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Hybrid imaging with F-18 fludeoxyglucose positron emission tomography/magnetic

resonance imaging (FDG PET/MRI) has increasing clinical applications supplementing

conventional ultrasound, CT, and MRI imaging as well as hybrid PET/CT imaging

in assessing cervical, endometrial, and ovarian cancer. This article summarizes the

existing literature and discusses the emerging role of hybrid PET/MRI in gynecologic

malignancies. Thus, far, the published literature on the applications of FDG PET/MRI

shows that it can have a significant impact on patient management by improving the

staging of the cancers compared with PET/CT, influencing clinical decision and treatment

strategy. For disease restaging, current literature indicates that PET/MRI performs

equivalently to PET/CT. There appears to be a mild-moderate inverse correlation

between standard-uptake-value (SUV) and apparent-diffusion-coefficient (ADC) values,

which could be used to predict tumor grading and risk stratification. It remains to

be seen as to whether multi-parametric PET/MRI imaging could prove valuable for

prognostication and outcome. PET/MRI provides the opportunity for reduced radiation

exposure, which is particularly relevant for a young female in need of multiple scans for

treatment monitoring and follow-up. Fast acquisition protocols and optimized methods

for attenuation correction are still evolving. Major limitations of PET/MRI remains such as

suboptimal detection of small pulmonary nodules and lack of utility for radiation treatment

planning, which pose an impediment in making PET/MRI a viable one-stop-shop imaging

option to compete with PET/CT.
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INTRODUCTION

Gynecologic malignancies are common causes of morbidity and mortality in women (1).
The International Federation of Gynecology and Obstetrics (FIGO) system is used for
staging of most pelvic malignancies in women (2), which is based on the physical exam
and a few other procedures such as colposcopy, conization of the cervix, cystoscopy, and
rectosigmoidoscopy. A major limitation of FIGO staging is that it lacks consideration of
locoregional nodal evaluation so advanced imaging modalities (computed tomography, CT;
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magnetic resonance imaging, MRI; and positron-emission
tomography, PET) are often necessary. In this regard, PET/CT
with F-18 fludeoxyglucose (FDG) is a valuable modality for initial
staging and restaging of pelvic malignancies in women (3–7).
Contrast-enhanced (ce) MRI is an established imaging modality
that has numerous clinical applications due to its superb soft
tissue contrast and lack of ionizing radiation, and the ability to
assess cellular density by diffusion-weighted imaging (DWI) and
tissue perfusion by dynamic contrast-enhanced (DCE) (6, 8, 9).
MRI also has the potential to complement the metabolic imaging
provided by PET. Therefore, the combination of PET and MRI
in an integrated (hybrid) PET/MRI system promises to have a
positive impact on disease diagnosis, staging, and restaging (10).
One unique advantage of PET/MRI is a significant reduction of
radiation exposure which can be as much as 45% in young patient
populations compared with PET/CT (11). The goal of this article
is to summarize the existing literature and discuss the emerging
role of hybrid PET/MRI in gynecologic malignancies.

REVIEW OF LITERATURE

For the review of the literature, we performed a PubMed
search to find relevant articles about the diagnostic value of
PET/CT and PET/MRI in women with pelvic malignancies.
The following keywords were used: PET/CT; CT/PET; PET/MR;
PET/MRI;MR/PET;MRI/PET; carcinoma; cancer; pelvis; female.
PubMed was searched from January 1993 through June 2019,
limited to the English language. Studies with FDG PET/CT and
FDG PET/MRI (fused/co-registered or integrated) in women
with pelvic malignancies were reviewed. Studies with separate
evaluations of PET and MRI were excluded. Case reports, case
series, review articles, letters, comments, preclinical studies, and
animal studies were excluded.

We have identified 26 studies consisting of a total of 801
subjects that reported on the diagnostic value of fused or
integrated PET/MRI for the clinical management of female pelvic
malignancies, Table 1. Of these, 17 studies were based on an
integrated PET/MRI system (12–18, 26–29, 31–34, 36, 37), and
nine studies applied co-registered (fused) PET/MRI data (19–
25, 30, 35). A total of 15 studies with 413 subjects were for staging
(12–25, 27, 36); six studies with 187 subjects for restaging (31–
35, 37); and six studies of 175 subjects of mixed staging and
restaging (26–30, 36). Eighteen studies with 462 patients reported
on the diagnostic potential of MRI with DWI (MR/DWI). One
study evaluated the prognostic potential of PET/MRI (14). Two
studies were designed to validate a fast whole-body PET/MRI
scanning (32, 34).

In the past 10 years, there has been significant research
on the role of PET/MRI in the clinical management of
pelvic malignancies in women. A recent meta-analysis in 2017
consisting of seven studies, with a total of 215 subjects for staging
and restaging, showed that fused and integrated PET/MRI data
provide high diagnostic accuracy in gynecologic malignancies of
the pelvis (38). On a per-patient basis, the pooled sensitivity and
specificity of FDG PET/MRI were 0.95 (95% CI 0.86 ± 0.99) and
0.95 (95% CI 0.74 ± 1.00). On lesion-based basis, the pooled

sensitivity and specificity were 0.89 (95%CI 0.84± 0.93) and 0.87
(95%CI 0.74± 0.95). The overall area under the curve (AUC) was
0.968 (standard error 0.026).

Staging
Cervical Cancer
Current National Comprehensive Cancer Network (NCCN)
guidelines do recommend imaging (CT, PET/CT, and MRI) for
stage IB2 or higher, and as an option for stage IB1 or lower
(39). The favorable diagnostic accuracy of fused PET/MRI in
cervical cancer staging has been demonstrated in various reports
(20, 22, 24, 25), with most tumors showing high FDG avidity
and enhanced MRI delineation of the primary. In a study with
79 cervical cancer patients, Kim et al. demonstrated that fused
PET/MRI had greater sensitivity and specificity compared with
PET/CT for N staging (54.2%, 92.7% vs. 44.1%, 93.9%; p= 0.026)
(25). Grueneisen et al. found that hybrid PET/ceMRI provided
correct T-staging in 23 of 27 patients (85%) with cervical
cancer (16). Sensitivity, specificity, and diagnostic accuracy for
nodal disease were 91, 94, and 93%, respectively. The results
of subsequent studies support the high diagnostic potential of
hybrid PET/MRI in cervical cancer staging (12, 26–28).

