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Introduction
Plasma cell neoplasms are a group of disorders which include multiple myeloma (MM), where 
a clone of plasma cells can secrete a homogenous immunoglobulin or its components. These 
may be identified as a monoclonal peak on analysis by serum or urine protein electrophoresis 
(UPEP).1 The presence, level and type of monoclonal immunoglobulin have important 
implications in diagnosis, staging and treatment of these disease states.2

The core diagnostic features of MM include the presence of neoplastic plasma cells on bone 
marrow aspirate, radiological evidence of osteolytic lesions and detection of monoclonal 
immunoglobulin in serum or urine.1 It is the second most common haematological cancer 
accounting for 1% of all malignancies worldwide. Multiple myeloma was responsible for 
0.43% of newly diagnosed cases of malignancies in South Africa in 1999 with the incidence 
being reported at approximately 0.00054%.3 While the incidence is highly variable among 
countries, studies indicate that the incidence of MM has increased uniformly since 1990 with 
the largest increase in middle and low-middle income countries.4,5 The prevalence of MM is 
higher in HIV-positive compared to uninfected individuals.6 This increases the disease burden 
of MM in South Africa, a country that has a high HIV epidemic prevalence with 7.5 million 
people living with HIV.7

Monoclonal free light chains (FLCs) appearing in the urine are referred to as Bence Jones 
proteins (BJPs). Detection and measurement of BJPs are utilised to diagnose and monitor 
monoclonal gammopathies.8,9 Once renal tubular reabsorption is saturated, BJP is present in 
urine. In approximately 20% of MM cases, BJPs may occur in the absence of a monoclonal band 
in the serum, making their detection a valuable test for this malignancy.8,10

Background: The International Myeloma Working Group and College of American Pathologists 
recommend a 24-h urine collection to determine the Bence Jones protein (BJP) excretion level 
for monitoring treatment response in patients with multiple myeloma (MM). There are several 
issues related to sample collection and the method is prone to inaccuracy. 

Objective: This study compared measured 24-h to random urine collections for the quantitation 
of BJP in a South African population. 

Methods: Sixty-six patients with MM submitted random urine samples with their routine 24-h urine 
collection from April 2016 – March 2018. Measured 24-h urine BJP was compared to two estimated 
24-h BJP excretions calculated as follows: Estimation 1 (E1): Estimated 24-h BJP (mg/24 h) = Urine 
BJP/Creatinine ratio (mg/mmol) × 10. Estimation 2 (E2): Estimated 24-h BJP (mg/24 h) = Urine 
BJP/Creatinine ratio (mg/mmol) × 15 mg/kg for women or × 20 mg/kg for men. 

Results: Correlation of estimation equations E1 and E2 to the measured 24-h urine BJP 
was 0.893. Patients showed no difference in classification of treatment response using either 
the E1 or E2 estimation equations when compared to the measured 24-h urine BJP results.

Conclusion: This study demonstrates that the estimated 24-h BJP shows a high degree of 
correlation with the measured 24-h BJP and can likely be used to monitor treatment response 
in South African patients with MM.

Keywords: multiple myeloma; Bence Jones protein; random urine; estimated 24-h Bence 
Jones protein.
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Levels of BJPs may be quantified by UPEP. Following 
electrophoresis of the urine specimen and staining of the gel, 
the size of the BJP peak is measured using a densitometry 
scan of the peak. The percentage area of the peak is then 
multiplied by the total urine protein concentration of the 
sample to provide a semi-quantitative value for the BJP. 
Confirmation of the presence of BJP following UPEP is 
performed via immunofixation.

The International Myeloma Working Group (IMWG) and the 
College of American pathology recommend a 24-h urine 
collection for quantification of urine BJP.9,11 

Although 24-h urine is a definitive means to determine renal 
protein excretion, it has several issues especially those related 
to sample collection (Table 1)12,13,14,15. In particular, the 
impracticality of a 24-h collection together with the high 
likelihood of incomplete collections hinder the accuracy of 
the test. Hence the use of random or early morning urine 
collections has been suggested to avoid the problems 
associated with 24-h collections. The clinical utility of 
measured urine protein is improved when expressed as a 
ratio to urine creatinine.12,13,14 As creatinine excretion in urine 
is fairly constant throughout the 24 h, measurement of 
protein creatinine ratios allows correction for variations in 
urine concentration. The use of protein creatinine ratios has 
become widespread for routine urine protein analysis and 
several studies have demonstrated good correlation with the 
24-h collection.11,12,13 

While the use of BJP to creatinine ratio has emerged as an 
alternative to the 24-h collection, few studies have examined 
its correlation with the 24-h collection and no reported study 
to the authors’ knowledge has reviewed its utility in an 
African population.14,15,16,17

The haematology clinic at King Edward VIII Hospital is the 
referral centre for the management of patients with MM and 
other plasma cell neoplasms from the entire province of 
KwaZulu-Natal, South Africa. Many of these patients carry 
their 24-h collections, travelling several hundred kilometres 

using public transport to reach the haematology clinic. This 
is not ideal for maintaining sample stability while also being 
inconvenient and embarrassing for the patient.18 

Despite new therapy options, MM is largely incurable, and 
most patients relapse and require a change in management. 
Laboratory testing plays a vital role in monitoring response 
to treatment as well as detecting a relapsed inpatient on 
treatment.9 This, together with the previously described 
issues related to 24-h urine collections, prompted us to 
examine the utility and validity of measured 24-h urine 
compared to random urine collections for the quantitation 
of BJP in a South African population. 

