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BACKGROU N D

Myeloma is a cancer of bone marrow plasma cells that causes 
impaired immunity, pathological or fragility bone fractures, 
kidney damage and anaemia (Figure  1).1,2 In the United 
Kingdom, it is the second most common blood cancer, with 
an incidence of 9 per 100,000 per year and a median age at 
diagnosis of 72.6 years. A diagnosis of myeloma is much less 
common in low-income countries where there is a lack of 
laboratory services to facilitate diagnosis.3,4

Intensive treatment with autologous stem cell transplan-
tation (ASCT), proteasome inhibitors, immunomodulatory 
drugs, monoclonal and bispecific antibodies and CAR T-cell 
therapies have greatly improved survival. For younger pa-
tients eligible for ASCT, median survival is 10 years and for 
ineligible patients 4–5 years.5 However, myeloma is among 
the worst of all cancers for delayed diagnosis, with conse-
quent serious morbidities and early deaths. The median 
diagnostic interval in the United Kingdom was 163 days in 
one study, and there are similar delays associated with worse 
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Summary
Treatment advances have greatly improved survival, but myeloma is among the worst 
of all cancers for delayed diagnosis, causing serious morbidities and early deaths. 
This delay is largely because the symptom profile of myeloma has very low specific-
ity, and in primary care, myeloma is rare. However, initiating the journey to diagno-
sis simply requires considering myeloma and sending blood to test for monoclonal 
immunoglobulin. Laboratory tests reliably detect monoclonal immunoglobulin, 
which is present in 99% of myeloma cases, so why do health care systems have such 
a problem with delayed diagnosis? The Myeloma UK early diagnosis programme has 
brought together diverse expertise to investigate this problem, and this article was 
prepared by the programme's working group for laboratory best practice. It reviews 
evidence for test requesting, analysis and reporting, for which there is large varia-
tion in practice across the United Kingdom. It presents a ‘GP Myeloma diagnostic 
tool’ and how it can be integrated into laboratory practice alongside a laboratory best 
practice tool. It proposes improved requesting and integration with haematology ser-
vices for reporting and interpretation. Here the laboratory has a central role in cre-
ating efficient and cost-effective pathways for appropriate and timely bone marrow 
examination for myeloma diagnosis.
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outcome in other high-income countries.6–11 Public Health 
England found 33% of 47 671 new myeloma patients (2006–
2016) presented as an emergency and had high mortality in 
the first year after diagnosis, with a 12-month net survival 
of 61.7% versus 87.5% in those diagnosed following direct 
referral from primary care to haematology services.12

The Myeloma UK early diagnosis programme has brought 
together diverse expertise to investigate the problem of diag-
nostic delay for myeloma. This article was prepared by the 
programme's working group for laboratory best practice. 
It reviews the processes from test requesting to reporting 
and the evidence base for current practices. It presents the 
primary care myeloma diagnostic tool and how that might 
be integrated with laboratory requesting, reporting and 
test interpretation and the importance of integration with 

haematology services. The tool provides simple thresholds 
for monoclonal immunoglobulin levels to distinguish, with 
high sensitivity and specificity, myeloma that requires treat-
ment from the hundred times more common monoclonal 
gammopathy of undetermined significance (MGUS). This, 
along with the presence or absence of CRAB criteria (end-or-
gan damage with hypercalcaemia, renal dysfunction, anae-
mia and bone involvement), facilitates an appropriate and 
timely bone marrow examination for myeloma diagnosis.1

When to request tests for myeloma

The diagnostic delay for myeloma is largely because the 
symptom profile of myeloma is common, with very low 

