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LI-RADS (Liver Imaging Reporting and Data System) is a comprehensive
system for standardise interpretation and reporting of CT, MR and US
examinations performed on patients at risk for hepatocellular carcinoma
(HCC). LI-RADS was developed by a large committee with international
and multidisciplinary input and is supported by the American College of
Radiology (ACR). The aims of LI-RADS are to:
• Establish minimum technical parameters for CT, MR, and US HCC
surveillance
• Standardise: terminology, interpretation, reporting and imaging
management
• Enhance communication among radiologists, hepatologists, surgeons
and pathologists
LI-RADS (version2017) was released at the end of June 2017. Different
from the previous versions, which were PowerPoint based, the new
version is a downloadable pdf. New content in v.2017 includes
modules on ultrasound surveillance, contrast enhanced ultrasound
(CEUS), reporting, management and tumour response. In addition,
the CT/MR algorithm has been modified. The details of these
changes will be discussed.
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Abstract
Nasopharyngeal carcinoma (NPC) is most commonly an undifferenti-
ated carcinoma with a strong association with the Epstein Barr virus
(EBV) and familial tendency. MRI is the modality of choice for NPC
staging of the primary tumour and nodal metastases. The primary
tumour spreads to the nasal cavity and infrequently to the orophar-
ynx (T1); parapharyngeal space, medial and lateral pterygoid, and
prevertebral muscles (T2); skull base, cervical vertebrae, pterygoid
structures and paranasal sinuses (T3); intracranial structures, cranial
nerves, orbit, parotid gland, beyond the lateral margin of the lateral
pterygoid muscle, and hypopharynx (T4). NPC has a propensity to
spread to nodes, the first echelon being nodes in the retropharyn-
geal region or upper internal jugular chain from where nodes spread
in orderly fashion down the neck. Nodal staging differs from that
squamous cell carcinoma in that bilateral nodes are down staged to
NI when they are retropharyngeal, 6cm is the only criterion for size,
and lower neck nodes are designated as N3. The first part of the lec-
ture will focus on MRI staging of primary tumour and nodal metasta-
ses using a structured approach and report. The lecture will illustrate
the staging process including assessment of the complex anatomy at
the skull base, highlight areas important for NPC management, and
review the changes in the latest 8th edition of the UICC/AJJC
classification.
More recently MRI is also being used for the early detection of NPC.
MRI has a high diagnostic accuracy of NPC detection, 10% of MRI de-
tected NPCs are endoscopically occult, and MRI identifies slow grow-
ing tumours up to three years before they can be found
endoscopically. In the second part of the lecture this new role of MRI
for early detection of NPC in symptomatic patients and subjects in
EBV population screening studies will be discussed.
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Many different malignant neoplasms may be seen in the head and
neck, one of the most common arises from the mucosal surfaces,
being squamous cell carcinoma. These cancers spread along the
mucosal surface, but also submucosally, typically preferring the paths
of least resistance. As there are many nerves present in the head and
neck region, these structures may provide tumours the opportunity
to spread over a considerable distance from their point of origin.
Perineural tumour spread occurs in all head and neck malignancies;
adenoid cystic carcinoma, a tumour of salivary gland origin, is notori-
ous for its tendency to spread along nerves. Perineural tumour
spread is associated with a decreased survival rate. Symptoms in-
clude pain, paraesthesias and muscle weakness, but about 40% of
patients do not show particular symptoms. Imaging diagnosis is im-
portant to map the full tumour extent, and to avoid tumour progres-
sion from unrecognised perineural spread.
Perineural tumour spread occurs most frequently along the maxillary
nerve, mandibular nerve and facial nerve. Imaging findings in peri-
neural tumour spread include thickening and/or enhancement of
one or more nerve branches; widening, destruction or enhancement
of a skull base neural foramen or canal (e.g. foramen ovale, vidian
canal); small tumoural lesions at some distance from the primary site,
in a neural 'crossroad' such as the pterygopalatine fossa or Meckel's
cave; denervation atrophy of muscles supplied by the affected nerve.
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Molecular imaging in head and neck cancer
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Next to MRI and CT, in recent years, the role of molecular imaging
with FDG-PET/CT has significantly increased in staging, monitoring
the response to therapy and detection of relapse.
FDG-PET/CT plays an important role at diagnosis in patients with
metastatic lymph nodes in the neck from an unknown primary
tumour, guiding the choice of biopsy sites at subsequent endoscopy.
Furthermore, FDG-PET/CT provides pivotal additional information in
patients with equivocal or contradictory findings on other diagnostic
modalities to provide clinical decision making on radical or palliative
treatment. This is particularly important in patients who have a high
risk of metastatic disease such as advanced loco-regional disease and
primary sites which are more likely to result in distant metastases
such as nasopharyngeal cancer. [1]
Although not yet widely adopted as the standard of care, the role of
FDG-PET/CT in radiation treatment planning, monitoring response to
(chemo) radiotherapy and adaptation of treatment based on early
interim FDG-PET/CT (iPET) scanning is expanding. In a recent sys-
tematic review, it was observed that most studies confirm the value
of iPET to predict response to chemoradiotherapy. [2] A few studies
did highlight that predictive value of iPET was lower as compared
to FDG-PET/CT acquired 2 to 4 months after completion of chemo-
radiotherapy, which correlated well with local and regional control
and survival. [2]. The best timing for iPET to assess response during
radiation therapy remains to be established, although 1-2 weeks
seems the best choice as it leaves the opportunity to adapt the
treatment regimen.
It is accepted that in patients with advanced nodal disease (stage
N2 or N3) and who have received primary chemoradiotherapy,
PET-CT-guided surveillance after completion of chemoradiother-
apy results in similar survival with considerably fewer operations
as compared to patients who underwent routine neck dissection.
[3] This PET/CT-based strategy proved to be high cost-effective.
[4] In patients suspected of recurrent laryngeal carcinoma after
radiotherapy, FDG-PET/CT is also effective a first-line diagnostic
investigation, prior to performing a direct laryngoscopy with bi-
opsy under general anaesthesia, reducing the need for direct
laryngoscopy by more than 50% without jeopardizing quality of
treatment. [5]
In conclusion, FDG-PET/CT plays an increasingly important role in the
assessment of disease activity in patients with head and neck cancer
in all stages of the patients’ journey.
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Precision medicine, the promise of targeting diseases by specifically
aiming at special properties of tumour cells, has received major
attention in the recent past. A huge number of drugs are underway
to improve patient outcomes and several recent drug developments
have already significantly changed the fate of oncology patients.
Different classes of drugs need to be reviewed to allow an
understanding of therapeutic interventions.
The oldest targeted drug treatments available are monoclonal anti-
bodies. These antibodies all target structures on the cell surface and
are being used in hematology, solid oncology, as well as in rheuma-
tology and neurology. Binding of the antibody to its target structure
is specific and leads to complement-induced cell lysis, recognition by
the immune system or direct, antibody-dependent cell lysis. One
level below, within the cell cytoplasm, the tyrosine kinases that are
members of the signal transduction chain, can also be targeted. This
disruption can lead to long lasting responses in patients who failed
several other lines of therapy. In some instances, tyrosine kinase in-
hibitors have led to cure in hitherto incurable diseases. Unravelling
the immune system to enable it to recognise tumour cells has led to
the invention of PD-1 and PD-L1 inhibitors. These were first used in
malignant melanoma but have now expanded to a wide variety of
solid tumours and have led to impressive results especially in cells
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with high mutation rate, as these tend to display a lot of PD-L1 pro-
teins on their surface. The most exciting news, however, comes from
chimeric antigen receptor T (CAR-T)- cells, one of which has recently
been approved for the treatment of juvenile acute leukemia. Here,
cytotoxic T-cells from a patient are isolated and genetically modified
by implanting into the cell surface a recognition molecule for a
tumour antigen. Because T-cells can replicate in vivo, these cells not
only recognise and destroy a target cell but will prevail as a long-
term memory within the body of the recipient. This development is
poised to transform oncology as we know it and may become the
most important advance in the treatment of tumours for years to
come.
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Tumour heterogeneity: what does it mean?
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Cancers arise from unregulated cellular growth and exhibits a range of
pathophysiological characteristics and behaviour. The term “tumour
heterogeneity” refers to differences in tumour features that have arisen
as a result of mechanistic processes including stem-cell origin, tumour
evolution (linked to genetic mutations and adverse tumour
microenvironment) and clonal resistance (as a consequence of
treatment). Tumour heterogeneity may be inter-cellular, intra-tumoural
(i.e. within the same tumour), inter-tumoural (i.e. between lesions in the
same patient) and inter-individual (i.e. between patients).
The understanding of tumour heterogeneity is important because it
is a barrier cancer cures. Tumour heterogeneity is linked to treatment
resistance and the emergence of aggressive tumour phenotypes.
The ability to identify, describe and communicate heterogeneity of
tumours on imaging may provide a basis for adaptive treatments to
improve patient outcomes.
Current approaches used to enhance the understanding of tumour
heterogeneity include genomics/ molecular analysis of multi-
tumoural region tissue sampling and/or longitudinal tumour tissue
sampling. However, non-invasive imaging using CT, MRI and PET
enables the characteristics of multiple disease sites to be evaluated
in a single study, thereby providing information about intra- and
inter-tumour heterogeneity.
Using functional and molecular imaging techniques, imaging can be
used to quantitatively measure different aspects of tumour biology;
thus identifying imaging phenotypes linked to different stem-cell
origins, gene expression, tumour evolution, treatment efficacy (in-
cluding differential treatment response) and the emergence of
clonal resistance.
The emerging evidence for the use of imaging to explore and under-
stand tumour heterogeneity will be presented and discussed.

11.00 - 12.30 Joint with DEGRO: Delineation of
Tumour and Normal Tissue
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Image interpretation in the post treatment pelvis
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Follow-up imaging is a significant part of the daily routine practice
in cancer imaging. The work-load has increased due to improved
outcomes with longer patient survival rates, as well as due to the
development of the increasing range of salvage therapy options in
the case of disease relapse. It is important that the radiologist is
familiar with the post therapy appearances of the pelvis in order to
recognise the typical changes following surgery or radiotherapy. In
addition, the radiologist needs to recognise complications of
treatment and disease relapse.
Post surgical pelvis
The typical appearance of the pelvis following gynaecologic cancer
surgery depends on the procedure. The most common procedure in-
cludes hysterectomy and bilateral salpingo-oopherectomy and in
many cases, the pelvic side-wall lymph nodes may be sampled or re-
moved. The vaginal vault and pelvic side-wall nodes should be care-
fully inspected as these are frequent sites of pelvic recurrence (1).
The use of imaging for follow-up surveillance is variable (2). However,
follow-up imaging in the case of fertility-preserving surgery requires
special attention (3). Regular surveillance imaging is typically per-
formed in order to detect any early signs of relapse following proce-
dures including trachelectomy for early stage cervix cancer, unilateral
salpingo-oopherectomy for borderline ovarian neoplasm or conserva-
tive management of endometrial cancer.
Post-operative lymphocysts along the pelvic side-walls may be seen
following nodal dissection and these usually decrease over time and
are rarely of clinical significance; occasionally a lymphocyst may be-
come infected. Significant post-operative complications, such as ab-
scess or haemorrhage, are usually clinically recognised and imaging
is used to clarify the extent and direct further management, such as
percutaneous drainage.
Post radiotherapy pelvis
Imaging is regularly used to evaluate response to treatment in cases of
non-surgical management, such as radiotherapy and/or chemotherapy.
The evaluation of response to radiotherapy is highly important and will
be covered in as a separate topic. Following completion of radiother-
apy, there are several recognizable appearances that are frequently
seen and are not usually of clinical concern (4). These include thicken-
ing and oedema of the bladder and rectum and thickening of the small
bowel loops. Chronic signs of radiotherapy toxicity should also be
recognised and reported, including cervical stenosis, bowel stricture, in-
sufficiency fractures in the pelvis and the development of fistula, all of
which may be associated with significant symptoms.
Relapse and salvage therapy
It is essential to know the typical sites of pelvic relapse and the ap-
pearances on imaging in order to ensure early detection. The success
of salvage treatment is best when there is limited central pelvic re-
current disease amenable to exenterative surgery or focussed salvage
radiotherapy. FDG-PET/CT is used to determine whether relapse is re-
stricted to a single pelvic site or whether this is more widespread (5)
and may also be helpful, in combination with MRI, in providing a sur-
gical road-map (6). In the case of planning exenterative surgery or
stereotactic radiotherapy, accurate description of the anatomical rela-
tionships between disease and pelvic structures is very important.
This information can not only assist the surgeon but also help to in-
form the patient as to the likely treatment outcomes.
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Cancer imaging: leveraging the strengths of precision imaging for
precision medicine
Annick D. Van den Abbeele (abbeele@dfci.harvard.edu)
Chair, Department of Imaging, Dana-Farber Cancer Institute, Boston, MA
02215, USA; Founding Director, Center for Biomedical Imaging in
Oncology, Dana-Farber Cancer Institute, Boston, MA 02215, USA
Cancer Imaging 2017, 17(Suppl 1):O9

Co-Director, Tumour Imaging Metrics Core, Dana-Farber/Harvard Cancer
Center, Boston, MA 02215, USA; Harvard Medical School, Boston, MA,
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Precision medicine and precision oncology aim to deliver the right
treatment to the right patient at the right dose through the right route
of administration. The precision medicine initiative has led to major
paradigm shifts in precision oncology, first with the implementation of
molecularly-targeted therapies [1, 2], then with immune therapy [3, 4].
We are now at a point where we can deliver cancer treatment with
great precision, and the prevention, diagnosis and treatment of cancer
are becoming proactive disciplines using evidence-based individualised
medicine to meet the goals of precision medicine/oncology.
These advances have not come without challenges for the cancer im-
aging community. We have had to readjust our evaluation of thera-
peutic response from traditional anatomic-based criteria based on
tumour shrinkage to a new context where knowledge of novel ther-
apies and their biologic effects are paramount as to not misinterpret
response. Molecularly targeted therapies may, indeed, be effective
despite the absence of tumour shrinkage, while the appearance of
new lesions or an increase in tumour size following immune therapy
may represent pseudoprogression rather than progressive disease [5, 6].
Cancer Imaging is, however, uniquely placed to validate and deliver
precision imaging to the precision medicine/oncology initiative. Ad-
vances in the functional capabilities of various imaging modalities in-
cluding CT, MRI, ultrasound, nuclear medicine and PET and hybrid
technologies (SPECT/CT, PET/CT and PET/MRI) are providing anatomic
and functional whole body imaging noninvasively in one setting that
can define the entire tumour burden, characterise tumour heterogen-
eity, guide biopsy to the relevant site, evaluate the tumour and its
microenvironment simultaneously, help enrich patient populations, add
prognostic value, and be clinically actionable. Molecular imaging, in par-
ticular, has the potential of exploring all the hallmarks of cancer biology,
providing specificity that is relevant to the biology of the tumour and
its microenvironment, and guiding pre-clinical and clinical trial design
with timely and effective translation of cancer discovery. Molecular im-
aging can also detect primary and secondary resistance, provide tumour
response assessment early after initiation of therapy (which may add
predictive value), offer pharmacokinetic and pharmacodynamic informa-
tion, help define biologic effectiveness prior to MTD, and assess and
monitor toxicity. These capabilities may result in shorter trials and im-
prove the timeline for drug or imaging probe development.
Achieving these goals requires standardization of imaging protocols
and consistent, accurate and reproducible longitudinal tumour as-
sessments in oncologic clinical trials and clinical practice [7]. It also
requires a collaborative approach between basic and translational
scientists, imagers, academia and industry. A “wall-less” disease-
centric infrastructure structured as a multitalented and multidiscip-
linary team focused on facilitating bi-directional exchanges and
communication can help achieve this goal [8].
Achieving precision cancer imaging will also require changes in the
training of cancer imaging specialists at the residency and fellowship
levels to produce cancer imaging specialists who are literate in more
than one specialty and imaging modality. The training of the next
generation of “Precision Imagers” needs a new disease-based curricu-
lum that teaches the language of oncology, navigates through the
various “-omics” and highlights the biology behind cancer and drug
development [9, 10].
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This abstract is not included here as it has already been published
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MRI in active surveillance of prostate cancer
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At present, treatment choice for prostate cancer patients at low or
intermediate risk of disease progression lies between active surveil-
lance and radical therapies, such as radical prostatectomy or radio-
therapy. For these patients, radical treatments have a comparable
effectiveness, with a risk of specific death of less than 1% in 15 years.
However, none is divided of consequences on the quality of life and
can induce significant morbidities such as incontinence and impo-
tence (1-3). On the other hand, active surveillance has established
limitations. It is a source of anxiety and imposes, according to the
current terms of use, clinical (rectal examination), biological (PSA)
and yearly repeat biopsies reassessments that represent a burden for
the patient and increase the risk of infection (4). Lastly, the presumed
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low risk of progression defined by systematic biopsies is underesti-
mated in about 30% of cases, particularly when the tumour origi-
nates in the anterior part of the prostate. Thus, more than one third
of men exit the protocol at mid-term and ask for a radical treatment.
The role of imaging has been increased in patients who choose for
active surveillance. Multi-parametric MRI is applied to identify pa-
tients with clinically-significant cancer and larger disease burden
who would most likely benefit from intervention. Thus, imaging is
used as a selection tool. Multi-parametric MRI in the surveillance of
low-grade and low-volume disease is rising. In case of disease pro-
gression on imaging, MRI targeted biopsy is a viable option to proof
this stage migration. At present, multi-parametric MRI is not in the
current international guidelines for active surveillance. However, evi-
dence is growing in favor for the implementation of multi-parametric
MRI in the active surveillance setting.
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Intraoperative
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Thermal ablation of tumours plays an important role in the local
tumour therapy. In thermal ablation tumour cells are locally in situ
heated up and destroyed. For in situ thermal destruction radiofre-
quency (RFA), microwave (MWA), laser (LITT) or high-focused ultra-
sound (HiFU) are established (1). In addition to heating thermal
ablation cooling cancer cells to ice, so called cyotherapy, is another
form of thermal ablation technique. On the other side also non-thermal
local tumour ablations, e.g. local irradiation (SBRT, Cyberknife, brachy-
therapy) or irreversible electroporation (IRE) are possible (2, 3).
Thermal tumour ablations are established in primary or secondary
liver and lung tumours, but are also used in kidney tumours, bone
tumours, adrenal tumours, prostate cancer, breast cancer and others.
The most accepted indications are radiofrequency ablation (RFA) or
microwave ablation (MWA) of hepatocellular cancer (HCC) in the liver
and localised renal cell cancer (RCC).
In HCCs the accepted size of a single nodule is 3 cm in diameter for
thermal ablation (4, 5). In larger tumours local tumour recurrence
rates after ablation are increasing because of heat sink effect. HCCs
nodules are hypervascularised and this hyperperfusion is transporting
the necessary heat for cancer cell ablation away. Pre-ablative embol-
isation like TACE is an accepted method to prevent this heat sink ef-
fect in tumours up to 4-4.5 cm in diameter (6). In comparison of
MWA and RFA it is unclear which method generates a higher local
control rate after thermal ablation, but it is clear that MWA is much
faster and creates larger ablation zones (7-9).
In renal cell cancers RFA and cyoablation are the preferred methods of
local thermal ablation. Usually localised RCCs (T1a) are an indication for
local ablation and current studies did show that thermal ablation is
equally oncological effective as partial nephrectomy, but with a better
preservation of renal function (10-12).
Another very well accepted indication of thermal ablation is RFA of
symptomatic osteoid osteomas. Osteoid osteoma is not a malignant
tumour, but is very painful. Localized thermal ablation of this prosta-
glandin producing quickly resolves pain in these young patients (13).
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Irreversible electroporation (IRE) is a relatively new, non-thermal abla-
tion technique mainly used in prostate cancer and liver masses. IRE
utilises a series of short, high-voltage pulses conducted via needle-
electrodes. The induced microporation of the cell membranes lead to
irreversible defects causing cell death. Since IRE is a non-thermal abla-
tion technique it does not have the side-effects of those methods such
as the heat sink effect or thermal damage of vulnerable nearby struc-
tures. IRE can thus also be used close to blood vessels. Therefore IRE is
a suitable method for treatment of locally advanced pancreatic cancer.
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Only up to 20% of all patients diagnosed with pancreatic cancer are
eligible for a surgical oncological resection (Whipple’s procedure,
pancreatectomy or resection of the pancreatic tail) which – to date - is
the only available cure [1]. Even with a complete surgical resection (R0)
patients have a poor prognosis with a 5-year survival rate of 20-25%
[2]. The main reason for unresectability is a tumour encasement of vital
arteries such as the coeliac trunc or the superior mesenteric artery. In
this case the only therapeutic option according to guidelines is a pallia-
tive chemotherapy or combined radiochemotherapy. Martin et al. could
show that IRE is a safe method with a potentially improved overall sur-
vival in patients with locally advanced pancreatic cancer smaller 4cm in
diameter when compared with palliative chemotherapy alone [3].
In our clinic we started IRE treatment in February 2015 and have up
to date treated more than 150 patients with locally advanced pancre-
atic cancer who were not suitable for a surgical resection. We use an
open surgical approach via transverse upper abdominal laparotomy
under general anaesthesia. After opening of the omental bursa up to
six needle-electrodes are directly inserted into the tumour guided by
high-resolution ultrasound.
During the procedure the patient requires deep neuromuscular
blockade to prevent muscular excitation. After adjusting the system
for optimal energy delivery we apply 90 cycles of ultra-short (90ms)
high-voltage (up to 3000V) pulses under cardiac synchronization aiming
at approximately 30 amperes. After removing the needle-electrodes from
the tissue, the puncture holes are sutured to prevent pancreatic fistulas.
A drain is placed and checked for pancreatic enzymatic activity regularly
on pod 1 and 3. On pod 6 a contrast enhanced CT-scan is performed to
check for potential complications. This scan defines the baseline for fur-
ther follow-up. Patients are usually dismissed 6-8 days post IRE.
Main potential complications are bleeding, chronic pain, delayed gas-
tric emptying and pancreatic fistula [4]. Exclusion criteria for IRE treat-
ment are metastatic disease, duodenal infiltration or infiltration of
other surrounding organs and the presence of a bare metal stent in
the common bile duct. Since long-term results are lacking IRE should
only be used as palliative treatment option in unresectable pancre-
atic cancer and randomised, prospective studies are needed.
We will give an introduction of the IRE procedure in patients with lo-
cally advanced pancreatic cancer and give an insight in our 2,5 years
of experience with the method.

References
1. Hidalgo M. Pancreatic cancer. N Engl J Med. 2010 Apr 29;362(17):1605-17.

doi: 10.1056/NEJMra0901557.
2. Welsch T1, Büchler MW, Schmidt J. Surgery for pancreatic cancer.

Z Gastroenterol. 2008 Dec;46(12):1393-403. doi: 10.1055/s-2008-1027790.
Epub 2008 Dec 3.

3. Martin RC 2nd1, Kwon D, Chalikonda S, Sellers M, Kotz E, Scoggins C,
McMasters KM, Watkins K. Treatment of 200 locally advanced (stage III)
pancreatic adenocarcinoma patients with irreversible electroporation:
safety and efficacy. Ann Surg. 2015 Sep;262(3):486-94; discussion 492-4.
doi: 10.1097/SLA.0000000000001441.

4. Scheffer HJ1, Nielsen K2, de Jong MC3, van Tilborg AA3, Vieveen JM4,
Bouwman AR4, Meijer S2, van Kuijk C3, van den Tol PM2, Meijerink MR3.

5. Irreversible electroporation for nonthermal tumour ablation in the
clinical setting: a systematic review of safety and efficacy. J Vasc Interv
Radiol. 2014 Jul;25(7):997-1011; quiz 1011. doi: 10.1016/j.jvir.2014.01.028.
Epub 2014 Mar 18.

