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Abstract
Renal impairment (RI) is a common clinical presentation in patients with multiple 
myeloma (MM). Despite treatment with novel agents or management strategies that 
focus on the disease response, some patients develop irreversible RI. This study 
aimed to determine the influencing, clinical variables of renal reversibility in pa-
tients with RI treated with novel drugs. We analyzed 244 patients newly diagnosed 
with MM retrospectively. Maximum renal response was assessed according to the 
criteria for the definition of renal response proposed by the International Myeloma 
Working Group. Major renal response was defined as the occurrence of complete 
renal response or partial renal response. RI (a glomerular filtration rate < 50 mL/
min/1.73 m2) was observed in 110 patients (45%). In total, 56 patients (51%) achieved 
a major renal response. Serum erythropoietin (EPO) levels >25 mIU/mL (P < .001) 
and a percentage of urinary albumin excretion ≤25% (P < .001) were both signifi-
cant factors that influenced the occurrence of major renal responses. Both remained 
significant factors associated with renal reversibility in the multivariate analysis. 
Patients were assigned a score of 1 each for EPO >25 mIU/mL and urinary albumin 
≤25%. The estimated 6-month rates of major renal responses of patients with scores 
of 2, 1, and 0 were 78.6%, 30.6%, and 0%, respectively (P < .001). In conclusion, a 
serum EPO level >25 mIU/mL is an independent predictive factor for major renal 
response and may predict renal reversibility more accurately when urinary albumin 
level is congruently ≤25%.
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1 |  INTRODUCTION

Renal impairment (RI) is one of the most common clinical 
presentations in patients with multiple myeloma (MM) and 
contributes to its morbidity and mortality. Approximately 
40% of MM patients present with RI at the diagnosis; 10% 
of these will require dialysis.1-5 Patients with RI generally 
have a worse prognosis than those without.1,6-8 Toxic mono-
clonal free light chains (FLC) contribute to RI in those with 
MM through different mechanisms. The main manifestation 
of FLC-associated kidney injury is cast nephropathy (CN). 
Toxic FLC also leads renal amyloidosis and monoclonal im-
munoglobulin deposition disease.9,10 Age-related comorbidi-
ties, including hypertension and diabetes, can also contribute 
to renal dysfunction.11

Previous studies have shown that rapid removal of FLC 
contributes to renal recovery.12-14 Novel drugs, such as pro-
teasome inhibitors and immunomodulatory drugs, help in the 
rapid myeloma response, leading to the recovery of kidney 
function.3,15-17 In addition, the reversibility of RI partly de-
pends on the pathogenesis of the kidney injury. In CN patients, 
the removal of toxic FLC was related to the renal recovery.18 
Earlier reports have additionally demonstrated that the pro-
portion of urinary albumin was lower in patients with CN, 
while it was higher in patients with renal amyloidosis.11,19 In 
relation to these results, we previously reported that the per-
centage of urinary albumin excreted reflects the pathogenesis 
of RI and predicted renal response in myeloma patients.20

However, some patients continue to develop severe RI, 
despite novel anti-myeloma therapy and the achievement 
of early FLC reduction. In patients receiving novel agents, 
an additional factor, which can indicate the reversibility of 
RI, remains to be determined. Therefore, the purpose of this 
study was to evaluate the clinical factors that influenced renal 
reversibility in patients with RI who received novel anti-my-
eloma therapy.

2 |  METHODS

We reviewed the clinical record of patients with newly di-
agnosed MM at our institute between January 2008 and 
December 2018. All patients received novel agents including 
proteasome inhibitors and immunomodulatory drugs as ini-
tial therapy. In this study, RI was defined as an estimated glo-
merular filtration rate (eGFR) at the time of diagnosis lower 
than 50 mL/min/1.73 m2 to assess renal recovery. An eGFR 
was evaluated according to the simplified Modification of 
Diet in Renal Disease formula.21 Maximum renal response 
was assessed using the criteria for the definition of renal 
response proposed by the International Myeloma Working 
Group as follows4: renal complete response (CRrenal) was 
defined as a sustained improvement from an eGFR baseline 

value of lower than 50 to ≥60 mL/min/1.73 m2. Partial renal 
response (PRrenal) was defined as a sustained recovery of 
eGFR at the time of diagnosis of less than 15 to 30-59 mL/
min/1.73 m2; a minor renal response (MRrenal) was defined 
as a sustained improvement of baseline eGFR from less than 
15 to 15-29 mL/min/1.73 m2 or improvement of eGFR at the 
time of diagnosis from 15-29 mL/min/1.73 m2 to 30-59 mL/
min/1.73 m2. In this study, the definition of a major renal re-
sponse was the achievement of CRrenal or PRrenal. Kidney 
biopsies were performed in some patients to evaluate the 
cause of RI and nephropathologists assessed the biopsy sam-
ples. We focused the analysis on the major renal response, as 
this degree of renal recovery is clinically more relevant.15,17

