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Flow Cytometric Analysis of DNA Ploidy
in Childhood Rhabdomyosarcoma

Woo-Hee Jung, Soon Hee Jung', Cheol Joo Yoo®, Yee Jeong Kim
Chanil Park and Byung Soo Kim’

Flow cytometric DNA analysis was performed on 17 rhabdomyosarcomas in conjunction with a
histopathological review to determine the usefulness of this technique to predict the biologic behav-
ior of the tumor and to establish the characteristic ploidy pattern of rhabdomyosarcoma compared
to other small round cell tumors occurring in childhood. Aneuploidy including near-tetraploidy is
the most common Dloidy pattern encountered, followed by multiploidy and diploidy, and the pres-
ence of multiploidy in this tumor is useful for differemtiating rhabdomyosarcoma from other
kinds of small round cell tumors in which there are rare previous reports on occurrence of
multiploidy. Even though there is no significant correlation between pPloidy pattern and histologic
type of rhabdomyosarcoma, patients with multiploid tumors or aneuploid tumors with a DNA
index of 1.10-180 tend to have a high risk of treatment failure. Therefore, the poidy pattern
seems to be useful for predicting the patient’s survival in concert with other variables.
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Rhabdomyosarcoma is one of the most
common soft tissue sarcoma in children, ac-
counting for 4% to 8% of all childhood malig-
nancies in patients under 15 years of age
(Young and Miller, 1975). It is well known
that prognosis of rhadomyosarcoma has im-
proved dramatically over the past two dec-
ades due to the introduction of combined mo-
dality therapy, consisting of the surgical re-
moval of the tumor, radiation therapy, and
multiagent chemotherapy.

Currently, a few flow cytometric studies
have been performed to prove that DNA
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ploidy of rhabdomyosarcoma may be used as
an additional prognostic indicator in conjunc-
tion with the primary site, histologic type,
and clinical stage (extent of disease) (Boyle
et al. 1988; Molenaar et al. 1988; Kowal-Vern et
al. 1990; Shapiro et al. 1991). However, there
are conflicting reports on the relationship of
ploidy pattern to the patient’s survival: one
report (Kowal-Vern et al. 1990) suggests that
patients with an aneuploid tumor have poor
survival by contrast with another report
(Shapiro et al. 1991) suggesting that patients
with an aneuploid tumor with a DNA index
of 1.10-1.80 have better survival. Further-
more, the number of patients studied previ-
ously were small and the results were not
that consistent so as to be used as a thera-
peutic guideline in the treatment of patients
with rhabdomyosarcoma.

In our study, flow cytometric DNA analysis
was performed retrospectively on 17 cases of
rhabdomyosarcoma. We wished to establish
the characteristic ploidy pattern of rhabdo-
myosarcoma in comparison with that of
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other small round cell tumors reported previ-
ously and to establish the relationship of
ploidy pattern (DNA index) to histologic type
and the patient’s survival.

MATERIALS AND METHODS

Rhabdomyosarcomas from 30 patients un-
der 15 years of age diagnosed between 1982
and 1991 were retrieved from the files of the
Department of Pathology, Yonsei University
College of Medicine, Seoul, Korea. Only 17 of
30 cases were available for flow cytometric
DNA analysis with optimal histograms. The
medical records, gross descriptions, and mi-
croscopic slides stained with hematoxylin-
eosin and with immunohistochemical stain
for desmin were reviewed. All patients were
registered and followed up at Yonsei Cancer
Center, reflecting as much standardization of
therapy as possible. Each patient was treated
by the Intergroup Rhabdomyosarcoma Study
(IRS) protocol, consisting of postoperative
chemotherapy with vincristine, dactinomycin
and cyclophosphamide(VAC) and radiotherapy
if needed (Pizzo and Poplack, 1989).

Histologic and immunohistochemical
evaluation

In four of 17 cases, specimens were ob-
tained by biopsy and only one or two paraf-
fin blocks were available and the remaining
13 were obtained by partial or complete exci-
sion and 5 to 26 blocks were available for ex-
amination. All specimens were fixed in 10%
neutral formalin, embedded in paraffin, cut
with 4 to' 5 micron sections and stained with
hematoxylin-eosin. All tumors were classified
into embryonal, alveolar, anaplastic and
mixed types according to growth pattern and
cytologic characteristics proposed by Jung et
al (1992). Immunohistochemistry for desmin
was performed to facilitate pathologic diagno-
sis using the labelled streptavidine biotin kit
(LSAB, Dako).