F I G U R E  1   Myeloma UK primary care myeloma diagnostic tool: when to test for myeloma.
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specificity, and that is compounded by the rarity of my-
eloma in primary care and non-haematology secondary care 
specialties.7,13–15 In a study of 962 newly diagnosed patients 
(median age 67 years), the main presenting symptoms were: 
back pain (38%), other pain (31%), fatigue (16.1%), weight 
loss (9.3%), gastrointestinal symptoms (7.7%), respiratory 
symptoms (7.7%), infections (5.6%) and neurological symp-
toms (5.5%).16 This broad spectrum of symptoms, which 
are all present in a wide range of other, much more com-
mon conditions, gives a low positive predictive value for any 
one presenting symptom.13,14 Myeloma is therefore a can-
cer with high diagnostic difficulty and is deemed ‘harder 
to suspect’ than most other cancers.15 Abnormal results 
from some commonly undertaken laboratory tests may also 
prompt consideration of a myeloma diagnosis: unexplained 
anaemia, elevated ESR, unexplained renal impairment, high 
serum protein level and hypercalcaemia.14,17 Earlier diagno-
sis requires thinking of myeloma as a possible diagnosis and 
sending blood (with or without urine) to test for monoclonal 
immunoglobulin; the testing laboratory might offer this as 
a myeloma screen rather than the separate parts of serum 
immunoglobulins and electrophoresis and either serum 
FLC or urine electrophoresis. If there is no monoclonal im-
munoglobulin, then the diagnosis of myeloma has been ex-
cluded, with the exception of the 1% of myeloma cases that 
do not secrete detectable monoclonal immunoglobulin. For 
these non-secretors, bone marrow examination is prompted 
by clinical features, other laboratory results and radiology. 
When monoclonal immunoglobulin is identified then the 
differential diagnosis for its source, that is usually MGUS or 
myeloma, must be investigated to decide whether or not a 
bone marrow examination is required.

Development of tests for monoclonal 
immunoglobulins

Myeloma cells secrete monoclonal immunoglobulin that is 
unique to the cancer clone, and in laboratory tests, this can 
usually be easily distinguished from polyclonal immuno-
globulin secreted by normal plasma cells. In the laboratory, 
the monoclonal immunoglobulin may be whole antibody, 
that is two identical heavy chains (IgG subclasses 1–4, IgA 
subclasses 1–2, IgM, IgD or IgE) combined with two identi-
cal light chains (kappa or lambda) and/or monoclonal free 
light chains (FLC).

In 1847, Bence Jones described the first cancer biomarker, 
a protein present in the urine of a myeloma patient.18 The 
development of serum protein electrophoresis in the 1950s 
enabled the identification of a band of proteins of homog-
enous isoelectric point (whole monoclonal immunoglobu-
lin/M-protein/paraprotein/gammopathy) in the serum of 
many patients with myeloma. In the 1960s, the Bence Jones 
protein was identified as monoclonal FLC. This urinary 
monoclonal FLC and the whole monoclonal immunoglobu-
lin in serum were also then shown to be the products of the 
myeloma clone of plasma cells.19,20

Laboratory testing for monoclonal FLC relied on pro-
tein electrophoresis in urine until the early 2000s, when 
an assay was developed to quantify FLC in serum. The 
serum FLC test measures the levels of kappa and lambda 
FLC separately, providing a ratio of the kappa and lambda 
levels. The presence of monoclonal FLC at levels sufficient 
to perturb the normal ratio derived from polyclonal kappa 
and lambda FLC is a surrogate marker of monoclonal FLC. 
Studies have shown that the serum FLC test has greater 
sensitivity than urine electrophoresis for detecting and 
monitoring myeloma in patients who have light chain-
only (LCO) myeloma and in non-secretory myeloma.21–23 
More recently, mass spectrometry and isoelectric focusing 
provide highly sensitive detection of monoclonal immuno-
globulin that can be identified in most cases of non-secre-
tory myeloma, although these tests are not widely available 
and are relatively expensive.24,25

The clinical relevance of monoclonal 
immunoglobulin type and level in 
blood and urine

Central laboratory analysis of blood and urine from 5573 
newly diagnosed myeloma patients enrolled in UK clinical 
trials showed the most common whole monoclonal immu-
noglobulin type was IgG (56%), followed by IgA (26%), but 
delayed diagnosis and poor outcome were most significant in 
the 576 LCO patients (10%), 70 IgD patients (1.2%) and in the 
60 (1.1%) non-secretory (NS) cases defined by immunofixa-
tion negative in blood and urine.26 Of the 60 non-secretors, 
31 had abnormal serum FLC kappa lambda ratios, and in 23 
of the 60 non-secretors, the FLC were >100 mg/L, allowing 
monitoring of response to treatment and for relapse. Of the 
576 LCO patients, 113 (20%) had insufficient FLC levels in 
urine to monitor response to treatment, but all had serum 
FLC levels >100 mg/L, allowing monitoring of response to 
treatment and for relapse.26

