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Abstract
Introduction: The	gain/amplification	(amp)	of	1q21	is	one	of	the	most	common	high-	
risk	 chromosome	 abnormality	 (HRCA)	 in	 multiple	 myeloma	 (MM).	 The	 prognostic	
value of 1q21+ remains to be controversial on the status of gain or amp and the com-
bination	of	other	HRCAs.
Methods: In	this	retrospective	study,	we	included	318	newly	diagnosed	MM	(NDMM)	
patients	who	had	fluorescence	in	situ	hybridization	(FISH)	data	and	treated	with	novel	
agents in our department.
Results: Our	 study	noted	MM	patients	with	amp	1q21	were	more	 likely	 accompa-
nied with t(4;14), t(14;16), and t(14;20). Patients with amp 1q21 presented with elder 
age,	 advanced	 Revised	 International	 Staging	 System	 (R-	ISS)	 stages,	 anemia,	 and	
more plasma cells in bone marrow compared to patients with gain 1q21 alone and 
no 1q21+.	Moreover,	amp	1q21	alone	correlated	with	shorter	progression-	free	sur-
vival	 (PFS)	 (22.8m	vs.	40.5m	vs.	39.6m)	and	overall	 survival	 (OS)	 (45.2m	vs.	NA	vs.	
83.5m)	compared	with	gain	1q21	alone	and	no	FISH	abnormalities.	Although	the	high	
ratio of proteasome inhibitor and immunomodulatory drugs used in patients with amp 
1q21, the overall response (ORR) was the lowest compared with no 1q21+ and gain 
1q21.	Multivariate	analysis	defined	amp	1q21	as	an	independent	prognostic	marker	
for	NDMM	patients,	rather	than	gain	1q21.
Conclusion: The amp 1q21 predict inferior treatment response and survival, espe-
cially	coexisted	with	high-	risk	IgH	translocation.
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1  |  INTRODUCTION

Multiple	 myeloma	 (MM)	 is	 a	 highly	 heterogeneous	 disease.1 
Prognostic factors have been reported, including tumor burden 
(International	 Staging	 System	 (ISS)	 stage,	 lactate	 dehydrogenase	
(LDH), etc.),2 patient characteristics (age, Eastern Cooperative 
Oncology Group (ECOG) status, etc.)3 and biological characteris-
tics	of	 the	disease	 (genetics,	 extramedullary	plasmacytoma,	 etc.).4 
Above	all,	 cytogenetic	and	molecular	 indicators	 represent	biologic	
underpinnings	of	MM	and	have	been	reported	to	be	significantly	as-
sociated with treatment response and survival.4 The chromosomal 
1 abnormality, gain (3 copy numbers) 1q21, or amplification (at least 
4 copy numbers) 1q21 were demonstrated occurred in 30%– 50% 
of	patients	with	newly	diagnosed	MM	(NDMM)5 and brought about 
dispute	on	its	prognostic	value.	A	lot	of	studies	found	the	gain	1q21	
was an independent adverse prognosis marker for overall survival 
(OS),	even	in	the	era	of	proteasome	inhibitor	(PIs)	and	immunomod-
ulatory	drugs	(IMiDs).6– 8 In contrast, some researches demonstrated 
that gain 1q21 had adverse effect on survival but not an indepen-
dent parameter.9,10 The disparate conclusion maybe due to the sta-
tus	of	gain	1q21	or	amp	1q21,	high-	risk	 chromosome	abnormality	
(HRCA)	accompanied	and	diverse	clinical	trials	relied	on.