We used Student's t test or the Mann-Whitney U test to 
compare the continuous variable average values and Fisher's 
exact test to compare the proportion of categorical variables 
between groups. We used the receiver operating characteris-
tic (ROC) to determine an adequate cutoff level to predict the 
major renal response.22 Time to major renal response was de-
fined as the time from the date of diagnosis to the date of first 
major renal response occurrence. Patients lost to follow-up or 
those who died before achieving a major renal response were 
considered as censored events. The Kaplan-Meier method 

F I G U R E  1  Patient flow chart



4462 |   TERAO ET Al.

was performed to evaluate time to major renal response, and 
groups were compared using a log-rank test. Univariate and 
multivariate analyses of time to major renal response were 
conducted using Cox proportional hazards regression mod-
els. Factors with a P <  .10 in the univariate analysis were 
included in the multivariable models. All P values were two-
sided. The threshold for statistical significance was a P < .05. 
All the analyses were conducted with EZR version 1.37. 23

The patients or their families provided written informed 
consent. The study approval was obtained from the institu-
tional review board of our institute, and the study was con-
ducted according to the tenets of the Declaration of Helsinki.

3 |  RESULTS

3.1 | Patient characteristics

Of the 244 consecutive patients with MM admitted at our 
institute, we enrolled 110 (45.1%) patients with RI in the 

present study. The patients were a median age of 72 years. 
Thirty-one (28.2%) had light-chain only isotypes; 59.1% had 
kappa light chains. Improvement in RI was observed in 79 
(71.8%) patients. A major renal response was achieved by 56 
(50.9%) patients, of these, 5 (4.5%) achieved PRrenal and 51 
(46.4%) achieved CRrenal. Patients who achieved a major 
renal response were defined as responders (Figure 1).

The baseline characteristics of responders and non-re-
sponders are shown in Table  1. The serum erythropoietin 
(EPO) levels at baseline were available for 97 (88.2%) pa-
tients with RI. Of these, 47/56 (83.9%) had a major renal 
response and 50/54 (92.6%) did not. There were significant 
differences in age and baseline serum calcium level between 
responders and non-responders. Renal function at the diag-
nosis was more significantly declined in non-responders than 
in responders (median eGFR, 22.3 in non-responders vs 34.1 
in responders; P <  .001). There were no significant differ-
ences in involved FLC (iFLC) levels at baseline, percentages 
of iFLC reduction, and the rate of myeloma response between 
responders and non-responders. The median percentage of 

T A B L E  1  Comparison of the baseline characteristics and laboratory variables between the renal responder and non-responder groups

Non-responders Responders

P value(n = 54) (n = 56)

