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1 |  INTRODUCTION

Multiple myeloma (MM) is the most frequent malignant 
monoclonal gammopathy and the second most common 
hematological malignancy after non‐Hodgkin lymphoma.1 
The annual incidence rate for US was estimated to be 6.5 
per 100 000 for 2010‐2014 with a death rate of 3.3 per 
100 000 for 2011‐2015.2 A similar incidence was reported 
for Europe,3 with a stable incidence over the past six de-
cades.4 A better understanding of disease biology and 

therefore of risk stratification according to genetic changes, 
together with introduction of novel therapies such as pro-
teasome inhibitors, immunomodulators, and hematopoietic 
stem cell transplantation were major steps in MM manage-
ment during the past 10 years. Compared to standard che-
motherapy alone, myeloablative conditioning consisting of 
high‐dose intravenous melphalan followed by autologous 
stem cell transplantation (ASCT) in eligible patients offers 
better long‐term cancer‐free and overall survival.5 Kidney 
involvement is a prominent feature of MM and is mainly due 
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Abstract
Acute kidney injury (AKI) is a common complication after allogeneic stem cell 
transplantation; however, its incidence and outcome in patients transplanted for mul-
tiple myeloma (MM) is unknown. We evaluated the incidence, severity, and risk 
factors for AKI within the first 30 days after autologous stem cell transplantation 
(ASCT) for MM. We prospectively followed 185 consecutive patients with MM, 
without chronic renal replacement therapy, who underwent ASCT; 12.5% of patients 
had MM‐associated amyloidosis. AKI occurred in 19 (10.3%) patients, 8 ± 3 days 
after ASCT, with 18 patients (9.7%) stage 1 and one patient (0.6%) stage 2 AKI. The 
development of AKI was not associated with reduced overall survival and recovery 
of kidney function was evident in 68.4% of patients at 3 months. In Cox regression 
analysis, preexisting–chronic kidney disease (HR 7.01, CI 95% 2.04‐24.09; 
P = 0.002), serum beta2 microglobulin (HR 3.05, CI 95% 1.10‐8.44; P = 0.03), and 
mucositis grade 3/4 (HR 1.29, CI 95% 1.08‐1.53; P = 0.003) were independent risk 
factors for AKI. Our results suggest that AKI occurs with low incidence and reduced 
severity after ASCT for MM. Prophylactic measures in patients with preexisting–
kidney failure may further reduce this risk.
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to high‐tumor burden with development of myeloma cast 
nephropathy, but also because of hypercalcemia and tumor 
lysis syndrome. Kidney failure is a negative prognostic fac-
tor for overall survival in MM and may impair eligibility for 
ASCT especially for advanced stages of chronic kidney dis-
ease (CKD), although similar outcomes were observed for 
milder and moderate CKD stages when compared to normal 
kidney function.6 Stem cell transplantation (SCT) is a major 
advance in treatment of various hematologic malignancies 
disorders (including MM) and bone marrow insufficiencies, 
but its use is limited by important complications, including 
acute kidney injury (AKI). Incidence of AKI is estimated to 
be between 10% and up to 75% during the first 100 days after 
transplantation and is influenced by the definition used in 
various studies, type of transplant (autologous or allogeneic), 
and type of conditioning (myeloablative or non‐myeloabla-
tive).7 Up to 5% of these patients need acute dialysis8 and the 
severity of AKI is associated with poorer short‐ and long‐
term outcomes.9 Nevertheless, even milder, more “benign” 
increase in serum creatinine (up to 0.5 mg/dL) is associated 
with longer hospitalization and reduced survival.10 A higher 
incidence of AKI is observed in allogeneic SCT compared 
to ASCT because of medication used (calcineurin inhibitors, 
amphotericin, acyclovir, cyclophosphamide, methotrexate), 
occurrence of graft versus host disease, or hepatic sinusoidal 
obstruction syndrome. The purpose of the present study was 
to investigate the incidence and risk factors for AKI devel-
opment during the first 30 days following ASCT for MM at 
our institution. To the best of our knowledge, this is the first 
study in the medical literature addressing this kidney compli-
cation after ASCT for this specific hematologic malignancy.

2 |  METHODS

2.1 | Study design
We performed a prospective non interventional study in 
which we enrolled 185 consecutive patients with MM, not 
on chronic renal replacement therapy, who underwent ASCT 
between January 2016 and December 2017. All patients were 
followed for 90 days starting from the day of ASCT (base-
line). The aims of our study were incidence of AKI within 
the first 30 days after ASCT and identification of risk factors 
for AKI occurrence.

The study was conducted in accordance with the 
Declaration of Helsinki human rights and was approved by 
the Institutional Review Board of Fundeni Clinical Institute. 
All the patients signed the informed consent.

