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INTRODUCTION
Multimodality imaging in the context of diagnostic medical 
imaging can be defined as “the use of a combination of 
imaging techniques or platforms encompassing aspects of 
anatomical, functional or molecular imaging methods”,1 
and it is often used in clinical practice as a term to describe 
the use of different imaging modalities to address a single 
medical problem. In oncology, multimodality imaging 
can aid in diagnosis, staging and treatment response 

monitoring by visualizing different tumour properties, 
thereby providing complementary information on both 
morphology and physiology. Different imaging modalities 
can either be combined retrospectively, after separate acqui-
sition (with or without retrospective image registration 
and/or fusion), or by simultaneous acquisition (commonly 
referred to as “hybrid” imaging), of which PET/CT and the 
more recently introduced hybrid PET/MRI systems are the 
most familiar examples.
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Objectives: To investigate trends observed in a decade 
of published research on multimodality PET(/CT)+MR 
imaging in abdominal oncology, and to explore how 
these trends are reflected by the use of multimodality 
imaging performed at our institution.
Methods: First, we performed a literature search (2009–
2018) including all papers published on the multimo-
dality combination of PET(/CT) and MRI in abdominal 
oncology. Retrieved papers were categorized according 
to a structured labelling system, including study design 
and outcome, cancer and lesion type under investiga-
tion and PET- tracer type. Results were analysed using 
descriptive statistics and evolutions over time were 
plotted graphically. Second, we performed a descriptive 
analysis of the numbers of MRI, PET/CT and multimo-
dality PET/CT+MRI combinations (performed within a 
≤14 days interval) performed during a similar time span 
at our institution.
Results: Published research papers involving multi-
modality PET(/CT)+MRI combinations showed an 

impressive increase in numbers, both for retrospective 
combinations of PET/CT and MRI, as well as hybrid PET/
MRI. Main areas of research included new PET- tracers, 
visual PET(/CT)+MRI assessment for staging, and (semi- )
quantitative analysis of PET- parameters compared to or 
combined with MRI- parameters as predictive biomarkers. 
In line with literature, we also observed a vast increase 
in numbers of multimodality PET/CT+MRI imaging in our 
institutional data.
Conclusions: The tremendous increase in published liter-
ature on multimodality imaging, reflected by our insti-
tutional data, shows the continuously growing interest 
in comprehensive multivariable imaging evaluations to 
guide oncological practice.
Advances in knowledge: The role of multimodality 
imaging in oncology is rapidly evolving. This paper 
summarizes the main applications and recent develop-
ments in multimodality imaging, with a specific focus on 
the combination of PET+MRI in abdominal oncology.
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Advantages of “hybrid” acquisition include – apart from patient 
convenience – improved image co- registration and better 
opportunities to study and correlate dynamic disease processes 
in vivo, such as perfusion and tracer distribution, and tumour 
response to pharmacological and interventional treatments.2,3 
PET/CT has already proven to be a valuable tool in the staging 
of a wide range of malignancies, and its use is recommended in 
many oncological guidelines.4–9 Owing to the growing array of 
tumour- targeted tracers, including prostate cancer radiotracers 
and tracers for somatostatin receptor imaging in neuroendocrine 
tumours, its clinical role keeps evolving.10–13

Already before the development of hybrid imaging systems, it 
was recognized that a multimodality combination of PET with 
anatomical imaging has many potential advantages. Combining 
PET with MRI offers the specific benefits of the superior soft- 
tissue contrast and image resolution of MRI, allowing detailed 
anatomical correlation and local staging.14 In addition, it allows 
multiparametric evaluations by combining the metabolic 
information from PET with functional MR sequences such 
as diffusion- weighted imaging (DWI) and dynamic contrast- 
enhanced (DCE) MRI, to allow simultaneous assessment of 
biological tumour properties such as metabolism, cellularity 
and perfusion. From a safety perspective, the lack of radiation 
in MRI is an additional property that makes MRI an attractive 
modality for repeated longitudinal follow- up and for paediatric 
imaging. The arrival of the first hybrid PET/MRI systems has 
further boosted the field of multimodality PET+MRI imaging 
and research.

With this paper, we set out to investigate trends in published 
research on multimodality imaging during the time span of a 
decade, with a specific focus on the combination of PET(/CT) 
and MRI in abdominal oncology. Second, we explored how 
trends observed in literature are reflected by the use of multi-
modality imaging at our own comprehensive European Cancer 
Centre.

