95% CI) 

Part D 

Assistance 

Only 

OR (95% CI) 

Part A/B 

Assistance 

Only 

OR (95% CI) 

P-value 

% in the state with 

Medicaid and Medicare 
Ref 

1.19  

(0.93 – 1.53) 

0.84  

(0.56 – 1.25) 

0.62  

(0.51 – 0.75) 
<.01 

% in the state with 

Medicare and Private 

Insurance 

Ref 
1.06  

(0.94 – 1.19) 

1.18  

(0.96 – 1.44) 

1.35  

(1.23 – 1.47) 
<.01 

Sex     <.01 

Male vs. Female Ref  
0.72  

(0.61 – 0.85) 

0.86  

(0.65 – 1.14) 

0.94  

(0.82 – 1.08) 
 

Race-Ethnicity      <.01 

Non-Hispanic Black vs. 

Non-Hispanic White 
Ref 

3.14  

(2.50 – 3.95) 

3.30  

(2.36 – 4.63) 

0.59 

 (0.47 – 0.74) 
 

Hispanic vs. Non-

Hispanic White 
Ref 

8.20  

(6.03 – 11.15) 

7.07  

(4.23 – 11.81) 

0.66  

(0.47 – 0.93) 
 

Other vs. Non-Hispanic 

White 
Ref 

10.75 

 (7.63 – 15.14) 

5.24  

(2.63 – 

10.452) 

0.69 

 (0.48 – 1.00) 
 

Age     <.01 

71-75 vs. 66-70 Ref 
0.86  

(0.68 – 1.08) 

0.65 

 (0.45 – 0.94) 

1.03 

 (0.86 – 1.24) 
 

76-80 vs. 66-70 Ref 
0.98  

(0.78 – 1.24) 

0.78 

 (0.53 – 1.13) 

1.16 

 (0.96 – 1.40) 
 

>80 vs. 66-70 Ref 
0.83  

(0.67 – 1.04) 

0.62  

(0.43 – 0.89) 

1.19 

 (0.99 – 1.42) 
 

Marital Status     <.01 

Married vs. Not Married Ref  
0.30  

(0.25 – 0.35) 

0.37  

(0.27 – 0.50) 

1.10  

(0.96 – 1.27) 
 

Geographic Region     <.01 

Midwest vs. Northeast Ref  
0.78  

(0.52 – 1.16) 

0.51  

(0.26 – 1.00) 

0.75 

 (0.56 – 1.01) 
 

South vs. Northeast  Ref  
1.67  

(1.17 – 2.38) 

3.02  

(1.68 – 5.42) 

2.14  

(1.64 – 2.80) 
 

West vs. Northeast Ref  
1.38  

(0.95 – 2.00) 

0.66  

(0.33 – 1.29) 

1.35  

(1.03 – 1.78) 
 

Rural/Urban Residence     <.05 

Rural vs. 

Urban/Metropolitan 
Ref  

1.48  

(0.87 – 2.52) 

1.13 

 (0.51 – 2.51) 

0.74 

 (0.48 – 1.12) 
 

Poor Performance 

Status Proxy 
    <.01 

Yes vs. No Ref  
1.29 

 (1.07 – 1.54) 

1.31  

(0.97 – 1.78) 

0.92 

 (0.79 – 1.06) 
 

NCI Comorbidity Index     <.01 

0 < Index ≤ 2 vs. 0 Ref 
1.42 

 (1.116 – 1.75) 

1.41 

 (1.01 – 1.99) 

1.05  

(0.90 – 1.23) 
 

2 < Index ≤ 4 vs. 0  Ref 
1.63 

 (1.29 – 2.07) 

1.06  

(0.69 – 1.61) 

0.91  

(0.76 – 1.11) 
 

>4 vs. 0 Ref  
2.46  

(1.89 – 3.20) 

1.74  

(1.13 – 2.68) 

0.97  

(0.78 – 1.22) 
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Table 10 continued. 

Annual Income Proxy 

($) 
    <.01 

35,001-50,000 vs. 

≤35,000 
Ref 

0.82 

 (0.66 – 1.02) 

1.01  

(0.73 – 1.40) 

1.01  

(0.84 – 1.22) 
 

50,001-65,000 vs. 

≤35,000 
Ref 

0.63  

(0.49 – 0.82) 

0.64  

(0.41 – 1.00) 

0.93  

(0.76 – 1.14) 
 

>65,000 vs.  

≤35,000 
Ref 

0.59 

 (0.45 – 0.76) 

0.45  

(0.27 – 0.76) 

1.10 

 (0.89 – 1.60) 
 

Year of Diagnosis     <.01 

2008 vs. 2007 Ref  
0.73  

(0.51 – 1.04) 

0.81 

 (0.46 – 1.42) 

0.92  

(0.68 – 1.25) 
 

2009 vs. 2007 Ref  
0.64  

(0.43 – 0.94) 

0.79  

(0.43 – 1.47) 

1.17  

(0.85 – 1.63) 
 

2010 vs. 2007 Ref  
0.73  

(0.49 – 1.09) 

0.80  

(0.42 – 1.53) 

1.32  

(0.94 – 1.83) 
 

2011 vs. 2007 Ref  
0.72  

(0.48 – 1.09) 

1.19  

(0.62 – 2.28) 

1.43  

(1.02 – 2.01) 
 

2012 vs. 2007 Ref  
0.83 

 (0.55 – 1.26) 

1.03  

(0.52 – 2.02) 

1.40  

(0.99 – 1.97) 
 

2013 vs. 2007 Ref  
0.45 

 (0.30 – 0.68) 

0.62  

(0.32 – 1.18) 

1.29 

 (0.93 – 1.79) 
 

2014 vs. 2007 Ref  
0.43  

(0.28 – 0.66) 

0.92  

(0.48 – 1.77) 

1.34 

 (0.96 – 1.87) 
 

2015 vs. 2007 Ref  
0.33  

(0.21 – 0.51) 

0.40  

(0.19 – 0.85) 

1.21  

(0.86 – 1.71) 
 

Area Deprivation 

Quintile     <.01 

2 vs. 1 Ref  
1.19 

 (0.88 – 1.60) 

0.92 

 (0.54 – 1.57) 

0.91 

 (0.75 – 1.12) 
 

3 vs. 1 Ref 
1.40 

 (1.03 – 1.89) 

1.11  

(0.66 – 1.87) 

1.11 

 (0.89 – 1.38) 
 

4 vs. 1 Ref 
1.13 

 (0.82 – 1.55) 

1.08  

(0.65 – 1.82) 

0.92 

 (0.73 – 1.17) 
 

5 vs. 1 Ref  
1.70  

(1.26 – 2.30) 

1.38  

(0.83 – 2.29) 

0.97 

 (0.78 – 1.23) 
 

 

 

7.4 DISCUSSION 

In this study, we assessed whether the presence and type of cost-sharing assistance 

and area deprivation affect MM treatment receipt among Medicare beneficiaries with MM. 

It was hypothesized that not receiving any cost-sharing assistance and living in a more 

deprived area is associated with lower odds of treatment initiation within 30 days of 

diagnosis; lower odds of any treatment receipt; and lower odds of SCT, lower odds of 
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receiving a novel agent-based regimen, and higher odds of traditional chemotherapy 

regimen use among treated individuals. In our analysis of newly diagnosed MM patients, 

we found that whether an individual has cost-sharing assistance or not does not affect 

whether that individual receives any treatment for MM or not. There was also no 

statistically significant difference between Quintiles 2, 3, 4 and the least deprived area 

(Quintile 1) in terms of the likelihood of receiving MM treatment. Living in the most 

deprived area (Quintile 5), however, was associated with lower odds of receiving any MM 

treatment compared with the least deprived area (Quintile 1). Neither the presence of cost-

sharing assistance nor area deprivation were associated with whether treatment is received 

within 30 days of diagnosis or not, suggesting that these factors do not affect how soon 

patients receive MM treatment.  

Among individuals who received some form of MM treatment, the presence of any 

cost-sharing assistance was associated with a significantly higher odds of receiving a novel 

agent-based regimen as hypothesized, suggesting that OOP expenses may influence 

treatment selection. Compared with individuals residing in the least deprived area, 

individuals residing in the most deprived area were also less likely to receive a novel agent-

based regimen and more likely to receive a regimen that includes traditional chemotherapy 

agent(s) which tend to be less costly. The presence of cost-sharing assistance did not affect 

SCT receipt among treated MM patients. Residence in Quintiles 2, 3 and 4 were associated 

with lower odds of receiving a SCT compared with residence in the least deprived area. 

However, there was no difference between the most and least deprived areas. One may 

speculate that because the most socioeconomically deprived areas are often around the 

inner-city areas79 where large hospitals and transplant centers are often located, geographic 
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barriers to SCT access in terms of location and distance may be relatively lower in Quintile 

5.   

Examination of the type of cost-sharing assistance revealed that individuals with 

Parts A, B and D cost-sharing assistance had 21% higher odds of receiving MM treatment 

compared with individuals without any cost-sharing assistance. There was no significant 

difference between individuals with Parts A and B cost-sharing assistance only, individuals 

with Part D cost sharing assistance only, and individuals without any cost-sharing 

assistance. It is possible that since MM treatment involves multi-drug regimens that often 

include both parenterally administered agents and orally administered agents, as well as 

SCT, having cost-sharing assistance for all of Medicare Parts A, B and D is needed to 

reduce financial barriers to MM treatment access. Among individuals who received some 

form of MM treatment, individuals with Parts A and B cost-sharing assistance only, and 

individuals with Parts A, B, and D cost-sharing assistance were more likely to receive a 

novel agent-based regimen compared with individuals without any cost-sharing assistance. 

This is not surprising, as the use of novel agents, which may be parenterally administered 

(covered under Part B) or orally administered (covered under Part D), has been shown to 

entail high OOP expenses.2  

It is evident that there is differential access to MM therapies among Medicare 

beneficiaries with MM depending on the type of cost-sharing assistance one has to help 

cover OOP expenses. With the escalating cost of anticancer agents, several suggestions 

have been put forth by policymakers to mitigate the rising cost of cancer therapy and to 

lower the OOP burden for patients, some of which include value-based reimbursement, 

negotiating prices of drugs by Medicare, and imposing a monthly cap on Part D OOP 
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spending.80,81 As the findings of this study suggest, for cancers such as MM that require a 

wide range of treatments during one’s lifetime, including SCT and parenterally 

administered agents covered under Medicare Parts A and B, and orally administered agents 

covered under Medicare Part D, it may be necessary for policies to address the total OOP 

expense that individuals accrue across Medicare Parts A, B and D to have a measurable 

impact on treatment access. Future studies may consider getting direct input from patients 

and physicians to gain more insight on the factors that affect their treatment decisions and 

the tradeoffs they make when making decisions. Such information may help policymakers 

design policies that balance the need to control payer costs while allowing treatment access 

for all patients who may benefit from treatment. 

7.5 CONCLUSIONS 

The findings of this study suggest that among Medicare beneficiaries with newly 

diagnosed MM, the presence of cost-sharing assistance does not affect whether individuals 

receive MM-directed treatment or not; however, the type of cost-sharing assistance does 

affect whether one receives treatment. Our analysis suggests that among treated 

individuals, the presence of cost-sharing assistance may influence treatment selection. The 

socioeconomic conditions of the area of residence also appears to have some effect on 

whether an individual receives treatment and the type of treatment one receives, although 

this association is not observed across all area deprivation quintiles. It would be important 

for policymakers to recognize that high patient cost sharing may compromise access to 

novel cancer treatments and that individuals need to be considered in the context of where 

they live to assure all patients have access to beneficial treatments.
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8 Aim 2: Changes in Patient Cost Responsibility and Disparities in Multiple 

Myeloma (MM) Treatment Receipt Over Time  

8.1 INTRODUCTION 

Although MM is a progressive and mostly incurable neoplasm of the plasma cells, 

the treatment landscape has evolved significantly over the years. While the mainstay of 

MM treatment consisted of traditional chemotherapy agents such as melphalan in the 

past,38 since the 2000s, one of the major advances in the treatment of MM has been the 

introduction of novel agents, including the immunomodulatory agents (IMiDs; thalidomide 

and lenalidomide) and the proteasome inhibitors (PIs; bortezomib).36 In the past several 

years, we have seen a large growth in the number of novel agents available for the treatment 

of MM. The US Food and Drug Administration (FDA) approved pomalidomide, an IMiD, 

in 2013, proteasome inhibitors carfilzomib in 2012 and ixazomib in 2015, as well as the 

monoclonal antibodies, daratumumab and elotuzumab in 2015.  

While we have seen improved survival with these developments in the treatment of 

MM,39,41,82 the increased use of costly novel agents,39 the increased use of triplet 

regimens,40,41  as well as the cost of managing and treating complications of MM has raised 

concerns regarding the cost burden of MM care. Even among patients with health 

insurance, there is concern that the cost sharing mechanisms imposed by insurers have 

shifted the cost burden onto patients.83 The cost of health care faced by Medicare 

beneficiaries with MM and the extent of the change in the patient cost burden over time 

have not been studied and are yet unknown. Whether the patient cost responsibility has 
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increased over time with the shift in the MM treatment landscape towards the use of more 

costly regimens that include novel agents is a question that is yet to be answered. 

Furthermore, concerns have been raised that expensive cancer therapies, such as 

the novel agents, can often exacerbate and worsen disparities in treatment receipt and 

patient outcomes, as there may be a group of cancer patients who are not able to access and 

benefit from these promising treatments.84 Disparities are typically defined at the patient 

level but there is increasing evidence of the role of area-level differences and their impact 

on an individual’s health.85,86 It is important to assess whether area-level disparities in MM 

treatment receipt have changed over time, mirroring the change in costs, to determine the 

need for policy changes and interventions to reduce disparities in treatment access. 

To understand temporal changes in the patient cost responsibility and disparities in 

treatment receipt among MM patients, the objectives of this study were to assess how (Aim 

2a): the patient share of the cost of MM care has changed over time for elderly Medicare 

beneficiaries with MM, and (Aim 2b): differences in the likelihood of MM treatment 

receipt between individuals residing in more and less deprived areas have changed over 

time for elderly Medicare beneficiaries with MM. 

8.2 METHODS 

Data Source  

This retrospective cohort study was conducted using the Surveillance, 

Epidemiology, and End Results (SEER)—Medicare data (2006-2016), which links data 

from the SEER cancer registry to Medicare enrollment and administrative claims data. 

SEER collects data from cancer registries covering about 34.6% of the US population,58 



50 
 

and provide information related to cancer diagnosis, patient sociodemographics, 

geographic information, insurance enrollment information, the date of death, and the cause 

of death as reported on the death certificate.59 The dataset also provides a 5% random 

sample of Medicare beneficiaries without cancer, which was used for Aim 2a. The Social 

Deprivation Index (SDI)60 developed by the Robert Graham Center, the policy institute 

affiliated with the American Academy of Family Physicians was used as the area 

deprivation measure for Aim 2b.  

Cohort Selection 

The cohort studied for this Specific Aim (2a and 2b) was the same as Aim 1. For 

Aim 2a, non-cancer controls were selected from the 5% random sample of Medicare 

beneficiaries aged 66 years or older during the study observation period of 2007-2016 

without any cancer diagnoses per SEER. Controls were randomly assigned a pseudo-index 

date that corresponds to the date of diagnosis of one of the MM patients, and matched 1:1 

to MM patients based on factors associated with health care cost, including age, sex, and 

geographic location, similar to the approach used by Yabroff et al. for estimating the cost 

of care for cancer patients.87 This matching was done to estimate the cost of care in MM 

patients compared with the average Medicare beneficiary without cancer. We did not match 

on baseline comorbidity level so that the cost estimate captures the cost of managing 

comorbid conditions and complications that occur more commonly in MM patients 

compared with the non-cancer controls. Non-cancer controls were required to have 12 

months of Parts A and B enrollment, and no HMO enrollment in the calendar year prior to 

the index date, during the index year, and calendar year post-index. Non-cancer controls 
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were also required to have 12 months of Part D during the index year and calendar year 

post-index. Individuals with missing variables were excluded prior to matching. 

Measures  

Primary Independent Variables 

For Aim 2a, the main independent variables were the diagnosis of MM and the year 

of diagnosis. The analyses were performed with the diagnosis year operationalized as (a) a 

binary variable (2007-2011 or 2012-2015) and (b) a yearly categorical variable (2007, 

2008, 2009, …2015). The 2012 cut-off for the diagnosis period was chosen because it 

indicates a shift in MM treatment. From 2012 onwards, triplet regimens with an IMiD, a 

PI and a corticosteroid became the predominant therapy of choice for MM patients,40,41 and 

several new expensive novel agents became available during this time, likely increasing 

the cost of MM treatment. The yearly flags allowed for examination of yearly cost changes 

and identification of potential outliers. 

For Aim 2b, the primary independent variables were the MM diagnosis period 

(2007-2011 or 2012-2015) and quintiles of county-level area deprivation (Q1: least 

deprived and Q5: most deprived). The county-level SDI60 was linked to individual-level 

SEER-Medicare data based on the county of residence recorded for the month of diagnosis. 

The SDI is a composite index of area deprivation based on seven domains (income, 

education, employment, housing, household characteristics, transportation, and 

demographics.60,63  
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Outcome Measures 

 The outcome measured for Aim 2a was the average per-member-per-month 

(PMPM) patient cost responsibility for MM care during the 12-month period following 

diagnosis (or from diagnosis until death or end of study, if earlier than 12 months). The 

patient’s responsibility for a bill, i.e., the amount not paid by Medicare, is reported in every 

Medicare claim record in the SEER-Medicare claims files, and this was used as our 

measure of patient cost sharing. This patient cost responsibility included deductibles, 

copayments, and coinsurance.88 The patient cost responsibility was identified from all 

Medicare claims during the 12-month post-diagnosis period (or until death/end of study) 

and summed. This included inpatient (Medicare Provider Analysis and Review 

[MedPAR]), hospital outpatient, carrier/National Claims History (NCH), hospice, home 

health agency (HHA), and durable medical equipment (DME) claims. All costs were 

adjusted to 2016 US dollars using the annual medical care component of the Consumer 

Price Index. The average patient cost share per month was then calculated by dividing the 

total patient cost from all claims by the number of months observed. Similarly, the average 

cost share per month was calculated for the non-cancer controls.  

