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Abstract 

Morphologic evaluation of samples from fine needle aspiration (FNA) and core 

needle (CN) biopsies is an important part of the pretreatment diagnosis of bone and 

soft tissue tumors. As most such tumors have characteristic, sometimes even 

specific, chromosomal rearrangements, ancillary genetic analyses could provide 

important diagnostic information. Whereas directed analyses, such as fluorescence in 

situ hybridization or RT-PCR, for specific genetic aberrations are well suited for the 

relatively small cell numbers obtained with FNA biopsies, the possibility to obtain 

tumor karyotypes after cell culturing has been less well studied. In the present study, 

karyotypes from 114 FNA biopsies were compared to those in corresponding surgical 

tumor (ST) biopsies; in addition, results on 31 CN biopsies, and their corresponding 

tumor biopsies, were available. Of the 138 ST biopsies, 88 (64%) showed clonal 

acquired chromosome aberrations, 42 (30%) displayed a normal karyotype, and 8 

(6%) did not yield any karyotype due to infection or poor cell growth.The 

corresponding figures for the 114 FNA biopsies were 27 (24%), 28 (25%), and 59 

(52%), and for the 31 CN biopsies 15 (48%), 10 (32%), and 6 (19%). The relatively 

low success rate, with the possible exception of primitive round cell/Ewing sarcomas 

(abnormal karyotype in 6/11 FNA biopsies), strongly indicates that it is not meaningful 

to attempt cell culturing and chromosome banding analysis on cells from FNA 

biopsies in the management of patients with suspected bone or soft tissue tumors. 

The use of ancillary techniques such as fluorescence in situ hybridization (FISH) 

might however improve the diagnostic value from FNA biopsies. Our preliminary data 

suggest that if a pre-treatment karyotype is wanted, the cytogenetic analysis should 

be made on cells from CN biopsies, close to half of which showed an aberrant 

karyotype. 



Introduction 

Fine needle aspiration (FNA) and core needle (CN) biopsies are useful instruments in 

diagnosing soft tissue and bone tumors [1]. Both needle techniques are in most 

cases easy to perform, cost effective and well tolerated by the patient [2]. In 

Scandinavia, the further management of the patient is decided upon the pre-

treatment diagnosis made on tumor cells from FNA and/or tissue from CN biopsies, 

combined with clinical and radiographic information [3]. Apart from the morphologic 

evaluation of tumor cells in FNA and CN biopsies, ancillary techniques, such as 

immunocytochemistry/immunohistochemistry, are often used to improve the 

diagnostic precision. As several bone and soft tissue tumors are characterized by 

specific genetic changes, notably translocations resulting in fusion genes, also the 

genetic status of the tumor can provide clinically useful information [4]. To ensure 

robust and rapid results, these genetic abnormalities are usually investigated by 

fluorescence in situ hybridization (FISH) or reverse transcriptase polymerase chain 

reaction (RT-PCR) analysis. A drawback with both techniques is that they provide 

information only on the abnormality that is assessed, i.e., they can support or exclude 

a tentative diagnosis, but rarely suggest an alternate diagnosis. Furthermore, most 

bone and soft tissue tumors do not have any known specific genetic changes, but 

display characteristic combinations of numerical and unbalanced structural 

chromosome aberrations. For instance, if the cytologic examination cannot decisively 

settle whether a lesion is  benign or malignant, the finding of a near-triploid 

chromosomes number with multiple structural and numerical changes strongly 

argues for the latter. Thus, the genomic screening obtained through chromosome 

banding analysis of cultured cells could provide further diagnostic information.  



Most of the cytogenetic information on bone and soft tissue tumors, presently 

amounting to data on close to 3,000 cases [5], comes from studies on ST biopsies, 

and very few attempts have been made to evaluate in larger series the possibility to 

obtain tumor karyotypes from needle biopsies [6- 8].  In the present study, we have 

assessed the results from G-banding analysis of 114 FNA biopsies, and compare the 

results with those from the corresponding ST biopsies. In addition, we also compared 

with preliminary data on 31 CN biopsies. 

 

Materials and Methods 

The study was based on fresh FNA (n=114), CN (n=31) and ST (n=138) biopsies 

obtained from a total of 139 patients with a bone or soft tissue tumor treated at the 

tumor orthopedic centre, Lund University Hospital, Lund, Sweden, between 1987 and 

2009. Clinical information, histopathologic diagnoses and tumor karyotypes are given 

in Tables 1 and 2. 

The FNA procedures were performed with 22–24 gauge needles attached to 

disposable, 10-mL syringes in a Cameco syringe holder (Cameco AB Sandviken, 

Sweden). The aspirates were air dried, stained with May–Grünwald–Giemsa (MGG), 

fixed in 95% ethanol, and stained with hematoxylin and eosin (H&E). The number of 

passes varied from 1 to 6 with an average of 3. Between 1987 and 1997 no separate 

passes for cytogenetic analysis were performed and the material derived from needle 

rinsing. From 1997, one separate pass for cytogenetic material was performed. Other 

changes introduced during the sampling period included trials with cellblocks 

between 1995 and 1997; since 1997, the cellblock technique is routine. In 2002, 

liquid-based immunocytology was introduced as a routine diagnostic method. The 



sampling was performed by the cytopathologist in the majority of the cases. However, 

sampling of non-palpable lesions was performed in collaboration between the 

cytopathologist and a radiologist using image guidance, usually ultrasound. Rapid 

evaluation of the adequacy of the material with quick staining  (DiffQuick or H&E)  

started in 1997 with selected cases and became routine in 2000. Concerning the 

material sent for cytogenetic analysis no specific rapid evaluation of the quantity or 

quality was performed. The CNB procedures were performed using an 18-gauge 

needle and the Pro-Mag™ 1,4 and 2,5 Automatic Biopsy Instrument. After washing 

the skin with 70% ethanol, local anesthesia was achieved by subcutaneous 

infiltration of 1–3 mL 1% lidocaine. 

Short-term cell culturing, harvesting, and G-banding of chromosomes were 

performed as described [9], and the karyotypes were interpreted and written 

according to ISCN (2009)[10]. The cytogenetic analysis was considered successful if 

a clonal acquired aberration was detected.  

 

Results 

Of the 138 ST biopsies, 88 (64%) showed clonal acquired chromosome aberrations, 

42 (30%) displayed a normal karyotype, and 8 (6%) did not yield any karyotype due 

to infection or poor cell growth. The corresponding figures for the 114 FNA biopsies 

were 27 (24%), 28 (25%), and 59 (52%), and for the 31 CN biopsies 15 (48%), 10 

(32%), and 6 (19%) (Tables 3 and 4). When comparing benign and malignant tumors 

(here defined as tumors labeled sarcomas), abnormal karyotypes were seen in 14% 

and 28% of FNA samples, respectively (Table 5). Of the 27 FNA biopsies with clonal 

aberrations, 17 showed an identical or very similar karyotype in the ST biopsies, 3 



displayed seemingly unrelated clones in the ST biopsies, 5 did not show any clonal 

changes in the ST biopsies, and in 2 cases there was no corresponding ST biopsies. 

Of the 15 CN biopsies with clonal aberrations, 8 showed an identical or very similar 

karyotype in the ST biopsies, 2 displayed  seemingly unrelated clones in the ST 

biopsies, 3 did not show any clonal changes in the ST biopsies, and for 2 samples 

there was no corresponding ST biopsies.   

