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Abstract

Purpose We investigated the prognostic value of the tumour heterogeneity index determined on preoperative ["®FJFDG PET/CT
in patients with uterine leiomyosarcoma (LMS).

Methods We retrospectively reviewed patients with uterine LMS who underwent preoperative ['*FJFDG PET/CT scans at three
tertiary referral hospitals. The PET/CT parameters maximum standardized uptake value of the primary tumour (SUV .x),
metabolic tumour volume (MTV) and total lesion glycolysis were assessed. The negative values of the MTV linear regression
slope (nMLRS) according to the SUV thresholds of 2.5 and 3.0 were determined as the tumour heterogeneity index. The value of
PET/CT-derived parameters in predicting progression-free survival (PFS) and overall survival (OS) were determined in regres-
sion analyses.

Results Clinicopathological and PET/CT data from 16 patients were reviewed. The median postsurgical follow-up was 21 months
(range 4-82 months), and 12 patients (75.0%) experienced recurrence. Tumour size (P =0.017), SUV,.x (P=0.019), MTV (P =

0.016) and nMLRS (P =0.008) were significant prognostic factors for recurrence. MTV (P =0.048) and nMLRS (P =0.045)
were significant prognostic factors for patient survival. nMLRS was correlated with clinicopathological parameters including
tumour size (Pearson’s correlation coefficient v=0.825, P <0.001) and lymph node metastasis (y=0.721, P=0.004). Patient
groups categorized according to the nMLRS cut-off value showed significant differences in PFS (P =0.033) and OS (P = 0.044).
Conclusion The preoperative tumour heterogeneity index obtained using the MTV linear regression slope may be a novel and
useful prognostic marker in uterine LMS.
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Few studies have investigated the value of PET imaging in
LMS. In studies examining patients with chondrosarcoma,
liposarcoma and synovial sarcoma, tumour FDG uptake has
been shown to correlate with tumour grade and disease pro-
gression [6—8]. Moreover, due to the rarity of the tumour, few
studies of uterine LMS have been performed, and most are
case reports. [ *FJFLT PET has been shown to be superior to
['FIFDG PET in differentiating malignant from benign
leiomyoma, and ['®F]FLT uptake correlates well with the im-
munohistochemical index of cell proliferation [9]. We recently
found that a high maximum standardized uptake value
(SUV max) 0N preoperative [ *FJFDG PET/CT was associated
with a worse outcome in patients with uterine LMS [10].

Research over decades has demonstrated that cancer is a
heterogeneous disease. The phenomenon of intratumoral het-
erogeneity arises as a result of the genetic instability of cancer
cells and the tumour microenvironment [11, 12], and these
biological features have a strong impact on patient treatment
and outcome. There has been increasing interest in assessing
tumour heterogeneity and specifically heterogeneity in
intratumoral ['*F]JFDG uptake [13]. ['*F]JFDG PET can reflect
metabolic tumour heterogeneity by demonstrating variations
in metabolism of different tumour regions, and this metabolic
heterogeneity is considered to reflect biological and clinical
tumour properties. Tumour heterogeneity is a major challenge
to personalized medicine and biomarker development, and it
may contribute to treatment failure [14]. Several heterogeneity
indices have been suggested for use with ['*FJFDG PET/CT,
including coefficient of variation [15—19] or the slope of linear
regression [20-22]. However, the prognostic value of tumour
heterogeneity indices measured on ['*F]FDG PET/CT has
never been evaluated in uterine LMS.

In the current study, we investigated the relationship be-
tween tumour heterogeneity measured in terms of metabolic
tumour volume (MTV) linear regression slope (MLRS) and
clinicopathological parameters, and determined the prognostic
value of tumour heterogeneity in uterine LMS.

Materials and methods
Patients

We retrospectively identified patients with biopsy-proven
uterine LMS who had undergone preoperative ['*F]JFDG
PET/CT imaging at Samsung Medical Center, Asan Medical
Center, and Seoul National University Hospital between April
2009 and October 2016. The diagnoses were established by
preoperative endometrial biopsy and verified on hysterectomy
specimens, and stage was assessed according to the FIGO
2009 criteria for surgical staging [23]. Although LMS is a
tumour that develops in the myometrium, the tumour tissues
were obtained from the endometrial biopsy. All the patients in