2.2 | Autologous stem cells transplantation
Eligibility criteria for ASCT included age between 18 and 
75 years, prior psychiatric evaluation, no severe major organ 

failure (lung, heart, liver), no active infections, no uncon-
trolled diabetes mellitus, and performance status ≤2 accord-
ing to Eastern Oncology Cooperative Group (ECOG).11 There 
was no limitation by kidney function. Prior to ASCT, patients 
were treated with four to six series of chemotherapy according 
to local protocols (CyBorD, cyclophosphamide, bortezomib, 
dexamethasone or PAD, bortezomib, doxorubicin, dexa-
methasone). The source of hematopoietic progenitor cells was 
peripheral stem cells. Stem cell grafts were harvested after mo-
bilization with granulocyte‐colony stimulating factor G‐CSF 
(filgrastim) 10 to 16 μg/kg, or after cyclophosphamide 3 g/m2 
followed by G‐CSF. Myeloablative standard conditioning with 
melphalan intravenously in single dose was used. Melphalan 
dose (140 or 200 mg/m2) was established per protocol accord-
ing to age, kidney function, and performance status. Stem cells 
were infused 48 hours after conditioning with daily administra-
tion of G‐CSF (5 mg/kg) starting day +5. Prophylactic antibi-
otics and antivirals (ciprofloxacin and acyclovir) were given to 
all patients. Broad‐spectrum antibiotics were used for febrile 
neutropenia as per institutional protocol.

2.3 | Collected data and follow‐up
Clinical and laboratory data were collected at baseline, ex-
cept serum beta2 microglobulin (β2MG) and serum free κ 
and λ light chains which were measured prior to the myeloa-
blative conditioning.

Gender, age, and type of MM were recorded for all patients. 
Data regarding previous ASCT and comorbidities (diabetes 
mellitus, hypertension, congestive heart failure, CKD, AKI) 
were also recorded. The estimated glomerular filtration rate 
(eGFR) was estimated using the CKD‐EPI formula.12

During the study period, the patients were examined 
and blood for laboratory tests (including serum creatinine 
for eGFR assessment) was analyzed at least daily until en-
graftment and at day + 30 after ASCT. In patients with 
AKI, eGFR was evaluated also after 90 days following AKI 
episode. Discharge criteria were WBC >1500/mm3 and 
PLT > 20 000/mm3.

2.4 | Definitions
AKI within the first 30 days after transplantation was defined 
and graded according to the KDIGO definitions and classifi-
cation systems13; the highest stage of AKI occurring within 
the first 30 days after ASCT was used in analysis.

Renal recovery was defined as a reduction in serum cre-
atinine to less or within 0.3 mg/dL as compared to baseline 
occurring at 3 months following the AKI diagnosis.

The diagnosis of MM and the assessment of response 
to therapy were made according the International Multiple 
Myeloma Working Group (IMWG) Criteria14,15 and MM 
staging, according to the Durie Salmon staging system.16 The 
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associated‐AL amyloidosis was diagnosed by demonstration 
of Congo red staining (kidney, subcutaneous fat or rectal mu-
cosa biopsy). Hypertension (HBP) before transplantation was 
defined as a documented history of hypertension, the use of 
antihypertensive drugs, or a blood pressure of over 140/90mm 
Hg on the day of admission for ASCT. CKD was defined 
using the Kidney Disease: Improving Global Outcomes 
(KDIGO) organization's 2012 guidelines.17 Sepsis diagnosis 
was based on a temperature ≥38°C or <36°C, a white blood 
cell count >10 000/mm3 or <4000/mm3, and a positive blood 
culture for bacteria.18 Oral mucositis was graded according to 
World Health Organization's (WHO's) Oral Toxicity Scale.19

2.5 | Statistical analysis
Data are reported as percentages for categorical data, 
mean ± standard deviation for continuous parametric data and 
median with interquartile range for continuous nonparametric 
data. The cohort was divided in two groups namely: AKI and 
non‐AKI. The differences between groups were assessed using 
Student t test for normally distributed continuous variables, 
Mann‐Whitney U for non‐normally ones and chi‐squared and 
Student t tests for categorical variables. Kaplan‐Meier curves 
were used to evaluate the cumulative probability of AKI inci-
dence and the risk associated with several factors was analyzed 
by Log‐rank test. To identify the predictors associated with the 
risk of AKI, Cox proportional hazard analysis was used. In 
univariate analysis the variables with P values less than 0.10 at 
groups' comparison were introduced. In multivariate analysis 
model, we introduced all the variables from univariate analy-
sis and we applied the stepwise backward elimination process. 
Covariates included in the Cox model can be classified as clini-
cal‐related (baseline eGFR, history of AKI, preexisting–CKD, 
hypertension), hematological‐disease related (micromolecular 
MM, MM and amyloidosis, lambda light chain, serum β2M, 
MM stage IIIB), and treatment‐related (ACE‐ inhibitors/ARB, 
mucositis grade 3/4).

Sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), positive likelihood ratio 
(positive LR), negative likelihood ratio (negative LR), and 
accuracy were calculated to test the prediction ability for AKI 
of the independent determinants identified in the Cox model.

A P < 0.05 was considered statistically significant.
Statistical analysis was made with IBM SPSS Statistics, 

Version 21 (SPSS Inc, Chicago, IL) and STATA Version 14.

3 |  RESULTS

3.1 | Characteristics of the investigated 
cohort
ASCT was performed between January 2016 and December 
2017 in 185 patients, for the first and second time in 155 

(83.8%) and 30 (16.2%), respectively. Mean age at day 0 was 
55.6 ± 8.5 years and 50.3% were females (Table 1).

Preexisting–CKD was noted in 14.6% (mean eGFR at 
baseline 86.1 ± 24.1 ml/min), 5.9% had a history of AKI 
and 15.1% type 2 diabetes mellitus. HBP was present in 
43.8% and 23.2% were treated with angiotensin converting 
enzyme inhibitors (ACEI) or angiotensin receptor blockers 
(ARB).

Median hematologic disease duration before ASCT was 
10 months (8‐18), IgG MM was the most frequent (51.3%) 
and the most common MM stage was IIIA (65.9%).

AKI occurred in 19 (10.3%) patients, mean time of appear-
ance was 8 ± 3 days after ASCT, 18 patients (94.7%) out of 19 
had AKI stage 1 and one patient (5.3%) had AKI stage 2.

Regarding complications after ASCT, fever was the 
most frequent one (60%), followed by grade 3/4 mucositis 
(30.8%). Two patients died during the study, at day + 35, and 
at day + 51 respectively after ASCT.

3.2 | Comparison between patients with and 
without AKI
AKI patients had more frequently preexisting–CKD (73.7% 
vs 7.8%) and a significantly lower eGFR (51.8 ± 25 vs 
90.1 ± 20.8 mL/min) at baseline. Also, they had a trend 
to a more frequent history of previous episodes of AKI 
(15.8% vs 4.8%, P = 0.09), hypertension (63.2% vs 41.6%, 
P = 0.07) and ACEI/ARB use (42.1% vs 21.1%, P = 0.05) 
(Table 1).

Patients in the AKI group had significantly more frequent 
micromolecular MM (36.8% vs 24.1%) in advanced stages 
(IIIB) (75% vs 15.7%) and associated amyloidosis in a higher 
proportion (31.6% vs 10.2%). The serum free λ light chain 
and β2M levels were higher in this group (14.1 vs 3.4 mg/L 
and 5.9 vs 2.9 mg/L, respectively) (Table 1). No differences 
in the risk for AKI occurrence was found between the two 
chemo regimens used prior to transplantation.

3.3 | Predictors of AKI
All the variables with a P values less than 0.10 at groups' 
comparison were analyzed in a Cox regression model. A 
more severe hematologic disease (MM stage IIIB, MM as-
sociated with amyloidosis, higher serum free λ light chain 
and β2M levels), kidney condition (baseline eGFR, preexist-
ing–CKD, and ACEI or ARB therapy), and more frequent 
ASCT complications (mucositis grade 3 or 4) were signifi-
cantly associated with AKI in univariate analysis. In multi-
variate Cox regression analysis, preexisting–CKD (HR 7.01, 
CI 95%: 2.04‐24.09; P = 0.002), serum β2M (HR 3.05, CI 
95%: 1.10‐8.44; P = 0.03) and mucositis grade 3/4 (HR 1.29, 
CI 95%: 1.08‐1.53; P = 0.003) were retained as independent 
risk factors for AKI (Figure 1).
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T A B L E  1  Investigated patients' characteristics

 Overall No AKI AKI P

Patients' number 185 166 19  

Demographic data     

Age (mean, years) 55.6 ± 8.5 55.5 ± 8.6 56.1 ± 7.5 0.78

Male gender (%) 92 (49.7%) 82 (49.4%) 11 (57.9%) 0.48

Comorbidities     

Hypertension (%) 81 (43.8%) 69 (41.6%) 12 (63.2%) 0.07

CHF (%) 15 (8.1%) 13 (7.8%) 2 (10.5%) 0.69

Type 2 DM (%) 28 (15.1%) 23 (13.9%) 5 (26.3%) 0.18

History of AKI (%) 11 (5.9%) 8 (4.8%) 3 (15.8%) 0.09

Preexisting–CKD (%) 27 (14.6%) 13 (7.8%) 14 (73.7%) <0.001

ACE inhibitors/ARB (%) 43 (23.2%) 35 (21.1%) 8 (42.1%) 0.05

Kidney function     

eGFR (mean, ml/min) 86.1 ± 24.1 90.1 ± 20.8 51.8 ± 25 <0.001

Hematologic disease

Type (%)    0.01

Non‐secretory MM 2 (1.1%) 2 (1.2%) 0 (0%)  

