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Abstract Öz 
Purpose: Multiple myeloma is a heterogeneous disease, 
for which an understanding of the prognostic and 
predictive value of chromosomal aberrations is necessary 
to prescribe the most appropriate therapy. We aimed to 
document the frequencies of chromosomal aberrations in 
our institute and searched the relationships between 
therapy regimens and chromosomal aberrations.  
Materials and Methods: We analyzed the frequency of 
del(17p13), del(13q14), t(11;14), and t(4;14) in patients with 
MM by interphase-fluorescent in situ hybridization who 
were diagnosed between January 2010 and December 2015 
in our institute. We researched the relationship between 
response to conventional chemotherapy and Bortezomib 
based chemotherapy. 
Results: Eighty patients (72.7%) had at least one 
chromosomal aberration. The most frequently observed 
aberration was del(17p13) (48.2%), followed by del(13q14) 
(40.9%), t(11;14) (16.4%), and t(4;14) (11.8%). In clinically 
analyzed subgroup (n=67), 36 patients who received 
Bortezomib based chemotherapy showed a higher 
response rate (55.6%) than conventional chemotherapy 
group (48.4%). With respect to chromosomal aberrations, 
response rates were higher in Bortezomib based therapy 
group (63.2%) than conventional chemotherapy group  
(50%) in del (17p13) positive patients as well as in del 
(13q14) positive patients (61.5% in Bortezomib based, 
50% in conventional chemotherapy group).  
Conclusion: Bortezomib-containing regimens may have 
beneficial effects on the clinical outcome of patients with 
del (17p13) and del (13q14).  

Amaç: Mutltiple myelom heterojen bir hastalık olup, en 
etkin tedavinin planlanlanabilmesi için kromozomal 
aberasyonların prognostik ve prediktif değerlerinin 
anlaşılması önemlidir. Bu çalışmada kurumumuzda tanı 
almış hastaların kromozomal aberasyonlarının sıklığını ve 
tedavi seçenekleri ile arasındaki ilişkiyi araştırmayı 
amaçladık. 
Gereç ve Yöntem: Ocak 2010 ve Aralık 2015 tarihleri 
arasında kurumumuzda tanı almış multiple myelomlu 
hastalarda, interfaz-floresan in situ hibridizasyon yöntemi 
ile del(17p13), del(13q14), t(11;14), and t(4;14) kromozomal 
aberasyonlarının sıklığını araştırdık. Bu sonuçların, 
konvansiyonel kemoterapi alan hastalar ile bortezomib 
tabanlı kemoterapi alan hastalardaki yanıtlarını 
karşılaştırdık. 
Bulgular: Seksen hastada (%72.7) en az bir adet 
kromozomal aberasyon saptandı. En sık saptanan 
aberasyon del(17p13) (%48.2) idi. Bunu sırasıyla del(13q14) 
(%40.9), t(11;14) (%16.4), ve t(4;14) (%11.8) takip 
etmekteydi. Klinik bulgularına ulaşılabilen 67 hastalık 
grupta, Bortezomib tabanlı kemoterapi alan 36 hastanın 
tedaviye yanıt oranı (%55.6) konvansiyonel kemoterapi 
alan gruba oranla (%48.4) daha yüksek idi. Kromozomal 
aberasyonlar ile karşılaştırıldığında; del (17p13) saptanan 
hastaların Bortezomib tabanlı kemoterapiye yanıtları 
(%63.2), konvansiyonel kemoterapi alanlardan (%50) daha 
yüksek saptandı. Benzer şonuç; del (13q14) saptanan  
hastalarda da gözlendi (Bortezomib alanlarda %61.5, 
konvansiyonel kemoterapi alanlarda %50). 
Sonuç: Bortezomib içeren tedaviler özellikle del (17p13) ve 
del (13q14) aberasyonu saptanan hastalarda daha iyi sonuç 
vermektedir. 
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multiple myeloma 
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INTRODUCTION 