@ Springer

the current study had a tumour more than 3 cm in size with
extension to the endometrium found at the final pathological
examination. Patients were required to have undergone both
preoperative integrated ['*FJFDG PET/CT imaging in the
2 weeks prior to surgery. Patients were excluded from the
analysis if they (1) were previously diagnosed with another
malignant disease, (2) had a follow-up duration <3 months, or
(3) had received a primary treatment other than surgery, such
as chemotherapy or preoperative radiation. After surgery, all
patients were clinically and radiologically followed up accord-
ing to each institution’s clinical protocol. All clinicopatholog-
ical and survival data were obtained from electronic medical
records and the institutional tumour registry. Data from ten
patients in a previous study were included in the current anal-
ysis [10]. The study protocol was approved by the institutional
review board, and informed consent was waived due to its
retrospective design.

["®FIFDG PET/CT scan

['"®F]JFDG PET/CT was performed using the following scan-
ners: a dedicated Biograph (Siemens Medical Solutions,
Malvern, PA) or a Gemini scanner (Philips Medical
Systems, Andover, MA) at Seoul National University
Hospital, a Discovery STE 8, a Discovery PET/CT 690 or
710 (GE Healthcare, Waukesha, WI, USA), or a Biograph
TruePoint 16 or TruePoint 40 scanner (Siemens Healthcare,
Germany) at Asan Medical Center, or a Discovery LS or STE
scanner (GE Healthcare, Milwaukee, WI, USA) at Samsung
Medical Center. Both PET and low-dose CT scanning covered
the skull to the proximal thighs. The protocol required patients
to fast for at least 4 h before image acquisition, and all patients
were asked to void before undergoing scanning, and a Foley
catheter was inserted to minimize bladder activity. One hour
before scanning, 125 mL of a barium sulphate solution was
administered orally to opacify the bowel for the CT portion of
the study at Seoul National University Hospital. ['*F]FDG (5—
5.18 MBg/kg) was administered intravenously 45 min to 1 h
before the CT scan. All patients rested in a darkened room at a
comfortable temperature between injection and scanning.

At Seoul National University Hospital, prior to PET scan-
ning, a CT scan without contrast administration was per-
formed using the following parameters: 80 mAs, 120 kVp,
slice thickness 5 mm, 0.5 s per rotation and reconstruction
onto a 512 x 512 matrix. The CT results were used to generate
an attenuation correction map for PET, and the PET images
were reconstructed. Each PET scan was acquired from the
skull base to the proximal thighs in three-dimensional row-
action maximum-likelihood algorithm mode, with four itera-
tions, eight subsets and 4.8-mm full-width half-maximum re-
construction onto a 512 x 512 matrix. A total of seven to nine
bed positions were used for the PET acquisition, with 2.5 min
per bed position.
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At Asan Medical Center, the patients were injected with
370-555 MBq of FDG (0.14 mCi/kg for the Discovery STE
8, the Discovery PET/CT 690 and 710 and the Biograph
TruePoint 40 scanners, and 0.2 mCi/kg for the Biograph
TruePoint 16 scanner) and allowed to rest in a sitting or supine
position for 60 min prior to scanning. Acquisition times per
bed position were 3 min for the Biograph TruePoint 16 and
Discovery STE 8 scanners, 2.5 min for the Biograph
TruePoint 40 scanner and 2 min for the Discovery PET/CT
690 and 710 scanners.

At Samsung Medical Center, CT images were acquired
using a 16-slice helical CT scanner (140 KeV, 30—170 mAs
with Auto A mode; slice thickness 3.75 mm) with the STE
scanner or an eight-slice helical CT scanner (140 keV, 40-120
mAs adjusted to body weight, slice thickness 5 mm) with the
LS scanner. Emission PET images were then acquired from
the thighs to the head for 2.5 min per frame in three-
dimensional mode with the STE scanner or 4 min per frame
in two-dimensional mode with the LS scanner. Attenuation-
corrected PET images (voxel size 3.9 % 3.9 x 3.3 mm with the
STE scanner, 4.3 x 4.3 x 3.9 mm with the LS scanner) were
reconstructed using CT data with an ordered-subsets expecta-
tion maximization algorithm (20 subsets, two iterations with
the STE scanner; 28 subsets, two iterations with the LS
scanner).

