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Abstract
Background: Amyloid light-chain amyloidosis (AL amyloidosis) is commonly associated with multiple
myeloma. However, the clinical characteristics and prognosis of symptomatic and smoldering multiple
myeloma with AL amyloidosis is not particularly clear.

Methods: Patients with symptomatic and smoldering multiple myeloma in the Peking University First
Hospital registry from 2010 to 2018 were studied. The clinical and laboratory information were collected
from �rst presentation to death or until the last available clinical follow-up. The patients’ survival and
outcomes were analyzed, and the relationships between the clinical parameters and survival were also
assessed.

Results: Compared with symptomatic multiple myeloma patients without AL amyloidosis, patients with
AL amyloidosis had higher incidence of BNP≧700pg/ml (P<0.001), ALP>187.5IU/L (P=0.032) and
ALB<25g/L (P<0.001). Similarly, compared with smoldering multiple myeloma patients without AL
amyloidosis, patients with AL amyloidosis had higher incidence of BNP≧700pg/ml (P=0.030) and
Alb<25g/L (P=0.024). The existence of AL amyloidosis especially the heart involvement was related to
shorter long-term survival of symptomatic and smoldering multiple myeloma according to univariate
analyses. Renal involvement and gastrointestinal tract involvement had an impact on the prognosis of
smoldering multiple myeloma but not on symptomatic multiple myeloma. Cox regression model for
overall survival detected BNP≧700pg/ml in symptomatic multiple myeloma having independent
prognostic signi�cance (RR=2.455, P=0.004). Interestingly, BNP at diagnosis was signi�cantly correlated
with cardiac amyloidosis (r=0.496, P<0.001).Cox regression model for overall survival detected the
presence of AL amyloidosis in smoldering multiple myeloma having independent prognostic signi�cance
(RR=8.741, P=0.002).

Conclusions: AL amyloidosis is an independent poor prognostic factor for not only symptomatic multiple
myeloma but also smoldering multiple myeloma is mainly because involvements of important organs
especially the heart. AL amyloidosis probablely has a greater impact on the prognosis of smoldering
multiple myeloma than symptomatic multiple myeloma.

Background
Multiple myeloma is divided into symptomatic multiple myeloma and smoldering multiple myeloma.
Symptomatic multiple myeloma is mainly manifested by abnormal proliferation of bone marrow plasma
cells and accompanied by large amounts of M protein secretion or light chain, leading to hypercalcemia,
renal injury, anemia and bone destruction[1]. Compared with symptomatic multiple myeloma, smoldering
multiple myeloma did not have CRAB (hypercalcemia, renal injury, anemia and bone destruction) and
SLiM (clonal bone marrow plasma cell percentage ≥ 60%, involved: uninvolved serum free light chain
ratio ≥ 100, > one focal lesions on magnetic resonance imaging studies). Many prognostic factors have
been analyzed in multiple myeloma. Some Studies have found that age, albumin, hypercalcemia, lactate
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dehydrogenase, bone marrow plasma cell ratio, serum involved/uninvolved FLC ratio, β2-microglobulin, D-
S stage, ISS stage and high-risk cytogenetic abnormalities are signi�cantly associated with the prognosis
of symptomatic multiple myeloma[2–9]. In addition, some studies have found that bone marrow plasma
cell ratio, aPC/BMPC (abnormal plasma cell/bone marrow plasma cell ratio), peripheral circulating
plasma cells, M-protein, serum involved/uninvolved FLC ratio, high-risk cytogenetic abnormalities are
signi�cantly associated with the prognosis of smoldering multiple myeloma[10].

AL amyloidosis (ALA) is a rare and poorly prognostic disease that is clearly associated with monoclonal
gammopathy of unknown signi�cance, multiple myeloma and Waldenström macroglobulinemia[11]. The
abnormal plasma cells of the above plasma cell diseases secrete a large number of light chains, which
deposit in various organs and become amyloid proteins, causing damage to the organs[11]. The organs
usually affected are skin, soft tissue, kidney, liver, heart, gastrointestinal tract and peripheral
nerves[12].The median survival time for AL amyloidosis is two to three years[13]. Its prognosis is related
to the number and degree of involvement of the affected organs, especially cardiac amyloidosis. In
clinical practice, we often use the 2004 and 2012 Mayo Clinical AL Amyloidosis Staging System
including NT-proBNP (N terminal pro B type natriuretic peptide), CTNI (Cardiac troponin I)and dFLC
(difference between involved and uninvolved serum free light chains) largely representing the severity of
cardiac amyloidosis to stratify patients with AL amyloidosis[14, 15].

