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Abstract
Introduction Light chain involvement is observed in almost every patient (pt) with newly diagnosed multiple myeloma (MM). 
Owing to a relatively short half-life, rapid reduction in the involved free light chain (iFLC) is of potential prognostic value.
Methods This retrospective analysis included 92 pts with newly diagnosed MM treated with bendamustine, prednisone, 
and bortezomib (BPV).
Results After a median number of two (range 1–5) BPV cycles, the majority of pts (n = 86; 93%) responded with either sCR 
(n = 21), CR (n = 1), nCR (n = 25), VGPR (n = 20), or PR (n = 19). PFS and OS at 48 months were 39% and 67%, respectively. 
At baseline, 79 out of 92 pts (86%) had iFLC levels above the upper standard level and an abnormal ratio of involved to 
uninvolved free light chain ≥ 8. In a subgroup analysis of these pts, we evaluated the prognostic importance of an early reduc-
tion of the iFLC during the first two BPV cycles. A reduction ≥ 50% of the iFLC on day 8 of the first cycle was observed in 
31 of 69 pts. These pts had a significantly better median PFS of 49 months as compared to 20 months in 38 pts with a lower 
iFLC reduction (p = 0.002). In contrast, OS did not differ significantly with a 48 months survival of 77% vs 69% (p > 0.05).
Conclusion These results indicate that a rapid decrease in the iFLC on day 8 is an early prognostic marker for newly diag-
nosed MM pts undergoing BPV treatment.
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Introduction

Multiple myeloma (MM) is caused by a clonal prolifera-
tion of terminally differentiated B cells usually associated 
with an excessive secretion of monoclonal immunoglobu-
lin (M-protein). In Germany, the incidence of MM is more 
than eight cases per 100,000 of the population with around 
7100 newly diagnosed patients each year (Robert Koch-
Institut 2019).

The disease is incurable with conventional chemo-
therapy (Alexanian and Dimopoulos 1994), with median 
survival not exceeding 2–3 years (Kumar et al. 2008). The 
first novel agents introduced into standard therapy were 
thalidomide, lenalidomide, and bortezomib. These have 
been followed by many other new drugs (including carfil-
zomib, daratumumab, elotuzumab, bispecific antibodies, 
and CAR T cells), which have had a remarkably positive 
effect on the complete response (CR) rate, progression-
free survival (PFS) and overall survival (OS) of MM 
patients (Kumar et al. 2014; Soekojo et al. 2020). This has 
resulted in a wide range of therapeutic options, meaning 
that effective prognostic tools are now required to select 
the optimal therapy.

Decrease in MM protein is considered as basic prognostic 
parameter. Almost every symptomatic MM presents with 
elevated serum free light chain (sFLC) levels at diagnosis 
where one type, kappa or lambda, dominates (Dispenzieri 
et al. 2009). Patients with a light chain-predominant secre-
tory MM have an unfavorable clonal evolution leading to a 
significantly worsened outcome (Brioli et al. 2014; Avivi 
et al. 2017). Dispenzieri et al. (2008) subsequently examined 
the baseline involved free light chain (iFLC) value in 399 
patients treated between 1988 and 1992 with conventional 
chemotherapy. In this study, patients were divided into ter-
tiles based on the sFLC concentrations at diagnosis. The 
patients within the lowest tertile of sFLC (0.3–117 mg/L) 
showed better outcomes as compared to those within the 
higher tertiles. Taccetti et al. (2016) analysed the outcome of 
110 MM patients treated with a bortezomib-based first-line 
therapy. A baseline serum free light chain (sFLC) concentra-
tion of > 100 mg/L was associated with a lower CR rate and 
a shorter PFS, but not with a reduced OS. In two other stud-
ies, the ratio of sFLC (sFLCr) was identified as an independ-
ent prognostic factor in patients treated with conventional 
chemotherapy only (Kyrtsonis et al. 2007; Snozek et al. 
2008). Following the introduction of new drugs, the Spanish 
PETHEMA/GEM study group investigated the prognostic 
utility of sFLCr in MM. At diagnosis, a highly abnormal 
sFLCr was not associated with higher risk of progression 
(Lopez-Anglada et al. 2018).

Various smaller clinical studies indicate that iFLC 
analysis can provide additional prognostic information 

when performed early in a treatment regimen. Normaliza-
tion of FLCr after one or two therapy cycles was highly 
predictive for achievement of CR or near CR (nCR) after 
completion of treatment (Hassoun et al. 2005). In a second 
study, an early reduction of iFLC was also identified as a 
predictive factor for better response (≥ very good partial 
response = VGPR) (Hansen et al. 2014). The mean relative 
reduction in iFCL three days after start of treatment was 
52.3% in patients achieving ≥ VGPR and 23.6% in patients 
with partial response (PR) (p = 0.021). As a predictor of 
VGPR, an 80% reduction in iFLC at day 21 resulted in a 
sensitivity of 87.5% and a specificity of 100%. The prog-
nostic effect of sFLC response after two courses of induc-
tion therapy was evaluated in two other studies. In the first 
study, the 5-years OS was 97.4% versus 55.8% in patients 
with sFLCr ≤ 10 and > 10, respectively (p = 0.001) (Yağcı 
et al. 2015). In contrast, Dispenzieri et al. (2008) found 
no significant difference in PFS or OS between patients 
with more or less than 50% reduction of iFLC after two 
cycles of conventional chemotherapy. In an interim analy-
sis of 303 patients receiving intensive therapy, including 
a tandem autologous stem cell transplantation (ASCT), 
during the Total Therapy 3 protocol, both the initial sFLC 
level and the reduction dynamic were examined (van Rhee 
et al. 2007). High sFLC levels and/or reduction in response 
to therapy defined an aggressive MM subtype with poor 
prognosis. Although the rapid decrease of sFLC on day 7 
had no negative effect on the prognosis, a sharp decline 
after one cycle, or after the first ASCT showed poorer OS.

A disadvantage of these evaluations is the diversity of 
therapy combinations that were commonly applied in these 
studies (Dispenzieri et al. 2008; Hansen et al. 2014; Yağcı 
et al. 2015). Because the rate of myeloma protein reduction 
likely differs between treatment protocols, studies of single 
regimes are advantageous to clarify the predictive value. In 
the present study, we therefore decided to focus exclusively 
on the combination of bortezomib with bendamustine and 
corticosteroids as first-line treatment, which has proven to 
be highly effective in several clinical studies.