Image analysis

Intensity values (radioactivity concentrations) from the
['"®FJFDG PET/CT data were converted to SUVs on the work-
station, and maximum SUVs (SUV,,,.) were used to deter-
mine ['*F]FDG avidity quantitatively. SUV was defined as the
concentration of ['*F]FDG divided by the injected dose,
corrected for the body weight of the patient and radioactive
decay at the time of scanning: SUV = activity concentration/
(injected dose/body weight).

MTV (centimetres cubed) was measured from attenuation-
corrected ['*FJFDG PET/CT images using an SUV-based au-
tomated contouring program (syngo MI Applications, volu-
metric analysis 6.0.14.4; Siemens Medical Solutions). MTVs
were automatically calculated by summing the total volumes
of'the voxels with threshold SUVs of 2.5 and 3.0 in the tumour
VOI, and Fig. 1 shows representative images of MTVs. Total
lesion glycolysis (TLG) was calculated by multiplying the
average SUV by the MTV.

Tumour heterogeneity analysis

There are several ways to calculate heterogeneity by statistical
methods. Statistical heterogeneity parameters are categorized
based on the scale of the analysis as global, regional or local.
In this analysis, we calculated the MLRS according to differ-
ent SUV thresholds (2.5 and 3.0) using a previously reported

method with modification [21, 22], and used the negative
value of the MLRS (nMLRS) for convenience and analysis.

Clinical endpoints and follow-up

All patients underwent clinical follow-up that included diag-
nostic imaging studies and blood tests as described in a previ-
ous study [10]. Progression-free survival (PFS) was analysed
using time-to-event regression. PFS was calculated from the
date of operation to the date of documented recurrence.
Recurrence of disease was defined as the development of tu-
mour seen on physical examination and/or CT scan that was
considered consistent with recurrent LMS.

Statistical analysis

We sought to determine the value of tumour heterogeneity for
predicting recurrence and survival in patients with uterine
LMS. The Cox proportional hazards model was used to eval-
uate prognostic variables, and estimated hazard ratios (HR)
with 95% confidence intervals (95% CI) are presented, and
P <0.05 was considered statistically significant. Due to the
limited number of patients available for analysis, only univar-
iate Cox regression models were used to assess the prognostic
factors. With respect to PET/CT parameters, receiver operat-
ing characteristic (ROC) curve analysis was performed to de-
termine the cut-off values for predicting recurrence.
Independent sample ¢ tests were used to compare the means
of clinicopathological parameters in the high and low nMLRS
groups [24]. All analyses were performed using SASS soft-
ware for Windows, version 19.0 (IBM SASS, Armonk, NY).

Results
Patient characteristics

Between April 2009 and October 2016, data from 26 patients
were collected at three participating institutions. Of these pa-
tients, 7 had received surgical staging without lymph node
(LN) dissection, 3 had received radiation therapy and/or che-
motherapy as first-line treatment, and 16 were finally enrolled
for analysis. As shown in Table 1, the median size of the
primary uterine tumours was 11 cm (range, 3.0-18.5 cm),
and the median duration of follow-up was 21 months (range
4-82 months). Of the 16 patients, 12 (75.0%) developed re-
current disease and 7 (43.8%) died of disease. All scans were
eligible for calculation of nMLRS according to the SUV
thresholds of 2.5 and 3.0. Table 1 also shows the preoperative
["®FJFDG PET/CT parameters of the patients.
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Fig. 1 Representative ['*F]JFDG
PET/CT images showing mea-
surement of metabolic tumour
volume (MTV) using an SUV-
based automated contouring pro-
gram. The contour inside the tar-
get volume of interest was auto-
matically produced and the voxels
with SUV >2.5 or >3.0 were in-
corporated to define the volumes
of the uterine corpus tumours

SUV threshold = 2.5

Measuring tumour heterogeneity

For measurement of MLRS, MTV was assessed according to
two SUV thresholds (2.5 and 3.0) and linear regression anal-
ysis was performed to find the slope. In this analysis, the
average MLRS in all 16 patients was —116.38, and nMLRS
was 116.38 (Fig. 2).

