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Abstract
Purpose: The role of hybrid imaging using 18F-fluoro-2-deoxy-D-glucose positron-emission tomography (FDG-PET),
computed tomography (CT) and magnetic resonance imaging (MRI) to improve preoperative evaluation of rectal
cancer is largely unknown. To investigate this, the RECTOPET (REctal Cancer Trial on PET/MRI/CT) study has been
launched with the aim to assess staging and restaging of primary rectal cancer. This report presents the study
workflow and the initial experiences of the impact of PET/CT on staging and management of the first patients
included in the RECTOPET study.
Methods: This prospective cohort study, initiated in September 2016, is actively recruiting patients from Region
Västerbotten in Sweden. This pilot study includes patients recruited and followed up until December 2017. All
patients had a biopsy-verified rectal adenocarcinoma and underwent a minimum of one preoperative FDG-PET/CT
and FDG-PET/MRI examination. These patients were referred to the colorectal cancer multidisciplinary team meeting at
Umeå University Hospital. All available data were evaluated when making management recommendations. The clinical
course was noted and changes consequent to PET imaging were described; surgical specimens underwent dedicated
MRI for anatomical matching between imaging and histopathology.
Results: Twenty-four patients have so far been included in the study. Four patients were deemed unresectable, while
19 patients underwent or were scheduled for surgery; one patient was enrolled in a watch-and-wait programme after
restaging. Consequent to taking part in the study, two patients were upstaged to M1 disease: one patient was diagnosed
with a solitary hepatic metastasis detected using PET/CT and underwent metastasectomy prior to rectal cancer surgery,
while one patient with a small, but metabolically active, lung nodulus experienced no change of management. PET/MRI
did not contribute to any recorded change in patient management.
Conclusions: The RECTOPET study investigating the role of PET/CT and PET/MRI for preoperative staging of primary rectal
cancer patients will provide novel data that clarify the value of adding hybrid to conventional imaging, and the role of
PET/CT versus PET/MRI.
Trial registration: NCT03846882.
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Introduction
Imaging is of paramount importance when tailoring treatment strategies in patients with rectal cancer. Together
with clinical examination and endoscopy, magnetic resonance imaging (MRI) of the pelvis is essential both in the
initial setting and in restaging [1–3], providing assessment
of the four main risk factors for disease recurrence: the extent of the primary tumour (T stage); metastases to locoregional lymph nodes (N stage); the presence of extramural
venous invasion (EMVI); and the distance from the primary tumour to the mesorectal fascia (MRF). Of these risk
factors, the N status is the most challenging to evaluate
[4–8]. Furthermore, it is difficult to distinguish lymph
nodes from tumour deposits. This is clinically important
as recent studies have suggested that tumour deposits are
associated with a worse survival outcome than metastatic
lymph nodes alone [9–11]. In patients with a clinical
complete response or near complete response after neoadjuvant therapy (short-term radiotherapy [RT], chemoradiotherapy [CRT] and chemotherapy), organ-saving
strategies such as local excision and the watch-and-wait
approach are now also valid options [2, 12], highlighting
further the importance of accurate restaging after neoadjuvant treatment.
For primary assessment of possible metastatic disease
(M stage), the standard procedure is computed tomography (CT) of the thorax and abdomen. Other modalities,
such as positron emission tomography using 18F-fluoro-2deoxy-D-glucose (FDG-PET) combined with CT, i.e.
FDG-PET/CT, are considered in selected cases, but this is
not recommended for evaluating local spread. It is mainly
used in cases of equivocal distant spread and/or recurrent
disease [13, 14].
3 T MRI scanners with integrated PET have become
increasingly available at larger medical centres, and integrated PET/MRI is already performed in clinical practice
as an alternative to PET/CT when optimal soft-tissue
contrast is of importance, i.e. in head-and-neck, brain,
solid organ, and musculoskeletal imaging, and when imaging children and women of fertile age [15]. Although
there are a number of studies evaluating the role of integrated PET/MR imaging in colorectal patients [16–20],
dedicated assessment of locoregional tumour involvement in primary rectal cancer has hitherto been evaluated sparsely, though with promising initial results [17].
Hypothetically, integrated FDG-PET/MRI could improve staging and restaging of rectal cancer either as a single imaging method or in addition to the routine clinical
workup. This would be particularly advantageous in extramural disease, whether in regard to N status, EMVI,
tumour deposits or MRF involvement. The ongoing prospective RECTOPET (REctal Cancer Trial On PET/MRI/
CT) study primarily aims to evaluate PET/MR imaging in
the pelvis in addition to conventional diagnostic MRI for
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locoregional staging/restaging of rectal cancer, while the
secondary aim is to evaluate the role of PET/CT in this
patient group. The aim of the current report is to present
a feasible workflow for including PET/CT and PET/MRI
in the clinical practice as well as the first experiences of
the impact of PET/CT on staging and treatment for the
patients included in the RECTOPET study.

