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ARTICLE INFO ABSTRACT
Keywords: Objectives: To investigate whether semi-quantitative and pharmacokinetic perfusion dynamic contrast-enhanced
Ovarian cancer (DCE) parameters are associated with traditional prognostic factors and can predict clinical outcome in ovarian
Magnetic resonance imaging cancer (OC).
Dynamic contrast-enhanced imaging Methods: This prospective study, approved by local ethical committee, enrolled 38 patients with primary OC,
ﬁ:‘:;;g:;rs 2011-2014. After preoperative DCE-MRI (3.0 T), two observers measured perfusion (K™, K, Ve, V) and semi-
quantitative parameters (area under the curve, peak, time-to-peak) by drawing regions of interest (ROIs) cov-
ering the large solid lesion (L-ROI) and the most enhancing small area (S-ROI) (NordicICE platform).
Kruskal-Wallis was used to analyze associations between MRI parameters and classified prognostic factors.
Results: Mean K" values were higher in high-grade serous OC than in other types (L-ROIL, P = 0.041; S-ROI,
P = 0.018), and lower mean K™ values predicted residual tumor (L-ROI P = 0.030; S-ROI, P = 0.012). Higher
minimum V,, values were associated with higher International Federation of Gynecology and Obstetrics (FIGO)
stage (S-ROI, P = 0.023).Shorter recurrence-free survival was predicted by higher V. (minimum L-ROI,
P = 0.035; maximum S-ROIL, P = 0.046), V,, (maximum S-ROI, P = 0.033), and lower time-to-peak (maximum S-
ROI, P = 0.047) in Kaplan-Meier analysis. Multiparametric MRI variables combining DCE and diffusion
weighted data were also predictive for survival.
Conclusion: DCE-MRI parameters may represent imaging biomarkers for predicting tumor aggressiveness and
prognosis in OC. Higher K" levels were associated with better results in cytoreductive surgery but with earlier
recurrence.
1. Introduction reproductive years, conservative surgery for fertility-sparing can be
crucial. Vaginal ultrasonography is the initial modality for investigating
Ovarian cancer (OC) is the fifth most common cancer and fourth ovarian tumors, and the International Ovarian Tumor Analysis group
most common cause of cancer mortality in women [1]. Characterizing guideline can be used to estimate the malignancy risks of ovarian tu-
ovarian masses as precisely as possible is important because treatment mors [2]. Approximately 20% of ovarian tumors remain indeterminate
modalities are tailored individually, and especially during a woman’s after an ultrasound conducted by a specialist. Also the risk of

Abbreviations: EES, extravascular, extracellular space; K™, a rate constant for transfer of contrast agent from plasma to EES; Kep, rate constant for transfer of

contrast agent from EES to plasma; V., contrast agent distribution volume, EES volume fraction; V,,, plasma volume fraction; AUC, area under the enhancement curve;
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malignancy index (RMI) helps physicians differentiate benign from
malignant lesions [3]. Magnetic resonance imaging (MRI) is valuable
especially in diagnostics of this indeterminate group in US and inter-
mediate- and low-risk ovarian tumors (RMI < 200), giving better soft
tissue contrast than computed tomography (CT). Also in ovarian cancer
diagnostics MRI can yield more robust information than CT. Diffusion
weighted imaging (DWI) has shown promise in tumor staging, pre-
dicting the aggressiveness of tumor and clinical outcome [4,5]. Cancer
treatment is becoming individualised, so it is important to further study
the possibilities to obtain more information also in diagnostic imaging.
If it was possible to identify patients who can be operated optimally in
sytoreductive surgery and define the patient group with most ag-
gressive tumors with preoperative imaging, it could be very valuable in
the decision-making of treatment options.

Dynamic contrast-enhanced (DCE) MRI is used to improve the di-
agnostic accuracy of conventional MRI, with proven importance in
differential diagnostics and preoperative evaluation for breast, prostate,
and kidney tumors, among others [6-8]. DCE-MRI can distinguish
malignant from benign tumors based on differences in contrast agent
behavior; in malignant tumors, the microcirculation is different because
of neoangiogenesis [9,10]. Most DCE-MRI studies of ovarian tumors
have targeted differentiating among benign, borderline, and malignant
tumors [11-14], and studies often have used semi-quantitative and time
intensity curve-based parameters [11-13]. European Society of Ur-
ogenital Radiology guidelines advocate inclusion of DCE time intensity
curve analysis to specify indeterminate ovarian masses [15].