16:00 - 17:30 Lung Cancer Update

O14
Eighth revision of the TNM staging system for lung cancer
Theresa C. McLoud (Mcloud.theresa@mgh.harvard.edu)
Professor of Radiology, Harvard Medical School, Vice Chair for Education,
Department of Radiology , Massachusetts General Hospital, Boston,
Massachusetts, USA
Cancer Imaging 2017, 17(Suppl 1):O14

The 8th Edition of the TNM classification for lung cancer became ef-
fective in January 2017. It is based on retrospective and prospective
data which included over 94,708 cases from 35 sources in 16 countries.
In regard to the T factor of tumour staging there has been a change
in the categorization of tumour size. T1 now includes 3 categories of
a, b, and c. T1a is ≤ 1 cm, T1b > 1 cm but ≤ 2 cm, and T1 c > 2 but ≤ 3
cm. The tumour must be surrounded by lung or visceral pleura with
no invasion more proximal than the lobar bronchus. T2 tumours
are > 3 cm but ≤ 5 cm. This category is further divided into categories
2a and 2b. Other features include involvement of a main bronchus at
any distance from the carina or invasion of the visceral pleura and
association with partial or complete lung atelectasis or pneumonitis.
T3 tumours are considered > 5 cm but ≤ 7 cm. Other criteria include
direct invasion of any of the following: parietal pleura, chest wall /
superior sulcus, phrenic nerve, or parietal pericardium. The final cri-
terion is separate tumour nodules in the same lobe. The criteria for
T4 tumours are a size > 7 cm or invasion of any of the following:
mediastinum, diaphragm, heart, great vessels, trachea, recurrent la-
ryngeal nerve, esophagus, vertebral body, carina or separate tumour
nodules in a different lobe but in the same lung.
In regard to the nodal (N designation of regional lymph node metas-
tasis) the existing nomenclature is maintained. N0 indicates no re-
gional lymph node involvement, and N1 ipsilateral peribronchial,
hilar, intrapulmonary, nodal involvement N2 ipsilateral mediastinal
and/or subcarinal nodal involvement, and N3 contralateral medias-
tinal, contralateral hilar, ipsilateral or contralateral scalene or supra-
clavicular nodal involvement.
The M indicator for metastatic disease contains a minor change. In
the TNM 7 classification M1b represented all distant metastases. Now
there are two categories for distant metastases, M1b is a single dis-
tant metastasis in a single organ and M1c indicates multiple distant
metastases in a single or multiple organs. The M designation also in-
cludes separate tumour nodules in the contralateral lung as well as
malignant pleural or pericardial involvement.
The current classification represents the continued improvement of
previous modifications and reflects an evolving understanding of
tumour behavior. It enables optimal treatment decisions.
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The typical presentation of early stage lung cancers on low-dose CT
screening is non-calcified pulmonary nodules. However, there is a wide
spectrum of unusual focal abnormalities that can be early presentations
of lung cancer. These abnormalities include, for example, cancers asso-
ciated with ‘cystic airspaces’ [1,2], or ‘non-nodular’ cancers presenting,
for example, as fibrotic changes or scar-like lesions [3]. Such focal ab-
normalities are initial signs of lung cancer which usually develop over
time in a lung nodule or suspicious pulmonary opacities and, therefore,
should be checked at follow-up or annual repeat LDCT.
The detection of lung cancer with low-dose CT can be affected by the
absence of intravenous contrast medium. As a consequence, endobron-
chial and central lesions can be difficult to recognise, raising the poten-
tial for missed cancers. Focal lesions arising within pre-existing lung
disease, such as lung fibrosis or apical scars, can also be early lung can-
cer manifestations and deserve particular consideration as recognition of
these lesions may be hindered by the underlying disease. Furthermore,
the unpredictable growth rate of lung cancer, which ranges from indo-
lent to aggressive cancers, necessitates attention to the wide spectrum
of progression in lung cancer appearance on serial low dose CT scans.

http://dx.doi.org/10.1056/NEJMra0901557
http://dx.doi.org/10.1055/s-2008-1027790
http://dx.doi.org/10.1097/SLA.0000000000001441
http://dx.doi.org/10.1016/j.jvir.2014.01.028