Materials and methods
Patient population

All patients in Region Västerbotten, Sweden, in whom
rectal cancer was strongly suspected, were eligible for inclusion in this prospective observational cohort study
(NCT03846882). Patients were enrolled by surgeons and
gastroenterologists from all three hospitals in the catchment area. Inclusion started in September 2016 and recruitment is still ongoing. The study was approved by
the Regional Ethical Review Board in Umeå, by the Radiation Protection Committee in Umeå, and participation
required written informed consent from each patient.
The inclusion criteria were: a) clinical- and/or biopsyproven diagnosis of rectal cancer (inferior tumour margin
less than 15 cm from the anal verge), b) written informed
consent, and c) age over 18 years. The exclusion criteria
were: a) impaired renal function, b) any contraindication
to iodinated contrast media, c) contraindications for MRI,
d) pregnancy and breastfeeding, e) a diagnosis other than
rectal cancer, verified at biopsy e.g. benign dysplasia and
anal cancer, and f) emergency surgery.
All the included patients were examined preoperatively
with FDG-PET/CT and FDG-PET/MRI, replacing the
conventional CT and MRI examinations performed as
part of the clinical routine. For patients receiving neoadjuvant treatment followed by delayed surgery, a restaging
second FDG-PET/CT and FDG-PET/MRI was performed preoperatively, 6 to 8 weeks after completed
neoadjuvant treatment. Postoperatively, MRI of the
surgical specimen was performed and, finally, histopathological analysis with finding-to-finding anatomical
matching was performed. The flowchart in Fig. 1 presents the path of the included patients through the various examinations involved in the RECTOPET study.
Patient characteristics

By December 2017 a total of 27 patients had been included. Three patients were subsequently excluded: one
due to a histopathologically verified anal cancer; one due
to an adenoma with low grade dysplasia; and one because
the patient decided to abandon the MRI examination due
to the noise. This gave a total study population of 24
patients (13 men, 11 women; median age 71 years, range
45–91) of which four had unresectable disease and were
treated with palliative radiation and/or chemotherapy. Of
the remaining 20 patients, 14 had elective surgery (13 with
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Fig. 1 Flowchart for the included patients in the RECTOPET study

abdominal resection and one with transanal endoscopic
microsurgery), one patient with a clinical complete response after neoadjuvant treatment was followed up in a
watch-and-wait programme, and five patients were scheduled for surgery. The 14 patients who had undergone surgery provided 13 surgical specimens for MRI examination.
Clinical details are presented in Table 1.
FDG-PET/CT

