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Abstract: The identification of specific cytogenetic abnormalities by

interphase fluorescence in situ hybridization (i-FISH) has become a

routine procedure for prognostic stratification of multiple myeloma

(MM) patients. In this study, the prognostic significance of cytogenetic

abnormalities detected by interphase fluorescence in situ hybridization

(iFISH) in 229 newly diagnosed multiple myeloma patients was retro-

spectively analyzed. Results showed that del (17p), t(4;14), and 1q21

gain were adverse predictors of progression-free survival (PFS).

Patients who carried these cytogenetic abnormalities were more likely

to have more adverse biological parameters and lower response rate.

Multivariate analysis showed that del (17p), t(4;14), and 1q21 gain were

statistically independent predictors of PFS, whereas del (17p) was also

adverse predictor of overall survival. Multiple coexisting cytogenetic

abnormalities also had a negative correlation with PFS. Bortezomib-

based therapy could improve the rate and depth of response in patients

with t(4;14) translocation and 1q21 gain. Autologous stem cell trans-

plantation could improve, but not overcome the adverse prognostic

effect of high-risk cytogenetic abnormalities. These results demonstrate

that MM patients with iFISH abnormalities, especially del (17p), are

more likely to have a poor prognosis.

(Medicine 95(19):e3521)

Abbreviations: ASCT = autologous stem cell transplantation, CI =

confidence interval, CR = complete response, del (17p) = deletion

of 17p, DS = Durie-Salmon staging, FISH = fluorescence in situ

hybridization, HR = hazard ratio, iFISH = interphase fluorescence

in situ hybridization, ISS = International Staging System, MM =
anqiu Zhu, MM, Nia anying Geng, MD,
en, MD, PhD

translocation of chromosome 14 and 16, t(4;14) = translocation of

chromosome 4 and 14, VGPR = very good partial response.

INTRODUCTION

M ultiple myeloma (MM) is a heterogeneous plasma cell
disorder characterized by genetic abnormalities, includ-

ing chromosomal translocations, deletions, duplications, and
genetic mutations, resulting in a huge heterogeneity in the
response rate and survival outcomes.1,2 Karyotypes of malig-
nant plasma cells are typically complex, containing numerous
numerical and structural abnormalities. Thus, the identifi-
cation of specific cytogenetic abnormalities by interphase
fluorescence in situ hybridization (iFISH) has become a routine
procedure for MM prognostic stratification. Hallmark abnorm-
alities include hyperdiploidy, deletion of 17p, gain of 1q21, and
translocations involving the immunoglobulin loci. Of these,
the aberrations of t(4;14), t(14;16), and 17p deletion [del(17p)]
are usually considered to be associated with adverse
outcome, whereas the translocation of t(11;14) is associated
with relatively better outcome.2–5 However, the specific
prognostic values of most cytogenetic abnormalities are still
controversial.

Nowadays, the treatment strategies have been changed in
the era of novel agents. Autologous stem cell transplantation
(ASCT) and novel drugs such as proteasome inhibitors (borte-
zomib) and immunomodulatory drugs (thalidomide and lena-
lidomide) have become routine therapies in MM. Thus, the
prognostic value of iFISH abnormalities in patients receiving
different therapies has changed. Previous studies have shown
that bortezomib-containing induction regimens improve the
outcome of newly diagnosed patients with t(4;14).6–8 Therefore
the roles of iFISH abnormalities in the prognosis of MM need to
be reevaluated. In this study, the prognostic significance of
cytogenetic abnormalities detected by iFISH in 229 newly
yeloma patients were retrospectively

analyzed, to provide a comprehensive evaluation of cytogenetic
abnormalities.