METHODS AND MATERIALS
Literature search
A search strategy was constructed in PubMed (NCBI) to retrieve 
all English- language original research publications (2008–2018) 
combining PET/CT and MRI in a multimodality study setting, 
either acquired as stand- alone modalities (with or without retro-
spective image registration and/or fusion), or using bed system 
combined or fully hybrid PET/MRI systems. The search was 
restricted to studies focusing on abdominal oncology. Main 
search terms included “PET” and “MRI” and “abdominal malig-
nancy” as well as terms referring to various abdominal regions, 
individual organs and specific tumour types (or their respective 
synonyms/MeSH- terms) in the title and/or abstract. Animal 
studies were excluded. Further details of the search strategy 
are provided in Uncited Supplementary Table 1 . All retrieved 
articles were reviewed by a single reviewer (LAM or FC), based 
on title and abstract, to assess eligibility for inclusion. In case of 
doubt, the other reader was consulted to reach consensus. Each 
included paper was labelled (using the Rayyan QCRI online 
application)15 according to the following descriptors:

(1) Study design: prospective/retrospective, single- centre/
multicentre, combination/correlation/comparison of PET 
and MRI:
(note: combination = assessing complementary value of PET 
combined with MRI to predict a clinical outcome; correlation 
= assessing correlation between PET and MRI parameters 
(e.g. SUV and ADC), comparison = comparing diagnostic 
performance of PET to that of MRI);

(2) Method of multimodality imaging: retrospective 
combination of stand- alone PET/CT and MRI with or 
without retrospective image fusion, bed system- combined 
PET/MRI, hybrid PET/MRI;

(3) Type of PET- tracer(s);
(4) Method of image evaluation: visual/qualitative, quantitative, 

other;
(5) Study aim: lesion detection, correlation of PET and MRI 

parameters, response assessment, technical (e.g. sequence 
development and testing), prognostic (e.g. survival 
prediction), or other;

(6) Cancer type;
(7) Lesion type: primary tumour, nodes, metastases, mixed;

Analysis of literature data
Based on the assigned labels, annual numbers of research papers 
in each category and subcategory were determined and relative 
proportions (%) and cumulative effects over time were calcu-
lated using descriptive analyses in Microsoft Excel (Microsoft 
Office 2019, version 16.16.22, Redmond, WA, USA). Trends over 
time were plotted using Microsoft Excel and GraphPad Prism 
(GraphPad Software, version 7.03, San Diego, CA, USA).

Institutional data
Our institute‘s internal picture archiving and communication 
system (PACS; Carestream Vue, version 11.4.1.1102, Carestream 
Health, Rochester, New York, USA) was searched for all MRI 
and PET/CT studies performed from 2008 to 2017 as part of 
routine clinical care. Patients who underwent a multimodality 
combination of both PET/CT and MRI within the same diag-
nostic workup (arbitrarily defined as studies performed within 
a time- interval of ≤14 days) were documented separately. For 
each individual study, the exam date, modality, PET- tracer used 
(if applicable), study description (i.e. body part and protocol) 
and pseudonymized patient identification number were stored. 
Studies were excluded if they were imported from another 
hospital or performed solely for protocol optimization (e.g. 
phantom studies, calibration series) or interventional guidance 
(e.g. MR- guided biopsy). Annual numbers of MRI, PET/CT and 
multimodality combinations of MRI+PET/CT were determined, 
and the relative increase over time compared to the baseline year 
was calculated and plotted in GraphPad.

RESULTS
Main study characteristics
The literature selection process is illustrated schematically in the 
PRISMA flowchart in Figure 1. A total of 443 original research 
papers combining PET/CT and MRI in a multimodality study 
setting for abdominal malignancies were retrieved, including 
a total number of 60,725 patients. The PET- tracer used was 

http://birpublications.org/bjr
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18F- labeled glucose analogue fluorodeoxyglucose ([18F] FDG, 
or “FDG”) in 294/443 studies, 149 studies used other non- FDG 
tracers (a combination of both FDG and non- FDG tracers was 
used in 14 studies). Trends over time are shown in Figure  2. 
Table  1 summarizes the detailed study characteristics for the 
main group of 294 FDG- PET(/CT)+MRI papers. The majority 
of these papers (211/294, 72%) retrospectively combined or 
compared FDG- PET/CT and MRI that were acquired separately, 