Methods 
Ethical considerations
Ethical approval to conduct the study was acquired from the 
Biomedical Research Ethics Committee, University of 
KwaZulu-Natal (ref. no. BE509/15). Written informed 
consent was taken from each participant in English or isiZulu 
depending on their requirement. The raw data were securely 
stored by the principal investigator and the compiled 
electronic data were anonymised and password protected for 
use only by those involved in the study.

Participants
Study participants were recruited from the haematology 
clinic at King Edward VIII Hospital, Durban, South Africa. 
Samples were collected over a period of two years 
(April  2016  – March 2018). All participants had the 
diagnosis of MM (per IMWG criteria) and were at different 
stages of the disease and treatment.

Sample collection
Each participant collected a 24-h urine sample for BJP following 
a standard protocol as part of the routine clinical assessment. 
The 24-h collection was started the day before the clinic visit. 
On submission of the 24-h collection, the participants 
immediately collected a random urine sample as per 
instructions provided. Thymol was used as the preservative 
for the 24-h urine sample and no preservative was utilised for 
the random sample. Both samples were submitted to the 
laboratory immediately. The 24-h collections were analysed as 
per routine by the chemical pathology laboratory. 

The random urine samples were analysed for urine total 
protein (UTP) and creatinine. Aliquots of the random urine 
samples were then frozen at –70 °C and stored for a 
maximum of one month (stability as per manufacturer) 
until the UPEP was performed.18 

Laboratory analysis
For both random and 24-h urine collections, UPEP was 
performed using the Sebia Hydragel 7 high resolution kit 
run on the Sebia Hydrasys (Sebia, Norcross, Georgia, 

TABLE 1: Comparison of the advantages and disadvantages of random and 
24-h urine collection for Bence Jones protein. 
Method Advantages Disadvantages

Random urine •	 Easy to obtain

•	 Rapid transfer to the 
laboratory which avoids 
potential degradation

•	 Collected any time of day

•	 No need for the patient to 
store sample and transport 
to the laboratory

•	 Synthesis and release of Bence 
Jones protein may be variable 
throughout the day

24-h urine •	 Defines Bence Jones 
protein excretion over the 
entire 24 h

•	 Directly relates to 
published data on 24-h Bence 
Jones protein excretion

•	 Inconvenient and complex for 
patient collection, storage and 
transport to the hospital

•	 Frequent incomplete 
collections 

•	 Total urinary protein varies 
with urine volume

Source: See full reference list of the article Beetham R, Cattell WR. Proteinuria: 
Pathophysiology, significance and recommendation for measurement in clinical practice. 
Ann Clin Biochem. 1993;30(5):425–434. https://doi.org/10.1177/000456329303000502, for 
more information.
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United States). Quantitation of UPEP fractions was 
performed using the Sebia Hydrasys densitometer system 
and Phoresis software (Sebia, Norcross, Georgia, United 
States). Acid violet staining was used, and the sensitivity 
of this method allows BJP to be detected at concentrations 
of 15 mg/L – 20 mg/L of the original urine. Urine samples 
for immunofixation electrophoresis (IFE) analysis were 
concentrated using BJP concentrators from the Sebia 
Hydrasys kit for all UTP samples measuring less than 
0.7 g/L.18 Urine total protein and urine creatinine were 
measured using standard spectrophotometric methods on 
the Siemens ADVIA 1800 chemistry analyser (Siemens 
Diagnostics, Tarrytown, New York, United States). A dye-
binding method using pyrogallol red was used to quantify 
UTP.19 Urine creatinine was measured using the modified 
kinetic Jaffe method.20

Only those 24-h urine samples that were positive for BJP 
had their respective random samples analysed to determine 
comparability. The measured 24–h BJP excretion was 
calculated as follows: %BJP peak on densitometer × UTP 
(g/L) × 24-h urine volume (litre [L]) and multiplied 
by 1000 mg/24 h. The estimated 24 BJP using the random 
urine values were calculated as per the two formulae below:

Estimation 1 (E1): Estimated 24-h BJP (mg/24 h) =  
Urine BJP/Creatinine ratio (mg/mmol) × 10� [Eqn 1]

For E1, a factor of 10 was utilised because while daily 
excretion of creatinine is dependent on muscle mass, an 
average daily loss of 10 mmol of creatinine can be expected.13

Estimation 2 (E2): Estimated 24-h BJP (mg/24 h) =  
Urine BJP/Creatinine ratio (mg/mmol) × 15 mg/kg  
for women or × 20 mg/kg for men (convert mg/kg 
to mmol/kg by multiplying 0.00884)� [Eqn 2]