PATIENTS AND METHODS

Patients
A total of 229 newly diagnosed patients with available

iFISH results and available treatment information from Beij-
ing Chaoyang Hospital, Capital Medical University (Beijing,
China) between August 2010 and November 2014 were
included in this study. The diagnostic criteria for symptomatic
s study was defined by International
oup.9 The International Staging System

on (DS)11 staging system were used to
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assess patients. A total of 171 of 229 patients received a
median of 4 cycles (2–7 cycles, 21 days/cycle) of bortezomib-
based regimens, including the basic regimen of bortezomib
and dexamethasone (BD), or in combination with doxorubicin
(PAD), cyclophosphamide (PCD), thalidomide (PTD), or
lenalidomide (PLD). The other 58 patients received a median
of 4 cycles (2–8 cycles, 28 days/ cycle) of non-bortezomib-
based therapy, involving either thalidomide, doxorubicin, and
dexamethasone (TAD), or melphalan, prednisone, and thali-
domide (MPT). The responses were evaluated using the
International Myeloma Working Group criteria after 4 cycles
of induction therapy.12 Following the induction therapy, a total
of 54 patients received autologous stem cell transplantation
(ASCT) and maintenance therapy. The median follow-up time
was 24.0 months (range 3.0–73.0 months). The clinical and
laboratory features of all 229 patients are summarized in
Table 1.

This study was approved by the ethics committee of
Beijing Chaoyang Hospital and written informed consent was
obtained from all patients.

iFISH Analysis
A 5-mL sample of bone marrow was obtained with

informed consent from the patients with MM at the time of
diagnosis. Mononuclear cells were enriched by the Ficoll-

Jian et al
gradient centrifugation method (Ficoll-Paque PLUS; GE
Healthcare Bio-Sciences AB, Uppsala, Sweden). Then plasma
cells were purified using anti-CD138-coated magnetic beads

TABLE 1. Baseline Patient Characteristics

Total Patients (n¼ 229)

Sex
Male 123/229 (53.7)
Age, y 60 (35–86)

DS stage
I 6/212 (2.8)
II 25/212 (11.8)
III 181/212 (85.4)

ISS stage
I 32/228 (14.0)
II 105/228 (46.1)
III 91/228 (39.9)

M component
IgG 111/229 (48.5)
IgA 45/229 (19.7)
IgD 15/229 (6.6)
k 22/229 (9.6)
l 29/229 (12.7)
Nonsecretory 7/229 (3.1)
Hemoglobin, g/L 97.0 (44.0–156.0)
Calcium,

�
mmol/L 2.16 (1.17–3.63)

Lactate dehydrogenase, U/L 148 (68–702)
Serum creatinine, mmol/L 83.0 (31.3–1290.0)

Albumin, g/L 31.6 (12.5–46.8)
b2-microglobulin, mg/L 3.70 (0.94–48.40)
CRP, mg/L 0.44 (0.00–10.10)

Data are presented as n (%) or median (range). DS¼Durie-Salmon,
CRP¼C-reactive protein.�

Calcium values are not corrected for albumin level.
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(Miltenyi technology, Bergisch Gladbach, Germany), enabling
a plasma cell purity>90%.4 These purified plasma cells were
then analyzed using DNA probes (Vysis/ Abbott Molecular, Des
Plaines, IL) to detect the following cytogenetic aberrations:
del(17p), t(11;14), t(4;14), and t(14;16), as previously
reported.13 Gains of 1q21 were detected by LSI 1q21 FISH
Probe Kit (China Meditech, Beijing, China). A total of 200
interphase nuclei were analyzed. The cutoff value for each
iFISH probe was set as >5%.