In a retrospective analysis, 49 patients with newly 
diagnosed MM received bendamustine, prednisone, and 
bortezomib (BPV) (Pönisch et al. 2014). Forty patients 
(82%) responded after at least one cycle of chemotherapy 
including 5 stringent CR (sCR), 9 nCR, 12 VGPR, and 14 
partial responses (PR). The combination of bendamustine, 
bortezomib, and corticosteroids was also tested in several 
phase 2 studies involving newly diagnosed MM patients 
(Mateos et  al. 2015; Berdeja et  al. 2017; Knauf et  al. 
2020). In the study of the Spanish group with 59 newly 
diagnosed MM patients, the ORR was 84%, including 10% 
sCR, 14% CR and 33% VGPR (Mateos et al. 2015). PFS 
at 24 months was 68% for transplant-eligible vs 59% for 
transplant-ineligible patients, and OS at 24 months was 
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87% vs 88%. In these studies, responses were rapid, the 
median time to achievement of PR was one cycle (Pönisch 
et al. 2014; Mateos et al. 2015).

The results can be further improved by adding high 
dose melphalan therapy followed by ASCT. After induc-
tion with a median of two cycles BPV followed by ASCT 
as consolidation therapy in 35 patients the ORR was 97% 
and ≥ VGPR rate 71% (Pönisch et al. 2014).

Therefore, we here consider the BPV protocol as first-
line treatment for MM to assess the prognostic value of 
various laboratory parameters particularly focusing on 
early reductions of iFLC.

Methods

Patients

Patients with newly diagnosed MM treated in the Hemato-
logical Department of the Medical Clinic and Policlinic 1 
of the University Hospital Leipzig with BPV between Jan-
uary 2013 and October 2019 were included in this retro-
spective analysis. All patients met CRAB criteria (Rajku-
mar et al. 2014) or had another myeloma-related end-organ 
damage. Both transplant-eligible and transplant-ineligible 
patients were included in this investigation. Patients with 
nonsecretory MM, neuropathy grade ≥ 3 or active non-
hematological malignancy during the past 3 years were 
excluded. All patients gave written informed consent for 
the applied treatment and the use of anonymised personal 
data for clinical research. The study was approved by the 
Ethical Committee at the Medical Faculty, Leipzig Uni-
versity (IRB 00001750; registration number 118/18-ek).

Treatment protocol

Bendamustine (60 mg/m2) was given as a 30-min infu-
sion on days 1 and 2 in combination with oral prednisone 
(100  mg) on days 1, 2, 4, 8, and 11, and bortezomib 
(1.3 mg/m2) as an intravenous push or subcutaneously 
on days 1, 4, 8, and 11 (Pönisch et al. 2012). In dialy-
sis-dependent patients, bendamustine and bortezomib 
were given 30 min after dialysis. In transplant-ineligible 
patients, BPV cycles were repeated every 21 days for up to 
five cycles until a maximum response or disease progres-
sion was observed. The maximum response was achieved 
if three additional weeks of therapy did not result in a 
further reduction of myeloma protein by more than 10% 
in serum and/or urine. In transplant-eligible patients, the 
therapy was stopped prematurely after a minimum of two 
BPV cycles if PR was achieved.

Definitions of response

Evaluation of response was based on the international uni-
form response criteria for multiple myeloma (Durie et al. 
2006). In addition, the terms ‘near complete response’ (nCR) 
and ‘minor response’ (MR) were considered.

Response data were collected on day 1, 8, 15, and 22 of 
each BPV cycle. OS, respectively, PFS were determined as 
time difference between start of therapy and time at censor-
ing or death, respectively relapse, progression, or death.

Evaluation of efficacy

Patients were examined within 48 h prior to inclusion into 
the BPV protocol. Staging was performed for each patient 
comprising medical history, physical examination including 
a detailed neurological examination, determination of World 
Health Organization Performance Status, determination of 
laboratory parameters (including β2-microglobulin, serum 
protein, serum protein electrophoresis, myeloma typing of 
serum and urine, serum free light chain assay (Freelite®), 
serum creatinine, serum calcium, and C-reactive protein), 
electrocardiogram, low-dose CT, and bone marrow biopsy. 
Myeloma protein concentration was determined by the inte-
gral of the area under the myeloma protein curve (based on 
electrophoresis data) and by relating it to the total serum 
protein. Renal function was assessed by the eGFR using the 
Modification of Diet in Renal Disease (MDRD) formula 
(Levey et al. 1999). Patients were followed-up at 4-weekly 
intervals during the first three months after the end of treat-
ment, and thereafter, at 12-weekly intervals until disease 
progression.

Statistical methods

Descriptive statistics were calculated for demographic and 
baseline variables. Regarding the survival follow-up, the 
data set was freezed at 31st of October 2019. All patients 
commenced to treatment until this date were included in the 
analysis. OS and PFS were estimated by the Kaplan–Meier 
method. Survival curves are compared by Log Rank tests 
(IBM SPSS Statistics, Version 24). P values of group dif-
ferences were calculated applying the Wilcoxon rank sum 
test. Categorical variables were compared using the χ2 test. 
P values < 0.05 were considered statistically significant.

Results

Patient characteristics

92 patients with newly diagnosed/untreated MM were 
enrolled in this retrospective analysis. All patients 
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completed at least one cycle of BPV therapy and were 
therefore available for analysis. Baseline demographics 
and disease characteristics are shown in Table 1. Patients 
were divided into three groups differing in their myeloma 
class: IgG myeloma (n = 42), IgA myeloma (n = 23) and 
other myeloma (IgD, n = 1; light chain, n = 26). Kappa 
light chains were affected in 54 patients (59%) and lambda 
light chains in 38 patients (41%).

Median age was 61 (range 36–88) years. The analysis 
included 22 patients (24%) with a poor general condi-
tion (ECOG performance status grade 3/4). Two patients 
with Salmon and Durie stage Ia, one patient with multi-
locular myeloma cell infiltration of the skin and a second 
patient with cardiac amyloidosis, were also included in 
the analyses. Twenty-three patients (25%) had a severe 
renal failure (eGFR < 30  ml/min), and seven of these 
required dialysis (8%). Moderate, short-term hypercal-
cemia (2.61–2.93 mmol/L) was observed in ten patients 
(11%) and severe hypercalcemia (3.17–4.0 mmol/L) in five 
patients (5%). Chromosomal aberrations were examined 
with interphase fluorescence in situ hybridization (FISH) 
in 85 patients. 30 patients (35%) had at least one high-
risk cytogenetic abnormality: del17p (n = 14; 16%), t(4;14) 
(n = 14; 16%); t(14;16) (n = 5; 6%).

