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Guidelines for monitoring multiple myeloma (MM) patients expressing light chains only
(light-chain MM [LCMM]) rely on measurements of monoclonal protein in urine. Al• Serum FLC analysis is a more ternatively, serum free light chain (sFLC) measurements have better sensitivity over
urine methods, however, demonstration that improved sensitivity provides any clinical
sensitive indicator of disease
benefit is lacking. Here, we compared performance of serum and urine measurements
than urinalysis.
• Improved sensitivity of serum in 113 (72k, 41l) newly diagnosed LCMM patients enrolled in the Intergroupe Francophone du Myélome (IFM) 2009 trial. All diagnostic samples (100%) had an abnormal k:l
over urine measurements
sFLC ratio, and involved (monoclonal) FLC (iFLC) expressed at levels deemed measurduring monitoring translates
able for monitoring (‡100 mg/L). By contrast, only 64% patients had measurable levels of
into valuable prognostic
monoclonal protein (‡200 mg per 24 hours) in urine protein electrophoresis (UPEP). After
information.
1 and 3 treatment cycles, iFLC remained elevated in 71% and 46% of patients, respectively,
whereas UPEP reported a positive result in 37% and 18%; all of the patients with positive
UPEP at cycle 3 also had elevated iFLC levels. Importantly, elevated iFLC or an abnormal k:l sFLC ratio after 3 treatment cycles
associated with poorer progression-free survival (P 5 .006 and P < .0001, respectively), whereas positive UPEP or urine immunofixation electrophoresis (uIFE) did not. In addition, patients with an abnormal k:l sFLC ratio had poorer overall survival (P 5 .022).
Finally, early normalization of k:l sFLC ratio but not negative uIFE predicted achieving negative minimal residual disease, as
determined by flow cytometry, after consolidation therapy (100% positive predictive value). We conclude that improved sensitivity and
prognostic value of serum over urine measurements provide a strong basis for recommending the former for monitoring LCMM
patients. (Blood. 2016;128(25):2941-2948)
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Learning objectives
1. Compare serum free light chain (sFLC) and involved (monoclonal) FLC (iFLC) in serum vs urine protein electrophoresis
(UPEP) as a diagnostic disease marker in light-chain multiple myeloma (LCMM) on the basis of an analysis from the Intergroupe
Francophone du Myélome (IFM)-2009 trial.
2. Compare iFLC in serum vs UPEP as a marker of treatment response evaluation in LCMM on the basis of an analysis from the
IFM-2009 trial.
3. Determine other advantages of serum iFLC vs UPEP and possible reasons for its superiority as a disease marker on the basis of
an analysis from the IFM-2009 trial.
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Introduction
Measurement of immunoglobulin free light chains (FLCs) in patient
serum became a practical option with the commercial availability of
polyclonal, nephelometric assays in 2001.1 Serum assays offer many
advantages over the traditional, electrophoretic, urine FLC assays2-4
and have been used widely as an aid for the diagnosis and management
of myeloma patients. The International Myeloma Working Group
(IMWG) guidelines currently recommend the use of serum FLC (sFLC)
assays in diagnostic screening panels and as a “biomarker of malignancy”
(involved-to-uninvolved sFLC ratio $100) deﬁning the presence of
multiple myeloma (MM) in the absence of other indications.5
However, for response assessment throughout the course of treatment,
the IMWG only recommend sFLC measurement for patients in whom
other markers are below concentrations considered to be reliably
measurable, that is, #10 g/L serum monoclonal protein and #200 mg
per 24 hours urine monoclonal protein.6 In the same guidelines, response
is deﬁned as “measurable” with sFLC assays if the “involved” FLC
(ie, the FLC class produced by the tumor) is at a serum concentration of
$100 mg/L. The recommendation for patients with light-chain MM
(LCMM) and measurable FLC in both serum and urine is, therefore, the
preferential use of urine measurements for routine response assessment.
Urinary FLC measurement is known to have a number of drawbacks,
including the practical difﬁculties of obtaining accurate 24-hour urine
collections from patients who may be elderly and frail.7,8 Additionally, the
interpretation and measurement of protein bands on electrophoresis gels
can be subjective and inaccurate at low concentrations.9,10 Most important,
however,isthe efﬁcient reabsorption andcatabolismofFLCin theproximal
tubules of the kidney11-13 such that measurable FLC in the urine represents
overﬂow proteinuria and can be inﬂuenced by renal status as much as tumor
production of FLC. A direct consequence of the renal metabolism of FLC is
that sFLC assays are routinely more sensitive than renal assays for the
identiﬁcation of abnormal FLC production and this has been reported in

