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Multiple myelomas (MM) is a cancer of the bone marrow. It is a non-
communicable disease of public health importance. It is currently the second
most popular hematological malignancy (after non-Hodgkins lymphoma)
which targets the middle-aged and elderly population, especially those of the
black race. It is a disease known for its ability to cause skeletal complications|
(i.e., chronic bone pain, osteoporosis and pathological fracture) at an advanced
stage. One of the greatest challenges in the diagnosis and management of]
MM especially in low-income countries is difficulty identifying the potential
hazards and/or proximate causes of the disease both environmentally and
biologically.

This study aims to highlight some of the potential risk factors of multiple|
myeloma and their possible stratification based on the hazard risk levels.

Methods: This was an evidence-based review essay of 29 references related|
to the descriptive epidemiology of MM, risk factors of the disease and their
possible implications (clear links) to the disease control approximately over|
the past two decades (2001-2018). Two keywords: (MM and Risk factors
Descriptive epidemiology in developed and developing countries) were used
as a search strategy to identify answers to research questions. PubMed,
Medline, Google Scholar, African Journal Online (AJOL) were the search
database reviewed.

The risk assessment was categorized broadly into environmental (i.e., lifestyle),
and biological (cytogenetic karyotypes). Each of these groups is stratified into
three sub-divisions of low (standard)-, Intermediate- and High risk- level sub-
divisions.

The identification of risk factors of MM helps in risk management. The risk
management is a-two-way-approach (i.e., preventive and cure) which includes
the public health safety measures to prevent exposure to the potential
hazards and the clinical approach which uses therapeutic interventions
(individualized therapy) in disease control. These strategies could be useful in|
navigating the course, prognosis and disease outcome both in the developed
and developing countries.
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INTRODUCTION

According to the American Heritage Dictionary (2000) defi-
nition, a cause is that which produces an effect, result or conse-
quence. On the other hand, modern epidemiologists have re-de-
fined cause as an event, condition, or characteristic that preceded
the disease onset and that, had the event, condition or character-
istic been different, the disease would not have occurred at all or
would not have occurred until some later time [1]. “Cause” has
been shown to have key attributes like association, time order,
directionality including host and environmental factors. It may
be active or passive and positive (i.e., when its presence induces a
discase) or negative (i.c., when its presence is preventive or protec-
tive. A typical example of a cause is the Human Papillomavirus
(HPV) which causes cancer of the cervix.

However, risk factors are those factors used by epidemiologists
which are not direct causes, but rather serve to identify more
proximate causes of disecase. They are otherwise known as
the predisposing factors or factors a few steps away from the
true cause of the disease. Incidentally, the cause of most non-
communicable diseases is unknown, hence, they fall under this
category of causation known as risk or predisposing factors.
Multiple causations (also known as a web of causation model), are

the backbone of the contemporary epidemiology [1].

The Non-communicable disease of importance to be
discussed in this section is Multiple myelomas. Multiple
myelomas, otherwise known as plasma cell myeloma, is a cancer
of the bone marrow with profound morbidity and mortality. It is
hematological malignancy which is characterised by proliferation
of abnormal plasma cells in the bone marrow, leading to chronic
waist pain, anaemia, skeletal-related events (such as osteoporosis,
pathological fracture, and vertebral collapse), chronic renal failure
and other end-organ-organ failures [2]. The target audience
includes middle to the elderly aged population. This target group
who present commonly with features suggestive of MM is termed
the “perceived susceptible group”. In Nigeria, they make up to
12.7% (about 21 million based on 2006 population census) of the
total population. Previous studies are in keeping with the above

target group as the high-risk group for MM [3].
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Tab. 1. Predisposing risk factors

Environmental Biological

of MM Potentially Etiologic Risk

Factors [1] 3.0

Diet

Infectious disease [10]

Suspected Risk Factors
(no consistent evidence of
causal relationship)

Smoking
Alcohol
GVHD

Occupational Hazards/

lifestyle [1, 10] Painters

Basically, the risk factors of MM can be categorized broadly
into environmental (i.e., lifestyle) and biological (ie., cytogenetic

karyotypes) factors (Table 1).

Most biologic risk factors are “potentially etiologic factors of

MM,” while the environmental risk factors include diet, infectious
diseases, occupational hazards and other suspected/presumed
factors with no consistent evidence of the causal relationship

(Table 1). The biologic risk factors such as cytogenetic
abnormalities, which are made after diagnosis are stratified into
three sub-divisions of low (standard), Intermediate and High-risk
karyotypes (Table 2).