Response and survival

The majority of patients (n = 81; 88%) responded after 
a median of two (range 1–5) BPV cycles with 5 sCR 
(5%), 11 nCR (12%), 25 VGPR (27%), and 40 PR (43%) 
(Table 2).

The treatment was continued until achievement of 
maximum response in 27 nontransplant-eligible patients. 
Sixty-five patients discontinued BPV therapy prematurely 
after a median of two cycles to receive autologous (n = 58) 
or autologous/allogeneic SCT (n = 7). After SCT as con-
solidation therapy, the ORR in all patients increased to 
93% (n = 86) with 21 sCR (23%), 1 CR (1%), 25 nCR 
(27%), 20 VGPR (22%), and 19 PR (21%) (Table 3). The 
BPV regime leads to a rapid decrease in myeloma protein, 
with 25 (27%) patients reaching their best response after 
the first cycle and an additional 41 patients (45%) after 
their second cycle. The median time to first hematological 
response (≥ PR) was 21 days.

After a median observation time of the surviving patients 
of 37 months, 48 months PFS was 39% and 48 months OS 
was 67%. The median PFS of transplant-eligible patients 
(n = 65) was 37 months and the median OS was not reached 
(Fig. 1a, b). Outcome for these patients was significantly 
better as compared to patients not eligible for SCT (n = 27) 
with a median PFS and OS of 20 months and 37 months, 
respectively.

Prognostic factors

The 48-month PFS was 57% in patients with ISS stage 
I, 52% in stage II, and 16% in stage III while OS at 

Table 1  Baseline characteristics of the 92 patients with newly diag-
nosed/untreated MM

a Involved free light chain level above the upper standard level and an 
abnormal free light chain ratio of involved to uninvolved free light 
chain ≥ 8
b Results available from 85 patients (IgG MM: n = 37; IgA MM: 
n = 23; other MM: n = 25)
c High risk: del(17p), t(4;14), t(14;16), t(16;20)

Parameter IgG MM
(n = 42)

IgA MM
(n = 23)

Other MMIgD 
(n = 1) 
Light chain
(n = 26)

Median age, years (range) 61 (36–88) 62 (41–76) 61 (46–71)
Male, n (%) 25 (60) 15 (65) 18 (67)
ECOG PS (n (%))
 0 0 0 0
 1 12 (29) 9 (39) 2 (7)
 2 22 (52) 7 (30) 18 (67)
 3 7 (17) 6 (26) 7 (26)
 4 1 (2) 1 (4) 0

Type of light chain (n (%))
 Κ 28 (67) 10 (44) 16 (59)
 Λ 14 (33) 13 (56) 11 (41)

iFLC (n = 79)a 32 (76) 20 (87) 27 (100)
eGFR (ml/min, n (%))
  ≥ 60 27 (64) 16 (70) 13 (48)
 30–59 6 (14) 1 (4) 6 (22)
 15–29 4 (10) 3 (13) 5 (19)
  < 15 5 (12) 3 (13) 3 (11)

Durie–Salmon stage (n (%))
 Ia 1 (2) 0 1 (2)
 Ib 2 (5) 0 0
 IIa 1 (2) 1 (4) 1 (2)
 IIb 1 (2) 0 0
 IIIa 30 (71) 16 (70) 16 (59)
 IIIb 7 (17) 6 (26) 9 (33)

ISS stage (n (%))
 I 16 (38) 8 (35) 4 (15)
 II 13 (31) 6 (26) 9 (33)
 III 13 (31) 9 (39) 14 (52)

rISS stage (n (%))
 I 10 (24) 2 (9) 2 (7)
 II 13 (31) 6 (26) 9 (33)
 III 19 (45) 15 (65) 16 (60)

Genetic risk (FISH)b

 Normal risk 27(73) 10 (43) 18 (72)
 High  riskc 10(27) 13 (57) 7 (28)
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48 months was 82%, 60%, and 56%, respectively. Although 
the difference in PFS between patients in stage I and II 
compared to stage III was significant (p = 0.004) there 
were no significant differences in OS (p = 0.34).

We found no relevant difference in ORR between 
patients with IgG MM (n = 37; 90%), IgA MM (n = 23; 
100%), and IgD/light chain MM (n = 25; 93%). How-
ever, the number of sCR/CR was significantly higher in 
patients with IgA MM (n = 9; 39%) and IgD/light chain 
MM (n = 8; 30%) than in patients with IgG MM (n = 5; 
12%, p < 0.03). There were no significant differences in 
PFS and OS between the different MM classes (Fig. 2a, b).

We analyzed the prognostic impact of chromosomal 
aberrations in 85 patients. In patients with high risk 
cytogenetics (n = 30), we found no differences in median 
PFS (25 vs 39 months) and median OS (49 vs 68 months) 
compared to patients with standard risk (n = 55) (Fig. 3a, 
b).

Regarding renal function, we found no differences 
between patients with normal function or mild dysfunction 
(eGFR ≥ 60 ml/min) on the one hand and patients with mod-
erate or severe renal dysfunction (eGFR < 60 ml/min) on the 
other hand (median OS: 68 months vs nr; median PFS 39 
vs 27 months) (Fig. 4a, b). Altogether, 23/36 (64%) patients 
with impaired eGFR experienced an improvement in their 
renal function. Fifteen patients reached a CRrenal, two a 
PRrenal and six an MRrenal. Three of the seven dialysis 
patients became dialysis independent.

Prognostic impact of free light chain ratio and early 
involved free light chain reduction

At the time of diagnosis, FLC data were available for 89 
patients. 49 (55%) of these had a ratio of sFLCs < 0.01 
or > 100 (Fig. 5a, b). Comparison with the other 40 patients 
(45%) revealed no difference in PFS or OS. We also observed 
similar median PFS (31 vs. 39 months) and median OS (n.r. 
vs. 68 months) in patients with sFLC ≥ 750 mg/L (n = 41) 
and < 750 mg/L (n = 48).