 Similar to Aim 1 (Chapter 3), the outcomes measured for Aim2b were the receipt 

of any MM treatment in the 12-month period following diagnosis and the receipt of MM 

treatment within 30 days of diagnosis. We also assessed the odds of receiving a novel 

agent-based regimen and the odds of receiving a chemotherapy regimen as first-line 

therapy among individuals who received any treatment. 
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Covariates 

For Aim 2a, sociodemographic covariates included age at diagnosis (66-70, 71-75, 

76-80, >80), sex (female, male), race-ethnicity (non-Hispanic White, non-Hispanic Black, 

Hispanic, Other), geographic region (Northeast, Midwest, West, South), and rural/urban 

residence. Clinical and health status covariates included the NCI comorbidity index66 

measured during the 12-month pre-diagnosis period (0, 1-2, 3-4, >4) and a proxy for 

performance status, indicated by the presence of at least one of the following events during 

the 12-month pre-diagnosis period: hospitalization, skilled nursing or long-term care 

facility stay, hospice stay, oxygen use, and the use of walking aids or wheelchairs.67,68  

Study covariates for Aim 2b were the same as Aim 1 and included age at diagnosis 

(66-70, 71-75, 76-80, >80), sex (female, male), race-ethnicity (non-Hispanic White, non-

Hispanic Black, Hispanic, Other), marital status (married, not married), geographic region 

(Northeast, Midwest, West, South), rural/urban residence, zip-code level median 

household income as a proxy for individual income (≤35,000, 35,001-50,000, 50,001-

65,000, >65,000), cost-sharing assistance operationalized as a categorical variable (no cost-

sharing assistance, Part D assistance only, Parts A and B assistance only, and Parts A, B 

and D assistance), the NCI comorbidity index66 measured during the 12-month pre-

diagnosis period and a proxy for performance status, indicated by the presence of at least 

one of the following events during the 12-month pre-diagnosis period: hospitalization, 

skilled nursing or long-term care facility stay, hospice stay, oxygen use, and the use of 

walking aids or wheelchairs.67,68.  
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Statistical Analysis 

Baseline characteristics of MM patients were compared with the characteristics of 

the matched non-cancer controls (Aim 2a) using t-tests for continuous variables and chi-

square tests for categorical variables. 

For Aim 2a, mean unadjusted PMPM costs were described for MM patients and the 

matched non-cancer controls yearly from 2007 to 2015, and for the two periods (2007-

2011 and 2012-2015). A generalized linear model (GLM) was used to estimate the 

incremental cost attributable to MM care for each diagnosis year and for the two time 

periods, defined as the difference in the average patient cost responsibility per month 

between individuals with MM and individuals without cancer. Following exploratory data 

analysis and specification tests, a log link and gamma distribution was chosen for the GLM. 

A modified Park test89 was employed to determine data support for the assumption that the 

cost data follow the distribution chosen for the GLM, and Ramsey’s Regression Equation 

Specification Error Test (RESET)90 was performed to determine data support for the 

selected link function. The average marginal cost was estimated by computing the marginal 

effect at each observation level and then calculating the sample average of individual 

marginal effects to obtain the overall average marginal effect.91 The 95% confidence 

intervals for the average marginal costs were estimated using the delta method. 

For Aim 2b, the same modelling approach used in Aim 1 (Chapter 3) was followed. 

We first assessed the need for a multilevel model by assessing the intraclass correlation 

coefficient of the null model. If a multilevel model was deemed unnecessary, an adjusted 

logistic regression model was used. If there was statistically significant variation at the 

county level, an adjusted multilevel logistic regression model was used. The multilevel 
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model was developed in four steps, starting with the null model and ending with the fully 

adjusted model. First, a null model with no explanatory variables was developed. Second, 

the diagnosis period variable was added to the model. Third, all other individual-level 

variables were added to the model. Finally, the county-level area deprivation variable was 

added to the model together with the interaction between area deprivation and diagnosis 

period (fully adjusted model). The key independent variable in the adjusted regression 

model was the interaction between area deprivation and the MM diagnosis period.   

All analyses were conducted using SAS Studio (SAS Institute, Cary, NC). 

Sensitivity Analysis 

For both Aims 2a and 2b, the analyses were repeated for the subgroup of individuals 

who lived at least 12 months post-diagnosis (cases) or post-index (controls). This 

sensitivity analysis was performed because studies have shown that survival among MM 

patients has continuously improved over the past two decades,39,41,82 making it possible 

that a greater proportion of individuals in the earlier years died within 12 months of 

diagnosis compared with the later years. Prior studies have found that elderly cancer 

patients incur higher costs in the terminal phase of their lives,87 which may make MM care 

costs seem higher in the earlier period (2007-2011) than in the later period (2012-2015).  

8.3 RESULTS 

8.3.1 Aim 2a Findings: Full Sample 

The study sample included 6,970 pairs of MM patients and non-cancer beneficiaries 

matched on age, sex and geographic region (Figure 4). The baseline sociodemographic 
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and clinical characteristics of Medicare beneficiaries with MM and matched non-cancer 

beneficiaries are presented in Table 11. 

 

 

Figure 4. Aim 2a Cohort Selection 
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Table 11. Baseline clinical and sociodemographic characteristics of Medicare beneficiaries with 

MM and matched non-cancer cohort.  

 
Full Sample 

(n = 13,940) 

MM patients 

(n = 6,970) 

Non-cancer 

controls 

(n = 6,970) 

P-value 

Sex     

Female 6824 (48.95%) 3412 (48.95%) 3412 (48.95%) >.05 

Male 7116 (51.05%) 3558 (51.05%) 3558 (51.05%)  

Race-Ethnicity     <.01 

Non-Hispanic White  10725 (76.94%) 5033 (72.21%) 5692 (81.66%)  

Non-Hispanic Black 1544 (11.08%) 1055 (15.14%) 489 (7.02%)  

Hispanic 716 (5.14%) 513 (7.36%) 203 (2.91%)  

Other 955 (6.85%) 369 (5.29%) 586 (8.41%)  

Age     

66-70 3108 (22.30%) 1554 (22.30%) 1554 (22.30%) >.05 

71-75 3404 (24.42%) 1702 (24.42%) 1702 (24.42%)  

76-80 3146 (22.57%) 1573 (22.57%) 1573 (22.57%)  

>80 4282 (30.72%) 2141 (30.72%) 2141 (30.72%)  

Geographic Region    >.05 

Northeast 2870 (20.59%) 1435 (20.59%)  1435 (20.59%)   

Midwest 2094 (15.02%) 1047 (15.02%) 1047 (15.02%)  

South  3674 (26.36%) 1837 (26.36%) 1837 (26.36%)  

West 5302 (38.03%) 2651 (38.03%) 2651 (38.03%)  

Rural/Urban Residence    >.05 

Urban/Metropolitan 13614 (97.66%) 6808 (97.68%) 6806 (97.65%)  

Rural 326 (2.34%) 162 (2.32%) 164 (2.35%)  

Poor Performance Status 

Proxy 

   <.01 

No  9466 (67.91%) 4106 (58.91%) 5360 (76.90%)  

Yes 4474 (32.09%) 2864 (41.09%) 1610 (23.10%)  

NCI Comorbidity Index    <.01 

0 6251 (44.84%) 2726 (39.11%) 3525 (50.57%)  

0 < Index ≤ 2 3798 (27.25%) 1885 (27.04%) 1913 (27.45%)  

2 < Index ≤ 4  2169 (15.56%) 1209 (17.35%) 960 (13.77%)  

>4 1722 (12.35%) 1150 (16.50%) 572 (8.21%)  

Diagnosis Timeframe    <.01 

2007 – 2011  6,284 (45.08%) 3,397 (48.74%) 2,887 (41.42%)  

2012 – 2015 7,656 (54.92%) 3,573 (51.26%) 4,083 (58.58%)  

 

Unadjusted Patient Cost Responsibility (2007-2011 vs. 2012-2015) 

Table 12 presents the results of the unadjusted analysis comparing patient costs 

between the MM group and the matched non-cancer group, in 2007-2011 and 2012-2015. 

MM patients had significantly greater mean PMPM cost compared with non-cancer 

controls in 2007-2011 ($1,746 [95% CI: $1,651-$1,841] vs. $212 [95% CI: $202-$223]) 
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and in 2012-2015 ($1,641 [95% CI: $1,604-$1,678] vs. $191 [95% CI: $180-$202]). As 

expected, the average PMPM cost faced by Medicare beneficiaries with MM was 

significantly higher than that of the non-cancer beneficiaries during both periods, 2007-

2011 and 2012-2015 (p <.0001). Unadjusted PMPM costs for both MM patients and the 

non-cancer controls remained fairly consistent in 2012-2015 compared with 2007-2011. 

 

Table 12. Unadjusted PMPM patient cost comparisons between Medicare beneficiaries with MM 

and matched non-cancer cohort in 2007-2011 and 2012-2015. 

 Mean PMPM cost, $ (95% CI)  

Timeframe MM patients Non-cancer controls P-value 

2007 – 2011 
$1,746  

(1,651 – 1,841) 

$212 

(202 – 223) 
<.01 

2012 – 2015 
$1,641  

(1,604 – 1,678) 

$191  

(180 – 202) 
<.01 

* PMPM cost reflects the average patient cost responsibility per month, i.e., the cost not paid by Medicare; 

Cost adjusted to 2016 US dollars. 

 

Unadjusted Patient Cost Responsibility – Yearly Changes (2007-2015) 

Yearly changes in the unadjusted PMPM patient cost responsibility of MM patients 

and the matched controls are depicted in Figure 5. For both MM patients and the non-

cancer controls, the unadjusted PMPM costs observed were fairly constant over time. 
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Figure 5. Yearly Changes in the Unadjusted Mean (SD) PMPM Patient Cost Responsibility 

 

Adjusted Patient Cost Responsibility (2007-2011 vs. 2012-2015) 

The results of the adjusted analysis for assessing the incremental PMPM patient 

cost responsibility for MM care, in 2012-2015 compared with 2007-2011 are presented in 

Table 13. The estimated incremental PMPM cost, i.e., the PMPM patient cost attributable 

to MM care was $1,563 (95% CI: $1,517-$1,610) in 2007-2011 and $1,442 (95% CI: 

$1,399-$1,484) in 2012-2015.  
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Table 13. Average PMPM marginal cost difference between Medicare beneficiaries with MM and 

matched non-cancer controls adjusting for baseline clinical and sociodemographic variables. 

 Mean PMPM cost, $ (95% CI) 

Timeframe MM Patients 
Non-cancer 

Controls 

Incremental MM 

Cost 

Difference in 

Incremental MM Cost 

between 2007-2011 

and 2012-2016 

2007 – 2011 
$1,772 

(1,723 – 1,820) 

$208 

(203 – 214) 

$1,563 

(1,517 – 1,610) 
Ref 

2012 – 2015 
$1,634 

(1,591 – 1,677) 

$192 

(187 – 197) 

$1,442 

(1,399 – 1,484) 

–$122 

(–168 – –75) 

* PMPM cost reflects the average patient cost responsibility per month, i.e., the cost not paid by Medicare; 

Cost adjusted to 2016 US dollars. 

 

Adjusted Patient Cost Responsibility – Yearly Changes (2007-2015) 

Yearly changes in the adjusted PMPM patient cost responsibility of MM patients 

and the matched controls are depicted in Figure 6. The estimated mean adjusted PMPM 

cost for MM patients decreased over time, from $1,790 in 2007 to $1,629 in 2015. The 

estimated mean adjusted PMPM cost also decreased over time for the non-cancer controls 

($210 in 2007, $191 in 2015). Overall, there was a decrease in the incremental PMPM cost 

from $1,580 in 2007 to $1,438 in 2015.  
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Figure 6. Yearly Changes in the Adjusted Mean (SE) PMPM Patient Cost Responsibility 

 

 

8.3.2 Aim 2a Findings: Sensitivity Analysis 

 We found that the proportion of MM patients who died within 12 months of 

diagnosis decreased over time, from 42.3% in 2007 to 30.3% to 2015 (Appendix Table 

3). When we limited the sample to individuals who lived at least 12 months, the sample 

included 4,608 individuals with MM and 4,608 matched non-cancer controls (Figure 4).  

Unadjusted Patient Cost Responsibility (2007-2011 vs. 2012-2015) Among Individuals 

who Lived at Least 12 Months Post-Index 

 MM patients living at least 12 months had significantly greater mean PMPM cost 

compared with non-cancer controls in 2007-2011 ($1,310 [95% CI: $1,266-$1,354] vs. 

$210 [95% CI: $196-$223]) and in 2012-2015 ($1,385 [95% CI: $1,351-$1,419] vs. $187 

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2007 2008 2009 2010 2011 2012 2013 2014 2015

U
S 

D
o

lla
rs

Year

MM Patients Non-Cancer Controls Incremental Cost



62 
 

[95% CI: $172-$202]; Table 14). There was no statistically significant difference in 

unadjusted PMPM costs in 2007-2011 and 2012-2015 for MM patients and the non-cancer 

controls.  

 

Table 14. Unadjusted PMPM patient cost comparisons between Medicare beneficiaries with MM 

who lived at least 12 months and matched non-cancer cohort in 2007-2011 and 2012-2015. 

 Mean PMPM cost, $ (95% CI)  

Timeframe MM patients Non-cancer controls P-value 

2007 – 2011 
$1,310  

(1,266 – 1,354) 

$210  

(196 – 223) 
<.01 

2012 – 2015 
$1,385  

(1,351 – 1,419) 

$187 

(172 – 202) 
<.01 

* PMPM cost reflects the average patient cost responsibility per month, i.e., the cost not paid by Medicare; 

Cost adjusted to 2016 US dollars. 

 

Unadjusted Patient Cost Responsibility – Yearly Changes (2007-2015) Among 

Individuals who Lived at Least 12 Months Post-Index 

Yearly changes in the unadjusted PMPM patient cost responsibility of MM patients 

and the matched controls among individuals who lived at least 12 months post-index are 

depicted in Figure 7. For both MM patients and the non-cancer controls, the unadjusted 

PMPM costs observed remained fairly constant over time. 
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Figure 7. Yearly Changes in the Unadjusted Mean (SD) PMPM Patient Cost Responsibility 

Among Individuals Who Lived At Least 12 Months Post-Diagnosis/Index 

 

Adjusted Patient Cost Responsibility (2007-2011 vs. 2012-2015) Among Individuals who 

Lived at Least 12 Months Post-Index 

Table 15 reports the incremental PMPM patient cost responsibility for MM care, 

in 2012-2015 compared with 2007-2011. The estimated incremental PMPM cost, i.e., the 

PMPM patient cost attributable to MM care was $1,119 (95% CI: $1,079-$1,159) in 2007-

2011 and $1,177 (95% CI: $1,137-$1,218) in 2012-2015, With the PMPM patient cost 

responsibility being slightly higher in 2012-2015 compared with 2007-2011 (average 

marginal cost: $58 (95% CI: $12 - $105). 
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Table 15. Estimated average marginal cost difference between Medicare beneficiaries with MM 

and matched non-cancer controls adjusting for baseline clinical and sociodemographic variables 

among individuals who lived at least 12 months. 

 Mean PMPM cost, $ (95% CI) 

Diagnosis 

Timeframe 
MM Patients 

Non-cancer 

Controls 

Incremental MM 

Cost 

Difference in 

Incremental MM Cost 

between 2007-2011 

and 2012-2016 

2007 – 2011 
$1,312 

(1,273 – 1,351) 

$193 

(175 – 211) 

$1,119 

(1,079 – 1,159) 
- 

2012 – 2015 
$1,380  

(1,342 – 1,419) 

$203 

(185 – 221) 

$1,177 

(1,137 – 1,218) 

$58 

(12 – 105) 

* PMPM cost reflects the average patient cost responsibility per month, i.e., the cost not paid by Medicare; 

Cost adjusted to 2016 US dollars. 

 

Adjusted Patient Cost Responsibility – Yearly Changes (2007-2015) Among Individuals 

who Lived at Least 12 Months Post-Index 

Yearly changes in the adjusted PMPM patient cost responsibility of MM patients 

and the matched controls among individuals who lived at least 12 months post-index are 

depicted in Figure 8. The mean adjusted PMPM cost for MM patients increased over time, 

from $1,265 in 2007 to $1,416 in 2015. The mean adjusted PMPM cost also increased over 

time for the non-cancer controls ($186 in 2007, $208 in 2015). Overall, there was an 

increase in the incremental PMPM cost from $1,079 in 2007 to $1,208 in 2015.  
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Figure 8. Yearly Changes in the Adjusted Mean (SE) PMPM Patient Cost Responsibility Among 

Individuals Who Lived At Least 12 Months Post-Diagnosis/Index 

 

8.3.3 Aim 2b Findings: Full Sample 

 Out of 7,055 Medicare beneficiaries with MM in our study sample, 3,439 

individuals (48.8%) were diagnosed between 2007 and 2011, and 3,616 individuals 

(51.3%) were diagnosed between 2012 and 2015. The characteristics of MM patients 

diagnosed in 2007-2011 and in 2012-2015 are presented in Table 16. Individuals with 

missing variables were excluded from the analysis (analysis sample n = 6,664; Figure 9). 

The characteristics of the study sample stratified by area deprivation quintile are presented 

in the Appendix (Appendix Table 1). 
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Table 16. Characteristics of MM patients stratified by MM diagnosis timeframe (n = 7,055). 