many comparison studies.14-18 For the same reason, serial FLC measurements in serum and urine exhibit poor correlation; in a study of 399 MM
patients, Dispenzieri and colleagues reported that the correlation between
the 2 assay systems was insufﬁcient to consider the tests interchangeable.19
It is, undoubtedly, this latter consideration that has led to the continued
prioritization of urine assays for monitoring in the IMWG guidelines.
Taking a different viewpoint, the current British Committee for Standards
in Haematology (BCSH) guidelines comment that there is a “clear
rationale” for using sFLC assays to assess response in LCMM patients,
irrespective of the extent of light-chain excretion in the urine.20
In the present study, a large cohort of LCMM patients, treated in an
Intergroupe Francophone du Myélome (IFM) MM trial, had both urine
FLC and sFLC measurements recorded. Response assessments, based
on the different methodologies were contrasted and compared with
clinical outcomes. We propose that the data presented here, in conjunction with that from previously published studies, is sufﬁcient to support
a recommendation for monitoring and assessing LCMM patients’
response using sFLC in preference to urinary measurements.

Patients and methods
Patients
Between November 2010 and December 2012, 700 newly diagnosed MM
patients, under the age of 66 years, were enrolled into the IFM 2009 trial
(clinicaltrials.gov identiﬁer NCT01191060). Patients were randomized to either
arm A, which included 8 treatment cycles of lenalidomide, bortezomib, and
dexamethasone (RVD), or arm B, which included 3 cycles of RVD followed by
high-dose melphalan (with autologous stem cell rescue) and 2 further RVD
consolidation cycles. All patients received 1 year of lenalidomide maintenance
therapy. Exclusion criteria were the presence serum creatinine .25 mg/L or a
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Table 1. Baseline characteristics of patients (n 5 113)
n (%)
Age, y

2.9 (1.2-20.6)
65 (58)*

ISS II

30 (27)*

80%

% patients

ISS I

18 (16)*
113 (100)

k

72 (64)

l

41 (36)

UPEP positive

87 (78)†

UPEP $200 mg per 24 h

71 (64)†

sFLC ratio abnormal

100%

**

78%

71%

***

60%

46%
37%

40%

1 350 (10-11 400)‡

18%

20%

113 (100)

k

72 (64)

400.6 (8.3-11 292)

l

41 (36)

0.002 (0.0002-0.066)

iFLC, mg/L
iFLC $100 mg/L

100%

42.3 (31.8-55.5)

b2-microglobulin, mg/L

uIFE positive

A

59 (29-66)

Albumin, g/L

ISS III

Median (range)

0%
Baseline (n=111) Cycle 1 (n=51) Cycle 3 (n=102)

1 890 (111-27 400)
113 (100)

Follow up, y

UPEP positive

iFLC elevated

3.4 (0.4-4.6)

Cycle 1

ISS, International Staging System.
*Percentage totaling 101% due to rounding up.
†Two patients missing data.
‡Milligrams per 24 hours.

creatinine clearance of ,60 mL per minute. Of the 700 patients in the therapeutic
trial, 113 patients with LCMM were included in the present study (patients with an
intact immunoglobulin detected only by serum immunoﬁxation were excluded).

UPEP

iFLC

negative

positive

total

normal

14

1

15

elevated

18

18

36

Total

32

19

51

positive

total

Cycle 3

Laboratory methods
Urine protein electrophoresis (UPEP) and urine immunoﬁxation electrophoresis
(uIFE; Sebia) were performed prospectively throughout the trial, using standard
laboratory procedures on neat samples. sFLC concentrations were measured
using k sFLC and l sFLC Freelite assays (The Binding Site Group Ltd) on a BN
II nephelometer (Siemens). Reference ranges for k sFLC were 3.3 to 19.4 mg/L;
for l sFLC, 5.7 to 26.3 mg/L; and for the k:l sFLC ratio, 0.26 to 1.65 (referred to
hereafter as sFLC ratio for ease of reading). Involved (monoclonal) FLC (iFLC)
refers to the concentration of the tumor-derived light chain. Urines at the end of
cycle 1 were assessed locally across participating IFM centers. All other
measurements were done at our central laboratory in University Hospital Nantes
(Nantes, France).