Assessing monoclonal immunoglobulin type in 2592 
patients enrolled in UK myeloma trials pre-2000, 361 (14%) 
LCO patients had worse median survival times (1.9 years) 
than 718 (28%) patients with IgA and 1513 (58%) patients 
with IgG monoclonal immunoglobulin (2.3 and 2.5 years 
respectively).27 However, IgA and IgG patients with lev-
els of FLC similar to those of LCO patients also had poor 
survival times because of renal impairment. FLC excretion 
was higher for lambda than for kappa types, but there was 
no difference in survival between the two FLC types when 
stratified for level of FLC excretion, indicating that care of 
renal function is vital to improving the survival of any pa-
tient with high levels of FLC. At diagnosis, LCO patients 
were younger, had worse performance status and had more 
lytic lesions, thought to reflect late and missed diagnoses.

Myeloma cast nephropathy causes up to 90% of severe 
acute kidney injury in myeloma patients and is caused by 
high levels (>500 mg/L) of nephrotoxic monoclonal FLC, 
and half of these patients have LCO myeloma.28,29 Early 
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diagnosis and reduction of serum FLC levels are associated 
with renal recovery and improved survival.30,31 Earlier diag-
nosis of these patients is achieved by short turnaround times 
for serum FLC test results and flagging to haematology new 
FLC level results >500 mg/L.32

Based on the time of adoption of novel myeloma ther-
apies, IgD myeloma patients comprised 44/2789 (1.6%) 
and 70/5773 (1.2%) of the old (1980–2002) and recent 
(2002–2016) trials respectively.33 Overall, IgD myeloma 
was associated with male predominance, low-level whole 
monoclonal immunoglobulin (<10 g/L), high levels of FLC 
and lambda light chain preference. Despite the old trial 
series being a younger group (median age: 59 vs. 63 years), 
there was a higher frequency of bone lesions, advanced 
stage at diagnosis, worse performance status, severe renal 
impairment and early deaths compared with the recent 
trials, suggesting earlier diagnosis in recent trials. In re-
cent versus old trials, median survival for IgD myeloma 
patients was 48 versus 22 months.

IgM myeloma is rare. In the event of progression from 
IgM MGUS, it is usually to lymphoplasmacytic lymphoma 
(Waldenstrom's macroglobulinaemia) or other lympho-
mas.34 In old and recent UK trials (8562 patients), there were 
three cases of IgE myeloma.

The differential diagnosis for source of 
monoclonal immunoglobulin

Monoclonal immunoglobulin detection usually involves 
measuring serum levels of whole immunoglobulins (IgG, 
IgA and IgM) and FLC, then using electrophoresis, im-
munofixation and the kappa lambda FLC ratio to assess 
for monoclonal immunoglobulin.1 These simple tests are 
near 100% reliable for the detection of monoclonal im-
munoglobulin associated with myeloma, so why do our 
health care systems have such a problem with delayed di-
agnosis? While myeloma accounts for only 2% of cancers 
and the symptoms are non-specific, if the thresholds for 
testing for monoclonal immunoglobulin were low, and 
even approached that of screening, the problem of timely 
myeloma diagnosis would be greatly reduced. The main 
problem is that monoclonal immunoglobulins also occur 
in MGUS, which is defined by the presence of a mono-
clonal immunoglobulin and the absence of myeloma or 
lymphoma.35 The prevalence of MGUS is dependent on 
age; when screening 75 422 Icelanders aged over 40 years, 
MGUS was found in 2%, 6% and 13% of age groups 40–59, 
60–79 and 80–103 years respectively. Myeloma is always 
preceded by MGUS. IgG and IgA MGUS progress to my-
eloma with an annual risk of 1%; FLC MGUS progress to 
myeloma with an annual risk of 0.3%; and IgM MGUS 
progress to lymphoplasmacytic lymphoma with an annual 
risk of 2%.36–40 For every new case of myeloma, there are 
100 cases of MGUS in the population, and so MGUS is fre-
quently revealed in investigations for myeloma, lymphoma 
and many other conditions.