Multiple myeloma (MM) is a malignant plasma cell 
neoplasm that is characterized by multistep 
oncogenesis. MM comprises 10-15% of the 
hematopoetic neoplasms and is responsible for 20% 
of all deaths from hematologic malignancies1. 
Despite the development of novel therapies, MM 
remains an incurable disease. Over the last few 
decades, studies have focused on the prognostic and 
predictive value of chromosomal aberrations in MM. 
In this respect, interphase fluorescent in situ 
hybridization (FISH) has been widely accepted as 
superior to conventional cytogenetic methods 
because of the low proliferation rate of neoplastic 
plasma cells 2. Chromosomal aberrations are detected 
in 30-45% of MM patients when conventional 
cytogenetic methods are used, whereas this ratio 
increases to approximately 80% with FISH 3. In 
recent years, novel agents such as 
immunomodulators (thalidomide, lenalidomide) and 
proteasome inhibitors (bortezomib, carfilzomib) 
have been widely used and have shown higher and 
deeper response rates in patients with MM. We aimed 

to analyze the frequency of four structural del(17p13), 

del(13q14), t(11;14), t(4;14) chromosomal aberrations 
in 110 Turkish MM patients and to correlate them 
with response to chemotherapy in 67 patients who 
were eligible for further evaluation.  

MATERIALS AND METHODS 

In this retrospective study, we included 110 newly 
diagnosed MM patients who were studied for 
chromosomal aberrations using interphase-FISH 
between January 2010 and December 2015, in our 
institute. This group was referred to as the entire group. 
Sixty-seven of these patients who were available for 
inclusion in the study and had not been lost to follow-
up, returned to another hospital for further 
treatment, or given up treatment were referred to as 
the clinically analyzed subgroup. The clinically analyzed 
subgroup of patients was evaluated for the presence 
of plasmacytoma, response to therapy, relapse, and 
overall survival. The median follow-up period was 
27.0 months (min: 1 month; max: 98 months). 

Patients were selected as two different regimen 
groups. Conventional chemotherapy regimens 
included Vincristine, dexamethasone, and 
doxorubicin. Thirty-six patients received 
bortezomib-based chemotherapy, which consisted of 

bortezomib plus dexamethasone and zoledronic acid, 
thalidomide, or cyclophosphamide. Chemotherapy 
was the first-line therapy in these patients, who 
underwent 2-6 courses of treatment. Response to 
therapy was assessed according to the International 
Myeloma Working Group criteria, classified as “stable 
disease (SD), partial response (PR), very good partial 
response (VGPR), and complete response (CR)”. For 
statistical analysis, efficacy was grouped into the 
response-positive (PR or better than PR) and 
response-negative (SD) categories. This retrospective 
study was not directly realized on human subjects but 
on the human tissue samples preserved in the archive 
of Department of Pathology and Oncology of 
Cukurova University, so Ethics Committee Approval 
was not indicated. 

Interphase-FISH 

Bone marrow aspiration samples were hybridized 
with florescent-labeled probes according to the 
manufacturers’ instructions. TP53/CEP17 FISH 
probe kit (Vysis, Abbott Global, US) was used for 
17p13 deletions. LSI 13 (RB1) 13q14 (Vysis, Abbott 
Global, US) was used for 13q14 deletions. Probes of 
LSI IgH/CCDN1 (Vysis, Abbott Global, US) and 
LSI IgH/FGFR3 (Vysis, Abbott Global, US) were 
used to detect t(11;14)(q13;q32) and t(4;14)(p16;q32) 
translocations, respectively. Slides were analyzed 
using an Olympus BX61 florescent attachment 
microscope with the Bioview duet (ver.2.6, Israel) 
software. Two hundred nuclei with plasma cell 
morphology which were visualized by DAPI (4',6-
diamidino-2-phenylindole) were scored for each 
probe. The cut-off level for positive values for each 
probe was 10%.  