Whether and how AL amyloidosis affects the clincial characteristics and survival time of multiple
myeloma was rarely studied. Only three studies have been done. The results of these studies were
affected by the characteristics of the included population and treatment plans. In general, these studies
had found that symptomatic or occult AL amyloidosis was a poor prognostic factor for multiple
myeloma. Whether AL amyloidosis have the same effect on symptomatic multiple myeloma and
smoldering multiple myeloma or not is unclear. However, there is currently no study to explore the effects
of AL amyloidosis on the clinical features and prognosis of symptomatic multiple myeloma and
smoldering multiple myeloma, respectively. Therefore, we collected the clinical information and follow-up
data to deal with this question.

Methods

Patients and institutional review board approval
We included 188 patients with multiple myeloma registered from January 1, 2010 to December 31,
2018.158 patients were included in the subsequent analyses. The exclusion criteria were as follows: 1.
patients with plasma cell diseases such as monoclonal gammopathy of unknown signi�cance and
Waldenström macroglobulinemia. 2. Ten patients with incomplete data and the diagnosis interval of AL
amyloidosis and multiple myeloma more than one month were excluded. 3. Twenty patients were lost
during follow up. Multiple myeloma was diagnosed according to the 2014 International Myeloma
Working Group criteria [16]. The symptomatic multiple myeloma and smoldering multiple myeloma were
both included in this study. The disease de�nition of symptomatic multiple myeloma were as follows:
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clonal bone marrow plasma cells ≥ 10% or biopsy-proven bony or extramedullary plasmacytoma with
any one or more of the following myeloma de�ning events: CRAB (serum calcium higher than > 
2.75 mmol/L, serum creatinine > 177umol/L, haemoglobin value of > 20 g/L below the lower limit of
normal, one or more osteolytic lesions on skeletal X-ray, computed tomography, or positron emission
tomography/computed tomography) and/or SLiM (clonal bone marrow plasma cell percentage ≥ 60%,
involved: uninvolved serum free light chain ratio ≥ 100, > one focal lesions on magnetic resonance
imaging studies). The patients were diagnosed as smoldering multiple myeloma if the following three
items were met: clonal bone marrow plasma cells 10–60%, serum monoclonal protein (IgG or IgA) ≥ 
30 g/L or urinary monoclonal protein ≥ 500 mg per 24 h, absence of CRAB and SLiM. AL amyloidosis
was con�rmed by the light and polarized microscopy for the presence of Congo red deposits and green
birefringence of the biopsies of affected parts, including skin, heart, liver, kidney, gastrointestinal tract,
bone marrow, subcutaneous fat and rectal mucosa. The organ involvement for AL amyloidosis was
assessed as per the consensus criteria reported in the 10th International Symposium on Amyloid and
Amyloidosis: kidney (24-hr urine protein > 0.5 g/day, predominantly albumin), heart (echocardiogram:
mean wall thickness > 12 mm, no other cardiac cause), liver (total liver span > 15 cm in the absence of
heart failure or alkaline phosphatase > 1.5 times institutional upper limit of normal), nerve (symmetric
lower extremity sensorimotor peripheral neuropathy, gastric-emptying disorder, pseudo-obstruction,
voiding dysfunction not related to direct organ in�ltration), gastrointestinal tract (direct biopsy veri�cation
with symptoms), lung (direct biopsy veri�cation with symptoms), soft tissue (tongue enlargement,
arthropathy, claudication, presumed vascular amyloid, skin, myopathy by biopsy or pseudohypertrophy,
lymph node and carpal tunnel syndrome)[17]. Informed consent was obtained from each individual
participant. This study was approved by the institutional review board (IRB) of Peking University First
Hospital.