Endometrial and Uterine Cancer
NCCN guidelines for endometrial cancer recommend imaging
for evaluation of extra-uterine disease, as indicated by clinical
workup (40). Thus, in patients with deep myometrial invasion,
imaging is commonly used for initial staging. A retrospective
study by Kitajama et al. showed that fused FDG-PET/ceMRI
yields greater diagnostic performance than PET/ceCT for the
evaluation of nodal and distant metastasis in uterine cancer
staging (23). Accuracy for T staging was 80.0% for fused
PET/MRI, and MRI proved significantly more accurate than
PET/ceCT, which had an accuracy of 60.0% (p = 0.041). In
another retrospective study with 27 patients with endometrial
and cervical, the AUC was 0.929 (0.886–0.960) for MRI/DWI,
0.933 (0.891–0.962) for PET/CT, and 0.963 (0.928–0.984)
for fused PET/MRI/DWI. However, these values were not
statistically significant between hybrid PET/CT and fused
PET/MRI/DWI (p = 0.055) (19). PET/MRI for tumor staging
typically includes a dedicated scan of the pelvis with Gd contrast
administration and a scan of the torso.

Ovarian Cancer
The role of imaging has also been emphasized in the NCCN
guidelines for ovarian cancer (41). MR imaging has been reported
to be 95% sensitive and 82% specific for ovarian cancer staging
(6). To date, there is a lack of PET/MRI literature (fused or
integrated) focusing on ovarian cancer staging. Previous reports
include subjects for both staging and restaging, and the sample
size was rather small, so the diagnostic value of PET/MRI cannot
be adequately assessed (26–28, 30). As an example, Grueneisen
et al. found in a study that included nine patients with ovarian
cancer that integrated PET/ceMRI had a sensitivity, specificity,
and diagnostic accuracy of 92.9, 87.5, and 91.8%, respectively
(27). In another study by Queiroz et al. that included 12 ovarian
cancer patients, the performance of integrated PET/ceMRI was
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TABLE 1 | Summary of PET/MRI (fused, integrated) literature on pelvic malignancy in women.

ID References Study

Design

IND Sample size

[Primary]

SUV & ADC Aim/Results/Conclusions

1 Schwartz et al. (12) P Staging 18 [C-11; EU-7] No To compare integrated FDG PET/MRI with PET/CT. PET/neMRI detects all primaries c/w PET/ neCT;

PET/neMRI detects parametrial invasion & one patient had invasion of the bladder, not detected on

PET/neCT.

2 Meyer et al. (13) R Staging 18 [C-18] Yes To correlate ADC with FDG PET derived from integrated PET/MRI. SUVmax or SUVmean do not

correlate with ADC. SUV-based volumes correlate inversely with ADC.

3 Floberg et al. (14) R Staging 17 [C-17] Yes To investigate spatial relationship between SUV & ADC and correlate with clinical outcome. Consistent

inverse correlation between SUV & ADC was noted in SCCA and poorly differentiated tumors, which

may have prognostic significance in terms of disease-free survival.

4 Surov et al. (15) P Staging 21 [EU-21] Yes To correlate between SUV & ADC in predicting histopathological features. No significant change in SUV

& DWI noted between different tumor grades (G1-3). However, combined SUV & ADC provide the

greatest correlation with Ki-67 which could be valuable to estimate the cell proliferation of the primary.

5 Grueneisen et al. (16) P Staging 27 [C-27] Yes To provide initial results on integrated PET/MRI. PET/ceMRI shows high potential for the assessment of

primary and nodal metastases, with 93% diagn accuracy for nodal disease. SUV & ADC reveal a

significant correlation with pathological grade and tumor size.

6 Shih et al. (17) P Staging 36 [EU-36] Yes To correlate between SUV & ADC. SUVmax & ADCmin at integrated PET/enMR are inversely correlated

and associated with pathologic prognostic factors. Combined parameters provide the greatest

correlation with pathologic biomarkers.

7 Sun et al. (18) P Staging 35 [C-35] Yes To correlate tumor volumes between PET, MRI and DWI. Strong volume concordance is observed

between PET, and MRI & DWI. Cut-off at 35% or 40% SUVmax is recommended for SUV-based tumor

volume rendering.

8 Stecco et al. (19) R Staging 27 [C-13; EU-14] No To compare PET/CT with fused PET/MRI- DWI, and MRI-DWI. For pelvic staging, AUC is 0.93 for

ceMRI-DWI, 0.93 for PET/neCT, and 0.96 for PET/ceMRI-DWI. Although not statistically significant

(p = 0.055), fused PET/ceMRI-DWI might provide higher diagn accuracy c/w PET/neCT.

9 Pinker et al. (20) P Staging 16 [C-16] Yes To correlate between fused FDG PET, FMISO PET and MRI-DWI. All tumors display restricted diffusivity,

high FDG avidity, and FMISO avidity. Weak correlations between ceMRI and PET parameters indicate

that each individual parameter provides independent information on tumor pathophysiology.

10 Olsen et al. (21) R Staging 20 [C-20] Yes To compare PET/CT with MRI. Concordance between PET and DWI is observed. Tumor sub-volumes

with increased FDG avidity also shows greater cell density by DWI.

11 Kitajima et al. (22) R Staging 30 [C-30] No To compare fused PET/CT with MRI. Diagn accuracy of fused PET/ceMRI and ceMRI (83.3% each) for

T staging is higher c/w PET/ceCT (53.3%), p = 0.008. Accuracy for nodal metastasis is 90.0% for fused

PET/ceMRI and PET/ceCT & 86.7% for ceMRI.

12 Kitajima et al. (23) R Staging 35 [EU-35] No To compare fused PET/CT with MRI. Fused PET/ceMRI and ceMRI detects 96.7% of primary, whereas

PET/ceCT detects 93.3%. Accuracy for T status is 80.0% for PET/ceMRI; ceMRI is more accurate than

PET/ceCT. PETce/MRI complements the individual advantages of ceMRI and PET.

13 Anner et al. (24) R Staging 27 [C-27] No To compare PET/CT and fused PET/MRI. PET/ceCT and fused PET/ceMRI show same sensitivity (64%)

for pelvic N-staging. Fused PET/ceMRI does not lead to better results than PET/ceCT.

14 Kim et al. (25) R Staging 79 [C-79] No To compare PET/CT with fused PET/MRI. For pelvic N-staging, the sensitivity and specificity of

PET/neCT and fused PET/ceMRI are 44.1%, 93.9% and 54.2%, 92.7%. Fused PET/ceMRI has added

value to PET/neCT for nodal metastasis.

15 Xin et al. (26) P Staging/restaging 20 [C-15; EU-3; O-2] No To provide initial results on integrated PET/MRI c/w PET/CT. Lesion detection in abdomen/pelvis is

similar between PET/neCT and integrated PET/neMRI, although PET/neMRI detects 3 additional foci of

early cervical cancer.