the remaining studies (28%) concerned combined PET/MRI 
acquisitions using either hybrid or bed system- combined PET/
MRI scanners. Visual image assessment was the most commonly 
employed method of image evaluation (144/294, 49%), followed 
by papers focusing on quantitative imaging evaluation (96/294, 
33%). The most frequently studied tumour types were gynaeco-
logical and colorectal cancer. The largest subgroups of papers 
focused on assessing the complementary value of PET(/CT) 
combined with MRI (127/294, 43%) or on comparing the diag-
nostic (or predictive) value of PET/CT to that of MRI (113/294, 
38%).

Evolution of PET-tracers used in multimodality 
imaging studies
As shown in Figure  2, FDG was the most frequently reported 
PET tracer (66%). Other reported tracers included mainly those 
used for prostate cancer imaging, that is, choline tracers (11C- 
or 18F- labelled phospholipid precursor)16,17 or prostate- specific 
membrane antigen (PSMA)- based tracers (68Ga- or 18F- la-
belled small- molecule ligands),18–20 and octreotide- based tracers 
(68Ga- labelled octreotide analogs targeted at the somatostatin- 
receptor, overexpressed in many neuro- endocrine tumours).21–25 
After some incidental reports (<10/year) in the first half of the 
study period, reports on the use of these tumour- specific tracers 
showed a marked increase during the second half of the study 
period, with non- FDG tracers constituting a majority (55%) of 
the total number of multimodality imaging research reports in 
2018, the final study year.

Evolutions in stand-alone versus hybrid PET/MRI 
studies
Figure 3 compares the evolution of research focusing on retro-
spective combinations of FDG- PET/CT and MRI, versus 
prospectively combined FDG- PET/MRI acquisition studies. Of 
the 211 studies that retrospectively combined FDG- PET/CT 
and MRI, only a small minority or early studies applied image 
fusion (22/211, 10%). After the introduction of the first commer-
cially available hybrid PET/MRI scanners in 2011, studies with 
hybrid PET/MRI started appearing in 2013. There was a steady 
increase in the following years and a striking peak in 2015, when 
the number of hybrid FDG- PET/MRI studies even exceeded 
the number of retrospectively combined multimodality PET/
MRI studies. Studies using bed system- combined PET/MRI 
scans (where the patient is moved between a separate PET/CT 
and MRI scanner on a single bed, for direct sequential scanning 
without the need of patient repositioning) were sparse (11/294, 
4%), and for this review (focusing on abdominal oncology), the 
last retrieved report of this system dates from 2016.

Image evaluation approaches
As shown in Figure  4, approximately half of the papers 
combining FDG- PET/CT and MRI (144/294, 49%) focused 
on visual (qualitative) image assessment (mainly lesion detec-
tion for primary tumour staging), with more or less consistent 
numbers of reports over time. The main tumour types under 
investigation are detailed in Table 2 and included gynaecological 
and colorectal cancers. A considerable increase over time was 

Figure 1. Literature selection process

Figure 2. Evolution in the annual numbers of PET studies 
inpublished multimodality imaging research, specified for 
the PET- tracer(s) used. FDG: 18F- fluorodeoxyglucose; PSMA: 
prostate- specific membrane antigen; octreotide analogues: 
68Ga- labelled somatostatin receptor ligands; ‘Other tracers’ 
includes tracers used in a single or few of the retrieved studies 
(e.g. fluciclovine, fluorothymidine (18F- FLT), fluoromisonida-
zole (18F- FMISO), dihydroxyphenylalanine (18F- DOPA)).

http://birpublications.org/bjr
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Table 1. Summary of papers on multimodality assessment of FDG- PET and MRI in abdominal oncology

Number %
Total 294 100

Study design Prospective 148 50

Retrospective 134 46

Unspecified 12 4

Single- centre 281 96

Multicentre 8 3

Unspecified 5 2

Combination of FDG- PET(/CT)+MRI (complementary value) 127 43

Comparison of FDG- PET(/CT) vsMRI 113 38

Correlation of FDG- PET(/CT) and MRI parameters 32 11

Other 22 7

Type of multimodality imaging acquisition Stand- alone (separate) acquisition of PET/CT and MRI 211 72