Because the volume of transfer constant (K™™) level is influenced
by blood flow and vessel permeability properties, it has been under
active investigation to be used as a biomarker of tumor perfusion and
permeability in DCE-MRI cancer studies [16-21], with contradictory
results. Also other pharmacokinetic perfusion parameters reflect the
physiology of circulation in the microvasculature and can be quanti-
tatively compared among different patients and investigators [9,22].
Therefore, DCE imaging might provide more extensive prognostic in-
formation in OC, as well.

We hypothesized that DCE parameters will differ between highly
aggressive OC and less severe disease. The main objectives of the pre-
sent study were to investigate whether semi-quantitative and perfusion
DCE parameters are associated with traditional prognostic factors and
able to predict the clinical course of OC. Our secondary objectives were
to investigate the possible inter-technique differences related to ROI
size and analyze interobserver variability in DCE measurements.

2. Materials and methods
2.1. Study protocol and patients

This exploratory prospective single-institution study was conducted
between January 2011 and December 2014. The local research ethical
committee approved the study protocol, and written informed consent
was obtained. The inclusion criteria were a clinical diagnosis of primary
OC, fallopian tube cancer, or peritoneal carcinoma and measurable
disease at staging CT. Exclusion criteria were contraindications to MRI
or gadolinium contrast agents. A total of 38 patients were enrolled.
These patients were used also in our previous article concentrating on
ADC values [5]. In the current study we have analysed the possible
predictive value of the DCE parameters, both alone and combined with
ADC values, now with an extended follow-up in survival analysis.
Cancers were staged using the International Federation of Gynecology
and Obstetrics (FIGO) guidelines. Histological type and grade were
evaluated according to World Health Organization criteria. First-line
treatment was chosen by an experienced multidisciplinary team (sur-
gery, n = 34; neoadjuvant chemotherapy (NACT) before surgery,
n = 4). Patients received paclitaxel-carboplatin as adjuvant che-
motherapy after the operation, excluding a patient with stage 1A dis-
ease who received carboplatin monotherapy. Patient characteristics are
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Table 1
Clinicopathological characteristics of patients with ovarian cancer
(n = 35).

Variable n (%) /median[range]
Age years 67 [47-86]

BMI 26 [17.4-40]

CA-125 483 [16-5234]

Stage at diagnosis
1

I

111

v

Histological type
Serous high grade
Endometrioid
Mucinous

Clear cell

Other

Stage in high grade serous
I

I

III

5(14.3)
2(5.7)

14 (40)
14 (40)

23 (65.7)
5(14.3)

1(2.9)

1(2.9)

5(14.3)

other

2 (8.7) 3 (25.0)
1(4.3)1(8.3)

9 (39.1) 5 (41.7)

v 11 (47.8) 4 (25.0)
Primary residual tumor a

None 16 (47.1)

<lcm 14 (41.2)

> 1cm 4(11.8)
Chemotherapy response b

Complete response 25 (71.4)

Partial response 2 (5.7)

Stable disease 0

Progressive disease 8 (22.9)
Tumor recurrence ¢

No recurrence 11 (40.7)
Recurrence 16 (59.3)
Platinum sensitivity

Sensitive 25 (71.4)
Resistant 10 (28.6)
Patient status

Dead, ovarian cancer 21 (60)
Alive 14 (40)

BMI = body mass index, * one patient did not enter to surgery because of
overall situation, " four patient who received neoadjuvant chemotherapy
and 3 dose of adjuvant chemotherapy after surgery are also included to
final chemotherapy response analysis, ¢ patients with progressive disease
were not included to recurrence estimation.

described in Table 1.

