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Figure 8. Analysis of the expression of mitotic and DNA helicase genes. Bee swarm and box plots display the gene expression pattern of ST1 and ST2
patients. Y axis indicates normalized gene expression signals processed by GeneSpring. Asterisks (*) or plus signs (+) indicate ttest p values as follows:
*p<0.05, *p<0.01, and ** ¢ p<0.001.
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The low numbers of somatic mutations and CNV segments observed in ST1
likely reflect a functionally intact p53 pathway. ST2 was enriched for TP53
mutations, and genome-wide copy number profiles were similar to those of Type
IT tumors. In contrast, TP53 was nonmutated in ST1 and exhibited a normal
karyotype similar to that of Type I tumors as proposed in a previous review [2].
However, we did not detect mutations in genes encoding components of the RAS
signaling pathway in ST1 (data not shown). In the largest dataset from TCGA [5],
15 of 316 samples from patients with HGSOC harbored nonmutated TP53. When
we searched for TP53 deletions, MDM?2 amplification, or p53 target-gene
mutations in the 15 samples, only one (TCGA-25-1328) was classified as ST1
(Figure S1). Hierarchical clustering using 45 overlapping genes among the 70
differentially expressed genes assigned TCGA-25-1328 to ST1 (Figure S1, bottom).
These results imply that ST1 is a novel HGSOC subtype based on mutation and
CNV profiles.

To further characterize the functional characteristics of ST1 and ST2, we
compared their gene expression profiles (Figure 4). Using a significance threshold
[FDR (BH) <0.1], we identified 70 genes that were homogeneously expressed in
the ST1 microarray and heterogeneously expressed in the ST2 microarray (
Figure 4). The heterogenous gene expression of ST2 may indicate diversification
of molecular subtypes as secondary events as proposed in the review cited above
[2], and homogeneous gene expression of ST1 may reflect an early event of
oncogenesis before chromatin instability occurs.

GO analysis identified 18 GO groups that share highly similar biological terms,
and two groups were significantly enriched for genes involved in mitosis and those
that encode DNA helicases (Figures 5 and 6). Defects in mitosis lead to abnormal
chromosome numbers that is associated with oncogenesis [33]. Two mitotic genes
encoding the kinases NEK1 and NEK9 were highly expressed in ST1, and
upregulation of these kinases is associated with genomic stability and
tumorigenesis [34-37]. Moreover, other mitotic genes (ASPM, BIRC5, CDCA2,
and SKA3) were highly expressed in ST2, and aberrant activation of the expression
of these genes is associated with oncogenesis [5, 38-42].

DNA helicases maintain genome stability through DNA repair, recombination,
and replication. The DNA helicases, BML and RECQL4, are inactivated in cancer
prone genetic disorders such as Bloom and Rothmund-Thomson syndromes
[43,44]. Upregulation of DNA helicase expression commonly occurs in several
cancers (e.g., hematopoietic, prostatic, and hepatocellular) [43-48]. Elevated
expression of the DNA helicase genes BLM, PIF1, and RECQL4 which is generally
observed in cancers may explain a recovery function from chromatin instability in
ST2. In contrast, decreased expression of genes encoding DNA helicases that
characterized ST1 indicates that chromatin instability does not occur in ST1.
Further investigations are required to clarify the relationship between expression
of these genes and the pathogenesis of HGSOC.

We did not detect differences in overall or progression-free survival of patients
classified as either ST1 or ST2 (Figure S2). All samples were diagnosed as high-
grade cancer by pathologists, and the samples classified as ST1 were retro-
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spectively examined; however, they lacked unique pathological features. ST1 was
characterized by an intact p53 pathway; however, there were no differences in
patients’ pathological findings or clinical consequences. These findings suggest the
presence of unidentified biological processes involved in the ST1 phenotype,
indicating that a more effective therapy must be developed for these patients.

In summary, we describe the identification of a novel intact p53 pathway
subtype in Japanese patients with HGSOC. Our findings promise to enhance our
understanding of the molecular mechanisms of oncogenesis and should facilitate
the development of therapeutic strategies that target nonmutated TP53 in patients
with HGSOC.