E2 was based on the average urinary creatinine excretion 
which is higher in men (14 mg/kg/day – 26  mg/kg/day) 
than women (11 mg/kg/day – 20 mg/kg/day).13 

Of the included participants, three had paired before and after 
treatment samples. For the purpose of this study, they were 
classified according to IMWG response criteria21 using only 
the urine and serum electrophoresis data. A complete response 
is a negative serum and urine M-protein immunofixation; a 
very good partial response is serum and urine M-protein 
detectable by immunofixation but not by electrophoresis or a 
greater than 90% reduction in serum M-protein plus urine 
M-protein level under 100  mg/24 h; a partial response is a 
greater than 50% reduction in serum M-protein and a greater 
than 90% or to under 200 mg/24 h reduction in 24 h urine 
M-protein; progressive disease is described as an increase of 
greater than 25% from the lowest response value in any one or 
more of the following: (1) serum M-component or the absolute 
increase must be over 0.5 g/dL, (2) Urine M-component 
and/or the absolute increase must be > 200 mg/24 h. 

Stable  disease is not meeting criteria for complete response, 
very good partial response, partial response or progressive 
disease.21

Demographic details and clinical histories were collected 
from the patients’ clinical records. The body mass index 
was  calculated as weight/height2 (kg/m2) and categorised 
according to the World Health Organization. 

Statistical analysis
Statistical analyses were performed using Microsoft® Excel 
(Microsoft® Office 2016, Microsoft, Redmond, Washington, 
United States) and MedCalc for Windows, version 10.0 
(MedCalc Software, Ostend, Belgium). The Shapiro-Wilk test 
was used to assess normality. For non-parametric data, the 
Spearman rank correlation and Passing-Bablock regression 
analysis was utilised for comparison of different estimated 
24-h BJP equations to the measured 24-h BJP. Categorical 
data were compared using the Kruskal Wallis test. Wilcoxon 
paired-sample analysis was used to compare continuous 
variables. A p-value of less than 0.05 was deemed to be 
statistically significant. 

Results
A total of 66 paired 24-h and random urine samples were 
collected. Twenty-two samples (33%) had detectable BJP on 
24-h UPEP and 19 (29%) had a quantifiable BJP in g/24 h. 
Three patients had faint bands below the detectable limit 
(< 15 mg/L) on the measured 24-h urine with percentage 
BJP calculated, but did have a quantifiable BJP peak on their 
paired random urine sample. The urine total protein (TP) 
for those three 24-h samples were 0.1 g/L, 0.07 g/L and 
0.05 g/L which was much lower than their random paired 
samples of 1.6 g/L, 1.1 g/L and 1.8 g/L. One sample had a 
quantifiable 24-h BJP peak (TP 0.1 g/L) with no peak on the 
random urine sample (TP 4.2 g/L) but the monoclonal band 
was present on urine immunofixation.

The 22 samples with detectable BJP were from 19 patients as 
three patients had repeat collections within the study period. 
For the three patients, only their first collection was included 
when analysing data except when categorising the responses. 
There were 10 women and 9 men with 18 of the 19 patients 
being black African. The remaining patient was of Indian 
descent. Only 10 patients were tested for HIV with only 1 
being positive. Serum free light chains (SFLCs) were also 
only measured in seven of these patients. Of the 19 patients, 
two had no urine immunofixation request by a pathologist 
or analysis despite having detectable BJP on UPEP (Table 2). 
The mean age was 55.8 years old (standard deviation ± 6.6) 
and the mean body mass index was 27.5 m2/kg (standard 
deviation ± 5.4) (Table 3). 

The correlation between E2 and the 24-h BJP is 0.88 for 
women and 0.988 for men. The E2 equation was based on the 
average urinary creatinine excretion which is higher in men 
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(14 mg/kg – 26 mg/kg per day) than women (11 mg/kg – 
20  mg/kg per day). The correlation between E1 which is 
based on creatinine excretion and 24-h BJP is 0.82 for women 
and 0.975 for men (Table 4).  

Analysis following categorisation of the three patients with 
paired samples per IMWG BJP response criteria (Table 5) 
showed no significant difference in classification of 
treatment response using either the E1 or E2 estimation 
equations when compared to the measured 24-h urine BJP 
results. Absolute or percentage difference from Sample A 
(before treatment) and Sample B (after treatment) did not 
show PR which is characterised by a greater than 50% 
reduction of serum M-protein and reduction in 24-h 
urinary M-protein by over 90% or to under 200 mg/24 h. 
Nor did it show progressive disease with an increase 
of  more than 25% from the lowest response value 
urine  M-component (the absolute increase must be 

>  200  mg/24 h). The average period between Sample 
A and Sample B was nine months. The treatment comprised 
supportive and specific individualised therapy. The specific 
therapy included the use of alkylating agents such as 
cyclophosphamide or melphalan, immunomodulatory 
agents like thalidomide and steroids. All three patients 

TABLE 4: Estimated equations (E1 and E2) and 24-h Bence Jones protein 
categorised according to gender between April 2016 and March 2018, Durban, 
South Africa.
Patient no. E1 (mg/24-h) E2 (mg/24-h) 24-h Bence 