Statistical Analysis
Descriptive statistics such as mean, standard deviation,

median, and range were used for continuous variables, and
frequency counts and percentages were used for categorical
variables. Independent sample t test was employed to evaluate
the associations between genetic abnormalities and biological
parameters. x2 test or 2-sided Fisher exact test was performed to
make comparison of categorical variables among groups. Pro-
gression-free survival (PFS) and overall survival (OS) were
evaluated according to the international uniform response
criteria.14 PFS was defined as the duration from the initiation
of therapy to the date of death, disease progression, or the last
follow-up. OS was defined as the duration from the initiation of
therapy to the date of death or last follow-up. Kaplan-Meier
method was employed to plot the survival curves, with log-rank
test to assess the differences. Cox proportional hazard model for
covariate analysis was used to determine the prognostic factors
for PFS. All statistical analyses were performed using SPSS
version 17.0 (SPSS, Inc, Chicago, IL). The results were con-
sidered significant if the P value was <0.05.

RESULTS

Frequencies and Patterns of Cytogenetic
Alterations

Among the 229 patients, all of them were analyzed for del
(17p), t(14;16), and t(4;14), and 187 patients were analyzed for
t(11;14) and gain of 1q21 additionally. A total of 127 patients of
the whole 229 patients (55.5%) exhibited abnormal iFISH
results. Whereas when analysis was limited to only those
187 patients who had all the 5 FISH probes tested, abnormalities
were found in 64.2% (120/187). These abnormalities were
present in del (17p) in 12.7% (29/229), t(14;16) in 1.3% (3/
229), t(4;14) in 13.1% (30/229), t(11;14) in 20.3% (38/187), and
gain of 1q21 in 43.3% (81/187), respectively. Additionally, 90
of the 229 patients also had results for routine cytogenetic
analysis: 10.0% (9/90) were hyperdiploid, 15.6% (14/90) were
hypodiploid, 5.6% (5/90) were pseudodiploid, and 68.9% (62/
90) were normal karyotype. The relationship between incidence
of iFISH abnormalities and patient age was then analyzed.
Patients were classified in 3 groups: those younger than 56
years (n¼ 78), 56 to 65 years (n¼ 75), and older than 65 years
(n¼ 76). Incidences of the 5 iFISH abnormalities are summar-
ized in Supplementary Table S2, http://links.lww.com/MD/
A932. In the 3 groups, statistically significant differences for
incidence of total abnormalities and t(11;14) were observed,
with lower incidence in older patients. In contrast, incidences of
other iFISH abnormalities were not significantly different
between the 3 age categories.

The numbers of co-existing iFISH abnormalities were

Medicine � Volume 95, Number 19, May 2016
analyzed in the 187 patients who had all 5 FISH probes tested
(Table 2). Of these, del (17p) was the most frequently co-
existing cytogenetic abnormality, with a probability of 84.0%.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Frequencies of Different Numbers of Co-Existing
iFISH Abnormalities

Combination

Total, n Alone Two Three

del (17p) 25 4 (16.0) 14 (56.0) 7 (28.0)
t (14;16) 3 2 (66.7) 0 (0) 1 (33.3)
t (4;14) 27 10 (37.0) 13 (48.1) 4 (14.8)
t (11;14) 38 19 (50.0) 17 (44.7) 2 (5.3)
Gain of 1q21 81 38 (46.9) 36 (44.4) 7 (8.6)
Total 120 73 (60.8) 40 (33.3) 7 (5.8)

The numbers of co-existing iFISH abnormalities were analyzed in the
187 patients who had all the 5 FISH probes tested. Four or 5 co-existing
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Possible correlations between these abnormalities were then
analyzed. Results showed a significant correlation between
1q21 gain and del (17p) (frequency of 1q21 gain: 68.0% in
patients with del [17p] vs 39.5% in patients lacking del [17p],
P< 0.01), as well as a significant negative correlation between
t(11;14) and t(4;14) (frequency of t(11;14): 0.0% in patients
with t(4;14) vs 23.8% in patients lacking t(4;14), P< 0.01).
Data for t(14;16) were excluded from further analysis because
of very small sample size.