Supporting Information

Figure S1. ST1 in TCGA data. (Upper panel) Summary of mutations for TP53
and p53 pathway genes for 15 TP53 nonmutated patients with HGSOC in TCGA
data. TP53 homozygous deletion is shown in dark blue and heterozygous copy
number deletions are shown in light blue in TP53_Del track. MDM2 copy number
amplification is shown in red in the MDM2_amp track. Mutations in genes that
are direct targets of p53 are shown in green in the p53_Target_mut track. (Bottom
panel) Hierarchical clustering of TCGA-25-1328 and 33 HGSOC using 45
overlapping genes among the 70 differentially expressed genes.
d0i:10.1371/journal.pone.0114491.5001 (PDF)

Figure S2. Survival analysis. (Left panel) Overall survival curves for ST1 and ST2.
(Right panel) Progression-free survival curves for ST1 and ST2. These survival
curves were depicted using the Kaplan-Meier method. p values correspond to the
Logrank test comparing the survival curves.
doi:10.1371/journal.pone.0114491.s002 (PDF)

Table S1. Clinical data. pT- and FIGO-stages. Two subtypes (ST1 and ST2) are
shown in Subtype column.
doi:10.1371/journal.pone.0114491.s003 (XLSX)

Table S2. Depth and coverage of exome sequencing. Depth and coverage were
calculated using DepthOfCoverage module of GATK.
d0i:10.1371/journal.pone.0114491.5s004 (XLS)

Table S3. Depth of coding exons of TP53. Depth of ten coding exons of TP53
(NM_001126112.2) were calculated using SAMtools.
doi:10.1371/journal.pone.0114491.s005 (XLSX)

Table S4. Somatic TP53 mutations. Functional impacts of missense single
nucleotide variants which were evaluated using MutationAssessor 2 are shown in
the FIS column.

doi:10.1371/journal.pone.0114491.s006 (XLS)
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Table S5. Copy number deleted regions. Recurring copy number deleted regions
are shown in CNVR (hgl18) column. Gene column shows genes which are located
in these CNVRs.

doi:10.1371/journal.pone.0114491.s007 (PDF)

Table S6. Copy number amplified regions. Recurring copy number amplified
regions are shown in CNVR (hg18) column. Gene column shows genes which are
located in these CNVRs.

doi:10.1371/journal.pone.0114491.s008 (PDF)

Table S7. List of p53 direct target genes. A list of p53 direct target genes were
derived from the Pathway Interaction Database (PID).
d0i:10.1371/journal.pone.0114491.s009 (XLSX)

Table §8. CNV segments. CNV segments were processed using PennCNV. Two
subtypes (ST1 and ST2) are shown in Subtype column.
doi:10.1371/journal.pone.0114491.s010 (XLS)

Table S9. Tumor purity. Tumor purities were estimated using ASCAT algorithm
in the NEXUS copy number software. Two subtypes (ST1 and ST2) which were
designated in the current study are shown in Subtype column.
doi:10.1371/journal.pone.0114491.5s011 (XLS)

Table S10. Probes which showed higher expression in ST1. Forty-four probes
(33 genes) are listed. Gene symbols, Agilent probe ID, and genomic positions of
the probes were showed in Gene Symbol, Probe ID, and GenomicCoordinates
columns, respectively. N.A. means not available.
do0i:10.1371/journal.pone.0114491.5s012 (PDF)

Table S11. Probes which showed lower expression in ST1. Forty-five probes (37
genes) are listed. Gene symbols, Agilent probe ID, and genomic positions of the
probes were showed in Gene Symbol, Probe ID, and GenomicCoordinates
columns, respectively. N.A. means not available.
doi:10.1371/journal.pone.0114491.s013 (PDF)

Table S12. Go groups. Eighteen GO groups and their component genes are listed.
doi:10.1371/journal.pone.0114491.s014 (XLS)

Table S13. Statistical tests. Results of statistical tests (the Kolmogorov-Smirnov
test, F test, and #-test) for mitosis and DNA helicase genes are shown.
d0i:10.1371/journal.pone.0114491.5015 (PDF)

File S1. Copy number data. CNVs were called using PennCNV. CNVs are shown
in seg.mean column. Numbers of support SNPs are shown in seg.count column.
d0i:10.1371/journal.pone.0114491.5016 (TXT)
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Abstract

Objective: To determine outcomes and prognostic factors for early-stage cervical adenocarcino-
ma/adenosquamous carcinomas (AC/ASC) patients who are treated with radical hysterectomy
and adjuvant therapy to optimize their treatment. Methods: We retrospectively reviewed the
medical records of 26 patients with International Federation of Gynecologists and Obstetricians
stage IB-IIB cervical AC/ASC who were treated with radical hysterectomy and adjuvant therapy.
Overall survival (0OS) and progression-free survival (PFS) were calculated using the Kaplan-Meier
method and compared using the log-rank test. The prognostic significance of various clinical fea-
tures was determined by using multivariate analysis with the Cox proportional hazards regression
model. Results: Univariate analysis revealed that OS was significantly shorter in patients with
lymph node metastasis and lymphovascular space invasion. Similarly, PFS was significantly short-
er for patients with lymph node metastasis and parametrial invasion. Furthermore, multivariate
analysis showed that lymph node metastasis was the only independent predictor for PFS (hazard
ratio: 6.47, 95% confidence interval: 1.33 - 31.44, p = 0.021). However, the use of adjuvant che-
moradiotherapy did not have any significant effect on either OS or PFS, regardless of lymph node
metastasis. Conclusions: Lymph node metastasis is an independent prognostic factor for poor sur-
vival in cervical AC/ASC patients treated with radical hysterectomy and adjuvant therapy. In addi-
tion, adjuvant chemoradiotherapy does not improve their survival, regardless of lymph node me-
tastasis, which suggests that novel or personalized adjuvant therapeutic strategies with fewer ad-
verse effects than existing strategies are needed.
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mous Carcinomas Treated with Radical Hysterectomy and Adjuvant Therapy. Open Journal of Obstetrics and Gynecology, 4,
909-915. http://dx.dol.org/10.4236/0i0g.2014.414128
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1. Introduction