Micromolecular MM 47 (25.5%) 40 (24.1%) 7 (36.8%)  

IgM MM 2 (1.1%) 2 (1.2%) 0 (0%)  

IgG MM 96 (51.3%) 90 (54.2%) 5 (26.3%)  

IgD MM 3 (1.6%) 2 (1.2%) 1 (5.3%)  

IgA MM 34 (18.4%) 30 (18.1%) 4 (21.1%)  

Amyloidosis 2 (1.1%) 0 (0%) 2 (1.2%)  

MM and amyloidosis (%) 23 (12.5%) 17 (10.2%) 6 (31.6%) <0.001

MM stage (%)a    <0.001

IA 2 (1.1%) 2 (1.3%) 0 (0%)  

IIA 12 (6.5%) 10 (6.3%) 2 (12.5%)  

IIB 2 (1.1%) 1 (0.6%) 1 (6.2%)  

IIIA 122(65.9%) 121 (76.1%) 1 (6.2%)  

IIIB 37 (20%) 25 (15.7%) 12 (75%)  

Bone marrow plasma cells (median, %) 6 (4‐14) 6 (4‐13) 11 (3.7‐46.2) 0.18

Serum free κ light chain (median, mg/L) 4.8 (2.1‐18) 4.5 (1.8‐18) 12.9 (4.6‐18.5) 0.15

Serum free λ light chain (median, mg/L) 3.7 (1.8‐ 14.7) 3.4 (1.6‐ 14.1) 14.1 (3.8‐250) 0.008

Serum β2M (median, mg/L) 2.6 (2.2‐3.6) 2.9 (2.1‐3.5) 5.9 (3.2‐9) <0.001

Previous ASCT (%) 30 (16.2%) 27 (16.3%) 3 (15.8%) 0.95

Complications     

Mucositis grade 3/4 (%) 57 (30.8%) 45 (27.1%) 12 (63.2%) 0.01

Fever (%) 111 (60%) 96 (57.8%) 15 (78.9%) 0.12

CD enteritis (%) 7 (3.8%) 7 (4.2%) 0 (0%) 0.21

Sepsis (%) 31 (16.8%) 26 (15.7%) 5 (26.3%) 0.26

Death (%) 2 (1.1%) 1 (0.6%) 1 (5.3%) 0.01

ACEI, angiotensin converting enzyme inhibitors; AKI, acute kidney injury; ARB, angiotensin receptor blocker; ASCT, Autologous stem cells transplant; β2M‐ beta 2 
microglobulin; CD, clostridium difficile; CKD, chronic kidney disease; CHF, cardiac heart failure; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; 
MM, multiple myeloma
amissing data in 10 patients 
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In Kaplan‐Meier analysis, the cumulative probability of 
AKI in the first 30 days after ASCT was higher in patients 
with preexisting–CKD (52% vs 3%; P < 0.001), serum 
β2MG ≥ 3.7 mg/L (38% vs 5%; P < 0.001), and develop-
ing severe (grade 3/4) mucositis (21% vs 7.3%; P < 0.001) 
(Figure 2).

The predictive ability for AKI in the first 30 days of 
these three independent risk factors was further evalu-
ated. Preexisting–CKD had the best accuracy (90.3%, 95% 
CI 85%‐94.1%), followed by serum β2M level ≥ 3.7 mg/L 
(85.4%, 95% CI: 79.5%‐90.1%) and mucositis grade 3/4 
(71.9%, 95% CI: 64.8%‐78.2%) (Table 2).

4 |  DISCUSSION

It is estimated that more than 50 000 hematopoietic stem cell 
transplants are performed annually worldwide.7 Although a 
lifesaving procedure, it is associated with important side ef-
fects, and AKI is one of the most important in terms of rais-
ing medical costs, but especially in altering patients' outcome. 
Incidence of AKI in allogeneic SCT is higher compared to 
ASCT, mostly because of calcineurin inhibitors, occurrence 
of graft versus host disease and hepatic sinusoidal obstruction 
syndrome, which are important risk factors for AKI in this set-
ting. The common use of peripheral stem cells instead of bone 
marrow cells, which reduces the time span till engraftment 
and thus the risk for sepsis is another explanation for lower 
incidence for AKI in ASCT. The incidence of AKI follow-
ing myeloablative conditioning and ASCT ranges from 12%20 
to as high as 52%,21 with 5%‐16% of patients requiring acute 
dialysis.20,22