Clinical significance of MGUS and case 
for screening

Although MGUS can be readily and cheaply identified, cur-
rent guidelines do not recommend screening due to (i) un-
certainty about who will and will not progress to myeloma; 
(ii) a lack of treatments appropriate for early disease inter-
vention; and (iii) health economic uncertainty of the impacts 
and burden of population screening. Currently, a diagnosis 
of MGUS is predominantly incidental to clinical investiga-
tion of other conditions. Estimates suggest that at 60 years 
of age, the proportion of prevalent cases that are clinically 
recognized is ~13%.41 Thus, screening for MGUS could po-
tentially create a much greater MGUS population to moni-
tor, in which overall progression rates to myeloma will be 
low (~1% per annum).39 An additional complexity is that IgG 
and IgA MGUS progress to myeloma, whereas IgM MGUS 
progresses to lymphomas, predominantly Waldenstrom's 
macroglobulinaemia (WM).

Significant numbers of MGUS patients experience a spec-
trum of chronic and potentially severe MGUS-associated 
morbidities that further reduce their life expectancy.42 
The term Monoclonal Gammopathy of Clinical Significance 
(MGCS) has recently been adopted to define this group of 
patients.43 The more common of these morbidities are 
predominantly caused by the deposition of monoclonal 
immunoglobulin in tissues, as is seen in AL amyloidosis 
and a variety of renal pathologies grouped as Monoclonal 
Gammopathy of Renal Significance (MGRS).44 In other 
types of MGCS, the mechanisms include the monoclonal 
immunoglobulin acting as autoantibodies, cytokines and 
complement activators. Aside from MGCS, MGUS patients 
have an increased risk of axial bone fractures, with the 
highest risk being noted in those with reduced lumbar bone 
mineral density.45 There is an increased incidence of venous 
thromboembolic disease (VTE) and, to a lesser extent, arte-
rial thrombosis.46 Patients with MGUS have low levels of an-
tibody against common pathogens and are at twice the risk 
of bacterial infection.47,48

In summary, many MGUS patients have significant mor-
bidities for which effective interventions exist. Additionally, 
if they progress to myeloma, then their myeloma diagnosis 
is usually made at an earlier stage of the disease, and their 
survival is better compared to the majority of new myeloma 
patients in whom their MGUS had not been diagnosed.49,50 
Previous guidelines have not recommended screening for 
MGUS, but as stratification of the risk of progression and 
low-toxicity anti-MGUS therapies become available, that is 
likely to change.51,52 The ongoing iStopMM study (iceland 
screens, treats or prevents multiple myeloma) has consented 
80 759 (54.3%) of the 148 708 adults in Iceland over the age 
of 40. A total of 75 422 participants (93.4%) have provided a 
serum sample for screening for monoclonal immunoglobu-
lin. Of those, 3725 (4.9%) had MGUS. Early results show that 
patients in the intensive follow-up arm of the study had sig-
nificantly higher detection rates of myeloma and WM.53,54 
The PROMISE (Predicting Progression of Developing 
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Myeloma in a High-Risk Screened Population) study in the 
United States screens for MGUS and smouldering myeloma 
among African Americans and first-degree relatives of pa-
tients with myeloma, who are at least 40 years of age, and 
prospectively follows them to determine clinical, immune 
and genomic predictors of progression to MM.55

Distinguishing myeloma from MGUS by 
simple thresholds for whole monoclonal 
immunoglobulin level and the kappa lambda 
serum FLC ratio