79 out of 89 patients (89%) had an iFLC level above the 
upper standard and an abnormal ratio of involved to unin-
volved FLC ≥ 8: 32 out of 42 patients with IgG MM, 20 out 
of 23 with IgA MM, and all 27 with light chain/IgD MM 
(Table 1). In a subgroup analysis of these patients we evalu-
ated the prognostic importance of an early reduction of the 
iFLC during the first two BPV cycles (Table 4).

The individual curves of declining iFLCs in the first 
two treatment cycles are shown in Fig. 6. Only on day 8, 
we observed a significant difference of the median reduc-
tion of iFLC between patients with a PFS ≥ 24 months 
and < 24 months (58% vs. 38%, p < 0.05). This led us to the 
conclusion that day 8 is of special interest to prognosis.

A reduction ≥ 50% of the iFLC on this day was identi-
fied in 31 of 69 patients. These patients had a significantly 
better median PFS of 49 months compared to 20 months in 
the 38 patients with a lower iFLC reduction (Fig. 7a). In 
contrast, OS did not differ significantly with a 48 months 
survival of 77% vs 69% (Fig. 7b). There was also no dif-
ference in the ORR with 31/31 (100%) vs 33/38 (87%) 

Table 2  Number of treatment 
cycles and outcome following 
treatment with bendamustine, 
prednisone, and bortezomib 
in 92 patients with newly 
diagnosed/untreated MM

Parameter IgG MM
(n = 42)

IgA MM
(n = 23)

Other MM IgD 
(n = 1) 
Light chain
(n = 26)

Number of cycles, median (range) 2 (1–4) 2 (2–5) 2 (1–5)
Number of cycles to first response, median (range) 1.3 (0.33–3) 1 (0.33–2) 0.33 (0.33–1.67)
Number of cycles to maximum response, median (range) 2 (1–4) 2 (1–3) 1 (1–3)
ASCT as consolidation therapy, n (%) 25 (60) 18 (78) 22 (82)
Progression free survival, median (months) 39 24 35
Overall survival 4 years (%) 72 64 69

Table 3  Best confirmed hematological response to treatment with 
bendamustine, prednisone and bortezomib in 92 patients with newly 
diagnosed/untreated MM (including ASCT as consolidation therapy 
in 65 patients)

Best confirmed response No. of patients (%)

IgG MM
(n = 42)

IgA MM
(n = 23)

Other 
MM 
IgD 
(n = 1)
Light 
chain 
(n = 26)

Stringent complete response 4 (10) 9 (39) 8 (30)
Complete response 1 (2) 0 0
Near complete response 10 (24) 10 (44) 5 (19)
Very good partial response 10 (24) 3 (13) 7 (26)
  ≥ VGPR 25 (60) 22 (96) 20 (74)

Partial response 13 (31) 1 (4) 5 (19)
  ≥ PR 37 (90) 23 (100) 25 (93)

Minor response 2 (5) 0 0
Stable disease 2 (5) 0 2 (7)
Progressive disease 0 0 0
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patients in the two groups. However, the number of 
patients attaining CR/sCR was markedly and significantly 
larger in the group who experienced a rapid decrease in 
iFLC (14 patients, 45%) compared to the group who did 
not (4 patients, 11%, p < 0.003).

In the further course of therapy, we also evaluated the 
prognostic relevance of an even stronger iFLC decrease of 
at least 75%. However, the achievement of this reduction at 
later times had no significant impact on prognosis.

The ten patients without light chain involvement had 
a similar outcome with a 48 months PFS (27% vs 37%; 

p = 0.88) and OS (62% vs 62%; p = 0.88) compared to the 
other patients.

Discussion

In this monocentric retrospective study of BPV-treated 
newly diagnosed MM patients, we analyzed the prognostic 
potential of genetic and laboratory parameters. In particular, 
we found that early decline ≥ 50% in iFLC on day 8 resulted 
in favorable prognosis.

Fig. 1  Progression-free survival (PFS) (a) and overall survival (OS) (b) in transplant-eligible (n = 65) and non-eligible (n = 27) patients

Fig. 2  Progression-free survival (PFS) (a) and overall survival (OS) (b) in different MM subclasses: IgG (n = 42), IgA (n = 23), light chain/IgD 
(n = 27)



2355Journal of Cancer Research and Clinical Oncology (2021) 147:2349–2359 

1 3

A synergistic effect of bendamustine and bortezomib was 
initially shown in myeloma cell lines (Zhang et al. 2008). 
In subsequent clinical studies, the combination of benda-
mustine with bortezomib and corticosteroids has proven to 
be very effective in the primary treatment of MM (Pönisch 
et al. 2014; Berdeja et al. 2017; Mateos et al. 2015; Knauf 
et al. 2020). Regarding VGPR or better, these clinical tri-
als showed a rate of 53–68% success rate and an ORR of 
77–91%. Our data also confirm that BPV is highly active 
in patients with newly diagnosed MM. The resulting ORR 

of 88% with 51% of patients achieving VGPR or better is 
favorable compared to responses reported for the other ben-
damustine/bortezomib combination regimens.

In the present study, we found no differences in PFS 
or OS between patients with light chain and IgG or IgA 
myeloma. This contrasts to the results of previous studies in 
which a less favorable clonal evolution with poorer progno-
sis was found in patients with light chain predominant secre-
tory MM (Brioli et al. 2014; Avivi et al. 2017), Although our 
analysis is restricted by the limited number of patients, it is 

Fig. 3  Progression-free survival (PFS) (a) and overall survival (OS) (b) in patients with (n = 30) or without (n = 55) high-risk cytogenetics 
(t(4;14), t(14;16), del(17p))

Fig. 4  Progression-free survival (PFS) (a) and overall survival (OS) (b) in patients with GFR < 60  ml/min (n = 56) and those with (n = 36) 
GFR ≥ 60 ml/min
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possible that the combination of bendamustine with bort-
ezomib ameliorates the negative prognostic value of light 
chain predominance.

Ludwig et al. (2014) shows that the combination of ben-
damustine and bortezomib improves considerably the prog-
nosis of patients with high-risk cytogenetic in relapsed/
refractory MM. In our study, we also found PFS and OS 
to be comparable in newly diagnosed MM patients with or 
without high-risk cytogenetically aberrations.