 
Full Sample 

n (%) 

Diagnosis in 

2007 – 2011 

n (%) 

Diagnosis in 

2012 – 2015 

n (%) 

P-value 

Overall 7,055 (100%) 3,439 (48.75%) 3,616 (51.25%)  

Sex    <.01 

Female 3,456 (48.99%) 1,745 (50.7%) 1,711 (47.32%)  

Male 3,599 (51.01%) 1,694 (49.26%) 1,905 (52.68%)  

Race-Ethnicity**     0.05 

Non-Hispanic White  5,066 (71.81%) 2,422 (70.43%) 2,644 (73.12%)  

Non-Hispanic Black 1,075 (15.24%) 541 (15.73%) 534 (14.77%)  

Hispanic 526 (7.46%) 279 (8.11%) 247 (6.83%)  

Other 373 (5.29%) 192 (5.58%) 181 (5.01%)  

Age    0.20 

66-70 1,582 (22.42%) 754 (21.92%) 828 (22.90%)  

71-75 1,724 (24.44%) 813 (23.64%) 911 (25.19%)  

76-80 1,593 (22.58%) 800 (23.26%) 793 (21.93%)  

>80 2,156 (30.56%) 1,072 (31.17%) 1,084 (29.98%)  

Marital Status*    <.01 

Not Marriedb 3,068 (43.49%) 1,589 (46.21%) 1,479 (40.90%)  

Married 3,674 (52.08%) 1,712 (49.78%) 1,962 (54.26%)  

Unknown 313 (4.44%) 138 (4.01%) 175 (4.84%)  

Geographic Region    0.17 

Northeast 1,448 (20.52%) 680 (19.77%) 768 (21.24%)  

Midwest 1,059 (15.01%) 498 (14.48%) 561 (15.51%)  

South  1,858 (26.34%) 917 (26.66%) 941 (26.02%)  

West 2,690 (38.13%) 1,344 (39.08%) 1,346 (37.22%)  

Rural/Urban Residence**    0.46 

Urban/Metropolitan 6,882 (97.55%) 3,359 (97.67%) 3,523 (97.43%)  

Rural 163 (2.31%) 77 (2.24%) 86 (2.38%)  

Poor Performance Status 

Proxy 

   <.01 

No  4,179 (59.23%) 1,936 (56.30%) 2,243 (62.03%)  

Yes 2,876 (40.77%) 1,503 (43.70%) 1,373 (37.97%)  

NCI Comorbidity Index*    0.53 

0 2,734 (38.75%) 1,328 (38.62%) 1,406 (38.88%)  

0 < Index ≤ 2 1,888 (26.76%) 941 (27.36%) 947 (26.19%)  

2 < Index ≤ 4  1,219 (17.28%) 585 (17.01%) 634 (17.53%)  

>4 1,154 (16.36%) 551 (16.02%) 603 (16.68%)  

Unknown 60 (0.85%) 34 (0.99%) 26 (0.72%)  

Cost-Sharing Assistance    <.01 

No assistance 1,573 (22.30%) 702 (20.41%) 871 (24.09%)  

Parts A, B and D assistance 1,798 (25.49%) 1,001 (29.11%) 797 (22.04%)  

Part D assistance only 317 (4.49%) 174 (5.06%) 143 (3.95%)  

Parts A/B assistance only 3,367 (47.73%) 1,562 (45.42%) 1,805 (49.92%)  

Annual Income Proxy ($)c    <.01 

≤35,000 1,858 (26.34%) 1,161 (33.76%) 697 (19.28%)  

35,001-50,000 2,060 (29.20%) 1,064 (30.94%) 996 (27.54%)  

50,001-65,000 1,357 (19.23%) 590 (17.16%) 767 (21.21%)  

>65,000 1,780 (25.23%) 624 (18.14%) 1,156 (31.97%)  
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Table 16 continued. 

Area Deprivation 

Quintile**d 

   <.05 

1 1,415 (20.06%) 655 (19.05%) 760 (21.02%)  

2 1,407 (19.94%) 680 (19.77%) 727 (20.11%)  

3 1,417 (20.09%) 671 (19.51%) 746 (20.63%)  

4 1,342 (19.02%) 679 (19.74%) 663 (18.34%)  

5 1,464 (20.75%) 751 (21.84%) 713 (19.72%)  
a Chi-square test was used for categorical variables. 
b ‘Not married’ includes widowed, divorced, separated, and never married. 
c Zip-code level median household income was used as a proxy for individual income.  

d Quintile 1 = least deprived, Quintile 5 = most deprived. 

*Unknown due to missing data. 

**May not add up to 100% due to missing data; Unknown values not shown due to cell size being <11. 

 

 

 

Figure 9. Number of individuals included in the (a) full study sample and (b) subgroup of 

individuals who lived at least 12 months post-diagnosis (sensitivity analysis). 
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 For the assessment of the association between MM diagnosis period, area 

deprivation and (a) any MM treatment receipt and (b) treatment receipt within 30 days, 

the ICCs of the null models indicated that treatment receipt and time to treatment did not 

vary significantly by county, thereby not necessitating the use of multilevel models 

(Table 17).  

 

Table 17. Progression of intraclass correlation coefficients at the county level for the association 

between diagnosis time period, area deprivation and each of the following outcomes: (a) any MM 

treatment receipt, (b) treatment receipt within 30 days, (c) novel agent-based regimen receipt, (d) 

chemotherapy regimen receipt. 

Regression Equation 
Covariance estimates for intercept (P-value); 

Intraclass Coefficient (ICC) 

(a) Any MM treatment receipt*§  

Null model 
0.0173 (P=0.16); 

ICC = 0.52% 

(b) Treatment receipt within 30 days*§  

Null model 
0.0247 (P=0.05); 

ICC = 0.75% 

(c) Novel agent-based regimen receipt  

Null model 
0.0948 (P<.05); 

ICC = 2.80% 

Outcome = diagnosis time period + e 
0.0935 (P<.01); 

ICC = 2.76% 

Outcome = diagnosis time period + other individual-

level variables + e 

0.0485 (P<.05); 

ICC = 1.45% 

Outcome = diagnosis time period + other individual-

level variables + area deprivation + area 

deprivation*diagnosis time period + e 

0.0281 (P=0.14); 

ICC = 0.85% 

(d) Chemotherapy regimen receipt*§  

Outcome = diagnosis time period + e 
0.0614 (P=0.29); 

ICC = 0.02% 

*Use of multilevel models deemed unnecessary. 
§ ICCs are displayed only for the null models because the county-level ICCs were not statistically 

significant, i.e., multi-level models were deemed unnecessary.  
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Multivariable logistic regression models adjusting for baseline sociodemographic and 

clinical factors were therefore used, the results of which are presented in Table 18. Of the 

individuals diagnosed with MM in 2007-2011, individuals residing in the most deprived 

area had a significantly lower odds of receiving any MM treatment compared with 

individuals residing in the least deprived area (OR: 0.73 [95% CI: 0.56 – 0.96]). Of the 

individuals diagnosed with MM in 2012-2015, there was no statistically significant 

difference in the odds of receiving any MM treatment across the area deprivation quintiles. 

For both diagnosis periods, there was no statistically significant difference in time to 

treatment receipt across the area deprivation quintiles. (Table 18).   

 

Table 18. Fully adjusted models for the association between the diagnosis timeframe (2007-2011 

or 2012-2015), area deprivation and the following outcomes: (a) any MM treatment receipt in the 

full sample, (b) treatment receipt within 30 days in the full sample, (c) novel agent-based regimen 

receipt among treated, and (d) chemotherapy regimen receipt among treated. 

Variable 
Adjusted Odds Ratio  

(95% CI) 
P-value 

Outcome: Any MM treatment receipt (n=6,664)   

Diagnosis Period*SDI Quintile  0.23 

Diagnosis in 2007 – 2011   

SDI Quintile 1  Ref   

SDI Quintile 2 0.89 (0.68 – 1.18)  

SDI Quintile 3  0.94 (0.71 – 1.25)  

SDI Quintile 4  0.89 (0.67 – 1.20)  

SDI Quintile 5  0.73 (0.56 – 0.96)  

Diagnosis in 2012 – 2015   

SDI Quintile 1  Ref   

SDI Quintile 2 0.84 (0.63 – 1.12)  

SDI Quintile 3  0.81 (0.60 – 1.08)  

SDI Quintile 4  0.77 (0.57 – 1.05)  

SDI Quintile 5  0.93 (0.69 – 1.26)  

Outcome: Treatment receipt within 30 days (n=6,664)   

Diagnosis Period*SDI Quintile  0.09 

Diagnosis in 2007 – 2011   

SDI Quintile 1  Ref   

SDI Quintile 2 1.12 (0.86 – 1.45)  

SDI Quintile 3  1.11 (0.85 – 1.46)  

SDI Quintile 4  1.27 (0.96 – 1.68)  

SDI Quintile 5  0.88 (0.67 – 1.17)  
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Table 18 continued. 

Diagnosis in 2012 – 2015   

SDI Quintile 1  Ref   

SDI Quintile 2 1.23 (0.97 – 1.56)  

SDI Quintile 3  0.92 (0.72 – 1.17)  

SDI Quintile 4  0.96 (0.74 – 1.25)  

SDI Quintile 5  1.01 (0.78 – 1.30)  

Outcome: Novel regimen receipt among treated (n=5,248)   

Diagnosis Period*SDI Quintile  0.43 

Diagnosis in 2007 – 2011   

SDI Quintile 1  Ref  

SDI Quintile 2 0.98 (0.73 – 1.31)  

SDI Quintile 3  0.85 (0.63 – 1.15)  

SDI Quintile 4  1.03 (0.75 – 1.40)  

SDI Quintile 5  0.95 (0.69 – 1.31)  

Diagnosis in 2012 – 2015   

SDI Quintile 1  Ref  

SDI Quintile 2 0.73 (0.53 – 0.99)  

SDI Quintile 3  0.71 (0.51 – 0.98)  

SDI Quintile 4  0.92 (0.65 – 1.31)  

SDI Quintile 5  0.67 (0.48 – 0.94)  

Outcome: Chemo regimen receipt among treated (n=5,248)   

Diagnosis Period*SDI Quintile  0.75 

Diagnosis in 2007 – 2011   

SDI Quintile 1  Ref   

SDI Quintile 2 0.84 (0.25 – 2.82)  

SDI Quintile 3  1.70 (0.58 – 4.99)  

SDI Quintile 4  0.62 (0.16 – 2.41)  

SDI Quintile 5  2.30 (0.79 – 6.76)  

Diagnosis in 2012 – 2015   

SDI Quintile 1  Ref   

SDI Quintile 2 1.77 (0.74 – 4.23)  

SDI Quintile 3  1.73 (0.70 – 4.25)  

SDI Quintile 4  0.86 (0.29 – 2.53)  

SDI Quintile 5  2.09 (0.83 – 5.23)  

 

 

A multilevel model was deemed necessary for the outcome of novel agent-based 

regimen receipt among individuals who received any treatment. In the null model for novel 

agent-based regimen receipt, the county-level ICC was 2.8%. That is, 2.8% of the variation 

in the odds of receiving a novel agent-based regimen was accounted for by the county in 

which the individual resided at the time of diagnosis. As other variables were added to the 

multilevel model, including the variable for the type of cost-sharing assistance, the ICC 
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decreased at each step, indicating that adjusting for these characteristics may account for 

the variation in novel agent-based regimen receipt across counties, and the final, fully-

adjusted model had 0.9% of the variation in novel agent-based regimen receipt associated 

with the county of residence (Table 17).  

Of the individuals diagnosed with MM in 2007-2011 who received any treatment, 

there was no statistically significant difference in the odds of receiving a novel agent-based 

regimen across the area deprivation quintiles. Among individuals diagnosed with MM in 

2012-2015, individuals residing in Quintiles 2, 3 and 5 had a significantly lower odds of 

receiving a novel agent-based regimen compared with individuals residing in the least 

deprived area, Quintile 1 (Table 18).  

For both diagnosis periods, among individuals who received any treatment, there 

was no statistically significant difference in the odds of receiving a chemotherapy regimen 

across the area deprivation quintiles. 

8.3.4 Aim 2b Findings: Sensitivity Analysis 

The ICCs for the assessment of the association between MM diagnosis period, area 

deprivation and (a) any MM treatment receipt, (b) treatment receipt within 30 days, (c) 

novel agent-based regimen receipt among treated, and (d) chemotherapy regimen receipt 

among treated in the subgroup of individuals who lived at least 12 months are presented in 

Table 19. 
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Table 19. Progression of intraclass correlation coefficients at the county level for the association 

between diagnosis time period, area deprivation and each of the following outcomes: (a) any MM 

treatment receipt, (b) treatment receipt within 30 days, (c) novel agent-based regimen receipt, (d) 

chemotherapy regimen receipt among individuals who lived at least 12 months. 

Regression Equation 
Covariance estimates for intercept (P-value); 

Intraclass Coefficient (ICC) 

(a) Any MM treatment receipt*§  

Null model 
0.0180 (P=0.31); 

ICC = 0.54% 

(b) Treatment receipt within 30 days*§  

Null model 
0.0234 (P=0.11); 

ICC = 0.71% 

(c) Novel agent-based regimen receipt  

Null model 
0.0948 (P<.05); 

ICC = 2.80% 

Outcome = diagnosis time period + e 
0.1109 (P<.05); 

ICC = 3.26% 

Outcome = diagnosis time period + other individual-

level variables + e 

0.0477 (P=0.11); 

ICC = 1.43% 

Outcome = diagnosis time period + other individual-

level variables + area deprivation + area 

deprivation*diagnosis time period + e 

0.0395 (P=0.17); 

ICC = 1.19% 

(d) Chemotherapy regimen receipt*§  

Outcome = diagnosis time period + e 
0.1247 (P=0.21); 

ICC = 3.65% 

*Use of multilevel models deemed unnecessary. 
§ ICCs are displayed only for the null models because the county-level ICCs were not statistically 

significant, i.e., multi-level models were deemed unnecessary.  

 

The results of the sensitivity analysis (Table 20) were similar to the full sample 

analysis. Of the individuals diagnosed with MM in 2007-2011, individuals residing in the 

most deprived area had significantly lower odds of receiving any MM treatment compared 

with individuals residing in the least deprived area (OR: 0.64; 95% CI: 0.42 – 0.97). Of the 

individuals diagnosed with MM in 2012-2015, there was no statistically significant 

difference across the area deprivation quintiles in the odds of receiving any MM treatment. 

For both diagnosis periods, there was no statistically significant difference in time to MM 
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treatment initiation and in the odds of receiving a chemotherapy regimen across the area 

deprivation quintiles. 

Of the individuals diagnosed with MM in 2007-2011 who received any treatment, 

there was no statistically significant difference across the area deprivation quintiles in the 

odds of receiving a novel agent-based regimen. Of the individuals diagnosed with MM in 

2012-2015, individuals residing in Quintile 2, 3 and 5 had a significantly lower odds of 

receiving a novel agent-based regimen compared with individuals residing in the least 

deprived area. There was no statistically significant difference between Quintile 4 and the 

least deprived area (Quintile 1). 

 

Table 20. Fully adjusted models for the association between the diagnosis timeframe (2007-2011 

or 2012-2015), area deprivation and the following outcomes among individuals who lived at least 

12 months post-diagnosis: (a) any MM treatment receipt in the full sample, (b) treatment receipt 

within 30 days in the full sample, (c) novel agent-based regimen receipt among treated, and (d) 

chemotherapy regimen receipt among treated. 

Variable 
Adjusted Odds Ratio  

(95% CI) 
P-value 

Outcome: Any MM treatment receipt (n=4,379)   

Diagnosis Period*SDI Quintile  <.05 

Diagnosis in 2007 – 2011   

SDI Quintile 1  Ref   

SDI Quintile 2 0.75 (0.50 – 1.12)  

SDI Quintile 3  0.96 (0.62 – 1.48)  

SDI Quintile 4  1.00 (0.63 – 1.59)  

SDI Quintile 5  0.64 (0.42 – 0.97)  

Diagnosis in 2012 – 2015   

SDI Quintile 1  Ref   

SDI Quintile 2 0.84 (0.56 – 1.26)  

SDI Quintile 3  1.05 (0.68 – 1.61)  

SDI Quintile 4  1.14 (0.71 – 1.82)  

SDI Quintile 5  1.59 (0.98 – 2.57)  

Outcome: Treatment receipt within 30 days (n=4,379)   

Diagnosis Period*SDI Quintile  <.05 

Diagnosis in 2007 – 2011   

SDI Quintile 1  Ref   

SDI Quintile 2 1.00 (0.74 – 1.36)  

SDI Quintile 3  1.14 (0.83 – 1.56)  

SDI Quintile 4  1.31 (0.94 – 1. 83)  

SDI Quintile 5  0.79 (0.57 – 1.11)  
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Table 20 continued. 

Diagnosis in 2012 – 2015   

SDI Quintile 1  Ref   

SDI Quintile 2 1.23 (0.94 – 1.63)  

SDI Quintile 3  0.90 (0.68 – 1.20)  

SDI Quintile 4  1.02 (0.75 – 1.39)  

SDI Quintile 5  1.05 (0.78 – 1.41)  

Outcome: Novel regimen receipt among treated (n=3,833)   

Diagnosis Period*SDI Quintile  0.57 

Diagnosis in 2007 – 2011   

SDI Quintile 1  Ref  

SDI Quintile 2 0.93 (0.66 – 1.30)  

SDI Quintile 3  0.83 (0.59 – 1.19)  

SDI Quintile 4  1.04 (0.72 – 1.52)  

SDI Quintile 5  0.88 (0.61 – 1.28)  

Diagnosis in 2012 – 2015   

SDI Quintile 1  Ref  

SDI Quintile 2 0.64 (0.44 – 0.93)  

SDI Quintile 3  0.66 (0.45 – 0.98)  

SDI Quintile 4  0.70 (0.46 – 1.06)  

SDI Quintile 5  0.64 (0.42 – 0.96)  

Outcome: Chemo regimen receipt among treated (n=3,833)   

Diagnosis Period*SDI Quintile  0.50 

Diagnosis in 2007 – 2011   

SDI Quintile 1  Ref   

SDI Quintile 2 0.79 (0.20 – 3.04)  

SDI Quintile 3  1.64 (0.51 – 5.31)  

SDI Quintile 4  0.72 (0.17 – 2.96)  

SDI Quintile 5  2.85 (0.90 – 9.04)  

Diagnosis in 2012 – 2015   

SDI Quintile 1  Ref   

SDI Quintile 2 1.77 (0.66 – 4.76)  

SDI Quintile 3  1.62 (0.59 – 4.44)  

SDI Quintile 4  0.41 (0.10 – 1.73)  

SDI Quintile 5  1.83 (0.64 – 5.23)  

   

 

 

8.4 DISCUSSION 

The findings of this study highlight the high patient cost responsibility faced by 

Medicare beneficiaries with MM compared with the average Medicare beneficiary without 

cancer. The incremental PMPM patient cost responsibility attributable to MM care, i.e., the 

difference in the patient cost responsibility between MM patients and non-cancer controls, 

was over $1,000 over the entire study timeframe, which equates to over $12,000 per year. 
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This highlights the considerable cost burden placed on MM patients who do not have cost-

sharing assistance to help pay for health care.  

A sensitivity analysis consisting of individuals who lived at least 12 months post-

diagnosis was conducted because we found that a greater proportion of individuals 

diagnosed in 2007-2011 lived less than 12 months following diagnosis compared with 

individuals diagnosed in 2012-2015 (Appendix Table 3), which is in line with the findings 

of prior literature showing steady improvement in survival among MM patients over the 

past two decades.39 Prior studies have found that elderly cancer patients incur higher costs 

in the terminal phase of their lives,87 and that may partly explain why MM care costs are 

higher in the earlier diagnosis period than the later period. When we limited the sample to 

individuals who lived at least 12 months following diagnosis, we found that the PMPM 

patient cost responsibility for MM care increased steadily over time, from $1,079 in 2007 

to $1,208 in 2015. The increase in costs may be attributable to the increased use of triplet 

regimens and SCT among elderly MM patients in the later years, and/or due to the use of 

more expensive novel agents. Although the Medicare coverage gap, commonly known as 

the donut hole, was gradually closed from 2011 onwards following the passage of the 

Affordable Care Act, we see that the patient cost responsibility for MM care still increased, 

raising the question of how future policies should be shaped in order to reduce the cost 

burden encountered by patients with cancer who require costly treatments but do not 

qualify for public cost-sharing assistance programs such as the low-income subsidy or 

Medicaid, and cannot afford supplemental insurance.  