Adenocarcinoma/adenosquamous carcinomas (AC/ASC) are relatively uncommon histological subtypes of cer-
vical cancer. Recently, AC/ASC has accounted for approximately 20% of all cervical cancer cases [1]-[3]. In
general, the prognoses of patients with cervical AC/ASC are poorer than those of patients with cervical squam-
ous cell carcinoma (SCC), because AC/ASC is more likely to grow aggressively and metastasize [4] [5]. This
may be partly due to the lack of consensus on the optimal treatment for cervical AC/ASC [6]. The first-line
treatment for AC/ASC is similar to that for SCC [7] [8}; cervical cancer patients with AC/ASC that are classi-
fied as stage IB-1IB by the International Federation of Gynecologists and Obstetricians (FIGO) are often treated
with radical hysterectomy [9]. However, there are conflicting reports about whether the prognoses of AC/ASC
patients who undergo surgery or radiotherapy are worse than those of SCC patients [5] [10]-[13].

To help resolve this issue, we aim to identify outcomes and prognostic factors in early-stage cervical AC/
ASC patients who are treated with radical hysterectomy and adjuvant therapy. This information may be useful in
optimizing the treatment of these patients.

2. Patients and Methods

After obtaining approval from the Institutional Review Board of Niigata University Hospital, we retrospectively
reviewed the medical records of 26 patients with FIGO stage IB-IIB cervical AC/ASC who were treated with
radical hysterectomy and adjuvant therapy between January 2001 and April 2013. Fifteen patients received
neoadjuvant chemotherapy with at least one cycle of cisplatin (10 mg/body on days 1 - 10 every four weeks) and
S-fluorouracil (250 mg/body on days 1 - 10 every four weeks) [14]. One patient received a cycle of paclitaxel
(175 mg/m* on day levery three weeks) and cisplatin (75 mg/m2 on day levery three weeks) [15]. The remain-
ing patients did not receive any neoadjuvant therapy. All patients underwent type III Piver-Rutledge radical
hysterectomy [16] and systematic pelvic lymphadenectomy.

Approximately four weeks after surgery, all patients received radiotherapy (RT), chemotherapy (CT), or con-
current chemoradiotherapy (CCRT) as adjuvant therapy. RT consisted of external whole pelvic irradiation with
50.4 Gy in 28 fractions. CT (docetaxel: 70 mg/m” on day 1; carboplatin: area under the curve = 5 on day 1) was
administered for at least three cycles at three-week intervals. CCRT consisted of concurrent RT and cisplatin
alone (30 - 40 mg/m” weekly) or cisplatin (50 mg/m’every three weeks) plus paclitaxel (50 mg/m” weekly). The
differential indications for these therapies were based on the presence or absence of risk factors for postopera-
tive recurrence, such as lymph node metastasis, parametrial invasion, positive surgical margin, large tumor size
(>4 cm), lymphovascular space invasion (LVSI), and deep stromal invasion (>2/3 thickness). For example,
among patients without lymph node metastasis, five received CCRT and eight received either RT or CT alone.
On the other hand, among patients with lymph node metastasis, four received CCRT and nine received either RT
or CT alone.

Survival outcomes were examined using the Kaplan-Meier method and compared using the log-rank test.
Multivariate analyses of overall survival (OS) and progression-free survival (PFS) were performed with the Cox
proportional hazards regression model to determine the prognostic significance of clinical features. A p-value of
less than 0.05 was considered statistically significant.

3. Resulis

Patient characteristics are shown in Table 1. The median age at the start of treatment was 48.0 years (range: 29 -
69 years). For all patients, the estimated five-year OS rate was 49.5% and the estimated five-year PFS rate was
36.5%. Disease recurrence occurred in 12 patients (46.2%) with a median time of 11 months (range: 2 - 57
months). All patients except one had at least one risk factor for postoperative recurrence. However, the patient
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B2 13 50
I1A2 1 4
1B 5 19

20-39 9 35

40-49 4 15

50-59 7 27
6

Adenocarcinoma 23 88

Adenosquamous carcinoma 3 12

Concurrent chemoradiotherapy 9 35
Cisplatin 5
Paclitaxel + Cisplatin 4
Radiotherapy alone 3 11
Chemotherapy alone 14 54
Docetaxel + Carboplatin 13
Paclitaxel + Cisplatin 1

who did not have any risk factors still received adjuvant RT because cervical adenocarcinoma has a high risk of
recurrence.