In the present study, we confirm our previous observation 
that BPV is a highly effective therapy in patients with renal 
insufficiency (Pönisch et al. 2012, 2014). In our analysis, 
we observed a favorable renal response rate of 64%, compa-
rable to those observed for other regimes containing novel 
agents (Dimopoulos et al. 2016). In 23 of 36 patients with 
stage 3–5 renal insufficiency, we found a rapid recovery of 
renal function during the first two BPV cycles, with three of 
seven dialysis-dependent patients reverting to independence. 
The combination of bortezomib with bendamustine and 

prednisone induced a rapid reduction in light chain produc-
tion in the first few days of treatment, potentially preventing 
the development of irreversible renal failure (Pönisch et al. 
2014; Knauf et al. 2020).

The majority of the patients we examined (89%) presented 
at diagnosis with abnormal iFLC, which is comparable to 
findings of other studies (range 70–100%) (Dispenzieri et al. 
2009). The influence of the initial FLC values on prognosis 
has been examined previously in various settings. In the era 
of conventional chemotherapy, Dispenzieri et al. (2008) dem-
onstrated that patients with sFLC values above 117 mg/L had 
significantly shorter PFS and OS. After the introduction of 
the new drugs especially bortezomib-containing combina-
tions, the Italian study group of Tacchetti et al. (2016) found 
that PFS, but not OS was reduced in patients with sFLC lev-
els above 100 mg/L. This contrasts to our observation that 
neither sFLC nor sFLCr showed an impact on PFS or OS. 
Under conventional chemotherapy, a highly pathological 
ratio of sFLC was associated with an unfavorable prognosis 

Fig. 5  Progression-free survival (PFS) (a) and overall survival (OS) (b) in 89 patients with involved to uninvolved free light chain ratio 
(iFLCr) > 100 (n = 49) or ≤ 100 (n = 40)

Table 4  Prognostic impact of an early reduction of the iFLC during the first two BPV cycles in 79 patients

nr not reached
a Number of patients examined on that day
b Patients with higher iFLC reduction compared with patients with lower iFLC reduction

iFLC reduction
(%)

Patientsa

(n)
Ratiob PFS

Median (month)
p
(log rank)

OS
Median (month)

p
(log rank)

Day 8  ≥ 50 69 31 vs 38 49 vs 20 0.002 68 vs nr 0.126
Day 15  ≥ 75 58 29 vs 29 37 vs 25 0.184 68 vs nr 0.381
Day 22  ≥ 75 74 38 vs 36 47 vs 35 0.204 nr vs 68 0.253
Day 43  ≥ 75 71 51 vs 20 47 vs 36 0.486 nr vs 56 0.328
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(Kyrtsonis et al. 2007; Snozek et al. 2008). In the current 
studies with modern therapy regimens, this negative impact 
of sFLCr on prognosis is no longer apparent (Lopez-Anglada 
et al. 2018). Our own results confirm this, suggesting that the 
high efficacy of bortezomib-containing therapies can over-
come the poor prognosis caused by an unfavorable clonal 
evolution of light chain-predominant secretory MM.

Owing to the short half life of FLCs (2–6 h, compared 
with 3–25 days for intact immunoglobulins), monitoring 
the iFLC is attractive to derive markers of disease response 
(Pratt et al. 2006; Tosi et al. 2013; Yağcı et al. 2015). Vari-
ous studies have investigated the prognostic significance of 
an iFLC reduction during the first treatment cycles. How-
ever, these studies are difficult to compare, because they 
employed different therapy regimens with heterogenous 

response kinetics. An additional issue is the heterogeneity 
of drug combinations considered in some of these stud-
ies (Kyrtsonis et al. 2007; Hansen et al. 2014; Yağcı et al. 
2015). Although conventional chemotherapy alone usually 
requires at least six cycles to achieve maximum response, 
bortezomib-containing therapies only require 2–4 cycles. We 
hypothesize that the kinetics of light chain reduction show 
similar dynamics. Accordingly, a significant decrease of 
iFLC/sFLCr after two cycles was shown to be a prognostic 
factor for ORR (Hassoun et al. 2005) and OS (Dispenzieri 
et al. 2008; Yağcı et al. 2015) in conventional chemotherapy 
studies. In contrast, bortezomib containing therapies lead to 
a more rapid reduction of sFLC (van Rhee et al. 2007; Tes-
senow et al. 2017). In the present study, 45% of the patients 
treated with BPV reached a ≥ 50% reduction of the iFLC 

Fig. 6  Kinetics of involved free light chains during first two BPV 
cycles. Continuous line: patients with PFS > 24  months (n = 35), 
dashed line: patients with PFS < 24  months (n = 28), dotted line: 

patients with censored PFS within the first 24 months (n = 16). Thick 
lines representing median reduction in the first both groups

Fig. 7  Progression-free survival 
(PFS) (a) and overall survival 
(OS) (b) in 69 patients with a 
reduction of ≥ 50% (n = 31) of 
the involved free light chain on 
day 8 or < 50% (n = 38)
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by day 8. PFS and CR/sCR rate for these patients was sig-
nificantly better than that of patients with a lesser degree of 
iFLC reduction. However, OS was improved only slightly, 
and the effect did not reach statistical significance.

These results are in contrast with the observation of the 
Little Rock Group (van Rhee et al. 2007) that high initial 
levels of iFLC and a rapid reduction during treatment define 
an aggressive MM subtype with poor prognosis.

A limitation of the present study is that the relatively 
small number of cases. This could result in false negative 
findings. Moreover, due to the exploratory nature of these 
retrospective analysis, we refrained from multiple testing 
correction so that validation of our findings in independent 
studies is recommended. Finally, we specifically investigated 
the BPV regimen limiting generalizability of our findings to 
other therapy scenarios.