Statistical analysis 

All statistical analyses were performed using the SPSS 
software for Mac (version 20.0). Correlations of the 
FISH results with gender, age, response to therapy, 
and relapse rate were analyzed using chi-square tests.  

RESULTS  

The median age was 60.0 (25-85) years. The 
male/female ratio was 1.07 (57/53). In this group, the 
overall rate of chromosomal aberration was 72.7% 
(80/110), with the most frequent aberration being 
17p13 deletion in 48.2% (53/110) of the patients. The 
second most frequent aberration was 13q14 deletion 
in 40.9% (45/110), followed by t(11;14) and t(4;14), 
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which were detected in 16.4% (18/110) and 11.8% 
(13/110) of the patients, respectively (Table 1). Thirty 
patients (27.3%) did not demonstrate any 
chromosomal aberration, while 41 patients (37.3%) 
had one, 29 patients (26.4%) had two, and 10 patients 
(9.1%) had three chromosomal aberrations. The 
distribution of the chromosomal aberrations is 
detailed in Table 2. 

Table 1. Demographic characteristics of patients and 
frequencies of chromosomal aberrations of entire 
group (110 patients). 

Table 2. Distribution of the chromosomal 
aberrationsin terms of combinations. 

Only one chromosomal 
aberration 

Number of 
patients 

del17p13 24 
del13q14 8 
t(11;14) 6 
t(4;14) 3 
Total 41 
Two chromosomal 
aberrations 

Number of 
patients 

del17p13 and t(11;14) 2 
del17p13 and del13q14 19 
del17p13and t(4;14) 1 
del13q14 and t(11;14) 4 
del13q14 and t(4;14) 3 
t(11;14) and t(4;14) None 
Total 29 
Three chromosomal 
aberrations 

Number of 
patients 

del17p13 and t(11;14) and 
del13q14 

4 

del17p13 and del13q14 and 
t(4;14) 

4 

del13q14 and t(4;14) and t(11;14) 2 
del17p13 and t(11;14) and t(4;14) None 
Total 10 

Sixty-seven of the 110 patients were eligible to have 
their FISH results correlated with clinical outcomes. 
In this subgroup, the median age was 59.0 (30-85) 
years, and the male/female ratio was 1.4 (39/28). 
Twenty patients (29.9%) were found to have 
plasmacytoma. Ig subtypes were available in 50 of the 

67 patients and were distributed as follows: 32/50 
IgG, 10/50 IgA, 6/50 non-secretory, and 2/50 IgM. 
Response rates were 53.1%, 50%, 33.3%, and 100% in 
terms of Ig subtypes, respectively. This result was not 
significant statistically. 

The most frequent chromosomal aberration was 
13q14 deletion in 50.7% (34/67), followed by 17p13 
deletion in 49.3% (33/67). In this subgroup, t(11;14) 
was present in 20.9% (14/67) of the patients, and 
t(4;14) was the least frequent aberration, being 
detected in 13.4% (9/67) of the patients. 
Chromosomal aberrations were not found to be 
related to age or gender either in the entire group or 
in this subgroup.  

Sixteen patients (23.9%) demonstrated no 
chromosomal aberrations. Twenty-three of the 67 
patients (34.3%) had two chromosomal aberrations, 
20 of the 67 (29.9%) had one, and 8 of the 67 (11.9%) 
had three chromosomal aberrations.  

The most frequently paired chromosomal aberration 
was del(17p13) + del(13q14) (14/23). This was 
followed by del(13q14) + t(11;14) (3/23); del(13q14) + 
t(4;14) (3/23); del(17p13) + t(11;14) (2/23); and 
del(17p13) + t(4;14) (1/23). Eight patients with three 
chromosomal aberrations were distributed as follows: 
four with del(17p13) + del(13q14)+t(11;14); two with 
del(17p13)+ del(13q14)+t(4;14); and two with 
del(13q14)+t(11;14)+t(4;14). There was no 
relationship among these aberrations’ co-existence.  

