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WHAT ’ S NEW IN PLASMA CELL DISORDERS ? 

     AL amy loid osis: untangling new ther a pies 
  Susan   Bal  1  and  Heather   Landau  2
1 Division of Hematology and Oncology, Department of Medicine, O ’ Neal Comprehensive Cancer Center, University of Alabama at Birmingham, 
Birmingham, AL ; and   2 Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY 

   Systemic light chain (AL) amy loid osis is a pro tein misfolding dis or der char ac ter ized by the depo si tion of abnor mal immu-
no glob u lin light chains in fi brillary aggre gates, resulting in end - organ dam age. Several unique chal lenges face treating 
phy si cians, includ ing delayed diag no sis, advanced vital organ involve ment, and mor bid ity with treat ment. Aggressive 
sup port ive care and risk - adapted appli ca tion of plasma cell – directed ther a pies are the cor ner stones of man age ment. The 
ther a peu tic rev o lu tion in mul ti ple mye loma will likely fur ther expand the arse nal against plasma cells. Careful inves ti ga-
tion of these agents will be crit i cal to estab lish their role in this frag ile pop u la tion. The prom ise of fi bril - directed ther a pies 
to restore organ func tion remains despite early dis ap point ments. In this review, we dis cuss new ther a pies to tackle AL 
amy loid osis using a case - based approach.  

   LEARNING OBJECTIVES 
   •    Learn about the established and upcom ing plasma cell – directed treat ments in AL amy loid osis 
  •    Learn about anti  fi bril  directed ther a pies in devel op ment to aug ment organ responses  

  CLINICAL CASE 

  Mr. X is a 49  year  old pre vi ously healthy man who noted 
dyspnea on exer tion and exer cise intol er ance in July 2019. 
In April 2020, he was hos pi tal ized with short ness of breath 
and was treated for an asthma exac er ba tion. He also had evi
dence of vol ume over load and was treated with diure sis with 
tem po rary improve ment in his con di tion. In August 2020, he 
became pro gres sively dys pneic, was unable to ambu late 20 
yards, and sought the atten tion of a car di  ol o gist. The eval u a
tion included a nuclear stress test, which did not show ische
mia but did reveal a left ven tric u lar ejec tion frac tion (LVEF) 
of 25 % . Upon fol low  up in Octo ber 2020, he was noted to 
have large right  sided pleu ral effu sion, char ac ter ized as tran
su date on sam pling. With no clear plan for fur ther workup or 
man age ment, he pur sued a sec ond opin ion with a dif fer ent 
car di  ol o gist in Novem ber 2020. On echo car dio gram, severe 
con cen tric left ven tric u lar hyper tro phy with a hypokinetic 
lat eral wall and LVEF of 40 %  was appre ci ated. Electrocardio
gram revealed nor mal sinus rhythm with 91   bpm, low volt age, 
and poor R  wave pro gres sion. Cardiac mag netic res o nance 
imag ing showed dif fuse subendocardial late gadolinium 
enhance ment. Based on these fi nd ings, infi l tra tive car dio my
op a thy was suspected. He was started on diuret ics and was 
referred to the hema tol ogy clinic in Decem ber 2020. 

 At the time of eval u a tion, Mr. X was rel a tively well appear
ing but had lower extrem ity edema. His Eastern Coopera
tive Oncology Group per for mance sta tus was 1, with New 
York Heart Association class II. Laboratory val ues showed 
nor mal com plete blood count with serum cre at i nine of 
1.1   mg / dL, blood urea nitro gen of 21   mg / dL, albu min of 
4.1   g / dL, alka line phos pha tase of 222   U / L, free  κ  light chain 
of 1.2   mg / dL, free  λ  light chain of 13   mg / dL, a  κ  /  λ  ratio of 
0.10, and dif fer en tial free light chain (dFLC) of 11.8   mg / dL. 
Serum pro tein elec tro pho re sis did not reveal an M spike, 
and serum immunofi xation did not show any mono clo nal 
pro tein. N  terminal pro b  type natriuretic peptide (NT 
 proBNP) (5968   pg / mL, upper limit normal (ULN)  ≤ 59   pg / mL), 
BNP (957   pg / mL, ULN  ≤ 100   pg / mL), and tro po nin I 
(0.92   mg / mL, ULN  ≤ 0.02   ng / mL) were ele vated. A 24  hour 
urine pro tein elec tro pho re sis did not reveal albu min uria. A 
2  dimen sional echo with strain revealed severely increased 
left ven tric u lar wall thick ness with an interventricular sep
tal thickness at diastole of 1.9   cm, mild global hypokinesis, 
LVEF of 47 % , grade 1 dia stolic dys func tion, and global lon
gi tu di nal strain of  − 6 % . Bone mar row aspi rate and biopsy 
spec i men revealed 10 %   λ  light chain – restricted plasma 
cells. There was no evi dence of amy loid depos its by Congo 
red staining. Fluorescence in situ hybrid iza tion revealed 
t(11;14). The patient under went a fat pad biopsy that was 
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neg a tive and sub se quently had an endomyocardial biopsy, 
which revealed λ light chain amy loid osis. He was diag nosed 
with Mayo 2004 car diac stage IIIA λ light chain amy loid osis in 
Jan u ary 2021, approx i ma tely 18 months after his ini tial symp toms.

