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Aspiration of musculoskeletal tumors for 
cytodiagnosis and DNA analysis 

Mans Akerman, Dick Killander', Anders Rydholm2 and Bo Rooser2 

Preoperative fine-needle aspirates of 25 soft tissue tumors and four bone 
tumors were used for cytodiagnosis and flow cytometric DNA ploidy analysis. 
The  results were compared with the histopathologic diagnosis and flow 
cytometric DNA ploidy analysis on tissue samples after surgery. 

There was good agreement between the cytodiagnoses and histopathologic 
diagnoses with regard to benign tumor or sarcoma. There was good agreement 
between the ploidy determinations in aspirates and tissue samples in 20 out 
of the 26 tumors that could be analyzed. Aneuploid cell populations were found 
in 13 tumors cytologically classified as sarcoma and in one tumor classified as 
unspecified malignant tumor. These 14 tumors also showed aneuploid cell 
populations in the tissue samples and were histologically diagnosed as 
high-grade malignant sarcomas. 

The combined evaluation of preoperative cytodingnosis and DNA ploidy on 
aspirates may give valuable prognostic information. 

The prognostic value of DNA flow cytometry is Patients and methods 
well established in several oncologic fields, but 
there are only a few reports on this technique in 
musculoskeletal tumors (Kreicbergs et  al. 1980, 
1982, Keen et al. 1985, Mankin et al. 1985). In 
chondrosarcoma the DNA ploidy level is a key 
factor for survival (Kreicbergs et al. 1980); guide- 
lines for treatment emerged when the prognosis 
was based on a combination of DNA analysis with 
other factors, notably tumor size and histologic 
malignancy grade. 

In soft tissue sarcomas. however, open biopsy 
should be avoided (Stener 197Y, Rydholm et al. 
1986); aspiration cytology (Akerman et al. 1985) 
may then replace histologic studies. 

We report the use of fine-needle aspirates 
collected preoperatively for cytologic and flow 
cytometric DNA analysis. 
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Patients. Twenty-nine patients with musculoske- 
letal tumors, referred to us before treatment, 
were analyzed during the period August 1984- 
March 1986. Four patients had bone tumors; one 
a giant cell tumor, one a chondrosarcoma. one 
Ewing's sarcoma. and one an osteosarcoma 
(Table I) .  Two out of the 25 soft tissue tumors 
were benign, three were low-grade malignant 
(Grades I and 11), and 20 were high-grade malign- 
ant (Grades 111 or IV) on a four-grade scale 
(Markhede et al. 1982. Rydholm et al. 1984). 

Cytology. Fine-needle aspiration was performed 
preoperatively (Zajicek 1974). The immediate 
cytologic report was either benign or sarcoma, 
unspecified malignant tumor, inconclusive (with 
regard to benignity or malignancy), or insufficient 
material for diagnosis. The 26 sarcomas were also 
classified as low- or high-grade malignant in 16, 
and a histogenetic type was suggested in 14 (Table 
1) * 

DNA analysis. Cells for flow cytometric DNA 
analysis were obtained after aspiration and smear- 
ing by flushing the needle and syringe with ice cold 
96 per cent ethanol. 
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Macroscopically non-necrotic, fresh tumor tis- 
sue from 1-3 different sites were taken immedi- 
ately after surgery. The tissue was snap frozen in 
isopenthane and stored at -70" C until analysis. 
The preparation and staining methods were de- 
veloped (Ewers et al. 1984) as modifications of the 
method of Vindelov (1977) and Tribukait et al. 
(1979). The tumor tissue sample was squeezed 
through a 140-pm nylon filter and Tris buffer was 
added. The cell suspension was centrifuged for 15 
min at 150 G. The pellet was shaken intensely in 
a supermixer with 2 ml of absolute ethanol cooled 
to -20" C and stored in 4" C until further 
processing. After a new centrifugation the cellular 
pellet obtained from tissue or from aspirates was 
resuspended in 1 ml of RNA-ase solution (bovine 
pancreas RNA-ase A type 111-A, Sigma) and left 
for 5 min at room temperature. After pelleting 
again the cells were incubated in 1 ml of 0.5 per 
cent pepsin solution at 37" C for 10 min. The 
sample was then cooled on ice for 5 min and after 
pelleting suspended in 1 ml of Tris buffer and 
filtered through a 50-pm nylon filter. The concen- 
trations of nuclei were adjusted to approximately 
lo6 nuclei/ml. One milliliter of the suspension of 
nuclei was centrifuged for 5 min at  250 G and the 
supernatant was decanted. One milliliter of pro- 
pidium iodine solution was added, and the sus- 
pension was filtered again through the 50-pm 
nylon filter just before DNA measurement. Nor- 
mal human female lymphocytes were treated 
together with the other samples and used as an 
external DNA standard. 