Data collection
Clinical pro�les of patients were obtained through retrospective reviews of hospital �les. We extracted the
following clinical information at the time of diagnosis retrospectively for all patients: lactate
dehydrogenase (LDH), hemoglobin (Hb), calcium (Ca), albumin (ALB), alkaline phosphatase (ALP), serum
creatinine (Scr), brain natriuretic peptide (BNP) and quanti�cation of immunoglobulin and urinary
monoclonal protein. Higher LDH was de�ned as LDH ≧ 240 IU/L. Serious anemia was de�ned as Hb < 
85 g/L. Hypercalcemia was de�ned as calcium ≧ 2.75 mmol/L. Severe hypoalbuminemia was de�ned as
albumin less than 25 g/L. The cutoff of ALP was 187.5 IU/L which was the diagnostic criteria of liver
involvement of AL amyloidosis. Renal dysfunction was de�ned as Scr ≧ 177umol/L. The cutoff of BNP
was 700 pg/ml which represented severe cardiac amyloidosis. In addition, X-ray, Computed Tomography,
Magnetic Resonance Imaging (MRI) or Positron emission tomography/ computed tomography (PET-CT)
was used to determine bone destruction. Severe bone destruction was de�ned as bone destruction more
than three. Bone puncture was performed to determine the bone marrow plasma cells ratio (BMPC).
Higher BMPC was de�ned as BMPC more than 20%.Immuno�xation electrophoresis was performed to
identify the type of light chain involved. D-S stage of multiple myeloma was then determined based on
the above-mentioned information. Worse D-S stage was de�ned as Stage III.
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Treatment, Initial therapeutic effect and Follow up
The patients were treated with different kinds of treatment regimens, such as BD (Bortezomib and
dexamethasone), MP (Melphalan and prednisone), RD(Lenalidomide and dexamethasone), TD
(Thalidomide and dexamethasone), VAD (Vincristine plus adriamycin and dexamethasone), PAD
(Bortezomib plus doxorubicin and dexamethasone), RVD (Bortezomib plus lenalidomide and
dexamethasone), MPT (Melphalan plus prednisone and thalidomide), BCD (Bortezomib plus
cyclophosphamide and dexamethasone) and BTD (Bortezomib plus thalidomide and dexamethasone).
This study divided the treatment regimens into Bortezomib group including BD, PAD, RVD, BCD, BTD and
non-Bortezomib group including MP, TD, RD, VAD, MPT. Some patients refused chemotherapy due to
economic factors and adopt conservative treatment measures. These patients were assigned to non-
Bortezomib group. Initial therapeutic effect (ITE) was de�ned as the response of multiple myeloma after
four courses. We evaluated the initial therapeutic effect of multiple myeloma using the 2016 International
Myeloma Working Group consensus criteria for response, including stringent complete response (sCR),
complete response (CR), very good partial response (VGPR), partial response (PR), minimal response
(MR), stable disease (SD) and progressive disease (PD)[18]. Better ITE was de�ned as better than MR
including PR, VGPR, CR and sCR. The initial therapeutic effect of patients who did not receive treatment
was evaluated as progressive disease. Survival data of patients was obtained through retrospective
reviews of hospital �les and telephone interviews. Loss of follow up was de�ned as the inability to
communicate with the patient on the phone, resulting in loss of survival data. Overall survival time was
de�ned as the time from the diagnosis to the time of death (despite the cause of death), or the last-
documented contact with the patient. Multiple myeloma related death included infection, renal failure,
heart failure, hypercalcemia, hemorrhage, plasma cell leukemia and amyloidosis. Among them, AL
amyloidosis related death included cardiac amyloidosis (heart failure and arrhythmia), renal failure
caused by renal amyloidosis, digestive tract hemorrhage caused by digestive tract involvement.

Analyses
In this study, �rst of all, we compared the clinical characteristics in different groups of patients, including
multiple myeloma with and without AL amyloidosis, and AL amyloidosis with different light chain types.
Then, we separately described the survival time and analyzed the prognostic factors of symptomatic
multiple myeloma and smoldering multiple myeloma. In addition, we analyzed the reason why BNP ≧ 
700 pg/ml was the poor prognostic factor for symptomatic multiple myeloma. Finally, we analyzed the
impacts of treatment regimen and initial therapeutic effect on the survival time of symptomatic multiple
myeloma and smoldering multiple myeloma.

Statistical analyses
Chi-square and Fisher’s exact tests were used to compare the categorical variables in different groups of
patients, including multiple myeloma with and without AL amyloidosis, and AL amyloidosis with different
light chain types. Categorical variables were reported as numbers and percentages. Overall survival
curves were analyzed using the Kaplan–Meier method and compared by logrank test for univariate
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analysis. Factors with P < 0.10 on univariate analyses or acknowledged meaningful in clinic were
included in the multivariate analysis. Multivariate analyses were performed with Cox proportional
hazards. The Kolmogorov-Smirnov test was used to determine whether the data was normally distributed
or not. Correlation analyses between BNP and cardiac amyloidosis was performed with Spearman's
correlation test in symptomatic multiple myeloma. P < 0.05 is considered statistically signi�cant. All
analyses were performed using SPSS 20.0 software (SPSS Institute).

Results
1. Clinical characteristics of multiple myeloma with or without AL amyloidosis.

