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Impact of hemodialysis on the prognosis of multiple myeloma:
A nationwide population-based study and
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Abstract. Myeloma-associated kidney disease (MRKD)
occurs in <40% patients with multiple myeloma (MM).
The impact of hemodialysis (HD) on patients with MM was
investigated. Between 2000 and 2010, a total of 1,610 patients
in Taiwan were enrolled from the National Health Institute
Research Database. MM was an independent risk factor for
HD following adjustment via multivariate logistic regression
analysis (adjusted hazard ratio, 7.347; 95% confidence interval,
6.156-8.768; log-rank test, P<0.001). In addition, a notable
decrease in survival rate was determined in patients with
MM who underwent HD in the first year since diagnosis of
MM. A total of 198 (61.49%) patients received HD in the first
year. Patients with MM with a lower frequency of HD in the
first year had a relatively good prognosis. The present study
confirmed that MM was a risk factor for HD. Significant early
mortality in the first year was determined in patients with
MM who underwent HD; however, renal recovery following
therapeutic management was a prognostic factor. In addition
to anti-myeloma therapy, early initiation of HD was beneficial
following risk stratification of MRKD; however, an increased
probability of recovery of renal function and discontinuation
of dialysis, was demonstrated in patients with MM following
HD, compared with patients with MM without HD.
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Introduction

Multiple myeloma (MM) is a malignant neoplasm involving
plasma cell proliferation and overproduction of immunoglobu-
lins (1). The incidence of MM is estimated to be 4/100,000
people/year in the USA in 2004 (2) and 0.6/100,000 people/year
in China in 2016 (3). MM is relatively uncommon and accounts
for 1% all cancer types (4). MM is prevalent in elderly males and
African-Americans (1,5). The diagnostic criteria of MM include
plasmacytosis of >10% in the bone marrow and M protein in the
urine or blood. Typical manifestations of myeloma-associated
organ impairment include: Hypercalcemia, renal impairment,
anemia and lytic bony lesions (4). Renal insufficiency caused by
MM is termed myeloma-associated kidney disease (MRKD).
MRKD is a common complication that occurs in 15-40%
patients with MM (1). The most common pathophysiology of
MRKD is caused by myeloma cast nephropathy, which is an
accumulation of light chain proteins due to overabundance that
gives rise to tubulointerstitial fibrosis (6). Additionally, other
predisposing factors, including hypercalcemia, volume deple-
tion, hyper-viscosity, radiocontrast media use and nonsteroidal
anti-inflammatory drugs (NSAIDs), are considered to be asso-
ciated with MRKD (7).

The clinical strategies for patients with MM with MRKD
include hydration, chemotherapy and emergency hemodialysis
(HD), which attempt to rescue renal function. Only 1% patients
with MM suffer irreversible renal failure requiring chronic HD
followed by prompt treatment of the aforementioned predis-
posing factors (8). The average mean survival time following
diagnosis with MM is 3 years, compared with <2 years for
those with renal failure (7). Renal failure is considered a
predictive factor for the outcome of MM, and renal recovery
in patients with MRKD serves an important role during the
disease course of MM. Clinically, HD is commonly used to
manage acute kidney injury in MRKD (8). The aim of the
present study was to determine the advantages of HD inter-
vention and the prognosis of patients with MM. To the best
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of our knowledge, this is the first large-scale study to identify
the risk of HD on patients with MM in Asia. The association
between HD and the prognosis of patients with MM was
also investigated. In addition, an analysis of a single institute
regarding patients with MM with renal function impairment
was conducted (Tri-Service General Hospital).

Materials and methods

Data source. The Taiwan National Health Insurance Research
Database (NHIRD) was established in 1995, and The Taiwan
National Health Insurance Administration Ministry of Health
and Welfare (Taipei, Taiwan, R.O.C.) provide a number of
medical services, including inpatient, outpatient and emer-
gency services to >99% of the entire population in Taiwan (9).
In the present study, data from the NHIRD was used. The
investigation protocols were approved by the official peer
review committee in Tri-Service General Hospital (Taipei,
Taiwan, R.0.C.). The diagnoses were made according to the
International Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM) (10). A single-institute analysis on
the profiles of patients diagnosed with MM was conducted
according to the diagnostic criteria of the International
Myeloma Working Group (4). The patients were treated at the
Tri-Service General Hospital (TSGH; Taipei, Taiwan) between
January 1, 2002 and December 31, 2012. The patients' clinical
information were extracted from medical records, and survival
status was tracked by a case manager in the Cancer Registry
Group of the TSGH. The present study was approved by the
Institutional Review Board of the TSGH.