We found that 10% of our patients with MM treated with 
ASCT developed AKI between the time of infusion of stem 
cells (day 0) and 30 days after the transplant. None of our 
patients needed initiation of dialysis and recovery of kidney 
function was evident in 68.4% of patients at 3 months after 
the onset of AKI. Even in our study, mortality was signifi-
cantly higher in subgroup of patients with AKI (P = 0.01), 
we cannot translate this finding into clinical practice due to 
the very small number of deaths which occurred during the 
study period. In a retrospective analysis of 173 patients with 
AL amyloidosis treated with ASCT, AKI occurred in 21% of 
patients, 5% needed acute dialysis and AKI was associated 
with reduced survival 90 days after transplant.22 The differ-
ences in incidence and severity between our study and the 
results of Fadia et al may be due to the fact that AL amy-
loidosis is a systemic disease, with frequent involvement of 
the kidney and heart, preexisting conditions which increase 
the likelihood of kidney injury after ASCT. It is estimated 
that around 10% of patients with MM have coexisting AL 
amyloidosis.23,24 In our cohort of patients, AL amyloidosis 
secondary to MM was diagnosed in 12.5% of patients and 
coexistence of these two conditions was associated with a 
fivefold higher risk of AKI following ASCT.

MM differs from other hematologic malignancies treated by 
bone marrow transplantation in that a significant proportion of 
patients already have important irreversible kidney lesions prior 
to transplantation due to intrinsic nephrotoxicity of monoclonal 
proteins. A total of 14.6% of our patients had preexisting–CKD 
and this condition was the most important independent predic-
tive risk factor for AKI during the first 30 days after ASCT, 
with a sevenfold increase in the likelihood of developing AKI. 
Also, the severity of preexisting–CKD was a risk factor for AKI 

F I G U R E  1  Multivariate Cox model (right) with stepwise backward elimination process: variables introduced in the first step (baseline eGFR, 
history of AKI, preexisting–CKD, hypertension, ACE‐ inhibitors/ARB, micromolecular MM, MM and amyloidosis, lambda light chain, serum 
β2M, MM stage IIIB, mucositis grade 3/4), variables remained in the final step (preexisting–CKD, serum β2M, mucositis grade 3/4); P < 0.05, 
statistically significant. HR, hazard ratio; eGFR, estimated glomerular filtration ratio; AKI, acute kidney injury; CKD, chronic kidney disease; 
ACE, angiotensin converting enzyme; ARB, angiotensin receptor blockers; MM, multiple myeloma; β2M, β2 microglobulin
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(event incidence was 8.6% in those without CKD as compared 
with 45% in mild and moderate CKD and 71.4% in advanced 
CKD). Underlying CKD is now a well‐recognized risk factor 
for AKI (acute‐on‐chronic kidney insufficiency). CKD was 
identified as an independent risk factor for developing AKI 
in the setting of different conditions such as sepsis, radiocon-
trast agents, cardiovascular surgery, liver failure, or exposure 
to nephrotoxins (chemotherapeutic agents, antibiotics).25 The 

incidence of AKI complicating CKD varies depending on the 
definitions used for AKI and CKD and the type of population 
analyzed, ranging from 10% in the general population‐based 
studies up to 35% in the hospital‐based studies.26 Increased 
risk for AKI becomes evident even in patients considered to 
have “mild” CKD, corresponding to a GFR between 30‐59 mL/
min/1.73 m2, and this risk becomes progressively more import-
ant from stage 3 to stage 5 CKD, independent of other comor-
bidities.27 Hsu et al compared 1746 hospitalized patients from 
Kaiser Permanente who developed severe AKI requiring dialy-
sis with 600 820 hospitalized patients who did not develop AKI; 
patients with stage 3a CKD had a twofold higher risk for AKI 
compared to the patients with GFR above 60 mL/min/1.73 m2 
and this risk became even higher in more advanced CKD (up to 
a 40‐fold increased risk for those in stage 5).27 We found sim-
ilar results, since baseline GFR was a risk factor for AKI and, 
when compared with patients with normal GFR, even patients 
with mildly impair of kidney function (GFR between 60‐89 ml/
min/1.73 m2) had an adjusted 11.2‐fold increased risk of devel-
oping AKI after ASCT. Creatinine clearance was also found by 
Fadia et al as independent predictor factor for AKI after ASCT 
for AL amyloidosis.22 Multiple, yet not fully understood, mech-
anisms explain the higher risk for AKI in CKD patients; re-
duced kidney reserve, altered vasodilatation, a higher diabetes 
and hypertension incidence in CKD conditions also proved to 
be risk factors for different types of AKI.28

The fact that we observed that 73% of all AKI events oc-
curred among patients with some degree of already impaired 
kidney function means that careful kidney function surveil-
lance and prophylactic measures (such as maintaining euvole-
mia and avoiding nephrotoxins) should be undertaken during 
the first weeks after ASCT. Failing kidneys have a reduced 
capacity to respond to hypovolemia because of inability to 
concentrate urine, and this defect puts patients with CKD 
at a higher risk of developing prerenal azotemia because of 
dehydration.29 We found an adjusted 30% increased risk of 
developing AKI for patients with mucositis grade 3 or 4, an 
important cause of extracellular volume depletion because 
of vomiting and diarrhea. Moreover, treatment with ACEI or 
ARB was associated with more than twofold higher risk of 
developing AKI, although this association did not remain sta-
tistically significant in multivariate analysis. Autoregulation 
is important for maintaining glomerular filtration despite sig-
nificant drop in blood pressure due to dehydration and this 
mechanism is altered in CKD and may be further impaired in 
patients treated with agents which interfere with renin‐angio-
tensin‐aldosterone system, such as ACEI or ARB.30