 

Discussion 

The main aim of the present study was to evaluate the success rate for chromosome 

banding analysis of cells from FNA biopsies from bone and soft tissue tumors. For 

that purpose, karyotypes from 114 FNA biopsies from 111 patients were retrieved 

and compared with the results of ST biopsies from the corresponding tumors. The 

overall success rate for cytogenetic analysis on material provided from FNA was low 

in our material. Only in 24% of the samples was an abnormal karyotype identified, 

compared to 64% of the ST biopsy material. Nor were any major differences seen 

when subdividing the material according to the origin of the tumor, bone vs soft 

tissue, or whether they were benign or malignant (Tables 3-5). Thus, the results on 

FNA biopsies were consistently poor, CN biopsies showed better and ST biopsies the 

best results.  

Bone and soft tissue tumors are histologically heterogeneous, and only for a few 

subgroups did the number of investigated cases allow for an attempt to compare the 

cytogenetic success rate with lineage of differentiation (Table 6). The only group of 

tumors that showed a notably higher fraction of abnormal karyotypes was Ewing 

sarcoma/primitive neuroectodermal tumors; an abnormal karyotype was found in 6, 



including one case with a single abnormal cell, of the 11 FNA samples. This finding is 

in agreement with previous data [8]. The group that showed the lowest success rate 

and the highest failure rate was the adipose tissue tumors. This could be attributed to 

the characteristics of adipose tumor tissue which makes it difficult to aspirate 

adequate sample material. In spite of the relatively high success rate in Ewing 

tumors, one must conclude that chromosome banding analysis of cells from FNA 

biopsies is not a cost-effective method to search for genetic information of diagnostic 

relevance in the management of patients with bone and soft tissue tumors. This 

conclusion does not, of course, apply to the directed analyses. Both FISH and RT-

PCR have been shown to be very useful when searching for specific neoplasia-

associated rearrangements, such as fusion genes, in samples with small numbers of 

tumor cells [11, 12]. 

The reason(s) for the relatively poor success rate for chromosome banding analysis 

of FNA biopsies is not known, but the sheer quantity of tumor cells might be one 

factor. In support of this notion, the, admittedly preliminary, data on 31 CN biopsies 

suggest that already this relatively small increase in sample size results in a much 

higher success rate. An abnormal karyotype was found in 15 of 31 (48%) CN 

biopsies, to be compared with 24% of FNA biopsies and 64% of ST biopsies.  

What other options, then, exist for obtaining a preoperative genomic tumor 

screening? Although array-based technologies for either global gene expression 

patterns or genomic imbalances are potentially very powerful screening methods, 

they are still used mainly as research tools, and their limitations with regard to the 

size and quality of the tumor samples have been poorly explored. Nevertheless, there 

are some promising results on FNA material from papillary thyroid carcinoma and 

non-small cell lung carcinomas [13-15]. The same techniques should be applicable 



also to soft tissue and bone tumors, but further studies are needed to evaluate this. 

Still, the present study suggests that CN biopsies are more promising than FNA 

biopsies in this context. Also CN is well tolerated by the patient, cost effective and 

relatively easy to perform [2, 16]. In addition, CN biopsies provide better information 

on the architecture of the tumor tissue, as well as more reliable material for ancillary 

techniques such as immunohistochemistry, FISH and RT-PCR.  

FNA can provide diagnostic smears for musculoskeletal lesions but as a standalone 

method for further evaluation it has limitations [17]. In our opinion, FNA and CN 

complement each other as diagnostic instruments for cytomorphologic evaluation, but 

when it comes to genetic screening through chromosome banding analysis CN 

seems superior to FNA. However, one should not forget the possibility to use 

ancillary techniques directly on FNA material, which can prove to be useful [18]. 

Furthermore, FNA and CN can be performed simultaneously by the same examiner, 

thus minimizing the time from examination to diagnosis and providing material for 

further diagnostic work up.  
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Table	1.	Cytogenetic	findings	in	cell	cultures	from	fine	needle	aspiration	biopsies	and	corresponding	surgical	tumor	biopsies.	Clinical	data	and	
karyotypes	in	111	patients	with	soft	tissue	or	bone	tumors.		

Age/sex  Type of 

samplea 
Karyotypeb   Diagnosis  Referencec

 

Soft tissue tumors 

Adipocytic tumors 

35/M 

 

FNA 

ST 

Failure 

46,XY,t(1;12)(p32;q14)[16]/46,XY[3] 

Lipoma  ‐

56/M 

 

FNA 

ST 

 

46,XY[25] 

46,XY,der(11)del(11)(q13)t(11;?16)(p15;q22),der(16)t(11;16) 

(q13;q22)[18]/46,XY[7] 

Lipoma  

 

‐ 

45/M 

 

FNA 

ST 

46,XY,?inv(5)(q14q22),t(5;12)(q31;q14)[8] 

46,XY,?inv(5)(q14q22),t(5;12)(q31;q14)[22] 

Lipoma   

11858:89 

57/M 

 

FNA 

ST 

46,XY,t(2;12)(q36;q14)[22]/46,idem,t(1;7)(p32;p15)[6]/46,idem,t(1;2)(q31;q11)[3] 

46,XY,t(2;12)(q36;q14)[54] 

Lipoma   

11858:31 

19/M  FNA  Failure  Chondroid lipoma   



 
 

  ST  46,XY,t(1;2;5)(q32;q37;q31),t(11;16)(q13;p13)[24]  8418:1 

60/M 

 

FNA 

ST 

Failure 

46,XY[10] 

Pleomorphic lipoma  ‐ 

53/M 

 

FNA 

ST 

Failure 

46,XY,t(4;6)(q25;p23),der(11)t(11;13)(p15;q14),del(13)(q12q13)[5]/ 

46,idem,tas(Y;21)(p11;p13)[3] 

Spindle cell lipoma   

9986:35 

78/M 

 

FNA* 

ST 

Failure 

45,XY,der(2)t(2;?13)(q13‐21;q21‐31),add(13)(q13),‐16[16] 

Spindle cell lipoma  ‐

 

76/M 

 

FNA 

ST 

46,XY,del(13)(q14q22)[25] 

46,XY,inv(9)(p11q12)c,del(13)(q12q21)[11] 

Spindle cell lipoma   

12980:48 

1/F 

 

FNA 

ST 

46,XX[14] 

46,XX[22] 

Lipoblastoma  ‐ 

0/F 

 

FNA 

ST 

Failure 

46,XX,t(1;8)(p13;q11)[19]/46,XX[6] 

Lipoblastoma   

12454:6 

66/M 

 

FNA 

ST 

46,XY[16] 

47,XY,+r[10]/46,XY[13] 

Atypical lipomatous tumor   

10805:10 

70/M  FNA  Failure  Atypical lipomatous tumor



 
 

  ST  47,XY,+r[10]/48,idem,+r[3]  11858:209 

49/M 

 

FNA 

ST 

46,XY[23] 

46‐47,XY,+1‐2r[cp17]/46,XY[5] 

Atypical lipomatous tumor 

 

‐ 

76/M 

 

FNA 

ST 

Failure 

47‐49,XY,add(11)(p15),+1‐3r[cp9] 

Atypical lipomatous tumor  ‐ 

78/F 

 

FNA 

ST 

Failure 

44‐46,XX,+2r[cp6]/90‐94,idemx2[cp4] 

Well differentiated 

liposarcoma 

12975:10

32/M 

 

FNA 

ST 

Failure 

46,XY 

Well differentiated 

liposarcoma 

‐

55/F 

 

FNA 

ST 

Failure 

47‐49,XX,?add(7)(p22),add(12)(q13),‐14,‐16,+der(?)r(?;1;12)x1‐3, 

+der(?)t(?;1;12) [cp7]/46,XX[5] 