UPEP
negative
iFLC

Statistical analysis
Median follow-up was calculated using the reverse Kaplan-Meier method and
median time to progression and death was calculated using Kaplan-Meier
estimates. Agreement between UPEP and FLC test results after 1 cycle and after 3
cycles of treatment were looked at separately. It is important to note that, where

55

0

55

29

18

47

Total

84

18

102

B
100%

Response assessment

100%

80%

% patients

The deﬁnitions of measurable disease were assigned according to IMWG
criteria.6 Comparison of the response assessment according to urine electrophoresis vs sFLC measurement was achieved by (1) comparing the number of
patients who had become negative by UPEP with those whose iFLC concentrations had fallen within the normal range and (2) comparing the number of
patients who had become negative by uIFE with those whose sFLC ratio was
within the normal range. These assessments approximate to the IMWG criteria of
very-good-partial response and complete response (CR)/stringent CR, respectively. The IMWG criteria for CR could not strictly be applied as that would have
required bone marrow plus plasmacytoma screening; these data have not been
recorded at cycles 1 and 3 for all patients included in the analyses. The
comparisons were made between responses evaluated after the ﬁrst cycle of RVD
treatment and at the end of induction therapy (3 cycles of RVD).
Minimal residual disease (MRD) negativity was determined by ﬂow
cytometry using a 7-color antibody panel with a 1024 sensitivity as previously
reported, after the patients had received consolidation therapy.

normal
elevated

64%

60%

**
40%

40%

***
23%

20%

18%
5%

0%
Baseline (n=111) Cycle 1 (n=40) Cycle 3 (n=99)
UPEP ≥200mg/24h

iFLC ≥100mg/L

Figure 1. Sensitivity of urine FLC and sFLC measurements. (A) Percentage of
patients with positive UPEP and elevated serum iFLC at baseline, and after 1 and
3 cycles of treatment (P 5 .004 and P , .001, respectively; baseline not evaluable
as 100% patients had elevated iFLC). Below are comparative tables with number of patients identified by either test at cycles 1 and 3. (B) Percentage of
patients with measurable levels of disease as determined by UPEP ($200 mg
per 24 hours) and serum iFLC ($100 mg/L) measurements at baseline, and at
end of cycles 1 and 3 (P 5 .007 and P , .001, respectively; baseline not evaluable
as 100% patients had measurable disease by iFLC). P values calculated by x2
test. Comparisons at each time point include patients with matched urine and
serum data.
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A

B
100

100

17(10)

50

25

54(16)

75

82(32)

% PFS

% PFS

75

50
45(16)

25

Negative UPEP

Normal iFLC
Elevated iFLC

p=0.260

Positive UPEP

0

p=0.006

0
0

20

40

60

0

20

Time (months)

60

40

Time (months)

C

D
100

100

34(4)

75

78(30)

% PFS

% PFS

75

50
30(18)

50
74(44)

25

25

Normal sFLC ratio

Negative uIFE
Positive uIFE

p=0.072

p<0.0001

Abnormal sFLC ratio

0

0
0

20

40

60

0

20

Time (months)

40

60

Time (months)

E

F
100

30(6)

75

% OS

% OS

75

34(1)

100

79(11)

50

75(16)

50

25

25

Normal sFLC ratio

Negative uIFE

Abnormal sFLC ratio

p=0.510

Positive uIFE

p=0.022

0

0
0

20

40

60

0

20

40

60

Time (months)

Time (months)

Figure 2. Survival outcomes according to urine FLC and sFLC characteristics at the end of induction therapy. PFS for patients with (A) negative vs positive UPEP
(median PFS, 47 and 36 months, respectively), (B) normal vs elevated iFLC (median PFS, not reached and 36 months, respectively), (C) negative vs positive uIFE (median
PFS, 47 and 36 months, respectively), and (D) normal vs abnormal k:l sFLC ratio (median PFS, not reached and 34 months, respectively). OS for patients with (E) negative
vs positive uIFE (median OS not reached for both) and (F) normal vs abnormal k:l sFLC ratio (median OS not reached for both). P values calculated by log-rank test. Number
of patients (events) for each arm is indicated. Comparisons include patients with matched urine and serum data.