Although a systematic review of the global burden of multiple
myeloma showed its incidence to be higher in North America
such as the United States of America, it is popularly known as
a black man cancer based on the epidemiological history of the
disease [2]. The known predisposing factors of MM include
black race (i.e., commoner in African-American than their
white counterparts), male gender disparity, elderly age group,
environmental exposures to hydrocarbons, ionizing radiations,
pesticides, herbicides, hair dyes, viral infections such as Karposi
sarcoma herpes virus, Hepatitis C virus, Ebstein-Barr virus,
mutated cytomegalovirus and immunosuppressive conditions
such as HIV/AIDS, graft-versus-host diseases occasioned by stem
cell and organ transplantations [3-11].

MM is a haematological disease of public health importance
because of its negative impact on the health indices of its target

*All predisposing factors with Hazard Ratios 2

Low fish consumption
® Low green vegetable consumption [7]

Herpes zoster

Kaposi Sarcoma Herpes Virus (KSHV) [10]
Hepatitis C Virus

Ebstein-Bar Virus

Mutated CMV

HIV/AIDS

Organophosphates
Herbicides)
Organic solvent (PMS, Paint, Benzene)
Radiations

Asbestos* (HR 3.7)

Allergic conditions

Petrochemical workers* (HR 3.7)

L]
L]
® Nuclear workers

® Occupational therapist

® Food processing industrial workers
® Use of hair dye>20 years

® |axatives'(HR 3.7)

® Age (>65 years) [1]

® Male Gender [1]

® Black Race [1]

® Obesity [8]

® Family History (Genetics) :HLA-Cw2,
HLA-CwS5 [10]

® Abnormal Karyotypes (Hyerdiploidy
and Hypodiploid) [11]

® MGUS[1, 6, 7]

e SMM1,6,7]

(Pesticides and

population, both in developed and in developing countries.

DESCRIPTIVE EPIDEMIOLOGY AND RISK
FACTORS OF MM

Multiple myelomas is one of the hematological malignancies
of public health importance globally. It accounts for about 1%
of all cancers and 15% of lymphoproliferative malignancies [12].
It also accounts for 27% of all lymphohaemopoietic deaths and
0.9%-2% of cancer-related mortalities globally [12]. Like any
other cancer, the etiology of multiple myeloma is unknown.
However, factors implicated as potentially aetiologic for multiple
myeloma have been identified [4]. They include gender disparity-
it is commoner in elderly males than the female counterparts with
a Male to Female ratio of about 2:1. It is twice commoner in black
than white with a median age between 60-65 years and relatively
rare before the forties in developed countries. There is a familial
tendency for multiple myeloma in about 3-5% of the American
population with more reports in first-degree family members with
Human Leucocytic Antigen HLA-Cw2 and Cw5 [10]. Other
potentially aetiologic factors include the hypothesized precursors
of multiple myeloma such as Monoclonal Gammopathy of
Undetermined Significance (MGUS) and Smouldering Multiple
Myeloma (SMM). Both MGUS and SMM are premalignant
plasma cell disorders. However, the previous study by Landgren
et al. has shown that MGUS and SMM have 1% and 10%-20%
risks of progression to multiple myeloma per year respectively

(Table 1) [8].
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Tab. 2. Tabular illustration of  Serial No Perception

Target Intervention

MM campaign theory [3]
Perceived susceptibility

Educating targeted group about multiple myeloma, the clinical presentation
such as chronic back or bone pain (>1 month), anaemia, pathological fracture

or weight loss.

Perceived severity

The complications of multiple myeloma such as transfusion-dependent
anaemia, chronic renal failure requiring dialysis or kidney transplant,
pathological fracture requiring orthopedic intervention, osteoporosis, the
burden of treatment of the disease and death.