Jones protein 
(mg/24-h)

Women
1 1256.0 949.5 2520.00
2 1636.4 1562.3 3430.00
3 350.8 437.3 < 0.15
4 4712.5 4499.2 6800.00
5 5137.1 5790.0 8580.00
6 393.6 412.3 380.00
7 0.0 0.0 250.00
8 4481.6 3743.9 2480.00
9 1628.2 1403.4 1200.00
10 7087.6 6484.8 6150.00
Mean 2668.0 2528.2 3179.00
Men
1 1286.2 1705.5 1080.00
2 899.6 795.3 690.00
3 460.5 447.8 < 0.15
4 598.0 1046.6 380.00
5 397.1 575.8 < 0.15
6 7142.9 9597.7 14400.00
7 1917.8 2034.4 2660.00
8 211.8 269.7 680.00
9 956.7 1945.2 3600.00
Mean 1541.2 2046.4 2610.00

TABLE 3: Summary data of the patient characteristics, the mean or median for 
the measured 24-h Bence Jones protein and the Estimated Bence Jones 
protein for the 19  patients, between April 2016 and March 2018, Durban, 
South Africa.
Parameter Mean ± s.d. Median Range

Age (years) 55.8 ± 6.6  - -

Body mass index (m2/kg) 27.5 ± 5.4  - -

Measured 24-h Bence Jones 
protein (mg/24 h)

- 2500 250–14 400

E1 (mg/24 h) - 2362 211–7143

E2 (mg/24 h) - 2629 267–9597

Note: E1 refers to Estimated 24-h BJP (mg/24 h) = Urine BJP/Creatinine ratio (mg/mmol) ́ 10 and 
E2 refers to Estimated 24-h BJP (mg/24 h) = Urine BJP/Creatinine ratio (mg/mmol)´ 15 mg/kg 
for women or × 20 mg/kg for men (convert mg/kg to mmol/kg by multiplying 0.00884).13 
N = 19.
s.d., standard deviation.

TABLE 2: Patient characteristics including demographics, immunotyping and relevant laboratory results obtained from King Edward Hospital, Durban, South Africa, April 
2016 – March 2018.
No. Age Gender Serum 

immunofixation 
electrophoresis

Urine 
immunofixation 
electrophoresis

Bence Jones 
protein  

(mg/24 h)

E1  
(mg/24 h)

E2  
(mg/24 h)

Total 
serum 

calcium
(mmol/L)

Albumin  
(g/L)

Estimated 
glomerular 

filtration rate  
(mL/min/1.73m2)

Total  
protein  

(g/L)

Haemoglobin 
(g/dL)

Serum  
free light 

chain
ratio

1 58 F IgA K and free K Free K 2520 1256.28 949.52 2.65 42 17 81 5.2 ND
2 74 M IgG K and free K  n/a 1080 1286.17 1705.47 2.03 22 15 98 5.9 ND
3 57 F IgG K and free K Free K 3430 1636.36 1562.27 1.89 17 > 60 41 5.7 ND
4 61 M IgG K and free K Free K 690 899.60 795.25 2.06 16 > 60 108 7.7 ND
5 59 F IgG K and free K Free K < 0.15 350.82 437.27 2.20 26 24 82 9.3 ND
6 54 F IgA K and free K IgA K and free K 6800 4712.54 4499.15 1.70 20 7 86 7.7 ND
7 59 M IgA K Free K < 0.15 460.51 447.80 2.17 29 36 95 8.6 4.73
8 58 M IgG K IgG K 380 597.97 1046.63 3.18 20 18 153 6.4 ND
9 63 M IgG K n/a < 0.15 397.14 575.76 2.65 28 37 100 8.8 ND
10 47 M Free L Free L 14 400 7142.86 9597.71 3.36 34 16 73 5.9 ND
11‡ 56 F Free L Free L 8580 5137.11 5790.04 2.60 40 48 73 13.3 0.01
12 53 F IgG L and free L IgG L and free L 380 393.55 412.26 2.20 35 19 83 9.1 ND
13 65 M Free K Free K 2660 1917.79 2034.39 2.28 40 > 60 67 7.9 1.76
14 57 F† IgG K IgG K and free K 250 0.00 0.00 1.90 19 9 96 7.4 ND
15‡ 47 F IgA K IgA K and free K 2480 4481.63 3743.86 3.49 16 8 140 6.7 102.23
16‡ 49 M IgA K IgA K and free K 680 211.84 269.67 2.04 21 50 109 9.2 0.76
17 49 F IgA L Free L 1200 1628.22 1403.36 2.60 21 23 118 6 ND
18 55 M Free L Free L 3600 956.73 1945.23 2.19 38 > 60 65 10.3 0.01
19 56 F Free K Free K 6150 7087.63 6484.76 2.59 37 10 72 6.6 leaked
Mean (s.d.) 2500 2362.00 2629.00 2.4 (0.5) 27.4 (8.9) 10.0 91.6 (25.9) 7.8 (1.9) -

Reference ranges: serum free light chain 0.26–1.65, calcium 2.15 mmol/L – 2.55 mmol/L, albumin 35 g/L – 52 g/L.
F, female; K, kappa; L, lambda; M, male; ND, not done; s.d., standard deviation; Ig, immunoglobulin; n/a, not applicable. 
†, Patient of Indian decent; ‡, The three patients are those with samples before and after treatment. Only their initial samples are included in this table.
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were classified as stable disease as per the response 
criteria.  The revised international staging system for 
MM  is  not affected by the difference between the 
measured and estimate equations for these three patients 
as BJP is not included in its criteria.