UPEP was not tested at the visit after 1 or 3 cycles of treatment but test results
shortly before and after (621 days) are the same (either both positive or negative),
it was assumed that the missing value for UPEP was the same and therefore
“imputed” the test result at the time point of interest. For comparative studies,
only patients with matched urine and sFLC test results were included for each
analysis. Differences in progression-free survival (PFS) and overall survival (OS)
between patient groups were analyzed using Kaplan-Meier survival curves with
the log-rank test used to indicate signiﬁcance. Investigating the association of
variables with PFS and OS was carried out with a Cox proportional hazard
model. Signiﬁcant differences between categorical variables were calculated
with the x2 test. Statistical analyses were performed using SPSS v23 (IBM).
Survival graphs were generated using GraphPad/Prism 5 software.

Ethical considerations
The study was approved by the local ethics committee and conducted in
agreement with the Declaration of Helsinki and Good Clinical Practice
Guidelines. Written informed consent from participating patients was required.

Results
Median follow-up duration was 3.4 years (95% conﬁdence interval
[CI], 3.3-3.7 years). Median time to progression was 4.2 years (95% CI,
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Table 2. Cox regression univariate analysis and model fit
HR

95% CI

P

AIC

C statistic (95% CI)

UPEP positive

1.3

0.6-3.2

.519

151.9

0.5 (0.4-0.6)

iFLC elevated

5.0

1.2-21.3

.032

145.4

0.6 (0.5-0.7)

uIFE positive

1.1

0.6-2.4

.731

245.1

0.5 (0.5-0.6)

sFLC ratio abnormal

7.5

1.0-54.7

.048

237.5

0.6 (0.5-0.6)

UPEP positive

1.6

0.8-3.3

.178

351.9

0.5 (0.5-0.6)

iFLC elevated

2.3

1.3-4.4

.008

346.3

0.6 (0.5-0.7)

uIFE positive

1.7

1.0-3.1

.077

405.8

0.6 (0.5-0.6)

sFLC ratio abnormal

6.8

2.5-19.0

<.001

386.3

0.7 (0.6-0.7)

iFLC elevated

2.7

1.4-5.4

.004

—

—

sFLC ratio abnormal

3.1

1.4-6.8

.006

—

—

UPEP positive

0.3

0.04-2.6

.314

49.6

0.6 (0.5-0.7)

iFLC elevated*

—

—

—

45.3

0.7 (0.6-0.7)

uIFE positive

2.4

0.5-11.3

sFLC ratio abnormal*

—

—

UPEP positive

0.9

0.2-4.0

iFLC elevated

2.2

0.7-6.6

uIFE positive

1.4

sFLC ratio abnormal

7.8

PFS
Cycle 1

Cycle 3

Postconsolidation

OS
Cycle 1

.270

76.6

0.6 (0.5-0.7)

—

72.5

0.6 (0.5-0.6)

.891

116.0

0.5 (0.4-0.6)

.164

114.0

0.6 (0.5-0.7)

0.5-3.8

.537

145.8

0.6 (0.5-0.7)

1.0-58.5

.047

139.0

0.7 (0.6-0.7)

Cycle 3

Bold values in the table body represent statistically significant results.
—, results not reported; AIC, Akaike information criterion; HR, hazard ratio.
*None and 1 event were reported for patients with normal iFLC and FLC ratio,
respectively, resulting in broad CIs.

3.5-4.9 years). Median time to death could not be calculated as the
survival probability remained above 80% at the end of follow-up.
UPEP and FLC testing occurred at a median time of 31 days from
baseline (range, 21-46 days) following 1 cycle of treatment and at a
median of 84 days (range, 66-137 days) following 3 cycles of treatment.
The baseline characteristics for the 113 LCMM patients who were
in this study are presented in Table 1, including a comparison of the
UPEP and iFLC results. There were more patients with abnormal serum
iFLC (median, 1890 [111-27 400] mg/L) than positive UPEP (median,
1350 [10-11 400] mg per 24 hours; 10 patients had a positive UPEP
result with bands that were not quantiﬁable), and more patients with
measurable sFLC concentrations for monitoring (ie, iFLC $100 mg/L)
than measurable urine Bence Jones protein ($200 mg per 24 hours).
Figure 1 shows the percentage and number of patients with matched
serum and urine data who were positive by UPEP or iFLC (Figure 1A)
or “measurable” (according to IMWG deﬁnitions) by the same assays
(Figure 1B), at baseline and after 1 and 3 cycles of treatment. It was
notable that 100% (111 of 111) of the patients were abnormal by iFLC
at baseline, whereas only 78% (87 of 111) were positive by UPEP, and
that 100% had measurable disease by iFLC compared with 64% (71 of
111) for UPEP. These percentages fell, for both assays, after 1 and 3
cycles of treatment but the serum assay was the more sensitive at each
time point. Patients’ percentage reductions between cycles by either
method were statistically signiﬁcant (P # .009 for all comparisons). At
all 3 time points, more patients were excluded from the analysis due to
missing urine analysis than missing serum analysis, that is, at baseline, 2
missing urine vs 0 missing serum; cycle 1, 60 vs 7; and cycle 3, 11 vs 1.
There were 18 and 29 patients abnormal by iFLC but negative by
UPEP after 1 and 3 cycles, respectively. Only 1 patient was recorded as
being positive by UPEP but having a normal iFLC concentration (after
1 cycle of treatment); however, the UPEP for this patient was recorded