Perceived Benefits

Early screening will give rise to:
i) Early detection (diagnosis) and disease prevention
ii) Early therapy
iii) Complication prevention
iv) Improved QOL and overall survival interval
v) Improved life expectancy of the target group

Perceived Barrier

Other risk factors include environmental agents such as
cumulative exposure to certain chemicals such as dioxin, herbicides,
pesticides and ionizing radiation. There is a hypothesis that these
specific pesticides are causatively linked to myelomatogenesis
through the hypothesized precursors of multiple myeloma such
as essential monoclonal gamopathy (MGUS) and Smouldering
Multiple Myeloma [13, 14]. Ionizing radiation is another
presumed risk factor of MM-about 29 out of 129 survivors of
bombing of Nagasaki in 1945 died of multiple myeloma signifying
a causal link between ionizing radiation and the disease [10].

Generally, the relative risk RR of people exposed to agriculture,
food processing, and chemical industries to having multiple
myeloma has increased to 1.8. It is even higher for those exposed
to asbestos and laxatives. The highest risk of having multiple
myeloma is exposure to petrochemicals (RR=3.7). According
to the American cancer society prospective mortality study,
prolonged use of dye for greater than twenty years is a high-risk
factor for multiple myeloma [10, 11].

Other suspected risk factors with no provided consistent
evidence of causal inference include exposure to smoking,
alcoholism, obesity, low fish consumption, low green vegetable
consumption and previous history of viral infections (Table 1)

[6,7].

Multiple myelomas is a non-communicable disease and fall
within the groups of diseases with multi-factorial predisposing
factors. Hence, the web of causation model will be useful in
identifying the causal inference. In this model, some of the
predisposing factors may indirectly cause the disease through
the formation of intermediary factors that will ultimately give
rise to the disease, while others may directly lead to the disease.
However, it is worthy of note that the established risk factors in
myelomatogenesis include genetic or hereditary, environmental,
immunological, viral and host factors [10-11]. These risk factors
can cause hypermutation and immunoglobin gene recombination
of the post-germinal centre plasma cells leading to their
aberrations and immortalization to form long-lived plasma cells
known as multiple myeloma [15-17]. There is always a temporality
and time order showing that the associated factors always precede
the disease [1, 18]. Because it has an insidious onset, it may be
presumed that the time order may be prolonged before the disease
emergence.

a) Institutionalizing periodic screening test for myeloma of the target group in

all health centres in Nigeria (Policy).
b) Use of social marketing theory as a strategy of health promotion for
multiple myeloma screening in Nigeria.
c) Use of public relations as a strategy to appeal to the targeted group.

In developing countries such as Nigeria, multiple myeloma
poses a diagnostic dilemma to the surgeon, especially orthopaedic
surgeon and physician as a result of poor case ascertainment in
developing countries such as Nigeria [19]. This leads to late
presentation and frequent skeletal manifestations. Orthopaedic
complications such as chronic back pain, pathological fracture
and osteoporosis are the common clinical markers of multiple
myeloma that bring target patients to the hospital in Nigeria
[9]. Unfortunately, they are usually misdiagnosed as having
orthopaedic disease as primary pathology and kept under their
care, only to be diagnosed by haematologist long after further
complications must have set in [3]. These complications, coupled
with poor therapeutic interventions available for the disease led
to poor prognosis and survival outcomes of people living with
multiple myeloma in the region [19, 20].

A recent study showed that about 7.6% of diagnosed multiple
myeloma patients survive up to five years post-diagnosis [19]. This
was significantly below five years post-diagnosis period survival
of 44.9% by Surveillance Epidemiological End-Results (SEER)
cancer statistics review of 1975-2007 in the United States of
America [21]. By this analysis, the implication is that the United
State of America is well ahead of Nigeria by over fifty years in the
management of multiple myeloma as of the year 2007. It becomes
more worrisome now with the current SEER statistics which has
risen from 44.9% to 50.7% (an additional 5.8%) [22].

The United States of America is one of the countries in
Northern America with the highest age-standardized incidence
rate of multiple myeloma (3.6-6.3 per 100,000), while most
countries within sub-Saharan Africa are within 0.4-1.2 per
100,000. The current death of people with multiple myeloma is
3.3 per 100,000 for both men and women. The Age-standardized
incidence rate in males is 6.7 per 100,000 while that for females
is 3.3 per 100,000 [2]. There were an estimated 124,733 people
living with MM in the USA in 2015. Approximately 0.8 percent
of men and women will be diagnosed with MM at some point
during their life in the United States [22].