The amp 1q21 had profound adverse effect compared with gain 
1q21,7 while other researches have shown the similar characteristic 
and survival of patients with gain 1q21 and amp 1q21.11	According	to	
the	clone	heterogeneity	of	MM,	1q21+ were more likely accompanied 
with	 other	 HRCAs,	 including	 t(4;14),	 t(14;16),	 t(14;20),	 del(1p),	 and	
del(13q).11,12 Previous studies have demonstrated that only amp 1q21 
with	 additional	HRCAs	was	 negative	 predictor	 for	 newly	 diagnosed	
MM	(NDMM)	treated	with	thalidomide.13,14 Recent research also de-
fined amp 1q21 as a parameter of double hit in era of new drugs.15 The 
converse prognostic significance of gain 1q21 and the various combi-
nation	remains	ambiguity.	Moreover,	The	Revised	International	Staging	
System	(R-	ISS)	excluded	gain	1q21	of	HRCAs,2 while the consensus of 
the	 International	Myeloma	Working	Group	 (IMWG)16	 and	 the	Mayo	
Clinic	enlarged	the	HRCAs	with	gain	1q21,4,17 highlighting the need to 
elucidate the values of copy number, delineate the optimal combina-
tion for prognosis, and validate its adverse survival impact in real life.

In the present study, we retrospectively analyzed 318 patients 
with	FISH	results	who	had	been	hospitalized	at	our	department	 in	
the past 7 years. We tried to illustrate the impact of gain 1q21, amp 
1q21,	and	the	combination	of	other	HRCAs	in	NDMM	treated	with	
bortezomib-	based	regimen.

2  | MATERIALSANDMETHODS

2.1  |  Clinicaldataofpatients

A	 total	 of	 318	 consecutive	 patients	 with	 newly	 diagnosed	 MM	
(NDMM)	 at	 the	 Department	 of	 Hematology,	 Beijing	 Jishuitan	
Hospital	 from	 March	 2013	 to	 March	 2021	 were	 enrolled	 in	 this	

retrospective study. The clinical data in this study were obtained 
through	 our	 electronic	 medical	 record	 system.	 All	 of	 these	 study	
procedures were performed in accordance with the Declaration 
of Helsinki and approved by the ethics committee of our hospital 
(202005-	18).	Written	informed	consent	was	obtained	from	each	pa-
tient	prior	to	data	collection	and	analysis.	The	diagnosis,	ISS	stage,	
R-	ISS	stage,	and	treatment	and	response	evaluation	of	MM	patients	
were	 performed	 according	 to	 the	 International	Myeloma	Working	
Group	(IMWG)	consensus.1 The overall response (ORR) was included 
complete response (CR), very good partial response (VGPR), and 
partial response (PR). The other response included minor response 
(MR),	stable	disease	(SD),	and	progression	disease	(PD).	Patients	who	
get PR and above response might underwent the upfront autologous 
stem	cell	transplantation	(ASCT).	The	general	and	disease	informa-
tion of these patients is described in Table 1. We followed these 
patients from diagnosis until the end of this study, unless death or 
withdrawal	occurred.	The	median	follow-	up	was	27.8	m.

2.2  |  Interphasefluorescenceinsituhybridization
(iFISH) analysis and HRCA definition

iFISH	was	performed	according	to	standard	protocols	according	to	
the manufacturer's instructions using CD38 positive selected bone 
marrow samples.18	The	probes	used	in	this	study	included	GSP	P53/
CSP17(17p13),	GSP	D13S319(13q14),	GSP	RB1(13q14),	GSP	 1q21,	
GSP	 CCND1/IGH(11q22/14q32),	 GSP	 FGFR3/IGH	 (4p16/14q32),	
GSP	MAF/IGH	(14q32/16q23),	and	GSP	MAFB/IGH	(14q32/20q21)	
(LBP	Medicine	Science	and	Technology)	to	detect	del(17p),	del(13q),	
gain or amp 1q21, t(11;14), t(4;14), t(14;16), and t(14;20), respectively. 
Two hundred nuclei were analyzed for each probe with a 100× ob-
jective	 fluorescence	microscope	 (BX51,	 Olympus)	 with	 single	 and	
triple	 emission	 filters.	 iFISH	 results	 were	 described	 according	 to	
the	 standards	of	 the	 International	System	 for	Human	Cytogenetic	
Nomenclature	(ISCN)	2016.18 We considered patients who had three 
signals more than the threshold of 1q21 as having gain 1q21 and 
four or more signals as amp 1q21. The cutoff points were 8.0% for 
del(17p) and 5.0% for the remaining positive values (established by 
our laboratory based on the mean of 15 normal controls ±3 standard 
deviations).