2945

as ,200 mg per 24 hours and total urine protein at 110 mg per 24 hours,
casting some doubt about whether there was sufﬁcient monoclonal FLC
for a true positive UPEP result. It was also noted that in 58 patients with
measurable disease at baseline by urine measurements ($200 mg per
24 hours) and matched data after 3 cycles of treatment, 53 of 58 patients
(91%) had become nonmeasurable by urine at the end of the 3 cycles; by
contrast, 39 of 58 patients (67%) had become nonmeasurable by serum,
that is, in 14 patients with nonmeasurable urine levels at the end of
induction, the sFLC concentrations were still deemed as measurable.
All 5 of 58 patients with measurable urine levels at cycle 3 also had
sFLC levels .100 mg/L.
In addition, the percentage of patients with positive UPEP was
smaller than with elevated iFLC at all of the time points analyzed during
induction therapy. Speciﬁcally, the percentage of positive patients at
baseline, cycle 1, and cycle 3 was 78, 37, and 18 for urinalysis but 100,
71, and 46 for iFLC elevation, respectively.
Figure 2A-D contains Kaplan-Meier graphs of PFS for patients
grouped according to their UPEP and iFLC assessments (Figure 2A-B)
and their uIFE and sFLC ratio results (Figure 2C-D). The assessments
were made after 3 cycles of treatment. With both comparisons, the
curve separation was better for the serum measures and the difference
between the populations reached signiﬁcance (log-rank analysis),
whereas it did not for the urine assessments. Similar results were
obtained for prediction of OS except that, in this instance, only the sFLC
ratio results reached statistical signiﬁcance (Figure 2E-F).
Cox regression univariate analysis of the same data produced greater
hazard ratios and statistical signiﬁcance for the serum results, whereas
the urine results did not associate with outcome in any case (Table 2).
Furthermore, calculation of the Akaike information criterion indicated
that the sFLC models had a better ﬁt, whereas calculation of the C
statistic indicated better discrimination by the serum-based prognosis.
The discriminatory power of UPEP and iFLC measurements was
further contrasted by the analyses illustrated in Figure 3A-B. After 3
cycles of treatment, the 82 patients who were negative by UPEP could
be separated into 2 groups based upon normal/elevated iFLC concentrations, and those with elevated iFLC had signiﬁcantly shorter PFS
(Figure 3A). There were no patients with normal iFLC and positive
UPEP; however, for the 45 patients with elevated iFLC, separation
according to positive/negative UPEP was not prognostic of PFS
(Figure 3B). Figure 3C-D contrasts the predictive power of the uIFE
and sFLC ratio recorded after 3 treatment cycles. Of the patients
negative by uIFE, separation according to normal vs abnormal sFLC
ratio was predictive of PFS (P , .0001) and also of OS (P 5 .016). At
this time point, there were no patients with normal sFLC ratio and a
positive uIFE.
In addition, we evaluated the prognostic value of FLC measurements late during monitoring. Cox regression and Kaplan-Meier
analyses demonstrated that both elevated iFLC levels (log-rank test:
P 5 .003) and an abnormal sFLC ratio (P 5 .004) at the end of
consolidation therapy (;8 months into the trial protocol) maintained
their prognostic value and associated with shorter PFS (Table 2;
Figure 4).
We assessed the value of achieving uIFE negativity or a normal sFLC ratio during induction therapy for the prediction of
MRD negativity at the end of consolidation treatment. In patients
with matched data for serum, urine, and MRD assessment, normalization of sFLC ratio after both 1 and 3 treatment cycles had 100%
positive predictive value (PPV), that is, all patients whose sFLC
ratios normalized during induction went on to achieve MRD negativity postconsolidation (Table 3); by contrast, patients becoming uIFE-negative at cycles 1 and 3 had PPVs of 81% and 78%,
respectively.
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Figure 3. Abnormal sFLC measurements stratify patients with normal urine results after induction. PFS according to (A) normal vs elevated iFLC in patients with a
negative UPEP result (median PFS, not reached and 34 months, respectively), (B) negative vs positive UPEP in patients with elevated iFLC (median PFS, 34 and 36 months,
respectively), and (C) normal vs abnormal k:l sFLC ratio in patients with negative uIFE (median PFS, not reached and 31 months, respectively). (D) OS for patients with
normal vs abnormal k:l sFLC ratio in patients with negative uIFE (median OS not reached for both). P values calculated by log-rank test. Number of patients (events) for each
arm is indicated. Comparisons include patients with matched urine and serum data.