Without image fusion 189 64

With retrospective image fusion 22 7

Hybrid PET/MRI acquisition 72 24

Bed- system combined PET/MRI acquisition 11 4

Method of image evaluation Visual (qualitative) assessment 144 49

Quantitative assessment 96 33

Technical (e.g. development and testing) 38 13

Other 16 5

Study aim Lesion detection 138 47

Correlation between FDG- PET(/CT) and MRI parameters 46 16

Response assessment and prediction 43 15

Technical (e.g. sequence development and testing) 39 13

Prediction of prognostic outcomes (e.g. survival) 20 7

Other 8 3

Tumour type Gynaecological 94 32

Colorectal 63 21

Mixed types 60 20

Liver (primary + metastatic) 20 7

Pancreas 20 7

Upper GI (oesophagus, stomach) 12 4

Urological (prostate, bladder, kidney) 11 4

Anal 6 2

(Continued)
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observed for studies applying quantitative methods of imaging 
assessment, including measurements such as the standardized 
uptake value (SUV, from PET), apparent diffusion coefficient 
(ADC, the main quantitative measure of DWI), parameters from 
dynamic contrast- enhanced MRI (e.g. Ktrans), and volumetric 
measurements. These quantitative studies constituted 33% of 
the total cohort, and mainly focused on correlation between 
FDG- PET and MRI parameters or on use of these parameters 
as “biomarkers” to predict clinical outcomes. Table  3 summa-
rizes the main findings of this latter subgroup of papers focusing 
on FDG- PET(/CT) and MRI parameters used as biomarkers to 
predict response and/or survival, the two most investigated clin-
ical outcomes.

A minority (38/294, 13%) of reports concerned “technical” 
studies that describe the development, optimization and testing 
of new acquisition techniques. These studies showed a peak in 
the first years after the introduction of the first hybrid PET/
MRI systems, and included mostly studies on MRI- based atten-
uation correction techniques51–57 and quality of image co- reg-
istration.58–65 There was a final small subgroup (16/294, 5%) of 

“other” studies, which for example included delineation studies 
(for radiotherapy planning).66,67

Institutional data
During the ten- year study interval, 53.537 MRIs, 27.003 PET/
CTs and 5.660 multimodality MRI+PET/CT combinations 
(performed within a ≤14 day interval) were performed at our 
institution, of which the developments are shown in Figure  5 
(Hybrid PET/MRI is not available at our institution). The overall 
ten- year increase relative to the baseline year (2008) was 108% for 
MRI, 250% for PET/CT and 239% for the multimodality combi-
nation of MRI+PET/CT, with consistently larger proportional 
growth of multimodality PET/CT+MRI combinations compared 
to either PET/CT or MRI on their own (with the exception of 
the final study year). The multimodality PET/CT+MRI combi-
nations included 698 cases where PET/CT was combined with 
abdominal MRI examinations, and in line with our literature 
findings gynaecological and colorectal cancer were amongst the 
main tumour types under investigation.

Number %
Other (GIST, NET, adrenal, screening/volunteers) 9 3

Lesion type Mixed 123 42

Primary tumour 107 36

Distant metastases 43 15

Lymph nodes 21 7

Table 1. (Continued)

Figure 3. Evolution in the annual numbers of original research publications on multimodality combinations of FDG- PET/CT+MRI 
or PET/MRI in abdominal oncology specified per acquisition approach, i.e. retrospective combination of separately acquired FDG- 
PET/CT and MRI (with or without retrospective image fusion) versus prospective combination of PET and MRI using either bed- 
system combined acquisition or fully hybrid acquisition.

http://birpublications.org/bjr
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DISCUSSION
Aim of this paper was to describe main evolutions observed 
in a decade of published research on multimodality MRI and 
PET(/CT) imaging in abdominal oncology, and to see how these 
trends are reflected in data from our own institution. Annual 
numbers of published PET(/CT)+MRI research (as well as PET/
CT+MRI combination studies performed at our own institution) 

showed a gradual and vast increase over time, with gynaeco-
logical and colorectal cancer being amongst the main tumour 
types under investigation. A major boost in PET(/CT)+MRI 
research was observed after the introduction of the first hybrid 
PET/MRI systems, which fully replaced earlier data on retro-
spective image fusion and bed- system combined (sequential) 
PET/MRI. Although a main focus of research throughout the 
study period remained combined use of PET/CT and MRI for 
visual diagnostic evaluations (i.e. lesion detection and tumour 
staging), quantitative analysis of PET- and MRI- based param-
eters as biomarkers of disease took flight in the second half of 
the study period. Another major development was the increased 
use of more tumour- specific tracers (other than FDG) in multi-
modality imaging, in specific the combination of PSMA- based 
PET(/CT) and MRI in prostate cancer.