The patients fasted for at least 6 h prior to the PET/CT,
and a pre-examination blood glucose value below 11
mmol/L was verified in accordance with the European
Association of Nuclear Medicine guidelines [21]. Image
acquisition was performed using a Discovery 690 PET/
CT scanner (GE Healthcare, Milwaukee, WI, USA), in
supine position with arms raised above the head, from
the orbitomeatal plane to the proximal thighs. Initially, a
low-dose 120 kV 30 mA CT was acquired for attenuation
correction. PET acquisition commenced 60 min post-injection of 4 MBq/kg, using a 2-min per bed position acquisition in time-of-flight mode. PET images were
reconstructed using the iterative VuePoint FX, with 2
iterations, 24 subsets, 6.4 mm post-filter, with attenuation, scatter and decay corrections. Finally, a contrastenhanced CT was acquired with 120 kV, 150–700 mAs
Auto-mA (35 Noise Index) and 0.625 mm slice thickness. The contrast CT was performed with a split-bolus
intravenous injection of iodine contrast (Omnipaque
350 mg I/ml, 0.5 g I/kg).
FDG-PET/MRI

FDG-PET/MRI of the pelvis was performed using a 3 T
PET/MRI (SIGNA PET/MRI, GE Healthcare, Milwaukee,
WI) started 120 min after FDG injection. A phased-array
surface coil was used in a standardized protocol consistent

with the European Society of Gastrointestinal Radiology
consensus guidelines [3, 22]. 40 mg of butylscopolamine
bromide (Buscopan, Boehringer Ingelheim) was used as an
intravenous antiperistaltic agent; if contraindicated, 1 mg (1
IE) of glucagon (Glucagon, Novo Nordisk) was used instead. No intravenous contrast agent was administered.
The standard pulse sequences consisted of multiplanar 2D
T2-weighted fast spin-echo (transaxial, sagittal and coronal)
with 3–4 mm slice thickness, a high-resolution oblique sequence perpendicular to the rectal tumour with a slice
thickness of 3 mm and a transaxial diffusion-weighted sequence (b = 200 and b = 800, including an ADC map). In
addition, the protocol included a transaxial 3D T1-weighted
spoiled gradient-echo sequence with 1 mm slice thickness
covering the pelvic region to facilitate the identification of
lymph nodes. A 30-min PET time-of-flight acquisition was
acquired simultaneously using MRI. The much longer PET
acquisition time than the standard clinical PET protocols,
both for the CT and MRI imaging, allowed observation of
PET uptake in lymph nodes which normally cannot be visualized, as shown in previous research [23]. Images were
reconstructed using the iterative VuePoint FX, with 2 iterations, 24 subsets, 5.0 mm post-filter, with MRI-based attenuation correction, scatter and decay corrections. MRI
parameters are summarized in Table 2.
Evaluation of FDG-PET/CT and FDG-PET/MRI

FDG-PET/CT was evaluated according to clinical routine
by radiologists, with dual certification in nuclear medicine
and radiology, who had full knowledge of all the available
clinical details and the standard diagnostic work-up. FDGPET/MRI were interpreted by abdominal MRI radiologists
according to clinical routine for conventional MR imaging;
these personnel also had complete access to all clinical
data, as well as FDG-PET/CT. The imaging results were
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Table 1 Clinical and imaging data for the first 24 patients
included in the RECTOPET study
Variables

N

%

Male

13

54

Female

11

46

Sex

Tumour height
≤ 5 cm

11

46

6–10 cm

8

33

11–15 cm

5

21

0

1

4

1

1

4

2

8

33

cT stage

Management of the surgical specimen

In all cases where the patient underwent surgical resection, the specimen was placed in the same 3 T PET/MRI
scanner used for the preoperative FDG-PET/MRI. Subsequently, anatomical matching of individual nodal
structures in the radiological examinations and histopathology was performed. A detailed description and results of the matching procedure is currently a work in
progress, an example of which can be seen in Fig. 2.