The Spearman rank correlation for both estimation equations 
E1 and E2 was 0.893 when compared to the measured 24-h 
BJP. Passing-Bablock regression analysis showed that the E2 
estimation equation had a smaller proportional bias with a 
slope of 0.968 compared to the E1 estimation equation 
slope  of 0.671 when compared to the measured 24-h BJP 
(Figure 1 and Figure 2).

Discussion
The Spearman rank correlation of 0.893 signifies a high 
degree of correlation between the estimate equations and 
24-h BJP. This indicates that although the estimate equations 
do not precisely approximate the 24-h BJP, they are 
comparable and hence can be useful. The estimate equations 
also did not consistently overestimate or underestimate the 
24-h measurement. The E2 estimation demonstrates a closer 
correlation and smaller proportional bias with the measured 
24-h BJP compared to the E1 estimation equation and may 
be preferred (Table 4, Figure 1 and Figure 2).

Importantly, when the three paired samples’ estimated BJPs 
were used to classify patients according to IMWG treatment 
response, there was no significant difference with the 
performance of the measured 24-h BJP and the estimated BJP 
using the E1 and E2 equations (Table 5). This is key with 
regard to being able to use the random specimens for 
monitoring of disease. Although there was a limited number 
of samples, this study indicates the potential use of both 24-h 
BJP estimates to monitor response in patients with MM and 
this is in keeping with prior findings in other studies 
performed in different population groups.16,17 

The average age of MM patients in this study was 55.8 years 
old, which is much younger when compared to that reported 
in developed countries with the average age at diagnosis 

ranging from 65 to 70 years.22 Due to the high prevalence of 
HIV infection in the 15–49-year-old age group (19%) in South 
Africa, further research with the appropriate clinical and 
laboratory information will be key in determining if HIV is a 
significant risk factor for MM in the younger population.7 
Unfortunately this information was not available to us at the 
time. Other findings like translocation (11;14) have been 
reported to be more prevalent in younger myeloma patients.23 

A previous study demonstrated that it may be possible to use 
the protein/creatinine ratio from random urine samples to 
estimate the 24-h BJP excretion.16 Another study concluded 
that protein concentrations in the same individual are 
relatively constant. This group also demonstrated that 
early  morning spot specimens had a linear relation with 
measured 24-h BJP collections and were preferred over 
random urine collection.17 Because patients travelled long 
distances and arrived at the haematology clinic at varying 

TABLE 5: Comparison of 24-h Bence Jones protein with the estimate equations 
(E1 and E2) in three paired patient samples before and after treatment over the 
April 2016  – March 2018 period in Durban, South Africa, together with their 
response classification. 
Patient Sample Bence Jones 

protein 
(mg/24 h)

E1  
(mg/24 h)

E2  
(mg/24 h)

International 
Myeloma 
Working Group 
response criteria21

1 A 8580 5137.1 5790.0 -

B 9240 5286.4 5888.2 -

Difference (%) 7.1 2.8 1.6 Stable disease

2 A 680 211.8 269.7 -

B 290 297.0 383.4 -

Difference (%) 57.4 40.0 42.0 Stable disease

3 A 2480 4481.6 3743.9 -

B 1610 549.5 728.6 -

Difference (%) 35 88.0 81.0 Stable disease

Note: International Myeloma Working Group response criteria were reviewed by 
comparing  percentage difference before treatment, Sample A, and after treatment, 
Sample B. 

BJP, Bence Jones protein.

FIGURE 1: Regression analysis of measured 24hr Bence Jones protein excretion 
versus E1 estimation for 24-h Bence Jones protein during the period April 
2016 – March 2018 in Durban, South Africa.  
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FIGURE 2: Regression analysis of measured 24-h Bence Jones protein excretion 
versus E2 estimation for 24-h Bence Jones protein, during the period  April 
2016 – March 2018 in Durban, South Africa. 
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times, early morning specimens were a challenge to collect. 
Despite this, our study was still able to demonstrate that a 
random sample can be comparable to a 24-h BJP and can be 
used to monitor disease response to treatment.