Age (y), median (IQR) 77.5 (70.3-84.0) 70.5 (64.0-77.8) 0.001

Male sex, n (%) 24 (44.4) 29 (58.0) 0.18

Light chain only, n (%) 14 (25.9) 17 (30.4) 0.67

Kappa light chain type, n (%) 32 (59.3) 33 (58.9) 1.0

Hemoglobin (g/dL), median (IQR) 8.9 (7.7-9.8) 8.4 (7.7-9.9) 0.42

LDH (U/L), median (IQR) 190 (159-231) 193 (151-293) 0.64

Creatine (mg/dL), median (IQR) 2.14 (1.42-4.32) 1.40 (1.17-2.26) 0.012

eGFR (mL/min/1.73 m2), median (IQR) 22.3 (9.3-33.6) 34.1 (19.8-43.6) <0.001

Cystatin-C (mg/dL), median (IQR)a 2.32 (1.73-3.12) 1.85 (1.43-2.65) 0.007

Calcium (mg/dL), median (IQR) 9.6 (9.3-10.2) 10.2 (9.5-12.3) 0.003

Albumin (g/dL), median (IQR) 3.3 (2.8-3.8) 3.2 (2.5-3.7) 0.39

β2-microglobulin (mg/dL), median (IQR) 8.2 (5.3-13.2) 8.3 (6.0-13.4) 0.80

ISS stage 3, n (%) 41 (75.9) 46 (82.1) 0.49

Revised ISS stage 3, n (%)b 14 (27.5) 28 (53.8) 0.009

Myeloma response VGPR, n (%) 35 (66.0) 40 (71.4) 0.53

iFLC (mg/dL), median (IQR) 2625 (246-10285) 2585 (437-5700) 0.65

%iFLC reduction at day 21 (%), median (IQR)c 85.7 (65.3-94.8) 89.9 (72.8-98.1) 0.29

Percentage of urinary albumin excretion (%), median (IQR)d 26.0 (5.2-51.9) 8.7 (4.9-18.1) 0.002

Erythropoietin (mIU/mL), median (IQR)e 17.1 (12.2-27.4) 51.1 (27.0-88.1) <0.001

Note: Abbreviations: eGFR, estimated glomerular filtration rate; iFLC, involved free light chain; IQR, interquartile range; ISS, international staging system; LDH, 
lactate dehydrogenase; R-ISS, revised international staging system; VGPR, very good partial response.
an = 99 (non-responder, n = 51; responder, n = 48). 
bn = 103 (non-responder, n = 51; responder, n = 52). 
cn = 97 (non-responder, n = 49; responder, n = 48). 
dn = 105 (non-responder, n = 51; responder, n = 54). 
en = 97 (non-responder, n = 50; responder, n = 47). 
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urinary albumin excretion was significantly lower (8.7% in 
responders vs 26.0% in non-responders; P = .002), while the 
median level of EPO was significantly higher in responders 
(51.1 in responders vs 17.1 in non-responders; P < .001).

3.2 | Prognostic factors for major 
renal response

The median value of EPO in responders was significantly 
higher than that in non-responders (Table 1; P <  .001). As 
serum EPO levels are physiologically regulated by the de-
gree of hemoglobin concentration, the presence of anemia 
is necessary for inducing an increase in EPO production.24 
Thus, six patients (three non-responders and three respond-
ers) without anemia (ie, men and women with Hb > 12.0 g/
dL and >11.0 g/dL, respectively) were excluded from further 
analyses. The optimal cutoff for EPO level was determined 
via ROC analysis and was determined to be 24.6 mIU/mL. 
This had a specificity of 0.711, sensitivity of 0.884, and area 
under the curve (AUC) of 0.829 with 95% confidence in-
tervals (CI) of 0.739-0.919. Accordingly, an EPO level of 
25 mIU/mL was used as the cutoff.

In addition, we examined whether albuminuria and the de-
gree of iFLC reduction contributed to a major renal response. 
Using ROC analysis, the cutoff value for the percentage 
of urinary albumin excreted was 25% with a specificity of 
0.510, sensitivity of 0.907, and AUC of 0.672; a percentage 
of iFLC reduction on day 21 was 85%, with a specificity of 
0.531, sensitivity of 0.604, and AUC of 0.563.

The patients with an EPO level >25  mIU/mL at base-
line had a significantly shorter time to major renal response 
(2.4 months vs not estimated [NE], P < .001). The estimated 
rate of major renal response at 6  months was 70.4% (95% 
CI, 57.7-82.2) and 19.6% (95% CI, 9.3-35.2) in patients with 
an EPO level >25 mIU/mL and in those with an EPO level 
≤25  mIU/mL, respectively (Figure  2A). The percentage 
of urinary albumin excreted (≤25%) was also significantly 

associated with a shorter time to major renal response 
(3.0 months vs NE, P < .001). The estimated 6-month major 
renal response was 63.5% (95% CI, 52.7-74.3) in patients 
with urinary albumin ≤ 25%, compared with 16.3% (95% CI, 
7.1-34.7) in those with a urinary albumin percentage >25% 
(Figure 2B). The patients with a reduction in iFLC on day 21 
of over 85% tended to have a more rapid median time to major 
renal response, although this was not significant (5.0 months 
vs 51.6 months, P = .49) (Figure 2C).