Patients and study design. A retrospective cohort design was
used, and data was extracted from the NHIRD regarding
patients between January 1, 2000 and December 31, 2010 in
Taiwan. The inclusion criteria of MM in the case group were
implemented according to ICD-9-CM 203.0. The exclusion
criteria included: Diagnosis of MM made prior to 2000,
renal failure or dialysis prior to tracking, age of <20 years
and unknown sex. Patients without MM made up the control
group. Notable variables included age, sex, and the comorbidi-
ties of diabetes mellitus (DM) (ICD-9-CM 250), hypertension
(ICD-9-CM 401-405), chronic obstructive pulmonary disease
(COPD) (ICD-9-CM 491-493, 4006), coronary artery disease
(CAD) (ICD-9-CM 410-414) and stroke (ICD-9-CM-430-428).
There were 322 individuals in the case group and 1,288 indi-
viduals in the control group. At the end of the tracking period,
December 31st 2010, 283 individuals remained alive in the
case group and 354 individuals in the control group who had
received HD (ICD-9-CM OP39.95). A total of 45 individuals
(13.9%) began HD in the first month after diagnosis with MM,
and due to acute or subacute kidney injury caused by MM.
The other patients progressed to end-stage renal disease and
were treated with HD (Fig. 1). Furthermore, 283 patients with
MM underwent HD were divided into treatment groups: HD
alone (199 patients) and HD combined with anti-myeloma
therapy (84 patients). The patients with MM with anti-myeloma
therapy were treated with thalidomide, lenalidomide or
bortezomib. Sub-analysis of cumulative overall survival rate
between patients treated with HD and anti-myeloma therapy
and patients treated with HD alone was conducted. Also,
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another sub-analysis for patients with MM stratified by bone
marrow auto-transplantation was performed.

Secondly, a multiple clinical case study was conducted. The
patients were enrolled between January 1,2002 and December
31, 2012 at the TSGH with an initial diagnosis of MM, and
there were 158 individuals, of which 19 had confirmed renal
impairment. Using the Acute Kidney Injury Network (AKIN)
criteria as a reference (11), a creatinine level >4 mg/dl was used
to define renal impairment. The clinical information collected
from medical records included age, disease stage at diagnosis,
creatinine level, estimated glomerular filtration rate (¢GFR),
AKIN criteria, frequency of emergency HD, dialysis depen-
dence prior to diagnosis, plasma exchange following diagnosis
with MM, renal biopsy, follow-up duration and survival status.

Statistical analysis. All analyses were conducted using SPSS
software (version 18; SPSS, Inc., Chicago, IL, USA). The ¥*
and Fisher's exact test was used for analysis of categorical
variables, such as sex and comorbidities. The Student's t-test
was used for continuous variable, such as age, and the data was
presented as mean + standard error of the mean. Multivariate
Cox regression was used to adjust the independent variables
and to determine the association between each risk factor and
HD. Hazard ratio (HR) and 95% confidence interval (CI) were
used to evaluate the relative risks between each risk factor. The
Kaplan-Meier method was conducted to identify the cumula-
tive incidence of HD and the log-rank test to determine the
statistical significance between groups. All reported P-values
were two-tailed, and P<0.001 was considered to indicate a
statistically significant difference. The cumulative survival
curve of mortality for patients with MM with and without
HD was constructed. Bar charts were used to investigate the
association between HD and prognosis in patients with MM
(horizontal axis, frequency of HD; vertical axis, number of
patients with MM). The distribution of mortality/survival rate
of the patients with MM is presented.