2.2. Imaging protocol

All patients underwent 3.0 T MR imaging (Philips Achieva 3.0 T TX,
Philips N.V., Eindhoven, The Netherlands) before treatments. The MRI
protocol included T2w, Tlw (non-contrast and contrast enhanced),
diffusion-weighted imaging (DWI) and DCE sequences for dynamic
analysis (Table 2). During DCE image acquisition, non-contrast images
were scanned first (image stack 1), followed by contrast agent admin-
istration, and continued image acquisition (image stacks 2-23). The
contrast agent gadoterate meglumine (Dotarem® 279.3 mg/ml,
Guerbet, France) was injected intravenously as a bolus dose of
0.1 mmol/kg at a rate of 4ml/s, followed by a 20ml flush of 0.9%
sodium chloride solution using an MRI-compatible power injector
(Optistar Elite, Covidien, Los Angeles, CA, USA). Tlw postcontrast
images were scanned 3D.

2.3. Image analysis

Structural MR images were evaluated independently and blinded to
histological information by two observers (AL, OA), with 4 and 3 years
of experience in MRI, using a Sectra PACS workstation (IDS7, Version
15.1.20.2, Sectra AB, Linkoping, Sweden). A senior radiologist (SR)
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Table 2

Imaging protocol.
Sequence acquisition time Orientation TR (ms) TE (ms) Flip angle (*) FatSat Resolution (mm) N slices (gap mm) SENSE factor  Other
T2W_TSE 0:41.3 tra Shortest 80 90 - 0.7 X 0.7 X 5.0 52 (0.5) 2.0 Breath hold
T2W_TSE 0:35.9 sag Shortest 80 90 - 0.7 X 0.7 X 5.0 61 (0.5) 2.0 Breath hold
T2W_TSE 0:33.0 cor Shortest 80 90 - 0.7 X 0.7 X 5.0 58 (0.5) 2.0 Breath hold
DWIBS 3:35.7 tra Shortest  Shortest - - 1.3x1.3x50 62(0) 2.0 b = 800
DWI_3b 3:40.6 tra Shortest  Shortest - STIR 1.8 x 1.8 x 5.0 56 (0.5) 2.0 b = 0, 300, 600
dual FFE 1:13.4 tra 180 1.15 (outphase) 55 - 1.3 x 1.3 X 5.0 56 (0.4) 2.0 Breath hold

2.30 (inphase)

Dyn_eTHRIVE 2:38 tra Shortest  Shortest 10 SPAIR 0.9 X 0.9 X 5.0 51 (0) 2.3 Dyn scan time 6.7 sec
T1_FS_3D 0:20.2 tra Shortest  Shortest 10 SPAIR 1.5x1.5x 3.0 147 (-1.5) 2.0 Breath hold

TR = repetition time, TE = echo time, FatSat = fat saturation, N slices = number of slices, tra = transversal, sag = sagittal, cor = coronal, TSE = turbo spin echo,
DWIBS = diffusion-weighted imaging with background body signal suppression, STIR = short tau inversion recovery, SPAIR = spectral attenuated inversion recover,
FFE = fast field echo, Dyn_eTHIRIVE = Dynamic contrast-enhanced T1 high-resolution isotropic volumetric examination.

with 11 years of experience verified the identification and delineation
of ADC measurements.

DCE-MRI parameter maps were generated automatically using
NordicICE (version: 2.3.13, NordicNeuroLab, Bergen, Norway). Motion
correction was done automatically. Five semi-quantitative parameter
maps were generated from the DCE curve: area under the DCE curve;
WashlIn, the initial up-slope of the DCE curve; WashOut, down-slope of
the DCE curve; peak, the amplitude of peak enhancement; and time-to-
peak, the time when contrast agent reaches peak enhancement. To
quantitate the perfusion the arterial input function was determined by
using a small AIF ROI from the common or external iliac artery. Four
quantitative parameter maps were generated: K", a rate constant for
transfer of contrast agent from plasma to the extravascular extracellular
space (EES); K.p, the rate constant from EES to plasma; V., contrast
agent distribution volume (% volume of EES per unit volume of tissue);
Vp, plasma volume. Measurements were obtained using the transaxial
image showing the largest solid tumor diameter in the ovary. In clinical
practice two-dimensional measurement is practical and previous evi-
dence from DW imaging supports its use [23].Two different regions of
interest (ROIs) were defined: large ROI (L-ROI) was drawn free-hand to
cover the whole solid tumor area, excluding necrotic, cystic, and vas-
cular areas; small ROI (S-ROI), circle with a diameter of 6-12 mm, was
placed on the area considered most solid and high enhancement iden-
tified by visual assessment. T2w, Tlw, DWI, and contrast-enhanced
T1lw sequences were all available for ROI localization and tumor de-
marcation (Fig. 1). DWI helped to identify the most solid part while the
early enhancement time point, the wash in phase, was used for as-
sessment of enhancement. ROIs were drawn on enhancement DCE