We also assessed how differences in treatment receipt between individuals residing 

in more and less deprived areas have changed over time for elderly Medicare beneficiaries 
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with MM. We hypothesized that with a shift in the MM treatment landscape towards the 

use of more costly regimens, the gap in treatment receipt between individuals residing in 

the most and least socioeconomically deprived areas may widen over time. Contrary to our 

expectation, we found that the odds of receiving any MM treatment was approximately 30 

to 40% lower for individuals residing in the most deprived area compared with the least 

deprived area in 2007-2011 but not in 2012-2015 (for the full sample and for the subgroup 

of individuals who lived at least 12 months post-diagnosis). This suggests that area-level 

disparities in any MM treatment receipt may be narrowing over time. This finding may be 

partly explained by increased awareness about MM and it is possible that oncologists have 

become more comfortable treating patients with MM. Furthermore, although the newer 

novel agents tend to be more expensive compared with traditional chemotherapy 

treatments, many of these agents can be orally administered or administered in the 

outpatient setting, which may allow for easier access. Medicaid expansion in 2014 may 

have also contributed to improved access over time because more individuals may have 

become eligible for Medicaid. 

Among individuals who received any MM treatment, there was no statistically 

significant difference in the odds of receiving a novel agent-based regimen across the area 

deprivation quintiles in 2007-2011. On the other hand, in 2012-2015, some differences 

were observed between the least deprived quintile (Quintile 1) and some, but not all of the 

other more deprived quintiles. The likelihood of receiving a novel agent-based regimen 

was lower in Quintiles 2, 3 and 5 compared with Quintile 1, but there was no statistically 

significant difference between Quintile 4 and Quintile 1. This suggests that although 

disparities in terms of receiving any MM treatment seem to be narrowing over time, area-
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based socioeconomic differences in the receipt of novel agent-based regimens, which have 

become the recommended therapy of choice, have arisen over time, although not linearly 

across all area deprivation quintiles. More research is needed to understand why elderly 

MM patients residing in more deprived areas are less likely to receive novel agent-based 

regimens compared with patients residing in less deprived areas. Regimens that include 

novel agents such as IMIDs and PIs have been shown to improve survival outcomes among 

newly diagnosed MM patients, and are recommended as frontline treatment in both 

transplant eligible and ineligible patients.92–95 The reasons for differential access to novel 

agent-based regimens among MM patients need to be understood in order to reduce area-

level disparities in treatment access which may lead to disparate patient outcomes. 

 The findings of this study must be considered in the context of its limitations. The 

patient cost responsibility variable used in this study represents the cost not covered by 

Medicare that is the responsibility of the patient. It must be noted that if the patient has 

supplemental insurance or a secondary insurance provider, part of this cost may be paid for 

by that secondary payer. Current data limited our ability to identify who paid for the 

patient-responsibility cost and what portion of the patient responsibility cost was paid for. 

Although we were not able to measure exact out-of-pocket costs, the cost estimates reflect 

the direct medical costs for Medicare beneficiaries with MM without secondary coverage. 

8.5 CONCLUSIONS 

The results of this study suggest that the patient cost responsibility for MM care 

among Medicare beneficiaries with MM who may not have secondary sources of insurance 

coverage is substantial. Furthermore, among individuals who lived at least 12 months 
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following diagnosis, the patient cost responsibility for MM care appears to be increasing 

over time (2007-2015). During the same timeframe, the difference in the likelihood of 

receiving any MM treatment between the most and least socioeconomically deprived areas 

became statistically insignificant in the later years (2012-2015), but the difference in the 

likelihood of receiving a novel agent-based regimen increased over time across most area 

deprivation quintiles. This suggests that there may be area-level disparities in access to 

novel agent-based regimens. 
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9 Aim 3: Association of the Medicare Low-Income Subsidy and Area Deprivation 

with Mortality in Multiple Myeloma & the Mediating Effect of Treatment Receipt 

9.1 INTRODUCTION 

While the prognosis of Multiple Myeloma (MM) has improved with the 

introduction of novel agents, this gain in MM therapy has come with increased costs, with 

several new MM drugs costing more than $100,000 per year,96 and accessible to only a 

fraction of patients with MM partly due to their high cost.96 The prohibitive cost of many 

MM drugs is a major barrier to treatment access.96  Due to the need for multi-drug regimens 

in many cases that combine two or more costly drugs which can cost up to approximately 

$590,000 per year,96 financial hardship due to out-of-pocket costs may be particularly 

relevant to patients with MM.45 

Cost-sharing requirements for oral agents can be high for Medicare beneficiaries 

with MM, particularly for patients with Medicare Part D coverage who are not eligible for 

the low-income subsidy (LIS) program (or “Extra Help”). The LIS program provides cost-

sharing assistance for Part D drugs for Medicare beneficiaries with limited income and 

asset levels. Individuals who qualify and are enrolled in the program face much lower out-

of-pocket costs, with the maximum co-pay for full-LIS recipients being $3.60 for generics 

and $8.95 for brand-name drugs.97 A prior study found the median out-of-pocket costs for 

the first year of therapy with IMiDs to be $5,623 for LIS non-recipients and $6 for LIS 

recipients, highlighting the drastic difference in out-of-pocket costs.2 

There may be differential access to treatments within the elderly MM population 

due to barriers related to cost as well as their socioeconomic environment. Several studies 
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have shown that high out-of-pocket costs can be a barrier to initiating or maintaining 

treatment among cancer patients.3,13,14,98,99 Previous studies indicate that the environment 

in which one lives also influences how a patient accesses care and what specific therapeutic 

modalities are selected for treatment,6,100 and area-level socioeconomic status (SES) has 

been shown to be associated with variation in treatment uptake.101 Hence, both individual-

level factors, including the patient share of the cost, as well as broader environmental 

factors such as area deprivation, i.e., the level of socioeconomic disadvantage in an area, 

may impact access to treatment, and play an important role for individual health. It is yet 

unknown how these factors are intertwined to affect outcomes such as survival. 

Prior studies have identified socioeconomic disparities in not only treatment access, 

but also patient outcomes, such as survival, among MM patients in the United States 

(US).102,103 Furthermore, the literature suggests that there may be a cross-level interaction 

between individual and area-level SES on mortality, with area-level SES effects on 

mortality being different for individuals of low and high SES.104,105 There is evidence that 

enrollment in the LIS program is associated with increased uptake of oral MM treatments,2 

but it is unknown whether this benefit confers improved survival among MM patients. It is 

also unknown if the effects of area deprivation on mortality differ by LIS status among 

MM patients in the US, that is, we do not yet know how individual and area-level factors 

interact to affect survival outcomes among MM patients. The effects of the cross-level 

interaction between LIS status and area deprivation on mortality among MM patients is an 

important issue that is yet to be understood.  
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This study aimed to: (Aim 3a) assess the associations between LIS status, area 

deprivation and all-cause mortality, and (Aim 3b) test whether the associations between 

LIS, area deprivation and mortality are mediated by treatment receipt.  

9.2 METHODS 

Data Source and Study Population 

This retrospective cohort study was conducted using the Surveillance, 

Epidemiology, and End Results (SEER)—Medicare data (2006-2016), which links data 

from the SEER cancer registry to Medicare enrollment and administrative claims data. The 

Social Deprivation Index (SDI) was used as the area deprivation measure.60 

The study sample consisted of individuals diagnosed with MM between 2007 and 

2015, who were aged 66 years or older at the time of diagnosis. All individuals were 

required to have continuous Medicare Parts A and B enrollment and no HMO enrollment 

until death or end of study, and have Part D coverage at diagnosis. Individuals without 

ICD-9 codes for MM-defining clinical features, referred to as the CRAB criteria (calcium 

[elevated], renal failure, anemia, and bone lesions) were excluded as this would be 

suggestive of smoldering/asymptomatic myeloma which is typically not treated the same 

way as active MM. Individuals were also excluded if they did not have histologic 

confirmation of MM, if they were diagnosed with MM at autopsy or through death 

certificate only, or if their diagnosis date was unknown.  
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Measures  

All-cause Mortality 

All-cause mortality was the outcome of interest. Using the date of death from 

Medicare data, the time from the date of diagnosis to death due to any cause was calculated 

in months. Patients alive as of December 31, 2016 were censored. 

Area Deprivation 

The county-level SDI60 was linked to individual-level SEER-Medicare data based 

on the county of residence recorded for the month of diagnosis. The SDI is a composite 

index of area deprivation based on 7 domains (income, education, employment, housing, 

household characteristics, transportation, and demographics), developed using 2008-2012 

and 2011-2015 American Community Survey data.60,63 2008-2012 SDI was used for 

individuals diagnosed between 2007-2010 and 2011-2015 SDI was used for individuals 

diagnosed between 2011-2015. The SDI was used to group individuals into quintiles of 

area deprivation, ranging from the least-deprived (Quintile 1) to the most-deprived 

(Quintile 5). 

Low Income Subsidy  

Receipt of the LIS was directly recorded by Medicare for every calendar month. 

LIS status was measured at MM diagnosis consistent with prior literature2,106,107 and 

operationalized as a binary variable (LIS recipient vs. non-recipient). 

Treatment 

To determine whether the association between LIS, area deprivation and mortality 

is mediated by treatment receipt, treatment receipt was assessed using Medicare claims. 
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The receipt of any MM treatment (stem cell transplant [SCT] or drug treatment, including 

novel agents, traditional chemotherapy agents and steroids) during follow-up was 

measured as a binary variable from Medicare medical and prescription claims. Among 

individuals who received any treatment, the receipt of an orally administered novel agent 

within 1 year of diagnosis was assessed. The receipt of a novel agent-based triplet regimen 

(hereinafter, “triplet regimen”) as first-line therapy was also assessed among individuals 

who received any MM treatment. A triplet regimen was defined as a regimen that includes 

two novel agents and a corticosteroid or a novel agent with a traditional chemotherapy 

agent and a corticosteroid, e.g., lenalidomide, bortezomib and dexamethasone, or 

bortezomib, cyclophosphamide and dexamethasone.95 A first-line regimen was defined as 

all MM agents dispensed or administered within 30 days of the first fill/administration of 

a MM treatment following diagnosis.64,65  

Covariates 

Sociodemographic covariates included age at diagnosis, sex, race-ethnicity, marital 

status, geographic region, zip-code level median household income as a proxy for 

individual income, rural/urban residence and year of diagnosis. Clinical and health status 

covariates included indicators of baseline health, including the NCI comorbidity index, a 

proxy for performance status, indicated by the presence of at least one of the following 

events during the 12-month pre-diagnosis period: hospitalization, skilled nursing or long-

term care facility stay, hospice stay, oxygen use, and the use of walking aids or 

wheelchairs.67,68 The presence of monoclonal paraproteinemia, anemia, neuropathy, and 

kidney disease was also measured at baseline, similar to another MM study.4 In several 

studies, renal impairment was found to adversely affect MM patient outcomes, with the 
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median survival of patients with MM and renal failure being lower than patients without 

renal failure, at less than 2 years.29,108,109 Similarly, neuropathy, especially those affecting 

the autonomic nerves may cause severe symptoms such as hypotension and affect bodily 

functions such as maintenance of blood pressure and breathing, which although rare, can 

be life threatening.110 Studies have also found low hemoglobin levels to affect overall 

survival among hematologic cancer patients.111 Observational studies have suggested 

better outcomes (e.g., survival) in patients with MM previously under follow-up for 

monoclonal paraproteinemia (also known as monoclonal gammopathy of unknown 

significance [MGUS]) compared with those without a previous MGUS diagnosis, possibly 

due to earlier MM diagnosis.112,113 A study suggested that MGUS follow-up is associated 

with fewer complications at MM diagnosis.114 Therefore, the presence of monoclonal 

paraproteinemia, anemia, neuropathy, and kidney disease measured in the pre-diagnosis 

period were included as covariates in the analytic models. These indicators of baseline 

health were controlled for in order to minimize the potential for biased survival estimates 

stemming from imbalances in baseline prognostic factors, i.e., LIS recipients are 

individuals with low income who are more likely to have poor baseline health and 

subsequently experience poor survival outcomes. 

Instrumental Variables  

State-level instrumental variables (IVs) were used to correct for potential 

endogeneity related to the receipt of the LIS by Medicare beneficiaries. The percentage of 

the total population in each state with Medicare and Medicaid, and with Medicare and 

private insurance were obtained from the Kaiser Family Foundation69 to be used as IVs, 

and merged at the state level by year of diagnosis for each individual. Following prior 
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studies that have used similar state-level instruments,70,71 these IVs were selected because 

they were expected to be highly correlated with the type of insurance an individual has and 

the likelihood of enrollment in cost-sharing assistance  programs such as the LIS program, 

but not directly related to the outcomes of interest, i.e. individual mortality.  

Statistical Analysis 

(a) Assessment of the associations between LIS receipt, area deprivation and all-cause 

mortality 

Chi-square tests were used to descriptively compare categorical variables across 

the comparison groups. Survival plots generated using the Kaplan-Meier method and log-

rank tests were used to evaluate the differences in overall survival (OS) by LIS status, and 

by area deprivation quintile.  

The hazard of death was estimated from univariate and multivariable analyses using 

mixed effects Cox proportional hazards (PH) models. Because of evident non-proportional 

hazards for marital status, performance status, anemia, and year of diagnosis, interactions 

between time and these variables were added to the Cox PH model.  

Inverse Probability of Treatment Weights (IPTW) were estimated and applied to 

further control for potential bias from systematic differences between LIS recipients and 

non-recipients. Propensity scores were estimated using a logistic regression model that 

included variables associated with LIS receipt and survival or survival alone.115 

Accordingly, the following variables were included in the propensity score model: age, 

marital status, race-ethnicity, proxy for performance status, NCI comorbidity index, 

geographic region, renal disease, anemia, neuropathy, paraproteinemia, and a proxy for 
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income. Using the propensity scores, stabilized weights were computed and applied to the 

sample to achieve adequate balance of measured covariates between LIS recipients and 

non-recipients. Standardized differences between the groups were calculated to assess the 

balance in characteristics. Good balance was defined as a standardized difference < 0.1.116  

A two-stage residual inclusion (2SRI) IV analysis was performed to test and correct 

for potential bias arising from endogeneity related to the receipt of the LIS. The 2SRI 

approach was chosen as it generates a consistent estimator in nonlinear models.74 In the 

first stage, the potentially endogenous LIS variable was regressed on the IVs and the 

control variables. Residuals were generated from the first-stage regression and stored. In 

the second stage, the outcome of interest was estimated as a function of the potentially 

endogenous variable, the control variables, and the predicted residuals from the first-stage 

regression. 

The distributions of the two IVs were examined. To test the linearity of the logit in 

the first-stage regression, i.e., to determine if the IVs as continuous variables are linearly 

related to the log odds of the endogenous variable, that is, the Y in the first-stage regression, 

the Box-Tidwell test was performed. The natural logarithms of the IVs were added to the 

first-stage regression model and tested for statistical significance. 

The strength of the IVs was assessed by examining the F-statistic from the joint 

significance test. An F-statistic greater than 10 in the first-stage regression indicated strong 

IVs.76 The independence/exogeneity requirement was gauged by testing overidentifying 

restrictions as outlined by Wooldridge.75 Overidentifying restrictions were tested by the 

following steps: 1) the outcome variable was regressed on the IVs, the potentially 

endogenous variable, and all other control variables, 2) the generated residuals were 
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regressed on all exogenous variables, and 3) under the null hypothesis that all IVs are 

uncorrelated with the error term, if n*R-squared exceeded the 5% critical value in the chi-

square distribution with the degrees of freedom (df) being equal to the number of IVs minus 

the number of endogenous variable(s), we rejected the null hypothesis and concluded that 

at least some of the IVs are not exogenous.75 The statistical significance of the estimated 

coefficient on the residuals were also evaluated, as in the 2SRI model, the significance of 

the residuals indicates whether there is evidence of endogeneity.77  

(b) Assessment of whether the associations between LIS, area deprivation and 

mortality are mediated by treatment receipt 

Chi-square tests were used to descriptively compare categorical variables across 

the comparison groups. To assess whether the association between LIS status, area 

deprivation and mortality is mediated by MM treatment receipt (Figure 10), first, an 

adjusted multilevel logistic regression model was used to estimate the association between 

LIS status, area deprivation and the receipt of any MM treatment (SCT or drug treatment).  

Second, the association between LIS status, area deprivation, and mortality was 

estimated using mixed effects Cox PH models, first, without controlling for treatment 

receipt, and then controlling for treatment receipt. We assessed how the association 

between LIS, area deprivation and mortality changed after controlling for the receipt of 

any treatment. This provided an indication of the mediation effect of receiving treatment. 

The Sobel test was performed to test the significance of the indirect mediation effect.117 

IPTWs were estimated and applied to control for potential bias from systematic differences 

between LIS recipients and non-recipients. Propensity scores were estimated using a 

logistic regression model that included variables associated with LIS receipt and survival 
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or survival alone.115 Accordingly, the following variables were included in the propensity 

score model: age, marital status, race-ethnicity, proxy for performance status, NCI 

comorbidity index, geographic region, renal disease, anemia, neuropathy, paraproteinemia, 

and a proxy for income. Using the propensity scores, stabilized weights were calculated 

and applied to the Cox PH model. Standardized differences between the groups were 

calculated to assess the balance in characteristics. Good balance was defined as a 

standardized difference < 0.1.116  

Third, the association between MM treatment receipt and the hazard of death was 

estimated using an IPTW-mixed effects Cox PH model. IPTW was estimated based on the 

propensity of receiving any MM treatment and applied to the Cox PH model to address the 

possibility of selection bias where healthier patients who are likely to live longer are more 

likely to receive treatment than sicker patients with a poorer prognosis, making the 

treatment appear more effective in prolonging survival. 

 

Figure 10. Hypothesized associations between LIS receipt, area deprivation and mortality, and the 

mediating effect of MM treatment receipt. 
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Subgroup Analysis 

Among the subgroup of individuals who received any treatment for MM, we 

estimated the association between LIS status, area deprivation, and mortality. To assess 

whether the association between LIS status, area deprivation and mortality is mediated by 

the receipt of a triplet regimen, we estimated (1) the association between LIS status, area 

deprivation and the receipt of a triplet regimen as first line therapy among individuals who 

received any treatment, (2) the association between LIS, area deprivation, and mortality 

controlling for triplet regimen receipt, and (3) the association between the receipt of a 

triplet regimen and the hazard of death. The same analysis was performed for the receipt 

of an oral novel agent within 1 year of diagnosis. 