We recruited 158 multiple myeloma patients in our study from January 1, 2010 to December 31, 2018.
There were 36 smoldering multiple myeloma patients and 122 symptomatic multiple myeloma patients.
Among them, forty-nine patients (31%) were diagnosed with AL amyloidosis. There were 21 AL
amyloidosis patients in smoldering multiple myeloma and 28 patients AL amyloidosis patients in
symptomatic multiple myeloma. Table 1 lists the clinical characteristics of symptomatic multiple
myeloma patients with or without AL amyloidosis at the time of diagnosis. The two groups showed
similar incidence of serious anemia, severe bone destruction, hypercalcemia, renal dysfunction, severe
hypoalbuminemia, higher BMPC, higher LDH, worse D-S stage, treatment regimens and better initial
therapeutic effect. Compared with the patients without AL amyloidosis, patients with AL amyloidosis
showed higher incidence of BNP ≧ 700 pg/ml (46.4% VS 10.6%, P < 0.001), ALP > 187.5 IU/L (14.2% VS
2.1%, P = 0.035) and ALB < 25 g/L (39.2% VS 10.6%, P < 0.001). Table 2 lists the clinical characteristics of
smoldering multiple myeloma patients with or without AL amyloidosis at the time of diagnosis. Similarly,
compared with the patients without AL amyloidosis, patients with AL amyloidosis also only showed
higher incidence of BNP ≧ 700 pg/ml (28.5% VS 0%, P = 0.030)and ALB < 25 g/L (42.8% VS 6.7%, P = 
0.024).

2. Clinical characteristics of multiple myeloma with different light chain types of AL amyloidosis.

We observed more patients with multiple myeloma had λ-type AL amyloidosis (N = 35, 71.5%) than κ-type
AL amyloidosis (N = 14, 28.5%).We then further compared the clinical characteristics of multiple myeloma
patients with different light chain types of AL amyloidosis (Table 3). There was no signi�cant difference
(P > 0.05) in the incidence of serious anemia, severe bone destruction, hypercalcemia, LDH ≧ 240 IU/L or
bone marrow plasma cells ≧ 20% between the two groups. There is no difference in the incidence of ALB 
< 25 g/L between the two groups, but κ-type AL amyloidosis patients had signi�cantly higher incidence of
renal insu�ciency (57.1% VS 11.4%, P = 0.001).Patients with κ-type AL amyloidosis had a higher
incidence of ALP > 187.5 IU/L (42.8% VS 5.7%, P = 0.001). No statistically signi�cant difference was
observed for BNP ≧ 700 pg/ml between two groups.

3. Pathological biopsy of AL amyloidosis.



Page 7/19

AL amyloidosis was con�rmed from pathological biopsies at ≥ one body part. Bone narrow biopsy was
performed in all 49 patients with AL amyloidosis, and 17 patients (34.6%) were positive. Six of nine
patients (66.6%) were positive for the subcutaneous abdominal fat pad aspirates biopsy. All the 28
patients with renal biopsy were positive, including 21 patients with negative bone narrow biopsies and 2
patients with negative subcutaneous abdominal fat pad aspirates. Histologic con�rmation of AL
amyloidosis at other sites were obtained for the six patients that were undetermined from the bone
marrow, subcutaneous abdominal fat and the renal biopsies, including two tongue biopsies, one liver
biopsy, one myocardial biopsy, one nerve biopsy and one gastrointestinal tract biopsy.

4. Organ involvement.

Organs involvement among the 49 patients with multiple myeloma and AL amyloidosis are as follows:
kidney (36, 73.4%), heart (27, 55.1%), liver (13, 26.5%), skin (8, 16.3%), gastrointestinal tract (6, 12.2%),
soft tissue (4, 8.2%), nerve (4, 8.2%), and pulmonary (1, 2%). Thirty-four patients (69.4%) had one or two
organs involved and 15 (30.6%) patients had ≥ 3 organs involved. Eighteen of 36 patients with kidney
involvement had heart involvement. Ten of 13 patients with liver involvement also had heart involvement.
Five of 6 patients with gastrointestinal tract involvement also had heart involvement. Organs involvement
among the 28 patients with symptomatic multiple myeloma and AL amyloidosis are as follows: kidney
(20, 71.4%), heart (17, 60.7%), liver (7, 25.0%), skin (4, 14.3%), gastrointestinal tract (5, 17.8%), soft tissue
(2, 7.1%), nerve (2, 7.1%), and pulmonary (1, 3.6%). Eighteen patients (64.2%) had one or two organs
involved and 10 (35.8%) patients had ≥ 3 organs involved. In addition, organs involvement among the 21
patients with smoldering multiple myeloma and AL amyloidosis are as follows: kidney (16, 76.1%), heart
(10, 47.6%), liver (6, 28.5%), skin(4, 19%) gastrointestinal tract (1, 4.7%), soft tissue (2, 9.5%), nerve (2,
9.5%), and pulmonary (0, 0%). Sixteen patients (76.2%) had one or two organs involved and 5 (23.8%)
patients had ≥ 3 organs involved.