Dedifferentiated 

liposarcoma  

10805:14 

59/F 

 

FNA 

ST 

Failure 

46,XX 

Myxoid liposarcoma   ‐ 

55/F 

 

FNA 

ST 

Failure 

46,XX,t(12;16)(q13;p11)[25] 

Myxoid liposarcoma  ‐ 

80/F  FNA  Failure  Sclerosing liposarcoma



 
 

  ST  41‐44,XX,der(2)t(2;12)(q37;q13),del(4)(p14),del(11)(q13q21),‐12,‐12,‐13,‐14,‐17, 

‐18,add(19)(q13),+21,+?add(21)(q22),der(22)t(12;22)(q13;q12),+der(?)t(?;1;12) 

[cp4]/82‐88,idemx2[cp2]/46,XX[6] 

10805:16 

60/M 

 

FNA* 

ST 

46,XY,t(12;13;16)(q13;q12;p11)[21]/46,XY[6] 

46,XY,t(12;13;16)(q13;q12;p11)[25] 

Myxoid liposarcoma    

12980:72 

76/M 

 

FNA 

ST 

Failure 

40‐45,X,‐Y,‐3,‐9,add(11)(p15),der(11)t(11;12)(p13;q12),der(11)t(3;11)(p21;p15), 

‐12,der(14)t(9;14)(q13;p11),del(17)(q11q21),der(19)add(19)(p13)add(19)(q13), 

‐21,+1‐2r,+1‐2mar[cp2]/77‐95,XX,‐Y,‐Y,‐1,‐3,‐3,‐4,‐5,‐6,‐7,‐8,‐8,‐9,‐9,‐9,‐10, 

add(11)x2,der(11)t(10;11)(q22;p15)x2,der(11)t(3;11)x2,‐12,add(12)(p13),‐13,‐14, 

‐15,‐16,‐17,del(17)x2,der(19)x2,‐20,‐21,‐22,+2‐5r,+2‐14mar[cp8]/47‐49,XY,add(11), 

+1‐3r[cp9]/46‐49,XY,add(11),der(11)t(11;13)(p12;q13),‐13,+2‐4r[cp9] 

Pleomorphic liposarcoma

 

 

 

 

5609:44 

Fibroblastic/myofibroblastic tumors 

70/F 

 

FNA 

ST 

Failure 

47,XX,+r[6]/46,XX,t(5;8)(q13;p21)[9] 

Ischemic fasciitis and lipoma ‐ 

30/M 

 

FNA 

ST 

Failure 

46,XY[24] 

Myositis ossificans 

 

‐ 



 
 

36/M 

 

FNA 

ST 

47,XY,+5,‐21,der(22)t(?17;22)(q22;q13),+r[25] 

47‐50,XY,+5,‐21,der(22)t(?17;22)(q22;q13),+1‐4r[cp10] 

Dermatofibrosarcoma 

protuberans  

‐ 

16/M 

 

FNA 

ST 

Failure 

47,XY,+8[6]/46,XY[21] 

Desmoid type fibromatosis 

 

 

9163:401 

43/F 

 

FNA 

ST 

46,XX[25] 

46,XX,del(6)(q2?3),tas(20;21)(q13;p13),+mar[cp8] 

Desmoid type fibromatosis  ‐ 

17/M 

 

FNA 

ST 

Failure 

46,XY[23]  

Solitary fibrous tumour  ‐

53/F 

 

FNA 

ST 

46,XX[25] 

46,XX[25] 

Solitary fibrous tumour  ‐ 

12/F           

 

FNA 

ST 

Failure 

46,XX,der(2)t(2;8)(p21;q21)del(2)(q31q37),der(8)t(2;8)ins(8;2)(q21;q31q37)[17] 

Inflammatory 

myofibroblastic tumor 

 

5609:54 



 
 

45/M 

 

FNA 

 

 

ST 

41‐42,XY,dic(1;?)(p11;?),‐2,der(3)t(3;10)(p21;q?),‐9,add(10)(q2?4),del(10)(q?22), 

der(12)add(12)(p1?1)t(?;10)(?;q?11)t(1;10)(p?;q?22),add(14)(q32),?add(16)(p11), 

‐17,add(21)(p11),‐22,‐22[3]/46,XY[4] 

41‐42,XY,dic(1;?)(p11;?),‐2,der(3)t(3;10)(p21;q?),‐9,add(10)(q2?4),del(10)(q?22), 

der(12)add(12)(p1?1)t(?;10)(?;q?11)t(1;10)(p?;q?22),add(14)(q32),?add(16)(p11), 

‐17,add(21)(p11),‐22,‐22[cp19] 

Myxoinflammatory 

fibroblastic sarcoma 

 

 

 

12793:2 

0/M 

 

FNA 

ST 

Failure 

49,XY,+8,+11,+20[6]/50,idem,+17[9]/46,XY[13] 

Infantile fibrosarcoma

  2983:1 

78/M 

 

FNA 

ST 

 

Failure 

37‐43,XY,‐1,‐1,‐2,?del(2)(p14),add(9)(q34),?der(10)t(1;10)(q2?1;q2?6),‐13,‐16, 

+?21,+?r,inc[cp10] 

Myxofibrosarcoma  ‐ 

82/M 

 

ST 

 

FNAd 

 

39‐46,XY,add(1)(p11),‐2,‐9,?add(9)(q32),‐10,add(13)(q22),add(14)(q1?3), 

add(15)(p11),der(17)t(1;17)(p1?1;p13)ins(17;?)(p13;?),‐18,‐20,inc[cp6] 

68‐78,der(X)t(X;1)(p22;p22)x2,‐Y,+2,add(2)(p23)x2,+5,+9,?der(9)add(9)(p13) 

t(9;17)(q22;q21)x2,‐10,add(11)(q23),+add(11),del(11)(p13)x2,+14,?der(14;15) 

(q10;q10)x2,‐17,‐18,der(22)t(10;22)(q11;p13)x2,+mar,inc[cp6] 

Myxofibrosarcoma 

 

 

‐ 

76/M  FNA  43‐47,XY,der(1)t(1;3)(p13;q11),‐3,‐4,‐8,?del(9)(q11),der(10)t(1;?;10)(p13;?;q22), Myxofibrosarcoma ‐



 
 

   

ST 

 

 

der(12)t(1;12)(q11;p11),?der(12)t(12;17)(q13;q21),‐13,‐15,‐16,+1‐4r,inc[cp8] 

42‐45,XY,der(1)t(1;3)(p13;q11),‐3,add(5)(p1?5),add(8)(q24),?del(9)(p11),der(10) 

t(1;?;10)(p13;?;q22),der(12)t(1;12)(q11;p11),?der(12)t(12;17)(q13;q21),‐13,‐14,‐15, 

‐16,+1‐3r,inc[cp8]/46,XY[12] 

64/M 

 

FNA 

ST 

Failure 

78‐154,X?,add(1)(q21),?der(4)add(4)(q?)hsr(?),add(11)(p15),del(12)(p11), 

add(13)(q34),inc[cp2]/46,XY[7] 

Myxofibrosarcoma  ‐ 

77/F 

 

FNA 

FNA 

ST 

 

46,XX[25] 

Failure 

64‐79,XXX,+1,add(1)(p36)x2,‐2,del(3)(q27),‐4,+7,?add(7)(q21),‐9,?add(10)(q22)x2, 

?del(10)(q24),‐11,‐12,‐13,‐13,‐13,‐14,‐14,‐14,‐15,‐15,‐16,‐16,‐16,‐17,?add(18)(p11), 