3

12

50

Results

4

2

8

Impact of FDG-PET/CT on radiological tumour stage and
clinical management

All 24 patients included in this initial study population
underwent FDG-PET/CT with a median time interval
from FDG injection to examination of 60 min (interquartile range: 60–60.25 min), followed by PET/MRI with a
median time interval from FDG injection to examination
of 122.5 min (interquartile range: 120.75–125.25 min).
Two of the patients had PET/CT and PET/MR imaging 4
and 14 days apart, respectively, due to technical problems.
Of the 24 included patients, two were upstaged to M1 disease consequent to taking part in the study. For one patient, a previously non-visible lesion, with increased
metabolic activity without corresponding morphological
changes, was demonstrated in the right liver lobe at the
second FDG-PET/CT imaging after RT (Fig. 3). MRI of
the liver confirmed the diagnosis of a solitary liver metastasis, thus upstaging this patient with a cT2N0 tumour from
M0 to M1. Patient management was therefore changed
based on the results of FDG-PET-imaging only, and the patient underwent hepatic metastasectomy. In the other case,
lung nodules were classified as malignant due to increased
metabolism detected by the PET-CT (Fig. 4). Moreover, in
a third case, lung nodules were evaluated as suspicious for
malignancy with FDG-PET imaging based on a minor increase in metabolic activity, but were classified as indeterminate on CT and therefore as MX disease; these nodules
also turned out to be unequivocally malignant on follow-up
imaging with CT 6 months after surgery.
Two patients had incidental findings of suspected thyroid cancers on FDG-PET imaging; one case was confirmed by histopathology (oncocytic carcinoma) after
hemithyroidectomy, while the other was shown to be a benign lesion (Hürthle cell metaplasia). One patient had a
finding of a duodenal polyp on FDG-PET imaging, and
subsequently underwent biopsy which revealed low grade
dysplasia; surveillance has been initiated. PET/MRI results
were available but did not contribute to any recorded

cN stage
0

15

63

1

3

13

2

6

25

cM stage
0

14

58

1

9

38

X

1

4

Direct surgery

5

21

Radiotherapya

10

42

Chemoradiotherapy

3

13

Palliative

4

17

Otherb

2

8

0c

3

0

1

2

8

2

3

13

3

10

42

4

0

0

No specimen yet/ever

6

25

Management

pT stage

pN stage
0

10

42

1

6

25

2

2

8

No specimen yet/ever

6

25

Adjuvant therapy
No

5

25

Yes

5

46

c clinical, p pathological
One patient with a clinical complete response, in watch-and-wait programme;
one patient declined curative surgery due to intervening femur fracture
b
One patient referred for surgery of a synchronous lung metastasis from renal
carcinoma; one patient underwent diagnostic transanal
endoscopic microsurgery
c
One patient with dysplasia; one patient with complete pathological response;
one patient with no residual tumour
a

compiled and presented at the weekly colorectal cancer
multidisciplinary team meeting. Any change in diagnosis
and management consequent to PET imaging reported by
the clinical radiologists was noted.
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Table 2 MRI protocol parameters used in the RECTOPET study
Sequence

TR [ms]

TE [ms]

ETL

FOV [mm]

Slice thickness/gap [mm]

NEX

Matrix

Acq. time

BW
[Hz/px]

Sag T2 FRFSE

3900

102

20

200 × 200

3.0/0.0

3

320 × 320

04:33

223

Ax T2 FRFSE

5719

100

16

270 × 270

4.0/0.4

1

384 × 256

03:38

325

Cor T2 FRFSE

4000

102

23

220 × 220

3.0/0.0

3

320 × 320

04:16

260

T2 perp (ax)

4000

100

16

210 × 210

3.0/0.0

2

384 × 256

04:32

260

Ax DWI Focus

3500

69.4

–

240 × 120

4.0/0.0

1

160 × 80

04:47

3125

Ax T1 FSPGR

4.7

1.9

–

256 × 256

1

1

256 × 256

04:53

488

FRFSE Fast relaxation fast spin echo, FSPGR Fast spoiled gradient echo, TR Repetition time, TE Echo time, ETL Echo train length, FOV Field of view, NEX Number of
excitations, BW Bandwidth, DWI Diffusion-weighted magnetic resonance imaging

change in patient management. A typical PET/MRI image
is presented in Fig. 5.
In conclusion, the clinical management of one patient
was unequivocally changed in regard to rectal cancer, and
resulted in a hepatic metastasectomy. One patient was
upstaged to M1 disease based on the PET information
from the staging FDG-PET/CT. However, this did not

change the clinical management. Three more patients had
findings not related to the rectal cancer; of these, two patients eventually underwent hemithyroidectomy.