-Flow cytometric DNA analysis

Formalin-fixed, paraffin-embedded samples
of tumor were selected for flow cytometric
DNA analysis. Flow cytometric DNA analysis
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(DNA FCM) was performed on isolated nu-
clei using a modification of the method of
Headley et @/ (1985). Two or three 50 micron
sections cut from the tissue blocks were
deparaffinized in Histo-Clear (National Diag-
nostics, Manville, NJ) and rehydrated in a se-
ries of graded alchohols. Disaggregation of
nuclei was accomplished by treatment with 2.
5 ml of 0.5% pepsin (Sigma Chemical Corp.,
St. Louis, MO) at PH 1.5 at 37°C for 30 min-
utes with intermittent vortexing. Digestion
was stopped by adding 1 ml of a 0.005%
peptostatin solution (Sigma Chemical Corp.
St. Louis, MO). The samples were then cen-
trifuged at 2,000 rpm, washed twice with
Dulbecco’s phosphate buffered saline (Sigma
Chemical Corp., St. Louis, MO), and incubated
with freshly prepared 0.5 ml of RNAse (2.50
mg/ml; Worthington Biochemical, Freehold,
N]J) at 37°C for 30 minutes. The samples
were filtered through a 50 micron nylon
mesh filter (Small Parts Inc.,, Miami, FL), and
stained with 0.025% propidium iodide (Sigma
Chemical Corp. St. Louis, MO) at 50 ul/ML
The isolated nuclei were adjusted to a con-
centration of 1 to 3x10°%/ml by diluting with
Dulbecco’s phosphate buffered saline.

Nuclei were analyzed in a FACScan
(Beckton-Dickinson, Sunnyvale, CA) with at
least 10,000 nuclei read per sample. The first
G0/G1 peak was assumed to be the diploid
population and assigned a DNA index of 1.0.
DNA aneuploidy was defined by the presence
of a distinct, separate second peak to the
right of the first G0/Gl peak followéd by a
low G2M peak in the hexaploid to octaploid
range. The half-peak coefficient of variance
(CV) ranged from 34% to 5.6%. The DNA
index was calculated by the ratio of the
channel number of the abnormal aneuploid
peak to that of the normal diploid GG
peak. The term ‘multiploidy’ was used to
refer to the presence of two or more
aneuploid peaks in one tumor. In a multiploid
tumor, the DNA index of each aneuploid
peak can be obtained in the same manner.
‘Near-tetraploidy’ denoted a tumor stem line
with a DNA index between 1.80 and 2.20.

Statistical analysis

Fisher's exact test, Kaplan-Meier analysis
for survival curve and the Cox proportional
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hazard model for multivariate analysis were
used for statistical evaluation. A difference
was regarded as statistically significant if p
was less than 0.05.

RESULTS

The clinical, histopathologic and flow cyto-
metric data of each patient are summarized
in Table 1. The cases are arranged by group-
ing of ploidy pattern i. e, multiploidy,
aneuploidy, near-tetraploidy and diploidy.

Clinical Feature

Age and Sex of Patients
Range: 4 months to 15 years (median: 7
years)
10 males and 7 females

Number of Tumors by Primary Site
Head and Neck: 4
Intraabdominal and Pelvic:4
Trunk:3
Testis: 1
Extremities:5

Number of Tumors by Stage
Stage 1:2
Stage II:5
Stage II1:6
Stage IV:2
Unknown:2

Follow-up and mortality

Four patients failed in correspondence in
their follow-up period, nine patients died of
their disease in the course of the follow-up
periods from 4 months to one year and 8
months and four patients either survived
more than 5 years or had no evidence of dis-

Table 1. Study patient characteristics

. ' Histologic . Follow-up
No. Age(yr)/sex Site Stage type Ploidy DNAI period Status
1 4/12/M Face 111 M 1.87, 3.54 7 months DOD
2 2.11/12/M  Thigh 11 M M 1.52, 2.04 18/12yrs DOD
3 3.10/12/F  Pelvic mass I Ap M 191,279,532 12months DOD
4 4.7/12/M Cheek ) III A M 1.43, 2.54 12 months DOD
5 5.7/12/M Retro- gy I E M 1.20, 1.92 22/12yrs NED
peritoneum
6 4/M Thorax II Ap An 1.73 5months DOD
(intercostal muscle)
7 13.6/12/F  Nasopharynx I E An 1.39 711/12yrs NED
8 14/M Testis ? E An 1.22 NA
9 148/12/F  Perianal I A An 1.21 4months DOD
10 7/F Paravertebral ? Ap An 1.20 NA
11 15/F Abdominal & v E An 1.73 6 months DOD
chest wall
12 3.3/12/F Popliteal fossa I Ap T 2.14 22/12yrs NED
13 3.3/12/M Parotid 111 E T 1.84 76/12yrs NED
14 3.8/12/M Calf II M T 1.84 NA
15 14.3/12/F Axilla, back 1I A T 1.98 14/12yrs DOD
16 10/M “Axilla, arm v A D 1.0 Smonths DOD
l? 12/M Thigh III E D 1.0 NA
E: Embryonal A: Alveolar Ap: Anaplastic M: Mixed /