iFISH Abnormalities and Clinical Characteristics
The correlation between iFISH abnormalities and clinical

characteristics was investigated in 229 patients. Those who
carried translocation of t(4;14) had lower albumin level (median
28.7 vs 32.4 g/L; P< 0.01) and higher b2-microglobulin level

iFISH abnormalities were not found in this study. iFISH¼ interphase
fluorescence in situ hybridization.
(median 3.74 vs 3.62 mg/L; P< 0.001) than non-t(4;14)
patients, which tended to a higher disease stage and a worse
prognosis. Patients carrying gain of 1q21 had significantly

TABLE 3. Response Rate of MM Patients With Different iFISH Abn
Therapies

Bortezomib, n (%)

CR VGPR PR SD

del (17p)
Alone 3/4 (75.0) 0/4 (0.0) 0/4 (0.0) 1/
Combined 5/15 (33.3) 7/15 (46.7) 2/15 (13.3) 1/1

t (4;14)
Alone 3/9 (33.3) 4/9 (44.4) 2/9 (22.2) 0/
Combined 4/16 (25.0) 9/16 (56.3) 3/16 (18.8) 0/1

t (11;14)
Alone 1/14 (7.1) 5/14 (35.7) 5/14 (35.7) 3/1
Combined 3/13 (23.1) 4/13 (30.8) 5/13 (38.5) 1/1

Gain of 1q21
Alone 9/22 (40.9) 6/22 (27.3) 4/22 (18.2) 3/2
Combined 7/33 (21.2) 18/33 (54.5) 8/33 (24.2) 0/2
iFISH-negative 34/66 (51.5) 10/66 (15.2) 19/66 (28.8) 3/6

CR¼ complete response, iFISH¼ interphase fluorescence in situ hybridiz
response, SD¼ stable disease, VGPR¼ very good partial response.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
lower hemoglobin levels (median 89.0 vs 100.0 g/L;
P< 0.01) than those without, which also related to adverse
biologic characteristics.

iFISH Abnormalities and Response Rate
A total of 199 patients had available response assessment

results after 4 cycles of induction therapy. Among the remaining
patients, 14 patients (46.7%) did not receive full induction
treatment because of toxicity (3/30, 10.0%), death (2/30,
6.7%), or because they were lost to follow-up before the end
of induction therapy (9/30, 30.0%), whereas the others (53.3%)
received the full treatment, but did not have formal response
assessment at this time point. The overall response rate (ORR)
was 89.4% (178/199), including 37.7% complete response
(CR), 24.1% very good partial response (VGPR), and 27.6%
partial response (PR). Bortezomib-based regimens improved
the depth of response in almost all iFISH subgroups (Table 3).
The majority did not show statistical significance because of the
small sample sizes. Nevertheless, bortezomib treatment resulted
in significant response improvements in the del (17p) combi-
nation subgroup (at least VGPR: 80.0% vs 20.0%, P¼ 0.03), as
well as the gain of 1q21 combination subgroup (at least VGPR:
75.8% vs 25.0%, P¼ 0.01). These data indicated that bortezo-
mib could improve response rate in patients carrying iFISH
abnormalities, thus could partially overcome the adverse effect
caused by iFISH abnormalities, especially for patients carrying
multiple iFISH abnormalities.

iFISH Abnormalities and Patient Outcome
The correlation between iFISH abnormalities and patient

outcome was then analyzed. Results showed that the abnorm-
alities of del (17p), t(4;14) and 1q21 gain were all as indepen-
dent adverse prognostic factors of PFS (median PFS times: del
(17p) vs non-del (17p): 20.0 vs 35.0 months, P< 0.001; t(4;14)
vs non- t(4;14): 20.0 vs 33.0 months, P< 0.01; 1q21 gain vs

iFISH in Multiple Myeloma
non-1q21 gain: 25.0 vs 36.0 months, P< 0.001, Table 4].
Although median OS times in all subgroups had not been
reached due to short follow-up, del (17p) also was an

ormalities Between Bortezomib- and Non-Bortezomib-Based

Non-bortezomib, n (%)

or PD CR VGPR PR SD or PD

4 (25.0) 0/0 (0.0) 0/0 (0.0) 0/0 (0.0) 0/0 (0.0)
5 (6.7) 0/5 (0.0) 1/5 (20.0) 4/5 (80.0) 0/5 (0.0)