Cancer Imaging 2017, 17(Suppl 1):24 Page 7 of 40
There is a wide spectrum of low-dose CT findings in lung cancer
screenings. Awareness of the various radiological features of early
lung cancers and the familiarity with the low dose CT technique can
improve the CT screening effectiveness and avoid missed diagnosis.
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Currently, lung cancer screening by low-dose computed tomography
(LDCT) is widely recommended for high-risk individuals by US guide-
lines, but there still is an ongoing debate concerning respective rec-
ommendations for European countries. Nevertheless, the available
data regarding pulmonary nodules released by lung cancer screening
studies could improve future screening guidelines, as well as the clin-
ical practice of incidentally detected pulmonary nodules on routine
CT scans. Most lung cancer screening trials present results for base-
line and incidence screening rounds separately, clustering pulmonary
nodules initially found at baseline screening and newly detected pul-
monary nodules after baseline screening together. This approach
does not appreciate possible differences among pulmonary nodules
detected at baseline and firstly detected at incidence screening
rounds and is heavily influenced by methodological differences of
the respective screening trials. This presentation intends to create a
basis for assessing non-calcified pulmonary nodules detected during
LDCT lung cancer screening in a more clinical relevant manner. The
aim is to present data of non-calcified pulmonary baseline nodules
and new non-calcified pulmonary incident nodules without cluster-
ing them together, thereby also simplifying translation to the clinical
practice of incidentally detected pulmonary nodules. Small pulmon-
ary nodules newly detected at incidence screening rounds of LDCT
lung cancer screening may possess a greater lung cancer probability
than pulmonary baseline nodules at a smaller size, which is essential
for the development of new guidelines.
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Radiation Therapy
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Radiation therapy of malignancy in the chest may expose normal
pulmonary parenchyma to radiation.
This may lead to radiation pneumonitis which may be clinically oc-
cult or present with symptoms such as dyspnoea, fever and dry
cough depending on the proportion of lung parenchyma involved
and individual susceptibility of the patient [1, 2, 3].
Radiation pneumonitis usually does not occur at lung doses below
30 Gray (Gy) whereas it develops almost always with doses above 40
Gy. In doses between 30 and 40 Gy individual features such as pre-
existing lung disease, simultaneous chemotherapy or other medical
therapy increase the likelihood of radiation pneumonitis.
Radiological abnormalities in radiation pneumonitis follow a typical
time course: After the threshold dose has been reached there is a
delay of 4 to 6 weeks with no radiological abnormalities. Subse-
quently ground glass opacities develop which increase in density to
form consolidation within another 4 to 6 weeks. Consolidation persists
for some months and resolves incompletely with residual fibrotic
changes within the next weeks and months.
Following radiation therapy that did not lead to radiation pneumon-
itis initially, additional medical therapy with pneumotoxic drugs at a
later stage may then cause manifest radiation pneumonitis (rebound/
recall pneumonitis).
A pathognomonic feature of radiation pneumonitis is the fact that
the location of ground glass opacities and consolidation precisely
mirrors the radiation port, i.e. the area of pulmonary parenchyma ex-
posed to radiation above the threshold dose while completely ignor-
ing any anatomical borders such as segmental or lobar borders.
This is easily recognised with simple radiation ports such as anterior-
posterior/posterior-anterior (AP-PA) radiation fields but is more diffi-
cult to recognise in modern complex radiation ports such as
intensity-modulated radiation therapy (iMRT), stereotactic radiation
therapy, cyber knife or gamma knife therapy etc. [4, 5].
Furthermore, radiation therapy of the chest is a recognised cause of
organizing pneumonia (OP) [6]. In contrast to radiation pneumonitis
consolidation or ground glass opacities in radiation-induced OP
does not mirror the radiation port and may include pulmonary par-
enchyma outside the radiation field and has a very heterogeneous
time course with OP developing only days but also moths after ra-
diation therapy.
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INTRODUCTION: Radiation therapy can damage any portion of the
gastrointestinal tract and solid abdominal organs. The risk of injury is
multifactorial: method of radiation delivery; size, number and fre-
quency of radiation fractions; volume of irradiated tissue; and dur-
ation of therapy. In this presentation the protean manifestations of
radiation therapy in the abdomen and pelvis are discussed
LIVER: Portions of the liver may be included in patients receiving ex-
ternal beam radiation therapy for gastric, biliary, pancreatic, and
thoracolumbar spine malignancies. Those portions of the liver which
receive more than 45 Gy may develop radiation hepatitis as a result
of venooclusive disease with a clinical syndrome of anicteric ascites
and hepatomegaly. On CT, the irradiated liver is hypodense with lin-
ear, well-defined margins that conform to the radiation port. On MR,
the irradiated liver is oedematous causing T1-weighted hypointensity
and T2-weighted hyperintensity.
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PANCREAS: The pancreas is relatively radioresistant but stromal
oedema and fibrosis have been reported. Chronic pancreatitis can be
seen years after radiation therapy
SPLEEN: The spleen may be irradiated to treat lymphoma, leukemia,
splenomegaly, and hypersplenism. Like lymph nodes, the spleen is very
radiosensitive and doses of 4-8 Gy destroy lymphoid tissue within
hours. Splenic atrophy and fibrosis can develop associated with func-
tional hyposplenism and fulminant pneumococcal pneumonia.
KIDNEYS AND URETERS: The kidneys are radiosensitive and the risk
of renal impairment increases with prior or concurrent chemotherapy.
Renal morphology remains normal on imaging studies in the acute
setting but ultimately poorly functioning atrophic renal parenchyma
results. Compensatory hypertrophy of the nonirradiated kidney can
develop. The ureters are radioresistant and strictures induced by ra-
diation therapy are infrequent
STOMACH AND DUODENUM: Gastroduodenal radiation injury typic-
ally occurs with doses of 45-60 Gy administered over 5 weeks. In the
acute phase, prepyloric or pyloric channel ulcers indistinguishable from
peptic ulcer disease may develop. These ulcers, however, are typically
refractory to therapy. In the chronic phase fixed narrowing, deformity,
and an aperistaltic antropyloric region without ulceration can develop.
Mural thickening and perigastric stranding may be seen on CT.
SMALL BOWEL: The small bowel is radiosenitive and three stages
of radiation enteropathy corresponding to different gross and his-
topathologic changes have been reported. Acutely, during and im-
mediately after therapy, hyperemia, ulcers and mucosal sloughing
may occur producing mural thickening, submucosal edema and
hemorrhage. In the subacute phase, 2-12 months after radiation
therapy, crypt abscesses and ulcers may be seen. In the late phase,
strictures, fistulas, and adhesive disease, which may lead to bowel
obstruction can develop.
COLON AND RECTUM: The sigmoid colon and rectum are included
in the radiation therapy portals for external beam therapy for gyneco-
logic (particularly cervical carcinoma) as well as cancer of the prostate
gland and bladder. Acutely, spasm, mucosal irregularity or nodular sub-
mucosal thickening may develop producing a sawtooth or cobblestone
pattern on barium studies. Chronic radiation colitis causes structures
and shortening of the colon, fistulae, sinus tracts, obstruction, or per-
foration. An increase in the presacral fat and submucosal edema or
fat deposition can be seen on CT and MR.
CONCLUSION: An understanding of the spectrum of radiation induced
injuries in the abdomen and pelvis is important in their differentiation
from neoplastic, infectious and inflammatory disorders.
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Radiation-induced CNS toxicity comprises a wide spectrum of clinical
and radiological complications determining variable neurological
manifestations.
Effects of brain radiation can be focal or diffuse and are influenced
by different factors such as patient age, cumulative dose of irradi-
ation, type of irradiation (i.e. accelerated vs hyperfractionated, pho-
ton vs proton therapy), duration of exposure and association with
chemotherapy.
Classification of radiation-induced CNS toxicity is based on timing of
clinical presentation and comprises three main categories: acute
(within 1-6 weeks), subacute or "early" delayed (3 weeks to 6 months)
and chronic or "late" delayed (after 6-12 months to years) [2].
Early injuries are usually reversible and tend to resolve spontan-
eously, whereas late delayed effects are generally irreversible.
Among radiation-induced complications pseudoprogression and radi-
ation necrosis are respectively early and late delayed effects, en-
hanced by concomitant chemotherapy, that can be associated with
clinical worsening mimicking disease progression [3,4].
Late delayed radiation-induced complications include also diffuse ra-
diation leukoencephalopathy, vascular injuries, mineralizing microan-
giopathy and pituitary disfunction, which are extremely common in
the paediatric population [5,6].
Conventional MRI is the imaging method of choice for evaluating
radiation-induced brain alterations. Advanced imaging modalities
such as, Diffusion Weighted Imaging, Magnetic Resonance Spectros-
copy and Perfusion Weighted Imaging, as well as Positron Emission
Tomography with amino-acid tracers, may be of help in differenti-
ating pseudoprogression and radiation necrosis from true disease
progression.
Evaluation and depiction of the main manifestations of brain injury
induced by radiation therapy is the focus of the present work.
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Response Evaluation Criteria for Solid Tumours (RECIST) were intro-
duced in 2000 to provide a standardised method for assessing re-
sponse to treatments in the clinical trial setting [1]. The RECIST
Working Group has updated RECIST to version 1.1 [2]. The revision
addressed issues that had arisen related to the use of the criteria in
practice. The revised version has maintained assessment of tumour
burden using sum of the diameters and continues uses uni-
dimensional measurements. The response categories are still those
of complete response, partial response (30% decrease in sum from
baseline), stable disease and progressive disease (20% increase in
sum from nadir).
Though the RECIST criteria are intended for use in the clinical trial
setting, onocologist increasingly rely on RECIST based measurements
to make clinical management and therapeutic decisions in daily clinical
practice. The reasons for this include clinician’s application of trial data
into routine clinical practice but most importantly RECIST offers a
simple way of measuring and communicating response assessment.
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The terms such as measureable disease, tumour burden, target le-
sions, and response categories are now used and understood uni-
versally. RECIST criteria also provide guidance on technique as well
as measuring lesions and application to assessing sites of disease
eg lymph node and bones. This allows for a more robust and repro-
ducible way of gauging response.
RECIST guidelines are therefore widely employed, however, they
have well recognised limitations and pitfalls. Tumours that are irregu-
lar, or show diffuse infiltration or poorly visualised eg with fatty liver,
can all be difficult to measure in a reliable and reproducible way.
Tumour with non-spherical growth pattern can be difficult to serially
follow up and assess response. The categories for the response cri-
teria are arbitrarily defined and may not correlate with clinical out-
come. Morphological characteristics and tumour heterogeneity are
not taken into consideration. Functional or physiological change with
response is not assessed or measured in RECIST. Reliance of response
is based exclusively on tumour size and clinical beneficial chemother-
apeutic effects may occur without reduction in tumour size eg many
new targeted therapies have anti-angiogenic effects and result in
symptomatic improvement. Similarly immune mediated response
may artificially result in short term increase in tumour size or small
new lesions. Treatment effects such as necrosis, cystic change and
haemorrhage can result in artificial change in tumour size. Mixed and
differential response is simplified in the response assessment in
RECIST. Bone disease without significant soft tissue and cystic tumour
it can be difficult to assess change with the tumour.
The limitations in RECIST guidelines have led to the publications and
developments in modified RECIST and other response criteria to
overcome these shortfalls.
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INTRODUCTION: Traditional chemotherapy is cytotoxic in nature and
acts primarily by eliminating neoplastic cells. Change in tumour size,
which is an indicator of change in the number of neoplastic cells,
evolved into the radiologic biomarker of treatment response. Over
the last decade, dramatic advances in understanding the genetics
and molecular biology of tumours have revolutionised therapy for
many neoplasms.
Molecular targeted therapy and immunotherapy have led to new,
individualise tumour therapies. These interfere with signalling path-
ways and thereby inhibit cell grown but do not necessarily lead to
cell death, unlike cytotoxic drugs. With targeted agents, lack of pro-
gression may be associated with a positive improvement in outcome,
even in the absence of major shrinkage of tumours. Oncologists have
become interested in the length of time that a cancer does not grow
or metastasise. Progression free survival has become the preferred
end point for many cancer therapy trials. In this presentation, new
criteria for imaging tumour response in the era of personalised medi-
cine are presented and guidelines for learning when it is appropriate
to resist using RECIST are presented.
CONVENTIONAL ANATOMIC CRITERIA
WHO
RECIST
RECIST 1.1
FUNCTIONAL CRITERIA
Choi
Modified Choi
MAST
EASL
mRECIST
RECICL
irRC
SACT
METABOLIC CRITERIA
PERSIST
PET-CT
PET-MR
EVOLVING IMAGING BIOMARKERS
Perfusion
DWI
MRE
MRS
Volumetry
Growth kinetics
CONCLUSION: RECIST 1.1 is the mainstay of evaluating tumour re-
sponse to therapy for most cancers
These criteria depend primarily in assessing changes in tumour di-
mensions but they do not reflect other morphologic, functional, or
metabolic changes that may occur with novel chemotherapy, tar-
geted or immunotherapy. It is important for radiologists to integrate
new concepts in the evaluation of tumour response in this era of
personalised medicine and to learn when it is necessary to resist
using RECIST criteria.
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A new generation of devices combining magnetic resonance imaging
(MRI) and a medical linear accelerator (linac) for image guided radio-
therapy (IGRT) is currently being introduced clinically. The state-of-
the-art in IGRT is using integrated (on-board) cone-beam computed
tomography (CBCT) devices to verify the correct positioning of the
patient on the linac treatment table with respect to the treatment
plan created before RT treatment. This method is limited by low soft
tissue contrast in CT images, slow acquisition and additional radiation
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exposure of the patient. Although MR images from diagnostic scan-
ners are routinely used during RT treatment planning to define
tumour volumes, it is currently not standard of care to acquire MR
images in the treatment room for patient positioning or on-line treat-
ment plan adaptation.
The acquisition of MR images in treatment positioning of the patient
in close temporal proximity or even during RT treatment has many
potential advantages: 1) Soft tissue contrast is superior to CBCT im-
ages. This may allow a more precise localization of tumours and or-
gans at risk before each treatment fraction and consequently lead to
reduced safety margins, which are routinely added to the clinical
tumour volume in the treatment planning process to account for po-
sitioning uncertainties. Therefore, less healthy tissue would have to
be irradiated. 2) On-board MR imaging offers functional MR imaging
techniques, such as diffusion weighted (DWI) and dynamic contrast
enhanced (DCE). The potential benefits of these modalities in RT in-
clude early response assessment and focal dose escalation/de-escal-
ation according to the heterogeneous biological properties of
tumours. Ultimately, the promise of using on-board MR imaging in
RT is that treatments become less toxic, more effective and can be
delivered in less fractions.
From the physical and technological point of view the MR-Linac is
challenging, because the devices interfere in many ways: 1) The RT
treatment beam is generated by acceleration of electrons in the
linac, which is affected by the MR B0 magnetic field as well as the ra-
diofrequency excitation electromagnetic waves. 2) In some devices,
the output photon beam of the linac has to cross the MR cryostat,
which can cause scattering of the beam and create additional out-of-
field radiation dose to the patient. Apart from this, photons are
largely unaffected by the MR device. 3) When photons enter the pa-
tient, secondary electrons are created, which interact with the B0
field via the Lorentz force resulting in shifted beam profiles and elec-
tron return dose effects. These effects have to be taken into account
in the treatment planning system and in dosimetric quality assur-
ance. 4) For each RT treatment fraction a new treatment plan has to
be created on-line, i.e. while the patient is in treatment position, due
to the limited degrees of freedom to re-position the patient in the
MR-Linac. 5) The geometric accuracy of MR images used for RT has
to be very high, which is an RT specific requirement. Images must be
undistorted, with a maximum error of 1-2 mm in the centre of the
field of view.
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Radiation therapy has become an effective treatment option for a
series of oncologic and non-oncologic disorders. A prerequisite for
the optimal therapeutic outcome is the precise and complete def-
inition of the target area while sparing radiation-sensitive adjacent
anatomic structures. Medical imaging, mostly Computed tomog-
raphy, is used for this purpose. The potential advantages of MRI,
especially high soft-tissue contrast and thus better lesion delinea-
tion, have resulted in increased use of this imaging modality in the
context of radiation treatment planning. Furthermore, MRI offers
unique possibilities for further functional characterization of path-
ologies using numerous available techniques such as diffusion-
weighted imaging or perfusion-weighted imaging. This allows for a
biologic tumour characterization in vivo before, during and after
radiation therapy offering information about therapeutic response
and prognostic outcome.
This talk will give an overview of the use of medical imaging in radi-
ation oncology with a focus on MRI and an outlook on PET/MR. Topics
discussed will be planning of radiation therapy, pre-therapeutic tumour
characterization and assessment of therapy response.
11:00 – 11:30 Keynote Lecture 2
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Traditional chemotherapy is directly introducing tumour cell death
and later shrinkage of tumour masses throughout the body. So re-
sponse evaluation criteria, like WHO, RECIST or Lugano criteria, used for
evaluation of response to chemotherapy rely on tumour shrinkage as a
sign of efficacy (1-4). Additionally in these criteria the appearance of
new lesions or progressing non-target lesions is indicating progress of
disease independent of the changes in the target lesions.
Ipilimumab, a monoclonal antibody that blocks cytotoxic T-lymphocyte-
associated antigen 4 (CTLA 4), was the first immunotherapeutic agent
that showed in clinical phase II trials survival benefits and successful
tumour therapy in patients with advanced malignant melanoma (5). In
the study treating malignant melanoma it was shown that superficial
and organ metastasis in some patients even increase in size or new le-
sions appear, whereas these patients later show very good response and
survival benefit in the following course of the study. Following traditional
response criteria these patients would have been assessed as progres-
sive disease (PD) and excluded from the study (or dropped out from the
progression free survival (PFS) group). This increase of size and appear-
ance of the lesions is thought to be a result of lymphocyte and macro-
phage invasion into the tumour and is called “pseudoprogression”.
Using the results from the mentioned study new criteria, immune-
related response criteria (irRC), were defined by Wolchok et. al. (5).
These criteria base on bi-dimensional target lesion measurements
analogue to WHO criteria. In contrast to other criteria new tumour le-
sions not directly trigger progressive disease (PD). The bi-dimentional
measurements of new appearing lesions will be included into the
sum of product tumour diameters (SPD) of the defined target lesions
at baseline. Additionally every progressive disease (PD) must be con-
firmed by a repeated imaging with minimum 4 weeks interval. Both
new rules should reduce the pseudoprogression in the tumour re-
sponse assessment in immunotherapy.
In the last years these new rules have been integrated into the mono-
dimensional RECIST criteria to evaluate response after immunotherapy.
For these new mono-dimensional criteria no commonly accepted term
exists and different abbreviations like immune-related RECIST (irRECIST),
immune-modified RECIST or modified RECIST (mRECIST) are oublished.
In 2017 the RECIST author team published a modification for the RECIST
system in immunotherapy called iRECIST with the main difference to
differentiate between immune unconfirmed progressive disease (iUPD)
and immune confirmed progressive disease (iCPD) (6).
Additionally immune response criteria for lymphomas have been
integrated into the established response evaluation criteria, called
LyRIC (7).
In the last years many new immunotherapeutic agents have been
investigated in clinical studies, like pembrolizumab, nivolumab
(anti-programmed cell death protein 1 (anti-PD1) antibodies), atezo-
lizumab (anti-PD-L1 (programmed cell death-ligand 1)), ipilimumab
(anti-CTLA 4), alemtuzumab (anti CD52), ofatumumab and rituximab
(anti-CD20).
Current studies are investigating these checkpoint inhibitors of the im-
mune system in colorectal cancer, malignant melanoma, breast cancer,
non-small-cell lung carcinoma, bladder cancer, renal cell carcinoma,
lymphoma and leukaemia.
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The term ‘radiogenomics’ was initially coined to describe the study
of genetic variation and its relationship with response to radiotherapy,
as it has been shown that certain single nucleotide polymorphisms are
associated with radiation toxicity [1]. More recently, the term has come
to denote correlation of the imaging characteristics of a given cancer
with its gene expression profile (genomics). The concept of radiology-
pathology correlation is not new to cancer imagers, who routinely use
imaging features to make specific radiological diagnoses, for example
of a certain cancer subtype. However, radiogenomics can be thought
of as the correlation of advanced, quantitative imaging features (that
are not necessarily appreciable to the naked eye) with gene expression
profiles, enabling radiology-pathology correlation at the microscopic or
subcellular level. Hence another commonly used term for this discip-
line, ‘imaging genomics’. It is not uncommon to see the term ‘radio-
mics’ used interchangeably with radiogenomics in the literature, but
the former better reflects the methodology of feature extraction from
radiological images.
Gene expression profiling is now an essential prerequisite for molecular
stratification and precision medicine in oncology and the notion that
imaging could act as a biomarker for genotype is a very attractive one.
Genome-based cancer characterisation necessitates tissue sampling,
and a small sample from a large heterogeneous lesion may not be rep-
resentative of a given tumour, whereas systematic feature extraction
from routinely acquired images enables lesions to be interrogated in
their entirety, thus circumventing in part the problem of tumoural
heterogeneity.
In their seminal paper from 2001, Sørlie et al. demonstrated that
there are distinct molecular phenotypes of breast cancer that can be
identified through gene expression profiling, and which dictate treat-
ment strategy [2]. Through various exploratory and hypothesis-driven
approaches, mostly using magnetic resonance imaging, it is becom-
ing apparent that a radiogenomic approach, may enable imaging to
capture the genomic diversity of breast cancer [3,4,5]. For example,
textural analysis of contrast enhanced MR images can differentiate
between ductal and lobular cancers [6]. It has also been shown that
there is a relationship between dynamic contrast enhanced (DCE)
breast MRI kinetics and the various molecular subtypes of breast can-
cer [4,7]. The ability to differentiate between differing subtypes of
oestrogen-receptor positive breast cancers without recourse to gene
expression profiling has clear implications for therapy.
As well as acting as an imaging surrogate for genomic analysis, radio-
genomics may be able to predict the likelihood of response to neo-
adjuvant chemotherapy [8]. If validated, this would have a profound
impact on patient management. Radiogenomic research may also
yield important prognostic information; for example, certain DCE fea-
tures at preoperative breast MRI are associated with an increased recur-
rence score, as measured with the 21-gene Oncotype-DX assay [9].
This lecture will discuss the potential applications as well as limita-
tions of radiogenomic research in the management of breast cancer.
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Radiation leads to multiple biological effects on cells. Radiation af-
fects living things on an atomic level, by ionizing molecules inside
the microscopic cells. The main target to kill tumour cells with radi-
ation is the DNA [1]. A biological damage results as a consequence
of radiation interactions between atoms and the DNA as target of
the cells. When ionizing radiation comes in contact with a cell there
are two mechanisms how radiation ultimately damage cells. These
two mechanisms are called direct and indirect (by producing free
radicals) effects [2]. But not all living cells are equally sensitive to ra-
diation. Those cells which are reproducing actively are more sensitive
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than those which are not. The biological effectiveness of radiation
depends on the linear energy transfer, total dose, number of frac-
tions and the radiosensitivity of the targeted cells or tissues. Approxi-
mately 50% of all cancer patients receive radiotherapy during their
course of illness, either as a curative or palliative treatment to relieve
the patients from symptoms such as pain caused by the cancer [3].
Understanding of tumour radiation biology, particularly the mecha-
nisms of radiation sensitivity and resistance in tumour lesions and
toxicity in normal tissues is a basis for effective clinical application of
radiotherapy [4,5]
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Metastatic bone disease is common, particularly in breast and pros-
tate cancers. Bone marrow involvement is also typical in patients
with multiple myeloma. Conventional CT and radionuclide bone
scans are frequently used to detect and follow-up malignant bone
disease. However, these techniques do not directly visualise the dis-
ease, but rely on identifying the reaction or destruction of the bone
associated with the disease infiltration. Not surprisingly, these tech-
niques have limited diagnostic sensitivity for detecting disease, and
are also suboptimal for assessing treatment response.
The response of bone disease associated with significant soft tissue
can be measured before and after treatment using standard size
measurement criteria to determine treatment efficacy. Using radio-
nuclide bone scan, subjective reduction of tracer uptake has been
used to assess treatment response. The MD Anderson Criteria com-
bines both size reduction on CT and reduction in tracer uptake on
radionuclide bone scan as criteria for treatment response.
However, there are significant issues with using CT and radionuclide
bone scan for response assessment. On CT, an increase in bone sclerosis
may occur in both disease response and progression, making it difficult
to assess disease status, especially in multiply treated patients. By com-
parison, radionuclide bone scans may not visualise disease confined to
the bone marrow, thus resulting in erroneous disease assessment.
Furthermore, post treatment “flare” response can occur in responding
patients, thus confounding image interpretation. More recently, semi-
quantitative bone scan index has been applied to measure disease re-
sponse but the clinical utility of this remains limited.
More recently, diffusion-weighted MRI (DWI) has been shown to be
an emerging technique to assess the treatment efficacy of bone dis-
ease. The technique detects cellular disease and quantifies the appar-
ent diffusion coefficient (ADC) of the disease. Using whole body DWI,
responders to treatment show reduction in diffusion tumour volume
and an increase in the tumour ADC. The increase in tumour ADC values
in responders is also associated with a decrease in histogram skewness
and decrease in kurtosis. However, the magnitude of such changes var-
ies with the types of treatment administered and their relative effects
on cellular integrity. With successful treatment, an increase in marrow
fat fraction may also be observed on chemical shift imaging.
Tuesday 3rd October – Afternoon
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Gd-based contrast agents are widely used in clinical practice since
their initial approval by the FDA in 1988. These contrast agents were
considered safe for all patients until 2006 when an association be-
tween gadolinium and nephrogenic systemic fibrosis (NSF) in pa-
tients with end stage renal disease has been detected (1,2). Nearly all
patients who developed NSF underwent contrast-enhanced MRI with
a linear (Omniscan, Magnevist, OptiMARK) and therefore less stable
contrast agent. Thereafter, the contrast media safety committee of
the European Society of Urogenital Radiology (ESUR) released new
guidelines suggesting avoidance of these less stable agents in pa-
tients with impaired renal function (3). Thanks to the restricted use
of lineal agents in this patient population no new cases of NSF were
reported in the literature since 2009.
In 2014 T1-hyperintensities in the dentate nucleus and in the globus
pallidus were observed after repetitive administration of linear gadolin-
ium based contrast agents (Omniscan and Magnevist) in patients with
normal renal function and it has been proven shortly thereafter that
these T1-hyperintensities correspond to gadolinium deposition (4,5). In
recent years many retrospective studies confirmed these findings and
most of these T1-hyperintensitites were observed after administration
of linear Gd-based agents (Omniscan, Magnevist,Multihance, Promo-
vist). There are four different types of GD-based contrast agents differ-
entiated by their chelate ligand, either macrocyclic or linear and ionic
or non-ionic.
It is known that gadolinium is also deposited in the bone and even
to a substantially higher extent (23 times) and that there is a direct
correlation between the T1-hyperintensities in the brain (6,7). Studies
have shown that all gadolinium based contrast agents deposit in the
bone and brain however there is a big difference between agents
with a significantly higher deposition of linear agents compared to
macrocyclic contrast media.
Although up to date no symptoms in patients with T1-hyperintensities
have been observed the Pharmacovigilance Risk Assessment Com-
mittee (PRAC) of the European Medicines Agency (EMA) recently
suggested and confirmed restrictions in the use of linear gadolin-
ium agents. Primovist and Multihance should only be used for liver
scans and Magnevist only in a special formulation for intraarticular
use as the concentration is very low. All other linear agents (Omnis-
can, OptiMARK and Magnevist) should be suspended. The macro-
cyclic gadolinium agents (Dotarem, ProHance and Gadovist) are
more stable and have a lower propensity to release gadolinium
than linear agents and can therefore continuously being used in
their current indications but at the lowest doses to provide the ne-
cessary clinical information.
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Thanks to the complex histological anatomy of the liver it has been
possible to develop several LSCM, targeted to different cellular lines
(hepatocites, RES) and mechanism of intracellular uptake. However,
mostly due to commercial reasons, only two LSCM targeted to the
hepatocites are nowadays available (although in few countries also a
RES-specific contrast agent is available), which share the same uptake
mechanism.
Gadobenate dimeglumine (Gd-BOPTA, MultiHance, Bracco Imaging
S.p.A., Milan, Italy) and Gadolinium ethoxybenzyldiethylenetriamine-
pentaacetic acid (Gd-EOB-DTPA, Shering AG, Berlin, Germany) dem-
onstrate combined perfusion and hepatocyte-selective properties.
Such compounds distribute initially to the vascular-interstitial com-
partment in an analogous manner to that of the conventional,
extracellular CM. Thereafter, a fraction of the injected dose (4% for
Gd-BOPTA, 50% for Gd-EOB-DTPA) is taken up into the hepatocytes
causing an increase of the signal intensity of the hepatic tissue and
eliminated via the biliary ducts (1).
Both contrasts give advantages in the diagnostic management of
focal liver lesions (FLL): in the dynamic phase they give the same in-
formation of conventional CM, with higher signal for Gd-BOPTA (2),
but a significant difference can be observed between the two LSCM,
as with Gd-EOB-DTPA extraction by hepatocites starts few minutes
after the injection, and a real late distribution phase cannot be ob-
served, impairing the characterization of FLL with a significant des-
moplastic or fibrotic component, such as cholangiocarcinoma or
fibrous hemangiomas, which after this CM appear rapidly hypoin-
tense (3). On the contrary in the hepatobiliary phase (HBP), obtained
at 20’ (Gd-EOB-DTPA) or 2-3 hours after the injection (Gd-BOPTA), the
larger extracted fraction of Gd-EOB-DTPA (50%) give a higher en-
hancement of the liver in comparison to Gd-BOPTA (2), especially in
cirrhotic patients, where the uptake of LSCM is inversely related to
the amount of fibrotic changes (4).
In the HBP liver-specific properties add a great capacity to better
identify small non-hepatocellular lesions (which appear markedly
hypointense in the HBP) or to better characterise benign hepatocel-
lular lesions (which usually appear iso- to hyperintense in the HBP)
from malignant ones (usually not able to uptake the LSCM).
The behaviour in the HBP after LSCM differs among different FLL:
- Benign hepatocellular FLL, such as FNH, NRH, usually show uptake
of LSCM (5, 6);
- Border-line hepatocellular FLL, such as Hepatic adenoma, usually do
not show uptake of LSCM (5, 6);
- Non hepatocellular FLL, either benign (eg. Hemangioma) or malignant
(cholangiocarcinoma, metastases), do not show uptake of LSCM (3, 7);
- In the cirrhotic liver, regenerative or low grade dysplastic nodules
(LGDN) usually show uptake of LSCM, while HGDN or HCC do not show
uptake of LSCM (8).
In these patients, LSCM are especially helpful in case of nodules with
atypical appearance in the dynamic phase (hypovascular; lack of wash-
out), as the hypointensity in the HBP is suspicious for malignancy (9).
- Finally, the elimination of the LSCM via the biliary pathway gives
the possibility to further explore biliary diseases by using T1w images
instead of MRCP, using functional information.
In conclusion, LSCM are an important tool to better identify and
characterise FLL. In case of atypical imaging appearance of FLL at US
or CT, their use is necessary. Moreover, in oncological patients as well
as in cirrhotic patients their use improves the accuracy of MRI in the
detection and characterization of FLL. Finally, some biliary diseases
are better evaluated using the biliary elimination of LSCM.
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Historically, contrast-associated acute kidney injury (CA-AKI) (also
known as contrast-induced nephropathy [CIN]) has been defined as
an acute deterioration of renal function after intravenous administra-
tion of contrast medium. Chronic kidney disease is the most import-
ant risk factor for CA-AKI [1]. The poorer the renal function, the
higher the risk of CA-AKI [2, 3]. The patients at highest risk of CA-AKI
are those with both chronic kidney disease and diabetes mellitus [4].
Patients with cancer have an increased risk of CA-AKI due to multiple
factors including advanced age, nephrotoxic effects of anticancer
therapies, metabolic disturbances, sepsis, hematopoietic stem-cell
transplantation and dehydration due to vomiting, diarrhea and poor
oral intake [5].
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The rate of CA-AKI is 2-4 times higher in patients undergoing intra-
arterial contrast medium injection (e.g., cardiac catheterization) com-
pared with those who receive intravenous injection (e.g., computed
tomography [CT]). The reasons for this difference are multiple. Pa-
tients undergoing cardiac catheterization are more likely to have dia-
betes and hypertension, and the volumes of contrast medium used
for these procedures tend to be higher than for CT examinations [6].
In addition, the angiography procedure itself likely is an important
factor, as studies have demonstrated high rates of cholesterol emboli
in patients undergoing aortography [7, 8].
Multi-institutional studies of patients with chronic kidney disease
undergoing intravenous contrast medium administration for CT
have demonstrated CA-AKI rates that are quite low, ranging from
1% to 4% depending on the definition of CA-AKI used [9, 10]. An-
other multi-institutional trial demonstrated that even in patients
with chronic kidney disease and diabetes, the rate of CA-AKI was
only 5% [11].
A confounding variable that limits our understanding of CA-AKI is
that very few studies have included control subjects who did not
receive intravascular contrast medium [12, 13]. Studies that include
control subjects demonstrate a similar incidence of AKI between
the contrast medium and control groups. These studies indicate
that other causes of renal dysfunction that happen to be tempor-
ally related to the administration of contrast material such as the
concurrent administration of nephrotoxic drugs or fluctuations in
blood pressure also can cause acute increases in serum creatinine.
Furthermore, studies have documented substantial acute variations
in serum creatinine levels among hospitalise patients [14, 15].
The results of studies that include control subjects who did not re-
ceive intravenous contrast material suggest that CA-AKI is either
much less common than previously thought or might not occur at
all; however, these retrospective studies are limited by potential se-
lection bias. For example, patients who are selected to undergo
unenhanced CT examinations might have more severe illnesses, add-
itional comorbidities or exposure to nephrotoxic drugs compared
with patients who are selected to receive intravenous contrast mater-
ial. Matched cohort propensity score analysis is a statistical method
by which selection bias can be reduced in a retrospective study by
matching patients based on risk factors. A study using this method-
ology demonstrated that post-CT AKI was prevalent in both the
unenhanced and contrast-enhanced groups, and it increased with in-
creases in pre-CT serum creatinine [16].
In summary, iodinated intravenous contrast material is a risk factor
for AKI, but many risk factors contribute to the development of AKI
after CT examinations, regardless of whether iodinated contrast ma-
terial is administered. Hydration remains the most effective measure
to minimize the risk of CA-AKI [17].
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In oncologic patients local minimally invasive tumour ablation has
gained increasing attention and relevance. In the majority of cases
thermal ablation techniques as radiofrequency ablatio (RFA) and
microwave ablation (MWA) are used which have limitations in
terms of large tumour size or risk of incomplete ablation due to
cooling effects of adjacent vessels. To overcome these limitations
image guided high-dose rate (HDR) brachytherapy has been devel-
oped with excellent results in terms of local tumour control even in
large tumours exceeding the size of 5 cm diameter.
There is a large dependency of local recurrence rates depending
on tumour entity with low recurrence rates of patients with hepato-
cellular carcinoma (around 5 percent) whereas patients with metas-
tasis of colorectal cancer to the liver have a risk around 20 percent
to develop a local tumour recurrence.
Local ablation is possible in patients with local circumscribed tumour
or till a quantity of 5 lesions within the liver.
The presentation will discuss technical requirements of image guided
brachytherapy, indications and its current clinical role in multimodal
treatment of cancer.
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Focal therapy is an emerging alternative treatment option, which of-
fers great hopes in terms of cancer control and decreased morbidity
for localised prostate cancer. The challenge of focal therapy is to
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treat only localised tumours, sparing the rest of the prostate, espe-
cially near the neurovascular bundles and the urethral sphincter, to
minimise potential morbidity.
The focal therapy concept remains controversial because prostate
cancer is a multifocal disease. However, 13–33% of patients have 1
prostate cancer or index lesion and would be eligible for focal ther-
apy. Consistent with the “index lesion theory”, indicating that most
tumours other than the index cancer, may not be of clinical signifi-
cance, even more patients would be suitable.
Various minimal invasive techniques such as cryoablation, focal laser
ablation, irreversible electroporation, high intensity focused ultrasound,
radiofrequency ablation, brachytherapy and photodynamic therapy
have been used to perform focal therapy in prostate cancer patients.
At present, there is no consensus which treatment method is the
best for focal therapy.
To be able to perform focal therapy, accurate and adequate image
guidance is a prerequisite. MR imaging provides two key advantages
for an effective focal treatment over other imaging modalities as ultra-
sound or computed tomography. First, its excellent soft tissue contrast
and multi-planar imaging capabilities allow for clear visualization of the
tumour and for accurate thermal applicator placement into the lesion.
Second, MR thermometry allows to measure in real-time the spatial dis-
tribution of the temperature in tissue, which is important to estimate
boundaries of irreversible tissue necrosis. For these reasons, MR im-
aging is perfectly suited to use for image guidance during focal ther-
apy, because it can be used to localise the tumour, target it with
probes, monitor and control the ablation procedure in real-time and
to map tissue temperature.
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Interventional oncology (IO) is considerably less developed in adults
than in children. Although there are many plausible applications for
IO in paediatrics, very few have been widely adopted. Various bar-
riers have been identified, including the relatively small numbers of
patients afflicted by each tumour type (making randomised con-
trolled trials in paediatric IO essentially impossible), relatively good
results of conventional treatment (making IO less necessary in chil-
dren than in adults) and a strongly protocol- or trial-driven approach
to cancer care in children [1].
The most widely used applications of interventional radiology in paedi-
atric oncology are biopsy, central venous access and certain forms of
supportive care [2]. Image-guided biopsy has largely replaced surgical
biopsy for the diagnosis of extracranial solid tumours in children.
The therapeutic IO techniques that have become common in adult
practice are still rarely used in children. A systematic review published
in 2014 evaluated the reports of only 28 children treated with ablation
techniques for malignant or aggressive benign lesions [3], although
many more relevant publications have appeared since then.
Although treatment of malignant liver tumours in children with che-
moembolization (TACE) was investigated as long ago as the early
1990s, with promising results [4], this technique is rarely applied in
practice. There are three potential indications for TACE in children: con-
version of unresectable tumours to resectability, as a bridge to trans-
plantation, and as a part of palliation. None of these has so far been
incorporated into any major paediatric liver tumour trial. The new inter-
continental paediatric liver tumour trial [5], called PHiTT, will at least
provide a mechanism for collecting data on TACE in children.
Speculative applications for IO in children include the use of radiofre-
quency ablation or cryoablation as an alternative to partial nephrec-
tomy for treatment of bilateral nephroblastoma (Wilms’ tumour).
Finally, interventional radiology has a small role in the palliative care of
children with cancer. Examples include techniques for the management
of malignant pleural effusions or ascites, and methods for delivering
analgesic drugs or nerve blocks.
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INTRODUCTION: Over the last 10 years, the management of cancer
patients has been revolutionised by the advances in molecular tar-
geted therapy and immunotherapy with significant benefits for pa-
tient outcomes and comfort. These therapies however are associated
with new toxicities and complications that: can be mild, moderate or
life-threatening; may require alteration or cessation of therapy; or
simulate disease progression. In this presentation, the various classes
of molecular targeted and immunotherapy associated with pulmon-
ary complications are reviewed and the drug-associated injuries and
their differential diagnosis are presented.
PNEUMONITIS: Drug induced pneumonitis develops in up to 10% of
patients on immunotherapy and remains a diagnosis of exclusion
that must be differentiated from infection and malignant lung infil-
tration. Five different patterns have been described on CT: ground
glass opacities with preserved bronchovascular markings; increased
interstitial markings, interlobular septal thickening, peribronchovas-
cular infiltration, subpleural reticulation, and honeycomb pattern in
severe cases ; cryptogenic organizing pneumonia-like, with discrete
patchy or confluent consolidation with or without air broncho-
grams, predominantly peripheral or subpleural in location; non-
specific, with a mixture of nodular and other subtypes, not clearly
fitting into other subtype classifications.
BRONCHIOLITIS OBLITERANS: There is myxoid fibrous tissue filling
the distal bronchioles and extending into alveolar ducts and associ-
ated with inflammatory cells. On CT imaging findings include: bilat-
eral regions of patchy consolidation or small irregular nodular
opacities, bronchial wall thickening and dilation, and small pleural
effusions.
RADIATION RECALL PNEUMONITIS: This is an inflammatory reaction
in previously irradiated areas of lung producing well defined areas
of alveolar consolidation, ground glass opacities or infiltrates corre-
sponding to the radiation portals. This pneumonitis usually pre-
sents 3-4 months following radiotherapy and the patient presents
with cough and dyspnea.
PULMONARY VENO-OCCLUSIVE DISEASE: Progressive occlusion of
postcapillary pulmonary venules leads to increased pulmonary re-
sistance, pulmonary hypertension, and right ventricular failure. CT
findings include diffuse ground-glass opacification, septal thicken-
ing, peribronchial thickening, soft tissue oedema around the hila
and mediastinum, small pleural effusions, and dilatation of the cen-
tral pulmonary arteries.
SARCOID-LIKE GRANULOMATOUS REACTIONS: Intrathoracic lymph-
adenopathy simulating sarcoidosis develops in up to 10% of patients
following ipilimuab and nivolumab therapy. The adenopathy may
manifest and newly enlarged lymph nodes or enlargement of pre-
existing lymph nodes that occur in isolation or associated with bilat-
eral upper lobe and middle lobe predominant ground glass opacities,
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parenchymal consolidations and/or irregular nodules. Most patients
are asymptomatic and biopsy show non-caseating granulomas with
elevated CD4:CD8 levels. Extrathoracic diffuse adenopathy and cuta-
neous non-caseating granulomas have also been described.
PSEUDOPROGRESSION: Immunotherapy often may initially provoke
infiltration of cytotoxic T lymphocytes and other immune cells into
the tumour bed. This may cause an increase in tumour size or the
development of new lesions as an early response. Pseudoprogression
is defined as ≥ 25% increase in tumour burden that is not seen on re-
peat imaging performed 4 weeks or more after the initial study.
Mixed immune-related responses or pseudoprogression are quite
problematic in assessing treatment response using RECIST criteria.
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Acute abdominal complications in children treated for cancer can be
life threatening and the early recognition of these conditions is im-
perative to patient safety and to guide cancer therapy. Radiologists
interpreting the imaging of these patients should be aware of the
types of complications that may occur, their clinical signs and symp-
toms and the imaging appearances of these conditions. The radiolo-
gist must direct the appropriate imaging work-up of these patients
both for diagnosis and to monitor the effect of intervention. I will re-
view the clinical and imaging features of the more common abdom-
inal complications that occur at our large children’s cancer hospital.
The discussion will include the rationale for which imaging modality
should be used to assess these conditions, their key imaging features
and the role of imaging in monitoring the management of these
complications.
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Cancers are treated with surgery, chemotherapy, targeted therapies,
radiotherapy and minimally invasive therapies, which can have ef-
fects on both normal and diseased tissues. Awareness of the acute,
sub-acute and long term complications of such treatments can help
in the appropriate interpretation of imaging findings at patient
follow-up.
Residual disease or disease recurrence occurs as result of inadequate
tumour clearance, clonal resistance, tumour re-growth or metastatic
spread. Knowledge of prior treatment and the appearances on im-
aging can help to raise the alert on possible active disease requiring
further treatment.
In the interpretation of imaging, knowledge of the “PATTERN” can
help to distinguish between treatment complications and disease
recurrence. [PATTERN: P = Knowledge of pattern of disease spread;
A = associated clinical findings; T = type of treatment administered;
T = timing of abnormality in relation to treatment; E = extent of ab-
normality/ disease before treatment; R = radiological features; N =
use of novel functional imaging].
16:00 - 17:30 Interventions: Vascular
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Hepatocellular carcinoma (HCC) and colorectal liver metastases
(CRLM) represent the two most common types of cancer affecting
the liver [1]. Curative treatments, including liver resection, have
shown promising results in patients with primary and secondary liver
cancer, but can only be offered to a minority of patients at time of
diagnosis [2, 3]. In the last years, catheter-based intra-arterial therap-
ies, including transarterial chemoembolization (TACE), have gained
great interest for the treatment of unresectable liver tumours [4]. The
rationale for the use of these therapies in patient with liver tumours
relies on preferentially arterial blood supply of liver tumours, which
allows delivery of the chemotherapeutic drug selectively through
tumour-feeding artery while sparing the healthy liver parenchyma
mainly supplied by the portal vein. Nowadays, TACE represents the
treatment of choice for patients with intermediate-stage HCC and is
increasingly used for patients with liver-dominant CRLM after failure
of surgery or systemic chemotherapy [4, 5]. Since the time of its
introduction as a treatment for patients with liver cancer more than
three decades ago, TACE has been gradually improved, both with re-
spect to angiographic technique, embolizing and drug delivery
agents and image-guidance technology [6]. Herein we want to re-
view the rationale, as well as the preclinical and clinical data support-
ing the use of different TACE techniques in patients with primary
and secondary liver cancer. Furthermore, we will discuss the latest
developments and their potential benefits in the field of transarterial
chemoembolization.
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Hepatic radioembolization is a relatively new and developing
modality for treating non-resectable primary or secondary liver tu-
mours. Yttrium-90 coated microspheres are transarterially injected
via a microcatheter into the hepatic artery. Preferential uptake into
liver tumours is achieved by the predominant hepatic arterial sup-
ply whereas healthy liver tissue is predominantly perfused by the
portal vein.
Radioembolization is currently indicated in patients with advanced
tumour burden in a palliative situation with hepatocellular carcin-
oma, colorectal or neuroendocrine liver metastasis. Patients should
have liver-dominant tumour burden and the liver must be estimated
the life expectancy limiting organ.
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First randomised trials like the SIRFLOX-trial investigating Y-90 micro-
spheres in patients with previously untreated metastatic colorectal
cancer did not an improvement of overall survival but a significantly
delayed disease progression in the liver. Data of the SORAMIC-trial
evaluating sorafenib ± Y-90 microspheres are not yet published,
safety data published showed that the combination appears to be as
well tolerated as sorafenib alone.
The presentation will discuss technical requirements for radioemboli-
zation and its current clinical role in multimodal treatment of cancer.
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Portal Vein Embolisation (PVE) is an interventional procedure to in-
crease the volume of future liver remnant (FLR) before extended liver
resections to prevent early postoperative liver failure.
Liver surgeons normally prefer in healthy livers at least 25% (and
40% in diseased liver) as FLR after hepatic resection (1-4). So, in cases
where a major hepatic resection (e.g. hepatic trisegmentectomy) is
planned a preoperative volumetric measurement of hole liver volume
and FLR is essential. The volumetric assessment of the FLR should be
performed together with the surgeon to simulate his planned extent
of resection. Additionally a test for the functional liver reserve should
be performed (5).
PVE should reduce portal vein flow into the liver planned to be
resected and increase the blood flow into the FLR. Together with the
increased blood flow growths factors introduce a hypertrophy
(approx. 30-50% hypertrophy is achievable with PVE) of the FLR,
so acute liver failures in large resections could be reduced and
prevented by PVE (6). Disadvantage of this cytokine and growth
factor release is that it introduces growth of distant (and previously
invisible) metastasis.
An alternative to PVE is the surgical in situ liver splitting and portal
vein ligation or ALPPS (associating liver partition and portal vein
ligation for staged hepatectomy) procedure (7, 8). In general, the
amount of FLR hypertrophy in ALPSS is similar to PVE, but hyper-
trophy is faster and the growth of distant metastasis is reduced, but
some centres report of an increased morbidity and mortality after
ALPSS procedure (7-10).
PVE could be performed by percutaneous puncture of the ipsilateral
(future resected) liver or by a contralateral (puncture of the FLR) ap-
proach. Some centres also use a transjugular-transhepatic approach
similar to a TIPS procedure. The ipsilateral approach is the preferred
access to the portal vein in PVE, because it safes the FLR and its por-
tal vein from injury during the procedure. Different imaging tech-
niques for puncture guidance could be used, we prefer ultrasound
guidance to access ipsilateral portal vein. After selective catheterisa-
tion of the segmental portal veins branches the portal vein is embo-
lised with different embolic materials (particles, gelatine, coils, plugs
or glue) (11). This embolisation process is guided under fluoroscopy.
After complete embolisation catheter and sheath tract should be
embolised with glue to prevent bleeding and bile leakage into the
peritoneum. Knowledge of typical and atypical portal vein anatomy
and the extent of surgical resection is crucial for a successful PVE to
introduce FLR hypertrophy in preparation for extended hepatic
resections.
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A broad spectrum of focal lesions can involve the liver and represent
a daily challenge in the clinical practice [1]. These are usually de-
tected and characterised contrast-enhanced computed tomography
and magnetic resonance imaging which were proven to be reliable
in the evaluation of various focal hepatic lesions. Practical diagnostic
approach has been proposed for the diagnosis of these lesions [2].
Specifically, various enhancing lesions have been described in cir-
rhotic and non-cirrhotic livers. Vascular pitfall can mimic these neo-
plastic lesions [3] and will be also illustrated in this lecture.
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According to WHO (1), liver tumours can be subdivided into:
- Epithelial (benign and malignant)
- Non-epithelial (benign and malignant)
- Miscellaneous tumour (solitary fibrous tumour, teratoma, carcinosar-
coma, Kaposi, etc.)
- Haematopoietic and lymphoid tumour
- Secondary tumours
Moreover, epithelial abnormalities (from benign to carcinoma in situ)
and miscellaneous lesions (hamartoma, nodular regenerative hyper-
plasia, inflammatory pseudotumour) have been described.
We will discuss the imaging features of the most clinically relevant
rare liver tumours (such as malignant vascular tumours, mucinous
cystic neoplasms, sarcomas, primitive lymphomas).
In particular, MR features of these rare lesions will be discussed:
1. Primary hepatic angiosarcoma is a rare malignancy, but it is the
most common primary mesenchymal tumour of the liver (1),
On an unenhanced CT angiosarcoma it can appear as a single dom-
inant mass or multiple confluent nodules predominantly hypoattenu-
ating compared to the surrounding liver, but it may contain either
hyperattenuating areas, corresponding with a recent haemorrhage.
On contrast-enhanced images, angiosarcoma appears extremely het-
erogeneous, with central or peripheral ring-shaped enhancement on
arterial and portal phase and a progressive enhancement at delayed
phase (2). On T1-weighted MR images, neoplastic nodules or masses
can contain foci of high signal intensity in various degrees, corre-
sponding to areas of intralesional haemorrhage at different age. On
T2-weighted images, neoplastic nodules or mass can show foci of
high signal intensity, representing necrosis, and solid area of low
signal intensity, reflecting hemosiderin or fibrous solid portions (2).
2. Hepatic Epithelioid Hemangioendothelioma (HEH) is a rare malig-
nant liver tumour with a vascular origin like angiosarcoma. Detection
of HEH is usually incidental during an imaging study.
HEH may present itself as a single liver nodule or, more frequently,
as a multinodular disease (HEH nodular type). HEH nodules, in late
stage disease, coalesce in large infiltrative mass (HEH diffuse type).
Prevalent right liver lobe involvement, peripheral location, tendency
to coalesce of multiple nodules and capsular retraction are morpho-
logical features important for characterization, although they are not
pathognomonic.
After administration of IV contrast material, some tumour nodules
display marginal enhancement during the arterial phase. During por-
tal and late phase the nodules appear hypodense or may become
isodense to liver parenchyma (3).
At MR imaging on T2-weighted images, lesions have an inhomogen-
eous hyperintensity, with some lesions showing a target appearance,
due to the presence of a central sclerotic zone and a peripheral re-
gion of cellular proliferation. On T1-weighted images the lesions
are hypointense, with some lesions containing central areas of
lower signal intensity than the remainder of the tumour (4).
After GBCA administration, a target enhancement occurs, with a
central unenhancing area, due to the avascular stroma, and an en-
hancing rim represented by peripheral area with high cellularity
and active proliferating tumoural epithelioid cells (5).
3. Biliary cystadenomas mainly affect women, range widely in age; its
malignant counterpart biliary cystadenocarcinomas show no gender
preponderance. However, also biliary cystadenoma is considered a
premalignant condition.
They range in diameter from1.5 to 35 cm and usually grow slowly.
Symptoms are usually related to the mass effect and are nonspecific.
At CT, biliary cystadenoma appears as a solitary cystic mass with a
well-defined thick fibrous capsule, mural nodules, internal septa. On
portal-venous-phase the lesion shows enhancement of the capsule
and septa. Rarely, wall calcifications are seen (6).
At MR, uncomplicated biliary cystadenoma appears as a fluid-
containing multilocular mass, with homogeneous low signal intensity
on T1- weighted images and homogeneous high signal intensity on
T2-weighted images. Signal intensity of mucinous fluids may vary
depending on protein concentration or cystic haemorrhage (7). On
T1-weighted images, the signal intensity may change from hypoin-
tense to hyperintense as protein concentration increases. On T2-
weighted images signal intensity of mucinous fluids decrease from
highly hyperintense to highly hypointense with increasing protein
concentration. Fluid/fluid level secondary to internal haemorrhage
is visible on both T1- and T2-weighted images.
On portal-venous-phase gadolinium-enhanced T1-weighted MR image
shows enhancement of the capsule and septa.
In conclusion, several rare and unusual tumours can be found in
the liver; knowledge of imaging findings allow a correct diagnosis
in most cases.
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A liver incidentaloma usually is defined as an asymptomatic liver ab-
normality found serendipitously on an imaging study performed for
another reason; however, another category of incidentaloma that is
pertinent to the cancer imaging population is a liver lesion identified
in a patient with newly diagnosed cancer. Distinguishing a benign
from a malignant liver lesion in a patient with cancer can be difficult,
as benign hepatic masses are very prevalent, increase with age and
are found in more than 50% of adult autopsies [1]. An approach to
dealing with liver incidentalomas begins with assessment of two
pieces of information: 1) the imaging features of the liver lesion and
2) the risk category of the patient, based on which an appropriate
management strategy can be determined.
General imaging features include whether the lesion is cystic, solid,
hypoenhancing or hyperenhancing. More specific features include
size, shape location, homogeneity, echogenicity, attenuation, signal
intensity, margins, and enhancement pattern. Additional features
include the presence of a central scar, hemorrhage, lipid or capsu-
lar retraction.
The American College of Radiology [2] stratifies individuals into three
risk categories: low-risk, average-risk and high-risk. Low-risk and
average-risk individuals have no malignancy, hepatic dysfunction, risk
factors for hepatic malignancy or symptoms attributable to the liver.
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High-risk individuals have a known malignancy, cirrhosis or other
hepatic risk factor. The only distinction between low-risk and average-
risk individuals is age, those ≤40 years being considered low-risk, and
those >40 years being considered average-risk. A simplified approach is
to combine the low-risk and average-risk categories and consider indi-
viduals as either high-risk (known malignancy or other risk factor) or
low-risk (no malignancy or other risk factor) [3].
If the imaging features of an incidentally discovered liver lesion indicate
that it is benign, then no further evaluation is needed. If the imaging
features are indeterminate, management options include follow-up,
additional imaging to further characterise or biopsy. If the imaging
features are strongly suggestive of malignancy, management options
include additional imaging to further characterise, biopsy or treat-
ment without tissue characterization.
When additional imaging is performed to further characterise an
incidentally discovered liver lesion, magnetic resonance imaging
(MRI) using a hepatobiliary contrast agent generally is considered
the imaging technique of choice [3]. Alternative approaches in-
clude contrast-enhanced computed tomography (CT) or contrast-
enhanced ultrasound (CEUS). Less commonly a nuclear medicine
imaging study such as FDG-PET/CT, In-111-somatostatin receptor
scintigraphy, technetium-99m sulfur colloid scan or technetium-
99m red blood cell scan may be employed.
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Cholangiocarcinoma is a malignant neoplasm originating from the
epithelial lining of the biliary tree and are the second most common
primary hepatic neoplasm following hepatocellular carcinomas. Histo-
pathologically, Cholangiocarcinomas represent an adenocarcinoma
with a glandular appearance and variable differentiation. Cholangio-
carcinomas most commonly occur in sixth decade of life and men
are at slightly higher risk than women. Although most Cholangiocar-
cinomas arise sporadic and there is no recognized risk factor, the de-
velopment of cholangiocarcinoma is higher in biliary duct disorders
including primary sclerosing cholangitis (PSC), Caroli disease, chole-
dochal cyst, parasitic infections (Clonorchis sinensis), toxins and viral
hepatitis (especially type C). Cholangiocarcinoma demonstrate dif-
ferent presentations and outcomes based on their location and or
pattern of growth and this has implications for treatment and prog-
nosis Cholangiocarcinoma is classified according to its growth pat-
tern: mass-forming, periductal-infiltrating, intraductal-growing type.
From the stand point of location, they can be intrahepatic, perihilar,
extrahepatic distal. Intrahepatic and extrahepatic tumours are sepa-
rated by the second order bile ducts. The majority of Cholangiocar-
cinomas, 50-60%, occur at the common hepatic duct (CHD) and its
bifurcation, also referred to as perihilar Cholangiocarcinoma (PHC),
20–30% are located distally and intrahepatic account for 20%. The
risk of Cholangiocarcinoma contributes to poor prognosis and rep-
resents a major clinical challenge in PSC patients. In general, sur-
veillance is used for disease monitoring in an asymptomatic risk
population for the purpose of early tumour detection. Diagnosing
biliary ductal cancer often requires a multi-modal approach com-
bining imaging and laboratory modalities; although the use of high
quality imaging techniques is promising for accurate pre-operative
staging and assessment of tumour resectability. MR Imaging is the
current standard for non-invasive assessment, pre-operative staging
and surveillance. MRI protocol for Cholangiocarcinoma evaluation
should include the liver and pancreas to exclude the non-
hepatobiliary pathologies as the etiology of extrahepatic bile duct
dilatation; also autoimmune pancreatitis (IgG4 disease) which can
involve the biliary tract causing obstructing lesions mimicking Chol-
angiocarcinoma. Since complete resection of tumour remains the
only therapy that offers the possibility of long-term survival, the
need for precise pre-operative staging and assessment of resectabil-
ity has accentuated the role of imaging in management. By taking
full account of local tumour extent, the proposed staging system for
extrahepatic cholangiocarcinoma accurately predicts resectability,
the likelihood of metastatic disease, and survival. According to Blum-
gart T-staging system vascular involvement and liver parenchymal
atrophy, both significantly affect the potential for resectability of ex-
trahepatic cholangiocarcinoma and they were considered alongside
with the longitudinal biliary extension. The specific criteria of unre-
sectability for perihilar Cholangiocarcinoma according to Blumgart
system include: (a) stage T3 (bilateral involvement of second-order
biliary radicles or portal vein, or unilateral involvement of second-
order biliary radicles in patients with incompetent liver either due to
contralateral portal vein involvement or lobar atrophy) and (b) atro-
phy of one hepatic lobe with contralateral portal vein branch encase-
ment or occlusion. Lymph nodes in pericholedochal, hilar, and portal
locations are considered regional and their involvement is not a
contraindication for surgical resection.
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Uterine tumours originate from the endometrium, myometrium or
cervix. Primary tumours at each of these sites demonstrate unique
epidemiologic profiles, histologic subtypes and prognosis. The indica-
tions for imaging, the modalities used, and the imaging features are
also specific to each of these primary sites. In this session, we will
discuss the relevant features of uterine cancers and discuss how im-
aging can be used in the baseline and post treatment assessment of
uterine tumours to guide management, prognosticate and document
treatment response and recurrence.
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Incidentally discovered adnexal lesions are common, most are be-
nign, but a minority can represent ovarian cancer, difficult to detect
before it has spread. The frequency raised with increased use of
cross-sectional imaging.
The point prevalence for significant cysts has been reported to be al-
most 8% in premenopausal women [1]. Surprisingly, the prevalence
in postmenopausal women is as high as 14% to 18%, with a yearly
incidence of 8%. From 30% to 54% of postmenopausal ovarian cysts
persist for years [2].
The correct differentiation between malignant and benign lesions
prevents unnecessary interventions and avoids delays in treatment
of ovarian carcinoma.
US is the study of choice for primary evaluation of adnexal masses
but it is less accurate for complex or indeterminate lesions, even
when combined with color Doppler imaging.
The differential diagnosis for any particular mass or finding will vary
based on the specific imaging features present, and ultrasound can
be used to try to detect features that would enable a confident
diagnosis or management strategy [3,4].
The most worrisome findings at US are the presence of solid areas
that are not hyperechoic, especially when there is blood flow to
them, thick septations, more than 2 or 3 mm wide, especially if there
is blood flow within them, excrescences on the inner or outer aspect
of a cystic area, ascites and other pelvic or omental masses.
Further evaluation with MRI may be critical for diagnosis, especially
when it is not clear on US. MRI has been shown to be more specific
and accurate than US and Doppler assessment.
MRI can determine, using frequency-selective fat saturation, whether
a mass contains fat, which can be useful in the diagnosis of a
teratoma. MRI can distinguish benign ovarian cysts from ovarian
neoplasms because of the presence of papillary projections and
nodular septa in neoplasms.
CT, and to a larger extent MRI, can show imaging features of adnexal
masses that are characteristic or highly suggestive for particular
diagnostic entities, such as paraovarian cyst, hydrosalpinx, peritoneal
inclusion cyst, cystic teratoma, endometrioma, exophytic leiomyoma,
ovarian fibroma, and ovarian carcinoma
MRI provides additional information on the composition of soft-tissue
tumours. Usually, MRI is ordered with contrast, unless there are
contraindications to it. The radiologist will evaluate morphologic fea-
tures, signal intensity, and enhancement of solid areas. Techniques
such as dynamic contrast-enhanced MRI (following the distribution
of contrast material over time), in- and out-of-phase T1 imaging
(looking for fat, such as in dermoids), and the diffusion-weighted im-
aging improve characterization.
Contrast-enhanced MRI contributes to a greater change in the prob-
ability of ovarian cancer than did CT, Doppler ultrasonography, or
MRI without contrast. This may result in a reduction in unnecessary
surgeries and in an increase in proper referrals in cases of suspected
malignancy [5].
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Abstract
The lecture will illustrate the diverse range of MRI appearances of
non-Hodgkin’s lymphoma (NHL) in the head and neck, the 2nd most
common site of extra nodal lymphoma after the GI tract. Extra nodal
NHL arises in lymphatic and extra lymphatic locations of the neck,
and is often multifocal. NHL has a wide range of subtypes with clin-
ical behaviour varying from indolent to highly aggressive disease.
The clinical presentation and imaging may therefore mimic other
pathologies in the head and neck, including autoimmune disease, in-
fection and squamous cell carcinoma.
On MRI, most primary site NHLs form solid homogeneous contrast-
enhancing masses with restricted diffusion, but a notable exception
is NK/T-cell lymphoma may be necrotic. Common sites for NHL in
the head and neck are Waldeyer’s ring, the sinonasal region, orbit &
glands and oral cavity& facial bones.
Waldeyer’s ring: Waldeyer’s ring (palatine tonsil, tongue base, nasopha-
ryngeal adenoid and palate) is the most common site of NHL in the
head and neck and most are diffuse large B cell lymphomas (DLBCL).
These tumours may grow to a large size without deep invasion, but
DLBCL is an aggressive tumour which can involve contiguous sites along
the aerodigestive tract and has a propensity to spread to nodes.
Sinonasal region: most sinonasal NHL are also DLBCL, but they show
a greater propensity for local invasion and less nodal spread when
compared to Waldeyer’s ring DLBCL. Sinonasal NHL frequently de-
stroys bone or crosses the bone leaving the bone relatively intact.
NK/T-cell lymphoma also has a predilection for the nasal cavity,
which can manifest on imaging as subtle bands of mucosal thicken-
ing (easily overlooked), or invasive necrotic masses that erode the
nasal septum and palate.
Orbit & glands (lacrimal, salivary and thyroid): these are frequent sites
for mucosa-associated lymphoid tissue (MALT) lymphoma, an indo-
lent often asymptomatic tumour with frequent relapse. The imaging
features may be difficult to distinguish from chronic inflammation/
infection & autoimmune disease which are also predisposing factors
for NHL.
Oral cavity & facial bones: includes Burkitt’s lymphoma, a tumour that
is endemic in the African paediatric population and is one of the fastest
growing human malignancies.
Nodal groups: accompanying neck nodes are often numerous involving
multiple nodal groups. Nodal spread tends to be in an orderly fashion
down the neck along expected routes, but also can involve unexpected
groups such as those along the external jugular chain. Nodes tend
to be well defined, solid and homogeneous, but necrosis and extra-
capsular spread are also found on MRI.
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Lymphomas can be divided into Hodgkin (HL) and Non-Hodgkin
lymphomas (NHL) on the one hand, and aggressive and indolent
lymphomas on the other hand. Imaging plays a central role for the
assessment of lymphomas, not only for Ann Arbor staging, but also
for treatment response assessment.
While contrast-enhanced computed tomography (CE-CT) remains the
most frequently used imaging test for lymphomas, the International
Conference on Malignant Lymphoma (ICML) recommends the use of
[18F]-FDG-PET/CT for the vast majority of lymphoma subtypes, in-
cluding the most common ones: HL, diffuse large-B-cell lymphoma
(DLBCL, most common aggressive NHL), and follicular lymphoma
(most common indolent NHL) [1]. [18F]-FDG-PET/CT, which relies on
the high glucose metabolism observed in most lymphomas, is super-
ior to CE-CT, in particular for response assessment after chemo- or
immune-chemotherapy. The set of rules for lymphoma response
evaluation is currently the Lugano classification. For FDG-avid lymph-
omas, the Lugano classification relies chiefly on the so-called 5-point
Deauville score, which is based on a comparison of the lesions’ FDG
uptake on PET with the FDG uptake of reference tissues, especially
the liver. Apart from this semi-quantitative evaluation, glucose me-
tabolism on [18F]-FDG-PET can also be measured quantitatively
through calculation of standardised uptake values (SUV).
Whole-body diffusion-weighted MR imaging (DWI) is slowly emerging
as an alternative technique, providing results that are almost, though
not quite, as good as those achieved with [18F]-FDG-PET/CT, both in
terms of pre-therapeutic staging and treatment response assessment
[2, 3]. It is based on the restriction of water movement in hypercellu-
lar tumours such as lymphomas, and is thus an indirect way of asses-
sing cell density and size, and extracellular space tortuosity. As a
radiation-free technique, it is particularly attractive for pediatric
lymphoma patients, and for patients with lymphoma subtypes that
are not, or only in a lower percentage of cases, FDG avid. The latter
include marginal zone lymphomas such as MALT lymphoma, SLL/CLL
(small lymphocytic lymphoma / chronic lymphocytic leukemia),
Morbus Waldenström, and mycosis fungoides, for which the ICML
currently does not recommend [18F]-FDG-PET/CT [1]. Similar to
[18F]-FDG-PET, DWI has quantitative capabilities through the calcu-
lation of so-called apparent diffusion coefficients (ADC). However,
compared to the SUVs on PET, ADCs tend to be less reliable, and
are prone to motion artifacts.
Finally, PET/MRI has recently entered the clinical stage, and several
studies have been performed in lymphoma patients. Due to the com-
bination of the strengths of [18F]-FDG-PET and DWI, and the reduced
radiation exposure – 6-8 mSv for PET/MRI, as opposed to about 20
mSv for PET/CT – PET/MRI may be regarded the universal, though
very costly, imaging test for lymphoma, even though the actual
benefit in routine clinical practice is only small, and is histology-
dependent [4]. A definitive advantage over PET/CT lies in the fact
that delayed time-point PET, which improves detection of some in-
dolent lymphomas [5], can be easily integrated into the PET/MRI
work-flow.
Among novel PET radiotracers used in lymphomas, [68Ga]-Pentixafor,
which targets CXCR4 chemokine receptors [6], has great potential,
because CXCR4, which mediates cell chemotaxis and migration, is
overexpressed in lympho-proliferative diseases.
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Malignant lymphomas comprise about 15% of childhood cancers,
and are the third most common malignancy in the pediatric age
group following leukemia and malignant brain tumours [1].
Hodgkin lymphoma (HL) shows a characteristic bimodal distribution, with
the first, larger peak seen in adolescents and young adults (15-24 years),
and a second smaller peak occurring in older adults. A cure rate of 95%
is achieved for pediatric HL (0-14 years), which is overall more favourable
than for adults. Unlike in adults, the non-Hodgkin lymphoma (NHL) sub-
types are almost exclusively high grade lymphomas mostly of B-cell ori-
gin, and with frequent extranodal involvement. Four subtypes, Burkitt
lymphoma (>80%), diffuse large B-cell lymphoma (10-20%), lympho-
blastic lymphoma (T-cell > B-cell) and anaplastic large cell lymphoma are
the most common. Overall survival rate now exceeds 80%. Challenges fa-
cing the management of lymphomas are the long term side effects of
treatment, and thus, tailoring of therapy to reduce adverse effects and
maintain high cure rates is an important goal in management.
In a meta-analysis, it was found that sensitivities and specificities of
FDG-PET/CT for initial staging of paediatric lymphomas are 96%-99%
and 95%-100%, respectively [2]. Compared to conventional staging
methods, FDG-PET/CT provides higher diagnostic accuracy in lesion de-
tection (96.7% versus 85.2%) and has been found to change disease
stage in 15%-20% of patients [3, 4]. Moreover for HL, recent studies
have suggested that bone marrow biopsy may be omitted due to the
superior sensitivity of FDG-PET [5], or be limited to those with normal
marrow uptake in the presence of poor risk factors and to exclude mar-
row involvement in the background of reactive marrow [6]. For CNS in-
volvement, MRI with contrast remains the method of choice.
In treatment response assessment, FDG-PET/CT has been incorpo-
rated into the 2007 International Working Group guidelines for re-
sponse assessment of HL and aggressive NHL [7], but that did not
address pediatric lymphoma. In view of the clear differences in
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pediatric NHL, an international pediatric response criteria for pediatric
NHL has been proposed in 2015. In this criteria, another category, CRu
(unconfirmed) is applied in CR cases in which a residual mass on CT or
MRI is negative by FDG-PET/CT and CR indicates disappearance of all
disease, as confirmed by physical examination, imaging and examin-
ation of CSF and BM [8]. FDG-PET has been found superior to conven-
tional imaging modalities for response assessment in allowing better
discrimination between viable tissue and fibrotic residual masses by
showing the altered metabolism, with high sensitivity and negative
predictive value [9]. However, specificity and positive predictive value
has been found to be low, reported to be 60% and 25% respectively in
a cohort of NHL [10]. Thus, histological confirmation is recommended
before treatment modification.
In evaluating paediatric lymphoma using FDG-PET/CT, pitfalls include
FDG accumulation in; thymic rebound after chemotherapy, reactive
cervical lymphadenopathy and prominent adenoids.
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MRI plays a crucial role in detecting pancreatic lesions and can provide
useful information not applicable by any other imaging modalities. In-
credible improvement in MRI techniques and the soft tissue contrast
resolution makes it a strong method for characterization of pancreatic
lesions and delineate normal pancreas from abnormal pancreatic tissue.
Moreover, in comparison to other imaging modalities, MRCP provides a
non-invasive technique for assessing the pancreaticobiliary ductal sys-
tem. Normal pancreas is hyperintense on fat-suppressed T1 sequences
compared to liver. Focal fatty infiltration demonstrates signal dropout
on out-of-phase T1 images is a common finding that can mimic a mass
on ultrasound and contrast enhanced CT scan. Although CT is the
established imaging modality for detection and staging of pancreatic
adenocarcinoma, it has a low sensitivity in diagnosis of small non-
contour deforming tumours (<2 cm) and tumours that are isoindense
to pancreatic parenchyma. On MRI, majority of pancreatic adenocarcin-
omas appear as low signal on non-contrast enhanced T1W fat sup-
pressed sequences hypoenhancing on immediate post-gadolinium
enhanced images. Larger tumours generally remain hypointense on de-
layed images whereas smaller tumours may become isointense or even
hyperintense. The two radiologic signs “duct cut-off sign” and “double
duct sign” are not pathognomonic for pancreatic adenocarcinoma as
they are seen in other benign conditions such as chronic pancreatitis.
Although studies showed an overall similar accuracy of MRI and MDCT
for pre-operative staging, MRI may have priority in detecting metastatic
disease involved liver and peritoneum. Another crucial application
for MRI is for detecting neuroendocrine tumours. Pre-contrast fat
suppressed T1 shows the lesions are low signal compared to back-
ground parenchyma and can be hyperenhancing on early as well as
delayed post contrast images. Another special application of MRI is
the characterization of internal structure of cystic neoplasms and deter-
mining connection to the ductal system which may be suggestive of a
particular diagnosis. IPMNs are lobulated multicystic lesions typically
found more common in elderly men. MRI may be more helpful than CT
for differentiating IPMNs from other cystic masses, by identifying ductal
communication of the cystic lesion. Gadolinium enhanced sequences
demonstrate enhancing walls, intracystic or intraductal papillary nod-
ules, and septae which may be features of malignancy. Mucinous cystic
neoplasms may have features that cannot be differentiated on CT in-
cluding varied cyst content manifesting as varying T1/T2 signal, subtle
enhancing thickened walls and subtly enhancing septations. Serous
cystadenomas are most commonly seen in middle age women with
classic imaging appearance of a lobulated lesion composed of
innumerable small cysts (<2 cm) giving the lesion a honeycomb or
“spongy” appearance. In some cases, where the cystic components are
very small and not discernable on CT or US, they can be well visualised
on T2 weighted sequences. Solitary pseudopapillary tumours (SPT) are
predominantly found among women. Small lesions are solid while lar-
ger tumours generally demonstrate cystic degeneration, necrosis and
intracystic hemorrhage which are well characterised with MRI. Cystic
degeneration of solid primary tumours or metastases may present as a
cystic pancreatic mass such as with some neuroendocrine tumours.
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Pancreatic cysts are very common in the adult population, and the
prevalence increases with age. Pancreatic cysts are identified in 13%-
20% of adults undergoing abdominal magnetic resonance imaging
(MRI) [1, 2] and in 2.6% of individuals undergoing multi-detector CT
[3]. How we deal with these cystic lesions has important implications
for both patient care and the expenditure of healthcare dollars.
Most pancreatic cysts discovered incidentally on imaging studies are
branch duct intraductal papillary mucinous neoplasms (BD-IPMN).
The vast majority are <3cm and have a very low risk of malignancy
[4]. Nevertheless, certain imaging features of pancreatic cysts are as-
sociated with an increased risk of malignancy. The international con-
sensus guidelines for the management of pancreatic mucinous
neoplasms [4] identify a group of features which are characterized as
“worrisome features” (size ≥3 cm, thickened enhanced wall, main
pancreatic duct (MPD) size 5-9 mm, non-enhanced mural nodule(s),
abrupt change in MPD caliber with atrophy of the upstream pan-
creas, and lymphadenopathy) and “high-risk stigmata” (obstructive
jaundice in a patient with a pancreatic head lesion, enhanced solid
component, and MPD size ≥10 mm).
Recent surgical data indicate that individuals with pancreatic cysts
may be at increased risk of developing solid pancreatic neoplasms.
4%-10% of patients with resected BD-IPMN are found to have con-
current pancreatic ductal adenocarcinoma [5, 6]. In addition, patients
with one or more pancreatic cysts have an increased risk of subse-
quent development of pancreatic ductal adenocarcinoma [7, 8].
Whether individuals with multifocal BD-IPMN are at increased risk of
malignancy is unclear. Although most studies have not shown an in-
creased risk of malignancy compared with solitary BD-IPMN, on study
found that in 52 patients with ≥4 pancreatic cysts, 34% had high
grade dysplasia or invasive carcinoma and 17% had a coexistent
ductal adenocarcinoma [9].
Almost all of the data available on the biological behavior of pancre-
atic cysts come from surgical series and longitudinal imaging studies.
No randomised controlled trials have been performed. Therefore our
approach to the management of incidentally discovered pancreatic
cysts is based on consensus guidelines developed by panels of medi-
cine, surgery, pathology and imaging experts [4, 10, 11], and there is
still a great deal to be learned about the genetics, natural history
and risks associated with these cysts.
All of the consensus guidelines recommend that a cyst ≤3 cm should
be followed as long as it contains no worrisome or high-risk features;
however, what the follow-up schedule should be and when surgical
intervention is indicated varies among the guidelines. Most consen-
sus panels indicate that endoscopic ultrasound (EUS) with cyst aspir-
ation should be considered to try to characterise cysts ≥2 cm.
It is important to bear in mind that the appearance of a pancreatic
cyst on an imaging study does not translate directly into patient
management. Appropriate management of an individual with an
incidentally discovered pancreatic cyst depends upon multiple
factors including age, comorbidities, the individual’s willingness to
undergo surveillance or surgery, and family history of pancreatic
cancer. Therefore management decisions should be individualised
and based on multidisciplinary team discussion.
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INTRODUCTION: Intraductal papillary mucinous neoplasms (IPMNs)
are fairly prevalent pancreatic neoplasms that are characterised by
intraductal papillary growths, thick mucus secretion, and pancreatic
ductal dilation that are at risk for undergoing malignant transform-
ation. The diagnosis, management, and treatment guidelines of this
neoplasm are evolving. In this presentation, the etiopathogenesis,
clinical, and imaging implications of this lesion are discussed.
CLASSIFICATION: The morphologic pattern of ductal dilation in IPMNs
has been categorised into 4 major subtypes: diffuse main duct dilation;
segmental main duct dilation, side branch dilation, and multifocal cysts
with pancreatic duct communication. Each pattern has its own diagnos-
tic, therapeutic, and prognostic implications.
FIELD DEFECT: It is well documented that patients with IPMNs are at
increased risk of developing typical ductal adenocarcinoma of the
pancreas both in association with and at a distance from the IPMN.
Accordingly, recent ACR guidelines have extended the surveillance
period for patients with IPMNs to 10 years. Discovery of an IPMN
should prompt a careful search for concomitant pancreatic cancer.
PRECURSOR LESION: The reported incidence for malignant trans-
formation of branch duct IPMNs ranges from 6-46% and 57-92% for
main duct IPMNs.
IMAGING FEATURES: The following imaging features are concerning
for malignancy in IPMNs: dilatation of the main pancreatic duct, par-
ticularly if > 7.2 mm; growing cysts and increasing main pancreatic
duct diameter; cyst size > 3cm; enhancing mural nodules and nod-
ules > 5 mm; thickened, irregular wall and septations; presence of or
development of a solid enhancing component; diffusion restriction
on diffusion weighted imaging; an SUV > 2.0 on PET/CT imaging; ob-
structive jaundice with a cyst in the pancreatic head.
CONCLUSIONS: CT and MRI are accurate in the diagnosis of malignant
IPMNs. Future work is needed to better differentiate non-invasive and
premalignant subtypes non-invasively.
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Overview
Pancreatic neuroendocrine tumours (PETs) have an incidence of 1 in
every 100,000 subjects and account for approximately between 1%-
2% of all pancreatic neoplasms {Ref.1]. They can be broadly divided
into functioning and nonfunctioning tumours depending on associ-
ated clinical symptoms, and classified based on additional features
such as size, histological features (mitotic index, Ki-67) and biological
behavior. PNET’s have been classified by WHO into Grade I, benign-
tumour is confined to the pancreas, <2 cms, no local invasion, < 2
mitoses per 10 HPF and < 2% Ki-67 cells, Grade 2- low grade-when
there is gross local invasion or metastasis and Grade 3, high grade
malignant- > 10 mitoses per HPF [Ref.2].
Most PETs are sporadic in nature, but it is thought that approxi-
mately 1%-2% are associated with familial syndromes such as
MEN Type 1, VHL, NF Type 1, and tuberous sclerosis, where the tu-
mours are often multiple [Ref.2]. With the increased use of cross
sectional imaging, nonfunctioning tumours are now commonly
being detected.
Functioning tumours can be divided based on type of hormonal se-
cretion and symptoms into: Insulinoma, Gastrinoma (Zollinger-Ellison
syndrome), Glucagonoma (4D syndrome), Vipoma (WDHA syndrome),
and Somatostatinoma.
Imaging appearances of PNETs
On both CT and MRI, smaller PNETs are typically hyperattenuating/
hyperintense lesions on both arterial and portal venous phase im-
ages. Larger tumours show areas of heterogeneous enhancement as
well cystic change [Refs.3, 4]. Approximately 10% show a predomin-
antly cystic tumour with rim enhancement. While studies have
shown higher sensitivity for tumour detection on arterial phase im-
aging, both arterial and venous phases are complementary, as some
lesions are best seen in the venous phase. On MR, PNETs are usually
hypointense and hyperintense to pancreatic parenchyma on T1 and
T2 images respectively. More recently studies have shown some
added value with the use DWI and ADC to differentiate the different
grades of PNETs [Ref 5]. In addition, tumour size > 2 cms, presence of
calcification, vascular invasion and main pancreatic duct dilatation,
appear to predict aggressive biologic behavior [Ref.6]. The recent de-
velopment of the tracer Octreotide-DOTA has increased the use of
this Gallium labelled agent for tumour detection and staging as well
as in the follow up of these patients.
Diagnosis, Treatment Options and Follow up Strategies
Depending on symptomatology, various biochemical testing can be
performed for the diagnosis of gastrinomas and insulinomas. Chromo-
granin A is a useful tumour marker that can be estimated in subjects
with nonfunctioning PNETs for diagnosis and follow up [Ref.7].
Multiphasic contrast-enhanced CT or MRI are the initial tests of choice
for the detection and staging of PNETs. Gallium-DOTA derivatives also
play an important role in diagnosis, staging as well as in the follow up
of patients with PNETs. Endoscopic ultrasound may be useful in de-
tecting multiple small functioning tumours in the pancreas and the
adjacent gastroduodenal wall (gastrinoma triangle).
Small (<2 cms) confined to the pancreas are usually treated with
tumour enucleation or in cases with local tumour extension and
where feasible, partial pancreatic resection is performed. However,
there is growing but controversial trend towards non operative man-
agement for a small subgroup of patients with asymptomatic, inci-
dental, small (< 2 cms) well-defined Grade I tumours [Ref.8].
For patients with metastatic disease, somtatostatin analogues, hepatic
arterial embolization for liver metastases and more recently peptide
receptor-targeted therapy with Yttrium labeled DOTA are being used.
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Liver metastases are much more common than primary malignant
tumours of the liver. The diagnosis is based on imaging findings (and
biopsy). Radiology plays a key role in the management of patients
with suspected liver metastases by detecting or excluding liver me-
tastases. Ultrasound is widely available, but it has limitations in the
detection of metastases due to operator and patient dependence,
and contrast-enhanced ultrasound (CEUS) is not performed for me-
tastasis detection on a routine basis.
The standard imaging technique for staging in patients with extrahe-
patic neoplasms at high risk for developing liver metastases (i.e.,
colo-rectal, gastric, oesophageal, pancreatic cancer, etc.) is contrast-
enhanced MDCT, with a reported sensitivity of 63–79% [1,2]. Examin-
ation protocol is key to the diagnosis. An unenhanced scan is not
routinely necessary, because it very rarely contributes to lesion detec-
tion [3]. For detection and characterization a bi-phasic (later arterial and
venous phases) contrast-enhanced protocol is recommended, after IV
administration of 0.5–0.6 g of iodine per kg b.w. (= 1.7–2 ml contrast
material @ 300 mg/ml) at a flow rate of 4–5 ml/s. With current modula-
tion techniques, lowering of kVp (80 or 100 kVp instead of 120 kVp) is
possible of patients at lower body weight. This allows further reduction
of contrast material. Reconstruction of thin, overlapping slices of 2.5-3
mm for viewing is superior to a slice thickness of 5 mm or more. In case
of equivocal MDCT (e. g., in patients with moderate to severe liver stea-
tosis) [4,5] or in patients with colo-rectal cancer and potentially resect-
able liver metastases, MRI should be performed.