D: Diploidy
M: Multiploidy

An: Aneuploidy
DOD: Died of disease

T: Near-tetraploidy
DNAIL DNA index

NED: No evidence of disease more than 2 years after finishing treatment

NA: Not available
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Fig. 1. Nuclear DNA histogram patterns of rhabdomyosarcoma.

ease more than 2 years after finishing the
treatment.

Histologic and immunohistochemical
feature

Histologic types were embryonal in 7(40%),
alveolar in 4(24%) and mixed in 2(12%). Cellu-
lar anaplasia was noted in 4(24%) cases with
embryonal histology. Tumor cells were posi-
tive for desmin with a scattered or diffuse
pattern in all cases, facilitating the confirma-
tion of the diagnosis of rhabdomyosarcoma.

Ploidy pattern of rhabdomyosarcoma

The nuclear DNA histogram patterns we
have encountered in 17 rhabdomyosarcomas
and the distribution of the ploidy pattern are
depicted in Fig. | and Fig. 2. Of 17 tumors,
only two (12%) were diploidy with a DNA
index of 1.0. Ten (59%) tumors showed a dis-
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104
DI 1.10~1.80
" E53 DI 1.80~2.20
£ 6
o
< 29%
2..
12%
Diploidy Aneuploidy Multiploidy
Fig. 2. Distribution of ploidy pattern in rhabdomyosar-
coma.

tinct DNA aneuploid peak with a DNA index
ranging from 120 to 2.14; six had a DNA
index ranging from 1.10 to 1.80 and four
from 1.80 to 2.20. Five (29%) tumors showed
two or more aneuploid peaks (ie. mul-
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Table 2. DNA ploidy related to histologic types

Embryonal Alveolar Anaplastic Mixed
Diploidy 1 1 0 0 2(12)
Aneuploidy ) 3 1 10(59)
DI 1.10~1.80 3 1 0 6(35)
DI 1.80~2.20 1 1 1 1 4(24)
Multiploidy 2 1 1 1 5(29)
Total 7(40) 4(24) 4(24) 2(12) 17(100)
( )=percentage
N=13
Multiploidy (5) o o 0 o e
Aneuploidy (7)
brigo~2208 (____ _________
DI 1.10~1.80 (4) (o] o e e
Diploidy (1) °

No Evidence of Disease (4)

Died of Disease (9)

o favorable histology(embryonal or mixed)
@ unfavorable histology(alveolar or anaplastic)

Fig. 3. Survival related to DNA ploidy.

tiploidy). In our rhabdomyosarcomas, aneu-
ploidy is' most commonly found, followed by
multiploidy and diploidy and for the aneu-
ploid tumors, 40% have a near-tetraploid or
tetraploid DNA index.

DNA ploidy related to histologic type

Four of seven tumors with embryonal his-
tology showed aneuploidy .including one near-
tetraploidy, two multiploidy, and one diploidy.
Four tumors with alveolar histology showed
one diploidy, two aneuploidy including one
near-tetraploidy and one multiploidy respec-
tively. ‘Of four tumors with an anaplastic
variant of embryonal histology, three showed
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aneuploidy including one near-tetraploidy and
one multiploidy. Two tumors with mixed his-
tology had near-tetraploidy and multiploidy
each. There is no significant correlation be-
tween DNA ploidy and histologic type(Table
2).