images and replicated to DCE parameter maps (Fig. 2). Due to the ex-
ploratory nature of this study, we selected these potential predictive
DCE factors associated with outcome in ovarian cancer from a literature
review of oncological MRI. Because of tumor biology complexity and
scanty experience with DCE perfusion parameters in OC, mean, max-
imum, and minimum values were registered from each DCE parameter
for analyses. Furthermore, apparent diffusion coefficient (ADC) map
was automatically generated from b-values of 0, 300, and 600 mm?/s.
For ADC analysis, the same slice position and ROI placement were used
as for the DCE analysis.

2.4. Statistical analysis

SPSS for Windows (Version 22.0, 2013, SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. Values are presented as mean = SD
unless otherwise stated. Interclass correlation coefficient (ICC) was
used to test interobserver correlation, and the Bland-Altman method
was applied to visualize interobserver variability. Kruskal-Wallis and
Mann-Whitney U tests were used for classified parameters when ap-
propriate, as were Spearman’s test for bivariate correlations for con-
tinuous variables, because of non- normal distribution of data. For the
survival analyses, DCE parameters were dichotomized using the median
as a cut-off. Recurrence-free survival (RFS) was defined as the interval
between the date of surgery and the date of identified recurrence, and
overall survival (OS) as the interval between the date of surgery and the
date of death or the end of follow-up. The Kaplan—-Meier method (log-
rank) was used for univariate survival analyses, and significant vari-
ables from univariate analyses were entered in a stepwise manner for

Fig. 1. Images from a 67-year-old woman with
high-grade serous ovarian adenocarcinoma. A
large pelvic primary tumor is seen on T2-
weighted (A), diffusion-weighted (DWIBS, b
800) (B) and dynamic contrast enhancement
(C, D) images. A large region of interest (L-
ROI) is drawn to cover the whole tumor, ex-
cluding the necrotic area in the middle, and a
small ROI (S-ROI) is placed on a subregion
appearing to be the most enhancing part of the
tumor (D). The uterus has been marked with an
asterisk.
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Cox regression multivariate analysis. P < 0.05 was considered sig-
nificant, with high statistical significance set at P < 0.01. Because of
the exploratory nature of this study, we had decided to present p-values
without the Bonferroni correction for multible comparisons.

3. Results

A total of 38 patients were recruited. Three patients were excluded
from DCE imaging analyses because of insufficient image quality: one
for different scanning time and two for movement artefacts. Thus, 35
patients with primary OC (mean age 67 years, range 47-86 years) were
included. We also performed subgroup analyses with stage IIl and IV
patients who did not receive NACT (n = 24). One patient did not un-
dergo cytoreductive debulking surgery after neoadjuvant chemotherapy
due to massive tumor burden, stage IV disease, large liver metastases
that did not show response to chemotherapy, old age and poor per-
formance status. Three other neoadjuvant patients had a good response
to chemotherapy and they underwent debulking surgery. The mean
largest solid tumor diameter in the plane where ROIs were placed was
75 mm (range 23-233 mm). Patients were followed up from the time of
diagnosis until Septemper 2018.

Interobserver agreement was excellent for most of the DCE para-
meters (ICC, 0.951-0.994 for L-ROI; 0.928-0.991 for S-ROI) except for
V, and WashOut values, for which the two readers reached good
agreement (Table 3). The Bland-Altman method was used to visualize

Table 3

Interclass correlations (ICCs) between two readers from all the DCE parameters
(mean values) used in analyses, both large regions of interest (L-ROIs) and small
regions of interest (S-ROIs).