5. Death rate and causes of death in patients with and without AL amyloidosis.

Regarding the death rate, 54 of the 109 (49.5%) patients without AL amyloidosis died during study period.
All these patients died of multiple myeloma. Thirty one of the 49 (63.3%) patients with AL amyloidosis
died during study period, including 19/34 patients (55.8%) with one or two organs involvement and 12/15
patients (80%) with ≥ 3 organs involvement died. Speci�cally, 19/26 (73.0%) patients with heart
involvement died. All 13 patients with liver involvement died, six of which died of cardiac amyloidosis.
Twenty four of the 36 patients (66.7%) with kidney involvement died, 12 of which died of cardiac
amyloidosis. Five of six patients (83.3%) with gastrointestinal tract involvement died, three of which died
of cardiac amyloidosis. Causes of death are showed in Table 4. Twelve patients did not have clear
causes of death, among the remaining 19 patients, 13 died of cardiac amyloidosis, making it the leading
cause of death. Other causes include renal failure caused by renal amyloidosis(2), digestive tract
hemorrhage caused by digestive tract involvement(2), and other MM-related deaths such as infection and
hypercalacemia (2).
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6. Survival of all patients with symptomatic multiple myeloma and patients complicated by AL
amyloidosis.

The Median follow-up time was 56months (49.0-63.1 months). Fifty four of the 122 patients (44.2%) died
during the follow-up. The overall median survival time for patients was 51.0 months (43.0–59.0
months).We divided the patients by the clinical characteristics to study the factors affecting symptomatic
multiple myeloma patients’ survival. Survival time was signi�cantly shorter in patients with ALP > 
187.5 IU/L, ALB < 25 g/L, LDH ≧ 240 IU/L, BNP ≧ 700 pg/ml, treatment regimen with Bortezomib, initial
therapeutic effect better than MR, and the presence of AL amyloidosis (Table 5). Cox regression adjusting
for covariates was performed to evaluate the hazard ratio of each clinical character in symptomatic
multiple myeloma having prognostic signi�cance: BNP ≧ 700 pg/ml (HR = 2.455, P = 0.004)and initial
therapeutic effect better than MR (HR = 0.106, p < 0.001).Given that patients with amyloidosis had
signi�cantly shorter survival time than patients without amyloidosis (36.9 vs. 55.5 months, P = 0.023,
Fig. 1A), we further analyzed the impact of the type and number of organ involvement on the survival of
all the patients with multiple myeloma. The results showed that survival time was signi�cantly shorter
with heart involvement (Fig. 1B; median survival time of 33.4 vs. 53.8 months, P = 0.024), liver
involvement (Fig. 1C; 25.2 vs. 53.2 months, P = 0.013).

7. Survival of all patients with smoldering multiple myeloma and patients complicated by AL
amyloidosis.

The Median follow-up time was 54.1months (41.8–66.5 months). Nineteen of the 36 patients (52.7%)
died during the follow-up. The overall median survival time for patients was 48.1 months (35.2–61.0
months).Then, we divided the patients by the clinical characteristics to study the factors affecting
smoldering multiple myeloma patients’ survival. Survival time was signi�cantly shorter in patients with
ALP > 187.5 IU/L, BNP ≧ 700 pg/ml, treatment regimen with Bortezomib, initial therapeutic effect better
than MR, and the presence of AL amyloidosis (Table 6). Cox regression adjusting for covariates was
performed to evaluate the hazard ratio of each clinical character in smoldering multiple myeloma having
prognostic signi�cance: the presence of AL amyloidosis (HR = 8.741, P = 0.002), treatment regimen with
Bortezomib (HR = 0.249, p = 0.024) and initial therapeutic effect better than MR (HR = 0.196, p = 
0.009).Given that patients with amyloidosis had signi�cantly shorter survival time than patients without
amyloidosis (24.0 vs. 69.8 months, P < 0.001, Fig. 2A),we further analyzed the impact of the type and
number of organ involvement on the survival of all the patients with smoldering multiple myeloma. The
results showed that survival time was signi�cantly shorter with heart involvement (Fig. 2B; median
survival time of 12.8 vs. 61.7 months, P < 0.001), kidney involvement (Fig. 2C; 23.1 vs. 63.5 months, P = 
0.001), liver involvement (Fig. 2D; 10.1 vs. 56.3 months, P < 0.001), gastrointestinal tract involvement
(Fig. 2E; 1.0 vs. 49.5 months, P = 0.013) and ≥ 3 organs involvement (Fig. 2F; median survival time of
11.4 vs. 54.6 months, P = 0.001).