Correlation between parameters

In this analysis, nMLRS was correlated with clinicopatholog-
ical parameters including tumour size (Pearson’s correlation
coefficient v=10.813, P<0.001), LN metastasis (y=0.707,
P =0.002), and mitotic count (y=0.708, P=0.033). MTV
was correlated with FIGO stage (y=0.603, P=0.013),

Table 1 Clinicopathological and preoperative ['*FJFDG PET/CT char-
acteristics of 16 patients with uterine leiomyosarcoma
Characteristic Value
Age (years), median (range) 51.5 (38-76)
Follow-up (months), median (range) 21 (4-82)
FIGO stage, n (%)

1 7 (43.8)

i 1(62)

11 0(0)

v 8 (50.0)
Tumour size (cm), median (range) 11.0 (3.0-18.5)
Mitotic count, median (range) 48 (3-107)
Recurrence, n (%) 12 (75.0)
Mortality, n (%) 7 (43.8)
SUV nax, median (range) 14.22 (2.90-54.60)

MTV (cm®), median (range)
TLG, median (range)
nMLRS, median (range)

272.42 (0.13-1,385.00)
1,637.59 (4.74-105,193.26)
90.00 (0.26-409.32)

FIGO International Federation of Gynecology and Obstetrics, SUV stan-
dardized uptake value, MTV metabolic tumour volume, 7LG total lesion
glycolysis, nMLRS negative MTV linear regression slope
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tumour size (y=0.579, P=0.019), and adnexal tumour in-
volvement (y=0.537, P=0.039).

Measurement of nMLRS cut-off value

ROC curve analysis identified that the areas under the curve
(AUC) for recurrence and survival were maximal when the
threshold nMLRS were 63.29 and 97.68, respectively. The
AUC for PFES at the cut-off nMLRS (63.29) was 0.958 (P =
0.008, 95% CI 0.859-1.000), and the AUC for overall surviv-
al (OS) at the cut-off nMLRS (97.68) was 0.746 (P=0.101,
95% C10.491-1.000).

Differences between patients with high and low
nMLRS

Table 2 shows the clinicopathological and ['*F]JFDG PET/CT
imaging characteristics of patients grouped according to the
nMLRS cut-off value for OS. There were significant differ-
ences in mean tumour size (P =0.001), SUV,,.x« (P=0.004),
MTV (P=0.017) and OS (P=0.032) between the two
groups.

1000+

MLRS = -116.38

¢ nMLRS = 116.38

MTV (cmd)

3

900 Y = -116.38X + 654.75

§
. ¢
0 ] 3

T T

2,00 250 300 350

SUV threshold
Fig. 2 Method for calculating tumour heterogeneity. For measurement of
metabolic tumour volume (MTV) linear regression slope (MLRS), MTV
was determined according to two SUV thresholds (2.5 and 3.0) and linear
regression analysis was performed to find the slope. In this analysis,
MLRS of'the current study population was —116.38, and its negative form
(nMLRS) was 116.38



Eur J Nucl Med Mol Imaging (2018) 45:1309-1316 1313

Table 2 Clinicopathological and

preoperative ['*FJFDG PET/CT Variable nMLRS <97.68 (n=9) nMLRS >97.68 (n=7) P value

parameters of 16 patients

categorized according to the Mean SD Mean SD

nMLRS cut-off value for overall

survival Age (years) 52.778 10.710 52.571 9431 0.968
Tumour size (cm) 7.778 3.667 14.643 2.982 0.001
Mitotic count 44.800 39.556 55.000 73.540 0.878
SUVnax 10.241 4.644 35.016 15.170 0.004
MTV (cm®) 149.504 132.662 639.324 397.976 0.017
TLG 2,173.769 4,143.356 24,947.151 38,674.707 0.171
PFS (months) 27.000 27.473 7.286 5.559 0.066
OS (months) 36.889 24.369 15.571 6.579 0.032

nMLRS negative MTV linear regression slope, SD standard deviation, SUV standardized uptake value, LN lymph
node, MTV metabolic tumour volume, 7LG total lesion glycolysis, PF'S progression-free survival, OS overall

survival
Prediction of recurrence and survival

Table 3 presents the results of the univariate Cox regression
analysis of the prognostic factors for PFS. Among clinicopath-
ological variables, only tumour size (P=0.017, HR 1.200,
95% CI 1.033—1.394) was significant. Most ['*FJFDG PET/
CT parameters including SUV ... (P=0.019, HR 1.052, 95%
CI1.008-1.098), MTV (P=0.016, HR 1.002, 95% CI 1.000—
1.003), and nMLRS (P =0.008, HR 1.009, 95% CI 1.002—
1.016) were significant. The resulting Kaplan-Meier survival
curves according to the nMLRS cut-off value showed a sig-
nificant difference in PFS (P =0.033, log-rank test; Fig. 3).
Table 3 also presents the regression analysis of the prog-
nostic factors for OS. None of the clinicopathological param-
eters showed significance in the regression analysis. Only two

['8F]FDG PET/CT parameters, SUV .« (P=0.048, HR
1.051, 95% CI 1.000-1.105) and nMLRS (P =0.045, HR
1.007, 95% CI 1.000-1.015), were significant prognostic fac-
tors. The resulting Kaplan-Meier survival curves showed a
significant difference in OS between the groups (P =0.044,
log-rank test; Fig. 4).