?add(19)(q13)x2,+add(19)(p13),+20,‐22,inc[cp4] 

Myxofibrosarcoma ‐

72/F 

 

FNA 

ST 

Failure 

Failure 

Myxofibrosarcoma   ‐ 

55/M 

 

FNA 

ST 

Failure 

72‐75,XY,‐X,‐1,dic(1;13)(p13;p13),‐2,‐2,‐2,‐3,?add(3)(p25)x 1‐2,?del(4)(p11), 

del(5)(p11)x1‐2,‐6,‐6,‐7,del(7)(q27)x1‐2,‐8,‐8,‐9,‐9,?del(9)(q13),‐10,‐10,‐10,‐11, 

Myxofibrosarcoma  ‐ 



 
 

?add(12)(p11),‐13,‐15,add(15)(p11),‐16,add(16)(q?)x1‐2,?del(17)(p11),?‐20, 

?add(21)(q22),inc[cp5]/46,XY[2] 

77/F 

 

FNA 

ST 

46,XX[8] 

46,XX[22] 

Myxofibrosarcoma  ‐ 

76/M 

 

FNA 

 

STd 

40‐44,XY,der(1;16)(q10;p10),‐5,‐6,‐12,‐13,ins(13;?)(q14;?),+add(16)(q22),‐17,‐19, 

del(20)(q11),‐21,‐22,+der(?)t(?;12)(?;q13‐14),+2mar,inc[cp6]/46,XY[6] 

42‐43,XY,der(1;16)(q10;p10),add(6)(q15),ins(13;?)(q14;?),del(20)(q11),inc[4] 

Myxofibrosarcoma  ‐ 

44/M 

 

FNA 

ST 

Failure 

44‐45,XY,‐6,‐8,‐9,‐10,?inv(10)(p12q24),?dup(17)(q11q21),+2mar[cp7] 

Myxofibrosarcoma ‐

71/M 

 

FNA 

 

ST 

81‐94,XX,‐Y,‐Y,‐1,‐1,‐3,‐3,‐4,‐4,‐4,+7,add(7)(q31)x2,dup(11)(q12q25)x2,‐13,‐13,+19,

+19,+add(19)(q13)x2,+20,+20,+20,+22,+3mar[cp4] 

99‐113,XXX,‐Y,‐Y,del(1)(q32)x2,add(7)(q31)x2‐3,dup(11)(q12q25)x2,add(19)(q13)x2, 

inc[cp4] 

Myxofibrosarcoma  ‐ 

39/M 

 

FNA 

ST 

46,XY[12] 

46,XY,t(7;16)(q32;p11)[5]/46,XY[11] 

Low grade fibromyxoid 

sarcoma 

 

10986:4 

Smooth muscle tumors 

55/M  FNA  46,XY[25]  Leiomyosarcoma



 
 

  FNA 

ST 

46,XY[8] 

45,X,‐Y[17] 

 

8300:31 

63/M 

 

FNA 

ST 

76‐91,XX,‐Y,del(1)(q42),add(12)(q24),add(19)(p13),inc[cp5] 

45‐51,XY,der(1)del(1)(p36)add(1)(q32),add(3)(p25),add(7)(p11),del(7)(q11q22), 

add(12)(q24),add(17)(q25),add(19)(q13),der(19)t(5;19)(q13;p11)[5]/45‐49,idem, 

‐add(3),+del(3)(q11)[6]/81‐97,idemx2,‐add(3)x2,+del(3)x2[4]/42‐44,idem, 

add(1)(q32),del(4)(p14),add(5)(p15),‐del(7),‐add(19),‐der(19)[4] 

Leiomyosarcoma 

 

 

5609:40 

79/F 

 

FNA 

ST 

46,XX[6] 

64‐67,XXX,add(2)(p15),del(2)(q23),add(7)(p13)x2,add(8)(p11),add(8)(p21),add(10) 

(q26),add(15)(q22),der(15)t(9;15)(q13;p13),der(18)t(11;18)(q14;p11),+der(?)t(?;3) 

(?;p13),+hsr(?),inc[cp7]/95‐119,idemx2,del(1)(p32),der(1;14)(p10;q10),der(11;22) 

(q10;q10)[cp9] 

Leiomyosarcoma

7478:220 

86/F 

 

FNA 

ST 

Failure 

44,X,add(X)(p22),‐10,‐13,add(15)(q15),add(16)(q24),der(16)t(15;16)(q15;p13), 

add(17)(p11),‐22,+r[7]/43,idem,‐2[3]/45,idem,+8[6]/46,XX[2] 

Leiomyosarcoma    

8300:3 

70/M 

 

FNA 

STd 

Failure 

52‐104,XY,add(1)(p36),add(1)(q12),del(1)(p11),add(2)(p11),add(3)(p21),add(5) 

Leiomyosarcoma 

 

8300:7 



 
 

 

 

(p15),add(6)(p24),add(7)(p22),add(7)(q22),add(8)(p11),add(11)(p15),add(11)(q24), 

add(22)(q13),+hsr(?),inc[cp4]/46,XY[14] 

72/F 

 

FNA 

ST 

46,XX[21] 

46,XX,inv(7)(p21q11),‐12,+der(?)t(?;12)(?;q15)[9]/45,X,‐X[3]/46,XX[8] 

Leiomyosarcoma   ‐ 

81/M 

 

FNA 

ST 

Failure 

63‐77,X?,inc[4]/127‐152,X?,inc[5]/46,XY[9] 

Leiomyosarcoma 

 

‐ 

51/F 

 

FNA 

ST 

Failure 

46,XX[23] 

Leiomyosarcoma  ‐

78/F 

 

FNA 

ST 

Failure 

Failure 

Leiomyosarcoma   ‐ 

82/M 

 

FNA 

ST 

Failure 

45,X,‐Y[5]/47,XY,+7[2]/46,XY[17] 

Leiomyosarcoma   ‐ 

81/M 

 

FNA 

ST 

45,XY,der(13;14)(q10;q10)c[19] 

45,XY,der(13;14)(q10;q10)c[23] 

Leiomyosarcoma  ‐ 

49/M 

 

FNA 

ST 

Failure 

79‐92,XXYY,add(1)(q21)x2,t(11;14)(q23;q32),‐17,inc[cp7] 

Leiomyosarcoma   

10805:37 

73/M  FNA  42‐43,Y,add(X)(q28),‐1,del(1)(q21),add(2)(p14),?del(3)(p11), der(3)t(3;?13)  Leiomyosarcoma ‐



 
 

   

 

 

ST 

(p13;q12),der(5)t(5;15)(p15;q15),t(7;8)(p15;q13),‐8,‐9,‐13,‐15,‐15,add(16)(q22), 

der(17)t(1;17)(q12;q21),add(21)(p11),add(22)(q13),der(22)t(8;22)(q11;p11), 

+2mar[cp7] 

41‐43,Y,add(X)(q28),‐1,del(1)(q21),add(2)(p14),?del(3)(p11),der(3)t(3;?13) 

(p13;q12),der(5)t(5;15)(p15;q15),t(7;8) (p15;q13),‐8,‐9,‐13,‐15,‐15,add(16)(q22), 

der(17)t(1;17)(q12;q21),add(21)(p11),add(22)(q13),der(22)t(8;22)(q11;p11), 

+2mar[24]/46,XY[11] 

45/F 

 

FNA 

ST 

Failure 

57‐95,XX,‐X,9‐10dmin,inc[5]/46,XX[8] 

Leiomyosarcoma  ‐ 

82/M 

 