Discussion
The ongoing RECTOPET study evaluates the benefit of
adding hybrid imaging to preoperative staging and

A

B

C

D

Fig. 2 An exemple of the matching process. Anatomically matched lymph node, measuring 2.5 mm in short axis, seen in a transaxial T2
weighted sequence perpendicular to the tumour, b transaxial T1-weighted sequence MRI of the surgical specimen, c in the finding-by-finding
description using the photographed slices arrayed numerically, and d at microscopy, using hematoxylin & eosin stain at 1.5x magnification, where
no malignant growth was seen
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B

C

Fig. 3 Focally increased metabolic activity in the right liver lobe without corresponding morphological changes in the second FDG-PET/CT
imaging after neoadjuvant treatment. a FDG-PET; b FDG-PET/CT; c CT

restaging of rectal cancer. Although this is an observational study only, it resulted in a change in clinical management and a revised prognosis for study participants
consequent to taking part. Following the standard clinical routine, PET/CT or PET/MRI would not have been
performed in these cases. For the 24 included patients,
liver metastasis was detected in one patient with PET/
CT with subsequent surgery, and one patient had metastatic lung nodules demonstrated, though without a
change in management.
There are many limitations of the current study. It is a
single-centre study in a university setting, which not only
reduces generalizability but also diminishes the sample
size. This necessitates a relatively long study period, and
the study is expected to stop recruiting patients in 2020.
PET acquisition is conducted at different times and with
different acquisition times for the CT and MRI hybrid
scanners, which may make comparisons between modalities difficult; however, it is expected that PET/CT and

A

B

PET/MR imaging will offer benefits when evaluating distant and locoregional metastases, respectively, in different
anatomical regions. At a later stage a reversed sequence is
planned, i.e. PET/MRI with a post-injection delay of 60
min and PET/CT at 120 min, to examine the impact of delayed imaging. It should also be noted that, in comparison
to PET-CT examinations, the PET-MR imaging was performed with somewhat more post-injection period variation; the interquartile range was narrow around 120 min,
while a few outliers were present. In the few instances
where the examination was delayed more than 10 min in
the PET/MRI scanner, this was invariably due to hardware
malfunction demanding a time-consuming system reboot.
Moreover, the clinical observations reported in this preliminary report must be considered provisional because the
study lacked a control to establish management with and
without the availability of PET/CT or PET/MRI, or the
value of these techniques. Without the added metabolic information from the PET imaging, it is deemed very unlikely

C

Fig. 4 Solid subpleural nodule measuring 7 mm with increased metabolic activity (SUV max 2.8) in the right lower pulmonary lobe in the staging
FDG-PET/CT. a FDG-PET; b FDG-PET/CT; c CT
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A

B

C

D

Fig. 5 A PET/MR image of the same patient as that in Fig. 3. a Transaxial T2 weighted sequence perpendicular to the tumour; b FDG-PET/MR
image with a T2 weighted MR sequence; c Transaxial diffusion-weighted sequence (b = 800 s/mm2) d Static 3D MAC PET image

that the change in management reported in this study,
which is based on the radiologists’ reports, would have been
implemented. To properly evaluate changes in management,
there must be an independent and blinded review of the examinations in the setting of a multidisciplinary team meeting assembled expressly for this purpose.
PET/CT can be used preoperatively to evaluate distant
metastasis in locally advanced disease or when conventional
staging is equivocal prior to surgery for liver metastases,
and in patients with rising levels of carcinoembryonic antigen; nonetheless, the role of PET/CT is not completely settled [24] . Previous research has shown a higher sensitivity
for PET/CT than CT alone as a single modality when
assessing M stage in colorectal cancer patients before neoadjuvant therapy, with a pooled sensitivity and specificity
of 91 and 95%, respectively, for PET/CT compared to a
sensitivity and specificity of 91 and 16%, respectively, with
CT [25]. Sensitivity and specificity for PET/CT in regard
to assessment of N stage is lower, 70 and 64%, respectively
[25]. However, the accuracy is highly dependent on the