9 (0.0) 0/1 (0.0) 0/1 (0.0) 1/1 (100.0) 0/1 (0.0)
6 (0.0) 0/1 (0.0) 0/1 (0.0) 1/1 (100.0) 0/1 (0.0)

4 (21.4) 0/2 (0.0) 0/2 (0.0) 1/2 (50.0) 1/2 (50.0)
3 (7.7) 0/5 (0.0) 1/5 (20.0) 3/5 (60.0) 1/5 (20.0)

2 (13.6) 3/9 (33.3) 2/9 (22.2) 1/9 (11.1) 3/9 (33.3)
2 (0.0) 0/8 (0.0) 2/8 (25.0) 5/8 (62.5) 1/8 (12.5)
6 (4.5) 8/20 (40.0) 3/20 (15.0) 6/20 (30.0) 3/20 (15.0)

ation, MM¼multiple myeloma, PD¼ progressive disease, PR¼ partial
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TABLE 4. PFS and OS in MM Patients According to Different iFISH Abnormalities

PFS Time OS Time

N Median, mo
Three-year

Estimate, % (Mean�SD) P Median, mo
Three-year

Estimate, % (Mean�SD) P

Overall
�

<0.001 0.004
iFISH-positive 120 26.0 19.7� 7.2 NR 72.2� 6.5
iFISH-negative 67 NR 60.1� 9.3 NR 95.8� 4.1

del (17p) <0.001 0.005
Positive 29 20.0 10.4� 9.5 NR 74.2� 10.1
Negative 200 35.0 46.5� 5.2 NR 85.9� 3.5

t (4;14) 0.002 0.455
Positive 30 20.0 14.7� 11.9 NR 69.2� 20.7
Negative 199 33.0 46.5� 5.1 NR 83.1� 3.7

t (11;14) 0.931 0.427
Positive 38 33.0 27.0� 15.2 NR 73.0� 14.2
Negative 149 28.0 38.5� 6.3 NR 95.5� 1.8

1q21 gain <0.001 0.076
Positive 81 25.0 20.8� 7.5 NR 72.9� 7.1
Negative 106 36.0 47.9� 8.6 NR 88.0� 5.3

my
al,
FIS
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independent adverse prognostic factor of OS (three-year esti-
mate: 74.2%� 10.1% vs. 85.9%� 3.5%, P< .01, Table 4). The
translocation of t(11;14) was not separately associated with a
statistically significant effect on the PFS or OS times.

The combination effects between different iFISH abnorm-
alities were further analyzed. With the previous results, the
three adverse iFISH abnormalities of PFS [del (17p), t(4;14) and
1q21 gain] were considered as high-risk iFISH abnormalities
and then were analyzed in combination, whereas those who did
not carry any of the 3 iFISH abnormalities were considered as
low-risk patients. Results showed that patients who had no high-
risk iFISH abnormalities had a median PFS time of 43 months,
whereas patients carrying 1, 2, or 3 high-risk iFISH abnorm-
alities had median PFS times of 25, 19, and 9 months, respect-
ively (P< 0.001) (Figure 1A), indicating that del (17p), t(4;14),
and 1q21 gain could be regarded as risk-stratification factors on
patient outcome. When analyzed according to different com-
bination of cytogenetic abnormalities, a strong adverse effect on
patient outcome of del (17p), t(4;14), and 1q21 gain combi-
nation was found. Median PFS times of del (17p) negative, del
(17p) positive alone, and del (17p) combination were 33.0, 22.0,
and 20.0 months, respectively (P< 0.01) (Figure 1B). The
corresponding PFS times of t(4;14) were 33.0, not reached,
and 15.0 months, whereas that of 1q21 gain were 36.0, 23.0, and
26.0 months, respectively (Figure 1C, D), indicating that a
combination of high-risk iFISH abnormalities was associated
with a more adverse prognosis. Because of the limited number
of cases, most subgroup analyses did not show statistical
significance except for the 1q21 gain group, in which the
difference between 1q21 gain negative and 1q21 gain alone
(median PFS: 36.0 vs 23.0 months, P¼ 0.01), as well as
between 1q21 gain negative and 1q21 gain combination
(median PFS: 36.0 vs 26.0 months, P< 0.001) were both
statistically significant, providing the evidence that 1q21 gain