DCE parameter ICC L- ICC S-ROI
ROI
Krans 0.994 0.981
Kep 0.990 0.952
Ve 0.997 0.965
Vp 0.637 0.614
AUC 0.991 0.991
Peak 0.971 0.944
Time to peak 0.975 0.790
WashIn 0.969 0.928
WashOut 0.951 0.584

AUC = area under the curve; ICC = Interclass correlation; L-ROI = large region
of interest; S-ROI = small region of interest.

European Journal of Radiology 115 (2019) 66-73

Fig. 2. Images from an 86-year-old woman
with high grade (grade 3) serous ovarian ade-
nocarcinoma. A primary tumor is seen in (A)
T2-weighted, (B) enhanced images, and (C)
with color-encoded K™ (a rate constant for
transfer of contrast agent from plasma to ex-
travascular extracellular space (EES)) map, and
(D) Kep (a rate constant for transfer of contrast
agent from EES to plasma) map.

interobserver reproducibility (Fig. 3). The Bland-Altman 95% limits of
agreement were -1.83 — 2.09 for K™ L-ROI and -1.70 — 2.22 for K™@"®
S-ROI, and coefficients of reproducibility were 0.27 and 0.53, respec-
tively. Details of measurements for all DCE parameters (mean values)
are shown in Supplementary Table 1.

3.1. Association between DCE parameters and OC prognostic factors
Mean K" values were higher in high-grade serous OC than other
types (L-ROIL, 0.913 + 0.952 vs. 0.425 + 0.262, P = 0.041; S-ROI,
1.001 = 1.051 vs. 0.436 *= 0.333, P = 0.018). FIGO stage, dichot-
omized into two separate groups (FIGO 1+2 versus FIGO 3+4) was
associated positively with V, minimum (S-ROI, 2.29 + 1.84 vs.
5.89 + 4.67, P = 0.023). An optimal cytoreductive result from the
operation (RO vs. residual tumor) was associated with higher mean
K" (L-ROI, 0.874 + 0.535 vs. 0.755 = 1.140, P = 0.030; S-ROI,
0.967 = 0.538 vs. 0.810 + 1.330, P = 0.012; Fig. 4). Platinum sen-
sitivity was associated with higher WashIn (maximum L-ROI,
3.23 £ 0.74 vs. 244 * 0.80, P =0.016; maximum S-ROI,
3.13 + 0.81 vs. 2.39 + 0.82, P = 0.031) and higher WashOut (mean
L-ROI, 0.180 = 0.090 vs. 0.111 + 0.062, P = 0.034) levels. Other
DCE parameters showed no statistically significant associations with
traditional prognostic factors. In subgroup analysis higher K" re-
mained significantly associated with high-grade serous OC (mean L-
ROL, 1.08 = 1.17 vs. 0.43 = 0.30, P =0.023; mean S-ROIL
1.21 += 1.35 vs. 0.41 *= 0.33, P = 0.020) and with optimal cytor-
eductive result in staging surgery (mean L-ROI, 1.01 * 0.43 vs.
0.78 = 1.21, P = 0.020). Also higher V. associated with high grade
serous OC (mean S-ROI, 127.08 = 119.82 vs. 40.17 *= 33.39,
P = 0.010). Lower time-to-peak associated significantly (max S-ROI,
121.61 + 124.09 vs. 186.04 = 98.60, P = 0.030) with Platinum
sensitivity. Supplementary tables 2 and 3 show the detailed results.

3.2. DCE MRI parameters vs. ADC values
ADC value was correlated with DCE parameter time-to-peak (mean
L-ROL r = 0.387, P = 0.026; maximum S-ROI, r = 0.366, P = 0.040),

but not with other DCE parameters.