The DNA analyses were performed with an 
Ortho cytofluorograph 50-H system (Ortho In- 
struments, Westwood, MD, USA) equipped with 
a 4 W argon-ion laser (Model 95, Lexel Corp., 
Palo Alto, CA, USA), a 512 multichannel analy- 
zer, a storage oscilloscope, and a multiparameter 
signal processor. Peaks corresponding to both the 
GUGO and to the G2 phases of the cell cycle 
could be identified. With an electronic gate set- 
ting, it was possible to exclude cell doublets from 
the main population. 

In general, 10,000-15.000 cells were measured 
in each case. The flow cytometric analyses always 
started with lymphocyte measurements, giving 
the normal modal DNA diploid value, and these 
were repeated after every third sample. The DNA 
index (DI) of a tumor cell population was ob- 
tained as the ratio of its modal DNA value in 

relation to the modal DNA value of the lympho- 
cytes that express the normal diploid DNA 
amount. Strictly, a diploid cell population has, by 
definition, DI = 1.00. Due to various sources of 
errors, diploid tumors exhibit a variation in DI 
values around this value. Therefore, in the pre- 
sent work the condition for defining a tumor as 
aneuploid was, in  analogy with the recommen- 
dations by Hiddeman et al. (1984), the presence 
of at least two separate modal DNA values, 
representing different subpopulations of cells in 
the tumor. Normal diploid cells (and diploid 
tumor cells?) contribute most likely to one of 
these modal DNA values. 

Results 

Cytodiagnosis. In 28/29 patients, sufficient mate- 
rial was obtained for cytodiagnosis - in a lipoma 
(Case 2) the material was insufficient. In Case 17, 
a malignant fibrous histocytoma, the cytodiagno- 
sis was inconclusive. In  the remaining 27 cases the 
cytodiagnosis was correct with regard to benign 
tumor, 2 cases, or malignant tumor, 25 cases 
(Table 1). 

Sixteen sarcomas were also graded cytologi- 
cally, and in 15 the grade was the same as the 
histologic grade (13 high-grade and two low- 
grade, respectively). The histogenetic type was 
suggested in 14 sarcomas and corresponded with 
the histopathologic diagnosis in 13 sarcomas. 

DNA ploidy in aspirates and tissue. Enough 
material for a flow cytometric DNA analysis was 
obtained in 26 of 29 patients (Table 1). The three 
failures were two benign tumors (Cases 1 and 2) 
and one sarcoma (Case 6 )  The DNA indices 
obtained from aspirates were compared with 
those from the tissue pieces. In 15 cases only one 
tissue piece was analyzed: the correlation was 
r=0.85. The combined r value for all 26 cases was 
0.84 (Pc0.001). Evident discrepancies between 
DI values for aspirates and tissues were observed 
in 4 patients: Cases 17-19,28 (Figure 1). In Cases 
17 and 28, these discrepancies were due to a 
sampling error, as the aspirate contained mainly 
leukocytes, macrophages, and necrotic cells, and 
only a few scattered tumor cells. In Case 19 the 
aspirate consisted of numerous malignant cells 
and in Case 18 there was a cell population with 
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Table 1, Clinical data, morphologic diagnoses, malignancy grades, DNA indices (DI), and ploidy determination of aspirates and 
tissues 

Case Sex Age Site Cylodiagnosisa; Histologic Aspirate No. of cell Fresh tissue No. of cell 
malignancy diagnosisa; DIC popuialions DIc populations 