Thirty-six of the 67 patients received bortezomib-
based chemotherapy. Twenty of these 36 patients 
(55.6%) showed a response to therapy (17 CR, 2 PR, 
1 VGPR), while 15 of the 31 patients (48.4%) who 
did not receive bortezomib showed a response (14 
CR, 1 VGPR). Although the response rate was higher 
in the bortezomib group, this difference was not 
statistically significant (p=0.558). When the response 
was analyzed based on each chromosomal aberration, 
there was no statistically significant difference 
between the groups with and without bortezomib. 
We did, however, observed that the response rate was 
higher in del(17p13)- and del(13q14)-positive patients 
who were treated with a bortezomib-containing 
regimen compared to the conventional 
chemotherapy group. The comparative response 
rates in the bortezomib vs. no-bortezomib groups 
were 63.2% vs. 50% for del(17p13) positive patients 
and 61.5% vs. 50% for del(13q14) positive patients 
(Table 3). 

The overall survival rate (OSR) was 55.2% (37/67) 

 Number of cases 
Mean age (years) 60.5 (min:28, max: 85) 
Gender:  
  Male: 57 (51.8%) 
  Female: 53 (48.2%) 
17p13 deletion 53 (48.2%) 
13q14 deletion 45 (40.9%) 
t(11;14) 18 (16.4%) 
t(4;14) 13 (11.8%) 
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over a median 27.0 month (min: 1 month; max: 98 
months) follow-up period. The OSR in terms of the 
presence of chromosomal aberrations can be sorted 
from highest to lowest as follows: no chromosomal 

aberration (62.5%)  t(11;14) (57.1%)  del(13q14) 

(52.9%)  del(17p13) (51.5%)  t(4;14) (22.2%). These 
rates decreased significantly with increased 

chromosomal aberrations 1 chromosomal 

aberration (60%)  2 chromosomal aberrations 

(52.2%)  3 chromosomal aberrations (37.5%). The 
median time to patient death was 18.5 months (min: 
1 month; max: 98 months), while the median survival 
was 35 months (min: 15 months; max: 79 months). 
Relapse occurred in 17 patients (25.4%) at a median 
of 13.0 months (min: 4 months; max: 30 months).  

OSR of del (17p13)-positive patients was higher in 
Bortezomib-based chemotherapy group (57.9%) 

than conventional chemotherapy group (51.5%). 
Whereas, OSRs were lower in del (13q14), t (4;14) and 
t(11;14) positive patients who received Bortezomib-
based chemotherapy (Table 3).  

The relapse rates were lower in del(17p13)-positive 
patients receiving bortezomib-based regimens 
[27.3% (3/11)] than conventional chemotherapy 
group [62.5% (5/8)]. Similarly, del(13q14)-positive 
patients receiving bortezomib showed lower relapse 
rates [40% (6/15)] than conventional chemotherapy 
group [60% (3/5)] as well as patients with t (4;14). 
There was no difference in t (11;14) positive patients 
(n=14) between the two therapy groups  in terms of 
relapse [50% (4/8) and 50% (3/6)] (Table 3).  

None of these results were found to be statistically 
significant, due to the small number of cases included 
in the present study.  

Table 3. Clinical outcomes in bortezomib group in patients with chromosomal aberrations  

 Response Relapse Overall survival rate 
 bortezomib No 

bortezomib 
bortezomib No 

bortezomib 
bortezomib No 

bortezomib 
del (17p) 63.2% 50% 27.3% 62.5% 57.9% 51.5% 
del (13q) 61.5% 50% 40% 60% 50% 52.9% 
t (4;14) 40% 50% 50% 100% 20% 25% 
t(11;14) 37.5% 50% 80% 33.3% 50% 66.7% 

 
 