Cancer Imaging 2017, 17(Suppl 1):24 Page 25 of 40
The standard MRI protocol includes single breath-hold T1w GRE in- and
opposed-phase, diffusion-weighted imaging (DWI), T2w TSE and
contrast-enhanced pulse sequences. In clinical practice, MRI with liver-
specific contrast agent (gadoxetic acid, Bayer Healthcare, Germany) is
not only superior to contrast-enhanced MDCT, but also to MRI with non-
specific gadolinium chelates, although is there is very little evidence in
the literature. A recent meta-analysis showed that MRI with DWI and
liver-specific contrast agent combined is superior to DWI or contrast-
enhanced MRI alone (sensitivity 96% vs. 91% and 87%, respectively) [6].
Contrast-enhanced MDCT is used to monitor therapy response or dis-
ease progression. According to RECIST 1.1, uni-dimensional measure-
ment of a maximum of 2 target lesions per organ (and a total of up
to 5 lesions) defines tumour response. To eliminate inaccurate
tumour measurements due to volume averaging, target lesions must
have a minimum size of 1 cm. Complete response (CR) is defined by
complete tumour disappearance, partial response (PR) by ≥30% de-
crease of the sum of all the longest diameters of all target lesions in
comparison to baseline. Progressive disease (PD) is defined by an in-
crease of 20% of longest diameters of target lesions in comparison
to nadir, with stable disease (SD) representing tumour response not
falling into one of the 2 categories. If patients with previously consid-
ered non-resectable metastatic disease turn potentially resectable
due to overwhelming chemotherapy response, then CE-MRI should
be performed to localise residual metastases for further planning [7].
In summary, MDCT examination protocol should be optimized for de-
tection and characterization of focal liver lesions, considered the radi-
ation dose in patient populations undergoing repeated scanning.
MDCT is the standard technique for assessment of liver metastases
and for follow-up after chemotherapy. Contrast-enhanced MRI includ-
ing DWI and liver-specific agents is the modality of choice in patients
with equivocal MDCT or in patients with CRC and potentially resect-
able liver metastases.
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Positron Emission Tomography and Compute Tomography (PET/CT)
is routinely used in evaluation for cancer staging and assessment of
metastatic disease. In addition, MRI is used as a problem solving tool.
Until recently PET and MR examinations have been performed by
separate PET and MR devices with temporal delay between these
two types of acquisitions. However, recent introduction of hybrid
PET/MR systems has made it possible to acquire PET and MRI data
either simultaneously or near simultaneously.
PET/MR is a powerful tool that provides opportunity for multiparametric
PET and MR imaging. This has tremendous potential in cancer staging,
detection of metastatic disease, and assessment of treatment response.
However, to take advantage of this powerful tool and implement it
in clinical practice requires understanding of various components of
the system, what the system can and can’t do, and how to optimize
protocols to answer clinically relevant questions.
Some of these areas of opportunities and challenges include:
(1) PET/MR: System and workflow considerations such as
- Attenuation correction with MRI
- Validation of PET/MR with respect to PET/CT
- Whole body and targeted organ protocol
(2) Current and potential clinical indications for oncologic imaging
such as
- Lymphoma Imaging
- Simultaneous locodistant staging for cancers
- Assessment of treatment response
(3) Limitations of PET/MR such as
- Lung imaging
- Osseous lesions
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Our ability to diagnose fetal tumours has improved over recent years.
Although rare, the majority of fetal tumours can be detected by
antenatal US.
Magnetic resonance imaging (MRI), due to its capabilities, can greatly
improve the diagnostic performance of US during pregnancy, and it
can provide an accurate evaluation of brain and body fetal tumours.
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Congenital brain tumours, those that are observed prenatally or be-
fore the second month of life, are extremely rare.
Teratomas are reported to account for half of all congenital tumours.
Other tumours listed in decreasing frequency include astrocytomas,
lipomas, choroid plexus papillomas, and primitive
neuroectodermal tumours [1]. The most common presenting finding
regardless of tumour type is macrocephaly.
Hydrocephalus, polyhydramnios, and hydrops are also commonly
seen. Unlike the pediatric population, intracranial fetal tumours are
most often supratentorial.
It can be difficult to distinguish the intracranial tumours prenatally.
Teratomas often have a complex cystic and solid appearance and
sometimes contain fat or calcification. A T2* sequence can be helpful
in identifying associated hemorrhage, a finding most commonly seen
in astrocytomas [2]. Choroid plexus papillomas are lobular intraven-
tricular masses and can overproduce CSF resulting in hydrocephalus.
Midline intracranial lipomas are benign tumours associated with
agenesis of the corpus callosum and will depict signal characteristics
of fat (hyperintense signal on T1 and T2).
Excepting choroid plexus papillomas and lipomas, the prognosis of
an intracranial tumour is poor, with tumours identified earlier in
gestation having even worse outcomes [3].
Hemangiomas arise from abnormal cellular proliferation of vascular
endothelial cells and are the most common vascular tumour in in-
fancy. They affect approximately 10% of infants with a high female
predilection, and greater than 50% of hemangiomas involve the
head and neck region [4].
Congenital hemangiomas (CHs) are rare tumours which grow in utero
and typically stabilize in size in the third trimester, Congenital hem-
angiomas may be visualized as early as 12 weeks’ gestation and
typically involve the posterolateral neck.
They appear as well-defined heterogeneous solid masses with inter-
mediate T1 signal and hyperintense T2 signal intensity.
Mediastinal teratomas are rarely seen in utero [5]. They are usually
seen as an anterior mediastinal complex mass of mixed heterogen-
eity with or without internal calcifications (better seen by ultrasound)
[5]. The mass can cause polyhydramnios secondary to esophageal
compression, hydrops due to impaired venous return and fetal de-
mise. After delivery, respiratory distress can occur.
There are many abdominal and pelvic cystic lesions or masses that
can be detected prenatally, especially during the third trimester.
Some originate in solid organs (liver, spleen, adrenal glands, kidneys)
and are easily identified, but others such as enteric duplication cysts,
mesenteric cysts, choledochal cysts, urachal cysts, or ovarian cysts
may be difficult to differentiate. T1-weighted sequences can be use-
ful for differentiating these anomalies from dilated intestinal loops
and meconium pseudocysts.
Fetal brain tumours are very rare and their diagnosis during the pre-
natal period is challenging.
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Although imaging characteristics of a bone lesion- a malignant
tumour, a benign tumour or a tumour-like process- can be very spe-
cific, they may at times also be misleading and make characterization
and differentiation more challenging or even impossible [1, 2]. Paedi-
atric malignant bone tumours are rare. In children and adolescents
Ewing sarcoma and osteosarcoma are the most frequent primary
malignant bone tumours with a variable incidence according to
age. Other malignant bone tumours such as primary skeletal
lymphoma, chondrosarcoma, fibrosarcoma, hemangioendothelioma
and adamantinoma are even rarer [3]. In young children bone me-
tastases are generally caused by neuroblastoma and leukemia. The
most common benign conditions that may show aggressive fea-
tures and mimic paediatric bone tumours on imaging studies are
Langerhans cell histiocytosis (LCH) and osteomyelitis, the latter par-
ticularly when the child has no fever [2, 4]. LCH results from an ab-
normal proliferation of histiocytes which produce prostaglandins
causing resorption of medullary bone, mainly in the flat bones,
spine and proximal long bones.
The plain radiograph is the initial and most useful examination for
differentiating benign from malignant bone processes. CT and MRI
are of diagnostic help in selected cases.
The age of the patient should always be taken into account: the
paediatric bone has specific features (bone marrow conversion,
variation of vascularization of the bone with age), and certain bone
lesions are age-related [5]. A thorough analysis of the images, in-
cluding the number of lesions, the location, the appearance and
size of the lesion(s), and the appearance of the adjacent bone and
periosteal reaction, is essential to direct the differential diagnosis.
In case of multiple lesions, Langerhans cell histiocytosis, chronic re-
current multifocal osteomyelitis and polyostotic fibrous dysplasia
are possible diagnoses.
The type of bone where the lesion is located, flat, short or long,
should be considered as well as the part of the bone involved: epi-,
meta- or diaphysis.
The size of the lesion is not a very specific feature although lesions
larger than 5-6 cm are suspicious for malignancy. The morphology of
the lesion is equally non-specific: most benign lesions are elliptical
but some malignant tumours can have the same appearance (lymphoma,
low-grade osteosarcoma).
Benign lesions usually grow at a slow pace and have sharp borders.
Malignant lesions commonly have poorly defined margins and show
cortical destruction.
A periosteal reaction occurs whenever an infection or a tumour,
either malignant or benign, irritates the periosteum or as a reaction
to trauma.
The pattern of periosteal reaction can be benign (as seen in benign
lesions or trauma) or aggressive (as seen in malignancies, infections
or Langerhans cell histiocytosis).
Benign bone tumours generally have well-defined and often sclerotic
margins, show cortical expansion and may produce solid periosteal
reaction. Malignant tumours usually have poorly defined margins,
show cortical destruction, have associated periosteal reaction of the
spiculated, onionskin or interrupted type and are most of the time
accompanied by a soft tissue mass.
In this workshop a number of pitfalls of daily practice in paediatric
imaging will be shown and discussed.
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Pancreatic tumours are rare in children. While ductal adenocarcinoma
is the most common pancreatic neoplasm in adults, it is rarely encoun-
tered in children [1]. Compared to adults, the pancreatic tumours en-
countered in children are more often benign and, in general, have a
better overall prognosis [1]. Tumours can be classified either by their
cell type (epithelial versus nonepithelial) or their functional status
(endocrine, exocrine, or cystic) [1,2].
While these classification systems have been described, they are
rarely helpful in the imaging work-up as the cell type or cell function
cannot be distinguished via anatomic imaging modalities. Instead,
the tumour is usually differentiated based on imaging features, la-
boratory values, and patient demographic information. The purpose
of this lecture is to describe the more common pediatric pancreatic
masses and identify demographic, imaging, or laboratory characteris-
tics that help to differentiate the different tumour types. During the
course of the lecture, the following tumours will be discussed: pan-
creatoblastoma, solid pseudopapillary tumour, islet cell neoplasms,
and pancreatic metastases. These tumours will be contrasted to
tumour mimics such as pancreatic cysts, pancreatic cystosis, and
pancreatic pseudocysts.
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Radiologists are very good at opting to image new masses in children
with ultrasound. Many frequently forget, however, to assess for regional
lymphadenopathy, which is particularly important with limb tumours
(the inguinal or axillary regions for lower and upper limb tumours re-
spectively should also be routinely evaluated). Paediatric tumours tend
not to invade other organs but they can often be adherent to adjacent
viscera – real time dynamic ultrasound can be very useful to assess
movement of one organ relative to another. When considering cross-
sectional imaging, CT is easier than MRI to do in children as CT scan-
ning is so fast. MRI, however, is often the better test and is superior for
assessing spinal canal invasion, chest wall involvement by tumour and
bone marrow disease. MRI is best for pelvic, liver, paraspinal and neck
masses as a general rule, and ideally should be performed for all new
abdominal masses at initial presentation. Due to their usual lack of me-
diastinal and intra-abdominal fat, non-contrast enhanced CT is gener-
ally a waste of time and best avoided in children. Dual or triple phased
enhanced CT is seldom necessary (all masses should have been
assessed with Doppler ultrasound before a CT) and should also be
avoided to reduce the radiation burden from CT.
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Incidental detection of renal mass results in management dilemma.
Historically all enhancing renal tumours without imaging evidence of
bulk fat were considered surgical. However, it is clear that many of
these small renal masses are either benign such as angiomyolipoma
(AML) or oncocytoma, or are neoplasms with indolent behavior [1].
Surgical resection of these benign or indolent tumours, especially in
patients with decreased renal function or other co-morbidities, results
in increased cost without improvement in survival or mortality [2].
Use of advance imaging, such as diffusion weighted imaging (DWI)
and perfusion weighted imaging (PWI), to non-invasively investigate
renal tumour histopathology and aggressiveness can impact treat-
ment decision and lower treatment cost.
Number of key observations highlighting the role of MR including
advance imaging techniques in evaluation of renal masses is as listed
below:
1. Differentiating benign renal masses from malignant tumours.
- Certain MRI features such as homogenous T2 signal, uniform enhance-
ment, restricted diffusion with low ADC, and without evidence for
necrosis and calcification can differentiate lipid poor AML from clear
cell and papillary subtype of kidney cancers [3, 4].
- It is nearly impossible to discriminate benign oncocytoma from chro-
mophobe and clear cell subtypes of kidney cancers on conventional
imaging [5]. However, DWI and PWI have shown some promise in
small studies.
2. Tumour aggressiveness of solid RCC
- Kidney cancers with different histologic subtypes differ in aggres-
siveness. Conventional MR imaging has shown some promise in dif-
ferentiating papillary subtype of RCC from other subtypes based on
hypovascularity, homogenous low T2 signal, T1 hyperintensity, and low
ADC values. Advance DWI and PWI may further improve accuracy of MRI
in discriminating papillary subtype from other types of kidney cancers.
- Clear cell subtype of kidney cancers is hypervascular with hetero-
geneous T2 and diffusion signal [6].
3. Tumour aggressiveness/outcome of cystic RCC
- Cystic RCC with less than 25% solid enhancing component tend to
be less aggressive than solid RCC [7].
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Most renal tumours are currently detected incidentally on imaging
exams performed for a non-urologic indication. At the same time,
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the contemporary approach to the management of renal masses has
also evolved, with additional options to the classic nephrectomy ap-
proach including nephron sparing surgery, focal therapies such as
cryoablation and the growing use of active surveillance for masses
considered unlikely to ultimately result in significant morbidity or
mortality. The role of imaging is also shifting from mere tumour de-
tection to providing crucial information required to tailor the man-
agement strategy to individual patients. In this session, we will
discuss the key imaging findings that need to be evaluated in pa-
tients with renal tumours, and how they can be used to triage pa-
tients and guide treatments.
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Adrenal incidentalomas (AIs) are those adrenal masses, 1cm and lar-
ger typically discovered during imaging studies performed for unre-
lated complaints, excluding malignancy work-up. AIs are a common
imaging finding with a prevalence of 4% [1], and increasing fre-
quency with patient age. Current recommendations and guidelines
for the management and follow-up of incidentally discovered adrenal
masses fall into the broad categories of imaging guidelines and clin-
ical guidelines. The goal of the imaging recommendations is to sep-
arate benign and malignant masses, while the primary concern of
the clinical guidelines is to determine the biochemical activity and
diagnostic characterization of AIs. This lecture will provide an over-
view of the recommendations from the American College of Radi-
ology (ACR) [2], as well as the National Institute of Health (NIH) [3],
the American Association of Clinical Endocrinologists (AACE), the
American Association of Endocrine Surgeons (AAES), European Soci-
ety of Endocrinology (ESE) [4], and European Network for the Study
of Adrenal Tumours (ENSAT). Typical imaging features and pitfalls will
be also illustrated.
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Contrast enhanced ultrasound (CEUS) imaging provides additional in-
teresting features compared to MRI or CT and has become a major
technique to characterize focal liver lesions. Mostly in non-cirrhotic
liver but also in case of chronic liver disease as underlined by the re-
cent release of the CEUS LIRADS in 2016. Thus, where usually CT or
MRI offers a limited number of frames to assess the enhancement
pattern of a focal liver lesion, US imaging may provide real time im-
aging with up to 15 to 25 frames per second as long as needed. The
kinetic of the contrast arrival into the lesion can be seen directly
without extrapolations. Microbubbles are blood pool agents. In con-
trary to Iodine and Gadolinium they do not leak outside the vascular
space. Consequently the enhancement during the equilibrium and
late phases are expected to be different from CT and MR. It is par-
ticularly true with malignant lesions where a clear washout is almost
constantly seen while very rarely in benign lesions. The timing and
the intensity of the washout is particularly important in case of
chronic liver disease because differential diagnosis between hepato-
carcinomas and intrahepatic cholangiocarcinomas is based on this.
Our presentation will present the European guidelines concerning
CEUS of the liver and the 2016 CEUS LIRADS, illustrated with several
examples where CEUS was used as problem solver in front of incom-
pletely characterized focal liver lesions.
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Contrast enhanced ultrasound in pediatric oncology
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Contrast enhanced ultrasound (CEUS) is a safe, radiation and sed-
ation free modality that is child friendly, portable and cost effective.
With the recent USA FDA approval of an ultrasound contrast agent
for pediatric liver imaging, interest in this modality in children is rap-
idly growing. At our large children’s cancer hospital we use CEUS as
a problem solving tool in a variety of conditions. We have also inves-
tigated the potential role of quantitative CEUS to assess tumour re-
sponse to therapy in children with solid malignancies. In this lecture I
will present a variety of clinical scenarios where CEUS has been help-
ful and will briefly demonstrate the potential value of quantitative
CEUS in pediatric clinical cancer trials.