Results

The clinical characteristics of the patients from the present
study are detailed in Table I. The distributions of sex, age, DM,
hypertension, COPD, CAD and stroke between the two groups
(with and without MM) were similar. The mean age was
68.12+13.29 years in those with MM and 66.39+18.44 in those
without MM. Males outnumbered females in both groups at the
end of follow-up (59.01% vs.40.99%) in the total population. A
total of 283 (87.89%) patients underwent HD in the case group
and 354 (27.48%) in the control group. Following adjustment
of variables using the Charlson comorbidity index (CCI) (12),
there was no statistical difference in clinical characteristics
between the case and control groups. The Kaplan-Meier graph
indicated that the requirement of HD was significantly higher
in patients with MM than patients without MM (log-rank test
P<0.001; Fig. 2). As displayed in Table II, there was a signifi-
cantly higher risk of HD in patients with MM than in those
without MM [adjusted HR (aHR)=7.347; 95% CI=6.156-8.768;
P<0.001]. The risk of HD was also positively associated with
increased age (aHR=1.011; 95% CI=1.005-1.016; P<0.001).
The association between MM and HD was further analyzed.
Table III displays the clinical characteristics of ~283 patients
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Qutpatients and inpatients of LHID in 2000-2010 in Taiwan
20,795,043 events; 986,713 individuals

Inclusion criteria: MM
351 individuals

Exclusion criteria
1. MM before 2000
2. HD before tracking
3. Age<20
4. Sex unknown

29 individuals

1. Without MM in study period
2. Same exclusion criteria as that of the case group

3. 4-Fold propensity score matching by sex, age, and
index year

With MM
322 individuals

Without MM

s ¥ -~
) -

1,288 individuals

! In the end of follow-up (2010.12.31) |

283 individuals underwent HD

(45 individuals underwent HD in the first
month upon diagnosed as MM)

354 individuals underwent HD

Figure 1. The flowchart of study sample selection from National Health Insurance Research Database in Taiwan. LHID, Longitudinal Health Insurance

Database; MM, multiple myeloma; HD, hemodialysis.
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Figure 2. Cumulative incidence of HD treatment among patients with or
without MM via Kaplan-Meier curve (log-rank test, P<0.001). MM, multiple
myeloma; HD, hemodialysis.

with MM who received HD and 39 who did not. There was
no significant difference between the groups for any charac-
teristic. Following adjusting variables via CCI, there was also
no statistical difference between the case and control groups.

The Kaplan-Meier survival curve was used to analyze
the cumulative overall survival rate of the study population.
It was demonstrated that patients with MM who underwent
HD were associated with a significantly reduced survival rate,
compared with the control. Additionally, patients with MM
who underwent HD demonstrated a significantly decreased
survival in the first year following diagnosis in compari-
sion with those without HD (log-rank test, P<0.001; Fig. 3).
Furthermore, patients without MM underwent HD were asso-
ciated with reduced survival in long-term follow-up (Fig. 4).
There was sub-analysis of cumulative overall survival between
patients treated with HD and anti-myeloma therapy, and HD
alone, which revealed no statistical differences between
characteristics in these two groups (Table IV). However, the
anti-myeloma therapy with HD group were associated with a
relatively improved survival rate within the first year following
diagnosis (log-rank test P=0.116; Fig. 5). Additionally, another
sub-analysis for patients with MM stratified by bone marrow
auto-transplantation was conducted. The overall survival curve
is presented in Fig. 6. Bone marrow auto-transplantation is a
standard management for treatment of MM in <60-year-old
patients. In long-term follow-up (the maximum was 11 years,
and the mean was 4.87+3.39 years), the group who underwent
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Table I. Patient characteristics in cohorts with or without MM.