Monoclonal immu no glob u lin/light chain (AL)–asso ci ated sys
temic amy loid osis is caused by clonal plasma cells, which pro
duce abnor mal immu no glob u lins/frag ments that misfold into 
amy loid fibrils and deposit in vital organs, caus ing dis rup tion of 
organ func tion and ulti mately death. Given its insid i ous onset 
and rel a tively non spe cific symp tom atol ogy, delay in diag no sis is 
unfor tu nately typ i cal. Most patients see mul ti ple spe cial ists, and 
a third are diag nosed more than a year after the onset of symp
toms sim i lar to our patient.1 The prog no sis of patients is pri mar ily 
driven by vital organ, spe cifi  cally car diac, involve ment.2,3

Historically, ther apy targeting the under ly ing clonal plasma 
cells was borrowed from related plasma cell dys cra sia, mul ti ple 
mye loma. Melphalan with ste roids were the first agents used to 
treat amy loid osis.4 Given the effi cacy of proteasome inhi bi tion in 
targeting malig nant plasma cells, bortezomib was eval u ated in 
amy loid osis. The offlabel stan dard of care in the United States 
consisted of a com bi na tion of a proteasome inhib i tor (PI) (borte
zomib), an alkylator (cyclo phos pha mide), and ste roids (dexa meth
a sone) (VCD).5,6 In the larg est ret ro spec tive series of 230 patients 
treated with VCD, the over all hema to logic response rate (ORR) 
was 60% (com plete response, [CR] 23%). Organ responses were 
sub op ti mal and often delayed.7 In 2015, the antiCD38 mono clo
nal anti body daratumumab was approved by the US Food and 
Drug Administration (FDA) to treat relapsed/refrac tory mul ti
ple mye loma. Daratumumab is a human IgG1κ mono clo nal anti
body that binds to CD38expressing cells and induces tumor cell 
death through var i ous immunemedi ated actions. CD38 is over
expressed on malig nant plasma cells in patients with AL amy loid
osis, mak ing it a ratio nal tar get for treat ment. In a small series of 
25 patients, ORR was 76%, with onethird of patients achiev ing 
CR.8 Since then, pro spec tive stud ies of daratumumab in relapsed 
dis ease have showed rapid (median time to response 14 weeks) 
and deep hema to logic responses.9 Given impres sive effi cacy in 
the relapse set ting, daratumumab was eval u ated in a large ran
dom ized phase 3 study that included VCD with or with out dara
tumumab (ANDROMEDA, NCT03201965). The addi tion of the 
mono clo nal anti body resulted in sig nifi  cant improve ment in ORR 
(92% vs 77%; CR, 53% vs 18%), and major organ dete ri o ra tion 
pro gres sionfree sur vival favored the qua dru plet arm (haz ard ratio 
for major organ dete ri o ra tion, hema to logic pro gres sion, or death, 
0.58; 95% CI, 0.360.93; P = .02). The qua dru plet arm was also asso
ci ated with dou bling responses at 6 months (car diac response, 
42% vs 22%; renal response, 53% vs 24%).10 Patients achieved 
responses faster and stayed on ther apy lon ger in the qua dru plet 
arm. On the basis of these data, the FDA endorsed daratumumab 
in com bi na tion with bortezomib, cyclo phos pha mide, and dexa
meth a sone (daraVCD) in a his toric approval on Jan u ary 15, 2021.