Scientific Presentations
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Texture analysis (TA) in the determination of complete tumour
response in rectal cancer MRI
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Correspondence: Horvat N (natallymhorvat@gmail.com)
Cancer Imaging 2017, 17(Suppl 1):S1

Aim: To investigate whether MRI TA on T2WI can distinguish residual
tumour (RT) from complete response (CR) in rectal cancer after neo-
adjuvant chemoradiotherapy.
Methods: The IRB approved this HIPAA-compliant retrospective study
and waived the requirement for patients’ informed consent. One hun-
dred fourteen patients with rectal adenocarcinoma who underwent
neoadjuvant chemoradiotherapy followed by surgery and restaging
MRI at our institution were included (03/2012 to 02/2016). Two radiolo-
gists reviewed the cases and reached consensus on the post-treatment
tumour bed location. ITK-SNAP software was used to manually segment
the entire tumour region(s) on the high-resolution axial oblique T2-
weighted images (WI). Haralick texture features (energy, entropy, correl-
ation, contrast, homogeneity), and Gabor (Gab) edge images at angles
0, 45, 90 and 135 were computed and tested for significance compar-
ing patients with CR versus RT on surgical pathology.
Results: Ninety-three patients (82%) presented RT on pathological
examination of the surgical specimens and 21 (18%) presented CR.
Synthetic minority oversampling technique (SMOTE) was used to aug-
ment the data, and random forest (RF) classifier was trained using five-
fold cross validation to balance the number of partial and complete re-
sponders. The following texture features were most relevant by the RF
classifier: Gab0 energy, Gab45 energy, Entropy, Gab45 entropy, Gab90
homogeneity, Gab0 contrast, Gab135, Contrast and Homogeneity. The
area under the curve differentiating RT from CR was 0.89.
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Conclusion: Combined texture features may predict RT from CR in
treated rectal cancer. This unique radiomic assessment may be of in-
cremental value for patients contemplating non-operative manage-
ment of rectal cancer.
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Aim: Pelvic exenteration is a highly morbid procedure performed as
the last option for cure in selected patients with recurrent or persist-
ent gynaecological malignancies. Due to a lack of objective factors
predicting outcome, patient selection is in part based on subjective
criteria. The aim of the present study was to investigate the prognostic
value of malnutrition and sarcopenia on the outcome of patients with
recurrent gynaecological malignancies treated by pelvic exenteration.
Material & Methods: We retrospectively evaluated muscle body
composite measurements based on pre-operative CT scans, pre-
operatively filled out questionnaires stratifying the risk for malnu-
trition, and clinical-pathological parameters in 65 consecutive
patients with recurrent gynaecological malignancies treated by
pelvic exenteration. Selected parameters were investigated for
their predictive value for postoperative morbidity by logistic re-
gression analyses. Relevant parameters were included in uni- and
multivariate survival analyses.
Results: In 32 and in 34 patients pre-operative CT scans and ques-
tionnaires were available for analyses, respectively. We found (1) low
muscle attenuation (MA) – an established factor for muscle depletion –
and (2) malnutrition, based on a pre-operative questionnaire, to be
independently associated with shorter overall survival (p = 0.006 and
p = 0.008, respectively). Interestingly, MA was significantly lower in
overweight and obese patients (p = 0.04). We did not find any of the
investigated factors to be predictive for post-operative morbidity.
Conclusion: The present study suggests that pre-operative low MA
and malnutrition, based on CT scan and questionnaire, are associated
with shorter survival in patients with recurrent gynaecological malig-
nancies treated with pelvic exenteration. Further studies are needed
to validate these findings in larger cohorts.
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Comparison of 18F-FDG PET/MRI and MRI for whole-body staging
of patients with primary cervical cancer
T. Sarabhai, B. Schaarschmidt, A. Wetter, J. Kirchner, B. Aktas, V.
Ruhlmann, M. Forsting, K. Herrmann, L. Umutlu, J. Grueneisen
University Hospital Essen, Radiology, Essen, Germany
Correspondence: T. Sarabhai (theresia-catharina.sarabhai@uk-essen.de)
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Aim: To assess and compare the diagnostic potential of integrated
18F-FDG PET/MRI and MRI alone for whole-body tumour staging of
cervical cancer patients.
Material and Methods: A total 53 patients with histopathologically
confirmed cervical cancer were prospectively enrolled and under-
went an integrated whole-body 18F-FDG PET/MR examination prior
to the initiation of definitive treatment. A radiologist and nuclear
medicine physician performed a dedicated TNM-staging for each pa-
tient in accordance with the 7th edition of the AJCC staging manual.
Therefore, MRI alone data were analyzed, followed by the interpret-
ation of PET/MRI datasets. Finally, in a simulated interdisciplinary
tumour board, all cases of discrepant staging results in MRI and PET/
MRI were discussed and the most appropriate treatment strategy
was determined.
Results: PET/MRI and MRI allowed for a correct determination of the
T-stage in 45/53 (85%) and 46/53 (87%) cases, respectively. For the
detection of nodal positive patients, the sensitivity, specificity and ac-
curacy of PET/MRI were 83%, 90% and 87%, respectively. The re-
spective values for MRI alone were 71%, 83% and 77%. Furthermore,
PET/MR showed higher values for the detection of distant metastases
than MRI alone (sensitivity: 87% vs. 67%, specificity: 92% vs. 90%,
diagnostic accuracy: 91% vs. 83%). Among the patients with discrep-
ant staging results, PET/MRI enabled correct treatment recommenda-
tions for a higher number (n = 9) of patients than MRI alone (n = 3).
Conclusion: The present results demonstrate the successful applica-
tion of integrated PET/MR imaging for whole-body tumour staging of
cervical cancer patients, enabling improved treatment planning
when compared to MRI alone.
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Whole-body diffusion-weighted imaging and iron deposits in
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Rahmouni A1, Cottereau AS2, Mule S1 , Lin Chieh3 , Belhadj K4, Vignaud A5,
Copie-Bergman C6,7, Zerbib P1, Haioun C4, Luciani A1, Itti E2
1Medical Imaging Department, AP-HP, Groupe Henri Mondor Albert
Chenevier, CHU Henri Mondor, 51 Avenue du Marechal de Lattre de
Tassigny, 94010 Creteil, France ; Université Paris Est Créteil, Paris, France;
2Nuclear Medicine Department, AP-HP, Groupe Henri Mondor Albert
Chenevier, CHU Henri Mondor, 51 Avenue du Marechal de Lattre de
Tassigny, 94010 Creteil, France ; Université Paris Est Créteil, Paris, France;
3Nuclear Medicine Department and Molecular Imaging Center, Chang
Gung Memorial Hospital, Gueishan, Taiwan; 4Lymphoid malignancies
Unit, AP-HP, Groupe Henri Mondor Albert Chenevier, CHU Henri
Mondor, 51 Avenue du Marechal de Lattre de Tassigny, 94010 Creteil,
France; Université Paris Est Créteil, Paris, France; 5Neurospin, CEA, Saclay,
France; 6Pathology Department, AP-HP, Groupe Henri Mondor Albert
Chenevier, CHU Henri Mondor, 51 Avenue du Marechal de Lattre de
Tassigny, 94010 Creteil, France; 7Faculty of Medicine, Université Paris Est
Créteil, Paris, France
Correspondence: Rahmouni A (alain.rahmouni@hmn.aphp.fr)
Cancer Imaging 2017, 17(Suppl 1):S4