iFISH¼ interphase fluorescence in situ hybridization, MM¼multiple
NR¼ not reached, OS¼ overall survival, PFS¼ progression-free surviv�

The ‘‘overall’’ group here only included patients who had all the 5
alone could also be seen as an adverse prognostic factor for PFS.
The OS data were not shown, as >90% of the data were
censored because of short follow-up.
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In the 229 patients, a total of 54 patients (23.6%) under-
went ASCT. The relationship of ASCT and high-risk iFISH
abnormalities [del (17p), t(4;14), and 1q21 gain] was analyzed.
Results showed that ASCT prolonged median PFS time of high-
risk patients (from 21.0 months to 28.0 months, P¼ 0.08).
However, in patients receiving ASCT, presence of high-risk
iFISH abnormalities was still an adverse factor on PFS (median
PFS time: 28 months in high-risk patients vs not reached in low-
risk patients, P¼ 0.03), indicating that ASCT could improve,
but not overcome the adverse prognostic effect of high-risk
iFISH abnormalities (Figure 2).

Multivariate Analysis
Univariate and multivariate analysis of PFS was performed

on these iFISH abnormalities, as well as other parameters
associated with survival in this series. In univariate analyses,
several parameters were associated with shorter PFS: del (17p)
(P< 0.001), t(4;14) (P< 0.01), gain of 1q21 (P< 0.001), as
well as hemoglobin <97 g/L (P¼ 0.01), and b2-microglobulin
of �3.70 mg/L (P¼ 0.021). After multivariable adjustment for
selected clinical and laboratory parameters, the association
between iFISH abnormalities and short PFS prevailed. Of these,
17p deletion (hazard ratio [HR] 2.255 [95% confidence interval,
CI: 1.146–4.433], P¼ 0.02), t(4;14) (HR 3.415 [95% CI:
1.703–6.848], P< 0.01) and gain of 1q21 (HR 1.881 [95%
CI: 1.120–3.158], P¼ 0.02) were statistically independent
predictors of PFS in multivariate analysis (Table 5). OS analysis
was not done because of too many censored data caused by short
follow-up.

DISCUSSION
Cytogenetic changes are the hallmark of a wide variety of

cancer types, including MM. In this retrospective study, the

eloma, N/A¼ no statistics are computed because all cases are censored,
SD¼ standard deviation.
H probes tested.
prognostic impact of cytogenetic aberrations detected by iFISH
was analyzed in 229 newly diagnosed Chinese myeloma
patients. Our results reveal that del (17p), t(4;14), and 1q21

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 1. Combinations of cytogenetic abnormalities and PFS. (A) Th
with other cytogenetic abnormalities. (C) Coexistence of t(4;14) with o
other cytogenetic abnormalities. iFISH¼ interphase fluorescence in si

FIGURE 2. Impact on survival of ASCT and high-risk cytogenetic
abnormalities [del (17p), t(4;14) and 1q21 gain]. PFS¼
progression-free survival, ASCT¼autologous stem cell transplan-
tation.
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gain are independent adverse predictors of PFS. Patients carry-
ing these cytogenetic abnormalities are likely to have more
adverse biological parameters and lower response rate. The co-
existence of iFISH abnormalities relates to more
adverse outcome.