gradeb malignancy and ploidf and ploidyd 
grade 

1 M 17 Lower leg Fib Pro fasc Failure - 0.98 1 E  
- 1 E  2 F 77 Thigh lnsuff Alip Failure 0.94 

3 F 54 Sacrum GCT GCT 1.00 1 E 1.03' 1 E 
1.09 

1 E  
5 M 49 Abdominal Unspecsa; L MFS; II 1.06 I E 1.02e 1 E 

wall 1.02 
6 F 67 Thigh MFH; H MFH; iI Failure 1.61e 2 A 

1.64 
1 E  7 M 66 Lower leg Unspecsa; H MFH; 111 0.94' 3 A 0.94 

8 M 33 Foot Sa(MFS);H MFH; Ill 1.08 1 E 1.0P 1 E 
1.02 

2 A  9 M 78 Thigh Unspecsa cc; Ill 1.72 2 A 1.77 
10 F 76 Forearm Sarcoma Leio; 111 1.35 2 A 1.39 2 A 

(Leio?); H 1.42 
A 1.5ge 2 A 11 M 64 Forearm Unspec sa Ec; 111 1.58 2 

2 A  1.61 
2 A  1.67 

12 F 44 Ulna Ch; H Ch; 111 0.64' 3 A 0.62' 3 A 
1.10 1.15 

4 F 70 Thigh Sa (MFS);L MFS; 1 0.97 1 E 0.98 

- 

1.56 

13 M 54 inguinal Unspec sa Ne; 111 1.02 1 E 0.96 1 E  

14 M 43 Lower leg Lisa; H Lisa; 111 1.00 1 E l . O l e  1 E 
region 

0.99 
0.97 

15 M 8 Ileal bone Ew?; H Ew; IV 1.06 2 A 1.18 2 A  
16 M 28 Popliteal Sy?; H sy: IV 1 .oo 1 E 0.87 2 A  

17 F 77 Inguinal lncon MFH; IV 1.05 1 E 1.64 2 A  

18 F 53 Scapula Unspecmal 0s; IV 1.56 2 A l.Me+' 3 A 

fossa 

region 

3.09 
1.84 
3.1 1 

2.85 
19 M 74 Upper arm MFH; H MFH; IV  1.08 1 E 1.4@ 3 A 

20 F 86 Thigh MFH; H MFH; IV 2.23 2 A 2.33 2 A  
A 1.25 2 A  21 M 52 Upper arm Lisa?; H Lisa; IV 1.32 2 

22 M 39 Forearm Unspec sa sy: iv 1 .oo 1 E 0.88 2 A  
23 F 75 Thigh MFH MFH; IV 1.89' 3 A 1.84e+' 3 A 

3.64 3.64 
1.91 3 A  
3.71 

24 M 67 Thoracal Unspecsa MFH; IV 1.2P 3 A 1.44e+1 3 A 
region 2.27 2.46 

25 F 19 Analregion Rhab?:H Rhab;lV 1.76 2 A 1.75 2 A  
26 M 59 Back Unspec sa; H MFH; IV 1.38 2 A 1.3P 2 A 

1.36 2 A  
27 M 61 Knee MFH; H MFH: IV 1.41 2 A 1.428 2 A 

1.58 2 A  
28 F 74 Thigh Unspecsa MFH; IV 1.08 1 E 0.87' 3 A 

1.74 
1 E  29 M 86 Thigh Unspecsa MFH; IV 1.09 1 E 1.08 

a Alip atypical lipoma, Cc clear cell sarcoma, Ch chondrosarcoma, Ec Epithelioid sarcoma. Ew Ewing's sarcoma. Fib fbromatosis. 
GCT giant cell tumor of bone, lncon inconclusive despite sufficient material, lnsuff insufficient material for diagnosis, Leio 
leiomyosaroma, Lisa liposarcoma. MFH malignant fibrous histiocytoma, MFS myxofibrosarcoma, Ne neurogenic sarcoma. 0s 
osteosarcoma, Pro fasc proliferative fasciitis, Rhab rhabdomyosarcoma. Sa sarcoma. Unspec ma1 unspecified malignancy, Unspec 
sa unspecified sarcoma. 
b L malignancy grades I. II, H malignancy grades 111, IV. 

d E euploid. A aneuploid. 
In cases of two or more cell populations. the DI valve of cells representing the normal diploid region is not included. 

Values of more than one tissue sample from different parts of the same tumor. 
One tumor sample with more than two cell populations with respect to DI values with the largest population in italics. 
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Figure 1. DNA index (DI) values obtained from aspirates and tissue. In cases with more than two cell populations with respect 
to DI values only the largest, in cell number, represents the case: i.8.. in case of 4,000 cells in one population and 5,000 cells in 
the other. the DI value of the latter was chosen to represent the case. 
A. Cases with only one tissue sample. r=O.81, P<O.OOl. 
B. Cases with more than one tissue sample obtained from different parts of the same tumor where DI values are connected. r=0.84. 
P<O.OOI. 

a high DI value in two different tissue samples (DI 
3.09 and 3.11, respectively), which was absent in 
the aspirate. 