All models reported estimates with 95% confidence intervals (CI). All analyses 

were conducted using SAS Studio (SAS Institute, Cary, NC). 

9.3 RESULTS  

9.3.1 Aim 3a findings: Assessment of the associations between LIS receipt, area 

deprivation and all-cause mortality 

Study Sample 

Among 7,637 individuals with MM who met our inclusion criteria, 29.7% were LIS 

recipients at diagnosis. The median age of the study sample was 77 years (IQR: 71-83), 

and 49.8% were female. Of the study sample, 71.8% were non-Hispanic White and 15.0% 

were non-Hispanic Black. Compared with individuals without the LIS, LIS recipients were 

more often male, non-White, not married, had poor performance status, more 
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comorbidities, and indicators of worse baseline MM status – neuropathy, anemia, and renal 

disease. A larger proportion of LIS recipients were individuals with lower annual income, 

and individuals residing in more deprived areas (Table 21). The characteristics of the study 

sample stratified by area deprivation are shown in Appendix Table 4. 

 

Table 21. Characteristics of patients with MM, stratified by LIS status (n= 7,637). 

 
All Patients 

n (%) 

LIS 

n (%) 

No LIS 

n (%) 
P-valuea 

Overall 7,637 (100%) 2,268 (29.70%) 5,369 (70.30%)  

Sex    <.01 

Male 3,831 (50.16%) 925 (40.78%) 2,906 (54.13%)  

Female 3,806 (49.84%) 1,343 (59.22%) 2,463 (45.87%)  

Race-Ethnicity*     <.01 

Non-Hispanic White  5,481 (71.77%) 964 (42.50%) 4,517 (84.13%)  

Non-Hispanic Black 1,147 (15.02%) 688 (30.34%) 459 (8.55%)  

Hispanic 555 (7.27%) 362 (15.96%) 193 (3.59%)  

Other 406 (5.32%) 242 (10.67%) 164 (3.05%)  

Unknown 48 (0.63%) 12 (0.53%) 36 (0.67%)  

Age    0.42 

66-70 1,587 (20.78%) 498 (21.96%) 1,089 (20.28%)  

71-75 1,792 (23.46%) 519 (22.88%) 1,273 (23.71%)  

76-80 1,717 (22.48%) 507 (22.35%) 1,210 (22.54%)  

>80 2,541 (33.27%) 744 (32.80%) 1,797 (33.47%)  

Marital Status*    <.01 

Married 3,733 (48.88%) 674 (29.72%) 3,059 (56.98%)  

Not Marriedb 3,365 (44.06%) 1,432 (63.14%) 1,933 (36.00%)  

Unknown 539 (7.06%) 162 (7.14%) 377 (7.02%)  

Geographic Region    <.01 

Northeast 1,616 (21.16%) 336 (14.81%) 1,280 (23.84%)  

Midwest 1,093 (14.31%) 212 (9.35%) 881 (16.41%)  

South  2,018 (26.42%) 740 (32.63%) 1,278 (23.80%)  

West 2,910 (38.10%) 980 (43.21%) 1,930 (35.95%)  

Rural/Urban Residence**    0.08 

Rural 183 (2.40%) 65 (2.87%) 118 (2.20%)  

Urban/Metropolitan 7,444 (97.47%) 2,198 (96.91%) 5,246 (97.71%)  

Poor Performance Status 

Proxy 

   <.01 

No  4,365 (57.16%) 1,023 (45.11%) 3,342 (62.25%)  

Yes 3,272 (42.84%) 1,245 (54.89%) 2,027 (37.75%)  

NCI Comorbidity Index*    <.01 

0 2,809 (36.78%) 575 (25.35%) 2,234 (41.61%)  

0 < Index ≤ 2 2,051 (26.86%) 585 (25.79%) 1,466 (27.30%)  

2 < Index ≤ 4  1,374 (17.99%) 458 (20.19%) 916 (17.06%)  

>4 1,346 (17.62%) 616 (27.16%) 730 (13.60%)  

Unknown 57 (0.75%) 34 (1.50%) 23 (0.43%)  
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Table 21 continued. 

Annual Income Proxy ($)c    <.01 

≤35,000 2,043 (26.75%) 913 (40.26%) 1,130 (21.05%)  

35,001-50,000 2,232 (29.23%) 707 (31.17%) 1,525 (28.40%)  

50,001-65,000 1,445 (18.92%) 328 (14.46%) 1,117 (20.80%)  

>65,000 1,917 (25.10%) 320 (14.11%) 1,597 (29.74%)  

Year of Diagnosis    <.01 

2007 665 (8.71%) 270 (11.90%) 395 (7.36%)  

2008 684 (8.96%) 234 (10.32%) 450 (8.38%)  

2009 733 (9.60%) 243 (10.71%) 490 (9.13%)  

2010 803 (10.51%) 287 (12.65%) 516 (9.61%)  

2011 803 (10.51%) 261 (11.51%) 542 (10.09%)  

2012 887 (11.61%) 265 (11.68%) 622 (11.59%)  

2013 1,058 (13.85%) 241 (10.63%) 817 (15.22%)  

2014 1,051 (13.76%) 266 (11.73%) 785 (14.62%)  

2015 953 (12.48%) 201 (8.86%) 752 (14.01%)  

MM Severity Indicators*     

Neuropathy    <.01 

No 6,969 (91.25%) 2,040 (89.95%) 4,929 (91.80%)  

Yes 611 (8.00%) 194 (8.55%) 417 (7.77%)  

Unknown 57 (0.75%) 34 (1.50%) 23 (0.43%)  

Monoclonal 

Paraproteinemia 

   <.01 

No 6,647 (87.04%) 1,981 (87.35%) 4,666 (86.91%)  

Yes 933 (12.22%) 253 (11.16%) 680 (12.67%)  

Unknown 57 (0.75%) 34 (1.50%) 23 (0.43%)  

Anemia    <.01 

No 3,802 (49.78%) 925 (40.78%) 2,877 (53.59%)  

Yes 3,778 (49.47%) 1,309 (57.72%) 2,469 (45.99%)  

Unknown 57 (0.75%) 34 (1.50%) 23 (0.43%)  

Renal Disease    <.01 

No 5,672 (74.27%) 1,553 (68.47%) 4,119 (76.72%)  

Yes 1,908 (24.98%) 681 (30.03%) 1,227 (22.85%)  

Unknown 57 (0.75%) 34 (1.50%) 23 (0.43%)  

Area Deprivation 

Quintiled** 

   <.01 

1 1,527 (19.99%) 206 (9.08%) 1,321 (24.60%)  

2 1,511 (19.79%) 321 (14.15%) 1,190 (22.16%)  

3 1,535 (20.10%) 466 (20.55%) 1,069 (19.91%)  

4 1,468 (19.22%) 554 (24.43%) 914 (17.02%)  

5 1,586 (20.77%) 716 (31.57%) 870 (16.20%)  
a Chi-square test was used for categorical variables. 
b ‘Not married’ includes widowed, divorced, separated, and never married. 
c Zip-code level median household income was used as a proxy for individual income.  

d Quintile 1 = least deprived, Quintile 5 = most deprived. 

*Unknown due to missing data. 

**May not add up to 100% due to missing data; Unknown values not shown due to cell size being <11. 
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Unadjusted Survival Analysis 

Median OS in the full study sample was 23 months (95% CI: 22-24). Median OS 

differed by LIS status. The median OS was 16 months (95% CI: 14-18) for LIS recipients 

and 27 months (95% CI: 25-28) for non-recipients. The Kaplan Meier survival curves are 

shown in Figure 11.  

 

Figure 11. Kaplan Meier Survival Curve Stratified by LIS Status 

 

 

In the unadjusted analysis, the hazard of death was 36% higher for LIS recipients 

than non-recipients (HR: 1.36, 95% CI: 1.28-1.44, P <.0001). Median OS also differed by 

area deprivation. Median OS ranged from 26 months (95% CI: 24-29) in Quintile 1 to 21 

months (95% CI: 19-23) in Quintile 5 (Table 22).  
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Table 22. Median and mean survival of individuals in each LIS-Area deprivation subgroup (in 

months). 

Subgroup Median Survival (95% CI) Mean Survival (SE) 

Full sample   

Area Deprivation Quintile 1 26 (24-29) 38 (1.0) 

Area Deprivation Quintile 2 25 (24-28) 36 (0.9) 

Area Deprivation Quintile 3 23 (20-25) 34 (1.0) 

Area Deprivation Quintile 4 21 (19-24) 31 (0.9) 

Area Deprivation Quintile 5 21 (19-23) 33 (1.0) 

LIS recipients   

Area Deprivation Quintile 1 15 (11-20) 27 (2.2) 

Area Deprivation Quintile 2 22 (18-26) 34 (2.0) 

Area Deprivation Quintile 3 16 (13-18) 24 (1.2) 

Area Deprivation Quintile 4 14 (12-19) 26 (1.3) 

Area Deprivation Quintile 5 16 (13-19) 27 (1.2) 

LIS non-recipients   

Area Deprivation Quintile 1 29 (26-31) 39 (1.1) 

Area Deprivation Quintile 2 27 (24-30) 37 (1.0) 

Area Deprivation Quintile 3 28 (24-31) 38 (1.2) 

Area Deprivation Quintile 4 26 (23-29) 35 (1.2) 

Area Deprivation Quintile 5 25 (22-27) 37 (1.4) 

Note: Quintile 1 = least deprived, Quintile 5 = most deprived. 

 
 
 

The Kaplan Meier survival curves stratified by area deprivation are shown in 

Figure 12. In the univariable analysis, the hazard of death was 20% higher for individuals 

residing in Quintile 5 compared with individuals residing in Quintile 1 (HR 1.20, 95% CI: 

1.07-1.33, P <.01). The median survival of LIS status-area deprivation subgroups is shown 

in Table 22. 
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Figure 12. Kaplan Meier Survival Curve Stratified by Quintiles of Area Deprivation 

 

Multivariable Survival Analysis Without IPTW 

In the covariate-adjusted multivariable survival analysis, the association between 

LIS status and mortality was statistically significant and the association differed 

significantly by area deprivation (P <.05 for interaction; Table 23). Despite adjusting for 

baseline characteristics, the hazard of death was higher for LIS recipients relative to non-

recipients in 3 out of 5 area deprivation quintiles (Quintiles 1, 3 and 4), and there was no 

statistically significant difference between LIS recipients and non-recipients in the other 

two quintiles (Quintiles 2 and 5). The association between area deprivation and mortality 

also differed by LIS status. Among LIS non-recipients, there was no statistically significant 

difference in the hazard of death between area deprivation quintiles. However, among LIS 

recipients, residence in a more deprived area (Quintile 2) was associated with a lower 



95 
 

hazard of death compared with residence in the least deprived area, Quintile 1 (HR: 0.79, 

95% CI: 0.64-0.98; Table 23), and there was no statistically significant difference between 

the least deprived area (Quintile 1) and Quintiles 3, 4, and 5. 

 

Table 23. Association of area deprivation and LIS with all-cause mortality in the multivariable 

mixed effects Cox PH model without IPTW. 
Variable Adjusted HR (95% CI) P-value 

LIS*Area Deprivation  <.05 

Area deprivation   

     LIS non-recipients   

SDI Quintile 1  REF  

SDI Quintile 2 1.09 (0.97-1.22)  

SDI Quintile 3  1.06 (0.94-1.20)  

SDI Quintile 4  1.12 (0.98-1.27)  

SDI Quintile 5  1.11 (0.97-1.27)  

     LIS recipients   

SDI Quintile 1  REF  

SDI Quintile 2  0.79 (0.64-0.98)  

SDI Quintile 3  1.02 (0.83-1.25)  

SDI Quintile 4  0.99 (0.81-1.22)  

SDI Quintile 5  0.90 (0.73-1.11)  

LIS status   

     SDI Quintile 1   

LIS non-recipients REF  

LIS recipients 1.37 (1.15-1.63)  

     SDI Quintile 2   

LIS non-recipients REF  

LIS recipients 0.99 (0.85-1.16)  

     SDI Quintile 3   

LIS non-recipients REF  

LIS recipients 1.31 (1.15-1.50)  

     SDI Quintile 4   

LIS non-recipients REF  

LIS recipients 1.22 (1.07-1.39)  

     SDI Quintile 5   

LIS non-recipients REF  

LIS recipients 1.11 (0.98-1.26)  

Note: Quintile 1 = least deprived, Quintile 5 = most deprived. 

 

 

 

Multivariable Survival Analysis With IPTW 

To further adjust for potential bias arising from imbalances in baseline factors, 

IPTW was applied. The IPTW performed well when used to reweight the study sample to 
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achieve adequate balance in covariates between LIS recipients and non-recipients. The 

standardized differences for all variables were less than 0.1 (Appendix Table 5). In the 

IPTW-adjusted multivariable survival analysis, the association between area deprivation 

and mortality was statistically significant and the association differed by LIS status (P <.05 

for interaction; Table 24). Among LIS non-recipients, individuals residing in the most 

deprived area had 21% higher hazard of death compared with individuals residing in the 

least deprived area (HR: 1.21, 95% CI: 1.02-1.44). In contrast, among LIS recipients, 

residing in a more deprived area (Quintile 2) was associated with a lower hazard of death 

compared with residence in the least deprived area (HR: 0.79, 95% CI: 0.64-0.96), and 

there was no statistically significant difference between Quintile 1 and Quintiles 3, 4 and 

5. Despite adjusting for baseline characteristics, the hazard of death was significantly 

higher for individuals receiving the LIS relative to non-recipients in Quintiles 1, 3 and 4, 

and there was no statistically significant difference in the other two quintiles. 
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Table 24. Association of area deprivation and LIS with all-cause mortality in the IPTW-mixed 

effects Cox PH model.  

Variable Adjusted HR (95% CI) P-value 

LIS*Area Deprivation  <.05 

Area deprivation   

     LIS non-recipients   

SDI Quintile 1  REF  

SDI Quintile 2 1.07 (0.92-1.24)  

SDI Quintile 3  1.04 (0.89-1.22)  

SDI Quintile 4  1.12 (0.96-1.31)  

SDI Quintile 5  1.21 (1.02-1.44)  

     LIS recipients   

SDI Quintile 1  REF  

SDI Quintile 2  0.79 (0.64-0.96)  

SDI Quintile 3  0.96 (0.79-1.17)  

SDI Quintile 4  0.96 (0.78-1.17)  

SDI Quintile 5  0.81 (0.65-1.01)  

LIS status   

     SDI Quintile 1   

LIS non-recipients REF  

LIS recipients 1.50 (1.29-1.73)  

     SDI Quintile 2   

LIS non-recipients REF  

LIS recipients 1.10 (0.95-1.27)  

     SDI Quintile 3   

LIS non-recipients REF  

LIS recipients 1.38 (1.21-1.57)  

     SDI Quintile 4   

LIS non-recipients REF  

LIS recipients 1.28 (1.12-1.47)  

     SDI Quintile 5   

LIS non-recipients REF  

LIS recipients 1.00 (0.88-1.13)  

Note: Quintile 1 = least deprived, Quintile 5 = most deprived. 

 
 
 

IV Analysis 

 The IVs were included as continuous variables in the 2SRI regression as the results 

of the Box-Tidwell test confirmed linearity of the logit in the first-stage regression (Table 

25), that is, the IVs in their continuous form were linearly related to the log odds of the Y 

variable in the first stage regression.  
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Table 25. Results of the Box-Tidwell test. 

Variable Estimate Chi-square statistic P-value 

Ln(Medicare_Medicaid) 2.7628 3.06 0.08 

Ln(Medicare_Private Insurance) 2.4883 0.65 0.42 

 

The statistical significance of the coefficient on the residuals included in the 2SRI outcome 

model are presented in Table 26. The estimated residuals in the second-stage outcome 

model were not significant (P = 0.06; Table 26).  

 

 

Table 26. Association of area deprivation and LIS with all-cause mortality in the IV-mixed 

effects Cox PH model.  

Variable Adjusted HR (95% CI) P-value 

LIS*Area Deprivation  <.05 

Area deprivation   

     LIS non-recipients   

SDI Quintile 1  REF  

SDI Quintile 2 1.09 (0.97 – 1.22)  

SDI Quintile 3  1.07 (0.94 – 1.21)  

SDI Quintile 4  1.12 (0.99 – 1.28)  

SDI Quintile 5  1.12 (0.98 – 1.29)  

     LIS recipients   

SDI Quintile 1  REF  

SDI Quintile 2  0.80 (0.64 – 0.99)  

SDI Quintile 3  1.04 (0.85 – 1.28)  

SDI Quintile 4  1.02 (0.83 – 1.25)  

SDI Quintile 5  0.93 (0.76 – 1.15)  

LIS status   

     SDI Quintile 1   

LIS non-recipients REF  

LIS recipients 1.13 (0.88 – 1.45)  

     SDI Quintile 2   

LIS non-recipients REF  

LIS recipients 0.83 (0.67 – 1.04)  

     SDI Quintile 3   

LIS non-recipients REF  

LIS recipients 1.11 (0.90 – 1.36)  

     SDI Quintile 4   

LIS non-recipients REF  

LIS recipients 1.03 (0.84 – 1.25)  

     SDI Quintile 5   

LIS non-recipients REF  

LIS recipients 0.94 (0.77 – 1.15)  

Residuals  0.06 

Note: Quintile 1 = least deprived, Quintile 5 = most deprived. 
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Table 27 reports the results from the first-stage model. The percentage of state residents 

with Medicare and Medicaid, and the percentage of state residents with Medicare and 

private insurance were strongly predictive of whether the Medicare beneficiary is a LIS 

recipient (Table 27). The joint significance test for the IVs returned an F-statistic value of 

161.23, indicating that the strength of both IVs was satisfactory.  

 

Table 27. IV first-stage regression results. 