Stand-alone versus hybrid combination of PET and 
MRI
The majority (72%) of studies retrieved by our literature search 
concerned FDG- PET/CT and MRI examinations acquired 
sequentially, that is, as stand- alone modalities. The largest 
subgroup of these reports (65%) were studies that compared the 
diagnostic value of FDG- PET/CT to that of MRI, but a signif-
icant proportion (33%) evaluated the complementary value of 
combining FDG- PET/CT with MRI, which are essentially the 
studies that fall within the scope of our current paper focusing 
on “multimodality imaging”. In our instutional analysis, a 
remarkable increase was also observed during the study period 
in the number of multimodality PET/CT + MRI combinations 

Figure 4. Evolution in the annual numbers of original research 
publications on multimodality combinations of FDG- PET/
CT+MRI inabdominal oncology, specified per image evalua-
tion approach, i.e. visual (qualitative) assessment, quantitative 
assessment, technical studies (i.e. protocol optimization and 
testing) and “other” (e.g. delineation studies for radiotherapy 
planning).

Table 2. Summary of papers focusing on multimodality combination of PET and MRI for visual lesion detection (for tumour 
staging)

Tumour type
Total no. of studies 

(%) Median number of patients per study (range)
Tumour types/groups with ≥ 10 available studies

Gynaecological cancers 43 (36) 43 (12–493)

  Retrospective combination (separate acquisition)   34 (28)   51.5 (12–493)

  Combined acquisition (hybrid or bed- system PET/MRI)   9 (8)   27 (18–71)

Colorectal cancer 32 (27) 34.5 (12–352)

  Retrospective combination (separate acquisition)   27 (23)   35 (18–352)

  Combined acquisition (hybrid or bed- system PET/MRI)   5 (4)   26 (12–55)

Mixed tumour types 15 (12) 37 (15–237)

  Retrospective combination (separate acquisition)   10 (8)   45.5 (15–237)

  Combined acquisition (hybrid or bed- system PET/MRI)   5 (4)   66 (32–173)

Tumour types/groups with ≤10 available studies

Pancreas 10 (8) 48 (27–644)

Urological (prostate, bladder, kidney) 6 (5) 55 (22–287)

Anal 5 (4) 43 (11–61)

Upper GI (oesophagus, stomach) 4 (3) 46 (19–49)

Liver 3 (3) 35 (12–111)

Other (GIST, adrenal) 2 (2) 12.5 (9–16)

http://birpublications.org/bjr
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performed as part of the same diagnostic work up. These findings 
suggest that PET and MRI offer complementary information 
(both anatomical and functional) that is of growing relevance for 
diagnostic oncologic imaging evaluations. This notion likely also 
led to the development of hybrid PET/MRI systems that became 
commercially available in 2011. Their introduction gave rise to a 
quickly growing number of hybrid PET/MRI reports in literature 
during the direct following years, including a peak in technical 
reports (e.g. on MR- based attenuation correction techniques and 
image co- registration) during the early study years up to 2015. 
In the same period, published research applying retrospective 
image fusion of separately acquired FDG- PET/CT and MRI, as 
well as bed- system combined sequential MRI acquisition more 
or less disappeared, which is likely related to competition of these 
techniques with the newly available and logistically more attrac-
tive hybrid image acquisition techniques.