In central laboratory analysis of 3177 newly diagnosed UK 
myeloma patients, 24 patients (0.8%) were non-secretors 
defined by immunofixation negative for monoclonal im-
munoglobulin in blood and urine and serum FLC kappa 
lambda ratio within the normal reference range for FreeLite™ 
(0.26–1.65).56 The 3153 myeloma patients with secretory dis-
ease were tested for the percentage of myeloma patients who 
would be undetected at diagnosis according to various serum 
FLC kappa lambda ratio ranges and whole monoclonal im-
munoglobulin level thresholds. Combining a kappa lambda 
ratio range of (0.26–1.65) with whole monoclonal immu-
noglobulin level thresholds of <5 g/L, <10 g/L and <15 g/L, 
the percentage of patients missed were 0.4%, 0.7% and 0.9% 
respectively. The kappa lambda ratio range of (0.26–1.65) 
is based on the diagnostic range for FreeLite™ found in 282 
sera from healthy donors aged 20–90 years.57 However, the 
kappa lambda ratio is often outside of this diagnostic range 
in several conditions, including chronic infection (osteomy-
elitis, endocarditis, HIV, EBV), inflammation, IgG4-related 
disease, autoimmune diseases (RA, SLE, Sjogren), neoplasm 
(lung, liver, gastric, rare T-cell lymphomas), liver disease 
(cirrhosis, chronic hepatitis) and renal failure.58 Combining 
a kappa lambda ratio range of (0.1–7) with whole monoclo-
nal immunoglobulin level thresholds of <5, <10 and<15 g/L, 
the percentage of patients missed were 0.5%, 1.2% and 2.0% 
respectively.56 For 711 MGUS patients combining a kappa 
lambda FLC ratio range of (0.1–7) with whole monoclonal 
immunoglobulin level thresholds of <5, <10 and <15 g/L, the 
percentage of MGUS patients excluded were 89.5%, 93.4% 
and 95.5%. The use of the serum FLC ratio range of 0.1–7.0 in 
combination with a whole monoclonal immunoglobulin level 
thresholds of 10 g/L included 97.9% of myeloma cases and ex-
cluded 93.4% of MGUS cases. The 2.1% of myeloma patients 
missed (n = 66) included 0.8% (n = 24) of non-secretors.56

Monoclonal immunoglobulin/gammopathy 
detection in routine laboratory practice

Guidelines for the role of laboratory testing in the diag-
nosis of myeloma are largely written from the perspective 
of a request from a clinician who has a strong suspicion of 
myeloma, knows what tests to request and how to interpret 
the results.1,17,59–61 This is usually not the reality in clinical 

practice, where primary and secondary care clinicians may 
have limited knowledge of the tests required and the in-
terpretation of the results. Close integration of laboratory 
testing and haematology services can provide guidance in 
both these areas. Further, many immunoglobulin requests 
are made for reasons other than assessment for monoclonal 
immunoglobulin.

Testing for serum immunoglobulin levels and for mono-
clonal immunoglobulin is most relevant to the investigation 
of myeloma and B lymphoid neoplasia, including chronic 
lymphocytic leukaemia and B-cell non-Hodgkin lympho-
mas. Specialists including in haematology, nephrology, der-
matology and neurology may request immunoglobulins and 
monoclonal immunoglobulin because of the rare conditions 
associated with MGUS.43,44 Testing is equally relevant to the 
investigation of suspected antibody deficiency that may be pri-
mary or, much more likely, secondary, with B lymphoid neo-
plasia and MGUS among the commonest causes. However, in 
routine hospital clinical chemistry and immunology labora-
tories, less than half of requests indicate that any of the above 
may be the reason for requesting serum IgG, IgA and IgM. 
Serum immunoglobulin levels are of use in the investigation 
of many conditions and appear in guidelines for the investi-
gation of liver disease and renal disease, and are commonly 
undertaken in autoimmune disease (including rheumatoid ar-
thritis and systemic lupus erythematosus) and infections.62–65

In a 2017 UK survey with 118 responding hospital lab-
oratories, 35% of all requests (for serum immunoglobulins 
and electrophoresis) made no mention of a B-cell neoplasia 
or associated symptoms in the clinical details (unpublished 
UKNEQAS study). This survey revealed marked varia-
tion in the delivery of these tests across the participating 
laboratories. There appeared to be a focus on automated 
high-throughput of large numbers of samples rather than 
guiding appropriate requesting of such testing. Deskilling 
of the interpretation of the electrophoresis patterns was 
also noted, with some laboratories reporting staff who were 
not professionally registered reading the serum and urine 
electrophoresis and the immunofixations. The turnaround 
times reported in the survey were variable, with a surprising 
number of labs reporting turnaround times in weeks rather 
than days. Communication of clinically significant results 
was also patchy, with a surprising number of laboratories 
making no attempt to inform the GP, requestor or Clinical 
Haematology of significant abnormal results.

Myeloma diagnostic tool; guidance for 
primary care

Myeloma screening must be accessible for both primary and 
secondary care teams.

This requires education and an integrated approach with 
haematology services. The Myeloma UK early diagnosis pro-
gramme has published a primary care myeloma diagnostic 
tool that describes when to suspect myeloma and what tests 
to request.66 This tool is available at https://​acade​my.​myelo​
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ma.​org.​uk/​resou​rces/​gp-​myelo​ma-​diagn​ostic​-​tool/​ and is 
freely available for integration into laboratory requesting 
and reporting systems.