In summary, these results indicate that a rapid decrease in 
the iFLC on day 8 is a promising prognostic parameter for 
newly diagnosed MM patients under BPV treatment. How-
ever, reduction in iFLC at later time points during therapy 
showed no additive prognostic value. Validation of our find-
ings in larger number of patients and under different induc-
tion therapies is required.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Compliance with ethical standards 

Conflict of interest All authors declare neither financial or nonfinan-
cial interests that may be relevant to the submitted work.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

Alexanian R, Dimopoulos M (1994) The treatment of multiple mye-
loma. N Engl J Med 330:484–489. https ://doi.org/10.1056/NEJM1 
99402 17330 0709

Avivi I, Cohen YC, Joffe E, Benyamini N, Held-Kuznetsov V, Trest-
man S, Terpos E, Dimopoulos MA, Kastritis E (2017) Serum 
free immunoglobulin light chain fingerprint identifies a subset of 
newly diagnosed multiple myeloma patients with worse outcome. 
Hematol Oncol 35:734–740. https ://doi.org/10.1002/hon.2336

Berdeja JG, Bauer T, Arrowsmith E, Essell J, Murphy P, Reeves JA, 
Boccia RV, Donnellan W, Flinn I (2017) Phase II study of benda-
mustine, bortezomib and dexamethasone (BBD) in the first-line 
treatment of patients with multiple myeloma who are not candi-
dates for high dose chemotherapy. Br J Haematol 177:254–262. 
https ://doi.org/10.1111/bjh.14536 

Brioli A, Giles H, Pawlyn C, Campbell JP, Kaiser MF, Melchor L, 
Jackson GH, Gregory WM, Owen RG, Child JA, Davies FE, Cavo 
M, Drayson MT, Morgan GJ (2014) Serum free immunoglobulin 
light chain evaluation as a marker of impact from intraclonal het-
erogeneity on myeloma outcome. Blood 123:3414–3419. https ://
doi.org/10.1182/blood -2013-12-54266 2

Dimopoulos MA, Sonneveld P, Leung N, Merlini G, Ludwig H, 
Kastritis E, Goldschmidt H, Joshua D, Orlowski RZ, Powles R, 
Vesole DH, Garderet L, Einsele H, Palumbo A, Cavo M, Rich-
ardson PG, Moreau P, San Miguel J, Rajkumar SV, Durie BGM, 
Terpos E (2016) International Myeloma Working Group rec-
ommendations for the diagnosis and management of myeloma-
related renal impairment. J Clin Oncol 34:1544–1557. https ://
doi.org/10.1200/JCO.2015.65.0044

Dispenzieri A, Zhang L, Katzmann JA, Snyder M, Blood E, Degoey 
R, Henderson K, Kyle RA, Oken MM, Bradwell AR, Greipp 
PR (2008) Appraisal of immunoglobulin free light chain as 
a marker of response. Blood 111:4908–4915. https ://doi.
org/10.1182/blood -2008-02-13860 2

Dispenzieri A, Kyle R, Merlini G, Miguel JS, Ludwig H, Hajek 
R, Palumbo A, Jagannath S, Blade J, Lonial S, Dimopoulos 
M, Comenzo R, Einsele H, Barlogie B, Anderson K, Gertz 
M, Harousseau JL, Attal M, Tosi P, Sonneveld P, Boccadoro 
M, Morgan G, Richardson P, Sezer O, Mateos MV, Cavo M, 
Joshua D, Turesson I, Chen W, Shimizu K, Powles R, Rajku-
mar SV, Durie BGM (2009) International Myeloma Working 
Group guidelines for serum-free light chain analysis in multiple 
myeloma and related disorders. Leukemia 23:215–224. https ://
doi.org/10.1038/leu.2008.307

Durie BGM, Salmon SE (1975) A clinical staging system for multi-
ple myeloma correlation of measured myeloma cell mass with 
presenting clinical features, response to treatment, and survival. 
Cancer 36:842–854. https ://doi.org/10.1002/1097-0142(19750 
9)36:3%3c842 :AID-CNCR2 82036 0303%3e3.0.CO;2-U

Durie BGM, Harousseau J-L, Miguel JS, Bladé J, Barlogie B, Ander-
son K, Gertz M, Dimopoulos M, Westin J, Sonneveld P, Ludwig 
H, Gahrton G, Beksac M, Crowley J, Belch A, Boccadaro M, 
Cavo M, Turesson I, Joshua D, Vesole D, Kyle R, Alexanian R, 
Tricot G, Attal M, Merlini G, Powles R, Richardson P, Shimizu 
K, Tosi P, Morgan G, Rajkumar SV (2006) International 
uniform response criteria for multiple myeloma. Leukemia 
20:1467–1473. https ://doi.org/10.1038/sj.leu.24042 84

Hansen CT, Pedersen PT, Nielsen LC, Abildgaard N (2014) Evaluation of 
the serum free light chain (sFLC) analysis in prediction of response 
in symptomatic multiple myeloma patients: rapid profound reduction 
in involved FLC predicts achievement of VGPR. (Abstract). Eur J 
Haematol 93:407–413. https ://doi.org/10.1111/ejh.12376 

Hassoun H, Reich L, Klimek VM, Dhodakapkar M, Cohen A, Kewal-
ramani T, Riedel ER, Hedvat CV, Teruya-Feldstein J, Filippa 
DA, Fleisher M, Nimer SD, Raymond CL (2005) The serum free 
light chain ratio after one or two cycles of treatment is highly 
predictive of the magnitude of final response in patients under-
going initial treatment for multiple myeloma. Blood 106:972

Knauf W, Dingeldein G, Schlag R, Welslau M, Moehler T, Terzer T, 
Walter S, Goldschmidt H, Raab M-S (2020) First-line therapy 
with Bendamustine/Prednisone/Bortezomib (BPV)—a GMMG 
trial for non-transplant eligible symptomatic multiple myeloma 
patients. Eur J Haematol. https ://doi.org/10.1111/ejh.13409 

Kumar SK, Rajkumar SV, Dispenzieri A, Lacy MQ, Hayman SR, 
Buadi FK, Zeldenrust SR, Dingli D, Russell SJ, Lust JA, Greipp 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJM199402173300709
https://doi.org/10.1056/NEJM199402173300709
https://doi.org/10.1002/hon.2336
https://doi.org/10.1111/bjh.14536
https://doi.org/10.1182/blood-2013-12-542662
https://doi.org/10.1182/blood-2013-12-542662
https://doi.org/10.1200/JCO.2015.65.0044
https://doi.org/10.1200/JCO.2015.65.0044
https://doi.org/10.1182/blood-2008-02-138602
https://doi.org/10.1182/blood-2008-02-138602
https://doi.org/10.1038/leu.2008.307
https://doi.org/10.1038/leu.2008.307
https://doi.org/10.1002/1097-0142(197509)36:3%3c842:AID-CNCR2820360303%3e3.0.CO;2-U
https://doi.org/10.1002/1097-0142(197509)36:3%3c842:AID-CNCR2820360303%3e3.0.CO;2-U
https://doi.org/10.1038/sj.leu.2404284
https://doi.org/10.1111/ejh.12376
https://doi.org/10.1111/ejh.13409