Light chains are more challenging to detect than complete Igs.24 
The SFLC assay has increasingly been used and tracks well 
with proteinuria in individual patients.25,26 The greater 
sensitivity when compared to urine analysis has brought forth 
the widespread use and incorporation of SFLC measurements 
into multiple guidelines for the management of myeloma; most 
recently it is a myeloma defining event in asymptomatic 
patients.9,27 All the study participants had a serum protein 
electrophoresis and a UPEP but surprisingly only a few had 
SFLCs. We found only seven patients had SFLCs and one of the 
seven samples had leaked during transit. The SFLC assay is not 
readily available in our province (KwaZulu-Natal). 
Additionally, due to inter-patient variation in the renal 
metabolism of light chains, quantification of proteinuria cannot 
be predicted by the SFLC concentration.28,29,30 Fifteen of the 19 
patients had glomerular infiltration rates under 60 mL/min per 
1.73 m2 which may affect the renal metabolism of SFL’s. The 
IMWG states that once a diagnosis of MM is made, a 24-h UPEP 
and immunofixation should be done for patient monitoring 
and these measures are not replaceable with SFLC.21,30 

Multiple myeloma is associated with significant mortality and 
morbidity and is considered largely incurable and fatal 
without treatment. With the introduction of new classes of 
effective drugs for the treatment of MM, improved frequencies 
and the degree of patient response have been observed. Many 
treatments have been shown to significantly prolong survival 
and simultaneously improve the quality of life. Unfortunately, 
all patients will ultimately relapse after treatment and will 
require a change to a more responsive therapy. This necessitates 
regular periodic monitoring of disease to detect relapse. 
Laboratory testing plays a vital role in monitoring response to 
treatment as well as detecting relapse in a patient on 
treatment.9,21 To further elucidate the findings in this study, 
future studies should include a larger cohort of patients that 
have measurements before and after treatment enabling a 
more robust comparison for response criteria.

This study is the first to use and to demonstrate the potential 
utility of the estimated 24-h urine BJP in an African population 
group. Both the E1 and E2 calculations are simple to perform 
while UTP and urine creatinine measurements are easily 
available on routine chemistry analysers. 

Together with other studies, this study adds to the body of 
evidence available for use of random urine in estimating 24-h 
BJP for patient monitoring.16,17

Limitations
As a result of only including patients with densitometrically 
quantifiable BJP on the measured 24-h BJP, the small sample 
size was a limitation. However, this was also a limitation 
noted in other studies reviewing the use of random urine 

collections for BJP estimation.16,17 Measuring the creatinine on 
the 24-h urine collections to verify the accuracy of the 
collection would have been beneficial.17 Another limitation is 
the challenges associated with the method to quantify BJP. 
Different proteins have varying affinities for the dyes used 
to  stain electrophoretic gels and thus a lack of linearity of 
the  densitometry response may be seen. Bence Jones 
protein may also co-migrate with other proteins or present 
with several bands making it complex to define the BJP 
peak correctly by densitometry. The measurement of BJP is 
not standardised and to minimise the mentioned analytical 
variability, it is suggested that patients should be followed 
up at the same laboratory, which was adhered to in this 
study.31 We suggest using the random BJP to monitor known 
patients with MM who already have confirmed BJP on 
immunofixation to minimise the above-mentioned limitations 
associated with measuring BJP on electrophoresis.

Conclusion
The random urine BJP estimates E1 and E2 are simple, rapid, 
easily available and an inexpensive method that is comparable 
to a 24-h BJP. It can potentially be used for monitoring known 
patients with MM including light-chain disease. We have 
demonstrated that when using the IMWG response 
classification, both E1 and E2 equations did not differ from 
the measured 24-h BJP. Although we had a few paired 
samples, their encouraging comparison and utility will 
promote further studies with larger cohorts. 

Acknowledgements
The authors are grateful to Sunitha Sathabridg, a technologist 
at the National Health Laboratory Service based at Inkosi 
Albert Luthuli Central Hospital, for assistance in analysis of 
the urine protein electrophoresis samples.

Competing interests
The authors declare that they have no financial or 
personal  relationships that may have inappropriately 
influenced them in writing this article.

Authors’ contributions
V.G. conceived the research idea and assisted with literature 
review, research protocol development, statistical analysis, 
interpretation of data and review of the first draft write-up. 
A.R. compiled the literature review and assisted in research 
protocol development, ethical and hospital management 
approval, data collection and processing, statistical analysis, 
interpretation of data and the journal article first draft 
write-up. N.R. contributed by reviewing the research protocol 
and coordinating data collection.

Sources of support
The authors would like to acknowledge the South African 
National Health Laboratory Service for the funding of 
this study.

http://www.ajlmonline.org�


Page 7 of 7 Original Research

http://www.ajlmonline.org Open Access

Data availability
Raw and derived data supporting the findings of this study 
are available from the corresponding author, A.R., on request.

Disclaimer
The views expressed in the submitted article are those of the 
authors and not an official position of the institution.

References
1.	 Burtis CA, Ashwood ER, Bruns DE. Tietz textbook of clinical chemistry 

and  molecular diagnostics. Volume 25. London: Elsevier Health Sciences, 
2012; p. 547–548.

2.	 Tate J. Caldwell G, Daly J, et al. Recommendations for standardized reporting of 
protein electrophoresis in Australia and New Zealand. Ann Clin Biochem. 
2012;49(3):242–256. https://doi.org/10.1258/acb.2011.011158

3.	 Visser HF, Visser A, Snyckers CH, Goller R, Pool R, Myburgh JG. Retrospective 
review of multiple myeloma and immunosecretory disorder cases diagnosed in a 
tertiary setting. SA Orthop J. 2008;8(4):38–43.