CLINICAL CASE (Con tin ued)
Our patient was treated with daraVCD and did well other 
than mild insom nia, which was man aged with atten u ated ste
roid dos ing. After 1 cycle of qua dru plet ther apy, Mr. X achieved 

a par tial response (dFLC 12 mg/dL → 5.35 mg/dL) and a very 
good par tial response (VGPR) (dFLC 3.74 mg/dL) after 3 cycles. 
The patient also achieved a car diac response (reduc tion in NT
ProBNP by 30% and ≥300 ng/L), with NTProBNP reduced from 
5968 to 1280 ng/L.

The impor tance of early and deep responses to ther apy in 
patients with AL amy loid osis can not be overstated. In addi tion 
to caus ing tis sue dis rup tion by depo si tion, the amyloidogenic 
free light chain is inde pen dently toxic, and rapid clear ance from 
cir cu la tion is of par a mount impor tance. Palladini et al11 showed 
the impor tance of early hema to logic response at 3 months as a 
pre dic tor of sur vival for all  patients with AL amy loid osis (Table 1). 
This was true even in the group of patients with very advanced 
car diac involve ment (stage IIIB dis ease, NTproBNP >8500 ng/L). 
Patients achiev ing CR/VGPR at the end of first month of ther apy 
expe ri enced a sur vival ben e fit even in this group oth er wise des
tined for poor out comes.13 Therefore, we and oth ers advo cate 
for a change in ther apy for those patients who do not achieve a 
VGPR after 3 cycles of treat ment. However, the opti mal end point 
of ther apy remains debat able, and novel defi  ni tions of deep 
hema to logic responses have been pro posed.10 Among patients 
treated in the ANDROMEDA trial, those who received daraVCD 
more fre quently achieved a CR and had involved free light 
chain (FLC) <20 mg/L or dFLC <10 mg/L. Patients who achieved 
deep responses by any of these cri te ria had supe rior out comes 
com pared with patients with less FLC sup pres sion. These and 
other defi  ni tions of opti mal sero logic response (sup pres sion 
of the involved FLC to <10 mg/L) have not been com pared, so 
which one will be asso ci ated with the best longterm out comes 
remains unknown.14 The clin i cal rel e vance of bone mar row min i
mal resid ual dis ease (MRD) assess ment and its asso ci a tion with 
organ responses is also of great inter est but has not been uni
formly stud ied in AL amy loid osis.15 Bone mar row–based MRD 
esti ma tion has the poten tial to enable deep response assess
ment even in patients with low paraprotein pro duc tion. Novel 
tech nol o gies such as mass spec trom e try can detect mono clo nal 
com po nents in serum and urine with pro found sen si tiv ity and 
may prove more clin i cally use ful than bone mar row–based MRD 
assays but await val i da tion in AL amy loid osis.16

Treatment inten si fi ca tion with highdose mel pha lan is an 
option in a sub set of patients. Highdose ther apy followed by 
autol o gous stem cell trans plan ta tion (ASCT) is the cor ner stone 
of ther apy in mul ti ple mye loma, and when applied to care fully 
selected patients, it has been a treat ment strat egy with dura ble 
responses in AL amy loid osis. With this one time treat ment, sev
eral groups have shown sur vival exceed ing 15 years in a third of 
patients.17 The obvi ous chal lenge is a high bur den of vital organ 
involve ment and treat mentrelated mor tal ity. More recently, with 
a deeper under stand ing of dis ease biol ogy, improve ments in 
sup port ive care, and refined patient selec tion cri te ria, the treat
mentrelated mor tal ity is now less than 3% (Table 2).18 Functional 
assess ment with global lon gi tu di nal strain by 2dimen sional 
speckle track ing echo car di og ra phy has emerged as a strong 
pre dic tor of sur vival and fur ther riskstratifies patients with AL 
amy loid osis under go ing highdose ther apy.20 When ASCT is 
used together as a consolidative strat egy after induc tion with 
a bortezomibcontaining reg i men, this approach is asso ci ated 
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Table 1. Response assess ment in AL amy loid osis