Monoclonal Gammopathy Lab Tool

The Myeloma UK laboratory working group has produced 
a Monoclonal Gammopathy Lab Tool (Figure  2) available 
at https://​acade​my.​myelo​ma.​org.​uk/​resou​rces/​labor​atory​-​
pract​ice/​.

The primary recommendation of the lab tool is that 
the testing laboratory should collaborate with Clinical 

Haematology to create effective, shared patient flow path-
ways for new monoclonal gammopathy patients. The tool 
helps order recommendations for the improvement of my-
eloma screening in a diagnostic laboratory. These recommen-
dations have been broken down into the three main phases 
of testing: preanalytical, analytical and postanalytical.

Preanalytical phase: Ordering of tests

A myeloma screen must include serum electrophoresis 
and total immunoglobulin measurements as the core test. 
Two thirds of immunoglobulin requests do not state or 

F I G U R E  2   Monoclonal Gammopathy Lab Tool.
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are not related to myeloma screening, but the patient may 
nevertheless have myeloma. Abnormalities in these tests 
should prompt consideration of testing for FLC monoclonal 
immunoglobulin.

Testing for FLC monoclonal immunoglobulin should 
always be part of a myeloma screen, either by serum 
FLC testing or urine protein electrophoresis for BJP. 
The UK BSH Guideline, NICE guideline, European and 
International Myeloma Working Group Guidelines all 
recommend the use of serum rather than urine FLC test-
ing1,17,59,67 because the use of serum FLC testing will im-
prove the detection of non-secretory and oligosecretory 
LCO myeloma as well as cases of MGRS and AL amyloido-
sis.44,68–70 However, in some cases, serum FLC testing gives 
normal results despite the presence of BJP in the urine, so 
it may be necessary to use all three tests to fully investigate 
myeloma in cases with strong clinical indications.71 Urine 
protein electrophoresis methods may be favoured due to 
health and economic reasons, but they should have suit-
able sensitivity.72

Myeloma is preceded by MGUS for many years, and so 
if no serum whole or FLC monoclonal immunoglobulin is 
found, then there is little point in testing for these again 
for 12 months in the absence of strong clinical indicators. 
If monoclonal immunoglobulins are found at levels below 
the threshold for urgent referral to haematology, then the 
tests should be repeated in a few months. There is a consen-
sus that all patients with newly diagnosed MGUS should 
have appropriate blood tests (full blood count, creatinine, 
serum calcium and whole and FLC monoclonal immuno-
globulin levels) performed 6 months after diagnosis, with 
annual follow-up thereafter, although the interval can be 
longer for patients with low-risk MGUS.73 The rationale 
for this approach is based on the observation that the risk 
of MGUS transformation is highest during the first year 
after diagnosis.74

Analytical phase

It is important that the laboratory be alert to suspicious 
findings when reporting immunoglobulin, electrophore-
sis and serum FLC results and have robust protocols for 
further investigation, for example by immunofixation. 
Figure 3 provides some guidance on this, but lab interpre-
tation is vital.

All abnormal serum electrophoresis results in new 
patients should be followed up with immunotyping (im-
munofixation or immunosubtraction) (Figure  2 [2.3]). 
At myeloma diagnosis, the whole monoclonal immuno-
globulin is <10 g/L in 5% of IgG myeloma cases and 11% 
of IgA myeloma cases, although most of these low-level 
whole monoclonal immunoglobulins are associated with 
high levels of FLC monoclonal immunoglobulin.56 This is 
particularly important for IgA monoclonal immunoglob-
ulin, where the monoclonal band/s can be obscured by 
other proteins in the beta 2 region of the electrophoretic 

strip. An elevated total IgA level is common in laboratory 
practice, but particularly if associated with low IgG and/
or IgM levels, should prompt immunofixation and serum 
FLC testing.

All newly identified light chain monoclonal proteins via 
serum immunofixation should have IgD/IgE immunofixa-
tion performed (Figure 2 [2.5]). Conventional immunofixa-
tion has six lanes: total protein, immunoglobulins G, A and 
M heavy chains, and kappa and lambda light chains. If there 
is a light chain band in the absence of a heavy chain band, that 
may be FLC or an IgD or IgE monoclonal immunoglobulin.