Purpose: To report and analyze the distribution of iron deposits
within lymphoma lesions and to compare this distribution with FDG
uptake and biological markers of inflammation.
Materials and Methods: We enrolled 61 untreated patients with a
bulky diffuse large B-cell lymphoma (DLBCL), Hodgkin lymphoma
(HL) or follicular lymphoma (FL) in an ongoing whole-body diffusion-
weighted (DW) magnetic resonance (MR) imaging-based prospective
study. If focal low signal intensity was detected on DW images, a
T2 gradient echo sequence was systematically performed. Focal
iron deposits were compared with biological inflammatory param-
eters (Mann-Whitney test/Fisher test) and with baseline FDG-PET/
CT parameters (FDG uptake, SUVmax, total metabolic tumour
volume TMTV).
Results: Focal iron deposits were found in 18 patients, mostly with
aggressive lymphoma (9/26 HL, 8/20 DLBCL vs 1/15 FL, p = 0.047)
and in patients with advanced stage disease (n = 15/18). Iron de-
posits in the spleen (n = 14), liver (n = 3) and nodal (n = 8) lesions cor-
responded to foci FDG uptake with mean SUVmax values of 9.8, 6.7
and 16.2, respectively. Patients with iron deposits had significantly
higher serum levels of CRP, alpha1-globulin, alpha2-globulin and
more frequently had microcytic anemia than those without such de-
posits (p = 0.0072, p = 0.003, p = 0.0068, p < 0.0001, respectively). They
also had a significantly higher TMTV (p = 0.0055) and higher levels of
spleen involvement (p < 0.0001). HL and DLBCL patients with iron de-
posits were less likely to have a complete metabolic response at two
cycles on PET/CT.
Conclusion: Focal iron deposits are frequently detected in lymphoma
lesions on DW MRI; this imaging biomarker is significantly associated
with a higher inflammatory syndrome.
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Assessing early treatment response in Hodgkin lymphoma based
on texture analysis using whole-body diffusion-weighted imaging
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Aim: To evaluate the role of whole body diffusion-weighted magnetic
resonance scan (WB-DWI/MRI) texture analysis in treatment response
assessment and treatment outcome prediction in Hodgkin lymphoma
(HL) after one cycle of chemotherapy.
Materials and methods: Twenty-six patients with a new diagnosis of
HL received a WB-DWI/MRI scan before treatment and after one cycle
of chemotherapy (4weeks). For every lesion ADC first and second order
histogram parameters and their interval change (ΔADCpar) were calcu-
lated. Per-lesion analysis consisted of Man-Whitney U (MW) tests of
every ΔADCpar and Monte Carlo (MC) permutation test to enhance
statistical robustness. For every significant ΔADCpar, a receiver operator
characteristic curve (ROC), sensitivity (sens), specificity (spec), positive
(PPV) and negative predictive value (NPV) were calculated. Per-patient
analysis consisted of Kaplan Meier survival analysis with log rank test.
Fluoro-deoxyglucose positron emission tomography/computed tomog-
raphy (FDG-PET/CT) and follow-up served as reference of standard.
Results: Of 28 patients, 3 progressed and 2 had disease recurrence.
First order parameters (ΔADCmean, ΔADCmedian, ΔADCskewness,
ΔADCkurtosis, Δvolume) weren’t significant, in contrast to second
order parameters Energy (ΔADCE; p = 0.01 MW; p = 0.007 MC), Local
homogeneity (ΔADCLH; p = 0.03 MW; p = 0.02 MC), and Entropy
(ΔADCH; p = 0.003 MW; p = 0.007 MC). Sens was 67%, 67%, 89%; spec
was 96%, 91%, 85%; PPV was 75%, 60%, 53%; NPV was 91%, 93%,
98% for, ΔADCLH and ΔADCH , respectively. ΔADCE (p = 0.01), ΔADCLH
(p = 0.03) and ΔADCH (p = 0.002) had predictive value.
Conclusion: WB-DWI/MRI ADC texture analysis after one cycle of
chemotherapy has the potential to assess treatment response and
predict treatment outcome.
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[68Ga]Pentixafor-PET/MRI for CXCR4 imaging of chronic
lymphocytic leukemia
Leithner D, Haug A, Wadsak W, Jaeger U, Raderer M, Staber P, Weber M,
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Medical University of Vienna, Vienna, Austria and University Hospital
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AIM: [68Ga]Pentixafor-PET has recently emerged as a non-invasive
tool for imaging and quantification of CXCR4 expression in vivo. It was
the goal of this prospective study to determine whether [68Ga]Pentixa-
for uptake in the bone marrow of patients with chronic lymphocytic
leukemia (CLL) is higher than in other oncological patients without
bone marrow infiltration.
METHODS: Thirteen patients with previously untreated, or therapy
refractory, histologically proven CLL, ten controls with pancreatic
adenocarcinoma, and ten controls with MALT lymphoma underwent
[68Ga]Pentixafor-PET/MRI on an integrated, simultaneous PET/MRI sys-
tem. Maximum and mean standardized [68Ga]Pentixafor uptake values
(SUVmax, SUVmean) were measured in the pelvis, the lumbar vertebra
L4, and for the visually “hottest” bone marrow lesion (i.e., with the high-
est tracer uptake). Additionally, mean apparent diffusion coefficients
(ADCmean) were measured in the pelvis on diffusion-weighted MRI.
ANOVAs with post-hoc tests and ROC analyses were performed.
RESULTS: SUVmax and SUVmean differed significantly between CLL
and pancreatic adenocarcinoma patients in the pelvis (P = 0.032 and
P = 0.008) and L4 (P < 0.001 and P < 0.001). SUVmean also differed
significantly in the pelvis (P = 0.020) and L4 (P = 0.041), and SUVmax
in L4 (P = 0.019), between CLL and MALT lymphoma patients. An ROC
analysis revealed the greatest areas-under-the-curve for separation of
CLL from the two control groups for the SUVmax of the hottest lesion
(0.94), and the SUVmax of L4 (0.92). There was no significant correlation
between the SUVs and ADCmean in the pelvis.
CONCLUSION: [68Ga]Pentixafor uptake on PET/MRI is higher in the
bone marrow of CLL patients than in other oncological patients with-
out bone marrow infiltration.
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Intravoxel incoherent motion diffusion imaging in stage III
multiple myeloma before therapy and correlation with histology
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Purpose: To assess use of Intravoxel incoherent motion diffusion im-
aging in stage III multiple myeloma before therapy and correlation
with histology.
Methods and Materials: 36 patients with biopsy proven stage III
myeloma were included in the study. All patients underwent whole
body diffusion imaging using DWIBS (Diffusion Weighted whole body
Imaging with Background Signal Suppression) sequence on 1.5 Tesla
Philips Achieva scanner. The larger lesions (> 1cm) in the vertebrae
and pelvic bones were selected for IVIM study. Images were acquired
in an axial plane with 11 b values - 0, 20, 30, 50, 80, 100, 200, 400,
80, 1000 and 1200 s/mm2.
The IVIM parameters (perfusion fraction [f], molecular diffusion coeffi-
cient [D], and perfusion-related D [D*]) and apparent diffusion coeffi-
cient (ADC) were obtained for both focal lesions and bone marrow.
The molecular diffusion coefficient and ADC values were correlated
with degree of plasma cell infiltration.
Results
Diffuse marrow involvement and focal lesions show high molecular
diffusion D values with low ADC values and high f values at baseline.
Higher D values and significantly lower ADC values were obtained in
focal lesions where plasma cell infiltrate was more than 50%.
Conclusion: The study found a significant correlation between plasma
cell percentage in bone marrow histology and imaging parameters “ap-
parent diffusion coefficient” and the diffusion coefficient D and degree
of angiogenesis based on f values. Non-invasive acquired imaging
parameters correlated with the degree of plasma cell infiltration and
can also prove as important bioimaging markers for assessing re-
sponse to therapy.
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STIR versus SPAIR fat suppression in WB-DWI/MRI: image quality
and artefacts
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Aim: To compare the degree of artefacts and homogeneity between
STIR and SPAIR diffusion-weighted MRI in patients undergoing a
whole body diffusion-weighted (WB-DWI) MRI for detection of
tumour recurrence.
Methods: Twenty patients with a history of digestive or ovarian cancer
and clinical suspicion of tumour recurrence underwent a WB-DWI/MRI
on a 3T scanner (Ingenia, Philips Healthcare, Best, The Netherlands).
Diffusion-weighted images (b0 and b1000) were performed with both
STIR and SPAIR fat suppression techniques for every patient. The
degree of fat shift artefacts, susceptibility artefacts, distortion and
homogeneity on both STIR-DWI and SPAIR-DWI was evaluated by two
reviewers with a 5-point scale (ranging from severe artefacts with non-
diagnostic image quality to no artefacts with excellent image quality).
Interobserver agreement was calculated with Kappa statistics. Another
reviewer evaluated both DWI techniques for lesion detection. Compari-
son of artefacts and lesion detection between STIR and SPAIR-DWI was
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performed with the non-parametric Wilcoxon matched-pairs signed
ranks test. Differences were significant with a p < 0.05.
Results: The interobserver agreement was higher for STIR-DWI (kappa
values: 0.68-0.75) than for SPAIR-DWI (kappa values: 0.56-0.73). STIR-
DWI had significantly less fat-shift artefacts (Z = -3.54), susceptibility
artefacts (Z = -3.50), distortion (Z = -3.58) and more homogeneous im-
ages (Z = -3.64) than SPAIR-DWI (p < 0.001 for all). Lesion detection
was significantly better on STIR-DWI than on SPAIR-DWI (p < 0.001).
Conclusion: STIR-DWI provides superior lesion detection because of
less artefacts and improved image quality, with better interobserver
agreement. STIR-DWI offers a more homogeneous fat suppression
than SPAIR-DWI. It should be the fat suppression technique of choice
in WB-DWI/MRI.
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Whole-body diffusion-weighted MRI after one cycle of
immunochemotherapy predicts treatment outcome in aggressive
non-Hodgkin lymphoma.
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Aim: To evaluate the predictive value of whole body diffusion-
weighted magnetic resonance imaging (WB-DWI/MRI) after 1 cycle of
immunochemotherapy (ICT) in aggressive NHL.
Materials and Methods: 45 patients with aggressive NHL were con-
secutively enrolled and had a WB-DWI/MRI with 2 b-values (b = 0-
1000 s/mm2) before and after 1cycle ICT; 42/45 had an interim 18F-
fluorodeoxyglucose-positron emission tomography/computed tomog-
raphy (FDG-PET/CT )and 43/45 end-of-treatment FDG-PET/CT. Apparent
diffusion coefficient (ADC) and b1000 histograms were constructed per
lesion and the difference of derived histogram parameters (mean, me-
dian, standard deviation, skewness, kurtosis) between baseline and
interim scan (ΔADCpar and Δb1000par) were calculated. Per lesion
Man-Whitney U tests identified significant discriminating ΔADCpar and
Δb1000par per tissue type (lymphoid, bone, extranodal). Patients were
stratified as good and poor responders based on the least responding
lesion. Predictive value of FDG-PET/CT and WB-DWI/MRI were assessed
using Kaplan Meier survival analysis and multivariate Cox regression
with disease-free-survival (DFS) as outcome.
Results: At a cut-off follow-up time of 48 months, 32 patients
showed complete remission, 6 recurrent and 7 progressive disease.
Patients with a lymphoid lesion attaining a ΔADCmean < 0 or bony le-
sion with a Δb1000mean of less than 16% or extranodal lesion demon-
strating a Δb1000kurtosis < 0 were designated as poor responders. WB-
DWI/MRI accurately predicted outcome in 44/45 (98%;p < 0.001), in-
terim PET/CT in 30/42 (70%,p = 0.006) and end-of-treatment FDG-PET/
CT in 35/45 (78%,p = 0.003). Multivariate analysis identified WB-DWI/
MRI as single independent prognostic factor (p < 0.001).
Conclusion: WB-DWI/MRI is highly predictive of treatment outcome
in aggressive NHL after only one cycle of immunochemotherapy.
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18F-FDG-PET detects complete response to anti-PD1-therapy in
melanoma patients two weeks after start of therapy
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Purpose: Aim of the study was to evaluate if 18F-FDG-PET has the po-
tential to detect complete responders to anti-PD1-therapy in patients
with stage IV melanoma already two weeks after start of therapy.
Methods: Between September 2014 and May 2016, 10 patients with
unresectable metastasized melanoma (4 females; 65 ± 12 y) received
a whole-body 18F-FDG-PET/MRI examination at three time points: be-
fore start of therapy (t0, baseline), two weeks (t1, study examination)
and three months after start of therapy (t2, reference standard). Ther-
apy response was assessed with PET response criteria in solid tu-
mours (PERCIST). Time to progression and overall survival (OS) were
obtained for all patients. This subgroup analysis is part of a prospect-
ively conducted ongoing study.
Results: Three patients with partial metabolic response in PET at t1
turned out to have complete response at t2. No tumour relapse was
observed in those patients so far (observation period: 265, 511 and
728 days, respectively). At t2, progressive metabolic disease (PMD) was
seen in six patients from whom four showed PMD and two showed
stable metabolic disease (SMD) at t1. OS in patients with PMD at t2 var-
ied between 148 and 814 days. SMD at both t1 and t2 was seen in one
patient, tumour progress was observed after 308 days.
Conclusion: Our study indicates that 18F-FDG-PET might be able to
identify complete responders to PD1-therapy as early as two weeks
after start of therapy initiation in stage IV melanoma patients. This
might help to shorten therapy regimes and avoid unnecessary side
effects in the future.
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Metastasis in locally-advanced and recurrent breast cancer: Is there
any correlation with breast cancer subtype?
Pinto K., Bansal J.
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Aim: To enhance clinical understanding of molecular subtypes of
breast cancer and their specific patterns of metastasis, which would
aid in guiding future imaging surveillance with the objective of de-
tecting metastases and relapses at an early, more treatable, stage.
Methods: A retrospective analysis of patients with breast cancer (n =
201) between March 2006 and December 2016 was performed. All
patients had a staging CT scan of Chest, abdomen and pelvis. Tu-
mours were classified based on Oestrogen (ER) and Human Epider-
mal receptor (HER2) status. Review of recurrence data, both local and
systemic, along with metastasis to site-specific regions, including
bone, lung, liver, brain, mediastinum/pleura and extra-axillary lymph
nodes, was undertaken.
Results: The most significant associations with distant metastases
were between HER2-positivity and the liver (p = 0.02), along with ER/
HER2 negativity (Triple negative, TN) associated with extra-axillary
nodal and mediastinal/pleural metastases (p < 0.001). ER-positivity
had a strong association with bone metastases, but this was not statisti-
cally significant (p = 0.44). TN cancers presented most aggressively and
had a noticeable correlation with brain metastases (p = 0.041). Non-ER-
positive cancers had the greatest incidence of systemic recurrence, of
which TN cancers had the highest proportion of metastases (62.2%).
Time till recurrence was smallest for TN tumours (3.1 years) versus 6.85
years for ER positive cancers.
Conclusion: The different molecular subtypes have marked differ-
ences in patterns of metastatic spread. HER2-positivity is significantly
associated with liver metastasis and TN cancers with brain and extra-
axillary/mediastinal and pleural metastases.
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MR Radiomics features of brain metastases support primary
tumour identification
H. Kniep, F. Madesta, T. Schneider, T. Gauer, R. Werner, S. Siemonsen
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Correspondence: H. Kniep (h.kniep@uke.de)
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Aim: Radiomics is a quantitative analysis approach for medical images
allowing non-invasive tissue differentiation. Radiomics is regarded as
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one of the most promising tools for cancer diagnosis and treatment in
radiology and radiotherapy. Patients with brain metastases as first
manifestation of cancer represent up to 26% of all brain metastases pa-
tients. As targeted treatment options depend on the primary lesion
type, radiological in vivo techniques for metastasis type identification
are desirable to reduce biopsy interventions and to allow for faster
and efficient diagnosis. The present study investigates the potential
of primary tumour identification employing Radiomics-based image
features of different brain metastases.
Methods: The analysis includes Radiomics features of 155 brain me-
tastases from T1 post-contrast images of 59 untreated patients with
breast cancer (n = 48 metastases), SCLC (n = 57 metastases) and mel-
anoma (n = 50 metastases). Tumour segmentation was conducted
semi-automatically by two senior professionals. Quantitative image
features and basic clinical data (age, sex) were transferred into a ran-
dom forest machine learning algorithm. 5-fold cross-validation was
used for model validation.
Results: Importance based predictor selection yielded a subset of 19
features from a total of 51 processed features. ROC AUC classification
performance was 0.84 for SCLC, 0.76 for melanoma and 0.88 for
breast cancer. Performance increase due to Radiomics features
vs. clinical data alone was +0.14 for SCLC, +0.10 for melanoma
and +0.03 for breast cancer.
Conclusion: Combining quantitative image feature analysis with clin-
ical data in a machine learning approach may accelerate primary
tumour identification and could serve as supportive decision tool for
treatment regimes.

Poster Presentations
P1
Is there any role for Image Guided lung and liver ablation as a
method of non-curative cytoreduction?
Simon Smith, Paul Jennings, Zoltan Szcucs
Ipswich Hospital, Heath Road, Ipswich, Suffolk. UK
Correspondence: Simon Smith (simon.smith@ipswichhospital.nhs.uk)
Cancer Imaging 2017, 17(Suppl 1):P1

Learning Objectives: Thermal ablation is an accepted technique in
the management of both primary and secondary tumours in the lung
and liver. Treatment is usually performed with curative intent with
the aim of treating all visible disease. Increasingly radiologists are be-
ing asked to treat larger tumours or to target specific metastases in
patients with multi-organ disease, or specific metastases which are
enlarging in the context of other sites of quiescent disease (‘escape
lesions’). Here the aim is not cure, but tumour debulking.
Although logical arguments have been put forward to support this
technique (symptom relief, cytoreduction with potentially improved
results of chemotherapy, increasing symptom-free or overall survival),
there is limited published evidence to support this approach.
This poster will review the available literature and present a number
of cases (with extensive imaging) where ablative tumour de-bulking
has been used with variable benefit.
We will examine the potential benefits and the limitations of this
technique and suggest some guidelines for future use which may be
particularly helpful to sites starting an ablation service.
Conclusion: There is very limited evidence to support the use of ther-
mal ablation as a means of limited tumour debulking. The demand for
this technique is often patient driven and potential patients should be
counselled appropriately. Local experience suggests there may be a
small subset of patients who may benefit.

P2
Cryoablation of pulmonary tumours: procedural and post-
procedural imaging features
Lyons GR, Pua BB, Bassik N, Winokur RA, Talenfeld AD, Madoff DC
New York-Presbyterian Hospital and Weill Cornell Medicine, New York,
NY, USA
Correspondence: Lyons GR (grl9017@nyp.org)
Cancer Imaging 2017, 17(Suppl 1):P2
Learning Objectives
1. Show imaging characteristics of successful pulmonary tumour
cryoablation and normal follow-up appearance.
2. Demonstrate complications such as pneumothorax, pulmonary
hemorrhage, and local tumour recurrence.
Content Organisation
Percutaneous cryoablation is a viable treatment option for lung tu-
mours in non-operative patients. As this modality is increasingly
employed, clinicians will need familiarity with normal post-operative
imaging characteristics and procedural complications. We review our
experience with CT-guided cryoablation of 93 pulmonary tumours
and average imaging follow-up of 1 year, including:
-Normal intra-procedural imaging, including selection of target tu-
mours, optimized probe positioning, and post-ablation appearance.
-Procedural complications such as pneumothorax and hemorrhage,
as well as treatment options for these complications
-Expected post-procedural appearance of ablated nodules, including
a predictable pattern of size increase followed by exponential taper-
ing of lesion size
-Imaging features of locally recurrent disease and options for subse-
quent re-intervention.
Conclusion
Percutaneous cryoablation of pulmonary nodules is an effective mo-
dality for treatment of select lung tumours. Interpretation of intra-
procedural and follow-up imaging is essential for successful treat-
ment and identification of complications.

P3
Leiomyosarcoma of the ovarian vein: Computed Tomography
features of a rare disease entity
KY Kwok, CYH Chan, KWS Ko, BCK Chow
Department of Radiology and Imaging, Queen Elizabeth Hospital, Hong
Kong
Correspondence: KY Kwok (kwok_kai_yan@hotmail.com)
Cancer Imaging 2017, 17(Suppl 1):P3

Learning objectives: To review the radiological features of ovarian
vein leiomyosarcoma, primarily on CT scan. The crucial roles of CT
scan in the diagnosis and management planning of ovarian vein leio-
myosarcoma are emphasized.
Content organisation: Leiomyosarcoma of ovarian vein origin is ex-
tremely rare. Due to its infrequent occurrence, the diagnosis of ovar-
ian vein leiomyosarcoma is difficult. Nevertheless, modern CT scan
provides the corner stone to achieve the principle radiological diag-
nosis and is essential for the planning of patient management. In this
poster presentation, we demonstrate a logical approach to derive
the diagnosis. This is based on analyzing the anatomical origin, orien-
tation, internal architecture and enhancement characteristics of the
tumour. The importance of CT scan in tumour staging, complication
detection and management decision, in particular how to facilitate
surgical planning, are also discussed.
Conclusions: CT scan plays a critical role in the diagnosis and man-
agement planning of ovarian vein leiomyosarcoma. A logical ap-
proach in analyzing the CT scan would facilitate the assessment of
this rare malignancy.

P4
Incidental pulmonary nodules: 2017 Fleischner society guidelines
SJ Neville, LE Quint
Michigan Medicine, University of Michigan, Ann Arbor, MI, USA
Correspondence: SJ Neville (sjnevil@umich.edu)
Cancer Imaging 2017, 17(Suppl 1):P4

Learning Objectives: To review the 2017 Fleischner Society guide-
lines for the management of small, incidental pulmonary nodules,
and to apply the guidelines to illustrative cases.
Content Organisation: Incidental lung nodules are commonly seen
on chest CT scans. The Fleischner Society has consolidated and re-
vised previous recommendations for the management of incidental



Cancer Imaging 2017, 17(Suppl 1):24 Page 33 of 40
solid and subsolid nodules based on new data. Recognizing the high
prevalence of benign nodules, the guidelines now recommend fewer
and less frequent follow-up exams, and the minimum threshold nod-
ule diameter for follow-up has been increased. Recommended scan-
ning follow-up intervals are now given as ranges, rather than fixed
intervals, acknowledging the heterogeneity of patient scenarios. A
longer initial follow-up interval is now recommended for subsolid
nodules, and the length of complete follow-up for these lesions has
been extended to 5 years.
The guidelines specify the acquisition of thin section, low x-ray dose im-
ages. Nodules are measured using consistent techniques on serial exams
with (1) the average of long and short axis diameters, rounded to the
nearest mm, based on manual measurements, in whichever plane yields
the largest dimensions, or (2) volumetry. Comparison should be made
with the oldest available exam and more recent exams.
Examples of solitary and multiple, solid and subsolid nodules in high
and low risk patients will be presented, along with management
guidelines.
Conclusion: Familiarity with the new Fleischner Society guidelines for
the management of small, incidental nodules is important in clinical
practice, in order to determine the appropriate recommendations for
follow-up imaging or intervention.