In addition to clinical data, we found serum beta2 micro-
globulin as an independent predictor of AKI after ASCT and 
that for every increase in baseline β2M with 1 unit above 
3.7 mg/L the risk for AKI increases by 3‐fold. To date, none of 
the previous studies regarding AKI after SCT focused on β2M. 
Serum β2M is a marker of tumor load in lymphoproliferative 

F I G U R E  2  Time‐to‐event curves for AKI differed significantly 
between preexisting and non‐preexisting–CKD (Panel A), serum 
β2M ≥ 3.7 mg/L and serum β2M < 3.7 mg/L (Panel B), and between 
mucositis grade 3/4 and non‐mucositis grade 3/4 patients (Panel C) 
(P < 0.001, P < 0.001 and P = 0.001, respectively, by the log‐rank 
test). CKD, chronic kidney disease; β2M, β2 microglobulin; AKI, 
acute kidney injury
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disorders (including MM) and of kidney insufficiency, both 
important predictors of outcome in MM.31 Together with albu-
min, serum β2M is a key factor in current International Staging 
System,32 but it also predicts progression from smoldering‐MM 
to symptomatic disease, response to chemotherapy, relapse, and 
even prognosis after transplantation.33-35 This is the first study 
in which β2M was also found to be an independent prognostic 
factor of AKI following ASCT for MM. Along with the tumor 
burden, β2M is also a marker of kidney function.36 A better he-
matological response before ASCT means a lower serum level 
of nephrotoxic monoclonal proteins and thus a reduced kidney 
susceptibility to other potentially harmful insults.

Our study has several limitations. It is a single‐center 
study, so our findings may not be generalized to all patients. 
The relatively small number of AKI events that we encoun-
tered may reduce the statistical power to identify other im-
portant risk factors, so our results need to be validated in 
larger and multicenter cohorts of patients. However, our 
study has some important strengths, the most important one 
being the large size of the cohort and the prospective nature 
of the design.

In summary, although it does not produce a definitive cure, 
ASCT is now considered the standard of care for eligible pa-
tients with MM, significantly prolonging both event‐free and 
overall survival when compared to standard chemotherapy 
alone.37 Compared to what was found in studies dedicated to 
SCT for other types of hematological conditions, including 
AL amyloidosis, we found a much lower incidence and re-
duced severity of AKI in patients transplanted for MM. These 
are positive results since it seems that AKI occurrence should 
not be such a big concern in this particular type of hematolog-
ical malignancy. Our results regarding potential risk factors 
may also improve individual risk stratification and proper 
choose of prophylactic measures, with greater emphasis on 
avoiding dehydration and further exposure to nephrotoxins 
especially in patients with previous kidney insufficiency.

AUTHOR CONTRIBUTIONS

AGA, BMS, BO, and GI conceptualized the research and 
formed the hypothesis of this paper. AGA, AT, ADT, OGC, 
LS, ZV, and LL collected the data. BMS and GI analyzed the 

data. AGA, BMS, GI, and ADT wrote the manuscript. All 
the authors have critically evaluated the manuscript and ap-
proved the final version.

ORCID

Andreea G. Andronesi  https://orcid.
org/0000-0002-5590-7879 
Bogdan M. Sorohan  https://orcid.
org/0000-0003-3574-4635 
Bogdan Obrisca  https://orcid.org/0000-0003-4796-4950 
Gener Ismail  https://orcid.org/0000-0003-3306-189X 

REFERENCES

 1. Kazandjian D. Multiple myeloma epidemiology and survival: a 
unique malignancy. Semin Oncol. 2016;43:676‐681.

 2. American Cancer Society. Cancer Statistics Center. https://cancer-
statisticscenter.cancer.org/. Accessed April 21, 2018

 3. Fitzmaurice C, Allen C, Barber RM, et al. Global, regional, and 
national cancer incidence, mortality, years of life lost, years lived 
with disability, and disability‐adjusted life‐years for 32 cancer 
groups, 1990 to 2015: a systematic analysis for the global burden 
of disease study. JAMA Oncol. 2017;3:524‐548.

 4. Kyle RA, Therneau TM, Rajkumar SV, Larson DR, Plevak MF, 
Melton LJ 3rd. Incidence of multiple myeloma in Olmsted County, 
Minnesota: trend over 6 decades. Cancer. 2004;101:2667‐2674.