DISCUSSION 

MM is characterized by multiple complex 
chromosomal aberrations during oncogenesis, with 
almost all cases demonstrating cytogenetic changes. 
The earliest and most frequent genetic changes are 
translocations involving the IgH gene locus on 
14q324. These changes begin in Monoclonal 
Gammopathy of Undetermined Significance 
(MGUS), and their incidence increases in MM and 
even more so in plasma cell leukemia4. Frequently 
detected translocations are t (11;14) (q13;q32) 
(cyclinD1), t(4;14)(p16;q32) (FGFR3), and rarely; t 
(14;16) (q32;q23) (c-MAF) and t(6;14)(p21;q32) 
(cyclinD3) 5. Most studies have suggested that the 
presence of t (11;14) alone is a favorable prognostic 
indicator. Additionally, patients who overexpressed 
cyclin D1 had significantly longer event-free survival 
(EFS) rates compared to patients who did not 
overexpress cyclin D16. Gertz, however, reported no 
difference between cyclin D1-positive and cyclin D1-
negative patients with respect to clinical presentation, 
laboratory characteristics (including chromosome 13 
abnormalities), response to therapy, and overall 

survival7. This translocation is usually accompanied 
by other poor prognostic chromosomal aberration(s), 
so its incidence alone is low (15%)8. In our study, t 
(11;14) was present in 16.4% (18/110) of MM 
patients. Only 6/18 (5.5%) patients had t (11;14) 
alone. The other 12 patients had at least one 
additional poor prognostic chromosomal aberration. 
Three of the six patients were available for follow-up, 
and although this number was small, all patients were 
alive at 35, 46, and 75 months, suggesting a favorable 
effect of this translocation.  

t(4;14) leads to the up-regulation of the FGFR3 
oncogene, which results in IL-6 independence and 
decreased apoptosis9. t(4;14) has been thought to be 
a negative prognostic indicator in previous studies, 
with the frequency of t(4;14) being 10-15%8,10,11. In 
the present study, 11.8% (13/110) of the MM 
patients had t(4;14), which is consistent with the 
literature. Three patients had only t(4;14), and seven 
patients had an accompanying del(13q14), which is 
also similar to previous series. This strong 
relationship is thought to be responsible for the 
negative effect of del(13q14) on survival 12. Seven of 
the nine t(4;14)-positive patients who were available 
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for follow up died within a median 35.0 months (min: 
4 months; max: 59 months).  

Deletion of 17p13 involving the p53 gene is reported 
in 5-30% of cases2, 3,13-15. The 17p13 deletion cannot 
be detected in MGUS; lower rates are observed in 
newly diagnosed or early-stage disease, while higher 
rates are observed in advanced-stage disease. This 
deletion is believed to be responsible for aggressive 
progressive disease and extramedullary involvement. 
This aberration is associated with advanced stage 
disease and lower response rates to therapy, 
irrespective of the treatment modality, including 
high-dose chemotherapy8,14,16, 17. In the present study, 
a 17p13 deletion was detected in 48.2% (53/110) of 
the entire group and in 49.3% (33/67) of the clinically 
analyzed subgroup. Our patients’ results were higher 
than reported in the literature, which also have a wide 
range (5-30%). We think that this difference is related 
to heterogeneity of the study groups and/or 
variability of the cut-off values. Twenty-three of the 
33 (69.7%) del (17p13)-positive patients also had one 
or more additional chromosomal aberration(s), with 
del (13q14) being the most frequent (20/23). Six of 
the 10 patients with del (17p13) alone did not respond 
to therapy, regardless of the chemotherapy regimen, 
and five of the unresponsive patients died within a 
median of 14.0 months (min: 5 months; max: 23 
months). These results support the poor prognostic 
value of a 17p13 deletion. 