From these results, we hypothesized that the baseline 
EPO and urinary albumin could be strong predictive factors 
for achievement of major renal response. Multivariate analy-
sis revealed that an EPO level >25 mIU/mL (HR, 5.99; 95% 
CI, 2.38-15.1; P < .001) and urinary albumin excretion ≤ 25% 
(HR, 6.67; 95% CI, 1.91-23.3; P  =  .003) were independent 
predictors for rapid achievement of major renal response when 
adjusted for age, eGFR, and calcium at the time diagnosis 
(Table 2).

3.3 | Development of a predictive score for 
major renal response

As factors correlated to major renal response included serum 
EPO level and percentage of urinary albumin, we examined 
the combination of the two factors as a predictor of major 
renal response. In 91 patients, data were available for analy-
sis on both variables.

We assigned a score of 1 for each of the two variables 
(serum EPO  >  25 mIU/mL and urinary albumin excre-
tion  ≤  25%) to divide patients into three groups. In total, 
there were 42 (46.2%), 34 (37.3%), and 15 (16.5%) patients 
with scores of 2, 1, and 0, respectively. The median time to 
major renal response of patients with scores of 2, 1, and 0 was 
significantly different (2.0 months vs NE vs NE, P < .001). 
The estimated 6-month rates of major renal response of pa-
tients with scores of 2, 1, and 0 were 78.6%, 30.6%, and 0%, 
respectively (Figure 3).

F I G U R E  2  Kaplan-Meier curve for time to major renal response according to (A) the level of serum erythropoietin, (B) percentage of urinary 
albumin excretion, and (C) percentage of iFLC reduction at day 21. EPO, erythropoietin; iFLC, involved free light chain
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3.4 | Pathological findings according to EPO

Next, we evaluated the association between renal pathology 
and the level of serum EPO. In our study, 23 patients (21.0%) 
underwent kidney biopsy. Among them, 17 (7 patients with 
EPO > 25 mIU/mL and 10 patients with EPO ≤ 25 mIU/mL) 
had EPO data available.

Approximately 80% of patients with and without EPO 
levels >25 mIU/mL were diagnosed as CN. Concurrent tu-
bular amyloidosis was found in two patients in the low EPO 
level group. However, renal interstitial fibrosis and tubular 
atrophy were observed in 70% of patients with EPO levels 
≤25 mIU/mL, whereas approximately 30% of patients with 
EPO > 25 mIU/mL had renal interstitial fibrosis and tubular 
atrophy.

4 |  DISCUSSION

Renal impairment is a common clinical presentation in pa-
tients with newly diagnosed MM.25 Novel agents enable 
patients with myeloma to achieve renal function recovery.15 
However, a considerable number of patients who achieve 
early and significant reduction of iFLC do not attain major 
renal responses. Thus, it is important to detect factors associ-
ated with major renal recovery other than early myeloma re-
sponse. The current study confirms our previous finding that 
MM patients with RI who had a low level of urinary albumin 
tend to have a high probability of resolved RI and showed 
an association between baseline serum EPO levels and the 
reversibility of kidney function.

Erythropoietin is an erythropoietic glycoprotein hor-
mone mainly produced by specific cells in the kidney 

interstitium.26 According to recent evidence, renal EPO-
producing cells and renal myofibroblasts differentiated 
from the same embryonic cells, and inflammatory signaling 
caused the phenotypic transition of renal EPO-producing 
cells to myofibroblasts.27,28 Thus, interstitial fibrosis is the 
main cause of reduced EPO production.29 In addition, the 
degree of renal interstitial fibrosis and tubular atrophy was 
more strongly correlated with impaired kidney function 
than structural changes in the glomeruli; furthermore, in-
terstitial fibrosis is regarded as an index of renal functional 
impairment.30,31 Therefore, serum EPO levels are associ-
ated with the extent of renal interstitial fibrosis, and EPO 
levels reflect residual kidney function. In diabetes mellitus, 
Fujita et al showed that a low EPO level was also associ-
ated with faster renal function decline.32

The cutoff value of EPO in our study (25 mIU/mL) was 
close to the upper limit of the normal range (4.2-23.7 mIU/
mL). Previous reports showed that the value of serum EPO in 
patients with renal insufficiency was less than the upper limit 
despite the presence of anemia.33,34 The cutoff value in our 
study was, therefore, appropriate for detecting irreversible 
kidney injury. MM is a unique disease in that RI and anemia 
occur congruently. In this regard, serum EPO levels can be 
used to predict renal reversibility in patients with MM if they 
have concurrent anemia.