The	 R-	ISS	 combined	 the	 ISS	 and	 HRCAs	 by	 FISH,	 including	
del(17p), t(4;14), t(14;16), and elevated LDH levels. In addition 
to	the	HRCAs	defined	by	the	R-	ISS,	gain	1q21	and	t(14;20)	were	
also	classified	as	HRCAs	by	 the	 latest	 IMWG	guidelines	 for	 risk	
stratification	 in	NDMM.16	Moreover,	 the	 copy	 number	 of	 1q21	
was used to define the gain 1q21 (3 copies) and amp 1q21 (>3 
copies).	As	some	reports	confirmed	that	del(17p)	frequently	cooc-
curred with TP53 mutations,19,20 we defined patients with both 
del(17p) and TP53	mutations	as	having	one	HRCA.	The	TP53 mu-
tation	was	detected	by	next-	generation	DNA	sequencing	(NGS).	
Translocation t(11;14) was not identified as a poor prognostic fac-
tor	by	IMWG.16
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2.3  |  Statisticalanalysis

The	primary	end	point	was	progression-	free	survival	(PFS),	defined	
as the period from initial diagnosis to disease progression or death 
prior to progression that was related to the disease. The period from 
the	initial	diagnosis	to	the	last	follow-	up	date	or	death	was	defined	
as	OS.	The	median	values	and	ranges	are	 reported	 for	continuous	
variables, and proportions are reported for categorical variables. 
Although	75	years	was	defined	as	the	cutoff	for	elderly	MM	by	the	
IMWG,21	patients	≥65	years	old	were	not	candidates	for	autologous	
hematopoietic	stem	transplantation	and	showed	poor	PFS	and	OS	
compared with patients younger than 65.22	Accordingly,	an	arbitrary	
age cutoff of 65 years was used to define the elderly patient popu-
lation.	 Shapiro–	Wilk	 tests	were	used	 to	 estimate	 the	normality	of	
the distribution of parameters. Variables with a normal distribution 
were	analyzed	with	a	 two-	sided	 t	 test.	Neither	 the	values	of	LDH	
nor	plasma	cells	 in	BM	were	normally	distributed.	The	comparison	
of	different	cytogenic	abnormality	(CA)	risk	groups	was	conducted	
by	Mann–	Whitney	U	nonparametric	tests.	Stepwise	Cox	regression	
was	performed	to	select	significant	covariates	for	PFS	and	OS	and	
estimate	hazard	ratios	(HRs)	and	95%	confidence	intervals	(CIs).	All	
procedures	were	performed	using	a	statistical	package	(SPSS	20.0,	
SPSS,	 Inc.),	 with	 a	 two-	sided	 P	 value	 less	 than	 0.05	 regarded	 as	
significant.

3  |  RESULTS

3.1  |  Baselinecharacteristicsofpatientswithgain
1q21 or amp 1q21

According	to	whether	accompanied	with	gain	or	amp	1q21,	the	clini-
cal feature of three groups is shown in Table 1. There was no differ-
ence	among	the	three	groups	in	regard	to	sex,	ISS	stage,	LDH,	renal	
function,	treatment	modality	in	first-	line	therapy,	and	upfront	ASCT.	
Compared to patients with no gain/amp 1q21, patients with gain/
amp 1q21 were older and had more advanced clinical stages based 
on	R-	ISS	(p =	0.003)	and	significantly	higher	level	of	BM	plasma	cells	
(p = 0.002). The results showed that gain/amp 1q21 was related to 
the advanced age and progressive disease. Notably, patients with amp 
1q21 were more likely accompanied with anemia (81.7%) and few had 
chance	to	receive	ASCT	post	first	remission	(4.2%).	The	advanced	age,	
couldnot achieve deeper response and suffered early progress dis-
ease	(PD)	of	this	group,	are	the	probably	limits	of	upfront	ASCT.