3.3. Recurrence free survival

In a median follow up of 57 months 15 of 35 patients experienced
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Fig. 3. Bland-Altman plots of K™ measure-

L-ROI S-ROI ments obtained by two readers using (A) large
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Fig. 4. The association between K"*™ levels and surgery results. Optimal cytoreductive results with surgery (RO or residual) were associated with higher mean K"

(L-ROL P = 0.030; S-ROL P = 0.012).

recurrence. The median recurrence free survival (RFS) time was 19
months (range 6-68 months). In the univariate survival analysis DCE
parameters lower time-to-peak (maximum S-ROI, P = 0.047), higher V.
(minimum L-ROI, P = 0.035; maximum S-ROI, P = 0.046) and higher
Vp (maximum S-ROI, P = 0.033) correlated with shorter RFS in the
Kaplan-Meier log-rank test (Fig. 5). Other significant predictors of
shorter RFS were advanced stage (P = 0.011), presence of residual
tumor at surgery (P = 0.008), non-sensitivity to platinum-based che-
motherapy (P < 0.001), and partial response to treatment
(P < 0.001).

We analysed survival data also for stage III and IV patients who did
not receive NACT. In this 24 patient cohort V, S-ROI minimum
(P = 0.015), platinum resistance (P < 0.001) and progressive disease
(P < 0.001) predicted shorter RFS.

To analyze whether multiparametric MRI (mpMRI) could even
better predict the survival we made a combination variables of ADC and
DCE parameters. Patients having both low ADC values and DCE para-
meters indicating more aggressive disease (higher in other DCE para-
meters but lower in time-to-peak) values were considered as ‘poor
prognostic mpMRI’. In the cohort of 35 patients the compination of low
ADC and high V., V;,, WashIn, WashOut, Peak or low time-to-peak velue
proved to be significant predictors for shorter RFS. When we used only
stage III and IV patients without NACT (n = 24) the combination of low
ADC and high V., V,, WashOut and Peak velue remained significant
predictors for shorter RFS, see Table 4. In a multivariate analysis using
Cox regression none of the factors remained significant.

70

3.4. Overall survival

The median follow-up time was 38 months (range 2-90 months, two
patients having died 2 months after diagnosis). At the end of follow-up,
14 (40%) patients with OC had died. None of the DCE parameters were
associated with survival in Kaplan-Meier analysis. In univariate sur-
vival analysis, the presence of residual tumor (P < 0.001), incomplete
response to treatment (P < 0.001), and poor response to platinum-
based chemotherapy (P < 0.001) were significant predictors of poorer
OS. Also the combination mpMRI variable with low ADC and high
WashIn S-ROI minimum was significant (P = 0.033) (Table 4.). In the
Cox multivariate regression analysis, only response to treatment
(P = 0.001, complete response, hazard ratio (HR) 1; partial response
P = 0.002, HR 57.833, confidential interval (CI) 4.650-719.286; pro-
gressive disease P < 0.001, HR 62.813, CI 6.792-580.899) proved to
be an independent predictor of OS. We performed the survival analysis
also with the subgroup of stage III and IV patients without NACT
(n = 24). DCE parameter Time to Peak S-ROI maximum was significant
(P = 0.037) in univariate survival analysis together with the same
clinical parameters as in the cohort of 35 patients. None of the mpMRI
combination parameters predicted survival. In the Cox multivariate
regression analysis only response to treatment remained significant
(P = 0.005, complete response, HR 1; P = 0.002, partial response HR
81.963 (CI 5.091-1319.485); P = 0.013 progressive disease HR 19.105
(CI 1.842-198.200)) although Time to Peak was nearly significant
(P = 0.059, HR 3.556 (CI 0.954-13.253)).
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Ve L-ROI minimum

=== S-ROI < median
=— S-ROI > median
median=150.75

p=0.047

g

=== L-ROI < median
— L-ROI > median
median=31.412

p=0.035

Ve S-ROI maximum

Vp S-ROI maximum

=== S-ROI < median
— S-ROI > median
median=76.101

p=0.046

=== S-ROI < median
=— S-ROI > median
median=15.603

p=0.033
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Recurrence free survival time (months)

0 10 20

30 40 50 60 70

Recurrence free survival time (months)

Fig. 5. In Kaplan-Meier survival analysis, (A) a lower time-to-peak (maximum small region of interest (S-ROI): P = 0.047), (B) higher V. (minimum large region of
interest (L-ROI): P = 0.035), (C) maximum S-ROI (P = 0.046), and (D) higher V,, (maximum S-ROI: P = 0.033) predict shorter recurrence-free survival (RFS).