FNA 

ST 

46,X,‐Y,+7[12] 

39‐49,XY,‐3,+2‐6r[cp7]/85‐92,XXYY,+5‐9r,inc[cp2] 

Leiomyosarcoma  ‐ 

Pericytic (perivascular) tumors 

64/F 

 

FNA 

ST 

72,X,‐X,add(7)(p22),+der(?)t(?;1)(?;p11),inc[2]/46,XX[13] 

46,XX[25] 

Hemangiopericytoma  8108:318 

84/M 

 

FNA 

ST 

Failure 

46,XY,t(2;17)(p16;q11),ins(7;11)(q36;q14q23)[11]/46,XY[3] 

Hemangiopericytoma   

8108:319 

50/M 

 

FNA 

ST 

Failure 

46,XY[24] 

Hemangiopericytoma ‐



 
 

Skeletal muscle tumors 

10/F 

 

FNA 

 

ST 

118,XXXXX,+X,+X,add(1)(p11)x2,+2,‐3,‐4,‐4,+5,+5,‐6,‐7,+8,+9,‐10,‐11,+12,‐14,‐16, 

+20,+20,+20,‐21,+22,+der(?)t(?;5)(?;q15)x2[2] 

118,XXXXX,+X,+X,add(1)(p11)x2,+2,‐3,‐4,‐4,+5,+5,‐6,‐7,+8,+9,‐10,‐11,+12,‐14,‐16, 

+20,+20,+20,‐21,+22,+der(?)t(?;5)(?;q15)X2[2]/46,XX[16] 

Alveolar 

rhabdomyosarcoma 

7200:2 

 

7200:2 

15/M 

 

FNA 

ST 

Failure 

46,XY[21]  

Alveolar 

rhabdomyosarcoma 

‐

3/F 

 

FNA 

ST 

46,XX[13] 

46,XX[24] 

Alveolar 

rhabdomyosarcoma 

‐

9/F 

 

FNA 

ST 

Failure 

46,XX[17] 

Alveolar 

rhabdomyosarcoma 

‐ 

Soft tissue tumors of miscellaneous/uncertain differentiation 

57/F 

 

FNA 

ST 

46,XX,t(1;10)(p21;q25)[13]/46,XX[15] 

46,XX[24] 

Myxoma  ‐ 

45/F 

 

FNA 

ST 

46,XX[12] 

46,XX[25] 

Myxoma  ‐ 

81/F  FNA  Failure  Neurilemmoma



 
 

  ST  47,XX,+20[6]/45,X,‐X[3]/46,XX[28]  8439:6 

12/F 

 

FNA 

ST 

46,XX[5] 

46,XX[28] 

Neurofibroma  ‐ 

73/F 

 

FNA 

ST 

Failure 

Failure 

Malignant peripheral nerve 

sheath tumor 

‐ 

68/M 

 

FNA 

 

 

 

ST 

82‐140<4n>,XY,‐Y,‐Y,+add(1)(q21)x2‐3,add(6)(q11)x2,add(6)(q13)x2,add(8)(p11),

‐10,‐10,add(11)(q13),del(12)(q24),add(14)(p11),‐16,add(16)(p11),‐17,‐17,‐18,‐18, 

add(19)(p13)x2,+add(19)(p11),‐20,‐20,‐20,add(22)(p13)x1‐2,+der(?)t(?;7)(?;q11), 

inc[cp6] 

73‐88,XX,‐Y,‐Y,+add(1)(q21)x2,add(6)(q13)x2,?add(16)(q1?1),add(19)(p13),add(22) 

(p13)x2,+der(?)t(?;7)(?;q11),inc[cp3]/45,X,‐Y[3]/46,XY[4] 

Undifferentiated 

pleomorphic sarcoma  

‐

75/F 

 

FNA 

ST 

Failure 

79‐97,XX,‐X,‐X,add(1)(q11),del(1)(q12),add(7)(p22),der(16)add(16)(p13)hsr(?)x2, 

dmin,inc[cp4]/46,XX[?]  

Undifferentiated 

pleomorphic sarcoma  

 

5609:38 

79/F 

 

FNA 

ST 

46,XX[9] 

46,XX[30] 

Undifferentiated 

pleomorphic sarcoma  

‐ 

78/F  FNA  Failure  Undifferentiated 

pleomorphic sarcoma  

‐



 
 

  ST  46,XX[12] 

79/M 

 

FNA 

ST 

Failure 

46,XY[21] 

Undifferentiated 

pleomorphic sarcoma   

‐ 

46/F 

 

FNA 

ST 

46,XX[7] 

82‐92,‐X,‐X,‐X,‐X,del(1)(q12),del(1)(q21),der(2)del(2)(p12)t(1;2)(q21;q33)ins(2;?) 

(q33;?),del(3)(p12),del(5)(p12),add(6)(q13)x2,der(7)add(7)(p22)add(7)(q32),add(9) 

(q34),del(10)(p13),add(12)(p13),add(12)(q24),del(12)(p12),add(13)(p13),add(16) 

(q13),der(16)t(1;16)(q12;q12),del(17)(p11),add(19)(q13),add(20)(q13),inc[cp8] 

Undifferentiated 

pleomorphic sarcoma  

 

7478:251 

74/F 

 

FNA 

ST 

Failure 

46,XX[10] 

Undifferentiated 

pleomorphic sarcoma  

‐ 

68/M 

 

FNA 

ST 

72‐73,XXY,?add(12)(q13),+mar,inc[6]/46,XY[8] 

74‐80,XXY,+2,+4,+7,+7,‐8,‐10,+der(12)t(?3;12)(q21;q13),+add(12)(q15),+13,‐16, 

add(18)(p11),+19,‐22,+2‐3mar[6]/46,XY[8] 

Undifferentiated 

pleomorphic sarcoma  

 

‐ 

57/M 

 

FNA 

ST 

 

Failure 

63‐73,X?,del(1)(q32),add(7)(p22),del(10)(p11),der(?12)add(12)(p11)add(12)(q24), 

add(19)(q13),+der(?)t(?;3)(?;p11),+der(?)t(?;5)(?;q1?1),+3‐4mar,inc[cp5]/46,XY[3] 

Undifferentiated 

pleomorphic sarcoma  

‐ 

 

 



 
 

Bone tumors 

Cartilage tumors  

19/M 

 

FNA 

ST 

Failure  

46,XY[24] 

Chondroma

 

‐

69/M 

 

FNA 

ST 

 

 

 

 

Failure 

75‐79,+X,add(X)(q27)x2,‐Y,der(1)t(1;2)(q32;q21),add(3)(q27),+der(3)t(3;14) 

(q21;q11)ins(3;?)(q21;?),‐4,+5,+5,+5,+6,+7,+7,+7,‐8,‐9,‐9,‐10,der(10)t(5;10) 

(q21;p15)x2,add(11)(q25),+12,+12,+12,‐13,der(13)t(2;13)(p11;p11),‐14,add(14) 

(p?),‐15,‐15,+16,+17,add(17)(p13)x2,+18,+19,+19,add(19)(q13)x3,+20,add(20) 

(p13)x2,der(20)t(10;20)(q11;p13)x2,‐21,‐21,‐21,inc[cp20]/46,XY[2] 

Chondrosarcoma 

 

 

9347:42 

51/M 

 

FNA 

ST 

Failure 

46,XY[19] 

Chondrosarcoma 

 

‐ 

52/M 

 

FNA 

ST 

 

46,XY[24] 