3.2  | Amp1q21morelikelycombinedwithHRCAs

As	shown	in	Table 1, amp 1q21 more likely combined with t (14;16), 
t (14;20), and t(4;14) compared with gain 1q21 and no 1q21+ while 
the t (11;14) and del 17p/TP53 mutation were comparable. The 
MAF/IGH	 and	 MAFB/IGH	 were	 only	 detected	 companied	 with	

amp 1q21 (p = 0.00). The details of accompanied parameters are 
depicted in Figure 1. In contrast with no 1q21+ group, we found 
patients	with	gain	and	amp	1q21	more	 tended	 to	have	other	CAs	
(26.94% vs. 42.86% vs. 39.44%, p = 0.043). The subgroup analysis of 
HRCA	showed	that	amp	1q21	more	likely	accompanied	with	HRCAs	
including t(4;14), del 17p/TP53 mutation, t(14;16), and t(14;20) com-
pared with gain 1q21 and no 1q21+ patients (32.41% vs. 28.57% 
vs. 18.26%, p =	0.025).	Patients	with	 two	or	 three	HRCAs	except	
1q21+ were more common in amp 1q21 groups than gain 1q21 and 
no 1q21+ (4.23% vs. 0 vs. 0.46%, p = 0.039).

3.3  | Amp1q21correlatedwithshortsurvivalin
NDMMpatients

The	median	PFS	of	patients	without	1q21+, gain 1q21 and amp 1q21 
were 38.2 months, 19.5 months, and 20.9 months (p = 0.004), while 
the	OS	of	 these	three	subgroups	were	71.3	months,	32.6	months,	
and 45.2 months (p = 0.008), respectively (Table 1). The further anal-
ysis	eliminated	patients	cooccurrence	with	other	CA	and	presented	
in Figure 2. Patients with amp 1q21 alone encountered significantly 
shorter	PFS	compared	with	gain	1q21	and	negative	group	(22.8m	vs.	
40.5m vs. 39.6m). There was a trend of poor prognostic of amp 1q21 
on	OS	(45.2m	vs.	NA	vs.	83.5m).	The	survival	analysis	revealed	amp	
1q21 alone significant affect survival, rather than gain 1q21 alone. 
The	shorter	survival	of	gain	1q21	group	may	related	to	the	coexist	of	
del 17p/ TP53 mutation.

Multivariate	 analysis	 showed	 only	 the	 ASCT	 (p = 0.003), amp 
1q21 (p = 0.002) and del 17p/TP53 mutation (p = 0.005) were iden-
tified	as	independent	adverse	prognostic	factors	for	PFS,	suggesting	
the amp 1q21 was more powerful in recognized early relapse in the 
era	of	PI	and	IMiDs.	For	OS,	the	remaining	prognostic	variates	after	
multivariate	Cox	regression	analysis	included	age	≥	65	(p = 0.023), 
elevated LDH (p =	0.001),	ASCT	(p = 0.023), amp 1q21 (p = 0.038) 
and del(17p)/TP53 mutation (p<0.001)).	Above	all,	amp	1q21	was	a	
negative	predictor	for	NDMM	patients	(Table 2).

3.4  | Amp1q21coexistedwithotherHRCAs
predicted inferior survival

The	 further	 explorations	 of	 amp	1q21	with	 or	without	 other	CAs	
were displayed in Figure 3. There was no difference between amp 
1q21, t(11;14) and amp 1q21 with t(11;14). The amp 1q21 combined 
with del 17p/TP53	mutation	 exhibited	 shorter	OS	 compared	with	
amp 1q21 alone (p =	0.007).	Meanwhile,	The	analysis	of	amp	1q21	
and	high-	risk	 (HR)	 IgH	 translocation	 including	 t(4;14),	 t(14;16),	 and	
t(14;20)	 showed	negative	effect	on	PFS	compared	with	amp	1q21	
(p =	0.0427)	and	HR	IgH	translocation	(0.0453)	alone.	The	OS	were	
comparable between amp 1q21 alone and combined with HR IgH 
translocation while both shorter than HR IgH translocation alone 
(p = 0.0386 and p = 0.0085, respectively).
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3.5  | Decreasedeffectivenessoftreatmentin
NDMMwithAmp1q21