4.	 Ludwig H, Miguel JS, Dimopoulos MA, et al. International Myeloma 
Working  Group recommendations for global myeloma care. Leukemia. 
2014;28(5):981–992. https://doi.org/10.1038/leu.2013.293

5.	 Cowan AJ, Allen C, Barac A, et al. Global burden of multiple myeloma: A 
systematic  analysis for the global burden of disease study 2016. JAMA Oncol. 
2018;4(9):1221–1227. https://doi.org/10.1001/jamaoncol.2018.2128

6.	 De Groot JJB, Webb MJ, Raubenheimer JE, Struwig MC, Louw VJ. Concomitant HIV 
infection in newly diagnosed multiple myeloma patients is hard to recognise and 
should be tested for routinely in areas of high endemicity. S Afr Med J. 
2017;107(9):781–787. https://doi.org/10.7196/SAMJ.2017.v107i9.12360

7.	 UNAIDS. UNAIDS data 2019. Geneva: UNAIDS; 2019. 

8.	 Beetham R. Detection of Bence-Jones protein in practice. Ann Clin Biochem. 
2000;37(5):563–570. https://doi.org/10.1258/0004563001899690

9.	 Rajkumar SV, Dimopoulos MA, Palumbo A, et al. International myeloma working 
group updated criteria for the diagnosis of multiple myeloma. Lancet Oncol. 
2014;15(12):e538–e548. https://doi.org/10.1016/S1470-2045(14)70442-5

10.	 Dispenzieri A, Kyle R, Merlini G, et al. International Myeloma Working Group 
(IMWG) guidelines for serum free light chain analysis in multiple myeloma and 
related disorders. Leukemia. 2009;23(2):215–224. https://doi.org/10.1038/
leu.2008.307

11.	 Keren DF, Alexanian R, Goeken JA, Gorevic PD, Kyle RA, Tomar RH. Guidelines for 
clinical and laboratory evaluation of patients with monoclonal gammopathies. 
Arch Pathol Lab Med. 1999;123(2):106–107. https://doi.org/10.5858/1999-123-
0106-GFCALE

12.	 Beetham R, Cattell WR. Proteinuria: Pathophysiology, significance and 
recommendation for measurement in clinical practice. Ann Clin Biochem. 
1993;30(5):425–434. https://doi.org/10.1177/000456329303000502

13.	 Burtis CA, Ashwood ER, Bruns DE. Tietz textbook of clinical chemistry and molecular 
diagnostics. Volume 25. London: Elsevier Health Sciences, 2012; p. 675–676.

14.	 Inker LA, Astor BC, Fox CH, et al. KDOQI US commentary on the 2012 KDIGO 
clinical practice guideline for the evaluation and management of CKD. Am J Kidney 
Dis. 2014;63(5):713–735. https://doi.org/10.1053/j.ajkd.2014.01.416

15.	 Citalia VC, Kothari J, Wells EJ, et al. Cost-benefit analysis and prediction of 24-hour 
proteinuria from the spot urine protein-creatinine ratio. Clin Nephrol. 
2001;55(6):436–447.

16.	 Kaplan JS, Horowitz GL. Twenty-four-hour Bence Jones protein determinations: 
Can we ensure accuracy? Arch Pathol Lab Med. 2011;135(8):1048–1051. https://
doi.org/10.5858/2010-0547-OAR

17.	 Brigden ML, Neal ED, Mcneely MD, Hoag GN. The optimum urine collections for 
the detection and monitoring of Bence Jones proteinuria. Am J Clin Pathol. 
1990;93(5):689–693. https://doi.org/10.1093/ajcp/93.5.689

18.	 Sebia© HYDRAGEL 7.15 & 30 β1- β2 package insert. 2015-06.

19.	 Siemens ADVIA Chemistry Systems. ADVIA 1800 reagent package insert for Total 
Protein (Urine) (UPRO). 2007-05.

20.	 Siemens ADVIA Chemistry Systems. ADVIA 1800 reagent package insert for 
Creatinine (Creatinine_2). 2014-06.

21.	 Kumar S, Paiva B, Anderson KC, et al. International Myeloma Working Group 
consensus criteria for response and minimal residual disease assessment in 
multiple myeloma. Lancet Oncol. 2016;17(8):e328–e346.