 Association with LIS status 

OR (95% CI) 
P-value 

% Residents in the state with Medicaid and Medicare 1.51 (1.25 – 1.83) <.05 

% Residents in the state with Medicare and Private 

Insurance 
0.90 (0.82 – 0.98) <.05 

Sex  <.05 

Female Ref   

Male 0.79 (0.69 – 0.90)  

Race-Ethnicity   <.05 

Non-Hispanic White  Ref   

Non-Hispanic Black 4.34 (3.67 – 5.14)  

Hispanic 8.19 (6.50 – 10.32)  

Other 10.82 (8.37 – 13.98)  

Age  0.02 

66-70 Ref   

71-75 0.82 (0.68 – 0.99)  

76-80 0.86 (0.71 – 1.04)  

>80 0.76 (0.64 – 0.91)  

Marital Status  <.05 

Not Married Ref   

Married 0.32 (0.28 – 0.36)  

Geographic Region  0.10 

Northeast Ref   

Midwest 0.87 (0.64 – 1.18)  

South  1.18 (0.89 – 1.55)  

West 0.99 (0.74 – 1.33)  

Rural/Urban Residence  <.05 

Urban/Metropolitan Ref   

Rural  2.16 (1.48 – 3.15)  

Poor Performance Status Proxy  <.05 

No  Ref   

Yes 1.37 (1.18 – 1.59)  

NCI Comorbidity Index  <.05 

0 Ref   

0 < Index ≤ 2 1.36 (1.15 – 1.60)  

2 < Index ≤ 4  1.72 (1.41 – 2.10)  

>4 2.83 (2.25 – 3.56)  
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Table 27 continued. 

Annual Income Proxy ($)  <.05 

≤35,000 Ref   

35,001-50,000 0.90 (0.76 – 1.06)  

50,001-65,000 0.71 (0.58 – 0.87)  

>65,000 0.57 (0.47 – 0.71)  

Year of Diagnosis  <.05 

2007 Ref   

2008 0.77 (0.59 – 1.02)  

2009 0.59 (0.44 – 0.80)  

2010 0.68 (0.50 – 0.91)  

2011 0.54 (0.40 – 0.75)  

2012 0.55 (0.40 – 0.76)  

2013 0.31 (0.23 – 0.42)  

2014 0.34 (0.25 – 0.48)  

2015 0.29 (0.20 – 0.41)  

MM Severity Indicators   

Neuropathy  0.87 

No Ref   

Yes 1.02 (0.81 – 1.28)  

Monoclonal Paraproteinemia  <.05 

No Ref   

Yes 0.78 (0.64 – 0.95)  

Anemia  0.89 

No Ref   

Yes 1.01 (0.88 – 1.16)  

Renal Disease  <.05 

No Ref   

Yes 0.82 (0.69 – 0.97)  

Area Deprivation Quintilec  <.05 

1 Ref   

2 1.22 (0.96 – 1.56)  

3 1.37 (1.08 – 1.74)  

4 1.40 (1.09 – 1.80)  

5 1.68 (1.32 – 2.13)  

   

 

 
The results of the overidentifying restrictions test are displayed in Table 28. The test 

statistic was less than the critical value, therefore, we did not reject the null hypothesis and 

concluded that there is insufficient evidence of correlation between the IVs and the error 

term, i.e., there is insufficient evidence to suggest that the IVs are endogenous. We did not 

find evidence of endogeneity related to the LIS variable and therefore, we reverted to the 

main non-2SRI model results. 
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Table 28. Results of the Overidentifying Restrictions Test. 

 Endogenous variable: LIS 

Outcome R2 Test statistic (nR2) Critical value* 

Survival 0.0000 0 3.84 

*5% critical value in the chi-square distribution with df=1. 

 

9.3.2 Aim 3b findings: Assessment of whether the associations between LIS, area 

deprivation and mortality are mediated by treatment receipt 

Association Between LIS Status, Area Deprivation and the Receipt of Any MM 

Treatment 

We assessed whether the associations between LIS, area deprivation and mortality 

are mediated by treatment receipt. LIS recipients had a significantly lower odds of 

receiving any MM treatment relative to non-recipients (OR: 0.73, 95% CI: 0.64-0.84; 

Table 29). Area deprivation was not statistically significantly associated with any MM 

treatment receipt.  
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Table 29. Adjusted multilevel logistic regression models for the receipt of (a) any MM treatment, 

(b) first-line triplet regimen, and (c) an oral novel agent.  

 Full sample  Subgroup of Treated Individuals  

Variable 

Any MM 

Treatment 

Adjusted OR  

(95% CI)a 

P-

value 

Triplet 

Regimen 

Adjusted OR 

(95% CI)b 

P-

value 

Oral Novel 

Agent 

Adjusted OR 

(95% CI)c 

P-

value 

LIS Status  <.05  <.05   

LIS non-recipients REF  REF    

LIS recipients 0.73 (0.64-0.84)  0.81 (0.67-0.99)    

LIS*Aged  -  -  <.05 

Age category       

     66-70       

LIS non-recipients -  -  REF  

LIS recipients -  -  1.13 (0.80-1.59)  

     71-75       

LIS non-recipients -  -  REF  

LIS recipients -  -  0.82 (0.59-1.13)  

     76-80       

LIS non-recipients -  -  REF  

LIS recipients -  -  1.10 (0.79-1.53)  

     >80       

LIS non-recipients -  -  REF  

LIS recipients -  -  1.39 (1.03-1.88)  

Area Deprivatione   0.37  0.38  0.99 

SDI Quintile 1 REF  REF  REF  

SDI Quintile 2  0.84 (0.70-1.02)  1.17 (0.89-1.55)  1.07 (0.84-1.35)  

SDI Quintile 3   0.85 (0.70-1.03)  0.88 (0.66-1.18)  1.04 (0.81-1.33)  

SDI Quintile 4   0.90 (0.73-1.11)  0.96 (0.71-1.30)  1.05 (0.82-1.36)  

SDI Quintile 5  0.85 (0.70-1.04)  0.95 (0.68-1.33)  1.04 (0.79-1.37)  
a Adjusted multilevel logistic regression for the receipt of any MM treatment in the full sample. 
b Adjusted multilevel logistic regression for the receipt of a first-line novel agent-based triplet regimen 

among individuals who received any MM treatment. 
c Adjusted multilevel logistic regression for the receipt of an oral novel agent among individuals who 

received any MM treatment. 
d Interaction between LIS and age was statistically insignificant in the models for the receipt of any MM 

treatment and the receipt of a triplet regimen. 
e Quintile 1 = least deprived, Quintile 5 = most deprived. 

 

 

Association Between Any MM Treatment Receipt and Mortality 

The IPTW performed well when used to achieve adequate balance in covariates 

between individuals who received any MM treatment and individuals who did not receive 

any MM treatment. The standardized differences for all variables were less than 0.1 

(Appendix Table 6). The receipt of any MM treatment was associated with 42% lower 
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hazard of death relative to not receiving any treatment (HR: 0.58, 95% CI: 0.55-0.62, P < 

.05; Table 30).  

 

Table 30. Association of (1) any MM treatment, (2) a first-line triplet regimen, and (3) an oral 

novel agent with all-cause mortality in the IPTW multivariable Cox models. 

Variable Adjusted HR 95% CI P-value 

Full Sample     

Any MM treatmenta   <.05 

No REF -  

Yes 0.58 0.55-0.62  

Treated Subgroup     

Triplet regimenb   <.05 

No REF -  

Yes 0.87 0.80-0.95  

Oral novel agentc   <.05 

No REF -  

Yes 0.90 0.84-0.96  
a IPTW-mixed effects Cox model for the association of any MM treatment receipt with mortality in the full 

sample (IPTW based on the propensity of receiving any MM treatment). 
b IPTW-mixed effects Cox model for the association of the receipt of a novel agent-based triplet regimen 

with mortality among individuals who received any MM treatment (IPTW based on the propensity of 

receiving a triplet regimen). 
c IPTW-mixed effects Cox model for the association of oral novel agent receipt with mortality among 

individuals who received any MM treatment (IPTW based on the propensity of receiving an oral novel 

agent in the 12-month post-diagnosis period). 

 

Association Between LIS Status, Area Deprivation, and Mortality (1) Not Controlling 

for Treatment Receipt and (2) Controlling for Treatment Receipt 

In the IPTW-adjusted survival analysis, the association between area deprivation 

and mortality was statistically significant and the association differed by LIS status (P <.05 

for interaction; Table 31). Among LIS non-recipients, individuals residing in the most 

deprived area had 21% higher hazard of death compared with individuals residing in the 

least deprived area (HR: 1.21, 95% CI: 1.02-1.44). In contrast, among LIS recipients, 

residing in a more deprived area (Quintile 2) was associated with a lower hazard of death 

compared with residence in the least deprived area (HR: 0.79, 95% CI: 0.64-0.96), and 
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there was no statistically significant difference between Quintile 1 and Quintiles 3, 4 and 

5. Despite adjusting for baseline characteristics, the hazard of death was significantly 

higher for individuals receiving the LIS relative to non-recipients in Quintiles 1, 3 and 4, 

and there was no statistically significant difference in the other two quintiles. 

Table 31. Association of area deprivation and LIS with all-cause mortality in the IPTW 

multivariable Cox models adjusting for treatment receipt. 

 Full Sample Subgroup of Treated Individuals 

Variable 

Full Sample 

Base Model 

Model 1b 

Adjusted HR 

 (95% CI) 

Model 2c 

Adjusted HR  

(95% CI) 

Subgroup  

Base Model 

Model 3d 

Adjusted HR  

(95% CI) 

Model 4e 

Adjusted HR  

(95% CI) 

Model 5f 

Adjusted HR 

(95% CI) 

LIS*Area Deprivation P < .05 P < .05 P < .05 P < .05 P < .05 

Area deprivationa      

     LIS non-recipients      

SDI Quintile 1  REF REF REF REF REF 

SDI Quintile 2 
1.07  

(0.92-1.24) 

1.00  

(0.86-1.16) 

1.16  

(0.98-1.38) 

1.18  

(0.99-1.40) 

1.16 

 (0.98-1.37) 

SDI Quintile 3  
1.04  

(0.89-1.22) 

1.03 

 (0.89-1.21) 

0.99  

(0.82-1.18) 

0.98  

(0.82-1.18) 

0.99  

(0.83-1.19) 

SDI Quintile 4  
1.12  

(0.96-1.31) 

1.12 

 (0.95-1.31) 

1.13 

 (0.94-1.36) 

1.13  

(0.95-1.36) 

1.13  

(0.94-1.36) 

SDI Quintile 5  
1.21  

(1.02-1.44) 

1.21  

(1.02-1.44) 

1.13  

(0.92-1.38) 

1.13  

(0.92-1.38) 

1.12  

(0.92-1.37) 

     LIS recipients      

SDI Quintile 1  REF REF REF REF REF 

SDI Quintile 2  
0.79  

(0.64-0.96) 

0.83 

 (0.68-1.02) 

0.70  

(0.54-0.90) 

0.71  

(0.55-0.91) 

0.71  

(0.55-0.91) 

SDI Quintile 3  
0.96  

(0.79-1.17) 

1.01  

(0.83-1.24) 

0.80  

(0.62-1.04) 

0.79  

(0.62-1.02) 

0.82 

 (0.64-1.06) 

SDI Quintile 4  
0.96  

(0.78-1.17) 

1.01  

(0.83-1.24) 

0.78 

 (0.60-1.02) 

0.78 

 (0.60-1.01) 

0.79 

 (0.61-1.03) 

SDI Quintile 5  
0.81  

(0.65-1.01) 

0.88 

 (0.70-1.09) 

0.72 

 (0.55-1.23) 

0.72 

 (0.55-0.94) 

0.73 

 (0.56-0.95) 

LIS status      

     SDI Quintile 1      

LIS non-recipients REF REF REF REF REF 

LIS recipients 
1.50  

(1.29-1.73) 

1.38  

(1.19-1.60) 

1.65 

 (1.37-1.99) 

1.65  

(1.37-1.99) 

1.63 

 (1.36-1.97) 

     SDI Quintile 2      

LIS non-recipients REF REF REF REF REF 

LIS recipients 
1.10 

 (0.95-1.27) 

1.15  

(0.99-1.33) 

0.99  

(0.83-1.18) 

0.99  

(0.83-1.19) 

1.00 

 (0.83-1.19) 

     SDI Quintile 3      

LIS non-recipients REF REF REF REF REF 

LIS recipients 
1.38  

(1.21-1.57) 

1.36  

(1.19-1.54) 

1.34 

 (1.14-1.59) 

1.33  

(1.13-1.58) 

1.35 

 (1.14-1.60) 

     SDI Quintile 4      

LIS non-recipients REF REF REF REF REF 

LIS recipients 
1.28 

 (1.12-1.47) 

1.25  

(1.09-1.44) 

1.14  

(0.96-1.36) 

1.13 

 (0.95-1.35) 

1.14  

(0.96-1.36) 
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Table 31 continued. 

     SDI Quintile 5      

LIS non-recipients REF REF REF REF REF 

LIS recipients 
1.00 

 (0.88-1.13) 

1.00 

 (0.88-1.13) 

1.05  

(0.89-1.23) 

1.06 

 (0.90-1.24) 

1.05  

(0.90-1.24) 
a Quintile 1 = least deprived, Quintile 5 = most deprived. 
b Model 1: IPTW-mixed effects Cox model in the full sample. 
c Model 2: IPTW-mixed effects Cox model adjusting for the receipt of any MM treatment in the full 

sample. 
d Model 3: IPTW-mixed effects Cox model among individuals who received any MM treatment. 
e Model 4: IPTW-mixed effects Cox model adjusting for the receipt of a first-line novel agent-based triplet 

regimen among individuals who received any MM treatment. 
f Model 5: IPTW-mixed effects Cox model adjusting for the receipt of an oral novel agent among 

individuals who received any MM treatment. 

 

When the receipt of any treatment was added to the IPTW multivariable survival 

model, the effect of LIS and area deprivation on mortality weakened (Table 31), indicating 

that the association between LIS, area deprivation and mortality is partially mediated by 

the receipt of any treatment, i.e., the association between LIS, area deprivation and 

mortality can be partially explained by LIS recipients’ lower likelihood of receiving any 

MM treatment compared with non-recipients. The Sobel test (P < .0001) indicated a 

significant indirect effect. 

Subgroup Analysis: Association Between LIS status, Area Deprivation, and Mortality 

Among Treated Individuals 

We assessed the association between LIS receipt, area deprivation, and mortality in 

the subgroup of individuals who were treated for MM (n=5,310; 69.5% of study sample). 

The association between LIS and mortality was statistically significant and the association 

differed significantly by area deprivation (P <.05 for interaction; Table 31). The hazard of 

death was significantly higher for LIS recipients relative to non-recipients in area 

deprivation Quintiles 1 and 3 (HR 1.65 and 1.34 respectively), and statistically insignificant 

in the other quintiles (Table 31). Among treated LIS non-recipients, there was no 
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statistically significant difference in the mortality hazard between area deprivation 

quintiles. However, among treated LIS recipients, residing in a more deprived area 

(Quintile 2) was associated with a lower hazard of death compared with residence in the 

least deprived area (HR: 0.70, 95% CI: 0.54-0.90), similar to that seen in the full sample, 

and there was no statistically significant difference between Quintile 1 and Quintiles 3, 4 

and 5. 

Subgroup Analysis: Association Between LIS Status, Area Deprivation and the Receipt 

of a Triplet Regimen Among Treated Individuals 

Among individuals who received treatment for MM, the odds of receiving a triplet 

regimen as first line treatment versus other types of MM treatment was 19% lower for LIS 

recipients than non-recipients (OR 0.81, 95% CI: 0.67-0.99, P <.05; Table 29). Area 

deprivation was not statistically significantly associated with the receipt of a triplet 

regimen.  

Subgroup Analysis: Association Between Triplet Regimen Receipt and Mortality Among 

Treated Individuals 

The IPTW performed well when used to achieve adequate balance in covariates 

between individuals who received a triplet regimen and individuals who did not receive a 

triplet regimen. The standardized differences for all variables were less than 0.1 (Appendix 

Table 7). The receipt of a triplet regimen was associated with a 13% lower hazard of death 

compared with not receiving a triplet regimen (HR: 0.87, 95% CI: 0.80-0.95; Table 30).  
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Subgroup Analysis: Association Between LIS Status, Area Deprivation, and Mortality 

Among Treated Individuals (1) Not Controlling for Triplet Regimen Receipt and (2) 

Controlling for Triplet Regimen Receipt 

When the receipt of a triplet regimen was added to the IPTW multivariable survival 

model, the effect of LIS and area deprivation on survival remained fairly constant (Table 

31). The Sobel test (P > .05) indicated a non-significant indirect effect. 

Subgroup Analysis: Association Between LIS Status, Area Deprivation and the Receipt 

of an Oral Novel Agent Among Treated Individuals 

Among individuals who received MM treatment, there was a statistically 

significant association between LIS status and the receipt of an oral novel agent (Table 

29), but the association significantly differed by age group (P < .05 for interaction). LIS 

receipt was associated with 39% higher odds of being treated with a novel oral agent among 

individuals aged over 80 years (OR: 1.39, 95% CI: 1.03-1.88). There was no statistically 

significant difference in the younger age groups. Area deprivation was not statistically 

significantly associated with novel oral agent receipt.  

Subgroup Analysis: Association Between Oral Novel Agent Receipt and Mortality 

Among Treated Individuals 

The IPTW performed well when used to achieve adequate balance in covariates 

between individuals who received an oral novel agent and individuals who did not receive 

an oral novel agent. The standardized differences for all variables were less than 0.1 

(Appendix Table 8). The receipt of an oral novel agent was associated with a 10% lower 

hazard of death (HR: 0.90, 95% CI: 0.84-0.96; Table 30).  
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Subgroup Analysis: Association Between LIS Status, Area Deprivation, and Mortality 

Among Treated Individuals (1) Not Controlling for Oral Novel Agent Receipt and (2) 

Controlling for Oral Novel Agent Receipt 

When the receipt of an oral novel agent was added to the IPTW multivariable 

survival model, the effect of LIS and area deprivation on survival remained fairly constant 

(Table 31). The Sobel test (P > .05) indicated a non-significant indirect effect. 

9.4 DISCUSSION 

This study examined the association between LIS receipt, area deprivation and all-

cause mortality in MM, a cancer for which highly efficacious, yet expensive, treatment 

options have become available in recent years. We found that the receipt of the LIS, which 

offers cost-sharing assistance for drugs covered by Medicare Part D, potentially allowing 

for increased access, did not confer a survival benefit in elderly patients with MM. The 

hazard of death was significantly higher for individuals receiving the LIS relative to non-

recipients in three of the five area deprivation quintiles and there was no statistically 

significant difference in the other two quintiles. It is known that socioeconomically 

disadvantaged patients experience disparate survival outcomes in cancer.118–120 Although 

prior studies in cancer found LIS recipients who face lower cost sharing to have higher 

cancer treatment uptake than non-recipients,2,3,106 we found that LIS receipt was associated 

with a lower likelihood of any MM treatment receipt and did not confer a survival benefit 

among elderly patients with MM.  