P5
Combination of MR imaging and PET CT in diagnosis and
management of pelvic lesions
De Luca S, Grana M F, Alarcón L, Casalini Vañek E, Fernández M,
Eyheremendy E P
Deustches Hospital, Buenos Aires, Argentina
Correspondence: De Luca S (sdeluca@hospitalaleman.com)
Cancer Imaging 2017, 17(Suppl 1):P5

Learning objectives: To review the spectrum of imaging findings
and utility of combined high resolution MR, whole body 18 FDG and
choline PET CT in pelvic lesions from different etiologies.
Content organisation: Cross sectional imaging techniques ultrasound
(US), computed tomography (CT) and high resolution magnetic reson-
ance imaging (MRI) have been used to detect and follow up patients
with gynecologic and not gynecologic pelvic diseases. All these methods
show anatomic details and morphologic changes within the pelvis.
Positron emission tomography (PET) fusion with CT, shows functional
information with anatomic localization both within and outside the
confines of the pelvis. FDG PET cannot be reliably used to determine
the extent of local tumour invasion but definitely plays a role in the
evaluation of lymph node and other distant metastases.
Multidisciplinary approaches that combine surgery, chemo- and
radio-therapy are often employed and the imagings play a central
role in treatment planning, to triage patients define its scope, and to
evaluate the success of therapy.
Complementary roles of MR and integrated positron emission tomog-
raphy – computed tomography (PET-CT) with 18F-FDG and Choline
both at primary presentation and post-treatment are also described.
We will review imaging characteristics and analyze bibliographic
reviews in
Uterine (cervical-endometrial) carcinoma
Vulvar and vaginal carcinoma
Rectal-Anal carcinoma
Prostatic carcinoma
Other rare masses (defining origin)
Conclusions: The combination of multi-parametric MRI and PET/CT
should be ideal tools for patients with pelvic lesions.
In the future, wider application of integrated PET/MRI can be expected.

P6
MRI of rectal carcinoma - What the surgeon wants to know?
Krishnan V, Chinchure D
Khoo Teck Puat Hospital, Singapore, Singapore
Correspondence: Krishnan V (dr_vijayrad@yahoo.co.in)
Cancer Imaging 2017, 17(Suppl 1):P6
Learning objectives: To discuss the role of MRI in the preoperative
evaluation of rectal carcinoma using recent advanced imaging
sequences with illustrations.
To highlight the key areas of involvement which the surgeon wants
to know in deciding appropriate management
Content organisation: The main aspects of MR in assessing rectal
tumour are stage, depth of invasion and relationship of tumour with
adjacent structures.
We will review the role of MRI in pre-operative imaging of rectal tumour
with following aspects:
- Current MRI acquisition protocol with advanced imaging sequences.
- MR anatomy of rectum and related structures.
- Localisation of tumour
- Assessment of depth of tumour
- Assessment of extension of tumour and relationship with adjacent
structures including mesorectal fascia, pelvic side wall and anal
sphincter.
- Assessment of nodal status
This poster also aims to explain the importance of MR imaging in de-
ciding appropriate clinical management and its prognostic implications.
By assessing the local extent of tumour MR is helpful in deciding the
proper management, surgery versus combined chemotherapy - radio-
therapy. Assessment of circumferential resection margin is an import-
ant prognostic factor predicting the future tumour recurrence.
Conclusions: MR rectum imaging is done to identify the local extent
of involvement, which, not only guides the surgeon in deciding ap-
propriate management but also has prognostic implications.

P7
Implementing a volunteer sonographer led hospice based
ultrasound service – the first three years’ experience
J. Eastman, C. Midgley
Saint Francis Hospice, Havering-Atte-Bower, UK
Correspondence: J. Eastman (joeastman@sfh.org.uk)
Cancer Imaging 2017, 17(Suppl 1):P7

Learning objectives: This poster aims to present our experience in
establishing a sonographer-led ultrasound service in a Hospice setting.
Content organisation: Ultrasound imaging is a valuable resource which
has been widely used in hospitals for many years. Its usage has been to
slow to develop in hospices despite improvements to the cost of ma-
chines and their accessibility. Noting the absence of ultrasound facilities
during previous experiences with the local hospice, the first author
approached the Medical Director (second author) to discuss developing
a volunteer on-site ultrasound service, in consultation with BMUS Ultra-
sound Clinical Governance Guidelines (October 2008).
This poster will present a review of the experience of establishing the
provision of ultrasound scanning in a hospice setting. Over the course
of three years 212 scans were carried out on 184 patients. Indications
for scans included suspected urinary retention, DVT, and assessment of
abdominal ascites or pleural fluid. A wide range of pathologies were
found, from disease progression to gallstones accounting for pain. Es-
tablishing guidelines to ensure safe practice, to equip staff with confi-
dence to request a scan and to inform staff when a scan would be
helpful has taken time. The experience of the authors demonstrates
that such challenges can be overcome in this environment.
Conclusion: The authors have been able to demonstrate that a hospice
based ultrasound service is achievable, effective and safe. Clinicians
value the greater certainty available with the use of sonography when
signs and symptoms are subtle or complex, while patients appreciate
not having to travel for imaging.

P8
Imaging features of Glomus Jugulare tumour with
histopathological correlation
Shankar.KR, Varsha.T, Hazif.B, Sindhu.N, Parthasarathi.A, Pravin.GU
Rajarajeswari Medical College and Hospital, Bangalore, India
Correspondence: Shankar.KR (shankar.1991@gmail.com)
Cancer Imaging 2017, 17(Suppl 1):P8
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Learning objectives: To review the spectrum of imaging findings in
a case of glomus jugulare tumour with histopathological correlation.
Content organisation: Glomus jugulare tumours are tumours of the
temporal bone in the skull, jugular foramen to be precise. The exact
etiology is unknown. Patients may present with a wide range of
symptoms which include hearing loss, dizziness, dysphagia, pain,
facial nerve palsy and so on. These tumours originate from the chief
cells of the paraganglia or glomus bodies, located within the wall
(adventitia) of the jugular bulb. Their reported incidence is 1 case per
1.3 million people with moderate female predilection.
We will review the imaging findings in a twenty five year old female
patient who presented with symptoms of facial nerve palsy on left side.
We will discuss plain Computed Tomography (CT) and contrast Mag-
nestic Resonance Imaging (MRI) findings including
• Its location
• Infiltration into adjacent structures.
• Density on CT
• Intensity on different MRI sequences.
• Post contrast changes.
Histopathological finding and post-operative CT images will also be
reviewed.
Conclusion: Glomus jugulare tumours are rare, slow-growing, hyper
vascular tumours that arise within the jugular foramen of the tem-
poral bone. A combination of CT scanning and contrast MRI is the
imaging regimen of choice for glomus jugulare tumours.

P9
Disease and treatment related complications in Oncologic imaging
with 18F-FDG PET/CT
Raghava Kashyap, Kanhaiyalal Agrawal
Mahatma Gandhi Cancer Hospital and Research Institute, Andhra
Pradesh, India
Correspondence: Raghava Kashyap (kashyapkr@gmail.com)
Cancer Imaging 2017, 17(Suppl 1):P9

Learning objectives: To review the imaging changes in disease
related and treatment related complications in oncologic practice
demonstrated on 18F FDG PET CT
Content organisation: 18F-fluoro deoxy glucose (FDG) positron emis-
sion tomography (PET) is routinely performed imaging modality in
the oncology patients. It is not unusual to have incidental but
clinically important findings on FDG PET/CT study. These findings
may be due to complication of radiotherapy, chemotherapy, inter-
vention or primary tumour itself. These incidental findings should
be recognized on PET/CT.
The data of PET/CT scans from our institute from 2014 September
till current was reviewed for complications. The images are cate-
gorized into disease related and treatment related changes and
discussed below.
Disease related complications that are presented here include
1. Mass effect with mid line shift in brain
2. Neural compression
3. Aspiration
4. Broncho-pleural fistula
5. Pulmonary embolism
6. Malignant Trachea-esophageal fistula
7. SVC obstruction
8. Small bowel obstruction
9. Hydronephrosis
10. Varicocele secondary to tumour thrombosis
11. Malignant vesico-vaginal fistula
Treatment related complications predominantly of radiotherapy that
are presented are
1. Radiation pneumonitis
2. Radiation hepatitis
3. Hemorrhagic cystitis
4. Urethral stenosis and myositis
5. Stress fractures induced by radiation
6. Wedge compression fractures of vertebra secondary to radiation
7. Osteoradionecrosis
Conclusion: Complications of disease or treatment are frequently en-
countered on imaging in oncologic practice. Some of these complica-
tions could be life threatening and may need urgent intervention.
The interpreting physician should be aware of the findings and con-
vey them to the treating physicians for prompt necessary action.

P10
Infrequent primary and secondary pancreatic tumours
Nazar M, De Luca S, Carrera C, Barale C., Castro Cavallo L and
Eyheremendy E. P.
Deustches Hospital, Buenos Aires, Argentina
Correspondence: Nazar M (mnazar@hospitalaleman)
Cancer Imaging 2017, 17(Suppl 1):P10

Learning objectives: Describe MRI and CT findings of infrequent pri-
mary and secondary pancreatic tumours.
Discuss the differential diagnosis of these rare pancreatic tumours.
Content organization: Magnetic resonance imaging (MRI) and Com-
puted tomography (CT) have been used to detect and follow patients
with pancreatic tumours.
Among the primary malignancies pancreatic adenocarcinoma are the
most common. In contrast, neuroencondrine tumours, solid pseudo-
papillary tumours, medullary tumours and lymphoma are quite rare.
Secondary malignancies of the pancreas are divided based on the
mode of spread: hematogenous and direct invasion by adjacent organ.
The most commonly reported primary tumours metastatic to the pan-
creas are: lung, gastrointestinal tract, kidney, breast and melanoma.
Conclusions: It is important that the radiologist be familiar with
these infrequent tumours in order to initiate the appropriate
lesion-specific work-up and treatment and avoid unnecessary pro-
cedures, including surgery.

P11
Thoracic manifestations of breast cancer, its treatment and
complications – what the radiologist needs to know
S Bhuva, J Lee
Oxford University Hospitals NHS Foundation Trust, Oxford, UK
Correspondence: S Bhuva (shaheel.bhuva@gmail.com)
Cancer Imaging 2017, 17(Suppl 1):P11

Learning Objectives: To recognise the thoracic manifestations of breast
cancer and of its treatment, including:
• Thoracic emergencies
• Nodal disease
• Pulmonary, mediastinal and pleural metastatic disease
• Early and late complications, including post-operative and post-
radiation therapy findings
Content organisation: Thoracic imaging is vital to the management
of patients with breast cancer. Our local practice includes a dedicated
metastatic breast multidisciplinary team meeting.
We offer a pictorial review of the essential thoracic features relating
to breast cancer and its treatment.
1. Thoracic emergencies
• Pulmonary embolus with right heart strain
• Cardiac tamponade due to pericardial metastasis or following radio-
therapy to sternal metastasis.
• Metastatic thoracic cord compression
2. Nodal disease:
• locoregional axillary relapse adjacent to, and partially masked by,
postsurgical change in the axilla.
• PET-CT scan demonstrated FDG avid malignant internal mammary
lymph node, confirmed by US-guided fine needle aspiration.
• axillary nodal relapse, contralateral to the original breast cancer,
demonstrating 'cross over' low resistant lymphatic spread.
• sarcoid-like reaction in mediastinal nodes – a benign mimic of ma-
lignant disease
3. Pulmonary, mediastinal and pleural metastatic disease
• pulmonary metastasis - from solid to cavitation
• lymphangitis carcinomatosis



Cancer Imaging 2017, 17(Suppl 1):24 Page 35 of 40
• mediastinal relapse with resultant phrenic nerve palsy and hemi-
diaphragmic paralysis
• pleural metastasis
4. Early and late complications:
• post radiotherapy pneumonitis to fibrosis
• sarcoma in the supraclavicular fossa of a patient treated with radio-
therapy for breast cancer decades earlier
Conclusion: Knowledge of the thoracic manifestations of breast can-
cer, its treatment and its complications will allow accurate interpret-
ation and contribute to the effective multidisciplinary care of
patients with breast cancer.

P12
Understanding ESTRO– radiological pearls and pitfalls for
delineating target volumes for radiotherapy in breast cancer
S Bhuva, J Lee, F Duane, C Taylor, G Andrade
Oxford University Hospital NHS Foundation Trust, Oxford, UK
Correspondence: S Bhuva (Shaheel.Bhuva@gmail.com)
Cancer Imaging 2017, 17(Suppl 1):P12

Learning objectives: To present the essential radiological compo-
nents entailed in the ESTRO guidance, enabling radiologists to
aid radiation oncologists with precise radiotherapy planning in
breast cancer.
Content organisation: Adjuvant radiotherapy in early stage breast
cancer is proven to reduce the risk of recurrence and improves
survival outcomes, but exposes the heart, lungs and soft tissue to
radiation related side-effects.
Technological advances include a transition in radiotherapy planning
from using 2D planar bony landmarks to a 3D CT-based delineation
of nodal target volumes using vascular anatomy to localise regional
nodal levels.
We offer a practical, easy to follow, and illustrated guide to applying
the ESTRO consensus guidelines (2016) on delineating the regional
lymph nodes for adjuvant irradiation in early stage breast cancer.
We will:
1. Clarify the lexicon regarding 3D localisation.
2. Highlight the challenges posed by RT positioning on an unenhanced
CT scan.
3. describe, illustrate and identify the essential anatomical landmarks
that underpin the regional nodal levels, including: the subclavian
vein, arch of the subclavian artery, internal carotid artery, differences
in internal mammary/thoracic arterial origins, medial perforating
mammarian and lateral thoracic arteries; musculature (scalenus anter-
ior and pectoralis major and minor); and bones (clavicle, lateral mar-
gin of the first rib, fourth rib and humeral head).
4. offer an approach to applying borders to each lymph node level
based on the essential anatomical landmarks.
5. Illustrate relevant anatomical variants.
Conclusion: This practical guide will enhance understanding, and im-
plementation, of the ESTRO guidance and promote collaboration be-
tween radiologists and radiation oncologists to improve patient care.

P13
Asymptomatic Nasopharyngeal carcinoma: Early detection and
assessment of loco-regional extension with imaging
Krishnan V, Shenoy JS
Khoo Teck Puat Hospital, Singapore, Singapore
Correspondence: Krishnan V (dr_vijayrad@yahoo.co.in)
Cancer Imaging 2017, 17(Suppl 1):P13

Learning objectives
- To discuss the role of imaging in early detection of nasopharyngeal
carcinoma (NPC) in asymptomatic individuals with illustrations.
- To highlight the key areas that should be scrutinised to avoid missing
the lesion and also helps in proper assessment of extension.
Content organisation: The aspects of imaging in NPC are early de-
tection, local extent assessment and assessing the response to treat-
ment on follow up studies, with MRI and CT of nasopharynx playing
essential roles in assessment. Radiologists should also pay careful atten-
tion for post nasal space in all routine CT/MR brain scans to detect
otherwise asymptomatic NPC especially in high prevalence areas.
We will review imaging of NPC with following aspects:
- Anatomy of nasopharyngeal region related to NPC.
- Importance of giving more attention to postnasal space in routine
brain scans especially in patients of Asian descent
- Key areas helping the early detection of tumour.
- Key areas to scrutinise to assess the locoregional extension and
perineural spread.
- Assessment of adjacent nodal status.
This poster also aims to explain the importance of early detection
and its prognostic implications.
Conclusions
- Posterior nasal space / nasopharynx should be carefully scrutinised
in asymptomatic individuals even in routine brain scans especially in
patients of Asian descent.
- MRI and CT have complementary roles in assessing the locoregional
extension.
- Awareness of routes of extensions of NPC, subtle radiological signs
of disease helps in early detection, better prognosis and therapeutic
outcome.

P14
Brachial Plexopathy in breast cancer – what the radiologist needs
to know
C Goss, E Green, S Bhuva
Oxford University Hospitals NHS Foundation Trust, Oxford, UK
Correspondence: C Goss (charlottevgoss@gmail.com)
Cancer Imaging 2017, 17(Suppl 1):P14

Breast cancer commonly metastasises to the supraclavicular and cer-
vical paravertebral regions. In addition, the standard treatment for
breast cancer involves radiotherapy to the supraclavicular fossa. The
brachial plexus (BP) is an intricate structure that extends through the
paravertebral and supraclavicular regions. Its anatomical location ren-
ders it vulnerable to damage and dysfunction in breast cancer pa-
tients, either due to malignant infiltration or as a complication of
radiotherapy. The BP is a challenging anatomical structure to image
and interpret and, while brachial plexopathy is a relatively rare occur-
rence, the Radiologist needs to be able to differentiate between
metastatic disease and other causes of pathology in the BP. We offer
a pictorial review of the anatomy of the BP and the radiological pres-
entation of brachial plexopathies.
The superior soft tissue contrast and multi-planar imaging offered
by magnetic resonance imaging (MRI) enables the accurate assess-
ment and characterisation of abnormalities of the BP, as well as
delineation of the extent and integrity of adjacent structures. Our
local MRI protocol includes multiplanar T1, T2, STIR, and post-
contrast sequences.
We offer a pictorial review of the anatomy of the BP and discuss
some of the varied pathology affecting the structure and surround-
ing tissues. We present cases from our metastatic breast cancer
multi-disciplinary team meeting at a large tertiary Oncology centre,
which illustrate the MRI features differentiating brachial plexopathies
caused by tumour recurrence versus radiation-induced damage and
highlight other causes of BP pathology that a Radiologist may en-
counter when imaging breast cancer patients.

P15
Extra-nodal Lymphoma
N Parvizi, S Bhuva, C Johnson, N Taylor, M Subesinghe
Department of Clinical Radiology, Oxford University Hospitals NHS Trust,
Oxford, UK
Correspondence: N Parvizi (nassim.parvizi@gmail.com)
Cancer Imaging 2017, 17(Suppl 1):P15

Learning objectives: To review key imaging features that may prompt
the radiologist to consider lymphoma in extra-nodal sites.



Cancer Imaging 2017, 17(Suppl 1):24 Page 36 of 40
Content Organisation: Lymphoma is a multisystem malignant disease
with heterogeneous clinico-radiological presentations whereby it can
often mimic other disease processes. This poster will present a series of
cases with appropriate differential diagnoses to highlight the key im-
aging features that may prompt the radiologist to consider lymphoma.
Our selection of cases will demonstrate cases arising in the:
1. Central nervous system
2. Head and Neck
3. Thorax
4. Gastrointestinal system
5. Genitourinary system
6. Endocrine systems
Conclusion: Extra-nodal lymphoma is a great mimic of multisystem
malignant disease. It can present with a wide range of radiological
presentations and is important to consider when the constellation of
symptoms/signs and radiology do not fit a system-based cancer.

P16
Various scintigraphic and anatomico-metabolic fusion imaging
procedures in diagnosis, theranostics and follow-up of thyroid
malignancies
CNB Harisankar (hari.cnb@gmail.com)
Meenakshi Mission Hospital and Research Centre, Madurai, India
Cancer Imaging 2017, 17(Suppl 1):P16

Learning objectives: To review the well-established conventional
scintigraphic techniques and newer applications of fusion imaging
procedures in thyroid malignancies in the diagnosis, post-operative
evaluation, theranostics and in follow up of thyroid malignancies.
Content organisation: Introduction of fusion imaging equipment like
SPECT-CT and PET-CT, has allowed for better evaluation and charac-
terisation of scintigraphic abnormalities. Several of these findings
have important implications on prognostication and further manage-
ment of these malignancies.
The different scintigraphic applications presented here are follows:
1. 99m- NaTco4 and hybrid SPECT-CT evaluation of thyroid nodule
2. Thyroid Incidentalomas in 18F-FDG PET-CT study
3. Pre-operative FDG PET-CT evaluation of thyroid malignancies -
DTC, Thyroid lymphoma, anaplastic thyroid cancer
4. Typical iodine scintigraphic findings of remnant thyroid and lymph
nodal metastases on whole body iodine imaging and hybrid SPECT-
CT imaging
5. Typical findings of metastatic thyroid cancer - Lung / Bone
metastases
6. De-differentiation of well-differentiated thyroid cancer during course
of treatment - concept of thyroglobulin elevated negative iodine scinit-
graphy - TENIS and its evaluation using 18F-FDG PET-CT
7. Bone scintigraphy and 18-Fluoride scintigraphy in metastatic thy-
roid cancer
Conclusion: Scintigraphic procedures play an important diagnostic
and theranostic role in well-differentiated thyroid cancer. Fusion im-
aging like SPECT-CT and PET-CT add prognostic and diagnostic infor-
mation available from scintigraphy and alter therapeutic decision
making. 18-F FDG PET-CT has an important role in evaluation of de-
differentiated thyroid cancer and helps plan subsequent therapy.
Scintigraphic procedures and fusion imaging also have a role in rare
thyroid pathologies like thyroid lymphoma and anaplastic thyroid
cancer.

P17
Atypical intramural corporal uterine lesion and peritoneal nodules:
the added value of Proton MR Spectroscopy
Heming C.A.M., Leite J.A., Zuza D.C., Laterça F.J., Calabria M., Martins,
C.L.C.S., Carvalho L.A., Sena B.F.D.P.Q., Scapulatempo H.H., Barbosa I.M.G.A. ,
Mora P.A.R., Scapulatempo-Neto C., Guitmann G., Jr Coutinho A.C.
Americas Medical City/ Americas Serviços Médicos, DASA, COI, Rio de
Janeiro, Brazil
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Learning objectives: To review the spectrum of imaging findings of
atypical leiomyomas and how Proton MR spectroscopy (PMRS) can aid
in the diagnosis of a benign intramural nodule, even in the setting of as-
sociated peritoneal nodules. We will also review the imaging findings of
disseminated peritoneal leiomyomatosis, a rare disease, and its mimics.
Content organisation: Atypical leiomyomas can be challenging in clinical
practice and the main differential diagnosis is sarcoma, especially when
there are associated peritoneal nodules, which concerns about malig-
nancy. Proton MR spectroscopy provides metabolic information, which is
useful when differentiating between benign and malignant tumours.
We present a case of a young nulliparous woman with no gynecological
workup who presented with abdominal volume increase in the ER. Her
pelvic MRI showed peritoneal nodules and atypical leiomyoma in the
conventional sequences, but PMRS of the mural nodule showed findings
of benignity. She went to surgery and intraoperatory freezing biopsy of
the peritoneal nodules confirmed peritoneal leiomyomatosis, which,
in conjunction with MR spectroscopy findings, left the surgical team
comfortable to alter the plan from total abdominal hysterectomy to
myomectomies, preserving the patient´s fertility.
We will review the imaging aspects of:
- typical and atypical leiomyomas and its differential diagnosis;
- the PMRS findings of benign and malignant uterine lesions;
- peritoneal leiomyomatosis and its mimics.
Conclusions: Proton MRS is a technique that aids in the differentiation
between benign and malignant lesions also in the uterus and should
be more frequently performed in the gynaecological radiology practice
and radiologists should be familiar with its main findings.

P18
Dual time point 18-FDG PET-CT in the assessment of pulmonary
nodules
De Luca S, Carrera C, Alarcón L, Pascuzzi D, Wirtz M, Eyheremendy E P
Deustches Hospital, Buenos Aires, Argentina
Correspondence: De Luca S (sdeluca@hospitalaleman.com)
Cancer Imaging 2017, 17(Suppl 1):P18

Learning objectives: To evaluate the usefulness of dual-time-point
18F-FDG PET CT for differentiating benign from malignant pulmonary
nodules.
To review the usefulness of CT 18F-FDG PET in the detection and
characterization of pulmonary nodules allowing an adequate dif-
ferential diagnosis.
Content organisation: The differential diagnosis of a solitary pulmonary
nodule is wide and includes benign causes as well as primary lung
cancer and lung metastases.
18F-FDG PET is frequently used in characterizing solitary pulmonary
nodule and is a useful technique.
FDG is not tumour-specific. There are numerous causes of 18 F-FDG
uptake in benign processes and is a potential source of false-positive
results. Otherwise, some malignant lesions might show only minim-
ally increased activity.
In most 18 F-FDG PET studies, imaging is performed 50–60 min after
18 F-FDG injection; however, the uptake of 18 F-FDG in malignancies
is expected to increase over 1.5–5 h. In theory, images obtained 2–3
h after 18 F-FDG injection should show improved contrast between
tumour and normal tissues or benign processes, because uptake is
increased in the tumour and decreased in the normal back-ground.
We retrospectively analysed 21 patients who had delayed images
18F-FDG PET in diagnosis of solitary pulmonary nodules, improving
the accuracy in 85% of them.
Conclusions: Dual-time point imaging might improve the accuracy of
FDG PET in the evaluation of lung nodules.

P19
Imaging review of vaginal pathologies
Walker CM, Johnson CA
The John Radcliffe Hospital, Oxford, UK
Correspondence: Johnson CA (c.a.yoong@gmail.com)
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Learning objectives: To be familiar with the appearances of vaginal
tumours, both benign and malignant, to aid an accurate and timely
diagnosis for those that require treatment and for those that do not.
Content organisation: Benign and malignant tumours of the vagina
are rare. Neoplastic lesions that develop from other locations in the fe-
male genital tract may also spread to the vagina. Most vaginal tumours
produce no symptoms until significant size is reached. Symptoms and
signs may include a sensation of pressure, dyspareunia, obstruction of
the vagina or urethra, and/or vaginal bleeding and discharge.
Many lesions will be detected during a routine examination in the
asymptomatic patient or discovered as an incidental finding during
imaging of another organ system. Imaging may include TV ultrasound,
CT and MR scans.
Primary vaginal carcinomas are rare and typically found in the older
female. This neoplasm arises solely from the vagina without involve-
ment of the external os or vulva. Malignant involvement of the vagina
from metastatic spread is much more common and usually a conse-
quence of direct local invasion from the female urogenital tract. Other
primary cancers include melanomas and sarcomas.
Benign tumours include vaginal leiomyomas, Gartner’s and Bartholin’s
cysts and endometriotic lesions. Familiarity with the normal female
anatomy is essential.
Conclusion: Benign and malignant tumours of the vagina are found
in all age groups with malignant changes more typically seen in the
older population. Typical imaging appearances are demonstrated.
Secondary vaginal cancer is more common than primary.