We showed that the combination of EPO and urinary 
albumin could predict major renal responses more accu-
rately because the percentage of urinary albumin excretion 
reflected the cause of RI in MM and the level of EPO re-
flected renal fibrosis. The categorization helps to understand 
the precise pathophysiology of RI in patients with MM, par-
ticularly in patients contraindicated for renal biopsy. Using 
this score, renal recovery can be predicted before starting 

Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age < 75 y 2.56 1.45-4.56 0.001 6.96 3.08-15.7 <0.001

eGFR > 30 mL/min/1.73 m2 2.33 1.37-3.95 0.002 2.58 1.27-5.23 0.009

Ca > 10.5 mg/dL 2.47 1.45-4.19 <0.001 5.64 2.67-11.9 <0.001

% of urinary albumin 
excretion ≤ 25%a 

5.61 2.23-14.1 <0.001 6.67 1.91-23.3 0.003

Erythropoietin > 25 mIU/mLb 6.45 2.86-14.5 <0.001 5.99 2.38-15.1 <0.001

Male sex 1.34 0.78-2.76 0.29

ISS stage 3 1.27 0.64-2.52 0.50

Myeloma response VGPR 1.09 0.60-1.97 0.79

iFLC reduction > 85% at day 21c 1.23 0.69-2.19 0.49

Abbreviations: Ca, calcium; CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard 
ratio; iFLC, involved free light chain; ISS, international staging system; VGPR, very good partial response.
an = 105. 
bn = 91. 
cn = 102. 

T A B L E  2  Univariate and multivariate 
analyses of variables that influenced time to 
major renal response
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anti-myeloma therapy. Notably, none of the patients with a 
score of 0 achieved a major renal response (Figure 3). This 
indicates that this score was useful in detecting patients with 
completely irreversible RI.

Our study has a number of limitations. First, as a retrospec-
tive analysis, patients were treated heterogeneously. However, 
all patients received bortezomib or IMiD-containing regimens 
as induction therapy. Second, some data on EPO were miss-
ing, and the association between EPO and renal recovery is 
not applicable in patients without anemia. Third, renal biopsy 
data were only available for a small subset of patients. Finally, 
the present study was a single-center study and not validated.

In summary, we retrospectively analyzed factors that af-
fected renal reversibility in MM. Our analysis is the first to 
show that EPO > 25 mIU/mL is an independent positive pre-
dictive factor for the achievement of a major renal response 
in patients with concurrent RI and anemia. In addition, with a 
combination of EPO > 25 mIU/mL and the percentage of uri-
nary albumin excreted ≤ 25%, renal recovery could be more 
accurately predicted. Therefore, patients with irreversible RI 
were identified using our scoring system. Our findings should 
be validated further in large confirmatory studies.

ACKNOWLEDGMENTS
The authors thank Editage (www.edita ge.jp) for English lan-
guage editing.

CONFLICTS OF INTEREST
The authors report no conflict of interest.

AUTHOR CONTRIBUTIONS
HK, TT, and KM designed the study, collected the data, wrote 
the manuscript, and provided patient care. TT, YA, DM, KN, 
AK, and MT provided patient care. All authors reviewed and 
approved the manuscript.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available 
on request from the corresponding author. The data are not 
publicly available due to privacy or ethical restrictions.

ORCID
Hiroki Kobayashi   https://orcid.
org/0000-0001-7892-4674 
Yoshiaki Abe   https://orcid.org/0000-0002-1021-7911 
Akihiro Kitadate   https://orcid.org/0000-0003-3218-2446 
Kosei Matsue   https://orcid.org/0000-0002-8669-9865 

REFERENCES
 1. Knudsen LM, Hjorth M, Hippe E. Renal failure in multiple my-

eloma: reversibility and impact on the prognosis. Nordic Myeloma 
Study Group. Eur J Haematol. 2000;65(3):175-181.

 2. Yadav P, Cook M, Cockwell P. Current trends of renal impairment 
in multiple myeloma. Kidney Dis (Basel). 2016;1(4):241-257.

 3. Park S, Han B, Kim K, et al. Renal insufficiency in newly-di-
agnosed multiple myeloma: analysis according to International 
Myeloma Working Group consensus statement. Anticancer Res. 
2014;34(8):4299-4306.