There are likely other factors beyond Medicare Part D patient cost sharing for MM 

treatments that affect LIS recipients and non-recipients with MM differentially in terms of 
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survival. It is possible that although LIS recipients face substantially lower cost sharing for 

treatments covered under Part D than non-recipients, MM treatments may still be 

unaffordable, and lower Part D cost sharing may not be sufficient to ensure that MM 

patients with low income receive optimal treatment and care that lengthen survival. MM 

therapy typically requires SCT and combination regimens including not only orally 

administered agents covered by Part D, but also parenterally administered MM treatments 

as well as supportive treatments covered under Parts A and/or B. This will likely add to the 

out-of-pocket cost burden and act as barriers to the receipt of optimal treatment. Unless 

individuals also have cost-sharing support for Parts A/B, whether it is through enrollment 

in a Medicare Savings Program, full Medicaid, or through Medigap, individuals are likely 

to face high costs for MM treatments and care covered under Parts A and B. In 2021, 

Medicare beneficiaries face a deductible of $1,484 for Part A and a coinsurance that is 

based on the number of days spent in the hospital in each benefit period.121 For Part B, 

there is a $203 deductible, after which beneficiaries must typically pay 20% of the 

Medicare-approved amount for services and treatments.121 Beneficiaries with traditional 

Medicare without supplemental insurance must pay this coinsurance amount with no out-

of-pocket limit.122 This includes any outpatient care, e.g., infused treatments, radiation 

therapy, and stem cell transplantation done in the outpatient setting. Our results suggest 

that lower patient cost sharing for Part D drugs from the LIS program may not be enough 

to promote improved survival outcomes for MM patients with low income. Policies that 

provide more rounded cost-sharing assistance with all aspects of a patient’s treatment and 

health care may be necessary to have a positive impact on the health outcomes of 

individuals with low income. 
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The effects of the cross-level interaction between LIS status and area deprivation 

observed in this study warrants attention. Among LIS non-recipients, living in the most 

deprived area (Quintile 5) was associated with a higher hazard of death compared with the 

least deprived area (Quintile 1). The observed association between area deprivation and 

mortality is not surprising as prior studies105,123 have shown that individuals residing in 

more socioeconomically deprived areas tend to experience worse survival outcomes. 

However, among LIS recipients, residing in a more deprived area (Quintile 2) was 

associated with a lower hazard of death compared with residence in the least deprived area 

(Quintile 1). This suggests that individuals with low income who reside in affluent areas 

do not benefit from the health-promoting resources that are generally associated with areas 

of higher SES.104 Plausible explanations for such findings suggested in prior literature 

include the relatively higher deprivation that individuals with low income experience in 

affluent areas due to less disposable income they have for health care goods and services. 

Individuals may have less disposable income because of higher costs for essential goods in 

more affluent areas, e.g., higher housing costs.104 Studies have also suggested individuals’ 

low relative social standing in their communities as a potential explanation for the excess 

mortality of individuals of low SES in high-SES neighborhoods. It has been suggested that 

the difference between an individual’s social position relative to others in their community 

may affect their health and mortality risk.124,125 Low social position may be associated with 

less social affiliation and support, fewer resources to cope with stressful events, and low 

sense of control, which may lead to perceived or real social isolation, discrimination, or 

other psychosocial stressors that may adversely affect health and outcomes.124–128 

Interestingly, there was no statistically significant difference between residing in the least 
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deprived area and Quintiles 3, 4, and 5 for LIS recipients, which suggests that for 

individuals with low income, residing in a slightly more deprived area (Quintile 2) is 

associated with a lower mortality hazard, but this association seems to disappear in higher 

deprivation areas, i.e., in Quintiles 3, 4 and 5. More research is needed to fully understand 

this non-linear association between different degrees of area deprivation and mortality 

among LIS recipients. The findings of this study highlight how important it is for 

individuals and their health to be considered in the context of their areas of residence.  

While previous studies in oncology have found higher cancer treatment uptake 

among LIS recipients who face considerably lower Part D cost sharing than non-

recipients,106,129 LIS recipients in this study had a significantly lower odds of receiving any 

MM treatment relative to non-recipients, and the association between LIS and mortality 

was found to be partially mediated by MM treatment receipt. These findings suggest that 

despite the LIS lowering Part D patient cost sharing, individuals with low income still face 

barriers to MM treatment access, and are generally likely to experience worse survival than 

their counterparts. As guideline-recommended first-line MM therapy consists of the receipt 

of a stem cell transplant and/or a combination of oral and parenteral agents95 covered under 

Parts A/B as well as Part D unlike some other cancers which are now predominantly treated 

with oral agents, it is possible that lower cost sharing for Part D alone is insufficient to 

achieve the same level of MM treatment uptake among MM patients with low income as 

their counterparts. 

When we focused specifically on the receipt of oral novel agents covered under 

Part D, the findings were somewhat different to what was observed for the receipt of any 

MM treatment and the receipt of a triplet regimen. In the subgroup of treated individuals, 
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LIS receipt was associated with 39% higher odds of being treated with an oral novel agent 

among individuals aged over 80 years, whereas the difference was not statistically 

significant in the younger age groups. These findings are similar to the results of a prior 

study in myeloma which found that LIS recipients aged 75 to 84 years had a 32% higher 

relative probability of being treated with an IMiD compared with non-recipients.2 This 

study by Olszewski et al.2 found that for LIS non-recipients, the use of IMiDs entailed 

median out-of-pocket expenses of $5,623 in the first year of therapy compared with a much 

lower expense of $6 for LIS recipients. As the median yearly income of Medicare enrollees 

decreases with age, the authors reasoned that older age groups may be particularly sensitive 

to the cost of MM therapies, hence the greater uptake of IMiDs among LIS recipients (who 

face lower cost sharing) compared with non-recipients in the older age group.2  

The receipt of a triplet regimen as first line therapy and the receipt of an oral novel 

agent did not mediate the association between LIS status, area deprivation and mortality 

among the subgroup of individuals who received some form of MM treatment. Further 

research is needed to understand why the hazard of death is significantly higher for LIS 

recipients relative to non-recipients in area deprivation Quintiles 1 and 3, and statistically 

insignificant in the other quintiles. Additional research is also needed to understand why 

among treated LIS non-recipients, there is no statistically significant difference in the 

mortality hazard between area deprivation quintiles, but among treated LIS recipients, 

residing in a more deprived area (Quintile 2) is associated with a lower hazard of death 

compared with residence in the least deprived area, similar to that seen in the full sample. 

It was beyond the scope of this study to examine lines of therapy received over patients’ 

lifetime or adherence to treatment, but these may contribute to mortality risk. It is also 
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possible that factors beyond MM treatment receipt, such as the quality of the overall health 

care received and the level of social support that patients have affect the hazard of mortality 

differentially for LIS recipients and non-recipients.  

Limitations 

This study has limitations that warrant discussion. We lacked data on baseline MM 

stage/cytogenetics and therefore, we used indicators of baseline health that may be 

prognostic. Individuals may have self-selected into certain areas and factors associated 

with self selection may have influenced the results. Also, the county of residence was 

measured at diagnosis and it was assumed that individuals remained in the same area over 

time which may not have been true.  

9.5 CONCLUSIONS 

 In our study, LIS recipients with MM generally had a higher mortality hazard than 

non-recipients, and unlike non-recipients, for LIS recipients, living in the most affluent 

area did not confer a survival benefit. Furthermore, the associations between LIS status, 

area deprivation and mortality were partially mediated by MM treatment receipt. Despite 

facing lower Part D cost sharing, LIS recipients in this study were less likely to receive any 

MM treatment compared with non-recipients.  
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10 Overall Conclusions and Implications 

The goals of this dissertation research were to enhance understanding of how 

patient cost-sharing assistance and the broader socioeconomic environment affect access 

to MM treatment among Medicare beneficiaries with MM; examine whether the patient 

cost responsibility for MM care has changed over time and whether this is mirrored by a 

change in area-level socioeconomic disparities in treatment access; and assess the 

association between area deprivation, the LIS program, which was designed to remove cost 

barriers to health care, and mortality among MM patients.  

Over the past two decades, we have seen substantial progress in the MM treatment 

landscape. While we have seen improved survival with these scientific 

developments,39,41,82 the high cost of novel agents and triplet regimens, as well as the cost 

of managing and treating complications of MM has raised concerns regarding the cost 

burden of MM care to patients, even among patients with health insurance. There are 

several avenues through which Medicare beneficiaries may receive assistance to help pay 

for Medicare Parts A, B, and/or D cost sharing. Our findings indicate that the presence of 

cost-sharing assistance does not affect whether individuals receive MM-directed treatment 

or not; however, the type of cost-sharing assistance does affect whether one receives 

treatment. Individuals receiving cost-sharing assistance with Medicare Parts A, B and D 

had 1.21 times higher odds of receiving any MM treatment compared with individuals 

without any cost-sharing assistance. Contrastingly, there was no statistically significant 

difference in the odds of receiving any treatment between individuals without any cost-

sharing assistance and individuals with Part D assistance only and individuals with Parts 
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A and B assistance only. These findings suggest that policies that target Medicare Parts A, 

B as well as D cost sharing may be effective in increasing patient access to MM treatment 

for those who need and may benefit from treatment. 

Also, among individuals who received any MM treatment, the receipt of any cost-

sharing assistance was associated with 28% higher odds of receiving a novel agent-based 

regimen as first line therapy compared with not receiving any cost-sharing assistance, 

suggesting that elderly Medicare beneficiaries without any cost-sharing assistance may not 

be accessing current “state-of-the art” guideline-recommended treatments that are known 

to be effective.  

Our findings suggest that the socioeconomic conditions of the area of residence 

also have some effect on whether a patient receives MM treatment and the type of treatment 

one receives, although a difference was only observed between the most and least deprived 

areas. Individuals living in the most deprived area were 19% less likely to receive any MM 

treatment compared with individuals living in the least deprived area, and among 

individuals who received some form of treatment, living in the most deprived area was 

associated with a lower likelihood of treatment with a novel agent-based regimen and a 

higher likelihood of treatment with a traditional chemotherapy regimen. Public health 

officials should recognize that high patient cost sharing may compromise Medicare 

beneficiaries’ access to cancer treatment and influence treatment choice, and that 

individuals need to be considered in the context of where they live to assure all patients 

have access to beneficial treatments. 

The findings of our study indicate that the cost burden associated with MM care 

among Medicare beneficiaries with MM who may not have a secondary source of coverage 
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is substantial, and the patient cost responsibility for MM care has steadily increased over 

time from 2007 to 2015. The difference in the likelihood of any MM treatment receipt 

between individuals residing in the most and least socioeconomically deprived areas that 

existed in 2007-2011 became statistically insignificant in 2012-2016, but the difference in 

the likelihood of receiving a novel agent-based regimen increased over this timeframe. 

More research is needed to understand whether the widening area-level socioeconomic 

disparity in access to novel agent-based regimens is attributable to the increasing cost of 

MM care. 

The LIS program provides Part D cost-sharing assistance for Medicare 

beneficiaries with limited income and asset levels. Individuals who qualify and are enrolled 

in the program face much lower out-of-pocket costs, potentially increasing access to 

treatments covered under Medicare Part D. In this study, LIS receipt did not confer a 

survival benefit in elderly patients with MM. The hazard of death was significantly higher 

for individuals receiving the LIS relative to non-recipients in three of the five area 

deprivation quintiles and there was no statistically significant difference in the other two 

quintiles. Also, the associations between LIS status, area deprivation and mortality were 

partially mediated by MM treatment receipt. Although prior cancer studies (in MM, 

metastatic renal cell carcinoma and advanced lung cancer) found LIS recipients who face 

lower out-of-pocket costs to have higher cancer treatment uptake than non-recipients,2,3,106 

we found that LIS receipt was associated with a lower likelihood of any MM treatment 

receipt and it did not confer a survival benefit among elderly patients with MM. Our 

findings suggest that lower Part D cost sharing from the LIS program may not be enough 

to achieve improved survival outcomes for MM patients with low income. There is a need 
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to further improve access to treatment in order to address disparities in patient outcomes. 

Policies that provide more rounded cost-sharing assistance for all aspects of a patient’s 

treatment and health care may be necessary to have a positive impact on the health 

outcomes of individuals with low income.  
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11 Appendix 

 

Appendix Table 1. Characteristics of MM patients stratified by area deprivation quintiles (n = 

7,055). 

 Quintile 1c 

n (%) 

Quintile 2c 

n (%) 

Quintile 3c 

n (%) 

Quintile 4c 

n (%) 

Quintile 5c 

n (%) 
P-valuea 

Overall 1,415 1,407 1,417 1,342 1,464  

Sex      0.70 

Female 
705  

(49.82) 

675  

(47.97) 

687  

(48.48) 

659  

(49.11) 

723  

(49.39) 

 

Male 
710  

(50.18) 

732  

(52.03) 

730 

 (51.52) 

683 

 (50.89) 

741 

 (50.61) 

 

Race-Ethnicity**       <.01 

Non-Hispanic White  
1,277 

 (90.25) 

1,129  

(80.24) 

1,052 

 (74.24) 

878 

 (65.42) 

728  

(49.73) 

 

Non-Hispanic Black 
86  

(6.08) 

112  

(7.96) 

166  

(11.71) 

326  

(24.29) 

380 

 (25.96) 

 

Hispanic 
25 

 (1.77) 

43  

(3.06) 

104 

 (7.34) 

97 

 (7.23) 

254 

 (17.35) 

 

Other 
26  

(1.84) 

122 

 (8.67) 

91  

(6.42) 

40  

(2.98) 

94  

(6.42) 

 

Age      0.67 

66-70 
289 

 (20.42) 

319  

(22.67) 

312 

 (22.02) 

331 

 (24.66) 

328  

(22.40) 

 

71-75 
349 

 (24.66) 

342  

(24.31) 

344  

(24.28) 

330  

(24.59) 

356  

(24.32) 

 

76-80 
315 

 (22.26) 

306  

(21.75) 

334 

 (23.57) 

296  

(22.06) 

340  

(23.22) 

 

>80 
462 

 (32.65) 

440 

 (31.27) 

427  

(30.13) 

385  

(28.69) 

440  

(30.05) 

 

Marital Status*      <.01 

Not Marriedb 
546  

(38.59) 

538  

(38.24) 

623  

(43.97) 

643  

(47.91) 

713  

(48.70) 

 

Married 
791  

(55.90) 

811  

(57.64) 

743  

(52.43) 

644  

(47.99) 

680 

 (46.45) 

 

Unknown 
78  

(5.51%) 

58  

(4.12%) 

51  

(3.60%) 

55  

(4.10%) 

71 

 (4.85%) 

 

Geographic Region      <.01 

Northeast 
608  

(42.97) 

282 

 (20.04) 

272 

 (19.20) 119 

(8.87) 

166  

(11.34) 

 

Midwest 
509 

 (35.97) 

269  

(19.12) 

46  

(3.25) 

232  

(15.85) 

 

South  
129  

(9.12) 

248  

(17.63) 

493 

 (34.79) 

743 

 (55.37) 

239 

 (16.33) 

 

West 
169 

 (11.94) 

608 

 (43.21) 

606  

(42.77) 

477  

(35.54) 

827  

(56.49) 
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Appendix Table 1 continued. 

Rural/Urban 

Residence 

     
<.01 

Urban/Metropolitan 
1,354  

(95.69) 

1,388  

(98.65) 

1,387 

(97.88) 

1,294  

(96.42) 
- 

 

Rural 
61  

(4.31) 

19  

(1.35) 

30 

 (2.12) 

48  

(3.58) 

 

Poor Performance 

Status Proxy 

     
<.01 

No  
897 

 (63.39) 

886  

(62.97) 

855  

(60.34) 

766 

 (57.08) 

772  

(52.73) 

 

Yes 
518 

 (36.61) 

521  

(37.03) 

562  

(39.66) 

576  

(42.92) 

692  

(47.27) 

 

NCI Comorbidity 

Index** 

     
<.01 

0 
602  

(42.54) 

609  

(43.28) 

580  

(40.93) 

495  

(36.89) 

447 

 (30.53) 

 

0 < Index ≤ 2 
368  

(26.01) 

370  

(26.30) 

381  

(26.89) 

360 

 (26.83) 

407 

 (27.80) 

 

2 < Index ≤ 4  
235 

 (16.61) 

229  

(16.28) 

231  

(16.30) 

241 

 (17.96) 

278 

 (18.99) 

 

>4 
199 

 (14.06) 

187  

(13.29) 

215  

(15.17) 

235  

(17.51) 

316 

 (21.58) 

 

Cost-Sharing 

Assistance 

     
<.01 

No assistance 
336  

(23.75) 

327  

(23.24) 

308  

(21.74) 

298  

(22.21) 

301  

(20.56) 

 

Parts A, B and D 

assistance 

153  

(10.81) 

262  

(18.62) 

365 

 (25.76) 

400 

 (29.81) 

613 

 (41.87) 

 

Part D assistance 

only 

36 

 (2.54) 

46 

 (3.27) 

62  

(4.38) 

94  

(7.00) 

78 

 (5.33) 

 

Parts A/B assistance 

only 

890 

 (62.90) 

772 

 (54.87) 

682 

 (48.13) 

550  

(40.98) 

472 

 (32.24) 

 

Annual Income 

Proxy ($)d 

     
<.01 

≤35,000 
183  

(12.93) 

192  

(13.65) 

342  

(24.14) 

562  

(41.88) 

571 

 (39.00) 

 

35,001-50,000 
392  

(27.70) 

396  

(28.14) 

412  

(29.08) 

423 

 (31.52) 

437 

 (29.85) 

 

50,001-65,000 
344 

 (24.31) 

325 

 (23.10) 

279 

 (19.69) 

195 

 (14.53) 

212 

 (14.48) 

 

>65,000 
496 

 (35.05) 

494 

 (35.11) 

384  

(27.10) 

162 

 (12.07) 

244 

 (16.67) 

 

a Chi-square test was used for categorical variables. 
b ‘Not married’ includes widowed, divorced, separated, and never married. 
c Quintile 1 = least deprived, Quintile 5 = most deprived. 
d Zip-code level median household income was used as a proxy for individual income.  

*Unknown due to missing data. 

**May not add up to 100% due to missing data; Unknown values not shown due to cell size being <11. 

Note: Some cells are merged due to one or more cells being smaller than 11 in size. 
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Appendix Table 2. Distribution of the seven variables comprising the SDI in each SDI quintile.  