22.	 Surveillance, Epidemiology, and End Results Program. SEER Stat Fact Sheets: 
Myeloma [homepage on the Internet]. National Cancer Institute. [cited 2018 
Jan 11]. Available from: http://seer.cancer.gov/statfacts/html/mulmy.html

23.	 Duek A, Trakhtenbrot L, Avigdor A, Nagler A, Leiba M. Multiple myeloma 
presenting in patients younger than 50 years of age: A single institution 
experience. Acta Haematol. 2020;144(1):58–65. https://doi.org/10.1159/​
000507414

24.	 Abraham RS, Clark RJ, Bryant SC, et al. Correlation of serum immunoglobulin free 
light chain quantification with urinary Bence Jones protein in light chain myeloma. 
Clin Chem. 2002;48(4):655–657. https://doi.org/10.1093/clinchem/48.4.655

25.	 Alyanakian MA, Abbas A, Delarue R, Arnulf B, Aucouturier P. Free immunoglobulin 
light-chain serum levels in the follow-up of patients with monoclonal 
gammopathies: Correlation with 24-hour urinary light-chain excretion. Am J 
Hematol. 2004;75(4):246–248. https://doi.org/10.1002/ajh.20007

26.	Bradwell AR, Carr-Smith HD, Mead GP, Harvey TC, Drayson MT. Serum test 
for  assessment of patients with Bence Jones myeloma. Lancet. 
2003;361(9356):489–491. https://doi.org/10.1016/S0140-6736(03)12457-9

27.	 Jenner EL, Evans JAR, Harding SJ. Serum free light chain (FLC) analysis: A 
guiding  light in monoclonal gammopathy management. J Appl Lab Med. 
2017;2(1):98–106. https://doi.org/10.1373/jalm.2016.021352

28.	 Dispenzieri A, Zhang L, Katzmann JA, et al. Appraisal of immunoglobulin free light 
chain as a marker of response. Blood. 2008;111(10):4908–4915. https://doi.
org/10.1182/blood-2008-02-138602

29.	 Nowrousian MR, Brandhorst D, Sammet C, et al. Serum free light chain analysis 
and urine immunofixation electrophoresis in patients with multiple myeloma. Clin 
Cancer Res. 2005;11(24 Pt 1):8706–8714. https://doi.org/10.1158/1078-0432.
CCR-05-0486

30.	 Singhal S, Stein R, Vickrey E, Mehta J. The serum-free light chain assay cannot replace 
24-hour urine protein estimation in patients with plasma cell dyscrasias. Blood. 
2007;109(8):3611–3612. https://doi.org/10.1182/blood-200​6-11-060​368

31.	 Graziani M, Merlini G, Petrini, C. Guidelines for the analysis of Bence Jones 
protein. Clin Chem Lab Med. 2005;41(3):338–346. https://doi.org/10.1515/
CCLM.2003.054

http://www.ajlmonline.org�
https://doi.org/10.1258/acb.2011.011158�
https://doi.org/10.1038/leu.2013.293�
https://doi.org/10.1001/jamaoncol.2018.2128�
https://doi.org/10.7196/SAMJ.2017.v107i9.12360�
https://doi.org/10.1258/0004563001899690�
https://doi.org/10.1016/S1470-2045(14)70442-5�
https://doi.org/10.1038/leu.2008.307�
https://doi.org/10.1038/leu.2008.307�
https://doi.org/10.5858/1999-123-0106-GFCALE�
https://doi.org/10.5858/1999-123-0106-GFCALE�
https://doi.org/10.1177/000456329303000502�
https://doi.org/10.1053/j.ajkd.2014.01.416�
https://doi.org/10.5858/2010-0547-OAR�
https://doi.org/10.5858/2010-0547-OAR�
https://doi.org/10.1093/ajcp/93.5.689�
http://seer.cancer.gov/statfacts/html/mulmy.html�
https://doi.org/10.1159/000507414�
https://doi.org/10.1159/000507414�
https://doi.org/10.1093/clinchem/48.4.655�
https://doi.org/10.1002/ajh.20007�
https://doi.org/10.1016/S0140-6736(03)12457-9�
https://doi.org/10.1373/jalm.2016.021352�
https://doi.org/10.1182/blood-2008-02-138602�
https://doi.org/10.1182/blood-2008-02-138602�
https://doi.org/10.1158/1078-0432.CCR-05-0486�
https://doi.org/10.1158/1078-0432.CCR-05-0486�
https://doi.org/10.1182/blood-2006-11-060368�
https://doi.org/10.1515/CCLM.2003.054�
https://doi.org/10.1515/CCLM.2003.054�

	Comparison of 24-hour versus random urine samples for determination and quantification of Bence Jone
	Introduction
	Methods
	Ethical considerations
	Participants
	Sample collection
	Laboratory analysis
	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusion

	Acknowledgements
	Competing interests
	Authors’ contributions
	Sources of support
	Data availability
	Disclaimer
	References


	Figures
	FIGURE 1: Regression analysis of measured 24-h Bence Jones protein excretion versus E1 estimation fo
	FIGURE 2: Regression analysis of measured 24-h Bence Jones protein excretion versus E2 estimation fo

	Tables
	TABLE 1: Comparison of the advantages and disadvantages of random and 24-h urine collection for Benc
	TABLE 2: Patient characteristics including demographics, immunotyping and relevant laboratory result
	TABLE 3: Summary data of the patient characteristics, the mean or median for the measured 24-h Bence
	TABLE 4: Estimated equations (E1 and E2) and 24-h Bence Jones protein categorised according to gende
	TABLE 5: Comparison of 24-h Bence Jones protein with the estimate equations (E1 and E2) in three pai