In Nigeria, Africa’s most populous nation with an estimated
population size of over 200 million people and an annual growth
rate of 3%, it is estimated that multiple myeloma accounts for about
1021 out of 102,100 of newly diagnosed cancers annually [23].
However, while the Case Fatality Index (CFI) of people living
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with MM in the USA is about 59.5 percent, their counterparts in
Nigeria is about 93.1%.

The lesson to be drawn from this epidemiological data is
that though multiple myeloma is twice commoner in black
than white, its prevalence is commoner in the United States of
America compared to the sub-Saharan African countries. This is
understandable because of dearth in data and case ascertainment
in the region. It is probable that with proper surveillance and good
epidemiological and clinical knowledge of the disease, the correct
statistics of the disease will be realized in the region [3].

Anti-myeloma chemotherapy regimens and stem cell
Stem-Cell
(ASCT)) are the standard definitive interventions for people

transplantation  (Autologous Transplantation
living with MM. The anti-myeloma chemotherapeutic regimens
have undergone a series of transformation and evolution over the
years. The current anti-myeloma therapeutic agents have changed
the paradigm in the management of the disease. These agents have
the best effect on improving the quality of life and overall survival
intervals of MM patients. They have positively changed the course
of the disease especially in high-income countries such as the

United State of America where they are more readily available

[24].

Theconsensusstandard of treatmentof MM isyet tobeachieved
in many developing countries [25]. Unlike in developed countries
where treatment is beginning to be customized based on mapping
of patient’s genome, most low and middle-income countries are
yet to offer their patients such options. In Nigeria, the major anti-
myeloma chemotherapy drug is the old conventional alkylating
agent known as melphalan (M) which is usually combined
with a steroid (i.e. Prednisolone, P) as a double or triple-only
combination regimen. MP is still the most commonly accessible
combination regimen used for treating MM patients because
of the cost and availability, long after it has been phased out for
treating MM patients in most developed countries. About 84%
of newly diagnosed MM patients in some low-income countries
still depend on MP doublet combination regimen [8]. This is
contrary to the standard triple regimen accepted worldwide as the
current treatment of choice for MM. A very few patients could
afford a bortezomib-based or Inmuno-modulatory agent IMiD-
based combination regimens of MP (i.c., bortezomib-melphalan-
VMP (7.7%) and Thalidomide-melphalan-
prednisolone TMP (19.7%) respectively)). These triple-only

prednisolone

combination regimens are partially standard. “Partial” in this
context connotes a combination of a target (novel) therapy with
an old conventional regimen (i.e., MP in this case). The consensus
standard anti-myeloma therapy (i.c., bortezomib-lenalidomide-
dexamethasone VRD) has a better median overall survival (OS),
Progressive Free Survival (PFS) and Overall Response Rate (ORR)
compared to the partially standard therapy [25, 26]. But, again,
this is bad news for many developing countries as less than 20%
of MM patients in the region could access the partially standard
anti-myeloma regimen [20]. The remaining 16% constitute the
MM patients who are cither on unclassified (i.c. neither known
old conventional nor new novel therapy) anti-myeloma regimens
(such as vincristine, Adriamycin, dexamethasone VAD) or not on
any cytotoxic chemotherapy [25].

IMPLICATIONS OF RISK FACTORS TO RISK
ASSESSMENT

Multiple myelomas is an incurable disease. However, with
good knowledge of the disease and better diagnostic and
therapeutic interventions, the quality of life of people living with
multiple myeloma could be improved. When the overall survival
of the target population is improved, their average life expectancy
from birth invariably increases 3, 27].

High-income countries such as the United States of America
have attained a significant milestone in the care of people living
with multiple myeloma. This is based on a better understanding
of the knowledge of the epidemiology and biology of the discase.
Based on the risk assessment and causal inference, the United
States of America, through their public health department could
come up with a public health approach of creating awareness
and prevention of multiple myeloma. This is achievable through
information dissemination to the target audience on the possible
predisposing factors to multiple myeloma. This approach makes
use of a behavioral framework to effect the desired change.

The health believes model framework theory uses four
perceptive mechanismsin its evaluation of the target interventions.
They are the Perceived Susceptibility, Perceived Severity, Perceived
Benefit and Perceived Barrier (Table 2) 3, 27].

Perceived susceptibility involves educating the targeted group
about multiple myeloma using the clinical presentation such as
chronic back or bone pain (>1 month), anaemia, pathological
fracture or weight loss. In perceived severity, the intervention is to
emotionally appeal to the target audience about the complications
of multiple myeloma such as transfusion-dependent anaemia,
chronic renal failure requiring dialysis or kidney transplant,
fracture intervention,

pathological requiring  orthopaedic

osteoporosis and other burdens of disease treatment and death.