Hematologic 
response CR VGPR PR PD

Serum pro tein  
elec tro pho re sis/ 
immunofixation

Serum neg a tive for mono clo nal 
pro teins by immunofixation

≥50% reduc tion in cur rent 
serum mono clo nal pro tein 
lev els >0.5 g/dL

If progressing from CR, any 
detect able mono clo nal 
pro tein

If pro gres sive from PR or SD, 
≥50% increase in the serum 
M pro tein to >0.5 g/dL

Urine pro tein  
elec tro pho re sis/ 
immunofixation

Urine neg a tive for mono clo nal 
pro teins by immunofixation

≥50% reduc tion in cur rent 
urine M pro tein lev els 
>100 mg/d with a vis i ble 
peak

If pro gres sive from PR or SD, 
≥50% increase in urine M 
pro tein to >200 mg/d with 
vis i ble peak pres ent

Serum free light 
chains

Normal serum free light chain 
ratio or the unin volved serum 
free light chain con cen tra tion 
is greater than the involved 
serum free light chain con
cen tra tion with or with out an 
abnor mal free light chain ratio

Reduction in the dif fer ence 
between the involved and 
unin volved serum free light 
chain to <40 mg/L

≥50% reduc tion in cur rent 
free light chain lev els 
>10 mg/dL

Serum free light chain 
increase of ≥50% to 
>10 mg/dL (100 mg/L)

Organ response Response Stable dis ease PD

Cardiac Requires any of the fol low ing:
≥2mm decrease in mean intra

ven tric u lar sep tal wall thick
ness by echo car dio gram

≥20% increase in LVEF
≥2 grade decrease in New York 

Heart Association func tional 
class with out an increase in 
diuretic use and no increase 
in wall thick ness

Reduction (≥30% and 
≥300 ng/L) of NTproBNP in 
patients whom the eGFR is 
≥45 mL/min/1.73 m2

Does not meet the cri te ria for 
car diac response or pro
gres sive dis ease

Requires any of the fol low ing: 
≥2mm increase from  
base line in the intra ven tric
u lar wall thick ness by  
echo car dio gram

≥10% decrease in the LVEF
≥1 grade increase in New York 

Heart Association func
tional class

Renal ≥50% decrease of at least 
0.5 g/d (500 mg/24 h) in 24h 
urine pro tein of >0.5 g/d 
(500 mg/24 h) pre treat ment 
and Creatinine clear ance or 
serum cre at i nine must not 
have wors ened by ≥25% over 
base line

Does not meet the cri te ria for 
renal response or pro gres
sive dis ease

Requires any of the fol low ing: 
≥50% increase of at least 
1 g/d (1000 mg/24 h) for 
urine pro tein to >1 g/d 
(1000 mg/24 h)

25% wors en ing of serum 
cre at i nine or cre at i nine 
clear ance

Hepatic Requires all  of the fol low ing: 
≥2cm decrease in liver span 
if hepa to meg aly pres ent (liver 
>15 cm)

≥50% decrease and/or nor mal i
za tion of serum ALP level

Does not meet the cri te ria for 
hepatic response or pro
gres sive dis ease

Requires the fol low ing: ≥50% 
increase in the serum ALP 
level

Autonomic ner vous 
sys tem

Resolution of symp tom atic 
ortho static hypo ten sion

Does not meet the cri te ria 
for auto nomic neu rop a thy 
response or pro gres sive 
dis ease

Worsening of symp tom atic 
ortho static hypo ten sion

Peripheral ner vous 
sys tem

Requires any of the fol low ing:
Resolution of abnor mal phys i cal 

find ings
Resolution or improve ment of 

abnor mal EMG and/or NCV 
find ings

Does not meet the cri te ria 
for periph eral neu rop a thy 
response or pro gres sive 
dis ease

Requires any of the fol low ing: 
Worsening of phys i cal 
find ings

Worsening of EMG and/or 
NCV find ings

Palladini et al. (2012)11 and Gertz et al. (2005).12

ALP, alka line phos pha tase; eGFR, estimated glomerular filtration rate; EMG, elec tro my og ra phy; NCV, nerve con duc tion veloc ity; PD, progressive 
disease; PR, partial response; SD, stable disease.
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with deeper responses and improved pro gres sionfree and over
all sur vival.21,22 As daraVCD is incor po rated into ini tial ther apy 
and more patients achieve hema to logic CR, the role of high
dose ther apy and ASCT will nec es sar ily evolve.