As shown in Table 2, lymph node metastasis was a significant prognostic factor for both OS and PFS. In ad-
dition, LVSI was a significant prognostic factor for only OS and parametrial invasion was a significant prognos-
tic factor for only PFS. When these prognostic factors were further assessed using the Cox multivariate propor-
tional hazard model, lymph node metastasis was identified as an independent predictor of PFS (p = 0.021, risk
ratio = 6.47, 95% confidence interval: 1.33 - 31.43).

The effects of different types of adjuvant therapy in patients with and in those without lymph node metastasis
on OS and PFS are shown in Figure 1. In patients with lymph node metastasis, relapses occurred in 10 patients
(seven who did not receive CCRT and three who received CCRT). Compared with CT or RT alone, the effects
of CCRT on OS and PFS were not significant. In patients without lymph node metastasis, relapses only occurred
in two patients who did not receive CCRT. However, compared with CT or RT alone, the effects of CCRT on
OS and PFS were not significant.

4. Discussion

In this study, we demonstrated that lymph node metastasis is an independent predictor of PFS in patients with
cervical AC/ASC who are treated with radical hysterectomy and adjuvant therapy. This result is consistent with
several other studies that show that lymph node metastasis in patients with cervical AC/ASC is an independent
predictor for survival [9] [17] [18]. However, the type of adjuvant therapy did not make any significant differ-
ence on either OS or PFS, regardless of lymph node metastasis.
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<50 years 13 614 0.904 42.1 0.982
Age
=50 years 13 40.0 34.6
1B 20 53.8 0.188 355 0.597
Stage
ITA+IB 6 40.0 40.0
Received 15 51.3 0.510 314 0.717
NAC R
Not received 11 (60.0) 72.7y
Concurrent . R
chemoradiotherapy 9 (57.1) 0.543 (63.5) 0.424
Adjuvant
therapy  Radiotherapy alone 3 100.0 100.0
Chemotherapy alone 14 46.9 25.6
Negative 13 800 0023 721 %897 o064 656 00027 647 331 oom
Lymph node : ) ’ 58.46 . ’ ’ ’ 31.43 ’
metastasis
Positive 13 30.0 17.1
Negative 19 54.1 0.158 60.4 0.0158 2.68 0.83 - 0.099
Parametrial & : : : : ©° 866 :
invasion
Positive 7 333 0
Surgical Negative 25 522 0.207 384 0.097
margin Positive 1 0 0
Maximum <4 cm 9 60.0 0.259 444 0.291
tumor
diameter >4 cm 17 46.2 30.9
. 0.89 -
Negative 13 75.0 0.035 441 2198 0.070 37.7 0.126
LVSI ’
Positive 13 25.6 36.1
Deep Negative 8 83.3 0.371 65.6 0.256
stromal
invasion Positive 18 41.9 26.0

{\bbreviations: OS: overall survival, PFS: progression-free survival, LVSI: lymphovascular space invasion, RR: risk ratio, CI: confidence interval.
Parenthetical values indicate that all cases were assessed before year 5.

Since there is no agreement about the optimal treatment for cervical AC/ASC, patients with AC/ASC tend to
be treated similarly to those with SCC, namely, radical hysterectomy followed by adjuvant therapy {13]. Rotman
et al. [19] suggested that postoperative adjuvant therapy, particularly RT, may be more beneficial for AC/ASC
than for SCC. However, there are conflicting reports in the literature about the effect of CCRT on cervical
AC/ASC. Some studies have shown that CCRT is beneficial for cervical AC/ASC [20]-[23], while other studies
have reported that CCRT does not improve the survival of patients with risk factors, such as lymph node metas-
tasis [22] [23]. In this study, we showed that CCRT did not improve the survival of patients compared with ei-
ther RT or CT alone, regardless of lymph node metastasis (Figure 1). However, our small sample sizelimits the
statistical power of this study. As a result, a larger study is needed to confirm the generality of this conclusion.

These results suggest that other adjuvant therapeutic strategies may be needed to improve the survival of pa-
tients with cervical AC/ASC. For example, Park e al. [24] suggested that adjuvant therapy should be tailored
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according to postoperative risk factors in patients with early stage adenocarcinoma. Since CCRT has many ad-
verse effects [15] [20], personalizing adjuvant therapydepending on the presence or absence of lymph node me-
tastasis to reduce adverse effectsmay be worth considering.