(Continued)
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TABLE 1 | Continued

ID References Study

Design

IND Sample size

[Primary]

SUV & ADC Aim/Results/Conclusions

16 Grueneisen et al. (27) P Staging/restaging 48 [C-22; EU-4; O-9;

VV-13]

No To determine diagn value of DWI in PET/MRI. PET provides greater diagn confidence than DWI

(p < 0.05). DWI in PET/ceMRI has no diagn benefit for whole-body staging of women with

pelvic malignancies.

17 Grueneisen et al. (27) P Staging/restaging 19 [C-19] Yes To correlate between SUV & ADC. Integrated PET/ceMRI shows high diagn potential. SUVmax and

ADCmin reveal a strong inverse correlation in primary and nodal metastases (R = −0.692, < 0.001),

not in recurrent cancer.

18 Queiroz et al. (28) P Staging/restaging 25 [C-7; EU-5; O-12;

VV-1]

No To compare integrated PET/MRI with PET/CT. Integrated PET/ceMRI is superior to PET/ceCT for primary

tumor delineation (p < 0.001). No difference was found in detection of regional nodal/abdominal

metastases.

19 Brandmaier et al. (29) P Staging/restaging 31 [C-31] Yes To correlate SUV with ADC. There are significant inverse correlations between SUVmax and ADCmin,

with r = −0.532 (p = 0.05) in primary tumors, r = −0.362 (p = 0.05) in primary metastasis, and

r = −0.747 (p = 0.002) in recurrent local tumors.

20 Nakajo et al. (30) R Staging/restaging 31 [C-25; EU-3; O-3] No To compare fused FDG PET/CT with PET/CT. Fused PET/neMRI performs better than PET/neCT for

pelvic malignancies (P < 0.01).

21 Sawicki et al. (31) P Restaging 71 [C-32; EU-7; O-26;

VV-6]

No To compare integrated PET/MRI with MRI alone. PET/ceMRI better detects recurrence than ceMRI

(100 vs. 83.6%, p < 0.01), particularly for nodal and peritoneal metastases <1 cm.

22 Kirchner et al. (32) P Restaging 43 [C-12; EU-4; O-23;

VV-4]

No To implement a fast PET/MRI protocol. Fast PET/ceMRI provides equivalent diagn performance and

exam time c/w PET/ceCT. On a lesion-based analysis, the accuracy is 92% for PET/ceCT and 94% for

PET/ceMRI.

23 Beiderwellen et al.

(33)

P Restaging 19 [C-6; O-13] No To compare integrated PET/MRI with PET/CT. Lesion detection is similar between PET/ceCT (98%) and

PET/ceMRI (97%). Diagn confidence is higher with PET/MRI in malignant (p < 0.01) and benign

lesions (p < 0.05).

24 Grueneisen et al. (34) P Restaging 24 [C-7; EU-4; O-13] No To implement a fast FDG PET/MRI protocol. Fast PET/ceMRI with DWI provides comparably high diagn

performance c/w PET/ceCT in restaging. On a lesion-basis, the diagnostic accuracy is 84% for

PET/ceCT and 86% for PET/MRI (p > 0.05).

25 Grueneisen et al. (34) P Restaging 34 [C-18; O-16] No To compare integrated PET/MRI with MRI. PET/ceMRI and ceMRI correctly identify 98.9% and 88.8% of

malignant lesions. PET/ceMRI provides higher lesion contrast and diagn confidence c/w ceMRI.

26 Kitajima et al. (35) R Restaging 30 [EU-21; O-9] No To compare fused PET/CT with MRI. On a patient basis, the accuracy for pelvic recurrence/metastasis is

93.3% for fused PET/ceMRI and 86.7% for ceMRI, 86.7% for PET/ceCT & 80.0% for PET/neCT. Fused

PET/ceMRI performs significantly better than PET/neCT (p = 0.041) only.

PET indicates FDG PET unless mentioned otherwise. IND, indication; P, prospective; R, retrospective; C, cervical cancer; EU, endometrial/uterine cancer; O, ovarian cancer; VV, vaginal/vulvar cancer; diagn, diagnostic; c/w, compared

with; SUV, standard uptake value; DWI, diffusion weighted imaging; ADC, apparent diffusion coefficient; ce, contrast enhanced; ne, nonenhanced.
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higher than that of PET/ceCT (p < 0.001) (28). No differences
were found, however, in the detection of regional nodal or
abdominal metastases.

Restaging
In the most recent meta-analysis comprising of 7 articles
with a total of 257 subjects, Zheng et al. showed that FDG
PET/MRI yields high diagnostic accuracy in detecting recurrent
pelvic malignancies, with pooled sensitivity and specificity of
0.96 and 0.95 (42). The role of PET/MRI in pelvic restaging,
however, has only been assessed broadly without focusing on
specific tumor entities (16, 31–33, 35, 37, 42). Kitajima et al.
showed in a retrospective study of 30 patients (uterine 15;
ovarian nine; endometrial six) that fused PET/ceMRI provided
better sensitivity for diagnosing local recurrence than PET
with nonenhanced CT (PET/neCT) (p = 0.041), but it was
not better than PET/ceCT or ceMRI (35). The patient-based
sensitivity, specificity and accuracy for the detection of pelvic
recurrence/metastasis were 91.3, 100, and 93.3% for fused
PET/MRI; 78.3, 85.7, and 80.0% for PET/neCT; 82.6, 100, and
86.7% for PET/ceCT; and 82.6, 100 and 86.7% for ceMRI. In
a retrospective study by Sawicki et al. with 71 females with
suspected recurrence, PET/ceMRI offered greater diagnostic
confidence in lesion detection compared with ceMRI (2.7 ± 0.5
vs. 2.4 ± 0.7, p < 0.001) as well as diagnostic accuracy (99.2 vs.
79.3%, p <0.001) (31). While PET/ceMRI correctly identified all
181 (100%)malignant lesions, ceMRI correctly identified 135/181
(74.6%) lesions (p < 0.001). Also, a considerable number of
subcentimeter nodal metastases were FDG avid on PET/MRI but
were incorrectly interpreted as benign on ceMRI. The diagnostic
contribution of PET scanning was substantiated by the fact that
four local recurrences were clearly demonstrated on PET but
were only discrete at MRI as well as not associated with diffusion
restriction on DWI. The same applied to peritoneal metastases,
which were often obscured by adjacent bowel structures or
misinterpreted as scar tissue on ceMRI (31). Grueneisen et al.
showed in a prospective study of 34 patients (cervical = 18;
ovarian = 16) that hybrid PET/ceMRI correctly identified 88
(98.9%) lesions, whereas ceMRI was correct in 79 lesions (88.8%).