 5. Kumar SK, Rajkumar V, Kyle RA, et al. Multiple myeloma. Nat 
Rev Dis Primers. 2017;3:17046.

 6. Antlanger M, Reiter T, Lamm W, et al. Does renal failure affect 
outcome after autologous stem cell transplantation in patients with 
multiple myeloma? Blood. 2016;128:4642.

 7. Hingorani S. Renal complications of hematopoietic‐cell transplan-
tation. N Engl J Med. 2016;374:2256‐2267.

 8. Gooley TA, Chien JW, Pergam SA, et al. Reduced mortality after 
allogeneic hematopoietic cell transplantation. N Engl J Med. 
2010;363:2091‐2101.

 9. Parikh CR, Yarlagadda SG, Storer B, Sorror M, Storb R, Sandmaier 
B. Impact of acute kidney injury on long‐term mortality after 
nonmyeloablative hematopoietic cell transplantation. Biol Blood 
Marrow Transplant. 2008;14:309‐315.

 10. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates DW. 
Acute kidney injury, mortality, length of stay, and costs in hospital-
ized patients. J Am Soc Nephrol. 2005;16:3365‐3370.

T A B L E  2  The predictive utility for AKI after ASCT of preexisting–CKD, serum β2MG and severe mucositis

 Sensitivity Specificity PPV NPV Accuracy

Preexisting–CKD 73.6% 
(48.8%‐90.8%)

92.1% 
(86.7%‐95.7%)

51.8% 
(37.4%‐65.9%)

96.8% 
(93.5%‐98.5%)

90.3% 
(85%‐94.1%)

Serum β2M ≥ 3.7 mg/L 63.1% 
(38.3%‐83.7%)

87.9% 
(82%‐92.5%)

37.5% 
(26%‐50.6%)

95.4% 
(92%‐97.4%)

85.4% 
(79.5%‐90.1%)

Mucositis grade 3/4 63.1% 
(38.3%‐83.7%)

72.9% 
(65.4%‐79.5%)

21% 
(14.8%‐28.9%)

94.5% 
(90.5%‐96.9%)

71.9% 
(64.8%‐78.2%)

PPV, positive predictive value; NPV, negative predictive value; CKD, chronic kidney disease; β2M, beta2 microglobulin

https://orcid.org/0000-0002-5590-7879
https://orcid.org/0000-0002-5590-7879
https://orcid.org/0000-0002-5590-7879
https://orcid.org/0000-0003-3574-4635
https://orcid.org/0000-0003-3574-4635
https://orcid.org/0000-0003-3574-4635
https://orcid.org/0000-0003-4796-4950
https://orcid.org/0000-0003-4796-4950
https://orcid.org/0000-0003-3306-189X
https://orcid.org/0000-0003-3306-189X
https://cancerstatisticscenter.cancer.org/
https://cancerstatisticscenter.cancer.org/


   | 3285ANDRONESI Et Al.

 11. Oken MM, Creech RH, Tormey DC, et al. Toxicity and response 
criteria of the Eastern Cooperative Oncology Group. Am J Clin 
Oncol. 1982;5:649‐655.

 12. Levey AS, Stevens LA, Schmid CH, et al. CKD‐EPI (Chronic Kidney 
Disease Epidemiology Collaboration). A new equation to estimate 
glomerular filtration rate. Ann Intern Med. 2009;150:604‐612.

 13. Khwaja A. KDIGO clinical practice guidelines for acute kidney 
injury. Nephron Clin Pract. 2012;120:c179‐184.

 14. Rajkumar SV, Dimopoulos MA, Palumbo A, et al. International 
Myeloma Working Group updated criteria for the diagnosis of multi-
ple myeloma. Lancet Oncol. 2014;15:e538‐548; e‐pub ahead of print 
26 October 2014. https://doi.org/10.1016/S1470-2045(14)70442-5.

 15. Kumar S, Paiva B, Anderson KC, et al. International Myeloma 
Working Group consensus criteria for response and minimal re-
sidual disease assessment in multiple myeloma. Lancet Oncol. 
2016;17:e328‐e346.

 16. Durie BG, Salmon SE. A clinical staging system for multiple my-
eloma. Correlation of measured myeloma cell mass with present-
ing clinical features, response to treatment, and survival. Cancer. 
1975;36:842‐854.

 17. Kidney Disease Group: Improving Global Outcomes (KDIGO) 
CKD Work. KDIGO clinical practice guideline for the evaluation 
and management of chronic kidney disease. Kidney Int Suppl. 
2012;2012(3):1‐50.

 18. Dellinger RP, Levy MM, Rhodes A, et al. Surviving Sepsis 
Campaign Guidelines Committee including the Pediatric 
Subgroup. Surviving sepsis campaign: international guidelines for 
management of severe sepsis and septic shock, 2012. Crit Care 
Med. 2013;41:580‐637.