5. Conclusion

In conclusion, we found that lymph node metastasis was an independent prognostic factor for poor survival in
cervical AC/ASC patients treated with radical hysterectomy and adjuvant therapy. In this study, CCRT does not
improve patient survival, regardless of lymph node metastasis, which suggests that novel or personalized adju-
vant therapeutic strategies with fewer adverse effects than existing strategies are needed.
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Preoperative Ultrasound-Guided Needle Biopsy
of 63 Uterine Tumors Having High Signal Intensity
Upon T2-Weighted Magnetic Resonance Imaging
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Objective: The differential diagnosis between uterine sarcoma and benign leiomyoma
is difficult when made only by magnetic resonance imaging (MRI); it usually requires an
additional preoperative diagnostic procedure. We report our results using ultrasound-guided
needle biopsy for these types of uterine tumors.

Methods: Ultrasound-guided needle biopsy was performed on 63 patients with uterine
smooth muscle tumors suspected of malignancy by MRI. We compared the results of pre-
surgical biopsy against the postsurgical pathology of the tumor.

Results: Among 63 patients with a high signal intensity of the uterine tumor on T2-weighted
MRI (1 case was undetermined), 12 cases (19.3%) were diagnosed by the needle biopsy as
malignant, and 51 cases (80.6%) were benign. Among the 12 diagnosed as malignant tumors,
11 had surgery performed, and one was treated with chemotherapy. Among the 51 patients
diagnosed with a benign tumor, 27 had surgery performed, and 24 were put on a wait-and-
see clinical follow-up schedule. One of the 27 surgical patients with a benign tumor had a
postsurgical diagnosis of a low-grade endometrial stromal sarcoma. In the 38 cases where
surgery was performed, we found the sensitivity, specificity, and the positive and negative
predictive values of the needle biopsy were 91.7%, 100%, 100%, and 96.2%, respectively.
Conclusions: Ultrasound-guided needle biopsy may be a reliable preoperative diagnostic
procedure for uterine tumors with suspected malignancy.
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terine sarcomas are relatively rare, accounting for only 3%

to 8% of uterine cancers, and approximately 1 of every
800 smooth muscle tumors of the uterine is a leiomyosarcoma
(LMS).}? Magnetic resonance imaging (MRI) is 1 of the most
useful imaging modalities, but even with MRI, it is difficult to
distinguish between malignant LMSs and benign leiomyomas.
There are reports that the use of gray scale and Doppler sono-
graphic findings can be helpful,® with similar findings for the
use of positron emission tomography using 2-[18F] fluoro-
2-deoxy-D-glucose (PET-FDG)*; there is not at present an
established practice for making an accurate presurgical differ-
ential diagnosis of these 2 tumor types. Recently, Yoshida et al®
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Needle Biopsy of 63 Uterine Tumors

TABLE 1. MRI appearance of 63 patients who
underwent needle biopsy

MRI Appearance n Malignant Tumor

High signal on T2WI 46 2 (4.3%)

High signal on T2WI -+ 16 10 (62.5%)
necrosis or irregular margin

Undetermined on T2WI 1 1 (100%)

(with irregular margin)
T2WI, T2-weighted image.

reported that 16a[18F] fluoro-17@-estradiol PET was effective
for differentiating uterine sarcomas from benign leiomyoma;
however, in the 24 cases they studied, they had 2 false positives
(a leiomyoma with adenomyosis and a hemorrhagic cellular
variant leiomyoma) and 2 false negatives (a low-grade endo-
metrial stromal sarcoma and an LMS).

The most reliable preoperative diagnostic method has
been found to be a biopsy of the tumor. Because an LMS arises
within the uterine smooth muscle, a biopsy of the endometrial
malignant tissue is difficult to perform, and in many cases, the
tumor is found only at surgery. Various authors have reported
that LMS may be present in the submucosa of the uterus in 30%
to 50% of patients, but even in such cases, the biopsy diagnosis
is not easy.! Although past reports have demonstrated the use-
fulness of a needle biopsy for uterine tumors,*’ the use of the
biopsy option has generally not gained widespread acceptance.
To support its wider use, we report our experience with the
ultrasound-guided needle biopsy for uterine tumors.

MATERIALS AND METHODS

We enrolled patients who had unusual MRI findings, in
particular, those with a higher intensity tumor image than
normal myometrium (50% or higher on T2-weighted images).
In addition, we considered whether the patient had evidence
of hemorrhagic necrosis (indicated by high signal intensity on
T1-weighed image and nonenhancement in the same area)
or irregular margins. From January 2005 to August 2012, we
obtained informed consent from 63 patients to perform an
ultrasound-guided needle biopsy of their uterine mass sus-
pected by MRI of being a malignant tumor. This is a retro-
spective study, and the exact number of uterine tumors during
that period with high or undetermined T2-weighed MRI signal
is unclear. However, about 10% of the patients with uterine
tumors met our eligibility to perform needle biopsy. Some
patients desire surgery without performing preoperative needle
biopsy, and others desire regular follow-up without performing
needle biopsy. Needle biopsy was mainly performed to the
cases that did not desire the surgery immediately but were
suspected malignancy rather than typical leiomyoma.