 Quintile 1 

n (%) 

Quintile 2 

n (%) 

Quintile 3 

n (%) 

Quintile 4 

n (%) 

Quintile 5 

n (%) 
P-value 

Federal Poverty Level Score (Percent population less than 100% FPL) <.01 

0 < score ≤ 25 
1,175 

(83.04) 

667 

(47.41) 

121 

(8.54) 

51 

(3.80) 

706 

(48.22) 

 

25 < score ≤ 50 

240 

(16.97) 

529 

(37.60) 

754 

(53.21) 

59 

(4.40) 
 

50 < score ≤ 75 
170 

(12.08) 

312 

(22.02) 

476 

(35.47) 
 

75 < score ≤ 100 
41 

(2.91) 

230 

(16.23) 

756 

(56.33) 

758 

(51.78) 
 

Education Score (Percent population 25 years or more with less than 12 years of education) <.01 

0 < score ≤ 25 
1,105 

(78.09) 

472 

(33.55) 

17 

(1.20) 

79 

(5.89) 

372 

(25.41) 

 

25 < score ≤ 50 
268 

(18.94) 

649 

(46.13) 

412 

(29.08) 

164 

(12.22) 
 

50 < score ≤ 75 
42 

(2.97) 

225 

(15.99) 

698 

(49.26) 

358 

(26.68) 
 

75 < score ≤ 100 
61 

(4.34) 

290 

(20.47) 

741 

(55.22) 

1,092 

(74.59) 
 

Non-employment Score (Percent population non-employed) <.01 

0 < score ≤ 25 
771 

(54.49) 

446 

(31.70) 

124 

(8.75) 

111 

(8.27) 

341 

(23.28) 

 

25 < score ≤ 50 
338 

(23.89) 

377 

(26.79) 

416 

(29.36) 

226 

(16.84) 
 

50 < score ≤ 75 
284 

(20.07) 

475 

(33.76) 

679 

(47.92) 

388 

(28.91) 
 

75 < score ≤ 100 
22 

(1.55) 

109 

(7.75) 

198 

(13.97) 

617 

(45.98) 

1,123 

(76.71) 
 

Renter Occupied and Crowding Score (Percent population living in renter occupied and 

crowded housing units) 

<.01 

0 < score ≤ 25 
983 

(69.47) 

273 

(19.40) 

187 

(13.20) 

133 

(9.91) 23 

(1.57) 

 

25 < score ≤ 50 
369 

(26.08) 

523 

(37.17) 

289 

(20.40) 

374 

(27.87) 

 

50 < score ≤ 75 
63 

(4.45) 

406 

(28.86) 

665 

(46.93) 

414 

(30.85) 

357 

(24.39) 

 

75 < score ≤ 100 
205 

(14.57) 

276 

(19.48) 

421 

(31.37) 

1,078 

(73.63) 

 

Crowding Score (Percent population living in crowded housing units) <.01 

0 < score ≤ 25 
890 

(62.90) 

243 

(17.27) 

68 

(4.80) 

58 

(4.32) 323 

(22.06) 

 

25 < score ≤ 50 
439 

(31.02) 

288 

(20.47) 

547 

(38.60) 

354 

(26.38) 
 

50 < score ≤ 75 
81 

(5.72) 

603 

(42.86) 

227 

(16.02) 

457 

(34.05) 

134 

(9.15) 
 

75 < score ≤ 100 
273 

(19.40) 

575 

(40.58) 

473 

(35.25) 

1,007 

(68.78) 
 

 

  



121 
 

Appendix Table 2 continued. 

Single Parent Household Score (Percent single-parent households with dependents < 18 

years) 

<.01 

0 < score ≤ 25 
1,184 

(83.67) 

602 

(42.79) 

134 

(9.46) 203 

(15.13) 49 

(3.35) 

 

25 < score ≤ 50 

231 

(16.33) 

563 

(40.01) 

713 

(50.32) 
 

50 < score ≤ 75 
242 

(17.20) 

400 

(28.23) 

585 

(43.59) 
 

75 < score ≤ 100 
170 

(12.00) 

550 

(40.98) 

1,415 

(96.65) 
 

Transportation Score (Percent population with no car) <.01 

0 < score ≤ 25 
652 

(46.08) 

405 

(28.78) 

368 

(25.97) 

139 

(10.36) 113 

(7.72) 

 

25 < score ≤ 50 
503 

(35.55) 

500 

(35.54) 

335 

(23.64) 

260 

(19.37) 

 

50 < score ≤ 75 
259 

(18.30) 

388 

(27.58) 

244 

(17.22) 

493 

(36.74) 

231 

(15.78) 

 

75 < score ≤ 100 
114 

(8.10) 

470 

(33.17) 

450 

(33.53) 

1,120 

(76.50) 

 

Notes: Some cells are merged due to one or more cells being smaller than 11 in size;  

           Quintile 1 = least deprived, Quintile 5 = most deprived. 

 

 

Appendix Table 3. Survival of MM patients by year of diagnosis. 

Year of MM diagnosis 
Death within 12 months of diagnosis  

n (%) 
Total (n=6,970) 

2007 267 (42.31%) 631 (9.05%) 

2008 239 (37.11%) 644 (9.24%) 

2009 252 (38.12%) 661 (9.48%) 

2010 247 (33.84%) 730 (10.47%) 

2011 246 (33.65%) 731 (10.49%) 

2012 265 (33.33%) 795 (11.41%) 

2013 300 (31.19%) 962 (13.80%) 

2014 278 (29.83%) 932 (13.37%) 

2015 268 (30.32%) 884 (12.68%) 
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Appendix Table 4. Characteristics of patients with MM, stratified by area deprivation (n= 7,637). 

 Quintile 1c 

n (%) 

Quintile 2c 

n (%) 

Quintile 3c 

n (%) 

Quintile 4c 

n (%) 

Quintile 5c 

n (%) 
P-valuea 

Sex      0.41 

Male 
776 

 (50.82) 

768  

(50.83)  

772  

(50.29) 

719  

(48.98) 

794  

(50.06) 
 

Female 
751  

(49.18) 

743  

(49.17) 

763  

(49.71) 

749  

(51.02) 

792  

(49.94) 
 

Race-Ethnicity**       <.01 

Non-Hispanic 

White  

1,359  

(89.00) 

1,206  

(79.81) 

1,153  

(75.11) 

958  

(65.26) 

803  

(50.63) 
 

Non-Hispanic Black 
96  

(6.29) 

116 

 (7.68) 

177  

(11.53) 

356  

(24.25) 

396  

(24.97) 
 

Hispanic 
28  

(1.83) 

48  

(3.18) 

101 

 (6.58) 

106 

 (7.22) 

270  

(17.02) 
 

Other 
29  

(1.90) 

134 

 (8.87) 

97  

(6.32) 

41  

(2.79) 

105  

(6.62) 
 

Age      0.73 

66-70 
288  

(18.86) 

312  

(20.65) 

324  

(21.11) 

319 

 (21.73) 

340  

(21.44) 
 

71-75 
362  

(23.71) 

354  

(23.43) 

349  

(22.74) 

359  

(24.46) 

365  

(23.01) 
 

76-80 
340  

(22.27) 

338  

(22.37) 

353 

 (23.00) 

322  

(21.93) 

363  

(22.89) 
 

>80 
537  

(35.17) 

507  

(33.55) 

509 

 (33.16) 

468  

(31.88) 

518  

(32.66) 
 

Marital Status*      <.01 

Married 
804 

 (52.65) 

808  

(53.47) 

769  

(50.10) 

659  

(44.89) 

689  

(43.44) 
 

Not Marriedb 
582 

 (38.11) 

590  

(39.05) 

687  

(44.76) 

721  

(49.11) 

779  

(49.12) 
 

Unknown 
141 

 (9.23) 

113  

(7.48) 

79  

(5.15) 

88  

(5.99) 

118 

 (7.44) 
 

Geographic 

Region 

     
<.01 

Northeast 
670 

 (43.88) 

312  

(20.65) 

303 

 (19.74) 147 

(10.01) 

182 

 (11.48) 
 

Midwest 
533  

(34.91) 

269  

(17.80) 

44  

(2.87) 

242 

 (15.26) 
 

South  
130 

 (8.51) 

276 

 (18.27) 

546  

(35.57) 

809 

 (55.11) 

251  

(15.83) 
 

West 
194  

(12.70) 

654  

(43.28) 

642  

(41.82) 

507 

 (34.54) 

911  

(57.44) 
 

Rural/Urban 

Residence 

     
<.01 

Rural 
58  

(3.80) 

28  

(1.85) 

37  

(2.41) 

56  

(3.81) 1,582 

(99.75) 

 

Urban/Metropolitan 
1,469  

(96.20) 

1,483  

(98.15) 

1,498  

(97.59) 

1,412  

(96.19) 
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Appendix Table 4 continued. 

Poor Performance 

Status Proxy 

     
<.01 

No  
961  

(62.93) 

919  

(60.82) 

878  

(57.20) 

806  

(54.90) 

798  

(50.32) 
 

Yes 
566  

(37.07) 

592  

(39.18) 

657  

(42.80) 

662  

(45.10) 

788  

(49.68) 
 

NCI Comorbidity 

Index** 

     
<.01 

0 
622  

(40.73) 

603  

(39.91) 

587  

(38.24) 

522  

(35.56) 

474  

(29.89) 
 

0 < Index ≤ 2 
399 

 (26.13) 

410  

(27.13) 

418  

(27.23) 

395  

(26.91) 

426  

(26.86) 
 

2 < Index ≤ 4  
265  

(17.35) 

266  

(17.60) 

261  

(17.00) 

274  

(18.66) 

303  

(19.10) 
 

>4 
227  

(14.87) 

222  

(14.69) 

259  

(16.87) 

269  

(18.32) 

368  

(23.20) 
 

Annual Income 

Proxy ($)d 

     
<.01 

≤35,000 
200  

(13.10) 

223  

(14.76) 

378  

(24.63) 

629  

(42.85) 

605  

(38.15) 
 

35,001-50,000 
426  

(27.90) 

428  

(28.33) 

440  

(28.66) 

451  

(30.72) 

487  

(30.71) 
 

50,001-65,000 
364  

(23.84) 

332  

(21.97) 

309  

(20.13) 

208  

(14.17) 

230  

(14.50) 
 

>65,000 
537  

(35.17) 

528  

(34.94) 

408  

(26.58) 

180  

(12.26) 

264  

(16.65) 
 

Year of Diagnosis      <.05 

2007 
118  

(7.73) 

116  

(7.68) 

120  

(7.82) 

137  

(9.33) 

174  

(10.97) 
 

2008 
145  

(9.50) 

132 

 (8.74) 

145  

(9.45) 

129  

(8.79) 

133  

(8.39) 
 

2009 
142  

(9.30) 

152  

(10.06) 

141  

(9.19) 

150  

(10.22) 

148 

 (9.33) 
 

2010 
145  

(9.50) 

165  

(10.92) 

157  

(10.23) 

151  

(10.29) 

185  

(11.66) 
 

2011 
154  

(10.09) 

163  

(10.79) 

180  

(11.73) 

150  

(10.22) 

152  

(9.58) 
 

2012 
188  

(12.31) 

170  

(11.25) 

184  

(11.99) 

175  

(11.92) 

170  

(10.72) 
 

2013 
233 

 (15.26) 

208  

(13.77) 

220  

(14.33) 

196  

(13.35) 

200  

(12.61) 
 

2014 
203 

 (13.29) 

204  

(13.50) 

189  

(12.31) 

208  

(14.17) 

244  

(15.38) 
 

2015 
199  

(13.03) 

201  

(13.30) 

199  

(12.96) 

172  

(11.72) 

180  

(11.35) 
 

MM Severity 

Indicators** 

     
0.72 

Neuropathy       

No 
1,391 

 (91.09) 

1,379  

(91.26) 

1,418  

(92.38) 

1,338  

(91.14) 

1,433 

 (90.35) 
 

Yes 
122  

(7.99) 

122  

(8.07) 

107 

 (6.97) 

122  

(8.31) 

138  

(8.70) 
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Appendix Table 4 continued. 

Monoclonal 

Paraproteinemia** 

     
0.46 

No 
1,347  

(88.21) 

1,311  

(86.76) 

1,341  

(87.36) 

1,259 

 (85.76) 

1,379  

(86.95) 
 

Yes 
166  

(10.87)  

190 

 (12.57) 

184  

(11.99) 

201  

(13.69) 

192  

(12.11) 
 

Anemia**      <.01 

No 
820  

(53.70) 

792  

(52.42) 

777  

(50.62) 

722  

(49.18) 

686  

(43.25) 
 

Yes 
693  

(45.38) 

709  

(46.92) 

748  

(48.73) 

738  

(50.27) 

885  

(55.80) 
 

Renal Disease**      <.01 

No 
1,195  

(78.26) 

1,147  

(75.91) 

1,152  

(75.05) 

1,047  

(71.32) 

1,127  

(71.06) 
 

Yes 
318  

(20.83) 

354 

 (23.43) 

373 

 (24.30) 

413  

(28.13) 

444  

(27.99) 
 

LIS Status      <.01 

Non-recipient 
1,321  

(86.51) 

1,190  

(78.76) 

1,069 

 (69.64) 

914  

(62.26) 

870  

(54.85) 
 

Recipient 
206 

 (13.49) 

321  

(21.24) 

466  

(30.36) 

554  

(37.74) 

716  

(45.15) 
 

a Chi-square test was used for categorical variables. 
b ‘Not married’ includes widowed, divorced, separated, and never married. 
c Quintile 1 = least deprived, Quintile 5 = most deprived. 
d Zip-code level median household income was used as a proxy for individual income.  

*Unknown due to missing data. 

**May not add up to 100% due to missing data; Unknown values not shown due to cell size being <11. 

Note: Some cells are merged due to one or more cells being smaller than 11 in size. 
 

  



125 
 

Appendix Table 5. Standardized differences between LIS recipients and non-recipients post-

IPTW (n = 7,637). 
 Standardized Difference 

Race-Ethnicity   

Non-Hispanic White  0.001 

Non-Hispanic Black -0.015 

Hispanic 0.013 

Other 0.008 

Age  

66-70 0.064 

71-75 0.043 

76-80 -0.029 

>80 -0.065 

Marital Status  

Married 0.040 

Not Marrieda -0.040 

Geographic Region  

Northeast -0.013 

Midwest 0.007 

South  -0.001 

West 0.006 

Poor Performance Status Proxy  

No  0.008 

Yes -0.008 

NCI Comorbidity Index  

0 0.024 

0 < Index ≤ 2 -0.012 

2 < Index ≤ 4  -0.008 

>4 -0.008 

Annual Income Proxy ($)  

≤35,000 0.004 

35,001-50,000 0.025 

50,001-65,000 -0.032 

>65,000 -0.001 

MM Severity Indicators  

Neuropathy  

No 0.042 

Yes -0.042 

Monoclonal Paraproteinemia  

No -0.003 

Yes 0.003 

Anemia  

No 0.014 

Yes -0.014 

Renal Disease  

No 0.005 

Yes -0.005 
                     a ‘Not married’ includes widowed, divorced, separated, and never married. 
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Appendix Table 6. Standardized differences between treated and non-treated patients post-IPTW 

(n = 5,310). 

 Standardized Difference 

Race-Ethnicity   

Non-Hispanic White  -0.008 

Non-Hispanic Black 0.007 

Hispanic 0.013 

Other -0.010 

Age  

66-70 -0.016 

71-75 -0.009 

76-80 0.014 

>80 0.009 

Marital Status  

Married -0.003 

Not Marrieda 0.003 

Geographic Region  

Northeast 0.002 

Midwest -0.007 

South  0.009 

West -0.004 

Poor Performance Status Proxy  

No  -0.007 

Yes 0.007 

NCI Comorbidity Index  

0 -0.018 

0 < Index ≤ 2 0.005 

2 < Index ≤ 4  0.008 

>4 0.010 

Annual Income Proxy ($)  

≤35,000 -0.011 

35,001-50,000 -0.004 

50,001-65,000 0.002 

>65,000 0.013 

MM Severity Indicators  

Neuropathy  

No -0.009 

Yes 0.009 

Monoclonal Paraproteinemia  

No -0.019 

Yes 0.019 

Anemia  

No -0.012 

Yes 0.012 

Renal Disease  

No -0.011 

Yes 0.011 
a ‘Not married’ includes widowed, divorced, separated, and never married. 
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Appendix Table 7. Standardized differences between patients treated with and without a novel 

agent-based triplet regimen post-IPTW (n = 5,310). 

 Standardized Difference 

Race-Ethnicity   

Non-Hispanic White  0.002 

Non-Hispanic Black 0.021 

Hispanic -0.019 

Other -0.014 

Age  

66-70 0.003 

71-75 0.001 

76-80 0.008 

>80 -0.011 

Marital Status  

Married -0.013 

Not Marrieda 0.013 

Geographic Region  

Northeast 0.014 

Midwest 0.009 

South  0.009 

West -0.025 

Poor Performance Status Proxy  

No  0.017 

Yes -0.017 

NCI Comorbidity Index  

0 -0.003 

0 < Index ≤ 2 0.020 

2 < Index ≤ 4  -0.007 

>4 -0.014 

Annual Income Proxy ($)  

≤35,000 -0.009 

35,001-50,000 0.015 

50,001-65,000 -0.020 

>65,000 0.013 

MM Severity Indicators  

Neuropathy  

No 0.022 

Yes -0.022 

Monoclonal Paraproteinemia  

No 0.005 

Yes -0.005 

Anemia  

No -0.013 

Yes 0.013 

Renal Disease  

No 0.000008 

Yes -0.000008 
a ‘Not married’ includes widowed, divorced, separated, and never married. 
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Appendix Table 8. Standardized differences between patients treated with and without an oral 

novel agent post-IPTW (n = 5,310). 

 Standardized Difference 

Race-Ethnicity   

Non-Hispanic White  0.0004 

Non-Hispanic Black -0.00002 

Hispanic 0.000007 

Other -0.0008 

Age  

66-70 0.002 

71-75 0.0002 

76-80 0.002 

>80 -0.004 

Marital Status  

Married -0.0009 

Not Marrieda 0.0009 

Geographic Region  

Northeast 0.001 

Midwest 0.0006 

South  -0.00003 

West -0.001 

Poor Performance Status Proxy  

No  -0.003 

Yes 0.003 

NCI Comorbidity Index  

0 0.0001 

0 < Index ≤ 2 -0.001 

2 < Index ≤ 4  0.0005 

>4 0.0009 

Annual Income Proxy ($)  

≤35,000 -0.00009 

35,001-50,000 0.001 

50,001-65,000 -0.002 

>65,000 0.001 

MM Severity Indicators  

Neuropathy  

No -0.00007 

Yes 0.00007 

Monoclonal Paraproteinemia  

No -0.001 

Yes 0.001 

Anemia  

No -0.001 

Yes 0.001 

Renal Disease  

No 0.0008 

Yes -0.0008 
a ‘Not married’ includes widowed, divorced, separated, and never married. 
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