Although hybrid PET/MRI is considered by many to be the 
next state- of- the- art image modality in oncological research, 
its implementation is still an ongoing process that is to date 
mostly limited to a number of expert clinics and specialized 
oncological and/or dedicated research centres. Initial reasons 
for scepticism included concerns about the image quality as a 
result of technical adaptations required for PET and MR inte-
gration, and the substantially higher costs for installation and 
operation of these devices. Defining the clinical and research 
areas where there is a specific benefit of hybrid PET/MRI acqui-
sition also remains a topic of debate. Currently, there seems to 
be agreement that the value of hybrid PET/MRI lies mainly in 
comprehensive regional evaluation of the local tumour and its 
direct (micro- )environment, rather than competing with PET/
CT for whole- body applications.3,68 In a recent scoping review, 
Morsing et al concluded that preliminary data suggest a superi-
ority of PET/MRI for the detection of local recurrence in pros-
tate cancer, local tumour invasion in cervical cancer, and liver 
metastases in colorectal cancer.69 From the studies included in 
our literature study, it seems that overall the respective benefits 
of PET (i.e. staging of lymph nodes and distant metastases) and 
MRI (detailed local tumour staging) are maintained with simul-
taneous PET/MRI acquisition,70–72 with the added benefit of 
improved imaging efficiency and potentially increased staging 
confidence.2,14,73,74 There have, however, so far been no studies 
that directly compared hybrid PET/MRI to separately acquired 
PET(/CT) and MRI to validate these effects. Other emerging 
and more unique applications of hybrid PET/MRI acquisition 
include theranostic imaging75 and in vivo dynamic evaluation of 
tumour biology, early tumour response and tracer kinetics, but 
these applications are still in early stages of research with only 
limited (pilot) data available.76,77

PET-tracers
Another major development observed during the study period 
was the increased use of non- FDG, more tumour- specific PET- 
tracers, as illustrated in Figure  2, with studies using non- FDG 
tracers constituting even the majority of reports in the final study 
year. This disproportionate increase probably reflects some publi-
cation bias where results of novel tracer types – particularly posi-
tive results – are more likely to be published. Prostate- specific St
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membrane antigen (PSMA)- targeted and choline tracers used in 
prostate cancer imaging, and octreotide analogues that target the 
somatostatin receptor often overexpressed by neuro- endocrine 
tumours, were the most frequently reported. Their value lies 
primarily in the detection of lymph nodes and distant metastases 
from these specific malignancies that typically exhibit a heteroge-
neous or low glucose metabolism and are, therefore, less suscep-
tible to detection by FDG- PET. Recent guideline updates have 
embraced the use of these novel tracers. For example in pros-
tate cancer, PSMA- PET (or alternatively choline- PET) is now 
recommended for patients with biochemical recurrence who are 
considered for salvage treatment,6 with growing evidence that 
PSMA- PET is superior to choline- PET for this purpose.78 For 
primary staging of prostate cancer, PET is currently not recom-
mended by the guidelines, but evidence that PSMA- PET/MRI 
may also be beneficial for these indications is emerging.79,80

Complementary value of FDG-PET and MRI for 
lesion detection and tumour staging
Despite abovementioned recent advances in tumour- specific 
tracers, 18F- FDG remains the main workhorse used for multi-
modality PET(/CT)+MRI imaging in oncology. The abdominal 
tumour types most often assessed with FDG- PET(/CT) and MRI 
within our literature study (as well as in our institutional data) 
were gynaecological and colorectal cancers, which accounted 
for 32 and 21% of all studies. As summarized in Table 2, studies 
focusing on lesion detection and staging varied considerably in 
terms of patient numbers and use of retrospective versus hybrid 
combinations of FDG- PET and MRI. For the gynaecological 
group, most evidence is based on studies involving cervical 
cancer patients, with the largest study including a cohort of 493 
patients. In this study, Kim et al81 constructed and validated a 
nomogram to predict lymph- node metastasis in patients with 
early stages of cervical cancer, which included tumour size on 
MRI, suspicion of lymph node metastasis on whole- body FDG- 
PET/CT and patient age as independent predictors, resulting in 
a model performance of AUC 0.825 (95% CI 0.736–0.895) in 
the validation set. An earlier study already showed that fused 