The median patient age was 47.0 years (range, 21-83
years). The solid part of the mass was characterized as having
a high signal intensity on a T2-weighted MRI (ie, the mass had
a high signal intensity on a diffusion-weighted image [DWI]

© 2014 IGCS and ESGO

and a low apparent diffusion coefficient [ADC] map) and was
specified m 3 dimensions. We evaluated MRI with DWI and
ADC in 18 patients.

The biopsy was performed, without general anesthesia,
using a Bard Magnum biopsy system (C. R. Bard, Inc, Murray
Hill, NJ), with an automatic cutting needle (30 cm long, 18
gauge, with a 19-mm notch). The biopsy needle was inserted
through a sterile needle guide that was attached to the ultra-
sound transducer. The ultrasound transducer was manipulated
to position the uterine tumor along a line on the screen. After
the tip of the needle was within the uterine tumor, the biopsy
gun was fired, and a core of tissue was obtained. We performed
3 biopsies to reduce sampling error. A 50-mg diclofenac sodium
suppository was administered before conducting the needle
biopsy. All patients took a cephem antibiotic for 3 to 5 days
after the needle biopsy. There were no cases that required post-
biopsy hospitalization.

We recommended surgery for all cases diagnosed by
biopsy with malignant tumors. In the cases diagnosed with
benign tumors, we either observed or operated, depending on
any myoma-related symptoms, infertility, or the patient’s desire
to undergo surgery. In the operative cases, we compared the
results of the needle biopsy and the results of the surgical
specimen. The patients who did not undergo surgery were
regularly followed at the hospital and have had no outcome
event suggestive of malignancy at 4 to 81 months of follow-up
(median, 41 months) after the needle biopsy.

RESULTS

Table 1 shows the MRI appearance of the 63 patients
who underwent a needle biopsy. Among the 46 patients who
had solid parts with high signal intensity on T2-weighted
MRI, there were 2 atypical malignant cases. One case had
a well-defined cystic area that was suspected of being a leio-
myoma with degenerative liquefaction; the other had a nodule
with a high-signal T2-weighed image on MRI typical of a
leiomyoma. Among 16 patients who had a mass with an MRI
pattern of hemorrhagic necrosis and/or an irregular margin,
there were 10 malignant tumors by biopsy. We could not de-
termine the T2-weighted image signal ratio in 1 case because
we could not find any normal myometrium for comparison.

Figure 1 shows the outcomes of 63 patients with uterine
tumors, with a high signal intensity or an undetermined ratio
(1 patient), on T2-weighted imaging, which we preoperatively
performed an ultrasound-guided needle biopsy on. Among
the 63 patients, malignant tumors were identified by biopsy
in 12 cases (19%), and benign tumors were diagnosed in
51 cases (81%). Table 2 shows the characteristics of patients
with a malignant tumor.

Of 12 patients with the diagnosis of a malignant tumor
by needle biopsy, 11 had surgery performed, and 1 was treated
with chemotherapy because it was an advanced case. Two
advanced cases were treated with surgery after chemotherapy.
Surgery specimens were classified as LMS (n = 10) and en-
dometrial stromal sarcoma (n = 1). Of 51 patients with the
diagnosis of benign tumors, 27 underwent a hysterectomy
or myomectomy. After the surgery, the condition of 1 of the
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[ Uterine fumors with high or undetermined T2 weighed MRI signal that performad neadte biopsy (h=63) }

/

Malignant tumor
LMS
ESS 1

T~

12 (18.3%)
1

| Benign umor 51 (80.6%) |

Chemotherapy 1 Surgery performed 11

Surgery performed 27

Surgery not performed 24 i

LMS 1 LMS 10 Benign tumor 25
ESS 1 Low-grade ESS 1
Surgery performed 38
Sensitivity 1. 7% . ; i
Speciicity 00% foliow- up (median 32 months)

Positive Predictive Value 100%
Negative Predictive Valua 96.2%

Mo evidence of malignancy 4-81months of

LIS leismyosarcoma; ESS: endometrial stromal sarcoma

FIGURE 1. Outcomes of 63 patients with uterine tumor with high signal intensity or undetermined (single patient)
on T2-weighted image. Data are shown as the number of patients.

27 patients was diagnosed with a low-grade endometrial stromal
sarcoma, and the other 26 were diagnosed with a leiomyoma.