38,X,‐Y,add(1)(p21),‐4,‐6,der(8)t(8;?22)(p12;q11),‐9,‐10,‐11,add(11)(p15),‐14, 

der(17;21)(q10;q10),add(18)(p11),add(19)(p13),‐22,der(22)t(?9;22)(q13;p11), 

+mar[cp6] 

Chondrosarcoma

12869:32 

Osteogenic tumors 



 
 

23/M 

 

FNA 

ST 

 

 

 

46,XY[4] 

44,X,‐Y,add(1)(p34),del(1)(q21),del(2)(p21p23),+3,del(3)(p12)x2,del(6)(q15),der(6) 

t(6;13)(q27;q12),+10,der(10)t(8;10)(q11;q26)x2,del(12)(p11),‐13,+der(15)t(1;15) 

(q21;p13)ins(1;?)(q32;?),+16,‐17,add(17)(q11),‐18,‐22,‐22[15]/43,idem,‐15[3]/ 

46,XY[3] 

Osteoblastoma 

 

 

 

 

‐ 

15/F 

 

FNA 

ST 

Failure  

75‐89,XX,‐X,add(1)(q11)x2,add(1)(q21),+add(1)(q21),+del(1)(q21q25)x2,add(2) 

(p16)x2,del(3)(p11),del(6)(q?),‐9,inc[34]/47,XX,+marc[14] 

Osteosarcoma

 

 

5007:11 

17/M 

 

FNA 

ST 

 

 

Failure 

77‐83,X,‐X,‐Y,‐1,+2,add(2)(p12)x2,‐3,+5,+6,+8,+8,der(8)t(3;8)(p23;p21)x3,+11,+12, 

‐13,‐13,‐13,+14,+17,der(17)t(1;17)(p13;p11)x2,‐18,‐19,add(19)(p13)x2,+20, 

+add(20)(p13),+7‐9mar[20] 

Osteosarcoma   

5007:19 

15/M 

 

FNA 

ST 

 

 

56,XY,del(1)(q11),del(2)(p21),add(12)(p13),+der(?)t(?;13)(?;q14),inc[3]/46,XY[8] 

54‐57,XY,del(1)(q11),del(1)(q32),der(1)add(1)(p11)del(1)(q42),del(2)(p21),add(4) 

(p11),der(20)t(7;20)(q21;q13),+der(?)t(?;5)(?;q13)hsr(?;5)(?;q13),+der(?)t(?;13) 

(?;q14),inc[cp7] 

Osteosarcoma 

 

 

5007:12 

5007:12 

16/M  FNA  56‐60,XXY,inc[4]/104‐117,XX,add(1)(q21),del(2)(p12),del(6)(q16),+der(?)t(?;2) Osteosarcoma 5007:15



 
 

   

ST 

(?;q13),inc[6]/46,XY[5] 

46,XY[19] 

10/F 

 

FNA 

ST 

Failure 

46,XX[7] 

Osteosarcoma  ‐ 

56/F 

 

FNA 

 

 

ST 

43‐48,X,‐X,ins(1;?)(q21;?),+add(3)(q11),‐4,del(5)(p12),add(6)(p25),del(6)(p23), 

+add(7)(p22),‐8,‐9,add(10)(q22),‐11,add(11)(p15)x2,‐13,der(13;?)t(13;?)(q34;?) 

t(?;13)(?;q12),‐14,‐15,der(18)add(18)(p11)hsr(18)(p11),+4mar[cp8]/46,XX[2] 

46‐49,X,‐X,ins(1;?)(q21;?),add(3)(q11),‐4,del(5)(p12),add(6)(p25),add(7)(p22),‐8,‐9, 

‐10,add(11)(p15)x2,‐13,der(13;?)t(13;?)(q34;?)t(?;13)(?;q12),‐14,‐15,der(18) 

add(18)(p11)hsr(18)(p11),+4mar,inc[cp6]/46,XX[2] 

Osteosarcoma 

 

 

 

 

‐ 

80/M 

 

FNA 

ST 

Failure 

77‐80,X?,add(1)(p36),inc[2]/46,XY[22] 

Osteosarcoma   ‐ 

22/F 

 

FNA 

ST 

Failure 

46,XX[25] 

Osteosarcoma  ‐ 

19/M 

 

FNA 

ST 

46,XY[13] 

46,XY[13] 

Osteosarcoma  ‐ 

32/F  FNA  Failure  Undifferentiated 

pleomorphic sarcoma  

8379:1517



 
 

  ST 

 

46‐47,X,?del(X)(q?),add(1)(q21),add(3)(p11),add(3)(q12),add(4)(p1?),?add(7) 

(q22),add(9)(p11),+2mar,inc [cp5] 

Ewing sarcoma/primitive neuroectodermal tumor 

18/M 

 

FNA 

ST 

46,Y,t(X;4)(p11;q31)[25] 

46,Y,t(X;4)(p11;q31)[28]/46,XY[15] 

Primitive round cell sarcoma 11395:1 

11395:1 

27/M 

 

FNA 

ST 

46,XY[14] 

49‐52,XY,+Y,+4,+5,+7,+8,+10,t(11;22)(q24;q12)[cp8]/46,XY[33] 

Ewing sarcoma ‐

17/M 

 

FNA 

 

ST 

55,X,‐Y,+der,(Y)t(Y;1)(q12,q21),+der(Y)t(Y;1),+5,+6,+8,+8,+9,t(11;22)(q24;q12),

+12,‐15,+der(15)t(2;15)(p11;p13),+17,+20[14] 

46,XY[12] 

Ewing sarcoma

 

 

12093:16

10/M 

 

FNA 

ST 

46,XY,t(15;19)(q14;p13)[8]/45,X,‐Y,t(15;19)(q14;p13)[14] 

45,X,‐Y,t(15;19)(q14;p13)[cp4] 

Ewing sarcoma  12820:1 

12820:1 

27/M 

 

FNA 

ST 

FNAd 

46,XY[6] 

46,XY[25] 

69‐70,XY,‐X,+Y,del(1)(p22),+8,‐9,der(11)?inv(11)(p14q12)t(11;22)(q?;q?),+13,‐14, 

‐15,add(16)(q2?2),‐17,+?19,+20,+20,add(21)(q22),‐22,der(22)t(11;22)[19] 

Ewing sarcoma  ‐ 

22/M  FNA  47‐49,XY,add(22)(q12),inc[2] Ewing sarcoma 12093:21



 
 

  ST  46,XY[32]   

15/M 

 

FNA 

ST 

Failure 

46,XY[31] 

Ewing sarcoma 

 

‐ 

12/F 

 

FNA 

ST 

46,XX[3]/46,XX,t(1;11;22)(q23;q24;q12)[1]  

46,XX,t(1;11;22)(q23;q24;q12)[3] 

Ewing sarcoma  ‐ 

15/F 

 

FNA 

ST 

46,XX[13] 

46,XX,?del(22)(q12)[5]/46,XX[4] 

Ewing sarcoma ‐

8/F  FNA  46,XX,t(11;22)(q24;q12)[8] Ewing sarcoma  ‐

Miscellaneous bone tumors 

38/M 

 

FNA 

ST 

46,XY[6] 

45‐46,XY,tas(8;17)(p23;p13)[cp4]/45‐46,XY,tas(8;19)(p23;p13)[cp3]/45‐46,XY, 

tas(7;17)(q36;p13)[cp2]/46,XY[39] 

Giant cell tumor   

12830:53 

31/F  FNA 

ST 

Failure 

45‐46,XX,inv(3)(p13q21)[cp12]/46,XX,t(12;13)(q15;p11)[10]/46,XX,t(4;11) 