SUV and DWI Correlation
Currently, most functional MRI clinical applications as part of
hybrid PET/MRI apply DWI, which informs about the water
diffusivity in tissues and providing valuable information on tissue
cellularity and membrane integrity. Most reports correlating
SUV with apparent diffusion coefficient (ADC) are based on
fused or hybrid PET/MRI data, focusing on cervical cancer
(13, 14, 16, 18, 20, 21, 29, 36), and only one study each is about
endometrial cancer and uterine cancer each (15, 17).

Cervical Cancer
In a prospective study of 19 subjects with cervical cancer
(staging 10; restaging 9), Grueneisen et al. showed a significant
but rather weak inverse correlation between SUVmax and
minimum ADC (ADCmin), with R = −0.342, p < 0.05
(36). When subdivided into primary and recurrent tumors,
primary tumors and associated nodal metastases demonstrated

a moderate inverse correlation between SUVmax and ADCmin
(R=−0.692, p< 0.001). In recurrent lesions, however, there was
no significant correlation. In another hybrid PET/MRI study with
31 cervical cancer patients (staging 14, restaging 17), Brandmeier
et al. showed an inverse correlation between SUVmax and
ADCmin for both primary tumors (r = −0.532, p = 0.05)
and primary metastases (r = −0.362, p = 0.05), as well as
recurrent local tumors (r = −0.747, p = 0.002) (29). Grueneisen
et al. demonstrated in a prospective study with 27 subjects with
newly diagnosed cervical cancer, that SUVmax and ADCmin
values correlated significantly with pathological grade (well- and
moderately vs. poorly differentiated) and tumor size (p < 0.05)
(16). No significant difference was seen for SUVs between
patients with early (stage IB-IIA) or advanced (stage IIB-IVA)
tumor stages. In contrast, significantly lower ADCmin values
were noted for primary cervical cancers with advanced tumor
stages. In addition, SUV or ADC values did not show a significant
correlation with tumor histology (squamous cell carcinoma vs.
adenocarcinoma) and nodal status.

A significant inverse correlation between SUVmax and mean
ADC (ADCmean) was also reported in a recent study by
Floberg et al. with 17 newly diagnosed cervical cancer patients
(14). Specifically, squamous cell carcinomas (SCCAs) and
poorly differentiated tumors consistently showed a significant
inverse correlation between voxel SUV and ADC values; but
adenocarcinomas and well/moderately differentiated tumors
did not. On the other hand, Pinker et al. found only weak
correlations between MRI and PET parameters with correlation
coefficients ranging from 0.05 to 0.22 in a study with 16
locally advanced cervical cancer patients (20). Also, Meyer et al.
showed no statistically significant correlations between SUVmax
or SUVmean and ADC parameters in a study with 18 newly
diagnosed cervical cancer patients. Still, total lesion glycolysis
(TLG) and metabolic tumor volume (MTV) correlated inversely
with ADC parameters (13).

Uterine and Endometrial Cancer
In a study focusing on uterine cancer, Surov et al. found that the
combination of SUV and ADC provided the greatest correlation
with the proliferation biomarker Ki-67 (15). Ki-67 correlated
significantly with SUVmax (r = 0.59, p = 0.005) and ADCmin
(0.48, p = 0.03). SUVmax/ADCmean ratio showed the greatest
correlation with (0.75, p =0.001). SUVmax correlated well with
epithelial area positive for p16 (r = 0.71, p = 0.001) and stromal
area (r =−0.71, p= 0.001) reflecting metabolically active tumor
areas. There were, however, no significant differences in SUV and
DWI values between different tumor grades (G1-3) and between
T2 and T4 tumors.

In a report by Shih et al. with 36 newly diagnosed endometrial
cancer patients, there was a significant inverse correlation
between SUVmax and ADCmin (r = −0.53; P = 0.001) (17).
SUVmax was significantly higher in advanced-stage tumors,
deep myometrial invasion, cervical invasion, lymphovascular
involvement, and nodal metastasis (P<0.05), but not with tumor
grade. ADCmin was lower in higher-grade tumors, advanced
stage, and cervical invasion (P < 0.05), but not with myometrial
invasion, lymphovascular invasion, or nodal metastasis. Most
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notably, the combined use of SUVmax/ADCmin ratio was
associated with all pathologic biomarkers indicating that hybrid
PET/MRI may have the potential to provide prognostic
information in endometrial cancer. A correlation of SUV and
ADC in the context of fused or integrated PET/MRI has not
been reported for ovarian cancer to date. Studies above regarding
cervical and uterine, as well as endometrial cancers, indicate
variablemild tomoderate negative correlations between SUV and
ADCmeasures. The high variations in the correlation coefficients
may be dependent on the tumor subtypes and may reflect various
tumor biologic makeup of the lesions such as hypoxia, and tumor
necrosis (43).

Prognostication
Floberg et al. are the only group to date that reports on the
prognostic value of hybrid PET/MRI in gynecologic malignancies
in women (14). In a retrospective study of 17 patients with
newly diagnosed cervical cancer, they found a significant inverse
correlation between SUVmax and ADCmean in SCCAs as well
as poorly differentiated tumors. Based on log-rank analysis, the
relationship between SUV and ADC was found to be prognostic
of disease-free survival (DFS), p= 0.026.

Limitations of PET/MRI
PET/MRI does have its negative attributes. A whole-body
PET/ceMRI with a regional scan such as the pelvis or liver
takes ∼45min, and a whole-body PET/neMRI with DWI also
lasts typically 45min, which often causes patient discomfort and
dissatisfaction. Published reports on fast PET/MRI protocols to
reduce the scan time are encouraging, and further validations
are required (32, 34). Other disadvantages are related to
claustrophobia and MRI artifacts, which are more prevalent
compared with PET/CT (44). Some other relevant deficits are
being discussed as follows.

Attenuation Correction of PET Data
Attenuation correction is challenging with PET/MRI because
MRI cannot directly assess tissue density, particularly for lung
and bone tissues. On the first clinical PET/MRI systems, the
T1-weighted Dixon MRI sequence was used to segment the
MRI data into different tissue classes (e.g., air, lung, soft-
tissue, and fat) and to derive the attenuation maps for PET
(45). This method provides an acceptable approximation of
density for soft-tissue and fat; however, the differentiation of
(cortical) bone from air remains challenging as both tissues have
near-zero MRI signal intensities resulting in suboptimal PET
attenuation corrections. Various other MRI-based attenuation
correction methods have been introduced to enhance bone vs.
air segmentation, including a combination of Dixon sequence
with an ultra-short echo time sequence (45, 46). The most
advanced method in the clinical practice to date is based
on a precompiled atlas of paired MRI and CT data and an
algorithm that generates pseudo-CT images from MRI data. The
pseudo-CT data are then converted to PET attenuation maps
(47). Despite methodological challenges, MRI-based attenuation
correction is no longer an impediment to the clinical adoption of
PET/MRI technology (48–51). MRI-based attenuation correction

is becoming similar to the CT-based method; however, cautions
remain when comparing SUV values between a PET/CT and
PET/MRI system for treatment monitoring. Particularly, MRI-
based attenuation is still suboptimal for bone tissue and may
cause an underestimation of SUV (49).