Among patients who are inel i gi ble for ASCT, other plasma 
cell–directed ther a pies have shown ben e fit. Secondgen er a tion 
PIs, carfilzomib and ixazomib, have shown effi cacy in pre vi ously 
treated patients. Carfilzomib, an irre vers ible PI, was stud ied in a 
dosefind ing phase 1/2 study among patients with Mayo stage 
I/II dis ease and LVEF >40%, where over a third of patients were 
PI refrac tory. The max i mum tol er ated dose (MTD) was 36 mg/m2 
admin is tered on stan dard sched ule days 1, 2, 8, 9, 15, and 16. The 
ORR was impres sive at 63% (CR, 12%) but not with out a high inci
dence of grade 3 adverse events, includ ing a reduc tion in LVEF, 
an increase in NTproBNP, and acute kid ney injury.23 An ongo ing 
study from the United Kingdom is eval u at ing carfilzomib in com bi
na tion with tha lid o mide and dexa meth a sone. At the time of pub
li ca tion, 7 of the 10 recruited patients had com pleted 3 cycles of 
ther apy with an ORR of 70% (VGPR, 40%). No MTD was reached, 
and the recommended dose of carfilzomib was 45 mg/m2.24 Ixa
zomib, an oral PI with a man age able safety pro file, gen er ated 
much inter est when, in a phase 1/2 study, an ORR of 52% and 
an organ response of 56% were seen at the MTD of 4 mg with 
patients treated for up to 12 cycles of ther apy.25 These data led to 
a phase 3 ran dom ized study com par ing ixazomib and dexa meth
a sone with phy si cian’s choice in the relapsed set ting. Although 
the study failed to sig nifi  cantly improve the over all hema to logic 
response fre quency, which was the pri mary end point, the CR 
rate, dura tion of hema to logic response, vital organ pro gres sion
free sur vival, and time to next treat ment were supe rior in the 
ixazomib arm.26 Currently, sev eral ongo ing stud ies are eval u at ing 
ixazomib in the relapsed (with daratumumab and dexa meth a sone, 
NCT03283917), newly diag nosed (with cyclo phos pha mide and 
dexa meth a sone, NCT03236792 and NCT01864018), and main te
nance (NCT03618537) set tings.

Although immu no mod u la tory agents are the back bone of 
mye loma ther apy, they have not been read ily incor po rated into 
treat ment reg i mens for AL amy loid osis due to their adverse 
safety pro file in this pop u la tion. The dos ing of both lenalidomide 
and pomalidomide must be sig nifi  cantly atten u ated to allow 
tol er a bil ity (no higher than 15 mg for lenalidomide and 2 mg for 
pomalidomide in most patients). At these doses, ORRs of 50% 
to 70% have been achieved in dif fer ent series.2729 Unfortunately, 

renal dys func tion, car diac arrhyth mias, and increased car diac 
bio mark ers have tem pered the adop tion of immu no mod u la tory 
agents in this frag ile pop u la tion.

Recurrent cyto ge netic abnor mal i ties are pres ent within the 
clonal plasma cells in AL amy loid osis, with t(11;14) being the most 
com mon abnor mal ity. Compared with an inci dence of 15% to 
20% in mul ti ple mye loma, it is pres ent in about half of all  cases 
with amy loid osis.30 The pres ence of t(11;14) in AL amy loid osis is 
asso ci ated with infe rior eventfree sur vival and, pos si bly, over all 
sur vival when treated with bortezomib, yet favor able response 
rates and eventfree sur vival have been dem on strated when 
patients with t(11;14) are treated with highdose mel pha lan and 
stem cell trans plan ta tion.31 Venetoclax is an oral selec tive small
mol e cule BCL2 inhib i tor that has shown remark able effi cacy in 
patients with mul ti ple mye loma who har bor t(11;14).32 Based on 
the over rep re sen ta tion of this cyto ge netic sub set in amy loid osis, 
sev eral groups have explored the role of venetoclax in this dis
ease. Sidiqi et al33 reported on 12 patients with the relapsed dis
ease (14 prior lines of ther apy) who received venetoclax offlabel 
(11 with t(11;14)) and showed an impres sive ORR of 88%. Premku
mar et al34 reported the larg est series to date with 43 patients 
(31 with t(11;14)) from 14 cen ters across the United States and 
Europe. The ORR was 68% (63% ≥ VGPR) for the entire cohort 
and 81% (80% ≥ VGPR) for the t(11;14) cohort. Among evaluable 
patients, the car diac and renal response rates were 30% and 
40%, respec tively, and 10 of the 12 respond ers (88%) har bored 
t(11;14). Prospective stud ies eval u at ing venetoclax com bi na tions 
in AL amy loid osis are under way (NCT04847453).