In	 regard	 to	 treatment,	 the	 first-	line	 therapy	 was	mainly	 protea-
some	inhibitors.	For	economic	reasons,	sixteen	patients	accepted	a	
traditional	regimen	of	melphalan-	based.	More	patients	received	PI	
and	IMiD-	based	therapy	in	NDMM	with	amp	1q21	compared	with	
no	 1q21	 and	 gain	 1q21	 (18.3%	 vs.	 10.7%	 vs.	 4.1%).	 As	 shown	 in	
Figure 4, patients with amp 1q21 received lower ORR (75.8% vs. 
80.9% vs. 100%), although the differences in changes were not al-
ways statistically significant. Only three patients with amp 1q21 re-
ceived	upfront	ASCT,	according	to	the	elder	age	and	poor	response	
to therapy.

4  | DISCUSSION

This	 cross-	sectional	 study	 was	 conducted	 to	 explore	 the	 predic-
tive values of gain 1q21, amp 1q21, and the combination of 1q21+ 
with	other	CAs	of	NDMM	patients	in	a	real-	world	sample	in	China.	
Sixty-	four	NDMM	patients	also	received	NGS	detection	in	this	co-
hort. Our findings suggested that only amp 1q21 was an independ-
ent	prognostic	marker	for	NDMM	patients.	The	long-	term	follow-	up	
indicated	 combination	 of	 amp	 1q21	with	 other	 HRCAs	 conferred	
worst	prognosis	on	survival,	while	other	single	HRCAs	none	but	del	
17p/TP53 mutation appeared adverse effect on outcomes.

The	 gain/amp	 1q21	 was	 detected	 in	 31.1%	 (99/318)	 NDMM	
patients in our cohort, in accordance with previous study.5,23 

NoGain/Amp
1q21 (N = 219)

Gain 1q21
(N = 28)

Amp 1q21 
(N = 71) p value

Age	(years) 60 (27– 85) 63 (46– 88) 64 (37– 79) 0.005

Gender (male/female) 122/97 11/17 35/36 0.209

ISS	stage

Stage	I 83 (37.9%) 8 (28.6%) 19 (26.8%) 0.260

Stage	II 57 (26%) 8 (28.6%) 25 (35.2%)

Stage	III 79 (36.1%) 12 (42.8%) 27 (38%)

RISS	stage

Stage	I 66 (30.1%) 7 (25%) 12 (16.9%) 0.003

Stage	II 123 (56.2%) 16 (57.1%) 45 (63.4%)

Stage	III 30 (13.7%) 5 (17.9%) 14 (19.7%)

LDH (IU/L) 172(78– 797) 175 (77– 346) 179 (83– 2048) 0.425

Anemia 134 (61.2%) 18 (64.3%) 58 (81.7%) 0.037

Renal insufficiency 32 (14.6%) 2 (7.1%) 5 (7%) 0.368

Plasma	cells	in	BM	(%) 22 (0– 98) 39 (4– 80) 35 (3– 90) 0.002

First	line	treatment

PI	and	IM 9 (4.1%) 3 (10.7%) 13 (18.3%) 0.962

PI-	based 167 (76.3%) 21 (75%) 51 (71.8%)

IM-	based 26 (11.9%) 2 (7.2%) 4 (5.6%)

Traditional 
chemotherapy

14 (6.4%) 1 (3.6%) 2 (2.8%)

Upfront	ASCT 45 (20.5%) 7 (25%) 3 (4.2%) 0.057

PFS	(months) 38.2 (29.8– 46.7) 19.5 (15.7– 23.2) 20.9 (14.1– 27.6) 0.004

OS	(months) 71.3 (52.3– 90.4) 32.6 (26.8– 38.4) 45.2 (30.2– 60.2) 0.008

FISH	(percentage)