2359Journal of Cancer Research and Clinical Oncology (2021) 147:2349–2359 

1 3

PR, Kyle RA, Gertz MA (2008) Improved survival in multiple 
myeloma and the impact of novel therapies. Blood 111:2516–
2520. https ://doi.org/10.1182/blood -2007-10-11612 9

Kumar SK, Dispenzieri A, Lacy MQ, Gertz MA, Buadi FK, Pandey 
S, Kapoor P, Dingli D, Hayman SR, Leung N, Lust J, McCurdy 
A, Russell SJ, Zeldenrust SR, Kyle RA, Rajkumar SV (2014) 
Continued improvement in survival in multiple myeloma: 
changes in early mortality and outcomes in older patients. Leu-
kemia 28:1122–1128. https ://doi.org/10.1038/leu.2013.313

Kyrtsonis M-C, Vassilakopoulos TP, Kafasi N, Sachanas S, Tze-
nou T, Papadogiannis A, Galanis Z, Kalpadakis C, Dimou M, 
Kyriakou E, Angelopoulou MK, Dimopoulou MN, Siakantaris 
MP, Dimitriadou EM, Kokoris SI, Panayiotidis P, Pangalis GA 
(2007) Prognostic value of serum free light chain ratio at diag-
nosis in multiple myeloma. Br J Haematol 137:240–243. https 
://doi.org/10.1111/j.1365-2141.2007.06561 .x

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D (1999) A 
more accurate method to estimate glomerular filtration rate from 
serum creatinine: a new prediction equation. Modification of Diet 
in Renal Disease Study Group. Ann Intern Med 130:461–470. 
https ://doi.org/10.7326/0003-4819-130-6-19990 3160-00002 

Lopez-Anglada L, Cueto-Felgueroso C, Rosiñol L, Oriol A, Teruel 
AI, Lopez La, de Guia A, Bengoechea E, Palomera L, de Arriba 
F, Hernandez JM, Granell M, Peñalver FJ, Garcia-Sanz R, Besal-
duch J, Gonzalez Y, Martinez RB, Hernandez MT, Gutierrez NC, 
Puerta P, Valeri A, Paiva B, Blade J, Mateos M-V, San Miguel J, 
Lahuerta JJ, Martinez-Lopez J (2018) Prognostic utility of serum 
free light chain ratios and heavy-light chain ratios in multiple 
myeloma in three PETHEMA/GEM phase III clinical trials. PLoS 
ONE 13:e0203392. https ://doi.org/10.1371/journ al.pone.02033 92

Ludwig H, Kasparu H, Leitgeb C, Rauch E, Linkesch W, Zojer N, 
Greil R, Seebacher A, Pour L, Weißmann A, Adam Z (2014) 
Bendamustine–bortezomib–dexamethasone is an active and well-
tolerated regimen in patients with relapsed or refractory multiple 
myeloma. Blood 123:985–991. https ://doi.org/10.1182/blood 
-2013-08-52146 8

Mateos M-V, Oriol A, Rosiñol L, de Arriba F, Puig N, Martín J, 
Martínez-López J, Echeveste MA, Sarrá J, Ocio E, Ramírez 
G, Martínez R, Palomera L, Payer A, Iglesias R, La de Rubia 
J, Alegre A, Chinea AI, Bladé J, Lahuerta JJ, San Miguel J-F 
(2015) Bendamustine, bortezomib and prednisone for the treat-
ment of patients with newly diagnosed multiple myeloma: results 
of a prospective phase 2 Spanish/PETHEMA trial. Haematologica 
100:1096–1102. https ://doi.org/10.3324/haema tol.2015.12481 8

Poenisch W, Plötze M, Holzvogt B, Andrea M, Schliwa T, Zehrfeld T, 
Hammerschmidt D, Schwarz M, Edelmann T, Becker C, Hoffmann 
FA, Schwarzer A, Kreibich U, Gutsche K, Reifenrath K, Schwarz-
bach H, Heyn S, Franke G-N, Jentzsch M, Leiblein S, Schwind S, 
Lange T, Vucinic V, AlAli H-K, Niederwieser D (2015) Stem cell 
mobilization and autologous stem cell transplantation after pre-
treatment with bendamustine, prednisone and bortezomib (BPV) 
in newly diagnosed multiple myeloma. J Cancer Res Clin Oncol 
141:2013–2022. https ://doi.org/10.1007/s0043 2-015-1984-4

Pönisch W, Andrea M, Wagner I, Hammerschmidt D, Kreibich U, 
Schwarzer A, Zehrfeld T, Schwarz M, Winkelmann C, Petros S, 
Bachmann A, Lindner T, Niederwieser D (2012) Successful treat-
ment of patients with newly diagnosed/untreated multiple mye-
loma and advanced renal failure using bortezomib in combina-
tion with bendamustine and prednisone. J Cancer Res Clin Oncol 
138:1405–1412. https ://doi.org/10.1007/s0043 2-012-1212-4

Pönisch W, Holzvogt B, Plötze M, Andrea M, Bourgeois M, Heyn S, 
Zehrfeld T, Hammerschmidt D, Schwarz M, Edelmann T, Becker 
C, Hoffmann FA, Schwarzer A, Kreibich U, Gutsche K, Reifenrath 
K, Winkelmann C, Krahl R, Remane Y, Hennig E, Schliwa T, 
Lindner T, Kaiser T, Vucinic V, Behre G, Niederwieser D (2014) 
Bendamustine and prednisone in combination with bortezomib 

(BPV) in the treatment of patients with newly diagnosed/untreated 
multiple myeloma. J Cancer Res Clin Oncol 140:1947–1956. https 
://doi.org/10.1007/s0043 2-014-1737-9

Pratt G, Mead GP, Godfrey KR, Hu Y, Evans ND, Chappell MJ, Lovell 
R, Bradwell AR (2006) The tumor kinetics of multiple myeloma 
following autologous stem cell transplantation as assessed by 
measuring serum-free light chains. Leuk Lymphoma 47:21–28. 
https ://doi.org/10.1080/10428 19050 02542 16