Other plasma cell–directed antibodies targeting CD38 are 
in devel op ment. Isatuximab has been explored in the relapsed, 
refrac tory set ting in the Southwest Oncology Group S1702 study, 
which is fully accrued. Preliminary results presented at the Amer
i can Society of Hematology meet ing in Decem ber 2020 dem
on strated an ORR of 77% and a 1year esti mated PFS and OS of 
85% and 97%.35 Isatuximab is also being eval u ated in the newly 
diag nosed set ting among patients with advanced car diac dis ease 
(NCT04754945). AntiCD38 anti body drug con ju gate STI 6129, 
com pris ing a fully human antiCD38 anti body con ju gated to the 
micro tu bule inhib i tor duostatin, is also being stud ied in a phase 1b 
study in the relapsed set ting (NCT04316442).

To date, the treat ment for AL amy loid osis has been focused 
on the erad i ca tion of the abnor mal plasma cell clone. Despite 
achiev ing deep and dura ble hema to logic responses, the prog no sis 

Table 2. Refined trans plan ta tion eli gi bil ity cri te ria across trans plant cen ters

Bos ton University, USA16 Mayo Clinic, USA18 National Amyloidosis Center, UK19

Cardiac ejec tion frac tion ≥40% Age ≤70 years No symp tom atic gas tro in tes ti nal involve ment

Absence of symp tom atic pleu ral effu sions Creatinine clear ance ≥30 mL/min Estimated glo mer u lar fil tra tion rate ≥45 mL/min

Absence of uncom pen sated heart fail ure or 
arrhyth mias resis tant to med i cal man age ment

New York Health Association func tional 
class I or II

No symp tom atic car diac involve ment

Oxygen sat u ra tion ≥95% on room air ≤2 Organs sig nifi  cantly involved ≤2 Organs sig nifi  cantly involved

Lung dif fu sion capac ity ≥50% predicted Troponin T ≤ 0.06 ng/mL High sensitivity tro po nin T ≤ 0.06 ng/mL

Supine sys tolic blood pres sure ≥90 mm Hg Systolic blood pres sure ≥90 mm Hg No auto nomic neu rop a thy

Southwest Oncology Group per for mance sta tus 
score ≤2 unless lim ited by periph eral neu rop
a thy

Eastern Cooperative Oncology Group 
per for mance score ≤2

Eastern Cooperative Oncology Group per for mance  
score ≤1
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of AL amy loid osis is driven by the degree of organ dys func tion. It 
is sober ing to admit that our under stand ing of the organspe cific 
biol ogy, the poten tial for recov ery, and the avail  able response 
cri te ria are lim ited. Patients con tinue to expe ri ence mor bid ity 
sec ond ary to organ impair ment, and slow, sub op ti mal organ 
responses impede qual ity and quan tity of life. Kaufman et al36 
showed a median time to organ response of 10.4 months, which 
did not dif fer between trans plant and nontransplant strat e gies. 
In the safety cohort of the ANDROMEDA study, time to car
diac, renal, and hepatic response was approx i ma tely 4 months, 
2 months, and 1 year, respec tively.10 Safe and effi ca cious ther a pies 
to tar get and remove the path o logic res i dent amy loid depos its 
are lacking but are crit i cal to reduc ing mor bid ity and mor tal
ity in AL patients. The first of this class of drugs was birtamimab 
(NEOD001), a human ized form of murine mono clo nal anti body 
2A4, which binds to an epi tope unique to the misfolded light 
chain pro tein, not avail  able in light chain’s native con for ma tion 
or in fully formed immu no glob u lin.37 Despite prom is ing results in 
a phase 1/2 clin i cal trial, in 2018, the devel op ment of this agent 
was discontinued after the phase 2b PRONTO study in pre vi ously 
treated patients failed to meet its pri mary (car diac response) or 
sec ond ary end points (change in phys i cal com po nent sum mary, 
6min ute walk test, and NTproBNP rate of change). At that time, 
the ongo ing phase 3 VITAL study in the newly diag nosed pop u
la tion was also discontinued for futil ity.