In perceived benefits, the public health specialist should
educate the target audience on the benefits of early screening
for multiple myeloma including early detection (diagnosis) and
disease prevention, early therapy commencement, prevention
of complications, improvement of overall survival interval and
average life expectancy of the target group.

The perceived barrier in public health campaign involves
institutionalizing periodic screening test for myeloma in the target
group in all health centres. (Policy-making); the use of social
marketing theory as a strategy of health promotion for multiple
myeloma screening and the use of public relations as a mechanism
to appeal to the targeted group.

Most high-income countries have identified possible risk
factors of MM up to the extent of stratification of risk levels of
the disease based on cytogenetic analysis of the karyotypes. This
is demonstrably using the Mayo stratification for Myeloma and
risk-dependent therapy (nSMART) and International Myeloma
Working Group Risk stratification [28, 29]. The biologic risk
factors such as cytogenetic abnormalities, which are made after
diagnosis are stratified into three sub-divisions of low (standard)-,
Intermediate- and High risk- karyotypes (‘Table 3).

These strategic leadership approaches have gone a long way
in improving case ascertainment, characterizing the disease
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Tab. 3. Biologic risk stratification Standard-Risk Karyotype

| Intermediate-Risk Karyotype |

High-Risk Karyotype

of mm based on cytogenetic All others including FISH FISH
abnormalities [28, 29] ® Trisomies ® t(4;14)(p16.3;032) Del 17p
® (11;14)(9q13;q932) ® 1qgain ® (14;16)(q32;923)
® t(6;1) ® High PC S-phase ® t(14;20)
® GEP
°

and individualizing therapy for the target population. This has
translated to a better therapeutic intervention for improving the
survival interval and the average life expectancy of people living
with multiple myeloma [24]. This is evidenced by the low value of
the case fatality rate of MM in the USA (55%) compared to the
high value (>90%) recorded in Nigeria, which is understandable
because of inadequate therapeutic interventions for the
management of multiple myeloma in Nigeria. Therefore, most of
the people living with MM in sub- Saharan Africa die before their
Sth year of diagnosis.

The hazard identification (risk factor) is the first step in the risk
assessment of MM. Risk assessment entails constant identification,
assessment and management of population at health risk [30]. It
is an integral part of health protection. The 4 basic steps of risk
assessment process include hazard identification (i.c., what health
problems are caused by the pollutant?), dose-response assessment
(what are the health hazards at different exposures?), exposure
assessment (how much of the pollutant are people exposed to
during a specific time period?) and risk characterization (what
is the extra risk of health problems in the exposed population?)
(Figure 1) [31].

In order to justify the causal-relationship of the potential
hazards of MM, they must be subjected to a risk assessment test
to establish their impact on the target population in causing MM.
It is the risk assessment that gives rise to hazard ratio HR (or risk
ratio RR).

Once a risk has been established, as evidenced by a high HR,
the next line of action is to control the potential hazard. Risk

High risk signature

management is the process of controlling the incidence of disease
by primarily preventing or treating (cure) the disease condition.
In the case of MM, risk management is a-two-way-approach
(i.e., preventive and curative) which include the public health
safety measures to prevent exposure to the potential hazards
and the clinical approach which uses therapeutic interventions
(individualized therapy) in the disease control.

In high-income countries, the risk assessment mechanism is
robust enough to identify the potential hazards of MM and to
set-up safety measures to prevent exposure to such hazards. They
also have the best therapeutic treatment against MM leading to
improved survival outcomes of people living with MM compared

to their counterparts in low-income countries.

CONCLUSION

Risk identification in MM is the first strategic approach
towards its holistic management. The role of epidemiology in
risk stratification, policymaking, diagnosis, and treatment of
people living with multiple myeloma cannot be over-emphasized.
Prevalence of 1%-2% attributed to multiple myeloma from the
USA SEER cancer statistics will help in prudent allocation of
funds for the management and researches on the disease in the
region. These strategies could be useful in navigating the course,
prognosis and disease outcome both in the developed and
developing countries. Epidemiology remains the only public
health approach towards the prevention of the disease in the
target population.
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