Lung Lesion Detection
CT provides the advantage of high spatial resolution for
pulmonary tissue and is considered the reference standard for
lung lesion detection. MRI plays only a minor role in this regard
because of methodologic and physical shortcomings, mainly
attributed to the low proton density in the lungs and respiratory
artifacts. Sawicki et al. have shown that the detection and
characterization of lung lesions 10mm or larger are comparable
between PET/CT and PET/MRI, but the detection rate for lesions
<10mm is suboptimal with PET/MRI (52). MRI showed an
overall detection rate of 66.8%. The detection rate of MRI for
lesions <10mm was 45.9% compared with CT, and lesion size
was smaller on MRI (<0.05), which overall represents a risk
of missing small pulmonary metastasis on PET/MRI. Despite
recent efforts to introduce new MR sequences, the diagnostic
accuracy of MRI for lung lesion detection remains inferior to CT
(34, 52, 53). In the clinical practice, an unenhanced, breath-hold
CT is often recommended in a patient undergoing PET/MRI to
rule out small pulmonary metastasis.

Radiation Treatment Planning
CT plays a crucial role in radiotherapy planning. Most
importantly, there is a close linear correlation between the
voxel intensity at CT and the electron density of tissues within
image voxels, enabling the attenuation of various tissues to be
calculated. MRI has been routinely used to assist with tumor
contouring after co-registration with the simulation CT scan.
However, a major disadvantage of MRI is that the information
on electron density required for radiation treatment planning
can only be derived indirectly, not directly (54). Current
efforts aiming at MRI-based simulation and treatment planning
are encouraging but merely represent feasibility attempts to
introduce hybrid PET/MRI into radiotherapy (55, 56). Current
PET/MRI protocols optimized for diagnostic imaging may not
be appropriate for radiation treatment planning, and special
accommodations in hardware and software are required to be
able to accomplishMRI-derived radiation treatment planning. At
present, PET/CT imaging is the most valuable tool for oncologic
patients as it provides direct input to diagnosis and staging as
well as radiation treatment planning. The limitations mentioned
above represent a major hurdle for the clinical utility of hybrid
PET/MRI and help explain why this technology is currently not
feasible for a one-stop solution for oncologic patients.

CONCLUSION

Current literature supports the notion that F-18 PET/MRI
provides greater diagnostic confidence and accuracy than
PET/CT in the staging of pelvic malignancies in women. Most
importantly, PET/MRI complements the FIGO staging and
has the potential to impact clinical decision and treatment
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strategy. For disease restaging, current data indicate that
PET/MRI performs equivalently to PET/CT. There appears
to be a mild-moderate inverse correlation between SUV and
ADC values, which could be a valuable tool to predict tumor
grading and nodal disease as well as distant metastasis. It
remains to be seen as to whether multi-parametric PET/MRI
imaging could prove valuable for prognostication and outcome.
PET/MRI provides the opportunity for reduced radiation
exposure, which is particularly relevant for a young female in
need of multiple scans for treatment monitoring and follow-
up. Fast acquisition protocols and optimized methods for

attenuation correction are still evolving. Significant limitations

of PET/MRI remains, such as suboptimal detectability of
small pulmonary nodules and lack of utility for radiation
treatment planning, which pose an impediment in making
PET/MRI a viable one-stop-shop imaging option to compete
with PET/CT.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

REFERENCES

1. Cancer Facts and Figurers. (2018). American Cancer Society. Available online

at: https://www.cancer.org/content/dam/cancer-org/research/cancerfacts-

and-statistics/annual-cancer-facts-and-figures/2018/cancerfacts-and-

figures-2018.pdf (accessed January 15, 2020).

2. Pecorelli S, Zigliani L, Odicino F. Revised FIGO staging for carcinoma of

the cervix. Int J Gynaecol Obstet. (2009) 105:107–8. doi: 10.1016/j.ijgo.2009.

02.009

3. Atri M, Zhang Z, Dehdashti F, Lee SI, Ali S, Marques H, et al. Utility

of PET-CT to evaluate retroperitoneal lymph node metastasis in advanced

cervical cancer: results of ACRIN6671/GOG0233 trial. Gynecol Oncol. (2016)

142:413–9. doi: 10.1016/j.ygyno.2016.05.002

4. Zhao Q, Feng Y, Mao X, Qie M. Prognostic value of fluorine-18-

fluorodeoxyglucose positron emission tomography or PET-computed

tomography in cervical cancer: a meta-analysis. Int J Gynecol Cancer. (2013)

23:1184–90. doi: 10.1097/IGC.0b013e31829ee012

5. Bollineni VR, Ytre-Hauge S, Bollineni-Balabay O, Salvesen HB, Haldorsen IS.

High diagnostic value of 18F-FDG PET/CT in endometrial cancer: systematic

review and meta-analysis of the literature. J Nucl Med. (2016) 57:879–

85. doi: 10.2967/jnumed.115.170597

6. Tempany CM, Zou KH, Silverman SG, Brown DL, Kurtz AB, McNeil BJ.

Staging of advanced ovarian cancer: comparison of imaging modalities–

report from the radiological diagnostic oncology group. Radiology. (2000)

215:761–7. doi: 10.1148/radiology.215.3.r00jn25761

7. Gu P, Pan LL, Wu SQ, Sun L, Huang G. CA 125, PET alone, PET-CT, CT

and MRI in diagnosing recurrent ovarian carcinoma: a systematic review and

meta-analysis. Eur J Radiol. (2009) 71:164–74. doi: 10.1016/j.ejrad.2008.02.019

8. Sala E, Wakely S, Senior E, Lomas D. MRI of malignant neoplasms of

the uterine corpus and cervix. AJR Am J Roentgenol. (2007) 188:1577–

87. doi: 10.2214/AJR.06.1196

9. Frei KA, Kinkel K, Bonel HM, Lu Y, Zaloudek C, Hricak H. Prediction of

deep myometrial invasion in patients with endometrial cancer: clinical utility

of contrast-enhanced MR imaging-a meta-analysis and Bayesian analysis.