Total With Without
MM variable n % n % n % P-value
Total 1,610 322 20.00 1,288 80.00
HD <0.001*
Without 973 60.43 39 12.11 934 72.52
With 637 39.57 283 87.89 354 27.48
Sex 0.999
Male 950 59.01 190 59.01 760 59.01
Female 660 40.99 132 40.99 528 40.99
Age (years) 67.73+18.15 68.12+13.29 6 6.39+18.44 0.529
DM 0.421
Without 1422 88.32 286 88.82 1,136 88.20
With 188 11.68 36 11.18 152 11.80
Hypertension 0.042
Without 1,354 84.10 260 80.75 1,094 84.94
With 256 15.90 62 19.25 194 15.06
COPD 0.020
Without 1,508 93.72 310 96.27 1,198 93.08
With 101 6.28 12 3.73 89 6.92
CAD 0.261
Without 1,283 79.69 252 78.26 1,031 80.05
With 327 20.31 70 21.74 257 19.95
Stroke 0.001
Without 1,524 94.66 316 98.14 1,208 93.79
With 86 5.34 6 1.86 80 6.21
CCI_R 0.56+1.00 0.57+0.94 0.56+1.01 0.940

n, number; “P<0.001; Statistical analysis of category variables, ¥*/Fisher exact test; continuous variable, Student's t-test. MM, multiple
myeloma; HD, hemodialysis; DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; CCI_R,
Charlson comorbidity index (removed cancers, DM, COPD, CAD and stroke).
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Figure 4. Cumulative overall survival rate of patients without MM with or
without HD treatment via Kaplan-Meier curve (log-rank test P<0.001). MM.
multiple myeloma; HD, hemodialysis.

Figure 3. Cumulative overall survival rate of patients with MM with or
without HD treatment via Kaplan-Meier curve (log-rank test, P<0.001). MM.
MM, multiple myeloma; HD, hemodialysis.
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Table II. Multivariate analysis of factors associated with hemodialysis in cohorts with or without MM.

Variable Adjusted HR 95% CI P-value
MM

Without 1.000

With 7.347 6.156-8.768 <0.001
Sex

Male 1.135 0.964-1.337 0.129

Female 1.000

Age (years) 1.011 1.005-1.016 <0.001
DM

Without 1.000

With 1.028 0.731-1.179 0.543
Hypertension

Without 1.000

With 0.761 0.522-1.110 0.156
COPD

Without 1.000

With 0.760 0.558-1.054 0.071
CAD

Without 1.000

With 0.952 0.672-1.349 0.784
Stroke

Without 1.000

With 1.185 0.858-1.638 0.302
CCI_R 1.145 1.060-1.237 0.001

MM, multiple myeloma; HD, hemodialysis; DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; CAD, coronary artery
disease; CCI_R, Charlson comorbidity index (removed cancers, DM, COPD, CAD and stroke).
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Figure 5. Cumulative overall survival rate of patients with multiple myeloma
stratified by anti-myeloma therapy and HD, or HD alone via Kaplan-Meier
curve (log-rank test P=0.116). HD, hemodialysis.

bone marrow auto-transplantation (<60-year-old group)
demonstrated a significantly improved overall survival rate
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Figure 6. Cumulative overall survival of patients with multiple myeloma who
underwent hemodialysis, stratified by bone marrow auto-transplantation via
Kaplan-Meier curve (log-rank test P<0.001).

compared with the group who did not undergo auto-transplan-
tation (>60-year-old group; log-rank test, P<0.001; Fig. 6).
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Table III. Characteristics of multiple myeloma cohorts with or without HD in the past.

Total With HD Without HD
HD variable n % n % n % P-value
Total 322 100 283 87.89 39 12.11
Sex 0.059
Male 190 59.01 172 60.78 18 46.15
Female 132 40.99 111 39.22 21 53.85
Age (years)” 68.12+13.29* 68.14+13.00* 67.97x1547* 0.542
DM 0.125
Without 286 88.82 254 89.75 32 82.05
With 36 11.18 29 10.25 7 17.95
Hypertension 0512
Without 260 80.75 228 80.57 32 82.05
With 62 19.25 55 1943 7 17.95
COPD 0.522
Without 317 98.45 278 98.23 39 100
With 5 1.55 5 1.77 0 0
CAD 0.352
Without 252 78.26 220 77.74 32 82.05
With 70 21.74 63 22.26 7 17.95
Stroke 0.542
Without 316 98.14 278 98.23 38 97 44
With 6 1.86 5 1.77 1 2.56
CCI_R# 0.56+1.00* 0.52+0.83* 0.57+1.022 0.586

n, number; “mean * standard deviation,; statistical tests, category variable: x*/Fisher exact test, continue variable: Student's t-test. DM, diabetes
mellitus; HD, hemodialysis; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; CCI_R, Charlson comorbidity

index (removed cancers, DM, COPD, CAD and stroke).
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Figure 7. Prognosis of patients with MM who underwent hemodialysis in the
first year after diagnosis. MM, multiple myeloma.