Patient’s survival related to DNA ploidy

Thirteen- of seventeen patients were avail-
able for clinical follow-up. Four patients ei-
ther survived more than five years or had no
evidence of disease more than two years
after finishing the treatment, and nine pa-
tients died of their disease. Four of five pa-
tients with a multiploid tumor and three of
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A: aneuploidy
SP 100 ’ T: tetraploidy
M: multiploid
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204 LMn=5
0 i i A 1 1
20 40 60 80 100
Months

SP, survival probability(%)

Fig. 4. Kaplan-Meier analysis of overall survival by, ploidy

pattern for 12 patients.

four patients with an aneuploid tumor with a
DNA index ranging from 1.10 to 1.80 died of
their disease. By contrast, one of three pa-
tients with a near-tetraploid tumor died of
the disease. The difference in survival be-
tween the .two groups is not statistically sig-
nificant(p=0.236). Six of seven patients with
tumors with unfavorable histology such as
the alveolar or anaplastic type died of their
disease; in contrast three of six patients with
tumors with favorable histology such as the
embryonal or mixed type died of their dis-
ease. The difference in survival between the
two groups is not statistically significant(p=
0.266). Patients with a multiploid tumor or
aneuploid tumor with a DNA index of 1.10~
1.80 tended to have a high risk of treatment
failure, although not statistically significant
by multivariate analysis (Fig. 3, Fig. 4).

DISCUSSION

Rhabdomyosarcoma in childhood used to
have a very poor prognosis in that extensive
local invasion and early distant metastasis
are very frequent in this tumor, which dra-
matically improved after the introduction of
multimodality treatment.

It has been well known that aneuploidy in
human tumors, including sarcomas, often cor-
relates with poor survival as compared to
otherwise diploid tumors. In contrast with

Number 1

adult tumors, aneuploid tumors appear to
have a better prognosis in pediatric tumors
such as neuroblastoma, acute lymphoblastic
leukemia and medulloblastoma (Look et al.
1984; Look et al. 1985, Tomita e al. 1988).
However, in the current studies on DNA
ploidy in a group of rhabdomyosarcomas in-
cluding different histological subtypes, there
are conflicting reports on the relationship of
ploidy pattern to the patient’s survival. One
report (Kowal-Vern et al. 1990) suggests that
DNA aneuploidy is not a predictor of a good
prognosis by contrast with another report
(Shapiro et al. 1991) suggesting that patients
with aneuploid tumor with a DNA index of
1.10~1.80 have better survival; 75% of pa-
tients with hyperdiploid rhabdomyosarcomas
are long-term survivors, whereas no patients
with diploid tumors survived for longer than
18 months. In one study (Boyle et al. 1988), 13
patients with embryonal rhabdomyosarcomas
of the bladder and prostate showed all
aneuploid stem lines of tumor cells with a
DNA index ranging from 1.21 to 2.49 and six
of which treated since 1971 receiving preop-
erative chemotherapy (vincristine, doxo-
rubicin and cyclophosphamide; VAC) have re-
mained well with a mean survival of 73.8
months. Conversely, 6 of 7 patients treated
before the era of chemotherapy with surgery
alone had a rapid tumor recurrence and died
of disease of a median of 55 months post-
treatment regardless of the DNA index. This
confirms the enhanced survival demonstrated
in patients undergoing primary chemotherapy
previously by the Intergroup Rhabdomyosar-
coma Studies (Kramer, 1985). Furthermore,
Molenaar ¢ af (1988) concluded that DNA
aneuploidy is related on the one hand to the
generally aggressive clinical behaviour and
on the other hand to the favorable response
to multimodality treatment. In our small
study, patients with a multiploid tumor or
aneuploid tumor with a DNA index of 1.10~
1.80 tended to have a high risk of treatment
failure, although not statistically significant.
Though the present series, including ours, is
apparently too limited to draw firm conclu-
sions, it does not seem likely that flow
cytometric ploidy analysis will be useful in
this particular tumor type for categorizing
patients into prognostic groups without con-
sidering the other prognostic variables.
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Table 3. DNA ploidy in rhabdomosarcoma

No. of
Authors Total no. of Patients : % Aneuploidy
Diploidy Aneuploidy
Present study 17 - 2 15( 4/5) 88
Boyle(1988) 13 0 13( 0/0) 100
Molenaar(1988) 11 0 11( 2/3) 100
Kowal-Vern(1990) 20 4 12(*4/4) 60
Shapiro(1991) 37 11 26(11/10) 70
Total 98 17 77 79

Parenthesis incidates no. of near-tetraploidy/multiploidy

*Polyploidy :