 4. Dimopoulos MA, Terpos E, Chanan-Khan A, et al. Renal impair-
ment in patients with multiple myeloma: a consensus statement on 
behalf of the International Myeloma Working Group. J Clin Oncol. 
2010;28(33):4976-4984.

 5. Laforet M, Jourde-Chiche N, Haddad F, et al. Evolution in the 
treatment of multiple myeloma and impact on dialysis indepen-
dence: data from a French cohort from 1999 to 2014. Blood Cancer 
J. 2016;6(3):e409.

 6. Augustson BM, Begum G, Dunn JA, et al. Early mortality after di-
agnosis of multiple myeloma: analysis of patients entered onto the 
United Kingdom Medical Research Council trials between 1980 
and 2002–Medical Research Council Adult Leukaemia Working 
Party. J Clin Oncol. 2005;23(36):9219-9226.

 7. Dimopoulos MA, Roussou M, Gavriatopoulou M, et al. 
Reversibility of renal impairment in patients with multiple my-
eloma treated with bortezomib-based regimens: identification of 
predictive factors. Clin Lymphoma Myeloma. 2009;9(4):302-306.

 8. Chanan-Khan AA, San Miguel JF, Jagannath S, Ludwig H, 
Dimopoulos MA. Novel therapeutic agents for the management of 
patients with multiple myeloma and renal impairment. Clin Cancer 
Res. 2012;18:2145-2163.

 9. Antlanger M, Dust T, Reiter T, et al. Impact of renal impairment 
on outcomes after autologous stem cell transplantation in multiple 
myeloma: a multi-center, retrospective cohort study. BMC Cancer. 
2018;18(1):1008.

F I G U R E  3  Kaplan-Meier curve for time to major renal response 
according to the scoring system; thresholds for serum erythropoietin 
and percentage of urinary albumin excretion were > 25 mIU/mL 
and ≤ 25%, respectively (score of 2, both erythropoietin > 25 mIU/
mL and urinary albumin ≤ 25%; score of 1, either erythropoietin > 25 
mIU/mL or urinary albumin ≤ 25%; score of 0, neither 
erythropoietin > 25 mIU/mL nor serum albumin ≤ 25%)

http://www.editage.jp
https://orcid.org/0000-0001-7892-4674
https://orcid.org/0000-0001-7892-4674
https://orcid.org/0000-0001-7892-4674
https://orcid.org/0000-0002-1021-7911
https://orcid.org/0000-0002-1021-7911
https://orcid.org/0000-0003-3218-2446
https://orcid.org/0000-0003-3218-2446
https://orcid.org/0000-0002-8669-9865
https://orcid.org/0000-0002-8669-9865


4466 |   TERAO ET Al.

 10. Dimopoulos MA, Kastritis E, Rosinol L, Blade J, Ludwig H. 
Pathogenesis and treatment of renal failure in multiple myeloma. 
Leukemia. 2008;22:1485-1493.

 11. Nasr SH, Valeri AM, Sethi S, et al. Clinicopathologic correlations 
in multiple myeloma: a case series of 190 patients with kidney bi-
opsies. Am J Kidney Dis. 2012;59(6):786-794.

 12. Hutchison CA, Cockwell P, Stringer S, et al. Early reduction of 
serum-free light chains associates with renal recovery in myeloma 
kidney. J Am Soc Nephrol. 2011;22(6):1129-1136.

 13. Matsue K, Fujiwara H, Iwama K, Kimura S, Yamakura M, Takeuchi 
M. Reversal of dialysis-dependent renal failure in patients with ad-
vanced multiple myeloma: single institutional experiences over 8 
years. Ann Hematol. 2010;89:291-297.

 14. Hutchison CA, Heyne N, Airia P, et al. Immunoglobulin free light 
chain levels and recovery from myeloma kidney on treatment 
with chemotherapy and high cut-off haemodialysis. Nephrol Dial 
Transplant. 2012;27(10):3823-3828.

 15. Dimopoulos MA, Roussou M, Gkotzamanidou M, et al. The role of 
novel agents on the reversibility of renal impairment in newly di-
agnosed symptomatic patients with multiple myeloma. Leukemia. 
2013;27(2):423-429.