With the 5 iFISH probes [del (17p), t(14;16), t(4;14),
t(11;14), and gain of 1q21] used in this study, the incidence
of each cytogenetic abnormality was 12.7%, 1.3%, 13.1%,
20.3%, and 43.3%, respectively, among which the incidence
of t(14;16) in this study is slightly lower than previously
reported data in other studies where it has been around 5%,
whereas the prevalence of other iFISH abnormalities appears
mostly consistent with other published data.4,15–17 Furthermore,
the incidence of hyperdiploid in this study is only 10.0%, which
is lower than previously reported studies in Western population
where the incidence is around 50%.4,16 Moreover, since patient
age is one of the major prognostic factors in myeloma outcome
and is associated with incidence of certain cytogenetic abnorm-
alities,18 we then analyzed the incidence of cytogenetic abnorm-
alities in different age groups and observed a tendency to lower
incidence of iFISH abnormalities in older patients. However,
most of the abnormalities did not show statistically significant
differences, probably because of small sample sizes. Further
studies would be needed to clarify this.

e effect of high-risk iFISH by numbers. (B) Coexistence of del (17p)
ther cytogenetic abnormalities. (D) Coexistence of 1q21 gain with
tu hybridization, PFS¼progression-free survival.
To obtain a comprehensive analysis of the main prognostic
parameters, we focused on the most important genetic prog-
nostic factors [ie, del (17p), t(4;14), and 1q21 gain]. As

www.md-journal.com | 5



TABLE 5. Parameters Associated With Progression-Free Survival

Univariate Analysis Multivariate Analysis

Parameter HR 95% CI P HR 95% CI P

Age, y, �60 vs <60 0.933 0.607–1.434 0.992 0.926 0.547–1.570 0.776
Hemoglobin, g/L, <97 vs �97 1.724 1.117–2.661 0.014 1.009 0.564–1.807 0.976
Serum creatinine, mmol/L, � 83.0 vs <83.0 1.167 0.759–1.794 0.482 1.392 0.755–2.569 0.289
Calcium, mmol/L,�2.16 vs <2.16 0.794 0.517–1.219 0.291 0.975 0.561–1.696 0.929
Lactate dehydrogenase, U/L, �148 vs <148 1.259 0.820–1.932 0.293 1.583 0.939–2.668 0.085
Albumin, g/L, <31.5 vs � 31.5 1.066 0.693–1.640 0.772 0.682 0.393–1.184 0.174
b2-microglobulin, mg/L, �3.70 vs <3.70 1.673 1.082–2.586 0.021 1.722 0.916–3.236 0.091
del (17p) Positive vs negative 2.854 1.655–4.923 <0.001 2.255 1.146–4.433 0.018
t (4;14) Positive vs negative 2.239 1.312–3.822 0.003 3.415 1.703–6.848 0.001
t (11;14) Positive vs negative 0.973 0.521–1.818 0.932 1.586 0.797–3.152 0.189
Gain of 1q21 positive vs negative 2.422 1.488–3.942 <0.001 1.881 1.120–3.158 0.017

Jian et al Medicine � Volume 95, Number 19, May 2016
previously shown in many studies,2,18,19 del (17p) and t(4;14)
remain adverse genetic factors. According to our results, del
(17p) is an independent adverse prognostic factor of PFS (20.0
vs 35.0 months, P< 0.001) and OS (median not reached,
P< 0.01). As the most frequently co-existing cytogenetic
abnormality, del (17p) exhibits more adverse effect on PFS
when in combination with other iFISH abnormalities. As
another widely accepted adverse prognostic factor, the translo-
cation t(4;14) also shows adverse prognostic effect on PFS.
Furthermore, it is also related to lower serum albumin and
higher b2-microglobulin, which tends to a higher disease stage
and poorer prognosis, thus providing another interpretation of
its adverse effect.