Discussion

The aim of the current study was to investigate the prognostic
value of tumour heterogeneity calculated in terms of MLRS
on preoperative ['*FIFDG PET/CT in patients with uterine
LMS. The principle finding of the study was that MLRS on
preoperative ['*F]JFDG PET/CT was a useful and novel

Table 3  Univariate regression analyses of prognostic factors for progression-free survival in patients with uterine leiomyosarcoma
Variable Test for PFS Test for OS
HR 95% C1 P value HR 95% CI P value

Age 1.019 0.955-1.088 0.568 0.954 0.867-1.050 0.338
FIGO stage (I, IV vs. 1, II) 2.261 0.701-7.294 0.172 4.707 0.859-25.798 0.074
Tumour size 1.200 1.033-1.394 0.017 1.132 0.959-1.336 0.142
Adnexal involvement (present vs. absent) 1.308 0.281-6.090 0.732 1.167 0.135-10.054 0.888
Mitotic count 1.018 0.995-1.041 0.127 0.925 0.663-1.291 0.648
Deep myometrial invasion (present vs. absent) 1.759 0.194-15.949 0.815 0.815 0.073-9.051 0.867
Lymphovascular space invasion (present vs. absent) 1.299 0.369-4.572 0.684 1.389 0.279-6.908 0.688
LN metastasis (present vs. absent) 13.000 0.813-207.842 0.070 11.958 0.746-191.646 0.080
SUVax 1.052 1.008-1.098 0.019 1.051 1.000-1.105 0.048
MTV 1.002 1.000-1.003 0.016 1.001 1.000-1.003 0.118
TLG 1.000 1.000-1.000 0.845 1.000 1.000-1.000 0.432
nMLRS 1.009 1.002-1.016 0.008 1.007 1.000-1.015 0.045

PFS progression-free survival, HR hazard ratio, CI confidence interval, OS overall survival, FIGO International Federation of Gynecology and
Obstetrics, LN lymph node, SUV standardized uptake value, M7V metabolic tumour volume, 7LG total lesion glycolysis, nMLRS negative MTV linear

regression slope
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06+ nMLRS < 63.29

P=0.033

nMLRS 2> 63.29

Cumulative progression-free survival rate proportion
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Fig. 3 Kaplan-Meier survival curves of progression-free survival (PFS)
rate in patients with uterine LMS stratified according to negative MTV
linear regression slope (nMLRS). There is a statistically significant
difference in survival between patients with nMLRS <63.29 (blue line)
and those with nMLRS >63.29 (green line; P=0.033, log-rank test)

prognostic marker for prediction of recurrence and survival in
patients with uterine LMS.

1.0+

0.8 _1

nMLRS < 97.68

0.6+

P = 0.044

0.2

Cumulative overall survival rate proportion

nMLRS > 97.68

T T T T T T
0 20 40 60 80 100

Time (months)

Fig. 4 Kaplan-Meier survival curves of overall survival (OS) rate in
patients with uterine LMS stratified according to negative MTV linear
regression slope (nMLRS). There is a statistically significant difference in
survival between patients with nMLRS <97.68 (blue line) and nMLRS
>97.68 (green line; P=0.044, log-rank test)
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The results indicate that preoperative evaluation of MLRS
is an accurate prognostic tool for both recurrence and OS. To
the best of our knowledge, this is the first study investigating
the prognostic value of preoperative nMLRS in uterine LMS.
Tumour heterogeneity of uterine LMS was also found to be
correlated with clinicopathological prognostic parameters.
nMLRS was significantly correlated with tumour size and
LN metastasis. These findings suggest that nMLRS may cor-
relate with traditional clinicopathological prognostic markers.
Tumour heterogeneity generally increases with tumour size,
and hence results in greater aggressiveness of the tumour. This
correlation implies a consistent cascade of tumour size, tu-
mour heterogeneity and tumour metastatic aggressiveness,
and this in turn indicates that the MTV-based tumour hetero-
geneity index may be a promising predicator of patient
prognosis.