Radiology. (2000) 216:444–9. doi: 10.1148/radiology.216.2.r00au17444

10. Spick C, Herrmann K, Czernin J. 18F-FDG PET/CT and PET/MRI perform

equally well in cancer: evidence from studies on more than 2,300 patients.

J Nucl Med. (2016) 57:420–30. doi: 10.2967/jnumed.115.158808

11. Sher AC, Seghers V, Paldino MJ, Dodge C, Krishnamurthy R, Krishnamurthy

R, et al. Assessment of sequential PET/MRI in comparison with PET/CT

of pediatric lymphoma: a prospective study. AJR Am J Roentgenol. (2016)

206:623–31. doi: 10.2214/AJR.15.15083

12. Schwartz M, Gavane SC, Bou-Ayache J, Kolev V, Zakashansky K, Prasad-

Hayes M, et al. Feasibility and diagnostic performance of hybrid PET/MRI

compared with PET/CT for gynecological malignancies: a prospective pilot

study.Abdom Radiol (NY). (2018) 43:3462–7. doi: 10.1007/s00261-018-1665-2

13. Meyer HJ, Purz S, Sabri O, Surov A. Cervical cancer: associations between

metabolic parameters and whole lesion histogram analysis derived from

simultaneous (18)F-FDG-PET/MRI. Contrast Media Mol Imaging. (2018)

2018:5063285. doi: 10.1155/2018/5063285

14. Floberg JM, Fowler KJ, Fuser D, DeWees TA, Dehdashti F, Siegel BA, et al.

Spatial relationship of 2-deoxy-2-[(18)F]-fluoro-D-glucose positron emission

tomography and magnetic resonance diffusion imaging metrics in cervical

cancer. EJNMMI Res. (2018) 8:52. doi: 10.1186/s13550-018-0403-7

15. Surov A, Meyer HJ, Schob S, Hohn AK, Bremicker K, Exner M, et al.

Parameters of simultaneous 18F-FDG-PET/MRI predict tumor stage and

several histopathological features in uterine cervical cancer. Oncotarget.

(2017) 8:28285–96. doi: 10.18632/oncotarget.16043

16. Grueneisen J, Schaarschmidt BM, Heubner M, Aktas B, Kinner S, Forsting M,

et al. Integrated PET/MRI for whole-body staging of patients with primary

cervical cancer: preliminary results. Eur J Nucl Med Mol Imaging. (2015)

42:1814–24. doi: 10.1007/s00259-015-3131-5

17. Shih IL, Yen RF, Chen CA, Chen BB, Wei SY, Chang WC, et al.

Standardized uptake value and apparent diffusion coefficient of endometrial

cancer evaluated with integrated whole-body PET/MR: correlation with

pathological prognostic factors. J Magn Reson Imaging. (2015) 42:1723–

32. doi: 10.1002/jmri.24932

18. Sun H, Xin J, Zhang S, Guo Q, Lu Y, Zhai W, et al. Anatomical and functional

volume concordance between FDG PET, and T2 and diffusion-weighted MRI

for cervical cancer: a hybrid PET/MR study. Eur J Nucl Med Mol Imaging.

(2014) 41:898–905. doi: 10.1007/s00259-013-2668-4

19. Stecco A, Buemi F, Cassara A, Matheoud R, Sacchetti GM, Arnulfo A,

et al. Comparison of retrospective PET and MRI-DWI (PET/MRI-DWI)

image fusion with PET/CT and MRI-DWI in detection of cervical and

endometrial cancer lymph node metastases. Radiol Med. (2016) 121:537–

45. doi: 10.1007/s11547-016-0626-5

20. Pinker K, Andrzejewski P, Baltzer P, Polanec SH, Sturdza

A, Georg D, et al. Multiparametric [18F]Fluorodeoxyglucose/

[18F]Fluoromisonidazole positron emission tomography/ magnetic

resonance imaging of locally advanced cervical cancer for the non-

invasive detection of tumor heterogeneity: a pilot study. PLoS ONE.

(2016) 11:e0155333. doi: 10.1371/journal.pone.0155333

21. Olsen JR, Esthappan J, DeWees T, Narra VR, Dehdashti F, Siegel BA, et al.

Tumor volume and subvolume concordance between FDG-PET/CT and

diffusion-weighted MRI for squamous cell carcinoma of the cervix. J Magn

Reson Imaging. (2013) 37:431–4. doi: 10.1002/jmri.23830

22. Kitajima K, Suenaga Y, Ueno Y, Kanda T, Maeda T, Deguchi M, et al. Fusion

of PET and MRI for staging of uterine cervical cancer: comparison with

contrast-enhanced (18)F-FDG PET/CT and pelvic MRI. Clin Imaging. (2014)

38:464–9. doi: 10.1016/j.clinimag.2014.02.006

23. Kitajima K, Suenaga Y, Ueno Y, Kanda T, Maeda T, Takahashi S, et al. Value of

fusion of PET and MRI for staging of endometrial cancer: comparison with

(1)(8)F-FDG contrast-enhanced PET/CT and dynamic contrast-enhanced

pelvic MRI. Eur J Radiol. (2013) 82:1672–6. doi: 10.1016/j.ejrad.2013.

05.005

24. Anner P, Mayerhofer M, Wadsak W, Geleff S, Dudczak R, Haug A,

et al. [(18)F]FDG-PET/CT and MRI for initial pelvic lymph node

staging in patients with cervical carcinoma: the potential usefulness

of [(18)F]FDG-PET/MRI. Oncol Lett. (2018) 15:3951–6. doi: 10.3892/ol.