A cumulative distribution of prognosis of patients with
MM receiving HD in the first year was conducted, and
<198 (61.49%) patients received HD in the first year. These
cases are distributed into three-month intervals in the bar
chart, which revealed that the majority of these patients,
<171 patients, began HD in the first three months. There were
37 patients in the mortality group and 134 patients in the survival
group (Fig. 7). Fisher's exact test no significant difference in
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Figure 8. Prognosis of patients with MM and the frequency of HD treatment
in the study period. MM, multiple myeloma; HD, hemodialysis.

mortality between the different periods of time (P=0.967). In
addition, the association between prognosis and frequency of
HD in patients with MM was investigated. The bar chart in
Fig. 8 presents the association between the number of patients
with MM and the frequency of patients who underwent HD.
The majority of cases underwent <5 courses HD (225/283,
79.5%). Cases with a lower frequency of HD were associated
with an improved survival status (Fig. 8). Fisher's exact test
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Table IV. Patient characteristics of multiple myeloma cohorts treated with hemodialysis alone and hemodialysis combined

anti-myeloma therapy.

HD alone HD with anti-myeloma therapy

Treatment

variable n % n % P-value

Total 165 58.30 118 41.70

Sex 0.389
Male 104 63.03 68 57.63
Female 61 36.97 50 4237

Age (years) 68.15+£12.98* 67.97+13.64* 0910
DM 0.843
Without 149 90.30 105 88.98
With 16 9.70 13 11.02

Hypertension 0.762
Without 134 81.21 94 79.66
With 31 18.79 24 20.34

COPD 0.405
Without 161 97.58 117 99.15
With 4 242 1 0.85

CAD 0.405
Without 130 78.79 90 76.27
With 35 21.21 28 23.73

Stroke 0.938
Without 162 98.18 116 98.31
With 3 1.82 2 1.69

CCI_R 0.52+0.82* 0.53+0.86" 0921

n, number; “mean + standard deviation; DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease;
CCI_R, Charlson comorbidity index removed cancers, DM, COPD, CAD and stroke; HD, hemodialysis. DM, ICD-9-CM 250; hypertension,
ICD-9-CM 401-405; COPD, ICD-9-CM 491-493, 406; CAD, ICD-9-CM 410-414; stroke, ICD-9-CM-430-428.

demonstrated that there was a statistically significant associa-
tion between the frequency of patients who underwent HD and
mortality (P<0.001).

In addition to the nationwide population-based cohort
study, a single-institute analysis of patients with MM and renal
impairment was performed. The patients' profiles are described
in Table V. A total of 19 patients with MM and renal impair-
ment consisted of 17 males and 2 females. The patients' mean
age was 78.7+13.4 years old (range 54-100 years). The MM
stage at diagnosis was in accordance with the International
Staging System (ISS) (13). There were two patients with stage 2
disease and 17 patients with stage 3. Renal impairment was
analyzed by creatinine and eGFR. A creatinine level >4 mg/dl
and an eGFR <30 were exhibited in all patients. AKIN criteria
was used to evaluate the stages of 12 patients with acute
kidney injury and if creatinine was rapidly increased within
48 h, and they were diagnosed as AKIN stage 3 disease. A
total of 11 patients underwent dialysis, of which 7 patients
sustained dialysis-dependence (6 patients received HD and
1 patient received peritoneal dialysis), and 4 patients received
emergency HD. Only 1 patient received plasma exchange.
At the final follow-up of these cases, 4 patients were alive. A

total of 3 patients underwent emergency HD transiently, and
subsequently did not rely on HD in the follow-up. A total
of 8 patients were heavy chain secretory predominant and
11 patients were light chain secretory predominant. A total of
6 patients underwent renal biopsy, 3 patients had tubuloint-
erstitial nephritis, 1 patient had acute interstitial nephritis,
1 patient had chronic glomerulonephritis and 1 patient had
light chain deposition disease.