P20
Ovarian Lymphoma, an educational review
Johnson CA, Walker CM, Bhuva S, Subesinghe M, Taylor N
The John Radcliffe Hospital, Oxford University NHS Trust, Oxford, UK
Correspondence: Johnson CA (c.a.yoong@gmail.com)
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Learning objectives: Malignant lymphoid tumours of the female genital
tract are rare; however, the ovaries are the most common site involved,
with young women being affected. It may occur as a primary extranodal
site or in conjunction with other sites of nodal or extra nodal disease.
This distinction is important as primary extranodal lymphomas are less
aggressive with a 5 year survival of 80% as compared to 33%.
Content organisation: Ovarian lymphomas may be discovered inciden-
tally during investigations for abdominal or pelvic complaints. Subtypes
commonly encountered are diffuse large B cell, Burkitt’s and Follicular
lymphomas. Ultrasound, CT and MR are important in assessing the
ovaries and any spread of disease. Typical features of ovarian lymph-
oma include a hypoechoic pattern on USS, hypodense lesions with
mild contrast enhancement on CT, and homogeneous masses with
low T1 and raised T2 signal on MRI.
Primary extra nodal ovarian lymphoma has a better prognosis than
secondary lymphoma. The diagnosis of primary ovarian lymphoma
can only be made if there is presence of an ovarian mass confined to
one or both ovaries, no evidence of lymphoma elsewhere, and disease
free interval of 60 months after oophorectomy.
Conclusion: Ovarian involvement by lymphoma is less common than the
typical nodal masses and splenomegaly but is found in 25% of women
dying from lymphoma and accounts for 1.5% of primary ovarian tumours.

P21
Multimodality approach for imaging upper tract urothelial
carcinoma (UTUC)
A Mastan, S Suut
Salford Royal NHS Foundation Trust, Manchester, UK
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Learning objectives: To investigate presence of UTUC using various
forms of imaging, from ultrasound and IVU (intravenous urography)
to more dedicated cross-sectional studies such as CT (computed
tomography) and MR (magnetic resonance).
Content organisation: UTUC is a common malignancy affecting the
genitourinary tract. This can be a difficult condition to diagnose be-
cause when patients present with haematuria, a flexible cystoscopy is
usually performed and upper urinary tracts are not routinely visualised.
The presence of UTUC is therefore very reliant on imaging, aimed to
guide urologists before a more invasive ureteroscopy is undertaken.
A multimodality approach is crucial due to the multicentric nature of
UTUC . In fact, some carcinomas demonstrate very subtle radiological
changes whereby they can even manifest as parenchymal infiltration
in a kidney which can still maintain a normal reniform configuration.
Our pictorial review aims to highlight several interesting imaging
findings of UTUC. Synchronous UTUC in known oesophageal carcinoma,
recurrence of UTUC within an ileal conduit, parenchymal infiltration and
filling defects seen on diagnostic ureteroscopies are among the cases
which will be discussed.
Our review highlights the importance of diagnosing UTUC at an early
stage to aid management and treatment.
Conclusion: A multimodality approach to imaging plays a key role in
the diagnosis of UTUC. The multicentric nature and unusual as well as
obscure imaging features of UTUC can make this condition difficult to
diagnose. Therefore, recognition of all imaging manifestations should
be recognised. In addition, early recognition of these conditions is key
to treatment and better prognosis.

P22
Tumoural pseudoangiomatous stromal hyperplasia (PASH):
Radiological features of a rare entity
Khin YT, V Reynolds, TR Shimpi, HT Leung
Khoo Teck Puat Hospital, Singapore, Singapore
Correspondence: Khin YT (kythein@yahoo.com)
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Learning objectives: To review the spectrum of imaging findings
of tumoural pseudoangiomatous stromal hyperplasia (PASH), a
histologically-proven rare benign breast lesion.
Content organisation: PASH is a benign hormone-related prolifera-
tion of breast stromal cells, commonly affecting premenopausal
women or those on hormone replacement therapy. Histologically,
it is characterized by slit-like pseudovascular spaces lined by
endothelium-like spindle cells. The nodular or tumoural form of
PASH is extremely rare. Tumoural PASH may presents as a palpable,
well circumscribed solitary mass or may be multifocal. Despite its
benign nature, it often grows over time and may also recur post
excision, hence may need mastectomy. The mammographic find-
ings of PASH vary from no identifiable abnormality to a circum-
scribed mass, the sonographic features from undetectable lesion to
a well-defined focal mass with variable sonographic appearance.
On sonoelastography, the strain ratio ranges between 2.5 to 5, stiff-
ness equal to the surrounding tissue, indicative of benign aetiology.
We also demonstrate through this pictoral review, a rare association
of PASH with co-existing breast carcinoma. The imaging features of
tumoural PASH are variable and hence may mimic other well defined
masses, as fibroadenoma/ hamartoma or ill-defined masses such as
breast carcinoma.
Conclusion: Tumoural PASH is a benign breast lesion that can have
variable imaging features, rapid growth and post excision recurrence.
It also has association with co-existing carcinoma and malignant
transformation and mimics other benign and malignant breast
lesions on imaging.

P23
Lung adenocarcinoma: computed tomography features, revised
pathology classification and prognosis prediction
1Sandomenico F., 2Pizza S, 2Rusconi G, 2De Rosa G., 1Petrillo A
1National Cancer Institute, IRCCS "G.Pascale Foundation", Department of
Diagnostic Imaging, Naples, Italy; 2University of Naples Federico II,
Department of Advanced Biomedic Science, Naples, Italy
Correspondence: Sandomenico F (f.sandomenico@virgilio.it)
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Learning objectives: To review the spectrum of CT findings in
lung adenocarcinoma in order to correlate them to the 2011
International Association for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society (IASLC/ATS/ERS)
Classification of lung cancer.
Content organisation: We will review main CT features of lung
adenocarcinoma and which of these are correlated to either a better
or worse prognosis:
- solid, sub-solid or pure “ground glass” nodules (GGN)
- margins (smooth, lobular, spiculated)
- air bronchogram
- bubble-like areas
- concave notches
- pleural tag or retraction.
We will discuss 2011 IASLC/ATS/ERS classification of lung cancer (above
all relatively to the adenocarcinoma) and its new terminology introduced
to better reflect the heterogeneous group of cancer formerly known as
bronchoalveolar cell carcinoma:
- adenocarcinoma in situ (AIS)
- minimally invasive adenocarcinomas (MIA)
- lepidic predominant adenocarcinoma (LPA)
- predominantly invasive non-mucinous adenocarcinoma (plus a lepidic
component)
- invasive mucinous adenocarcinoma.
Fleischner Society guidelines for management of sub-solid pulmonary
nodules are discussed.
Finally, main surgical managements are briefly discussed:
- wedge resection
- lobectomy
- pneumonectomy.
Conclusions: Radiologists must be aware of classification of
lung adenocarcinoma and guidelines for management of GGNs
as they play an important role in differentiating pre-invasive,
minimally invasive and frankly invasive lesions. This could allow
more accurate staging, treatment and prognosis prediction of
these patients.

P24
Evolution of PET/CT attenuation and artifacts & factors affecting
SUV: corrective measures
Mythri Shankar, Mohan HK, Rajendra Kulkarni
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Technological developments have led to a newer modality of Hy-
brid Fusion Imaging – PETCT, which involves fusion of 2 separate
image series (Positron Emission Tomography & Computerized
Tomography) onto each other. Acquisition of good quality im-
ages and meaningful interpretation of the scans often requires a
deeper understanding of the parameters involved which cause
these artifacts. Artifacts may lead to a false positive or negative
diagnosis, which may be caused by administration of contrast
(Oral or IV), presence of metallic objects, Patient motion during
image acquisition and truncation /mis-registration of the fused
Images. It is also important to understand the concept of attenu-
ation coefficient. PET images are corrected with CT attenuation,
sometimes artifacts occur when attenuation correction (from CT)
is used in the corrected PET image. PET photons (Monochromatic
photons) always have the exact same energy. CT x-rays (poly-
chromatic x-rays) vary in their energy beam by at least 1%. This
results in an alteration of the attenuation coefficient and there-
fore in artifacts.
P25
Normalised periprostatic fat volume at MRI predicts prostate
cancer aggressiveness in patients undergoing radical prostatectomy
N. Dahran, M. Szewczyk-Bieda, C. Wei, G. Nabi, S. Vinnicombe
University of Jeddah, Jeddah, Saudi Arabia and University of Dundee,
Dundee, UK
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Aim: Periprostatic fat has been shown to influence prostate cancer
behaviour through secretion of chemokines and growth factors. The
aim of this study was to investigate the relationship between peri-
prostatic fat volume (PFV), measured on pelvic MRI, and prostate can-
cer (PCa) grade (Gleason score; GS) and pathological staging (pT)
following radical prostatectomy (RP).
Materials and methods: PFV was determined using a semi-automated
segmentation technique on contiguous T1-weighted axial MRI slices
from the level of the prostate base to the apex. PFV was normalised to
prostate volume (PV) to account for variations in PV (NPFV = PFV/PV).
Abdominal fat area (AFA) and subcutaneous fat thickness (SFT) were
measured on T1-weighted axial slices at the level of the umbilicus and
the upper border of the symphysis pubis, respectively. Patients were
stratified into three risk groups according to post-operative GS: ≤6,
7(3 + 4), and ≥7(4 + 3).
Results: NPFV was significantly different between risk groups (p =
0.001) and positively correlated with post-operative GS (ρ = 0.294, p <
0.001). Men with stage pT2 had significantly lower NPFV (2.28 ± 0.98)
than men with stage pT3 (2.76 ± 1.25), t(160) = -2.760, p = 0.006. There
was a difference in NPFV between those with upgraded from GS 6 post
prostatectomy (2.43 ± 0.98; n = 26) compared to those with no upgrade
from GS 6 (1.99 ± 0.82; n = 17); however, this did not reach statistical
significance (p = 0.11). There was no correlation between BMI, AFA and
SFT and PCa aggressiveness.
Conclusions: NPFV measured at MRI is strongly correlated with
aggressivity of PCa. Its role as a potential non-invasive imaging
biomarker of PCa behaviour warrants exploration.
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Essentially clinically occult brainstem strokes associated with
resection of large cerebellopontine cistern vestibular schwannomas
D. Quint, T. Hollon, L. Savastano, D. Argersinger, B.G. Thompson
University of Michigan Medical Center, Ann Arbor, MI, USA
Correspondence: D. Quint (djquint@umich.edu)
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Aim: Acute essentially clinically silent brainstem strokes have been
demonstrated within weeks of surgical resection of large cerebello-
pontine angle (CPA) cistern vestibular schwannomas. In this study,
we retrospectively reviewed a series of these patients who under-
went post-operative MRI in an attempt to determine the incidence of
such strokes. We also performed a cadaveric anatomic study to inves-
tigate the possible underlying pathophysiology of these strokes.
Subjects & methods: 258 patients underwent vestibular schwan-
noma resection surgery over an 11 year period at our institution. 54
of these patients underwent MRI during the 2 weeks immediately fol-
lowing surgery. Patient demographics, clinical history, tumour size,
operative approach and MRI results were reviewed.
Four cadaveric dissections of CPA cisterns were performed with special
attention to microvascular anatomy.
Results: 4 patients (7.4%) demonstrated acute ischemic changes on dif-
fusion MRI in the region of the middle cerebellar peduncle. Two of these
patients demonstrated post-operative nystagmus and ipsilateral dysme-
tria. Symptoms resolved in all 4 patients within 4 weeks of surgery. All 4
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patients demonstrated chronic lacunar ischemic changes on follow-up
MRI. Cadaveric dissections revealed that microvessels arising from the
anterior inferior cerebellar artery supplying the cranial nerve 7-8 complex
may have been injured during the vestibular schwannoma CPA surgery.
Conclusion: Microvascular brainstem ischemia is an under-recognized
complication of CPA vestibular schwannoma surgery, but does not
appear to result in long-term clinical sequelae.

P27
Whole-Body MRI for cancer screening in asymptomatic subjects;
frequency and management of relevant findings
G. Petralia1, A.R. Padhani2, E. Tagliabue4, P. Summers1, C. Giorgi3, E. Di
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Istituto Nazionale dei Tumori, Milan, Italy
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Aim: To report the prevalence of incidental findings in asymptomatic
subjects undergoing diffusion whole-body magnetic resonance im-
aging (DWB-MRI) for cancer screening.
Methods: We included all consecutive asymptomatic subjects who
underwent DWB-MRI from January to April 2017. Individuals with
cancer were excluded. All examinations were performed on a 1.5T MR
(Magnetom Avanto, Siemens Healthineers, Germany), with the follow-
ing protocol: axial images (T1, T2, diffusion weighted) from head to
thigh, sagittal T1 and STIR of the spine. Findings were located in the fol-
lowing body regions (head, neck, chest, abdomen, pelvis, limbs, bone)
and assigned a 5-point Likert score: 1 (normal), 2 (highly likely to be
benign), 3 (likely benign requiring follow-up or further investigation), 4
(likely malignant requiring further investigation), 5 (highly likely to be
malignant requiring biopsy and/or immediate referral).
Results: Out of the 222 subjects (84 F, 138 M; mean age 51.6 years)
included, DWB-MRI was not performed in 2 due to body size (BMI >
38) and in 8 due to claustrophobia. In the 212 subjects analyzed, we
found Likert 1 in 10 subjects (4.7%), Likert 2 in 179 (84.4%), Likert 3
in 20 (9.4%), Likert 4 in one (0.5%), Likert 5 in two (1.0%). Malignant
cancer was found in two subjects (colon with liver metastases in one,
bladder and kidney cancer in the other, respectively).
Conclusions: The prevalence of incidental findings was high, but in
the majority no follow-up or further investigations were needed to
confirm their likely benign nature. The diagnosis of cancer in two
asymptomatic subjects allowed immediate referral.
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Comparison of magnetic resonance imaging findings of primary
adenocarcinoma and non-adenocarcinomatous malignant tumours
of the rectum
N Niyamanon, K Hongsakul, T Tubtawee
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Aim: To compare the magnetic resonance imaging (MRI) findings in
adenocarcinomas and non-adenomatous malignant tumours of the
rectum, by focusing on morphology, basic MRI sequence signal
changes and pattern enhancement.
Materials and methods: Retrospectively review of MRI studies of the
rectum was done in pathologically proven rectal adenocarcinomas
(n = 57) and non-adenomatous malignant tumours (n = 7); consisted
of neuroendocrine tumours, gastrointestinal stromal tumours (GIST),
malignant melanomas and leimyosarcoma. MR images were inter-
preted by two radiologists with 5 and 6 years of experience. All MRI
studies were analyzed for MRI quality, border, T1W/T2W intensity,
internal hemorrhage/calcification, cystic portion/necrosis, pattern of
enhancement and extension. Fisher exact tests were used with sig-
nificant p-value set at less than 0.05.
Results: Adenocarcinomas showed predominant mural thickening
(98.2%) while non-adenomatous malignant tumours preferred focal
intraluminal or exophytic locations (85.7%) with a statistically significant
difference (p < 0.01). An irregular border was frequently observed in
82.5% of the adenocarcinomas while a smooth or lobulated border was
present in all non-adenomatous malignant tumours (p < 0.01). Although
hemorrhage/calcification and internal cystic portion were observed
more frequently in non-adenomatous malignant tumours (42.9%,
42.9%) than adenocarcinomas (12.3%, 10.5%), no statistical significance
was found (p = 0.07, 0.52).
Conclusions: Rectal mass with a mural thickening pattern and
irregular border were likely to be typical adenocarcinomas.
Intraluminal and exophytic lesions more correlate with non-
adenomatous tumours.
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Positive predictive value of prostatic multiparametric MRI in
patients with high PSA levels: Nairobi experience
Mutala TM, Lazaro E, Odhiambo AO, Kimani NM
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Aim: To correlate positive mp- MRI findings with histological diagnosis
in patients with high PSA levels.
Methods: A prospective study recruited 50 patients with raised PSA
and suspicious lesions on rectal examination who underwent mp-
MRI examination between May to November 2016. The examination
was conducted using 1.5T Philips MRI machine. Sequences for study
were T2W, diffusion weighted imaging (DWI) and dynamic contrast
enhancement (DCE). Lesions were graded according to the prostate
imaging and reporting and data system (PI-RADS). Histological diag-
nosis was made following targeted biopsy on lesions having PI-RADS
3, 4 and 5 characteristics. Two cut-off sets, one at PI-RADS 3 and an-
other at PI-RADS 4 were compared for statistically significant differ-
ence on the positive predictive value (PPV).
Results: The mean age of the patients was 68.9 years (SD ± 10.7). The
mean PSA level was 53.7 (± 67.7). The total number of PI-RADS 3, 4
or 5 lesions was 65. On histopathology, 59 of these lesions turned to
be positive for prostatic carcinoma giving a positive predictive value
of 90.7%. PI-RADS 3 (intermediate) lesions alone were seven (10.8%).
PIRADS 4 or 5 (higher probability for malignancy) lesions were 58
with 56 of them being positive on histopathology giving a positive
predictive value of 96.6%. Comparison of the PPVs for cut offs at PI-
RADS 3 and 4 was not statistically significant (P = 0.1875).
Conclusion: From our experience, prostatic mp-MRI has a high
positive predictive value for both PI-RADS 3 and 4 cut-offs in pa-
tients with raised PSA levels. No statistically significant difference
was found between these two cut-offs.
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Value of MRI in patients with penile cancer: histopathological
correlation
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Aim
1) To evaluate the accuracy of MRI in the preoperative staging of
penile cancer
2) To evaluate the most effective MRI protocol and role of IV contrast
3) To determine accuracy of MRI in the non-erect stage of Penis
Material and Methods: A total of 49 patients with carcinoma under-
went MRI examination.
All the patients had definitive surgery and hitopathological examination
The images were evaluated in consensus by two Radiologists
All the examinations were performed in 3.0Tesla magnet (Siemens,
Verio)
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High resolution, small FOV images were obtained with Penis taped
to the anterior abdominal wall
Intracavernosal agent (Alprostadil) was not used –Non erectile technique
Precontrast T1w, T2w, Fat saturated T2w, post contrast T1w and dif-
fusion weighted sequences were obtained
Results: As compared to the histopathology MRI showed overall 89%
agreement with sensitivity 84% and specificity 94%. MRI downstaged
one case from T2 to T1
As regards to the involvement of subepithelial tissue MRI showed
100% agreement and sensitivity as compared to histopathological
examination
MRI also demonstrated 96% and 97% specificity in case of corpora
cavernosum and corpora spongiosum involvement respectively
Conclusion: Radiological pre-operative stage of carcinoma penis with
MRI and can be co-related with histopathological staging with signifi-
cant accuracy
Significant accuracy can be achieved in MRI even without intracaver-
nosal injection-induced artificial erection
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Prognostic value of 18FDG PET/CT in patients listed for liver
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Aim: Retrospective studies suggest that a positive 18FDG PET/CT is
associated with an increased risk of tumour recurrence after liver
transplantation (LT) for hepatocellular carcinoma (HCC). This study
sought to assess its prognostic value in a prospective cohort.
Methods: A prospective cohort study was conducted in 371 HCC pa-
tients listed for LT to assess independent predictive factors of tumour
recurrence after LT. Between 01/2009 and 12/2012, 70 patients under-
went whole-body 18FDG PET/CT within 3 months of inclusion. Images
were interpreted by consensus of 2 observers and 18FDG uptake was
quantified by calculating tumour-to-normal liver ratio (T/N).
Results: Among the 70 patients (87% males, age 58 ± 4 years), PET/
CT was positive in 16 patients with a median T/N ratio of 1.30 (range,
1.12-3.08) and negative in 54 with a T/N ratio ≤1. Clinical, and bio-
logical features at listing (risk factors, underlying hepatopathy,
Child-Pugh, alfa-FP) were similar between PET-positive and PET-
negative patients. In the 58 transplanted patients, pathological
features on explanted livers (micro-vascular invasion, Edmondson
grade, capsule invasion) were not statistically different. Interest-
ingly, PET-positive patients dropped-off more frequently from the
waiting list than PET-negative patients, 18.8% vs. 3.8% (P = 0.08)
and had slightly lower 2-year overall survival, 61.5% vs. 77.5% (P =
0.23). With a T/N positivity cutoff >1.15, drop-off frequencies were
21.4% vs. 3.6%, respectively (P = 0.05).
Conclusion: In this prospective series of very-good prognosis HCC
with 75% 2-year overall survival, 18FDG PET/CT could predict LT list
drop-off rate. Longer follow-up is needed to study its prognostic
value on overall survival (NCT01198704).
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Recurrence in breast cancer: local versus distant relapse related to
time-interval and breast cancer sub-type
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Aim: To evaluate the patterns of recurrence of breast cancers in rela-
tion to subtypes and elapsed time since original cancer. This would
potentially guide follow up imaging.
Methods: Between June 2006 and December 2016, 202 patients were
discussed in breast multi-disciplinary team meeting (MDTM) with com-
puted tomography of chest, abdomen and pelvis (CT CAP). Patients
were grouped based on primary breast cancer staging, local recurrence
or distant recurrence from a previous breast cancer. Time interval since
the primary cancer was stratified in three time frames; 5 or less years,
6-10 years and more than 10 years (≤5yrs;6-10 yrs;>10yrs).
Results: 50/202 (24.7%) patients had recurrent cancers. From 50 pa-
tients, 24 (48%) had local recurrence only, whereas 26 (52%) had dis-
tant relapse. 10/26 had local and distant relapse. Within the local
recurrence category, majority relapsed less than 5 years from the pri-
mary diagnosis (13 patients), followed by more than 10 years (7 pa-
tients) with only 4 patients in the 6-10 years’ time interval. In
patients with distant relapse, ≤5yrs; 6-10 yrs;>10yrs was 16:6:4 re-
spectively. Mean time till recurrence was 6.85 years for ER positive
cancer versus 3.1 years for triple negative cancer, which also had the
highest percent of recurrence (37.8%).
Conclusion: Most recurrent cancers (local and distant) present within
5 years, but lesser numbers continue to present in later years. Triple
negative cancer present the earliest with highest percent of recur-
rence compared to other subtypes.
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Diagnostic value of F18-FDG-PET/CT in CUP syndrome: a single-centre
retrospective analysis in a private practice
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Aim: Metastatic malignancies without a primary tumour are known
as cancer of unknown primary or CUP Syndrome. For this study, we
distinguish between cervical tumours (mostly squamous) and extra-
cervical tumours (usually adenocarcinomas). The life expectancy of
these patients may increase by proper identification of the original
tumour and consequent adapted therapy. The aim of this analysis is
to show the value of F18-FDG-PET/CT in the diagnosis of primary tu-
mours in comparison to conventional diagnostics based on the data-
base of Praxis im Köln Triangle, Germany.
Methods: Between 2008 and 2017 out of a total cohort of 4464 cases
we performed 227 F18-FDG PET/CTs for 194 patients (90 male/104
female, age 23-93y.) with CUP Syndrome. So far 94 cases (42%) were
tracked (medical letters, histology, therapeutic approach). Conven-
tional diagnostics (CT, MRI, scintigraphy, panendoscopy) was pri-
marily performed in almost all patients.
Results: We could identify a possible primary in 147 cases (65%), 102
cases additional to conventional diagnostics. For cervical tumours, the
primary was most commonly located in the Nasopharynx. Adenocarcin-
omas could be mostly identified in lungs and GI Tract. Previously un-
known tumour metastases have been identified in 42% of cases. The
examination-related sensitivity for the detection of primary tumours
was 92% for cervical tumours and the specificity was 87%. For extracer-
vical tumours these values were 93%, respectively 90%.
Conclusion: The F18-FDG PET/CT can identify additional primary tu-
mours and metastases in 52% of cases when compared to conven-
tional diagnostics and facilitate possible life-prolonging therapy.
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	Aristoteles Giagounidis (aristoteles.giagounidis@vkkd-kliniken.de)
	Clinic for Oncology, Hematology and Palliative Care, Marien Hospital, Düsseldorf, 40479, Germany


	O7 Tumour heterogeneity: what does it mean?
	Dow-Mu Koh (Mu.Koh@icr.ac.uk)
	Royal Marsden Hospital, Sutton, Surrey, SM2 5PT, UK


	O8 Image interpretation in the post treatment pelvis
	Andrea Rockall (a.rockall@imperial.ac.uk)
	Department of Radiology, The Royal Marsden NHS Foundation Trust, Fulham Rd, London SW3 6JJ, UK




	Monday 2nd October – Afternoon Session
	14:00 - 14:30 Keynote Lecture 1
	O9 Cancer imaging: leveraging the strengths of precision imaging for precision medicine
	Annick D. Van den Abbeele (abbeele@dfci.harvard.edu)
	Chair, Department of Imaging, Dana-Farber Cancer Institute, Boston, MA 02215, USA; Founding Director, Center for Biomedical Imaging in Oncology, Dana-Farber Cancer Institute, Boston, MA 02215, USA



	14:30 - 15:30 Prostate: When to Treat
	O10 Early diagnosis of significant cancer – how good is mpMRI?
	O11 MRI in active surveillance of prostate cancer
	Jurgen J. Fütterer (Jurgen.Futterer@radboudumc.nl)
	Department of Radiology and Nuclear Medicine, Radboudumc, Nijmegen, The Netherlands



	14:00 - 15:30 Interventions: Percutaneous and Intraoperative
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	O15 Unusual CT-morphology of early lung cancer
	Massimo Bellomi1,2 , Marta Minotti1 , Cristiano Rampinelli2
	1Department of Oncology, University of Milano, Milan, Italy; 2Department of Radiological Sciences and Radiation Therapy, European Institute of Oncology, Milan, Italy
	Correspondence: Massimo Bellomi (massimo.bellomi@ieo.it)


	O16 New solid nodules at lung cancer screening
	Matthijs Oudkerk (m.oudkerk@umcg.nl)
	CMI-Center for Medical Imaging EB45, University Medical Center Groningen, Groningen, The Netherlands



	16:00 - 17:30 Joint with DEGRO: Side Effects of Radiation Therapy
	O17 Thoracic complications of radiation therapy
	Stefan Diederich (stefan.diederich@vkkd-kliniken.de)
	Department of Diagnostic and Interventional Radiology, Marien Hospital, Düsseldorf, Germany
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	Department of Medical Imaging, University of Toronto , University Health Network, Mt.Sinai & WCH, Toronto, ON M5G 2M9, Canada
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	O51 IPMN: field defect, precursor lesion of innocent bystander?
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	Radiology Department, Great Ormond Street Hospital for Children, London, WC1N 3JH, UK



	14:00 - 15:30 Kidney and Adrenal
	O59 Multiparametric Imaging of Renal Tumours
	Hersh Chandarana (Hersh.Chandarana@nyumc.org)
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	Service d'imagerie polyvalente, Groupe hospitalier Pitié–Salpêtrière, Paris, France


	O63 Contrast enhanced ultrasound in pediatric oncology
	Beth McCarville (Beth.mccarville@stjude.org)
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