The finding of a high frequency of aneu-
ploidy including near-tetraploidy and multi-
ploidy in rhabdomyosarcomas demonstrated
in our selected study population, is in keep-
ing with other studies with similar con-
straints (Tabel 3). When one considers previ-
ously reported cases of rhabdomyosarcomas
as well as those studied by us, overall,
aneuploidy is found commonly in 79%. The
presence of multiploidy in rhabdomyosarcoma
also was demonstrated in two other reports
(Molenaar e al. 1988; Kowal-Vern et al. 1990);
two or more different aneuploid peaks were
observed in 3 of 11 (27%) and 4 of 20 (20%)
patients respectively, which appears similar
to ours (29%). Frequent or rare occurrences
of multiploidy is reported in various kinds of
adulthood malignancies of breast, ovary, en-
dometrium and soft tissue (Bauer et al. 1993).
However, there is no report of the presence
of multiploidy with considerable frequency in
pediatric small round (blue) cell tumors ex-
cept for rhabdomyosarcoma. Furthermore,
Ewing’s sarcoma and primitive neuroectoder-
mal tumor (PNET) appear to have diploid or
near-diploid stemlines sharing at (11:22)
translocation by cytogenetic study (Turc-
Carel et al. 1984; Whang-Peng et al, 1984). This
suggests that the DNA ploidy may be of
additional help in arriving at a correct differ-
ential diagnosis between poorly differentiated
rhabdomyosarcoma and other primitive child-
hood tumors, such as Ewing’s sarcoma and
PNET, when differential diagnosis is espe-
cially difficult histologically.

In our small study, there is no significant
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correlation between histologic subtypes relat-
ed to prognosis and ploidy pattern. However,
interestingly all four patients with the ana-
plastic variant of embryonal rhabdomyosar-
coma showed a definite aneuploid peak in-
cluding one multiploidy. Consistent karyotypic
findings have been reported in cytogenetic
studies of rhabdomyosarcoma, which revealed
a frequent occurrence of hyperdiploidy with
near-tetraploid clones predominating and a
specific chromosomal abnormality, t(2; 13) (q
35 q 14), which had not been identified in
other pediatric solid tumors investigated so
far (Douglass et al. 1987; Sheng et al. 1988).
The only specific chromosomal translocation
that has been observed in a pediatric solid
tumor is the t(11:12), found in both Ewing’s
sarcoma and PNET (Turc-Carel et al. 1984;
Whang-Peng et al. 1984). The flow cytometric
DNA content of the tumor cannot be directly
translated into number of chromosomes or
other karyotypic features such as transloca-
tion, double minute bodies and homoge-
neously staining regions, pre,'mably indicat-
ing gene amplification. Howev%r, in one study
(Shapiro et al. 1991) stem-line DNA indices
were proven to be correlated with modal
numbers of chromosome by cytogenetic anal-
ysis of rhabdomyosarcoma. In addtion, they
demonstrated that hyperdiploidy was a char-
acteristic feature of embryonal rhabdomyo-
sarcoma and by contrast, the alveolar sub-
type was associated almost exclusively with
near-tetraploid DNA content in agreement
with a flow cytometric study of 11 patients
with rhabdomyosarcoma by Molenaar et al.
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(1988), who disclosed that all five of the
alveolar tumors they examined contained
near-tetraploid stem lines, whereas five of
the six embryonal tumors were hyperdiploid.

The latest report by Shapiro et al. (1991),
who performed combined flow cytometric
and cytogenetic studies suggests that there
are two major classes of rhabdomyosarcoma
distinguished by histologic subtype, DNA
ploidy, cytogenetic abnormalities and response
to chemotherapy and prognosis. Rhabdomyo-
sarcoma with embryonal type, DNA aneu-
ploidy (intermediate hyperdiploidy), absence
of translocation (2:13) or gene amplification
and a good response to treatment protocols
are characteristics of the favorable prognosis
group. Contrasted with this are tumors with
the alveolar type, DNA diploidy or near-tet-
raploidy, presence of translocation (2:13) or
gene amplification and high risk for . treat-
ment failure.

In conclusion, the ploidy pattern, which is
characterized by the high frequency of
aneuploidy and the frequent presence of
multiploidy, is useful for differentiating this
tumor from other kinds of small round cell
tumors in childhood and there is no. signifi-
cant correlation between the ploidy pattern
and histologic subtype. Although involving
only a limited series, these results suggest
that the anlaysis of DNA ploidy in concert
with other variables could help in predicting
the clinical outcome in rhabdomyosarcoma
and identifying patients for whom a more ag-
gressive therapy is required. We hope that
these flow cytometric findings including ours
could suggest directions for further investiga-
tion of molecular events underlying the gene-
sis of rhabdomyosarcoma.
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