Table 4

Univariate survival analysis (p < 0.05 considered significant) with multiparametric MRI variables. Multiparametric MRI parameter combined low ADC values (L-
ROI < 0.821 mm?/s and S-ROI < 0.688 mm?/s) and DCE parameters indicating more aggressive disease (higher than median in other DCE parameters but lower than

median in time-to-peak).

RFS all 35 patients

RFS 24 patients

OS all 35 patients OS 24 patients

Ve L-ROI min + low ADC

Ve S-ROI max + low ADC

V. S-ROI min + low ADC

Vp, L-ROI min + low ADC

V, S-ROI mean + low ADC

V, S-ROI max + low ADC
WashIn S-ROI min + low ADC
WashOut L-ROI mean + low ADC
WashOut S-ROI min + low ADC
Peak S-ROI mean + low ADC
Peak S-ROI max + low ADC

Time-to-peak S-ROI mean + low ADC
Time-to-peak S-ROI max + low ADC

0.002
0.002
0.001
< 0.001
0.009
0.005
0.024
ns
0.048
0.001
ns
0.050
0.007

0.012
0.020
0.005
0.005
ns
ns
ns
0.027
ns
0.005
0.012
ns
ns

ns
ns
ns
ns
ns
ns
0.033
ns
ns

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

ns
ns
ns

ns ns

RFS = recurrence free survival, OS = overall survival, 24 patients were stage III and IV without neoadjuvant chemotherapy, S-ROI = Small ROI, L-ROI = large ROI,

ns = not significant.

4. Discussion

DCE parameters are associated with the clinical course of OC and could
thus be used as prognostic imaging biomarkers. Our results suggest that

It is important to characterize ovarian masses as precisely as pos-
sible before treatment. We prospectively enrolled 38 patients with OC
to explore whether semi-quantitative and pharmacokinetic perfusion
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several DCE parameters are linked to advanced OC and can predict
earlier recurrence. Also in the subgroup analyses with only stage III and
IV patients several of the DCE parameters remained as significant
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prognostic factors.

Previous literature on correlations between DCE parameters and
prognostic factors in other malignancies is promising. Many studies
have shown that higher K™, K, and V. are associated with severity
of disease [8,21,24], while others have not found as clear correlations
between prognostic factors and DCE parameters [25,26]. In contrast, in
cervical cancer, low K" was reported to be correlated with highly
metastatic tumors [19]. The results of the present exploratory study
suggest that values indicative of higher perfusion are associated to more
aggressive OC.

In the present study, higher K" was associated with high-grade
serous OC, shown to be the aggressive type of OC [27]. Residual tumor
is one of the predictors of poor survival in OC [28]. Interestingly, K"
correlated with the presence of residual tumor on surgery: the lower the
K" the bigger the risk for residual tumor in cytoreductive surgery.
According to clinical experience, surgery is more likely to succeed if the
tumor is highly vascular. With substantial fibrosis or a soft and fragile
tumor, technical difficulties are more likely in surgery [29,30]. There
are no earlier studies comparing K™ values to cytoreductive surgical
results.

Another important prognostic factor in OC is FIGO stage. Here,
higher plasma volume fraction Vp correlated positively with FIGO
stage, which is logical because tumors depend on angiogenesis and
tumor neovascularization is strong in advanced stages [10,31]. Figo
was dichotomized into FIGO 1 or 2 versus 3 or 4. Interestingly, in this
cohort WashIn and WashOut parameters associated with platinum
sensitivity, and WashOut remained significant also in the advanced
stage subgroup. These findings need to be replicated in other cohorts.
An imaging tool to estimate platinum sensitivity before treatment
would be valuable.

Shorter recurrence free survival was predicted by higher V. and V,,
and lower time-to-peak in our cohort. Again, V,, reflects aggressive
disease similar to low time-to-peak values. Earlier studies with perfu-
sion parameters had discrepancies in predicting survival. Some studies
found that a shorter enhanced time in the tumor predicted malignancy
[6,11,13]. Other studies has showed that higher K** and K.p corre-
sponded with worse outcomes in breast cancer [24,32], while a study of
cervical cancer showed that higher K™ was associated with better RFS
[20]. A previous OC study found no correlation with patient progres-
sion-free interval and DCE measurements [18].