2018.7775

25. Kim SK, Choi HJ, Park SY, Lee HY, Seo SS, Yoo CW, et al. Additional

value of MR/PET fusion compared with PET/CT in the detection of lymph

node metastases in cervical cancer patients. Eur J Cancer. (2009) 45:2103–

9. doi: 10.1016/j.ejca.2009.04.006

Frontiers in Oncology | www.frontiersin.org 7 September 2020 | Volume 10 | Article 519440

https://www.cancer.org/content/dam/cancer-org/research/cancerfacts-and-statistics/annual-cancer-facts-and-figures/2018/cancerfacts-and-figures{-}2018.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancerfacts-and-statistics/annual-cancer-facts-and-figures/2018/cancerfacts-and-figures{-}2018.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancerfacts-and-statistics/annual-cancer-facts-and-figures/2018/cancerfacts-and-figures{-}2018.pdf
https://doi.org/10.1016/j.ijgo.2009.02.009
https://doi.org/10.1016/j.ygyno.2016.05.002
https://doi.org/10.1097/IGC.0b013e31829ee012
https://doi.org/10.2967/jnumed.115.170597
https://doi.org/10.1148/radiology.215.3.r00jn25761
https://doi.org/10.1016/j.ejrad.2008.02.019
https://doi.org/10.2214/AJR.06.1196
https://doi.org/10.1148/radiology.216.2.r00au17444
https://doi.org/10.2967/jnumed.115.158808
https://doi.org/10.2214/AJR.15.15083
https://doi.org/10.1007/s00261-018-1665-2
https://doi.org/10.1155/2018/5063285
https://doi.org/10.1186/s13550-018-0403-7
https://doi.org/10.18632/oncotarget.16043
https://doi.org/10.1007/s00259-015-3131-5
https://doi.org/10.1002/jmri.24932
https://doi.org/10.1007/s00259-013-2668-4
https://doi.org/10.1007/s11547-016-0626-5
https://doi.org/10.1371/journal.pone.0155333
https://doi.org/10.1002/jmri.23830
https://doi.org/10.1016/j.clinimag.2014.02.006
https://doi.org/10.1016/j.ejrad.2013.05.005
https://doi.org/10.3892/ol.2018.7775
https://doi.org/10.1016/j.ejca.2009.04.006
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Nguyen et al. PET/MRI in Female Pelvic Malignancy

26. Xin J, Ma Q, Guo Q, Sun H, Zhang S, Liu C, et al. PET/MRI with diagnostic

MR sequences vs PET/CT in the detection of abdominal and pelvic cancer.

Eur J Radiol. (2016) 85:751–9. doi: 10.1016/j.ejrad.2016.01.010

27. Grueneisen J, Schaarschmidt BM, Beiderwellen K, Schulze-Hagen A,

Heubner M, Kinner S, et al. Diagnostic value of diffusion-weighted

imaging in simultaneous 18F-FDG PET/MR imaging for whole-body

staging of women with pelvic malignancies. J Nucl Med. (2014) 55:1930–

5. doi: 10.2967/jnumed.114.146886

28. Queiroz MA, Kubik-Huch RA, Hauser N, Freiwald-Chilla B, von Schulthess

G, Froehlich JM, et al. PET/MRI and PET/CT in advanced gynaecological

tumours: initial experience and comparison. Eur Radiol. (2015) 25:2222–

30. doi: 10.1007/s00330-015-3657-8

29. Brandmaier P, Purz S, Bremicker K, Hockel M, Barthel H, Kluge

R, et al. Simultaneous [18F]FDG-PET/MRI: correlation of apparent

diffusion coefficient (ADC) and standardized uptake value (SUV)

in primary and recurrent cervical cancer. PLoS ONE. (2015)

10:e0141684. doi: 10.1371/journal.pone.0141684

30. Nakajo K, TatsumiM, Inoue A, Isohashi K, Higuchi I, Kato H, et al. Diagnostic

performance of fluorodeoxyglucose positron emission tomography/magnetic

resonance imaging fusion images of gynecological malignant tumors:

comparison with positron emission tomography/computed tomography. JPN

J Radiol. (2010) 28:95–100. doi: 10.1007/s11604-009-0387-3

31. Sawicki LM, Kirchner J, Grueneisen J, Ruhlmann V, Aktas B, Schaarschmidt

BM, et al. Comparison of (18)F-FDG PET/MRI and MRI alone for

whole-body staging and potential impact on therapeutic management

of women with suspected recurrent pelvic cancer: a follow-up study.

Eur J Nucl Med Mol Imaging. (2018) 45:622–9. doi: 10.1007/s00259-017-

3881-3

32. Kirchner J, Sawicki LM, Suntharalingam S, Grueneisen J, Ruhlmann V,

Aktas B, et al. Whole-body staging of female patients with recurrent

pelvic malignancies: ultra-fast 18F-FDG PET/MRI compared to 18F-FDG

PET/CT and CT. PLoS ONE. (2017) 12:e0172553. doi: 10.1371/journal.pone.

0172553

33. Beiderwellen K, Grueneisen J, Ruhlmann V, Buderath P, Aktas B, Heusch P,

et al. [(18)F]FDG PET/MRI vs. PET/CT for whole-body staging in patients

with recurrent malignancies of the female pelvis: initial results. Eur J Nucl Med

Mol Imaging. (2015) 42:56–65. doi: 10.1007/s00259-014-2902-8

34. Grueneisen J, Schaarschmidt BM, Heubner M, Suntharalingam S, Milk I,

Kinner S, et al. Implementation of FAST-PET/MRI for whole-body staging of

female patients with recurrent pelvic malignancies: a comparison to PET/CT.

Eur J Radiol. (2015) 84:2097–102. doi: 10.1016/j.ejrad.2015.08.010

35. Kitajima K, Suenaga Y, Ueno Y, Kanda T, Maeda T, Makihara N,

et al. Value of fusion of PET and MRI in the detection of intra-

pelvic recurrence of gynecological tumor: comparison with 18F-FDG

contrast-enhanced PET/CT and pelvic MRI. Ann Nucl Med. (2014) 28:25–

32. doi: 10.1007/s12149-013-0777-6

36. Grueneisen J, Beiderwellen K, Heusch P, Buderath P, Aktas B, Gratz M, et al.

Correlation of standardized uptake value and apparent diffusion coefficient

in integrated whole-body PET/MRI of primary and recurrent cervical cancer.

PLoS One. (2014) 9:e96751. doi: 10.1371/journal.pone.0096751

37. Grueneisen J, Beiderwellen K, Heusch P, Gratz M, Schulze-Hagen A,

Heubner M, et al. Simultaneous positron emission tomography/magnetic

resonance imaging for whole-body staging in patients with recurrent

gynecological malignancies of the pelvis: a comparison to whole-

body magnetic resonance imaging alone. Invest Radiol. (2014)

49:808–15. doi: 10.1097/RLI.0000000000000086

38. Nie J, Zhang J, Gao J, Guo L, Zhou H, Hu Y, et al. Diagnostic role

of 18F-FDG PET/MRI in patients with gynecological malignancies of

the pelvis: a systematic review and meta-analysis. PLoS ONE. (2017)

12:e0175401. doi: 10.1371/journal.pone.0175401

39. NCCN Clinical Practice Guidelines in Oncology - Cervical Cancer. (Version

1.2019–2018) (Version 1.2019).

40. Uterine neoplasms.NCCNGuidelines, Version 1.2019. (assessed December 13,

2018).