(q21;p15)[6]/46,XX,t(2;14)(q33;q32)[5]/46,XX,t(2;11)(q21;q25)[4]/46,XX,t(2;15) 

(q23;q22)[4]/46,XX,t(11;19)(q21;p13)[4]/46,XX,t(2;11)(p23;q13)[3]/46,XX,t(4;13) 

(q21;q34)[3]/46,X,del(X)(q24),t(10;13)(q11;q14)[2]/46,XX,tas(1;6)(q44;q27)[2]/ 

Giant cell tumor   

12830:55 



 
 

46,XX,t(1;9)(q32;q32),t(5;12)(q11;p11)[2]/46,XX,t(2;9)(q37;q22)[2]/46,XX,t(3;10) 

(q12;q26),inv(8)(p21q24)[2]/46,XX,t(7;15)(p15;q24)[2]/46,XX,t(9;19)(q22;q13)[2]/ 

46,XX,t(10;21)(p11;q22)[2]/46,XX[175] 

48/F 

 

FNA 

ST 

Failure 

46,XX,t(5;8)(q35;q22) [4]/46,XX[21] 

Giant cell tumor   

12830:66 

74/M 

 

FNA 

ST 

Failure 

40‐42,XY,‐3,der(6)t(6;9)(q?25‐27;q11‐12),‐8,‐9,der(9)t(9;10)(p24;?) or der(9)t(9;16) 

(p24;?),‐10,dic(12;?16)(?p1?3;?)?inv(12)(p11p13),der(21)t(8;21)(q11;p13),‐22[5]/ 

46,XY[5] 

Chordoma

10597:1 

41/M 

 

FNA 

ST 

46,XY[29] 

46,XY[22] 

Chordoma  ‐ 

 

a FNA = fine needle aspiration biopsy; ST = surgical tumor biopsy. An asterisk indicates that a core needle biopsy was analyzed 

cytogenetically from the same case (see Table 2).  

b Clonal, acquired chromosome aberrations in FNA biopsies are indicated in bold. Italics indicate a likely tumor associated aberration found 

in a single cell (hence not clonal). 

c Previously published karyotypes are referred to with reference number and case number in Mitelman Database of Chromosome 

Aberrations in Cancer 2010. 

d ST and FNA were from different lesions, e.g., primary tumor and local recurrence.



 
 

 

Table	2.	Cytogenetic	findings	in	cell	cultures	from	core	needle	aspiration	biopsies	and	corresponding	surgical	tumor	biopsies.	Clinical	data	
and	karyotypes	in	30	patients	with	soft	tissue	or	bone	tumors.	

Age/sex  Type of 

samplea  

Karyotypeb  Diagnosis  Referencec

 

Soft tissue tumors 

Adipocytic tumors 

78/M 

 

CN* 

ST 

45,XY,der(2)t(2;?13)(q13‐21;q21‐31),add(13)(q13),‐16[11] 

45,XY,der(2)t(2;?13)(q13‐21;q21‐31),add(13)(q13),‐16[16] 

Spindle cell lipoma  ‐ 

 

62/F 

 

CN 

ST 

Failure 

43‐50,XX,add(4)(q3?),‐6,+1‐2r,+mar[cp7]/46,XX[4] 

Atypical lipomatous tumour  ‐ 

65/M 

 

CN 

ST 

46,XY,del(1)(p31)[22]

46,XY,del(1)(p31)[24] 

Atypical lipomatous tumour

 

‐

53/F 

 

CN 

ST 

46,XX[22] 

47,XX,+r[8]/47,X,‐X,+?12,+r[10] 

Atypical lipomatous tumour  ‐ 

60/M 

 

ST* 

CNd 

46,XY,t(12;13;16)(q13;q12;p11)[21]/46,XY[4] 

46,XY,t(2;18)(q35;q11),t(12;13;16)(q13;q12;p11)[10] 

Myxoid liposarcoma  12980:72 

 



 
 

  CNd  46,XY,t(2;18)(q35;q11),t(12;13;16)(q13;q12;p11)[3] 

30/F 

 

CN 

ST 

46,XX,t(12;16)(q13;p11)[7] 

46,XX,t(12;16)(q13;p11)[11] 

Myxoid liposarcoma  ‐ 

57/F 

 

CN 

ST 

Failure 

46,XX[6] 

Myxoid liposarcoma  ‐ 

81/M 

 

CN 

ST 

45,X,‐Y[3]/46,XY[12] 

67‐73,X?,inc[cp16]/120‐130,X?,inc[cp5]/46,XY[18] 

Pleomorphic liposarcoma ‐

Fibroblastic/Myofibroblastic tumors 

52/F 

 

CN 

ST 

46,XX[16] 

46,XX[35] 

Desmoid type fibromatosis  ‐ 

44/F 

 

CN 

ST 

46,XX[11] 

46,XX[23] 

Desmoid type fibromatosis  ‐ 

50/F 

 

CN 

ST 

Failure 

46,XX[25] 

Desmoid type fibromatosis  ‐ 

64/F 

 

CN 

ST 

46,XX[4] 

43,X?,del(1)(q21),?der(12)hsr(12)(q13)add(12)(q24),+?r,inc[cp4] 

Myxofibrosarcoma  ‐ 

56/F  CN  46,XX[20]  Myxofibrosarcoma ‐



 
 

  ST  46,XX[11] 

31/M 

 

CN 

ST 

46,XY[13] 

48‐52,X,‐Y,+7,+8,?‐9,der(14;14)(q10;q10),‐16,+17,+18,+2mar,inc[cp6]/46,XY[2] 

Myxofibrosarcoma  

 

‐ 

25/M 

 

CN 

ST 

Failure 

46,XY[12] 

Low grade fibromyxoid 

sarcoma 

‐ 

80/Me 

 

CN 

ST 

 

46,XY,t(9;17)(q34;q23),?t(10;14)(p14;q24)[3]/46,XY,t(11;12)(q13;q24)[3] 

51‐59,XY,add(1)(q21)x2,‐4,‐4,‐6,add(6)(q15),?der(6)del(6)(p23),+7,‐9,add(10)(p1?), 

?der(11)add(11)(p13)del(11)(q23),del(12)(q24),add(13)(p11),?i(14)(q10), 

add(15)(p11),?add(16)(q22),‐17,‐18,‐18,inc[cp7]/95‐109,idemx2[cp2] 

Myxofibrosarcoma ‐

Smooth muscle tumors 

61/F 

 

CN 

ST 

46,XX[25] 

44,XX,add(1)(p11),del(6)(q11),‐10,‐14[12]/86‐87,idemx2[3] 

Leiomyoma  ‐ 

69/M 

 

CN 

ST 

Failure 

Failure 

Leiomyosarcoma   ‐ 

Soft tissue tumors of miscellaneous/uncertain differentiation 

36/M 

 

CN 

ST 

46,XY,t(2;18)(q3?3;q23),del(3)(p13p23)[11] 

46,XY[7]  

Neurofibroma   



 
 

47/F 

 

CN 

ST 

 

45,X,t(X;18)(p11;q11),der(1)t(1;3)(q42;q11),‐3[7]/46,idem,+mar[6] 

46,X,t(X;18)(p11;q11)[3]/45,idem,der(1)t(1;3)(q42;q11),‐3[5]/46,idem, 

der(1)t(1;3)(q42;q11),‐3,+mar[4] 

Synovial sarcoma   ‐ 

 

24/M 

 

CN 

 

ST 

40‐41,Y,t(X;18)(p11;q11),‐3,?inv(4)(p15q24),‐9,‐11,‐15,‐17,‐20[cp3]/58‐59,XY, 

t(X;18)(p11;q11),‐1,‐3,‐4,‐7,‐10,‐18,‐19,‐21,‐22[cp2]/46,XY[5] 