We also created a multiparametric MRI variable combining low ADC
and DCE parameters indicating more aggressive disease. In this analysis
combinations of low ADC and high V., V,, WashIn, WashOut, Peak or
low time-to-peak parameters showed significant predictive value in the
univariate survival analysis. Combinations of ADC and V., V;,, WashOut
and Peak remained their signifigance also when the analysis was done
only for the advanced stage subgroup (n = 24). Interestingly studies
with multiparametric MRI in other cancers have shown that a combi-
nation of results from different sequencies seems to be superior com-
pared to analyzing each of them separately [33,34]. Conflicting results
between DCE parameters and prognostic factors in different studies
may result partly from lack of consistent protocols for DCE studies and
partly from differing patient cohorts and nature and behavior of tu-
mors.

The ADC values did not show correlations to most of the DCE
parameters suggesting that these parameters provide independent in-
formation on tumor biology. In general, lower ADC values are linked to
high cellularity and solid tumors. Previous studies of DWI-MRI in OC
support the view that lower ADC values are associated with more ag-
gressive disease [5,35]. However, a weak positive correlation between
time-to-peak and ADC values was found, giving support to an associa-
tion of lower time-to-peak values with more aggressive disease. In OC,
no earlier studies have investigated the possible correlation between
ADC and time-to-peak. Sala et al. found a significant inverse correlation
between pretreatment ADC and K., values [36].

Because of the known heterogenic nature of OC [37] and the
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exploratory nature of our study, we also registered minimum and
maximum values inside the ROI in addition to mean values to study
how the heterogeneous voxel distribution affects the results. For ex-
ample for grading gliomas, maximal perfusion value proved to be the
most accurate [38]. Some previous studies have used histogram ana-
lyses to demonstrate this heterogenic distribution[21,39]. Similar to
our results, earlier studies indicate that not all measurements give
significant results simultaneously; in the study by Kim et al., K&&" was
associated with tumor size, but K52™ and K%2™ yielded no significant
associations [21].

A main limitation of this study is the small sample size. Because of
the relatively small population, the number of different histological
subtypes is small and larger cohorts are needed to confirm the results.
Although patients with high grade serous histological type were most
frequent in our cohort, their distribution to different FIGO stages was
relatively similar to other histological types (Table 1). Another limita-
tion is that we used a free-hand technique for ROI placement on single
slices; while three-dimensional voxel-by-voxel analyses might have
yielded more reliable results for biological tumor heterogeneity. Our
software did not allow histogram analyses so we used mean, maximum
and minimum values to estimate heterogeneity. B1 correction was not
performed. The acquisition time was 6.7 s/stack in perfusion scan for 51
slices with an acquisition matrix of 269*387. AIF shape was inspected
to be accurate for all patient individually. In further studies shorter
temporal resolution may yield more robust data. When interpreting
results from DCE-MRI studies, it should be noted that the selected ac-
quisition strategy and analysis protocol affect the results, similar to type
of contrast agent and data pre-processing. Only studies that use same
type of scanners acquisition techniques and same analysis software are
directly comparable.

A strength of our study is that we analyzed interobserver variability
and obtained excellent ICC values for most DCE parameters and good
ICC values for the remaining parameters. We aimed to explore the
different DCE parameters and prognostic factors in OC as widely as
possible. Therefore pharmacokinetic perfusion parameters and semi-
quantitative measurements were included, although semi-quantitative
values are not directly comparable.

In conclusion, semi-quantitatively measured and pharmacokinetic
DCE perfusion parameters revealed associations with the clinical course
and prognostic factors of patients with OC. As K"™" showed the highest
associations with different prognostic factors and tumor aggressiveness,
it may provide an imaging biomarker for future studies on OC. DCE
parameters could also prove valuable in clinical practice and persona-
lized medicine as K™ could predict success of debulking surgery and
WashIn and WashOut could predict response to platinum based che-
motherapy. In diagnostic imaging protocol of OC a combination of
tumor morphology, DWI and DCE parameters may be more useful than
the single parameters. Further studies are needed to confirm our ob-
servations and clarify the prognostic value of DCE parameters in pa-
tients with OC.
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