Discussion
The comparison of UPEP and iFLC results at the time of diagnosis
(baseline) showed that iFLC was a more sensitive measure of disease,
with 100% of patients positive and “measurable” compared with 78%
positive and 64% measurable by UPEP. This pattern of results was
repeated with the assessments after 1 and 3 cycles of treatment and was
also in accord with all other published studies of patients with
conﬁrmed diagnoses of LCMM.14,21 UPEP and iFLC were chosen as
the measures for comparison as they are the methods approved for
monitoring LCMM by the IMWG6 and are quantitative, in contrast
to the more sensitive but nonquantitative uIFE or the more sensitive sFLC ratio which may become variable if the noninvolved light
chain is highly suppressed.19 Nevertheless, achieving a normal sFLC
has been shown to be a clinically relevant measure of treatment
efﬁcacy.22,23
The number of missing observations was much higher for
the urine assays, particularly after cycle 1, with 60 missing, although urine compliance improved at subsequent collection times
throughout the protocol. The limited numbers did reduce the
statistical certainty achieved in any analyses (resulting in broad
CIs) and also serve to illustrate the practical difﬁculties encountered collecting urine samples even when patients were participating in a trial.24,25

Another notable feature of the results was the 14 patients whose
urine Bence Jones protein concentrations fell at the end of induction
below the concentration regarded as measurable ($200 mg per
24 hours) by IMWG guidelines,6 while maintaining measurable levels
of sFLC. For these patients, adherence to the current guidelines for
monitoring would dictate that they were initially monitored using urine
electrophoresis but then transferred to serum monitoring. Although
trends in FLC concentrations are generally consistent between sFLC
and urine FLC assessments (ie, both assessments show falling, or rising,
concentrations), the absolute concentration in urine shows little
correlation with that in serum,19 so changing the method of monitoring
is less than ideal and creates a potential source of confusion. Obviously,
these difﬁculties could be avoided if the patients were assessed by their
sFLC throughout their treatment.
With regard to the urine FLC and sFLC response assessments after 1
and 3 cycles of treatment, the urine measurements clearly indicated a
generally greater degree of response, with more patients becoming
negative or nonmeasurable by urine analysis. The most obvious and
simple interpretation of these results is that the urine assays
underestimated the amount of FLC production and overestimated the
response to treatment because of the reabsorption and metabolism of
FLC in the kidneys. The assumption that sFLC concentrations may
provide a more true reﬂection of the disease process is supported by the
fact that they were more predictive of PFS and OS. Bradwell et al
reported in an early MM trial14 in the United Kingdom that the
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Figure 4. Survival outcomes according to sFLC characteristics at end of
consolidation therapy. PFS for patients with (A) normal vs elevated iFLC (median
PFS, not reached and 31 months, respectively) and (B) normal vs abnormal k:l
sFLC ratio (median PFS, not reached and 40 months, respectively). P values
calculated by log-rank test. Number of patients (events) for each arm is indicated.