41,Y,t(X;18)(p11;q11),‐3,?inv(4)(p15q24),‐9,‐11,‐15,‐20[9]/46,XY[6] 

Synovial sarcoma  ‐ 

36/M 

 

CN 

ST 

46,XY[21] 

46,XY[25] 

Undifferentiated 

pleomorphic sarcoma  

‐

66/M 

 

CN 

ST 

46,XY[11] 

Failure 

Undifferentiated 

pleomorphic sarcoma  

‐ 

86/M 

 

CN 

ST 

60‐70,X?,inc[11]/46,XY[5] 

Failure 

Undifferentiated 

pleomorphic sarcoma   

‐ 

 

Bone tumors 

Cartilage tumors 

23/F 

 

CN 

ST 

46,XX[17] 

46,XX[24] 

Chondrosarcoma  ‐ 

Osteogenic tumors 



 
 

62/M 

 

CN 

 

ST 

46,Y,?t(X;11)(p21;q13),add(3)(?p21),‐5,‐10,der(20)t(5;20)(q11;q13)add(5)(q3?5), 

+2mar[9] 

46,Y,t(X;11)(p21;q12),add(3)(p?21),‐5,del(6)(q15),‐10,der(20)t(5;20)(q11;q13) 

ins(5;?)(q3?1;?),+r,+mar[14]/46,XY[3] 

Osteosarcoma   ‐ 

 18/M 

 

CN 

ST 

Failure  

Failure 

Osteosarcoma  ‐ 

16/M 

 

CN 

 

 

 

 

ST 

32‐38,XY,add(1)(q42),der(1)t(1;9)(q32;q13)ins(1;?)(q32;?),del(2)(q33),‐3,der(3)

t(3;15)(q29;q13)ins(3;?)(q29;?),add(4)(q35),der(6)t(6;7)(q15;q22)ins(6;?)(q15;?), 

+add(6)(q1?5),del(7)(q11),del(8)(p21),der(8)t(?1;8)(q32;q22)ins(8;?)(q22;?),‐9, 

‐10,‐10,‐11,add(12)(q13),‐13,‐14,‐15,‐16,i(16)(q10),‐17,‐17,‐19,ins(19;11) 

(q13;q13q25),‐20,add(20)(p13),‐22,+3mar[cp13] 

35‐38,XY,add(1)(q42),der(1)t(1;9)(q32;q13),ins(1;?)(q32;?),del(2)(q33),‐3,der(3) 

t(3;15)(q29;q13)ins(3;?)(q29;?),der(6)t(6;7)(q15;q22)ins(6;?)(q15;?),+add(6)(q1?5), 

del(8)(p21),der(8)t(?1;8)(q32;q22)ins(8;?)(q22;?),‐9,‐10,‐10,‐11,add(12)(q13),‐13, 

‐14,‐15,‐16,‐17,‐17,‐18,‐19,ins(19;11)(q13;q13q25),‐20,add(20)(p13),‐21,‐22, 

+4mar[cp10] 

Osteosarcoma 

 

 

 

 

 

 

 

 

‐

 

Ewing sarcoma/primitive neuroectodermal tumor 



 
 

21/M 

 

CN 

 

ST 

36‐38,XY,‐3,‐5,‐6,+8,‐9,‐11,‐14,‐15,add(16)(p11),‐17,‐19,‐22,der(22)t(11;22) 

(q24;q12)[cp6]/54‐55,XY,+X,+2,+5,+8,+8,t(11;22)(q24;q12),+12,+20,+21[cp3] 

Failure 

Ewing sarcoma  ‐ 

Giant cell tumor 

25/M 

 

CN 

ST 

47,XY,+11[11]/46,XY[6]  

47,XY,+11[4]/46,XY[19] 

Giant cell tumour  ‐ 

 

a CN = core needle aspiration biopsy; ST = surgical tumor biopsy. An asterisk indicates that a fine needle biopsy was analyzed cytogenetically 

from the same case (see Table 1).  

b Clonal, acquired chromosome aberrations in FNA biopsies are indicated in bold. 

c Previously published karyotypes are referred to with reference number and case number in Mitelman Database of Chromosome 

Aberrations in Cancer 2010[5]. 

d ST and CN were from different lesions, e.g., primary tumor and local recurrence. 

e Patient who had received prior radiotherapy. 

 

 

 



 
 

 

Table	3.	Cytogenetic	findings	in 	soft	tissue	tumors	

Karyotype  Fine needle 
aspirations 
(FNA)   

Core needle 
biopsy (CN)  
 

Surgical tumor biopsy (ST)  
 
 
 

Failure  46 (55%)    5 (20%)  6 (6%) 

Normal  19 (23%)    9 (36%)  30 (29%) 

Abnormal  18 (22%)  11 (44%)  67 (65%) 

Total  83  25  103

	

	

Table	4.	Cytogenetic	findings	in	bone	tumors	

Karyotype  Fine needle 
aspiration 
(FNA)  
 

Core needle 
biopsy (CN)  

Surgical tumor biopsy (ST)  
 
 
 

Failure  13 (42%)  1 (17%)  2 (6%)

Normal   9 (29%)  1 (17%)  12 (34%) 

Abnormal   9 (29%)  4 (67%)  21 (60%) 

Total  31  6  35 

 

 

 

	



 
 

Table	5.	Cytogenetic	findings	in	benign	and	malignant	tumorsa	

                                                     FNA                                                                      CN                                                                       ST 

  Failure  Normal Abnormal Failure Normal  Abnormal Failure Normal Abnormal

Benign tumor  19 (54%)  11 (31%)    5 (14%)  2 (20%)  4 (40%)    4 (40%)  0  16 (36%)  29 (64%) 

Malignant tumor  40 (51%)  17 (22%)  22 (28%)  4 (19%)  6 (29%)  11 (52%)  8 (9%)  26 (28%)  59 (63%)  

Total  59 (52%)  28 (25%) 27 (24%) 6 (19%) 10 (32%)  15 (48%) 8 (6%) 42 (30%) 88 (64%)

 

a FNA=Fine needle aspiration, CN=Core needle biopsy, ST=Surgical tumor biopsy 

 

Table	6.	Cytogenetic	outcome	depending	on	type	of	tumora	
 

                                                     FNA                                                                      CN                                                                       ST 

  Failure  Normal  Abnormal  Failure  Normal  Abnormal  Failure  Normal  Abnormal 

Adipocytic tumors  15 (65%)  4 (17%)  4 (17%)  2 (22%)  1 (11%)  6 (67%)  0  5 (17%)  24 (83%) 

Fibroblastic/Myofibroblastic 
tumors 

12 (52%)  5 (22%)  6 (26%)  2 (25%)  5 (63%)  1 (12%)  1 (3%)  9 (30%)   20 (67%) 

Smooth muscle tumors  8 (50%)  4 (25%)  4 (25%)  1 (50%)  1 (50%)  0  2 (12%)  1 (6%)  14 (82%) 

Osteogenic tumors  6 (55%)  2 (18%) 3 (27%) 1 (33%) 0 2 (67%) 1 (8%) 4 (31%) 8 (62%)

Ewing sarcoma/primitive 
neuroectodermal tumour 

1 (9%)  3 (27%)  7 (64%)  0   0  1 (100%)  1 (10%)  4 (40%)  5 (50%) 

 

a FNA= Fine needle aspiration, CN=Core needle biopsy, ST=Surgical tumor biopsy 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 


