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Fine particulate matter exposure is linked to worse myeloma
outcomes in a diverse urban cohort
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INTRODUCTION

Outdoor air pollution (OAP) is a growing environmental health
risk, contributing significantly to the global disease burden [1]. The
World Health Organization reports 99% of the world population
lives in areas with unacceptable air quality [2]. OAP is a complex
mixture, primarily consisting of black carbon (BC), nitrogen
dioxide, sulfur dioxide, ozone, and particulate matter 2.5 (PM,s).
OAP is produced through the burning of fossil fuels, industrial
waste, wildfires, and combustion processes [3]. OAP-related
morbidity and mortality is associated with increased ischemic
heart disease, stroke, respiratory disease, and cancers of the
respiratory tract [2].

Research suggests an association between OAP exposure and
development of hematologic malignancies [4]. Multiple Myeloma
(MM) is the second most common hematologic malignancy [5]. MM
is characterized by clonal expansion of plasma cells leading to
monoclonal protein expression. Complications of MM include
anemia, renal disease, bone pain, and increased fracture and
infection risk. The Surveillance, Epidemiology, and End Results
Program (SEER) registry estimates 34,000 new cases diagnosed and
13,000 deaths annually from MM [5]. Risk factors for MM include
race, BMI, and occasionally genetic predisposition. Blacks and
Hispanics have a higher incidence of MM than non-Hispanic Whites.

There is growing evidence suggesting an association between
environmental exposures and MM [6]. One recent study demon-
strated that first responders to the World Trade Center on 9/11
developed the myeloma precursor disease, monoclonal gammo-
pathy of undetermined significance (MGUS) at a higher rate and
MM at an earlier age [7]. Several biologic mechanisms could
explain the association between OAP and MM. Prior studies
demonstrated that PM, 5 is carcinogenic and exposure to OAP can
induce a higher rate of missense mutations [8]. Our study aims to
characterize OAP exposure patterns and identify socio-
demographic and clinical variables associated with worse air
quality in a diverse cohort of MM patients.

METHODS

Patient Data

We conducted a retrospective cohort study of 1608 patients
diagnosed with MM at Montefiore Health System (Bronx, NY)
between 1997 and 2018. Eligibility was limited to incident MM
patients, 1561 of whom had a first cancer diagnosis of MM. Patient
data including, address, age at diagnosis, race, sex, ethnicity,
smoking status, and mortality were extracted from the Montefiore
Electronic Data Warehouse (EDW). Clinical parameters at diagnosis

including Hemoglobin (Hgb), Creatinine (Cr), Albumin, Lactate
Dehydrogenase (LDH), B2-microglobulin (32 M), Bone marrow
plasma cell percentage (BM-PC), and transplant status, were
chosen based on their prognostic significance and retrieved via
chart review.

Pollution data

Patient addresses (n = 1514) were geocoded to estimate patients’
OAP and Organic Matter exposures from 2000 to 2018 using land
use regression models. For patients diagnosed with MM prior to
the year 2000, pollution data were retrospectively extrapolated, a
methodology whose feasibility has been previously demonstrated
[9]. The most recent address at the time of the study was used for
each patient. Ground-level OAP data for pollutants including
PM, s, BC, Nitrates (NOs3), Ammonia (NH,4), Organic Matter (OM),
and Sulfate (SO,) was estimated by combining Aerosol Optical
Depth retrievals from the NASA MODIS, MISR, and SeaWIFS
instruments with the GEOS-Chem chemical transport model, and
calibrated to regional ground-based observations of both total
and compositional mass using Geographically Weighted Regres-
sion, as previously described [10].

Statistical Analysis

OAP exposure levels were compared by race and ethnicity using
Chi-Squared and t-tests. Cox proportional hazards regression
models estimated (1) the risk of death during follow-up associated
with exposure to each individual component of OAP, adjusting for
covariates and (2) the value of Hgb, Cr, BM-PC, 32 M, LDH, and
Albumin and transplant status associated with exposure to each
individual component of OAP, adjusting for covariates. All clinical
variables were treated as continuous except transplant status,
which was treated as binary. P values of < 0.05 were considered
significant. However, because of challenges in finding statistically
significant correlations with pollution data due to the dependence
of MM mortality on clinical factors including compliance to
therapy, adverse effects of treatments etc., a P-value of < 0.1 was
also utilized to find potential associations.

RESULTS

Our cohort represented the demographics of the Bronx, NY. Self-
identified race and ethnicity for the patients were as follows: 22%
White, 50% Black, 27% Other and 30% Hispanic (Table 1). Mean
age at diagnosis of MM was 66.24 years. Few patient addresses
had an average yearly exposure to PM, s greater than the previous
EPA safe standard of 12 ug/m3 (n=45) in the study timeframe
(Fig. 1a) [11]. However, for most affected addresses, the number of
years where average exposure to PM, s was greater than 12 pg/m>
was 8-9 years. Therefore, those affected by OAP were exposed for
prolonged durations (Fig. 1b). When stratified by race and
ethnicity, patients were exposed to similar average yearly PM; s
concentrations  (Whites = 11.18 pg/m®,  Blacks = 11.26 ug/m?,
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Other = 11.35 ug/m>, Non-Hispanic/Latino = 11.24 pg/m>, Hispa-
nic/Latino = 11.35 pg/m?).