In the current study, the risk of tumour recurrence and death
increased with increasing tumour heterogeneity. This high-
lights the importance of tumour heterogeneity and the possi-
bility that it may be a useful prognostic marker. We assessed
nMLRS using absolute SUV thresholds (2.5 and 3.0) to obtain
more exact identification of the cancer margin without phys-
iological uptake in adjacent bowel, which are widely used in
the determination of absolute MTV [19, 25].

Among the clinicopathological parameters, tumour size
and LN metastasis were significant prognostic factors. It is
interesting that the ['*FJFDG PET/CT parameters (SUV pax
and MTV) and nMLRS were found to be significant prognos-
tic factors. Moreover, only SUV ., and nMLRS were found
to be significant prognostic factors for OS. Considering the
small number of study participants, these results emphasize
the significance of the heterogeneity index in prognosis.
Information on tumour size and LN metastasis can be obtain-
ed on histopathological examination after surgery, but
["®F]JFDG PET/CT parameters and the heterogeneity index
are readily available immediately after scanning, and may help
establish both treatment and the surveillance strategy. In this
respect, we cannot overestimate the clinical value of preoper-
ative functional parameters and the heterogeneity index.

There are several possible methods for evaluating hetero-
geneity using ['*FJFDG PET/CT. There is increasing evidence
that tumour heterogeneity measured using ['*F]FDG PET/CT
texture analysis is associated with response to therapy and
prognosis. However, no textural analysis parameters are wide-
ly accepted for measuring tumour heterogeneity in clinical
practice. In addition, texture is difficult to assess due to the
difficulty in acquiring the measurements. Compared with tex-
tural analysis, nMLRS used in the current study, is simple to
calculate and can be readily applied in clinical practice. MLRS
can easily be determined on a workstation or calculated with
any conventional statistics program. In this respect, the results
of the current study demonstrated the clinical usefulness of
nMLRS as a novel prognostic factor that compensates for
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the inherent limits of conventional clinicopathological
markers and investigational textural analysis.

This study had several limitations. First, the findings should
be interpreted cautiously because of the retrospective nature of
the study and the rarity of the malignancy. Due to the general
rarity of uterine LMS, only a small number of patients were
eligible for analysis. Selection bias was inherent due to the
retrospective nature of the study, and the general applicability
of the findings may be limited. Most patients did not undergo a
preoperative PET/CT scan due to the difficulty in pretreatment
diagnosis. Nevertheless, this study is noteworthy because it is
the first to show the prognostic value of the preoperative tu-
mour heterogeneity index in patients with uterine LMS.
Second, the use of various types of PET scanners during the
study period in the different institutions might have affected the
values of the quantitative parameters. Third, measurement of
MTYV and TLG was institution-based, and image acquisition
and interpretation procedures differed among the institutions
so that there is the possibility of interobserver differences that
might have influenced the measurements. We performed a
post-hoc central review of PET/CT scans from all three institu-
tions, and reached the conclusion that the readings from each
institutions were in accordance with the central review. Fourth,
we were not able to perform partial volume correction as the
segmentation software of the system did not support this op-
tion. Lastly, most patients in this analysis had stage I or IV
disease, and this abnormal population distribution might also
have influenced the results of the survival analysis.

Although the tumour heterogeneity parameter is not well
standardized, and various methods for its determination are
still under investigation, the strength of this study lies in the
fact that it is the first to show the prognostic value of tumour
heterogeneity measured on preoperative [ *FJFDG PET/CT in
patients with uterine LMS. Although these findings are pre-
liminary and limited by the small sample size, they are prom-
ising because they show the potential of heterogeneity not
only as a functional marker, but also for patient stratification
for clinical trials. The direct clinical impact of the use of
nMLRS in predicting recurrence and OS needs to be investi-
gated and verified in future studies.

In conclusion, we provide the first report of the prognostic
value of tumour heterogeneity, showing that nMLRS on pre-
operative ['*FJFDG PET/CT imaging is significantly associ-
ated with recurrence and survival in patients with uterine
LMS. The method for determining nMLRS is simple and
convenient and nMLRS shows prognostic value.
Preoperative assessment of nMLRS using ['*F]FDG PET/
CT may be a promising novel prognostic marker for identify-
ing patients with uterine LMS with a poor prognosis.
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