CCND1/IGH 24 (10.9%) 5 (17.8%) 8 (11.3%) 0.561

Del 17p/
P53 mutation

32 (14.6%) 8 (28.6%) 11 (15.5%) 0.165

MAF/IGH,	MAFB/
IGH

0 0 4 (5.6%) 0.0001

FGFR3/IGH 8 (3.7%) 0 11 (15.5%) <0.0001

Abbreviations:	ASCT,	autologous	peripheral	stem	cell	transplantation;	BD-	PACE,	bortezomib,	
dexamethasone,	platinum,	adriamycin,	cyclophosphamide,	etoposide;	BM,	bone	marrow;	IM,	
immune-	modulator;	ISS,	international	staging	system;	LDH,	lactate	dehydrogenase;	MM,	multiple	
myeloma;	OS,	overall	survival;	PFS,	progression	free	survival;	PI,	proteasome	inhibitor;	RISS,	
revised international staging system.
Bold	indicates	P values less than 0.05.

TA B L E  1 Demographic	and	MM	clinical	
characteristics of patients
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Additionally,	 the	 amp	 1q21	 was	 more	 common	 with	 unfavorable	
IgH translocation. It worth noting that t(14;16) and t(14;20) were 
only	existed	in	patients	with	amp	1q21.	Meanwhile,	gain	1q21	was	
more likely combined with del 17p. This clinical finding supported 
Arkansas's	conclusion	which	1q21+ had impact on secondary chro-
mosomal abnormalities of del 17p.24	Recent	cohort	study	from	Mayo	
Clinic including 1376 patients reported 28% with 1q21+ and asso-
ciated with t(4;14), t(14;16), and t(14;20), none of del 17p.6 Report 
from China identified a significant relationship of gain 1q21 with 
del	13,	t(4;14),	and	complex	karyotype.25 Our data were in line with 
Mayo	which	only	displayed	in	amp	1q21.	The	relationship	between	
amp	1q21	and	other	HRCAs	revealed	the	complicated	genetic	alter-
ation	and	discriminated	clearly	unfavorable	prognosis.	Meanwhile,	
we showed that amp 1q21 was no surprisingly associated with ag-
gressive	disease,	including	elder	age,	advanced	RISS	stage,	anemia,	
and	high	ratio	of	plasma	in	BM.	The	other	meta-	analysis	of	2596	trial	
patients also came to the same result.26

The	adverse	prognostic	of	gain/amp	1q21	for	NDMM	was	first	
reported	in	the	Total	Therapy	2	(TT2)	trail	 (tandem	ASCT	+/−	tha-
lidomide), whether adding thalidomide or not.27 We found the amp 
1q21	alone	correlated	with	 shorter	PFS	compared	with	gain	1q21	
and	 no	 HRCAs,	 while	 be	 an	 independent	 biomarker	 in	 multivari-
ate analysis. The gain 1q21 failed to be a predictor of survival. The 
prognostic value remains controversial of gain 1q21 and amp 1q21. 
Recent studies reported the poor prognosis of gain/amp 1q21 on 
survival.5,6 Patients with gain 1q21 and amp 1q21 showed similar 

survivals	 as	 reported	 in	 the	 real-	world	 study	 from	China.11,25 The 
other	study	with	201	NDMM	patients	received	VRD	induction,	sug-
gested the shorter survival of amp 1q21 compared with gain 1q21.7 
A	well-	known	double-	hit	model	 defined	 by	Walker	 et	 al	 including	
amp	 1q21	 on	 the	 background	 of	 ISS-	Ⅲand	 bi-	allelic	 TP53	 inacti-
vated	mutation	which	predicted	poor	PFS	(15.4	months)	and	OS	(20.	
6 months).15	The	gain	1q21	was	excluded	in	this	definition	as	they	
found no difference survival with 1q21+ negative.15	The	paradox	re-
sults of 1q21 status might due to the different cohort and treatment 
regimens.	Another	possible	explanation	might	be	the	copy	numbers	
of	oncogene	on	1q21,	including	CKS1B,	ILF2,	MCL1,	and	IL-	6R.28,29 
Meanwhile,	the	combination	of	amp	1q21	and	HR	IgH	translocation	
might enhance the risk predictable than amp 1q21 alone.