A 13q14 deletion is reported to be the most frequent 
chromosomal aberration, occurring in between 20-
63% of patients. The 40.9% rate observed in our 
study is consistent with previous reports18, 19. Recent 
studies have concluded that RB1 region probes are 
more informative and sensitive in detecting 13q14 
deletions 2, 20, 21. In our study, the del(13q14) deletion 
was accompanied by other chromosomal aberrations 
in 82.3% (28/34) of the patients. Two of the six 
patients with the only del(13q14) mutation died within 
two and 13 months. Three of the six patients showed 
response to chemotherapy. Two of the four surviving 
patients relapsed in seven or 30 months. Del(13q14) 
is thought to be an independent adverse prognostic 
factor in patients treated with high–dose 
chemotherapy and stem cell support; patients with 
this deletion tend to have shorter survival18,19. 
Bortezomib is important in these cases because the 
patients’ unfavorable prognosis has been improved 
with the use of this drug. Our patients receiving 
Bortezomib-based therapy showed better response 
and relapse rates.  

Twenty patients with plasmacytoma showed mostly 
del (13q14) (12/20), and the most frequent paired 
aberration was (17p13)+(13q14) deletions (5/20). 
Five patients did not demonstrate any chromosomal 
aberration. To date, the correlations between 
chromosomal aberrations and the presence of 
plasmacytoma have not been widely examined. 
However, our results indicated that patients with 
plasmacytoma tended to have poor prognostic 
aberrations. 

These investigations are designed to improve MM 
patients’ prognosis by advancing novel agents such as 
thalidomide, lenalidomide, and bortezomib. Recent 
studies with bortezomib have shown improved 
survival and better response rates both in newly 
diagnosed and relapsed/refractory cases of MM, 
regardless of any chromosomal aberrations 16, 22-28. 
Some authors, however, do not agree with this 
suggestion29, 30. Aveit-Loiseau reported improved 
effects on event-free survival and OS in patients with 
t(4;14) who received bortezomib16. In our study, 
patients with t(4;14) who received bortezomib tended 
to relapse less compared to the no-bortezomib group, 
although the response and OS rates were not 
different.  

He J searched 17p13 and 13q14 deletions, 14q32 
rearrengement and 1q21 amplification by 
conventional cytogenetic analyses and by FISH.  In 
their study, 49.2% of patients had at least one 
chromosomal aberration and they found that the 
differences in the response rates, progression-free 
survival, and OS between FISH negative and positive 
patients were less obvious in a bortezomib-based 
chemotherapy group than in a conventional 
chemotherapy group. They suggested that 
bortezomib could overcome the effects of 
cytogenetic aberrations 14. When we evaluated 
patients in terms of bortezomib-based 
chemotherapy, we similarly demonstrated the 
beneficial effects of bortezomib on the relapse, 
response and overall survival rates in patients with 
del(17p13) compared to the conventional 
chemotherapy group.  

Patients with the del(13q14) deletion who received 
bortezomib also tended to have improved outcomes 
in terms of relapse and response, similar to t(4;14)-
positive patients. However, the OSR was lower in 
patients receiving bortezomib, supporting the 
independent prognostic value of the del(13q14) 
deletion. Bortezomib receipt did not result in 
differences in response and OS in t (4;14) and 
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t(11;14)-positive patients. These correlations were 
not statistically significant, likely due to the small 
number of patients and to the co-existence with other 
aberration(s).  

In conclusion, cytogenetic aberrations are important 
for both prognosis and treatment strategy. 
Del(17p13), del (13q14) and t (4;14) are the most 
commonly detected poor prognostic aberrations; 
they are detected more frequently by FISH compared 
to conventional cytogenetic methods. t (11;14) alone 
seems to be a good prognostic indicator in cases with 
MM, but it very rarely exists without another 
aberration. Our results demonstrate the beneficial 
clinical effects of bortezomib in MM patients, 
especially in those with del (17p13) and del (13q14), as 
a first-step therapy regimen.  

Overall, evaluating the importance and significance 
of each chromosomal aberration is difficult because 
MM cells show multiple and complex genetic 
abnormalities that usually accompany one another. 
Additional studies with larger patient samples will be 
needed to detect significant results. 
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