8. Correlation analysis between BNP and cardiac amyloidosis in symptomatic multiple myeloma.
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Kolmogorov-Smirnow test showed that BNP was not normally distributed. To investigate the relationship
between BNP and cardiac amyloidosis, we performed the Spearman’s correlation test. We observed that
BNP at diagnosis was signi�cantly correlated with cardiac amyloidosis (r = 0.496, P < 0.001).

9. Treatment regimens, initial therapeutic effect in symptomatic or smoldering multiple myeloma with AL
amyloidosis.

The previous results suggested that treatment regimen and initial therapeutic effect were signi�cantly
associated with the prognosis of symptomatic and smoldering multiple myeloma. We further found that
in patients with symptomatic multiple myeloma complicated by AL amyloidosis, the survival time of
Bortezomib group (42.9 vs.9.2 months, p = 0.013, Fig. 3A) and better ITE group (53.7 vs.8.8 months, p < 
0.001, Fig. 3B) were longer. In addition, similarly, in patients with smoldering multiple myeloma
complicated by AL amyloidosis, the survival time of Bortezomib group (36.7 vs. 4.2 months, p < 0.001,
Fig. 3C) and better ITE group (not reach vs.15.4 months, p = 0.006, Fig. 3D) were also longer.

Discussion
AL amyloidosis is a common complication of multiple myeloma. The incidence of AL amyloidosis
increased signi�cantly with the use of subcutaneous abdominal fat pad aspirates, ranging from 28–38%
compared with previously reported rate of 3–7%[19]. Despite the increased detection rate of this
complication, the difference of the clinical characteristics between patients with and without AL
amyloidosis remains unclear. A previous study was not able to identify signi�cant clinical differences
between the two groups because most patients in this study had clinically occult AL amyloidosis[19].
However, most patients in our study had symptomatic AL amyloidosis involving the kidney, heart and
liver, consistent with the higher level of BNP, ALP and ALB. Interestingly, our study also found that only
BNP and ALP were different between smoldering multiple myeloma with and without AL amyloidosis.
These patients lack the symptoms of myeloma. The patients with smoldering multiple myeloma
complicated by AL amyloidosis often hospitalized due to the involvement of AL amyloidosis. Clinically,
subcutaneous fat aspiration biopsy, biopsy of bone marrow and gastrointestinal mucosa or rectal are
recommended for the diagnosis of AL amyloidosis[20]. However, biopsy of clinically affected organs has
higher positive rate. In our study, many patients with renal biopsies suggesting AL amyloidosis had
negative results of bone marrow biopsies or subcutaneous abdominal fat pad aspirates. It suggests that
it is unreliable to use bone marrow biopsy or subcutaneous abdominal fat pad aspirates as a screening
test for AL amyloidosis in patients with smoldering multiple myeloma. Therefore, promoting affected
organs biopsy is important for the diagnosis of AL amyloidosis in smoldering multiple myeloma. Such
patients may be diagnosed with amyloidosis alone even if the biopsy is positive. Because the bone
marrow plasma cells of smoldering multiple myeloma presented focal distribution, it was likely that the
proportion of BMPC in the �rst bone marrow puncture could not meet the diagnostic criteria for
smoldering multiple myeloma. In this way, it was likely to be misdiagnosed as AL amyloidosis alone.
However, the prognosis of AL amyloidosis with BMPC more than 10% including symptomatic and
smoldering multiple myeloma was signi�cantly worse than that of AL amyloidosis alone[21, 22].
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Therefore, it is recommended to repeat the bone marrow puncture and affected organs biopsy in such
patients.

Prior studies had shown the predominance of λ light chain isotype in patients with primary systemic
amyloidosis, a �nding that had been attributed to the greater “amyloidogenicity” of the λ chains[23]. The
amyloidogenicity predominance of λ light chain was observed in patients with multiple myeloma
complicated by symptomatic AL amyloidosis rather than occult AL amyloidosis[19, 24]. In our study, we
also observed more patients of λ-type multiple myeloma with AL amyloidosis than κ-type multiple
myeloma. λ-type multiple myeloma may be a high risk factor for AL amyloidosis during the disease
course, which may due to the broken balance of the light chain removal and deposition speed rather than
the higher ability of the λ light chain to cause AL amyloidosis[19]. Previous studies suggested that the
higher incidence of liver involvement and severe renal impairment were found in κ-type amyloidosis than
in λ-type amyloidosis[25]. In our study, κ-type AL amyloidosis had higher incidence of ALP > 187.5 IU/L
and Scr ≧ 176.8umol/L than λ-type AL amyloidosis, suggesting liver involvement and renal insu�ciency.
Therefore, the incidence of AL amyloidosis in κ-type multiple myeloma is lower but more severe than λ-
type multiple myeloma. There are two reasons for this situation: 1. the involvement of amyloidosis is
related to the potential special biology of the type of light chains, with previous studies highlighting the
relationship between immunoglobulin light chain variable gene and the number and severity of involved
organs of amyloidosis[26]. 2. dFLC which included in 2012 Mayo Clinical AL Amyloidosis Staging System
suggested that the severity of organ involvement is positively correlated with the level of involved light
chains[15]. The level of involved light chain in κ type amyloidosis is higher than λ type amyloidosis[26]
resulting in more severe organ damage.