The	 analysis	 of	 amp	 1q21	 combined	 with	 other	 CAs	 showed	
t(11;14) not improved the shorter survival of amp 1q21, while del 
17p/TP53 and HR IgH translocation means inferior survival of amp 
1q21.	The	Mayo	Clinic	involved	gain	1q21	in	double-	hit	model	of	two	
HRCAs	with	a	 shorter	OS	compared	with	 that	of	one	HRCAs	and	
no	HRCAs	NDMM	(median	2.7	years	vs.	4.9	years	vs.	8.3	years).30 
Rare report concerned independent 1q21+ combined with other 
HRCAs	before	as	Mayo	accounted	del	17p	and	other	HRCAs	despite	
1q21+.30	The	other	study	from	An	et	al	confessed	gain	1q21	and/
or	del	17p	as	a	high-	risk	cytogenetic	profile	while	not	t(4;14)	as	PIs	
overcome its adverse effects.25 The prognostic values of gain/amp 
1q21 with various parameters need more clinical data and validated 
practice.

F IGURE 1 Coexisted	of	HRCAs	in	no	1q21+	(A),	gain	1q21	(B)	and	amp	1q21	(C)

F IGURE 2 Kaplan–	Meier	analysis	of	no	FISH	abnormal,	only	gain	1q21	and	only	amp	1q21	for	PFS	(A)	and	OS	(B)
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Although	the	high	 ratio	of	PIs	plus	 IMiD-	based	 induction	 ther-
apy	used	in	patients	with	Amp	1q21,	the	ORR	was	lowest	compare	
with no 1q21+	and	gain	1q21.	Some	prior	studies	demonstrated	that	
PIs	 or	 IMiDs31	 and	 even	ASCT32 could not overcome the adverse 
effect of 1q21+. There were no effect of gain 1q21 on the treat-
ment response according to our research. Per the detail of patients 
with amp 1q21, we found these patients suffered drug resistance 
and	early	progression	which	resulted	less	opportunity	for	ASCT.	The	
elder	age	and	combined	HRCA	might	also	be	the	causes	of	poor	re-
sponse in amp 1q21. Our data came from the era before bortezomib 
(Velcade, V)+ lenalidomide (Revlimid, R)+	dexamethasone	(VRD)	in-
duction	which	demonstrated	the	PI-	based	regimen	had	limitation	to	
conquer the amp 1q21. The new drugs brought ahead in induction 
treatment	might	 improve	the	remission	and	rate	of	ASCT.	A	study	
of	 another	 new	 anti-	CD38	monoclonal	 antibody	 isatuximab	 com-
bined with carfilzomib (Kyprolis, K) +	RD	(KRD)	for	high-	risk	NDMM	
(GMMG-	CONCEPT	 study)	 enrolled	 50	 patients	 and	 reported	 a	

F IGURE 3 Subgroup	survival	analysis.	Comparison	of	amp	1q21	with	or	without	cylclinD1	for	PFS	(A)	and	OS	(B),	del	17p/TP53	mutation	
for	PFS	(C)	and	OS	(D),	high-	risk	(HR)	IgH	translocation	for	PFS	(E)	and	OS	(F).	The	p values >0.05 were not displayed in figures

F IGURE 4 Treatment	response	of	patients	with	no	1q21+, gain 
1q21 and amp 1q21
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100% ORR and deep response.33 The effectiveness of other new 
drugs,	including	belantamab	mafodotin,	iberdomide,	venetoclax,	and	
molecular-	targeted	 drugs,34 in patients with amp 1q21 to be vali-
dated in further clinical trials.

The	 limitation	 of	 our	 study	 was	 a	 single-	center	 retrospective	
analysis.	The	small	numbers	of	ASCT	patients	and	some	subgroup	
analysis (amp 1q21+cyclinD1, n = 5). The regimens of patients were 
almost PI based as none compared of treatment.

In conclusion, amp 1q21 was characterized with advanced 
disease and more likely combined with HR IgH translocation. 
We confirmed the amp 1q21 as an independent adverse predic-
tor	 for	NDMM	patients	 and	 inferior	 survival	 combined	with	 del	
17p/TP53 mutation and HR IgH translocation in the era of novel 
agents.
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