 16. Dimopoulos MA, Roussou M, Gavriatopoulou M, et al. 
Bortezomib-based triplets are associated with a high probability of 
dialysis independence and rapid renal recovery in newly diagnosed 
myeloma patients with severe renal failure or those requiring dial-
ysis. Am J Hematol. 2016;91:499-502.

 17. Roussou M, Kastritis E, Christoulas D, et al. Reversibility of renal 
failure in newly diagnosed patients with multiple myeloma and the 
role of novel agents. Leuk Res. 2010;34(10):1395-1397.

 18. Leung N, Gertz MA, Zeldenrust SR, et al. Improvement of 
cast nephropathy with plasma exchange depends on the diag-
nosis and on reduction of serum free light chains. Kidney Int. 
2008;73(11):1282-1288.

 19. Leung N, Gertz M, Kyle RA, et al. Urinary albumin excretion 
patterns of patients with cast nephropathy and other monoclonal 
gammopathy-related kidney diseases. Clin J Am Soc Nephrol. 
2012;7(12):1964-1968.

 20. Sugihara H, Chihara D, Seike K, et al. Percentage of urinary albu-
min excretion and serum-free light-chain reduction are important 
determinants of renal response in myeloma patients with moderate 
to severe renal impairment. Blood Cancer J. 2014;4(8):e235.

 21. Levey AS, Eckardt KU, Tsukamoto Y, et al. Definition and clas-
sification of chronic kidney disease: a position statement from 
Kidney Disease: Improving Global Outcomes (KDIGO). Kidney 
Int. 2005;67(6):2089-2100.

 22. Schisterman EF, Perkins NJ, Liu A, Bondell H. Optimal cut-point 
and its corresponding Youden Index to discriminate individuals 
using pooled blood samples. Epidemiology. 2005;16:73-81.

 23. Kanda Y. Investigation of the freely available easy-to-use soft-
ware 'EZR' for medical statistics. Bone Marrow Transplant. 
2013;48:452-458.

 24. Bunn HF. Erythropoietin. Cold Spring Harb Perspect Med. 
2013;3(3):a011619.

 25. Alexanian R, Barlogie B, Dixon D. Renal failure in multiple my-
eloma. Pathogenesis and prognostic implications. Arch Intern Med. 
1990;150:1693-1695.

 26. Farsijani NM, Liu Q, Kobayashi H, et al. Renal epithelium regu-
lates erythropoiesis via HIF-dependent suppression of erythropoi-
etin. J Clin Investig. 2016;126(4):1425-1437.

 27. Asada N, Takase M, Nakamura J, et al. Dysfunction of fibroblasts 
of extrarenal origin underlies renal fibrosis and renal anemia in 
mice. J Clin Investig. 2011;121(10):3981-3990.

 28. Souma T, Yamazaki S, Moriguchi T, et al. Plasticity of renal eryth-
ropoietin-producing cells governs fibrosis. J Am Soc Nephrol. 
2013;24(10):1599-1616.

 29. Souma T, Nezu M, Nakano D, et al. Erythropoietin synthesis in 
renal myofibroblasts Is restored by activation of hypoxia signaling. 
J Am Soc Nephrol. 2016;27(2):428-438.

 30. Risdon RA, Sloper JC, De Wardener HE. Relationship between 
renal function and histological changes found in renal-biopsy spec-
imens from patients with persistent glomerular nephritis. Lancet. 
1968;2:363-366.

 31. Nath KA. Tubulointerstitial changes as a major determinant in the 
progression of renal damage. Am J Kidney Dis. 1992;20:1-17.

 32. Fujita Y, Doi Y, Hamano T, et al. Low erythropoietin levels predict 
faster renal function decline in diabetic patients with anemia: a pro-
spective cohort study. Sci Rep. 2019;9(1):14871.

 33. Nangaku M, Eckardt KU. Pathogenesis of renal anemia. Semin 
Nephrol. 2006;26(4):261-268.

 34. Babitt JL, Lin HY. Mechanisms of anemia in CKD. J Am Soc 
Nephrol. 2012;23(10):1631-1634.

How to cite this article: Kobayashi H, Terao T, 
Tsushima T, et al. Association between serum 
erythropoietin levels and renal reversibility in patients 
with renal impairment from multiple myeloma. Cancer 
Med. 2020;9:4460–4466. https://doi.org/10.1002/
cam4.3050

https://doi.org/10.1002/cam4.3050
https://doi.org/10.1002/cam4.3050