Serum amy loid P (SAP) is a nonfibrillary pro tein that is pres ent 
in all  types of amy loid depos its, is agnos tic to under ly ing offend
ing pro tein type, and serves as a chap er one, sta bi liz ing and 
protecting the fibrillary pro tein. The small mol e cule miridesap 
crosslinks SAP mol e cules in plasma, which trig gers their clear

ance by the liver. When com bined with an antiSAP anti body, 
dezamizumab, which tar gets resid ual SAP in tis sues, amy loid was 
resorbed from vis ceral organs. After this strat egy was found to 
be prom is ing in pre clin i cal mod els, the com bi na tion was found 
to be safe and resulted in organ responses as mea sured by liver 
stiff ness, extra cel lu lar liver vol ume, and SAP scans in a phase 1 
doseesca la tion study.38 However, a phase 2 trial in patients with 
car diac dis ease was ter mi nated early based on tox ic ity, although 
the exact nature of the adverse events has not been reported.

Cael101 (111F4) is an amy loid fibrilreac tive mono clo nal anti
body designed to tar get amy loid depos its by directly bind ing to 
a con for ma tional epi tope pres ent on human light chain amy loid 
fibrils. When admin is tered to mice bear ing sub cu ta ne ous human 
AL amyloidomas, the anti body bound to the path o logic mate rial 
and ini ti ated an inflam ma tory response that led to the elim i na
tion of the induced tumors.37 Results from a phase 1a/1b study 
in relapsed AL amy loid osis dem on strated no doselim it ing tox
ic ity up to a max i mum dose of 500 mg/m2, and 67% had organ 
responses. Responses were fast (median time to response was  
2 weeks) and some times inde pen dent of hema to logic response.39 
More recently, Cael101 at 1000 mg/m2 was recommended in 
com bi na tion with VCD based on phar ma co ki net ics and a favor
able tox ic ity pro file in a doseesca la tion study, which showed 
prom is ing organ responses. There are now 2 ongo ing ran dom
ized phase 3 stud ies of bortezomibbased ini tial ther apy with or 
with out Cael101 in patients with advanced car diac involve ment 
(NCT04512235, NCT04504825), includ ing stage IIIB, a pop u la
tion uni ver sally excluded from clin i cal tri als. Additional stud ies of 
Cael101 in dif fer ent com bi na tions and in dis tinct patient pop u la
tions are also planned.

Table 3. Ongoing stud ies of novel ther a pies in AL amy loid osis

Drug Mechanism of action Trial iden ti fier Phase Population
Enrollment 
tar get

Cael101 Fibrildirected ther apy
Anti–light chain anti body

NCT04304144 2 (part A with VCD; part B 
with DVCD)

NDAL 25

Cael101 Fibrildirected ther apy
Anti–light chain anti body

NCT04512235 3 (ran dom ized, dou ble blind) NDAL (IIIA) 267

Cael101 Fibrildirected ther apy
Anti–light chain anti body

NCT04504825 3 (ran dom ized, dou ble blind) NDAL (IIIB) 111

Doxycycline Fibrildirected ther apy
Fibril sta bi lizer

NCT03474458 2/3 NDAL 120

Isatuximab Plasma cell–directed ther apy
AntiCD38 mono clo nal anti body

NCT04754945 1 NDAL (high risk = Mayo 2012 
stage IV, Mayo 2004 IIIB 
BUMC 2019 3B)