Discussion

Renal insufficiency is a common complication observed during
the disease course of MM, and it is known as MRKD. The
etiology of MRKD-induced acute or chronic kidney injury is
caused by excess light chain deposition, particularly the over-
production and filtration of toxic light chains, which contribute
to cast formation and tubular obstruction (14). Other predis-
posing factors include dehydration, hypercalcemia and tumor
lysis syndrome, which contribute to acute kidney injury in
MRKD (15). However, myeloma cast nephropathy accounts for
<50% pathogenesis of MRKD, and it is frequently manifested
in the acute or subacute phase of kidney injury (16). It has been
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estimated that 50% patients with MM sustain acute kidney
injury or chronic kidney disease during the course of MM (17).
However, the majority of patients with MM suffer acute kidney
injury rather than chronic kidney disease. It is essential to halt
the deterioration of the kidney function before progression to
chronic kidney disease or dialysis-dependence (18).

To the best of our knowledge, the present study is the
first to investigate the association between HD and survival
outcome in patients with MM in Taiwan. Firstly, number of
patients requiring HD among those with or without MM was
analyzed, and MM was demonstrated to be an independent risk
factor for HD (adjusted HR, 7.347). A recent study regarding
the nationwide database in Taiwan between 1997 and 2013
containing 7,285 patients with MM and 4,471 patients who
underwent HD (61.37% of total population) demonstrated
there was higher incidence of MRKD in patients with MM
than in western countries (19). Furthermore, chronic kidney
disease is highly prevalent in Taiwan, and the prevalence
of end stage renal disease was 2,451/1,000,000 in 2009. A
possible reason for this is that the initial HD modality was
notably more accessible in Taiwan, compared with Western
countries, and that HD is reimbursed by National health
insurance (20). This led to a higher rate of HD (<89.7%) in
2009 (20). It was indicated in the present study that overall
survival was significantly reduced in patients with MM who
underwent HD than those without HD, and a notable decrease
in survival in the first year (log-rank test P<0.001; Fig. 3).
This may be due to patients being diagnosed with MRKD
and acute kidney injury, or other complications, including
hypercalcemia, hyperviscosity, coagulopathy and hypogam-
moglobulinemia. The aforementioned complications may
result in an increased mortality rate in patients initially diag-
nosed with MRKD and receiving HD compared with patients
with no other complications. Kumar et al (21) performed a
study between 2001 and 2010, and the study population was
grouped into two five-year periods at diagnosis (2001-2005
and 2006-2010). Early mortality was lower in the latter group,
and was considered to be a result of quickly using advanced
agents, including thalidomide, lenalidomide and bortezomib
subsequent to diagnosis. There was no statistical difference
in cumulative overall survival between patients treated with
anti-myeloma therapy and HD, or HD alone. However, it was
demonstrated that patients treated with anti-myeloma therapy
and HD had a relatively good prognosis compared with those
treated with HD alone (Fig. 5). Sub-analysis revealed that
patients with MM who underwent bone marrow auto-trans-
plantation (<60-year-old group) demonstrated statistically
improved overall survival, compared with patients who did not
undergo auto-transplantation (>60-year-old group; log-rank
test, P<0.001; Fig. 6).

It was demonstrated that early mortality was significantly
associated with various factors, including age of >70 years,
year of diagnosis, ISS staging and lack of possibility for
advanced treatment (21). However, MM is considered a hetero-
geneous disease, and early mortality may be influenced by
other factors, including performance status, serum albumin,
serum creatinine, serum calcium, hemoglobin, platelet count
and plasma cell percentage in bone marrow (1).