Twenty-four patients were managed conservatively, be-
ing observed every 3 months according to their symptoms.
Tumor and uterine sizes were measured by ultrasonography
at each visit. These 24 patients lacked any evidence of uterine
malignancy during subsequent follow-ups.

In the 38 cases where surgery was performed, the sen-
sitivity and specificity of the biopsy diagnosis was 91.7%
and 100%, respectively. The positive predictive value of the
biopsy was 100%, and the negative predictive value was 96.2%.
We had 2 cases of infection that needed surgery to control.
Both cases were LMS with widespread necrosis. Other than
these 2 cases, no major complications, such as intraperitoneal
hemorrhage or injury to adjacent structures that required sur-
gery, were observed.

CONSIDERATION

To treat a uterine tumor properly without doing unnec-
essary surgery, differentiating uterine sarcomas from benign
leiomyomas is very important. The MRI is an important tool
for diagnosing uterine tumors. The typical MRI appearance of
an LMS reveals a heterogeneous appearance with intermedi-
ate to high signal intensity on T2-weigted images and en-
hances well. In a typical case, MRI reveals high intensity on
T1-weigted images with coagulated tumor necrosis.® Confeld
et al’ reported finding a distribution of imaging criteria be-
tween leiomyoma and other mesenchymal neoplasms. Ob-
jective criteria included T1 and T2 signal characteristics,
enhancement pattern, the presence of cystic changes, and
an ill-defined margin.” However, in a previous report of pa-
tients with findings of coagulative tumor cell necrosis, the in-
cidence of LMS was limited to 68%, and in the 5% of the
patients without findings of coagulative tumor cell necrosis,
LMS was noted.* There are many case reports that had few

1044

of these typical imaging characteristics. On the other hand,
there is also 1 report claiming that malignant tumors were
rare in cases that were operated on solely because they seemed
to be rapidly growing.'”

Recently, by using diffusion-weighted MRI, it became
possible to perform diagnoses that are more detailed.!! We
performed our very first uterine DWI in September 2008.
From January 2010 onward, we performed DWI for all such
cases. Namimoto et al'? reported that ADC combined with
T2-weigted imaging is significantly better than ADC or T2-
weighted imaging alone at differentiating between sarco-
mas and lelomyomas. However, there are limitations to their
study; the number of sarcomas was relatively small, and some
leiomyomas were not proven diagnostically.'?

In 2002, Kawamura et al reported obtaining good diag-
nostic results using a transcervical needle biopsy for the differ-
ential diagnosis between uterine sarcoma and leiomyoma.’
They reported that a transcervical needle biopsy, using a his-
topathological scoring system that was established based on the
criteria proposed by Bell et al,® is highly precise, with an es-
pecially high negative predictive value.

By performing a needle biopsy, we can diagnose whether
the uterine mass is a benign or malignant tumor. As a result,
we can avoid unneeded surgery in cases with a poor general
status or distant metastasis, or do only limited procedures, such
as fertility-sparing surgery, laparoscopic surgery, or transvaginal
surgery.

In addition to it, DWI reduced the cases that needed
needle biopsy. So we have performed needle biopsy with lim-
ited cases in recent years.

In our report, although the exact number of uterine
tumors with high or undetermined T2-weighed MRI signal
between January 2005 and August 2012 is unclear, we could
recruit 63 cases for needle biopsy. Of those 63 cases, 13 cases
turned out to be sarcomas. On the other hand, a total of 41
uterine sarcomas were treated in our hospital during that period.

© 2014 IGCS and ESGO
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TABLE 2. Characteristics of patients with a malignant tumor

Irregular Needle Internal Between
Case Age, FIGO Hemorrhagic MRI  Size, Biopsy Biopsy Surgical Other
Number y Stage Metastatic T2WI DWI ADC  Necrosis Margin  cm Diagnosis to Surgery, d Diagnosis Notes
1 48 1B High NE NE - - 10 LMS 45 LMS Well-defined
suspected cystic area
2 70 IB High High Low - - 9 LMS 15 LMS A nodule in
suspected leiomyoma
3 21 1A High NE NE - + 4 LMS 45 LMS
4 49 1A High NE NE + - 4.5 ESS 16 ESS
5 53 1A High NE NE + - 2 LMS 25 LMS
6 66 1B High NE NE + - 10 LMS 14 LMS
7 49 IB High NE NE + + 10 LMS 48 LMS
8 50 IB High High NE + + 7 LMS 34 LMS A nodule
in lelomyoma
9 58 IVB Lung High High Low + - 11 LMS Surgery not Surgery not Chemotherapy
performed performed
10 50 IVB Lung, bone, High High Low + - 5 LMS 113 LMS Chemotherapy
tumor, before surgery
thrombosis
11 57 IVB Lung High NE NE + + 8 LMS 105 LMS Chemotherapy
suspected before surgery
12 43 IVB Lung High NE NE + + 6 LMS 41 LMS
suspected
13 47 IVA Adnexa, Undetermined NE NE + + 7 Leiomyoma 10 Low-grade
appendix, ESS
rectum

NE, not examined; T2WI, T2-weighted image.
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Therefore 13 (31%) of 41 uterine sarcomas were biopsied as
a consequence. Because conducting the needle biopsy provided
a correct differential diagnosis, 24 of the 63 cases were able to
avoid an unneeded operation altogether, 7 had laparoscopic
surgery, and 4 had transvaginal surgery.