method of evaluation [26]. These findings might not always translate to clinical importance, but a meta-analysis
of data from mixed colorectal cancer studies indicates that
management changes occur in 24% of cases as a consequence of PET/CT, as reflected in the fact that extrahepatic disease is found in 32% of all cases [27]. Such
benefits have not been unequivocally found in primary
rectal cancer using PET/CT as part of the initial diagnostic
work-up; tumour stage is typically redefined, whereas the
impact on clinical management is less (ranging from 12 to
25%), and surgical plans are revised the least (0–6%)
[28–30]. The added value of PET/CT for clinically important management changes seems to be greatest in
more advanced tumour stages [29, 30]. In contemporary practice, some of the decade-old studies may not be
entirely relevant and, because none of the above studies
were population-based, they all have selection bias in
common. In the current study, surgical management
was unequivocally changed in one patient; this is in line
with the literature and an expected preliminary result,
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given that hybrid imaging was routinely and not selectively used. It must also be acknowledged that lesions
not related to rectal cancer were found resulting in
other management changes, although with ambiguous
clinical consequences, as any beneficial or adverse effects are unclear at this stage.
Quite a number of hybrid PET/MRI studies on colorectal
cancer have been published in recent years, although not
all concern primary staging [17–20, 23]. Paspulati et al conducted a study on 12 colorectal cancer patients, but only
two had rectal cancer, for whom the authors reported an
advantage of PET/MRI in T-staging. However, the primary
comparison was between PET/CT and PET/MRI, and does
not preclude that the reported benefit of the PET/MR imaging was due to the conventional MRI part of the PET/
MRI [17]. Jeong et al studied nine patients with non-irradiated rectal cancer to evaluate metabolic activity in relation
to diffusion-weighted MRI and showed an inverse correlation in the primary tumour. However, no histopathology
was available, and nodal structures were not evaluated [18].
Kang et al studied a mixed colorectal cancer population
and evaluated whole-body PET/MRI compared to contrastenhanced CT. Imaging data were compared to histopathology in 12 surgical treatment-only cases, and PET/MRI
was found to be superior at predicting local tumour stage;
however, no comparison with diagnostic MRI was made.
Moreover, three out of 19 patients in the primary staging
group had management changes relating to downstaging
(exclusion of metastases). It is still unclear whether conventional liver MRI and/or PET/CT would have given the
same result, as no such comparison was made [19]. Plodeck
et al. evaluated PET/MRI in diagnosing locoregional rectal
cancer recurrence in a retrospective cohort of 44 patients,
showing high accuracy; again, no comparison was made
with diagnostic MRI, and primary staging was not investigated [20]. Bailey et al performed a study on 22 patients
with rectal cancer, using PET/MRI in primary staging,
showing that longer acquisition times improved the detection rate of radiologically abnormal and metabolically active
lymph nodes; unfortunately, no histopathological comparison was performed [23].
In the current study, no additional clinical benefit of
the hybrid PET/MRI was noted during the prospective
clinical phase.
The RECTOPET study is ongoing. Although the benefits of adding PET/CT as well as PET/MRI to the clinical
routine in this group of patients so far are admittedly
small, we have shown that it is feasible to perform these
examinations as well as MRI of the resected specimen
within the clinical work flow. This set up would allow
correlation of different morphological and functional imaging biomarkers between the hybrid imaging modalities, before and after neoadjuvant treatment, as well as a
matched comparison with histopathological findings.
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Conclusion
In conclusion, replacing conventional imaging with hybrid imaging using both PET/CT and PET/MRI for staging and restaging of rectal cancer can be performed in
the clinical setting. This will allow novel research on
PET/MRI in particular, including a more detailed evaluation of imaging-based prognostic factors than that
achieved when each examination is performed alone.
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