879 patients had complete clinical data for use in the final Cox
proportional hazards model. Exposure to higher average yearly
levels of PM, s and BC were associated with a trend towards worse
overall survival (HR for PM, 5 = 1.178, 95% Cl 0.97-1.43 and HR for
BC = 1.366, 95% Cl 1.00-1.87). Exposure to increased levels of SO,
was significantly associated with increased overall survival (HR =
0.9323, 95%Cl 0.87-1.00). Additionally, the number of years a
patient was exposed to PM,s above 12 ug/m?® associated with
worse overall survival when adjusting for the same covariates
(HR=1.072, p=0.071). No other pollutant demonstrated a
significant association with overall survival (Fig. 2).

The following clinical variables were examined for association
with the various components of OAP: variables Hgb, Cr, BM-PC,
32 M, LDH, Albumin, transplant status. None of which showed a
significant association with increasing exposures to components
of OAP when adjusting for multiple comparisons.

DISCUSSION
Air quality is an important determinant of health, with 3.5 million
deaths annually (110,000 in the U.S.) are attributed to poor air

Table 1. Selected Demographics of Patient Cohort.

Age (years)

Median (IQR) 66 (58-82)
Sex N=1561
Male 749 (48%)
Female 811 (52%)
Unknown 1 (0.1%)
Race N=1279
White 276 (22%)
Black 662 (52%)
Other 341 (27%)
Ethnicity N=1142
Not Hispanic/Latino 811 (71%)
Hispanic/Latino 331 (29%)
Smoking Status N=1287

Never Smoker 815 (63%)
341 (26%)

131 (10%)

Former Smoker
Current Smoker
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quality. Despite reductions in some pollutants, OAP continues to
rise, costing billions of dollars globally [12]. OAP disproportio-
nately affects historically redlined communities like the Bronx [13].
Geocoding patient addresses and correlating them with high-
resolution OAP data allows new associations between OAP and
cancer mortality. Long-term exposure to PM,s above EPA safe
standards was associated with a trend towards worse survival in
MM. The significantly prolonged survival with increasing sulfate
exposure is difficult to explain as sulfate is a component of PM2.5
and should be correlated with decreased OS. No clinical variables
were significantly associated with pollutant exposure. This
methodology using pollution data generated for MM can be
applied to other health outcomes globally.

Most research investigating the association between OAP
exposure and cancer mortality studied solid tumors, with fewer
studying hematologic malignancies [14]. A European study found
no significant association between OAP exposure and MM
mortality [15]. These prior studies estimated OAP at county, state,
or province levels, missing neighborhood-level variations, which
are more relevant to health [16]. We greatly improved these
models by using hyperlocal, geocoded addresses to better assess
OAP exposure and its impact on MM disease characteristics.

Our study does not account for patient migration in the
timeframe when OAP was measured. It is difficult to know how
many patients migrated over the timeframe assess in this study;
however, according to US census estimates, the Bronx population
did increase by 3.9% between 2000 and 2010 then again by 6.3%
from 2010 to 2020, so it is possible that migration did affect less
than 10% of individuals in our study [17]. Hospital acquired data
cannot capture occupational and indoor pollution exposures that
could impact patient mortality. Furthermore, there are other
potential confounders e.g., cytogenetic data, changes in treatment
paradigms over time, and number of other chronic health
conditions which are not available for the vast majority of patients
in this study. Additionally, a significant number of study patients
had incomplete data for both demographic and clinical variables.
This was partially due to incomplete records prior to the
implementation of complete electronic medical record at our
institution.

This study demonstrates a possible association between MM
mortality and OAP exposure, particularly BC and PM, s. By using a
novel approach, this study increases our understanding of
environmental factors in hematological malignancies. Air quality
likely impacts MM mortality alongside patient and treatment
related factors. Further research should explore the effect of
environmental exposures on other hematologic malignancies as
well. This is vital for informing policies that advocate for cleaner air
and healthier communities.
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Fig. 1 Duration and level of PM, s exposure. a Frequency histogram of average PM, 5 exposure, measured in ug/m3, at individual patient
addresses. b Frequency histogram of number of years each patient address was exposed to PM, s> 12 ug/m?>.
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Fig. 2 Mortality hazard ratios for components of OAP. Reported Hazard ratios indicate % increased risk of mortality for every 1 pg/m?
increase in average annual exposure to each component of OAP. Models were adjusted for age, sex, ethnicity, and smoking status. Pollutants
shown here are Fine Particulate Matter (PM,s), Organic Matter (OM), Nitrates (NO3), Ammonia (NH,) and Black Carbon (BC).
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