The prognostic value of 1q21 gain has been controversial.
Some argue that 1q21 gain does not independently contribute to
adverse outcome.4,20 On the contrary, a majority of studies
consider 1q21 may worsen the prognosis.13,21–23 With our pre-
sent data, gain of 1q21 exerts a marked effect on reduced PFS
(25.0 vs 36.0 months, P< 0.001). Furthermore, patients carrying
1q21 gain have significantly lower hemoglobin levels than those
without 1q21 gain, which also indicates an advanced disease
stage. Although 1q21 gain seems to be more frequent in patients
with del (17p), 1q21 gain alone is significantly associated with
poor outcome, which means that the adverse effect of 1q21 gain
could not be simply attributed to the co-existence with other
cytogenetic abnormalities. In the prognostic analyses, 1q21 gain
is also an independent prognostic parameter for PFS. These data
suggest that 1q21 analysis should be added to the diagnostic panel
of iFISH probes used in the routine assessment of prognosis in
patients with MM. Owing to the limited follow-up time, further
follow-up data are needed to better illustrate the prognostic roles
of t(11;14) as well as other cytogenetic abnormalities.

As independent adverse prognostic factors, del (17p),
t(4;14), and 1q21 gain are considered as high-risk cytogenetic
abnormalities in our study. The effect of the numbers of these 3
abnormalities on patient outcome was then analyzed. According
to our results, the number of co-existing cytogenetic abnorm-
alities has a negative correlation with PFS times, which means
the more high-risk cytogenetic abnormalities, the shorter PFS

CI¼ confidence interval, HR¼ hazard ratio.
times of patients. That provides a cytogenetic prognostic model
of newly diagnosed MM patients. However, in the multivariate
analysis, most of the other adverse factors, such as serum
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albumin and b2-microglobulin, were nonsignificant, probably
because there were insufficient numbers to show a difference.

With the wide administration of ASCT and novel drugs
such as the proteasome inhibitor bortezomib in the past decade,
the response rate and survival time of MM patients have been
improved. Therefore, the role of bortezomib and ASCT in the
prognostic impact of iFISH was analyzed in this study. Accord-
ing to our results, bortezomib could improve response rate in
patients carrying iFISH abnormalities, thus could partially
overcome the adverse effect caused by iFISH abnormalities,
especially for patients carrying multiple iFISH abnormalities,
also agreeing with previously published reports.24,25 As to
ASCT, our data showed that ASCT prolonged median PFS
time of high-risk patients. However, in patients receiving
ASCT, the presence of high-risk iFISH abnormalities was still
an adverse factor on PFS, indicating that ASCT could improve,
but not overcome the adverse prognostic effect of high-risk
iFISH abnormalities. These results suggest that aggressive
therapies are still recommended on patients carrying high-risk
iFISH abnormalities to ameliorate the negative prognostic value
of high-risk cytogenetic abnormalities.24

As a retrospective study, this research does have some
limitations. One main limitation is the treatment bias of the
patients, that is, patients who carried adverse cytogenetic
abnormalities were usually administrated more advanced thera-
pies than those with normal iFISH results, which made the
analyses more complicated. Another limitation is that not all
patients had all the 5 FISH probes tested, and that other
cytogenetic abnormalities such as chromosome 1p loss and
13q deletion were not included in this study. The numbers
going on to receive ASCT were lower than in other studies
because of the financial constraints of patients. In addition, most
OS data of these comparisons are not available because of the
limited follow-up time. Further follow-ups are needed to inves-
tigate a more comprehensive relationship between iFISH
abnormalities and outcome.

In conclusion, this study demonstrates that del (17p),
t(4;14), and 1q21 gain are independent adverse prognostic
factors of MM patients. Those who carry these high-risk

abnormalities are more likely to relapse early, thus needing
more intensive treatments. iFISH tests can be a valuable risk-
stratification factor in prognosis of MM patients.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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