Subsequently, the aim was to determine whether HD may
influence the outcome in the first year after diagnosis, and the
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duration of HD in patients with MM was verified. As for the
duration of HD among patients with MM who underwent HD
in the first year, the majority of patients received HD transiently
following diagnosis with MM with acute kidney injury. The
frequency of HD revealed a centralized distribution at <5 five
courses of HD (Fig. 8), and there was a higher probability of
the patient recovering renal function and discontinuing dialysis
in patients with MM undergoing HD at the end of follow-up.

Based on this retrospective study, risk stratification of
MRKD should be a prioritized consideration following diag-
nosis of MM, and the determination of HD, including timing,
frequencies and duration, may be influenced by risk stratifica-
tion. Firstly, HD treatment primarily began in the first year
following diagnosis of MM with renal insufficiency. The first
year of treatment is considered critical in the care of patients
with MM with renal insufficiency (22). However, there has
been no standardization of renal insufficiency in MM previ-
ously. Although CRAB criteria define a creatinine level of
>2 mg/dl as the standard of renal insufficiency (23), creatinine
was considered to be a weak evaluation tool due to it only
defining the cut-off value of renal insufficiency in patients with
MM, but not early chronic kidney disease or residual renal
function in patients with MM. Additionally, creatinine level
is affected by decreased muscle mass, age and physiological
condition, including external creatinine degradation caused
by intestine bacterial growth. When diagnosed with MM, an
estimated 30% patients had a creatinine level >1.5 mg/dl, and
<13% required dialysis; therefore, calculation of the eGFR
may be a more effective discriminator (7). The International
Myeloma Working Group recommends five stages of classi-
fication of chronic kidney disease from the Cockcroft-Gault
and Modification of Diet in Renal Disease study equations for
patients with MRKD (24,25). It was determined that 7 patients
from the TSGH were dialysis-dependent prior to diagnosis of
MM (Table V). Therefore, it was considered that creatinine,
GFR or the five stages of chronic kidney disease were not a
sufficient indicator for patients with MM with renal impair-
ment. In particular, acute kidney injury caused by MRKD
should be carefully considered. Dimopoulos et al (25) and
Mehta et al (26) indicated that risk, injury, failure, loss and
end-stage kidney disease (RIFLE) system was not sufficient
for assessment of acute kidney injury in MM. Furthermore,
the AKIN criteria for evaluation of acute kidney injury were
developed and modified by the RIFLE classification. Although
the RIFLE classification or AKIN criteria can be applied for
classification of renal insufficiency in MM, neither have vali-
dated in MRKD. There may be potential for an investigation of
risk stratification of renal impairment and subsequent timing
of HD in patients with MM.