41. Ovarian cancer. NCCN Guidelines Version 2.2018. (assessed December 16,

2018)

42. Zheng M, Xie D, Pan C, Xu Y, Yu W. Diagnostic value of 18F-

FDG PET/MRI in recurrent pelvis malignancies of female patients: a

systematic review and meta-analysis. Nucl Med Commun. (2018) 39:479–

85. doi: 10.1097/MNM.0000000000000839

43. Deng S, Wu Z, Wu Y, Zhang W, Li J, Dai N, et al. Meta-Analysis of

the correlation between apparent diffusion coefficient and standardized

uptake value in malignant disease. Contrast Media Mol Imaging. (2017)

2017:4729547. doi: 10.1155/2017/4729547

44. Ladefoged CN, Hansen AE, Keller SH, Holm S, Law I, Beyer T, et al. Impact

of incorrect tissue classification in Dixon-based MR-AC: fat-water tissue

inversion. EJNMMI Phys. (2014) 1:101. doi: 10.1186/s40658-014-0101-0

45. Martinez-Moller A, Souvatzoglou M, Delso G, Bundschuh RA, Chefd’hotel C,

Ziegler SI, et al. Tissue classification as a potential approach for attenuation

correction in whole-body PET/MRI: evaluation with PET/CT data. J Nucl

Med. (2009) 50:520–6. doi: 10.2967/jnumed.108.054726

46. Keereman V, Fierens Y, Broux T, De Deene Y, Lonneux M, Vandenberghe

S. MRI-based attenuation correction for PET/MRI using ultrashort echo

time sequences. J Nucl Med. (2010) 51:812–8. doi: 10.2967/jnumed.109.

065425

47. Sekine T, Buck A, Delso G, Ter Voert EE, Huellner M, Veit-Haibach

P, et al. Evaluation of atlas-based attenuation correction for integrated

PET/MR in human brain: application of a head atlas and comparison

to true CT-based attenuation correction. J Nucl Med. (2016) 57:215–

20. doi: 10.2967/jnumed.115.159228

48. Sekine T, Ter Voert EE,WarnockG, BuckA,HuellnerM, Veit-Haibach P, et al.

Clinical evaluation of zero-echo-time attenuation correction for brain 18F-

FDG PET/MRI: comparison with atlas attenuation correction. J Nucl Med.

(2016) 57:1927–32. doi: 10.2967/jnumed.116.175398

49. Chen Y, An H. Attenuation correction of PET/MR imaging. Magn Reson

Imaging Clin N Am. (2017) 25:245–55. doi: 10.1016/j.mric.2016.12.001

50. Civelek A, Rana A, Malayeri A, Rodante J, Dey A, Jha A, et al. Intra and inter

test reproducibility and comparison of PET-MRI and PET-CT derived 18F

-FDG metric measurements. J Nucl Med. (2017) 58:1343.

51. Civelek AC, Malayeri A, Evers R, Bluemke D. How to identify and avoid

MRI-PET Imaging artifacts: Challenges and potential solutions. J Nucl Med.

(2016) 57:1290.

52. Sawicki LM, Grueneisen J, Buchbender C, Schaarschmidt BM, Gomez

B, Ruhlmann V, et al. Comparative performance of (1)(8)F-FDG

PET/MRI and (1)(8)F-FDG PET/CT in detection and characterization

of pulmonary lesions in 121 oncologic patients. J Nucl Med. (2016)

57:582–6. doi: 10.2967/jnumed.115.167486

53. Sommer G, Koenigkam-Santos M, Biederer J, Puderbach M. [Role of MRI

for detection and characterization of pulmonary nodules]. Radiologe. (2014)

54:470–7. doi: 10.1007/s00117-013-2604-4

54. Devic S. MRI simulation for radiotherapy treatment planning. Med Phys.

(2012) 39:6701–11. doi: 10.1118/1.4758068

55. Winter RM, Leibfarth S, Schmidt H, Zwirner K, Monnich D, Welz S, et al.

Assessment of image quality of a radiotherapy-specific hardware solution

for PET/MRI in head and neck cancer patients. Radiother Oncol. (2018)

128:485–91. doi: 10.1016/j.radonc.2018.04.018

56. Paulus DH, Oehmigen M, Gruneisen J, Umutlu L, Quick HH. Whole-

body hybrid imaging concept for the integration of PET/MR into

radiation therapy treatment planning. Phys Med Biol. (2016) 61:3504–20.

doi: 10.1088/0031-9155/61/9/3504

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Nguyen, Beriwal, Moon, D’Ardenne, Mountz, Furlan,

Muthukrishnan and Rangaswamy. This is an open-access article distributed under

the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org 8 September 2020 | Volume 10 | Article 519440

https://doi.org/10.1016/j.ejrad.2016.01.010
https://doi.org/10.2967/jnumed.114.146886
https://doi.org/10.1007/s00330-015-3657-8
https://doi.org/10.1371/journal.pone.0141684
https://doi.org/10.1007/s11604-009-0387-3
https://doi.org/10.1007/s00259-017-3881-3
https://doi.org/10.1371/journal.pone.0172553
https://doi.org/10.1007/s00259-014-2902-8
https://doi.org/10.1016/j.ejrad.2015.08.010
https://doi.org/10.1007/s12149-013-0777-6
https://doi.org/10.1371/journal.pone.0096751
https://doi.org/10.1097/RLI.0000000000000086
https://doi.org/10.1371/journal.pone.0175401
https://doi.org/10.1097/MNM.0000000000000839
https://doi.org/10.1155/2017/4729547
https://doi.org/10.1186/s40658-014-0101-0
https://doi.org/10.2967/jnumed.108.054726
https://doi.org/10.2967/jnumed.109.065425
https://doi.org/10.2967/jnumed.115.159228
https://doi.org/10.2967/jnumed.116.175398
https://doi.org/10.1016/j.mric.2016.12.001
https://doi.org/10.2967/jnumed.115.167486
https://doi.org/10.1007/s00117-013-2604-4
https://doi.org/10.1118/1.4758068
https://doi.org/10.1016/j.radonc.2018.04.018
https://doi.org/10.1088/0031-9155/61/9/3504
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Diagnostic Value of FDG PET/MRI in Females With Pelvic Malignancy—A Systematic Review of the Literature
	Introduction
	Review of Literature
	Staging
	Cervical Cancer
	Endometrial and Uterine Cancer
	Ovarian Cancer

	Restaging
	SUV and DWI Correlation
	Cervical Cancer
	Uterine and Endometrial Cancer

	Prognostication
	Limitations of PET/MRI
	Attenuation Correction of PET Data
	Lung Lesion Detection
	Radiation Treatment Planning


	Conclusion
	Author Contributions
	References