The DNA values were also used for ploidy 
determination comparing the two cell sampling 
methods. The same degree of ploidy (either 
euploidleuploid or aneuploid/aneuploid) was ob- 
tained in 20 out of 26 patients (Table 1 and Figures 
2 and 3); but in 1 (Case 18). two aneuploid cell 
populations were found in the tissue samples, only 
one in the aspirate. In the remaining 6 cases, 
aneuploid cell populations were found in the 
tissue samples, but not in the corresponding 
aspirates in 5 (Cases 16, 17, 19,22,28). and in the 
aspirate but not in the tissue sample in 1 (Case 7). 
A s  pointed out above, there were sampling errors 
in the aspirates in Cases 17 and 28; but in Cases 
7, 16, 19, and 22, there were no explanations for 
the discrepancy in the ploidy determination. 

DNA ploidy and histologic malignancy grade. 

Aspirates. In only one of the three benign tumors, 
the aspirates could be analyzed (see above), and 
it was euploid. Malignancy grading and DNA 
ploidy determination were done in 15 out of 25 
sarcoma aspirates (Table 1). Two low-grade sar- 
comas were euploid, four high-grade sarcomas 

were euploid, and nine were aneuploid. 

Tissue samples. In three benign tumors the tissue 
samples were euploid. Of three histopathologi- 
cally low-grade sarcomas, two were euploid and 
one aneuploid. Of 23 high-grade sarcomas, five 
were euploid (four Grade 111 tumors and one 
Grade IV tumor) and 18 aneuploid (four Grade 
I11 and 14 Grade IV tumors). Thus, with regard 
to  sampling method - tissue or aspirate - the 
proportion of aneuploid tumors was 18/25 in tissue 
samples and 9/13 in aspirates in the high-grade 
malignant sarcomas (Table 1). 

Combining the data from the analysis of the 
preoperative needle aspirates, 13 tumors diagno- 
sed as sarcomas and one as a malignant unspeci- 
fied tumor were aneuploid, and all 14 were 
histopathologically high-grade malignant in the 
aspirates. However, the number of low-grade 
sarcomas was too small for evaluation of the 
relationship between ploidy and malignancy 
grade. 

Discussion 

In 26 out of our 29 tumors, the aspirates permitted 
flow cytometric DNA analysis. The three failures 
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Figure 2. DNA distribution of the single cell analysis of aspirate 
and tissue sample from a liposarcoma Grade IV (Case 21). DI 
values of aneuploid cell populations are indicated. 

Figure 3. DNA distribution of the single cell analysis of aspirate 
and tissue sample from a leiomyosarcoma Grade 111 (Case 10). 
DI values of aneuploid cell populations are indicated. 

- too few cells for analysis - were probably in part 
due to  the sampling technique, because the cells 
for the flow analysis consisted of those remaining 
in the needle and syringe after ordinary smearing 
for cytodiagnosis had been performed. Two of 
them were benign soft tissue tumors, one a 
lipoma, and one a proliferative fasciitis. Aspirates 
from lipomas usually consist of small tissue frag- 
ments or clusters of large fat cells (Walaas & 
Kindblom 1985). These small fragments are in 
most cases enough for a cytodiagnosis, but the 
number of cells is small. Earlier experience has 
also shown that it might be difficult to obtain 
material for cytodiagnosis from fibromatous 
tumors rich in intercellular substance (Akerman 
et  al. 1985). To enhance the cellular yield for flow 
analysis, one or two aspirates from which all the 

material is flushed out for DNA analysis should 
be performed. 

There was a good correspondence between the 
cytologic and histologic diagnoses, particularly 
with respect to  sarcoma. There was also a good 
correlation between the DNA values obtained 
from analysis of aspirates and tissue samples, 
respectively. Thus, the same ploidy classes were 
found in 20126 cases. Among the 6 remaining 
cases, sampling error at aspiration may explain 
the difference in 2 cases, but we have no expla- 
nation for the others. One might speculate on the 
presence of subpopulations of tumor cells with 
different DNA values in different parts of the 
tumor as described in osteosarcoma (Biichner et 
al. 1985). On the other hand, we found very 
similar DNA values in all 11 soft tissue sarcomas 
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where tissue samples were collected from differ- 
ent parts of the tumor. Another explanation for 
DNA discrepancies might be selection or destruc- 
tion of certain tumor cells at aspiration and 
flushing. 

Correlations have been found between ploidy 
and clinicopathologic malignancy grading in a 
variety of musculoskeletal tumors (Kreicbergs et 
al. 1980, 1982, Keen et al. 1985, Mankin et al. 
1985), but a prognostic value of DNA analyses for 
survival has so far only been reported in chondro- 
sarcomas (Kreicbergs et al. 1980). However, if 
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