Additionally, the retrospective nationwide study revealed
there was probability of recovery of renal function and discon-
tinuation of dialysis in patients with MM who underwent HD
at the end of follow-up. Furthermore, the TSGH analysis of
patients with MM with renal impairment determined that
3 patients had an improved survival outcome and discontinued
dialysis. To the best of our knowledge, only one single-center
study has discussed renal recovery in patients with MRKD
treated with HD (22). Haynes et al (22) postulated that 17%
patients with MRKD receiving dialysis upon diagnosis had
subsequently recovered to discontinue dialysis. Among those
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patients with MRKD, 20% was caused by severe acute kidney
injury (17). The goal of renal replacement therapy (RRT)
is to allow fluid maintenance and electrolyte correction to
achieve renal recovery. In order to consider the frequency,
dose and duration it was important to monitor residual renal
function, maintain hemodynamic stability, confirm dialysis
adequacy and avoid nephrotoxic agents. Prompt timing
of RRT for acute kidney injury was considered critical to
renal recovery in addition to emergent conditions, including
severe acidosis, hyperkalemia, oliguria and fluid overload,
the cut-off value of blood nitrogen, serum creatinine or urine
output. With regards to the modality of RRT in MRKD in
the present study, HD is the most prevalent treatment form
in Taiwan, and the preferred approach for the treatment
of MRKD with acute kidney injury status (19). The main
limitation of HD is failure to remove light chain deposition.
Advanced extracorporeal treatments, including plasmapher-
esis combined with chemotherapy, are advocated for the
rapid eradication of nephrotoxic free light chains (27,28).
Only one participant in the present study received plasma-
pheresis due to hyper-viscosity status (Table V); however,
only four clinical studies exist, and the effectiveness of
renal recovery is controversial (29-32). Plasmapheresis is
considered to be more beneficial in patients with MM and
hyper-viscosity status (33). Extended daily HD using high
cut-off protein-leaking dialyzers is another new treatment
modality for cast nephropathy, and it contributes to improved
clearance of light chain deposition. Patients treated as such
demonstrated improved survival and renal recovery rates
compared with patients treated with conventional dialysis.
However, prospective studies, including the EuLite (34) and
the MYRE (35) trials, may provide more robust evidence of
this treatment modality being a superior option (36).
Although renal recovery is associated with a good outcome
for patients with MM (37), the definite mechanism remains
unclear. In the single-institute analysis of patients with MM with
renal impairment, there were 8 patients with heavy-chain type
MM, and 11 patients with light-chain type MM. This demon-
strated that the serum-free light chains may have a notable
impact on the nephrotoxicity of MM: Patients with free light
chain levels >1,000 mg/l were more prone to renal failure (14).
Renal biopsy and hematological work are further indicated for
MRKD patients, and a total of 6 patients received renal biopsy
at the Nephrology Department of the TSGH. Chow et al (38)
emphasized the role of renal biopsy, which is considered a vital
management a acute deteriorated renal function and a benefi-
cial method to analyze the cause and reversibility of MRKD.
A survey of renal biopsy in 61/211 patients (28.9%) with
myeloma kidney disease revealed the common histological
types of myeloma kidney disease, including cast nephropathy,
amyloidosis, light chain deposition and tubulointerstitial
nephritis. Myeloma cast nephropathy accounts for a notable
proportion of monoclonal gammopathies in dialysis, and an
increased probability of renal recovery rate was observed in
this subtype compared with others (39). As well as being used
for investigating the cause of renal failure, renal biopsy can
demonstrate the severity of tubulointerstitial nephritis, which
is considered a predictor of renal recovery (3). While patients
with MRKD sustain albuminuria of >1 g/day, it is recom-
mended to perform a differential diagnosis of the possible

CHANG et al: IMPACT OF HEMODIALYSIS ON THE PROGNOSIS OF MULTIPLE MYELOMA

glomerular lesion by renal biopsy (3); particularly, clinicians
would have different therapeutic strategies for histological
data. There are variable diagnostic markers of glomerular
lesions including focal segmental sclerosis, diffuse mesangial
proliferation with sclerosis and minimally changing disease. A
previous study suggested that daily protein excretion prior to
treatment could be considered a prognostic marker in patients
with MM (40).

Despite efforts to control confounding factors, there
are a number of limitations in the present study. Firstly, the
information obtainable from the NHIRD regarding patient
characteristics was lacking in terms of detailed staging of
MM, medications used (e.g. NSAIDs or nephrotoxic medica-
tion) and treatment modalities (e.g. traditional therapeutic
agents or novel agents). Secondly, thorough information
regarding the diagnosis of patients with MM with MRKD
was not disclosed (e.g. urinalysis, serological laboratory
values, imaging and renal biopsy results). Thirdly, despite
specialist review, there was potential bias of the NHIRD
data due to complicated co-morbidities being missed. Lastly,
due to the nature of a retrospective observational study and
potential selection bias, further prospective studies may be
required.

In conclusion, the present study indicates that MM
remains an important risk factor of HD. The main treatment
of MRKD includes anti-myeloma therapy and HD, and there
was increased mortality in patients with MM undergoing HD
treatment in the first year. Analysis of the association between
the prognosis and frequency of HD revealed that the majority
of patients with MM underwent <5 courses of HD. Risk strati-
fication of renal impairment was an important consideration.
It was suggested that, in addition to the initiation of advanced
chemotherapy, early and prompt HD may be beneficial to
patient outcome. Other tools, including renal biopsy, provided
notable assistance in the analysis of the cause and reversibility
of MRKD. According to a previous studies, the renal response
to therapeutic modalities has prognostic value in patients with
MRKD, and is associated with improved survival. Therefore,
clinicians should aim for the achievement of renal recovery
and discontinuation of dialysis.
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