We only targeted tumors with high intensity T2 signal
on MRI. On the other hand, there were no malignant cases
among 51 patients with a low intensity T2 signal. We had
suspected that these were malignant tumors because of their
rapid growth or because they had hemorrhagic necrosis.
Among the 46 patients who were not strongly suspected of
having a malignant tumor (because they were only high signal
intensity on T2-weighted images), there were 2 atypical cases
of malignant tumor that were then diagnosed as malignant
tumor by needle biopsy.

We evaluated 18 patients with DWI; in the group of
11 patients who had increases in DWI and decreases in ADC,
there were 4 malignant tumors; in the 7 patients who had an
increase DWI but no decrease in ADC, there were no malignant
tumors. There is now the strong possibility that we can perform
a needle biopsy more efficiently by restricting its use to pa-
tients with tumors that have a high signal with T2-weighted
DWI imaging and a low signal with ADC.

One of the possible critical drawbacks of doing a needle
biopsy is the possibility of spreading cancer cells. In the 12
tumor cases where we performed surgery after the needle bi-
opsy, the median number of days from biopsy to surgery was
37.5 days (range, 10-113 days); in this cohort, there was no
evidence that conducting the biopsy had spread the cancer. In
cases where we strongly suspected a malignancy by MRI,
we first evaluated with computed tomography whether there
were distant metastases before conducting the needle biopsy.
In 5 advanced cases, the computed tomography pointed out
the presence of metastatic sites before the needle biopsy.

When performing a needle biopsy, there can be prob-
lems with accurate sampling, such as difficulties with the
specimens, the diagnostic accuracy of any microsample, and
the frequency of postbiopsy complications. In our report, 3
of the 68 specimens (4.8%) were difficult to diagnose; 1 was
too small, and 2 consisted of only necrotic material. One
patient underwent repeated ultrasound-guided needle biopsies
and was with diagnosis of a malignant tumor. In another
patient, repeating the biopsy was difficult because of an in-
fection, and her condition was diagnosed after surgery with
an LMS. Two other patients who underwent repeated biopsies
did not undergo surgery because a malignant tumor was not
strongly suspected.

In our research, the negative predictive value of the
biopsy was 96.2%. There was 1 case in which the postsurgical
diagnosis of a low-grade endometrioid stromal sarcoma (ESS)
was different than by needle biopsy, which had suggested it
was a leiomyoma. The existence of invasion is important for
the distinction of an ESS from a benign tumor, and such in-
vasion may be difficult to determine in a biopsy specimen.

There are numerous reports of cases simultaneously
having leiomyoma and LMS. Mittal and Joutovsky reported
that a spectrum of morphologic and immunohistochemical
changes, from benign to malignant, is seen in 50% of LMSs,
indicative of the progression of some leiomyoma to LMS.13
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Thus, when an unambiguous nodule is present within a my-
oma, we should bear in mind the possibility of the presence
of a malignancy.

In our report, there were 2 cases of infection associated
with an LMS with widespread necrosis. When we performed
the needle biopsy on these cases, we had to consider care-
fully which area to perform the biopsy on and which type
of patient management to conduct afterward.

Except in cases of low-grade malignancy, a presurgical
guided needle biopsy for difficult cases may generally be as
useful as a postsurgical histological examination of the tumor.
Thus, we have found that in cases where a uterine malignancy
is suspected by MRI, a preoperative needle biopsy is a highly
effective tool for determining that most such cases are benign,
a result which greatly expands our ability to use more conser-
vative and appropriate treatment options.

On the other hand, there are complications, such as
infection, that can occur from conducting a needle biopsy. It
is also important to take into consideration that there will
be rare cases that are just too difficult to diagnose by needle
biopsy, that there may be the possibility of cancer spread after
biopsy, and that malignancy can never be 100% ruled out by
this means. We are thus ethically required to be selective of
the cases we chose to diagnose in this manner.

There are now several other presurgical treatment options
that can greatly benefit the patient. Examples are administering
chemotherapy or molecular-targeted drugs, conducting radio-
therapy, or induction of arterial embolism in the tumor. Going
forward, a guided needle biopsy will help us choose which
of these nonsurgical treatment plans is most appropriate for
our patients.
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