 19. Quinn B, Stone R, Uhlenhopp M, McCann S, Blijlevens N. 
Ensuring accurate oral mucositis assessment in the European 
Group for Blood and Marrow Transplantation Prospective Oral 
Mucositis Audit. Eur J Oncol Nurs. 2007;11Suppl 1:S10‐18.

 20. Lopes JA, Jorge S, Silva S, et al. Acute renal failure following 
myeloablative autologous and allogeneic hematopoietic cell trans-
plantation. Bone Marrow Transplant. 2006;38:707; e‐pub ahead of 
print 2 October 2006. https://doi.org/10.1038/sj.bmt.1705513

 21. Caliskan Y, Besisik SK, Sargin D, Ecder T. Early renal injury after 
myeloablative allogeneic and autologous hematopoietic cell trans-
plantation. Bone Marrow Transplant. 2006;38:141‐147.

 22. Fadia A, Casserly LF, Sanchorawala V, Seldin DC, Wright DG, 
Skinner M. Incidence and outcome of acute renal failure compli-
cating autologous stem cell transplantation for AL amyloidosis. 
Kidney Int. 2003;63:1868‐1873.

 23. Kourelis TV, Kumar SK, Gertz MA, et al. Coexistent multiple 
myeloma or increased bone marrow plasma cells define equally 
high‐risk populations in patients with immunoglobulin light chain 
amyloidosis. J Clin Oncol. 2013;31:4319‐4324.

 24. Sethi S, Rajkumar SV, D'Agati VD. The complexity and heteroge-
neity of monoclonal immunoglobulin‐associated renal diseases. J 
Am Soc Nephrol. 2018;29:1810‐1823.

 25. Uchino S, Kellum JA, Bellomo R, et al. Beginning and Ending 
Supportive Therapy for the Kidney (BEST Kidney) Investigators. 
Acute renal failure in critically ill patients: a multinational, multi-
center study. JAMA. 2005;294:813‐818.

 26. Lameire N, Van Biesen W, Vanholder R. The changing epidemiol-
ogy of acute renal failure. Nat Clin Pract Nephrol. 2006;2:364‐377.

 27. Hsu CY, Ordoñez JD, Chertow GM, Fan D, McCulloch CE, Go 
AS. The risk of acute renal failure in patients with chronic kidney 
disease. Kidney Int. 2008;74:101‐107.

 28. Chawla LS, Eggers PW, Star RA, Kimmel PL. Acute kidney injury 
and chronic kidney disease as interconnected syndromes. N Engl J 
Med. 2014;371:58‐66.

 29. Combs S, Berl T. Dysnatremias in patients with kidney disease. Am 
J Kidney Dis. 2014;63:294‐303.

 30. Tomlinson LA, Abel GA, Chaudhry AN, et al. ACE inhibitor and 
angiotensin receptor‐II antagonist prescribing and hospital admis-
sions with acute kidney injury: a longitudinal ecological study. 
PLoS ONE. 2013;8:e78465.

 31. 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;65:175‐181.

 32. Kyle RA, Rajkumar SV. Criteria for diagnosis, staging, risk strati-
fication and response assessment of multiple myeloma. Leukemia. 
2009;23:3‐9; e‐pub ahead of print 30 October 2008. https://doi.
org/10.1038/leu.2008.291.

 33. Rossi D, Fangazio M, De Paoli L, et al. Beta‐2‐microglobulin is 
an independent predictor of progression in asymptomatic multiple 
myeloma. Cancer. 2010;116:2188‐2200.

 34. Alexanian R, Barlogie B, Fritsche H. Beta 2 microglobulin in mul-
tiple myeloma. Am J Hematol. 1985;20:345‐351.

 35. Stella‐Holowiecka B, Czerw T, Holowiecka‐Goral A, Giebel 
S, Wojnar J, Holowiecki J. Beta‐2‐microglobulin level predicts 
outcome following autologous hematopoietic stem cell trans-
plantation in patients with multiple myeloma. Transplant Proc. 
2007;39:2893‐2897.

 36. Argyropoulos CP, Chen SS, Ng YH, et al. Rediscovering beta‐2 
microglobulin as a biomarker across the spectrum of kidney dis-
eases. Front Med (Lausanne). 2017;4:73.

 37. Palumbo A, Cavallo F, Gay F, et al. Autologous transplantation 
and maintenance therapy in multiple myeloma. N Engl J Med. 
2014;371:895‐905.

How to cite this article: Andronesi AG, Tanase AD, 
Sorohan BM, et al. Incidence and risk factors for acute 
kidney injury following autologous stem cell 
transplantation for multiple myeloma. Cancer Med. 
2019;8:3278–3285. https://doi.org/10.1002/cam4.2187

https://doi.org/10.1016/S1470-2045(14)70442-5
https://doi.org/10.1038/sj.bmt.1705513
https://doi.org/10.1038/leu.2008.291
https://doi.org/10.1038/leu.2008.291
https://doi.org/10.1002/cam4.2187