25

Isatuximab Plasma cell–directed ther apy NCT03499808 2 R/R 43

Venetoclax Plasma cell–directed ther apy
BCL2 inhib i tor

NCT02994784 1 R/R 24

Belantamab Plasma cell–directed ther apy
AntiBCMA anti body drug con ju gate

NCT04617925 2 R/R 35

Melflufen Plasma cell–directed ther apy
Alkylating agent

NCT04115956 1/2 R/R (after 1L) 46

STI6129 Plasma cell–directed ther apy
AntiCD38 anti body drug con ju gate

NCT04316442 1 R/R (≥2) 60

DVCD, daratumumab, bortezomib, cyclo phos pha mide, dexa meth a sone; NDAL, newly diag nosed AL amy loid osis; R/R, relapsed/refrac tory; 1L,  
first line.
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Doxycycline has antifibril prop er ties, includ ing inhi bi tion of 
amy loid depo si tion and reduc tion in the num ber of intact fibrils 
in pre clin i cal mod els. In a sin glearm phase 2 study that admin
is tered doxy cy cline along with induc tion che mo ther apy, safety 
and high trans plant uti li za tion (60% of patients) were shown by 
D’Souza et al.40 An ongo ing study is eval u at ing its role in a ran
dom ized study com pared with stan dard sup port ive care in bor
tezomibtreated patients (NCT03474458). Table 3 sum ma rizes 
the ongo ing stud ies of novel agents in AL amy loid osis.

CLINICAL CASE (Con tin ued)
Our patient, Mr. X, had a hema to logic VGPR and car diac bio
marker response after 3 cycles of daraVCD. He is func tion ally 
doing very well with New York Heart Association class I symp
toms and will com plete 6 cycles of daraVCD. Despite achiev
ing an excel lent response, the best man age ment of this patient 
after com plet ing ini tial ther apy remains elu sive. Unanswered 
ques tions include the role of main te nance ther apy in this set
ting, whether the patient would ben e fit from attempting to 
achieve a deeper response than VGPR with alter nate ther
apy (such as venetoclax), and, if so, with when and with what 
method should MRD be mea sured in this dis ease.

Future direc tions
Plasma cell dis or der ther a peu tics is a rap idly expanding field. 
Understanding how to opti mize the use of cur rently avail  able 
treat ments to max i mize ben e fit and improve out comes is essen
tial. Identifying new tar gets and novel ways of approaching 
known tar gets through immu no ther a peu tic strat e gies such as 
chi me ric anti gen recep tor Tcell ther a pies, Tcell engagers, and 
anti body drug con ju gates has rev o lu tion ized the out comes of 
refrac tory mye loma. Among the lat est ther a pies, Bcell mat u
ra tion anti gen (BCMA) targeting anti body drug con ju gates and 
chi me ric anti gen recep tor T cells are fur thest along, and 2 such 
drugs, belantamab mafodotin and idecabtagene vicleucel, have 
recently received FDA approval. BCMA has also been shown to 
be expressed on the sur face of clonal plasma cells in amy loid
osis. Belantamab mafodotin is being stud ied by the Euro pean 
Myeloma Network in a phase 2 study in relapsed amy loid osis 
(NCT04617925). Innovative ther a pies targeting GPRC5D, FCRH5, 
and XPO inhib i tors and repackaged alkylating agents have 
shown prom ise in refrac tory mul ti ple mye loma. Our group is 
eval u at ing the expres sion of these and other tar gets on clonal 
plasma cells in amy loid osis (unpub lished work). Several char ac
ter is tics of amy loid osis, such as small clonal dis ease bur den in 
bone mar row, a lower pro lif er a tive index, and a reduced inci
dence of highrisk muta tions, lend them selves favor ably to immu
no ther a peu tic strat e gies. Therefore, it is pos si ble that some if 
not all  of these ther a pies could be effec tive in AL amy loid osis. 
The eval u a tion of their safety and effi cacy in welldesigned clin i
cal tri als will be crit i cal.

With the avail abil ity of novel ther a pies and improv ing sur
vival, the role of highdose ther apy and ASCT will need to be 
refined. We envi sion that for patients achiev ing rapid and deep 
responses, ASCT could be deferred given the short and long
term toxicities asso ci ated with highdose mel pha lan.41 How
ever, it will con tinue to remain a very impor tant com ple men tary 

strat egy to deepen responses for fit patients with sub op ti mal 
response, includ ing those with per sis tent MRD.

Last, patients in whom organ func tion is com pro mised with
out expec ta tion for mean ing ful recov ery at the time of diag no sis 
or after ade quate con trol of the hema to logic dis ease could be 
can di dates for solid organ trans plan ta tion, prolonging sur vival 
and offer ing a muchneeded improve ment in qual ity life.42 Data 
supporting the ben e fit of car diac and renal trans plant are widely 
avail  able and should be offered to patients in the right clin i cal 
sce nario.
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