percentage of LCMM patients achieving CR was 32% according to
urine assessments and only 10% by sFLC, but the latter percentage was
in much better accord with the 11% of intact immunoglobulin multiple
myeloma (IIMM) patients (treated under the same protocol) judged to
reach CR by electrophoretic serum assays. Likewise, in an interim
analysis of the current IFM trial, Corre et al reported that the proportion
of patients with normal iFLC levels at the end of induction was
comparable between LCMM (52%) and IIMM (58%) patients, and
closer to the 21% of IIMM patients whose serum protein electrophoresis was negative at the same time point; by contrast, UPEP was
negative in 79% of LCMM patients at the end of induction, highlighting overestimation of the response by urine compared with serum
measurements.26
Kaplan-Meier survival analyses showed that patients with an
abnormal (elevated) iFLC had a signiﬁcantly shorter PFS than patients
with normal iFLC. However, the data from UPEP (positive/negative)
did not reach signiﬁcance. Further statistical analysis of the results also
indicated that the model ﬁt was better with the serum data as well as
providing better discrimination for patient outcome. Although the
number of events was too low for the data to reach signiﬁcance for OS
(unless the larger, unmatched iFLC data set was used; data not shown)
all indications were that the serum iFLC measurements were prognostic
of outcome. Interestingly, although the sFLC ratio was found to be
more prognostic than uIFE (for PFS and OS), it was also more
prognostic than iFLC measurements. This was indicated by the fact that
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the FLC ratio was signiﬁcantly predictive of OS even when the smaller
patient group (with matched serum and urine results) was analyzed.
It is relevant to note that sFLC measurements have previously been
found to be prognostic for progression of monoclonal gammopathy of
undetermined signiﬁcance27,28 and smoldering MM.29,30 For LCMM,
a study of 122 patients treated in a Medical Research Council myeloma
trial in the United Kingdom indicated that normalization of iFLC
concentrations and FLC ratios was prognostic of improved PFS and
OS.31 Our results expand these observations and conﬁrm the prognostic
utility of sFLC measurements, both in early responders as well as
in those patients whose sFLC parameters normalize later during monitoring. Likewise for IIMM, abnormal sFLC has been reported to be
prognostic at presentation and during early monitoring in a number of
studies,32-34 whereas the survival beneﬁt of a CR including normalization of the sFLC ratio has been demonstrated22,23 and stringent CR is
established as a response category in the IMWG guidelines.6 Similar
prognostic utility has not been proposed for urine assessments.
These results raise the question of why the concentration of FLC
in the urine is less prognostic than the concentration in the serum?
One explanation might be that the renal “threshold” (ie, the sFLC concentration above which signiﬁcant amounts of FLC pass into the urine) is
very variable, such that some patients, with relatively low FLC (tumor)
production, may still have high urine FLC concentrations. Conversely,
patients with very efﬁcient renal metabolism could have undetectable
concentrations of FLC in the urine despite high levels of FLC production.
Certainly, the comparison of sFLC and urine FLC results by Nowrousian
et al indicated great variability for the renal threshold.15
MRD negativity for MM patients is increasingly believed to be a
desirable and achievable aim of therapy.35 In the current (LCMM)
study, all patients whose sFLC ratio normalized after 1 or 3 treatment
cycles went on to achieve MRD negativity. This further underlines the
clinical relevance of sFLC responses and suggests that routine sFLC
monitoring could be a useful aid in guiding treatment.
In summary, the practical difﬁculties of obtaining 24-hour urine
collections are well known and were also illustrated in the current study,
whereas serum samples are much more readily obtained. In keeping
with previous reports, sFLC analysis was found to be a more sensitive
indicator of disease than urinalysis at all time points evaluated, thus
demonstrating that monitoring LCMM patients with serum assays
would minimize the need to change techniques. Importantly, and to the
best of our knowledge, we demonstrate for the ﬁrst time that the
improved sensitivity of serum measurements translates into valuable
prognostic information, adding to the existing evidence for the greater
biological relevance of sFLC measurement.
sFLC analysis is already recommended at diagnosis and maximum
response; it would appear sensible to use the same methodology at the
time points in between. We believe there is now sufﬁcient evidence and

Table 3. PPV of serum and urine early normalization (cycles 1 and 3)
for MRD response (by flow cytometry) postconsolidation
Achieving MRD
negativity
Method
Cycle 1 (n 5 43) uIFE negative
sFLC ratio normal
Cycle 3 (n 5 66) uIFE negative
sFLC ratio normal

Method
result

Yes

No

PPV, %

Yes

17

4

81

No

12

10

Yes

9

0

No

20

14

Yes

40

11

No

5

10

Yes

22

0

No

23

21

100
78
100
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experience to propose that sFLC analysis is the method of choice for
response evaluation in LCMM patients, whereas urine exploration may
remain a rational practice to assess total proteinuria and, together with
serum creatinine measurements, monitor renal function in these
patients.
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