Rajkumar SV, Dimopoulos MA, Palumbo A, Blade J, Merlini G, 
Mateos M-V, Kumar S, Hillengass J, Kastritis E, Richardson P, 
Landgren O, Paiva B, Dispenzieri A, Weiss B, LeLeu X, Zweeg-
man S, Lonial S, Rosinol L, Zamagni E, Jagannath S, Sezer O, 
Kristinsson SY, Caers J, Usmani SZ, Lahuerta JJ, Johnsen HE, 
Beksac M, Cavo M, Goldschmidt H, Terpos E, Kyle RA, Ander-
son KC, Durie BGM, Miguel JFS (2014) International Myeloma 
Working Group updated criteria for the diagnosis of multiple 
myeloma. Lancet Oncol 15:e538–e548. https ://doi.org/10.1016/
S1470 -2045(14)70442 -5

Robert Koch-Institut, Gesellschaft Der Epidemiologischen Krebsregister 
In Deutschland E.V. (2019) Krebs in Deutschland 2015/2016, Berlin

Snozek CLH, Katzmann JA, Kyle RA, Dispenzieri A, Larson DR, 
Therneau TM, Melton LJ, Kumar S, Greipp PR, Clark RJ, Raj-
kumar SV (2008) Prognostic value of the serum free light chain 
ratio in newly diagnosed myeloma: proposed incorporation into 
the international staging system. Leukemia 22:1933–1937. https 
://doi.org/10.1038/leu.2008.171

Soekojo CY, Ooi M, de Mel S, Chng WJ (2020) Immunotherapy in 
multiple myeloma. Cells. https ://doi.org/10.3390/cells 90306 01

Tacchetti P, Cavo M, Rocchi S, Pezzi A, Pantani L, Brioli A, Testoni 
N, Terragna C, Zannetti BA, Mancuso K, Marzocchi G, Borsi E, 
Martello M, Rizzello I, Zamagni E (2016) Prognostic impact of 
serial measurements of serum-free light chain assay throughout 
the course of newly diagnosed multiple myeloma treated with 
bortezomib-based regimens. Leuk Lymphoma 57:2058–2064. 
https ://doi.org/10.3109/10428 194.2015.11249 94

Tessenow H, Holzvogt M, Holzvogt B, Andrea M, Heyn S, Schliwa 
T, Schwarz M, Zehrfeld T, Becker C, Pfrepper C, Franke GN, 
Krahl R, Jentzsch M, Leiblein S, Schwind S, Bill M, Vucinic V, 
Lange T, Niederwieser D, Pönisch W (2017) Successful treatment 
of patients with newly diagnosed/untreated light chain multiple 
myeloma with a combination of bendamustine, prednisone and 
bortezomib (BPV). J Cancer Res Clin Oncol 143:2049–2058. 
https ://doi.org/10.1007/s0043 2-017-2439-x

Tosi P, Tomassetti S, Merli A, Polli V (2013) Serum free light-chain 
assay for the detection and monitoring of multiple myeloma 
and related conditions. Ther Adv Hematol 4:37–41. https ://doi.
org/10.1177/20406 20712 46686 3

van Rhee F, Bolejack V, Hollmig K, Pineda-Roman M, Anaissie E, 
Epstein J, Shaughnessy JD, Zangari M, Tricot G, Mohiuddin A, 
Alsayed Y, Woods G, Crowley J, Barlogie B (2007) High serum-
free light chain levels and their rapid reduction in response to 
therapy define an aggressive multiple myeloma subtype with poor 
prognosis. Blood 110:827–832. https ://doi.org/10.1182/blood 
-2007-01-06772 8

Yağcı M, Karakaya F, Suyanı E, Haznedar R (2015) Serum free light 
chain response after 2 courses of induction chemotherapy pre-
dicts prognosis in myeloma patients. Clin Lymphoma Myeloma 
Leukemia 15:98–102. https ://doi.org/10.1016/j.clml.2014.08.007

Zhang S, Wang X, Chen L, Liang J, Suvannasankha A, Abonour 
R, Farag SS (2008) Synergistic activity of bendamustine in 
combination with doxorubicin and bortezomib in multiple 
myeloma cells. Blood 112:5171. https ://doi.org/10.1182/blood 
.V112.11.5171.5171

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1182/blood-2007-10-116129
https://doi.org/10.1038/leu.2013.313
https://doi.org/10.1111/j.1365-2141.2007.06561.x
https://doi.org/10.1111/j.1365-2141.2007.06561.x
https://doi.org/10.7326/0003-4819-130-6-199903160-00002
https://doi.org/10.1371/journal.pone.0203392
https://doi.org/10.1182/blood-2013-08-521468
https://doi.org/10.1182/blood-2013-08-521468
https://doi.org/10.3324/haematol.2015.124818
https://doi.org/10.1007/s00432-015-1984-4
https://doi.org/10.1007/s00432-012-1212-4
https://doi.org/10.1007/s00432-014-1737-9
https://doi.org/10.1007/s00432-014-1737-9
https://doi.org/10.1080/10428190500254216
https://doi.org/10.1016/S1470-2045(14)70442-5
https://doi.org/10.1016/S1470-2045(14)70442-5
https://doi.org/10.1038/leu.2008.171
https://doi.org/10.1038/leu.2008.171
https://doi.org/10.3390/cells9030601
https://doi.org/10.3109/10428194.2015.1124994
https://doi.org/10.1007/s00432-017-2439-x
https://doi.org/10.1177/2040620712466863
https://doi.org/10.1177/2040620712466863
https://doi.org/10.1182/blood-2007-01-067728
https://doi.org/10.1182/blood-2007-01-067728
https://doi.org/10.1016/j.clml.2014.08.007
https://doi.org/10.1182/blood.V112.11.5171.5171
https://doi.org/10.1182/blood.V112.11.5171.5171

	Prognostic impact of rapid reduction of involved free light chains in multiple myeloma patients under first-line treatment with Bendamustine, Prednisone, and Bortezomib (BPV)
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patients
	Treatment protocol
	Definitions of response
	Evaluation of efficacy
	Statistical methods

	Results
	Patient characteristics
	Response and survival
	Prognostic factors
	Prognostic impact of free light chain ratio and early involved free light chain reduction

	Discussion
	References