FDG- PET and MRI images resulted in higher accuracy for 
detection of lymph node metastasis than FDG- PET/CT only 
(AUC 0.735 vs 0.690; p = 0.045) in a cohort of 79 patients with 
FIGO stage Ib- IVa cervical cancer, again suggesting added value 
for the combination of PET and MRI in this setting.82 Sarabhai et 
al70 compared hybrid PET/MRI with only the MRI component, 
and found an improvement in diagnostic accuracy for PET/MRI. 
Not surprisingly, this benefit involved lymph node metastasis 
(accuracy 87% vs 77%) and distant metastasis (accuracy 91% vs 
83%), but not local staging (85% vs 87% correct T- stage). Also 
for recurrent gynaecological malignancies, hybrid PET/MRI 
was shown to outperform diagnostic accuracy of the whole- 
body MRI component alone.83 Combined use of MRI (for local 
staging) and PET/CT (for distant staging) has been adopted as 
a recommended strategy in the most recent joined guidelines 
on cervical cancer from the European Society of Gynaecolog-
ical Oncology (ESGO), the European Society for Radiotherapy 
and Oncology (ESTRO), and the European Society of Pathology 
(ESP), in particular for patients considered for curative intent 
chemoradiotherapy. Use of hybrid PET/MRI as an alternative 
approach is not specifically mentioned or discussed.84

In colorectal cancer, MRI is routinely used for detailed local 
staging in rectal cancer and has a known added benefit compared 
to CT for the detection of liver metastases, in particular for small 
lesions.85,86 For primary staging in case of localized disease, PET/
CT is not routinely recommended in current guidelines.87 PET/
CT is mainly advised as a problem solver in addition to routine 
staging, for the detection of extra hepatic disease (in candidates 
for local treatment of liver metastasis) and for the detection of 
recurrent disease after primary resection.88 Vigano et al studied 
the role of FDG- PET/CT in 107 colorectal cancer patients before 
resection of liver metastasis. FDG- PET/CT revealed extra- 
hepatic disease (mainly lymph nodes and peritoneal disease) in 
28.8% (17/56) of the cases, which prevented futile liver resection 
in 20.3% (15/74) of patients deemed resectable by CT and/or 
MRI.89 Use of PET is also increasingly being studied to assess 
response to chemotherapy or chemoradiotherapy in colorectal 

Figure 5. Annual growth of MR imaging studies, PET/CTs and multimodality MRI+PET/CT imaging combinations observed in our 
institution relative to the benchmark year 2008.
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cancer and several studies have suggested a possible comple-
mentary role for FDG- PET/CT next to MRI for detection of a 
complete local response, detection of remaining pelvic lymph 
nodes and distant metastasis after treatment.90–92 Catalano et 
al93 were among the first to compare the (re- )staging accuracy 
of FDG- PET/CT and hybrid PET/MRI in colorectal cancer. In a 
small series of 26 patients, assigned stage was discordant between 
the two hybrid modalities in 7/26 patients, and all but one patient 
were correctly staged using PET/MRI. Further evidence on 
whether there is a potential benefit to perform hybrid PET/MRI 
in colorectal cancer is sparse.

Finally, there have been some reports in mixed abdominal cancer 
types suggesting that PET and MRI may have a complementary 
value to improve overall diagnostic staging confidence and for 
the diagnostic management of patients with peritoneal carci-
nomatosis. Wang et al94 studied 128 patients (including ±48% 
colorectal cancer patients) that were considered for cytoreduc-
tive surgery and hyperthermic intraperitoneal chemotherapy 
(HIPEC) and had undergone FDG- PET/CT, of which 91 in 
adjunct to CT and/or MRI. In the latter group, PET/CT had a 
complimentary role which contributed to patient management 
in 33/91 cases by confirming or excluding peritoneal and/or 
extraperitoneal disease. In a study combining FDG- PET/CT and 
MRI for side- by- side- diagnostic assessment of 201 patients with 
different abdominal cancer types, a net increase in diagnostic 
confidence was seen compared to separate assessment of either 
PET/CT or MRI, with potential clinical impact in 1 out of 9 study 
patients.14