All new abnormal serum FLC ratio results should be 
evaluated, and if monoclonality is suspected, confirmed 
by immunofixation (Figure 2 [2.6]; See also earlier section 
Distinguishing myeloma from MGUS by simple thresholds 
for monoclonal immunoglobulin level and the kappa lambda 
serum FLC ratio). Levels of serum FLC are elevated by in-
creased immunoglobulin secretion and reduced glomerular 
filtration; it is an abnormal ratio that is the focus for the de-
tection of FLC monoclonal immunoglobulin. A ratio outside 
of the kit manufacturers normal range (FreeLite™ 0.26–1.65) 
can be caused by many conditions apart from FLC M-Ig, 
while the kappa lambda ratios outside of the 0.1–7 range are 
almost always attributable to FLC monoclonal immunoglob-
ulin.56,58 Results in between these two ranges that might be 
associated with low levels of FLC monoclonal immunoglob-
ulin, as in light-chain amyloid and MGRS, should prompt 
immunofixation of urine. All samples with a new whole 
monoclonal immunoglobulin should have serum FLCs 
tested because the kappa lambda FLC ratio is important to 
risk stratification for progression of MGUS to myeloma or 
lymphoma.36,37

Postanalytical phase interpretation and 
reporting of results

This is an area that particularly needs to be discussed and 
agreed upon with the local haematology services. Clinical 
comments sent out with laboratory results and flagging sys-
tems for significantly abnormal results are essential to ensure 
the appropriate and timely referral of patients with high-risk 
MGUS and multiple myeloma. A balance needs to be struck 
between causing delayed diagnosis of myeloma and referring 
patients with MGUS to haematology outpatients as an ur-
gent suspicion of cancer.

The laboratory should issue interpretive guidance to clin-
ical users for serum electrophoresis/total immunoglobulin 
levels, serum FLC and urine electrophoresis. Adding inter-
pretation to raw monoclonal immunoglobulin results is often 
difficult because of a lack of clinical details, especially when 
the whole monoclonal immunoglobulin levels are <10 g/L and 
the serum kappa lambda FLC ratio is close to the laboratory 
reference range. This is because in clinical practice, most new 
whole monoclonal immunoglobulin and abnormal serum 
FLC ratios derive from MGUS plasma cell clones or are small 
abnormalities in the FLC ratio caused by conditions unrelated 
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to neoplastic plasma cells, including kidney disease, inflam-
mation and infection. Furthermore, myeloma arises in an age 
range in which these conditions are common.

Within the laboratory, applying a whole monoclonal im-
munoglobulin threshold of 10 g/L with a serum FLC ratio 
range (<0.1 or >7) can exclude over 93% of MGUS cases 
and provide 98% sensitivity for the detection of myeloma 
(see Figure 3).56 Whole monoclonal immunoglobulin levels 
>30 g/L and kappa lambda FLC ratio >100 both fulfil the di-
agnostic criteria for myeloma.1,35 FLC levels >500 mg/L with 
a serum FLC ratio range <0.1 or >7 are caused by myeloma 
and have a high risk of cast nephropathy.28,29,58 Early diagno-
sis and reduction of serum FLC levels (sFLC) are associated 

with renal recovery and improved survival.30,31 Earlier di-
agnosis of these patients is achieved by short turnaround 
times for serum FLC tests and telephoning to haematology 
with new FLC levels >500 mg/L.32 As discussed above in the 
re-ordering of tests, the laboratory should contribute to the 
monitoring process of low-risk MGUS patients by providing 
interpretation of monitoring blood results.73

CONCLUSION

Myeloma patients continue to experience delayed diagno-
sis, leading to worse outcomes. Earlier diagnosis of these 

F I G U R E  3   Myeloma UK primary care myeloma diagnostic tool: response to results.
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patients can be achieved by collaboration between the labo-
ratory and haematologists, with prompt laboratory analysis 
by well-trained staff, preagreed interpretive comments that 
guide next actions and pro-active communication of sig-
nificant results by the laboratory to requesting clinicians. In 
addition, a strategy agreed together with primary care for 
monitoring low-risk MGUS patients will also facilitate effec-
tive detection of myeloma, and the laboratory has a key role 
to play in this.
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