There are a few studies to explore the prognostic impact of AL amyloidosis in multiple myeloma. Early
studies found poor prognosis in patients with multiple myeloma accompanied by AL amyloidosis, with a
median survival time of 1.1 VS 2.9 years in patients without AL amyloidosis[27, 24]. Some researchers
found that AL amyloidosis in patients with multiple myeloma was an independent adverse prognostic
factor, regardless the presence of amyloid organ involvement at the time of diagnosis[27]. However, one
study found that neither occult amyloidosis (median survival time 59 months) nor symptomatic
amyloidosis (median survival time 38 months) affected the prognosis of multiple myeloma[19]. This
result may be caused by the intensive treatment of autologous stem cell transplantation with high-dose
melphalan pretreatment in these patients which eliminated the adverse prognostic effect of AL
amyloidosis on multiple myeloma. In another study, from among 4319 patients with a diagnosis of MM
with at least 6 months of follow-up, 47selected patients were diagnosed with AL amyloidosis. Although
the overall survival time of selected patients was 68.5 months, the survival time after AL amyloidosis
diagnosis was only 9.1 months[24]. In our study, whether it is symptomatic multiple myeloma or
smoldering multiple myeloma, the survival time in patients with amyloidosis was shorter than without
amyloidosis. Further, cox regression identi�ed AL amyloidosis as an independent signi�cant risk factor
for poor prognosis in smoldering multiple myeloma after adjustment of other risk factors. In primary
systemic amyloidosis, BU staging system including BNP and CTNI which had the same effectiveness as
the 2004 Mayo Clinical AL Amyloidosis Staging System to predict the survival time of AL
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amyloidosis[28]. BNP had the same value as NT-proBNP in assessing the severity of cardiac
amyloidosis[29]. In our study, BNP ≧ 700 pg/ml was an adverse prognostic factor for symptomatic
multiple myeloma. In addition, BNP was signi�cantly correlated with cardiac amyloidosis. Therefore, we
believed that cardiac amyloidosis had an adverse impact on the prognosis of symptomatic multiple
myeloma.

The prognosis of patient with amyloidosis is largely determined by the number of organs involved and
the severity of the involvement[30]. Among patients with primary systemic amyloidosis, amyloidosis
involving the heart is the worst adverse prognostic factor[31]. The median survival time of patients
without heart failure caused by cardiac amyloidosis was 30 months, while congestive heart failure
caused by cardiac amyloid deposition reduced the survival time to 4–8 months[31].In a retrospective
study, multiple myeloma patients with cardiac amyloidosis had a much shorter overall survival time than
patients without cardiac amyloidosis (4.3months VS 13months)[24]. Same in our study, cardiac
amyloidosis was the main cause of death for all multiple myeloma patients complicated by AL
amyloidosis. We noticed shorter survival time in all multiple myeloma patients with liver involvement than
those with heart involvement. This may be caused by multi-organ involvement, as most patients with liver
involvement in this study also had cardiac amyloidosis. Our study showed that patients with multiple
myeloma accompanied by AL amyloidosis often died of the cardiac amyloidosis, renal failure and
gastrointestinal tract hemorrhage caused by AL amyloidosis rather than other multiple myeloma related
deaths. We also found multiple organs involvement lead to a shorter median survival time in smoldering
multiple myeloma. Although there was no statistical difference in symptomatic multiple myeloma, this
might be related to the insu�cient number of cases. Therefore, to some extent, multi-organs involvement
might be the poor prognostic factor for multiple myeloma.

We could see that AL amyloidosis had an adverse effect on the prognosis of symptomatic multiple
myeloma and smoldering multiple myeloma. However, what we need to pay attention to was that renal
involvement and gastrointestinal tract involvement had an impact on the prognosis of smoldering
multiple myeloma but not on symptomatic multiple myeloma. In addition, the survival time of smoldering
multiple myeloma with amyloidosis (24.0 months) is shorter than that of symptomatic multiple myeloma
with amyloidosis (36.9 months). Logically, smoldering multiple myeloma had a better prognosis as an
early lesion of symptomatic myeloma. However, the situation was exactly the opposite in our study.
Therefore, we speculated that AL amyloidosis had a greater impact on the prognosis of smoldering
multiple myeloma than symptomatic multiple myeloma. The potential reason for this situation might be
the lag in diagnosis. The lack of CRAB symptoms of multiple myeloma, which took a long time from
onset to diagnosis, resulted in the more extensive of amyloidosis and the delay in treatment intervention.
Therefore, in clinical practice, the early diagnosis of such patients is particularly important. Due to the
poor prognosis, di�culty in diagnosis and diagnostic lag of smoldering multiple myeloma combined with
AL amyloidosis, we need to �nd better biomarkers to screen such patients in the future.