Quantitative studies on PET and MRI biomarkers
As shown in Figure 5, we observed a significant increase over time 
in published reports focusing on quantitative PET(/CT)+MRI 
assessment, eventually constituting approximately one third of 
all reports in the final year of our literature review. These studies 
look beyond lesion detection and regard the images as a dataset, 
which can be used to render quantifiable variables that may serve 
as biomarkers to predict clinical outcomes such as tumour stage, 
treatment outcome and survival26,28,31,32,36–39,41,43–45,49,50 or 
correlate with other prognostic tumour markers such as histo-
logical tumour grade, hypoxia or microvascular invasion.95–99 
ADC and SUV were amongst the most frequently reported 
imaging markers, and several studies reported a significant 
inverse correlation between higher tumour SUV values and lower 
ADCs.30,46,100–107 The common hypothesis is that tumours with a 
high cellular density (that show restricted diffusion and therefore 
low ADC values) will typically also exhibit an increased glucose 
metabolism, reflected by high SUV values. summarizes the main 
findings of studies focusing on use of PET and MRI biomarkers 
to predict response and/or survival, which constituted the two 
main investigated clinical outcomes. Methodology and results of 
these studies were highly variable. Despite this variation, a recur-
ring finding was that higher tumour SUV, MTV or TLG and 
lower ACD values are generally associated with unfavourable 
outcomes (incomplete response, disease recurrence, reduced 
survival). It is worth mentioning that many of the studies in are 
preliminary reports that compare, rather than combine, the value 
of PET- and MRI- derived variables as predictors in univariable 

analysis.26,28,32,37,39,41–45,49 Overall, there were fourteen studies 
(out of the 25 included in ) that combined PET and MRI- param-
eters as potential outcome predictors in more comprehensive 
multivariable analyses,27,29,31,33–36,38,40,46–48,50,108 of which 6/14 
found complementary value for the two techniques.27,31,34,36,48,50 
In the remaining eight reports, either no complementary value 
was found (6/14 studies) or this was not explicitly analysed or 
reported (2/14 studies). Only two reports included (cross-) vali-
dation of data.27,36

Amongst the papers with positive findings on the combined 
use of PET and MRI parameters, Joye et al developed a model 
incorporating PET and MRI, but also molecular variables, to 
predict response to chemoradiotherapy in rectal cancer. They 
found that combining the multimodality information from PET 
and MRI resulted in optimal predictive performance, outper-
forming prediction models based on either of the two imaging 
modalities on its own or those based on molecular markers.36 
In a preliminary study including a total of 102 patients (training 
n= 69, testing n= 33), Lucia et al27 evaluated the value of 92 pre- 
therapy PET/CT and MRI (T2- weighted, DWI and DCE- MRI) 
texture parameters to predict locoregional control and disease- 
free survival in patients treated with chemoradiotherapy for 
locally- advanced cervical cancer. They found a Radiomics signa-
ture based on a combination of ADC (Entropy- GLCM) and PET 
(GLNU- GLRLM) parameters to be highly predictive for locore-
gional control (AUC 1.0). Additional large- scale research, pref-
erably including independent validation cohorts, is required to 
help further establish the benefit of multimodality quantitative 
PET+MRI evaluation in building clinical models that predict 
outcome and prognosis.

Our study has some limitations. Firstly, the scope of this review, 
“multimodality PET/CT and MRI in abdominal oncology” is 
too wide (including a wide range of tumour types, study designs 
and studied outcomes) to provide an in- depth or systematic 
review of all available literature. Our primary aim was to provide 
(including a wide range of tumour types, study designs and 
studied outcomes) to provide an in- depth or systematic review of 
all available literature. Our primary aim was to provide a broad 
overview of observed trends and highlight some key develop-
ments. Secondly, our institutional data was retrieved as raw data 
from the PACS system, and the large numbers did not allow a 
detailed (per- patient) classification to be fully in line with the 
literature search. Our institutional data analysis was mainly 
intended to provide some insights into how trends observed 
in literature translate to evolutions in the use of multimodality 
imaging in an oncologic referral centre, using our institutional 
data as an anecdotal example.

CONCLUSIONS
This review has shown that the field of multimodality imaging 
has evolved in several ways. During the study period hybrid 
PET/MRI systems were introduced, which gave rise to a major 
novel field of research, while at the same time shifting the focus 
away from retrospective PET(/CT)+MRI image fusion and 
bed system- combined PET/MRI acquisition. New PET- tracers 
have found their way into clinical practice. Studies focusing on 
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combined quantitative analysis of PET and MRI data have taken 
flight and (multiparametric) predictive models incorporating 
these imaging biomarkers to predict clinical outcomes such as 
survival and treatment response are now being developed and 

tested. The next decade of research will need to further estab-
lish the true clinical potential of such prediction tools as well as 
define the definite role of hybrid PET/MRI for clinical research 
and practice.
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