Anti-plasma cell therapy is the cornerstone of the treatment of primary amyloidosis. Organ recovery is
signi�cantly related to the depth of hematological remission achieved[32]. The deeper the hematological
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remission, the more likely organ recovery will occur[32]. Moreover, the deeper the organ response
achieved, the longer the survival. For example, the respective 10-year OS rates for those having a
reduction in NT-proBNP by > 60% (very good partial organ response), 31–60% (partial organ response),
and ≤ 30% (no responder) reduction from baseline were 68%, 39%, and 24%, respectively[32]. In our study,
we also found that the survival time of patients with amyloidosis who had better ITE was longer than that
of worse ITE. However, we found that patients with amyloidosis had the same degree of hematological
remission but shorter survival time than patients without amyloidosis, suggesting that the therapeutically
achieving hematological remission does not completely improve the prognosis. There were two reasons
for this situation: 1.The organ damage caused by AL amyloidosis is irreversible. 2. The therapeutic effect
did not reach the level of preventing the continued deposition of amyloid. Given that organ involvement is
the main cause of death in multiple myeloma patients with AL amyloidosis, organ remission as the goal
of treatment may lead to better prognosis for these patients. In our study, the survival time of Bortezomib
group was longer than that of non-Bortezomib group, suggesting that Bortezomib could improve the
prognosis of such patients. However, whether new drugs such as Lenalidomide, CD38 monoclonal
antibody, and autologous stem cell transplantation applied to multiple myeloma and AL amyloidosis can
improve the prognosis of this group of patients or not requires further research.

Conclusions
AL amyloidosis is an independent poor prognostic factor for not only symptomatic multiple myeloma but
also smoldering multiple myeloma mainly because AL amyloidosis involves important organs especially
the heart. In addition, we believe that AL amyloidosis probablely has a greater impact on the prognosis of
smoldering multiple myeloma than symptomatic multiple myeloma. In patients with smoldering multiple
myeloma, we should more actively screen for AL amyloidosis. Since smoldering multiple myeloma
combined with AL amyloidosis has a poor prognosis and is di�cult to diagnose, repeat bone penetration
and biopsy of affected organs should be promoted in such patients. Bortezomib can improve the
prognosis of such patients. Bortezomib-based treatment can be recommended for these patients.
However, more treatment options are needed to obtain deeper organ responses to improve the prognosis
of this group of patients.
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Due to technical limitations, table 1 to 6 is only available as a download in the Supplemental Files
section.

Figures

Figure 1

Kaplan–Meier curves demonstrating the impact of AL amyloidosis on overall survival of symptomatic
multiple myeloma.A. Survival difference between patients with and without AL amyloidosis.P=0.023. B.
Survival difference between patients with and without heart involvement.P=0.024. C. Survival difference
between patients with and without liver involvement.P=0.013.
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Figure 2

Kaplan–Meier curves demonstrating the impact of AL amyloidosis on overall survival of smoldering
multiple myeloma. A. Survival difference between patients with and without AL amyloidosis.P<0.001. B.
Survival difference between patients with and without heart involvement.P<0.001. C. Survival difference
between patients with and without kidney involvement.P=0.001. D.Survival difference between patients
with and without liver involvement.P<0.001. E.Survival difference between patients with and without
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gastrointestinal tract involvement. P=0.013. F. Survival difference between patients with different number
of organ involvement. P<0.001.

Figure 3

Kaplan–Meier curves demonstrating the impacts of treatment regimens, initial therapeutic effecton
overall survival of symptomatic and smoldering multiple myeloma with AL amyloidosis. A. Survival
difference between Bortezomib group and non-Bortezomib group in symptomatic multiple myeloma with
AL amyloidosis. P=0.013. B. Survival difference between better ITE group and worse ITE group in
symptomatic multiple myeloma with AL amyloidosis. P<0.001. C. Survival difference between
Bortezomib group and non-Bortezomib group in smoldering multiple myeloma with AL amyloidosis.
P<0.001. D.Survival difference between better ITE group and worse ITE group in smoldering multiple
myeloma with AL amyloidosis. P=0.006.
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