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IMAGING TASKS

DIAGNOSIS
STAGING
IMAGING RESPONSE TO TREATMENT

MONITORING, DETECTION OF COMPLICATIONS AND RECURRENCE
INTERVENTIONAL GUIDANCE
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diagnosis *




Aims

Tumour or not tumour?

Benign or possibly malignant?

Class of tumour?

This is what it is!










Aims

e Tumour or not tumour?

* Benign or possibly malignant?

Class of tumour?

 This is what it is!




Malignancy

Benign
Locally aggressive
Rarely metastasizing

Malignant (ie, sarcoma)
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Sarcoma center

Staging, biopsy and treatment planning, treatment
assessment, follow-up...
biomarkers «gaming»



The question

When the biopsy can be avoided?



The (soft) answer



Interview — Essentials — Talkandlisten

Patient history, age (and gender)
Time from discovery

Size increase or changes over time
How was it noticed, symptoms?

Exlcusion of «mimickers», fast or slow changing

Mass




mmmm) Relapsed disease
mmmm) Rheumatic
mmm) Traguma

mmm) |nfection

“Delayed onset muscle :
soreness (DOMS)




—_

Talk and listen
Move around

Physiscal examination

Ultrasound, overview [ FIrSt |00k n

——

* Bone or soft-tissue tumour?

* Size
* Soft/hard
* Superficial/deep

* Single vs. multiple



«Geyser»
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Ultrasound, outside — FIrSt date ]

——

Talk but mostly listen
Careful use of hands

e Shape
* Margins

* Site, tissue




Risoluzio
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Undifferentiated pleomorphic sarcoma




—

Keep on listening
Careful use of hands

Ultrasound, inside  — Second date -

* Homogeneous vs. hetero
 Vascularization (color/power etc.)

e Elasto? Contrast media?

How and how much
- Heterogeneous

- Solid
- Vascularized




MRI
or other imaging mod

— Engagement -

—

(CT and PET) —

DCE...?
* DWI...?

e Staging, and

Does MRI make a difference?

surgical planning

Family introduction




Wedding

Is still a biopsy needed?




I Pixe
Risoluzione originale
DFOV11.2x8.4cm
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QUESTIONS
* History?

Evolution?

Symptoms?

Macro morphology?
US?
MRI, CT, PET?

Chondrosarcoma




i DEEP...?
i LARGE...?




Synovial sarcoma (mono)




The (bony) answer






MALIGNANT INFECTION
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SARCOMA













Calcific tendinopathy







Yisualizzatore

COSCIA SX

Dist 10.1cm







single, big... lytic, posterior to anterior
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, single, big..‘. mainly lytic, posterior to anterior
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, single, big . that young, single, big




18-year-old man

Young, single, small... painful at night etc.




Age... and size

Osteoid osteoma Osteoblastoma

Young, single, vsS. Young, single,







Age and size... and background

Osteoid osteoma Lung ca met

, single, VS. , single (?),




Age... and number
Vs ~.A .s\\ /

;
’ §







Osteosarcoma

Multiple myeloma




Site and extension

Chordoma
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Benign notochordal cell tumour of the spine
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VARIEGATED

ASR017. 209152158

Musculoskeletal Imaging * Original Research

A Comparison of Different
Staging Systems for Multiple
Myeloma: Can the MRI Pattern
Play a Prognostic Role?

Giacomo Filonzi'33
Katia Mancuso'
Elena Zamagni'
Cristina Nanni'
Paolo Spinnato?
Michele Cavo'
Stefano Fanti'
Eugenio Salizzoni'
Alberto Bazzocchi?

185: bone marrow pattars, Durie Saiman PLUS.
MRL multipie mysioma, staging

00H10210AR 1617219

(MM), the [

paticnts” survival rate:

tive is to verify whether patterns of bone marrow
icgated paticrns) can provide prognostic informat

MATERIALS AND METHODS. We retr
who were monitored for 3 minimum of 6 year
and pelvic MR1 st 1.5 T and wh
derwent MM staging pe
MR1 pas
response 1o therapy.

RESULTS. Both wa

a worse prognosis from paticats with a better outcome, with the ca

the basis of thei
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4 worse survival rate than did the paticats with other MR1 p

CONCLUSION. The: indicate that both the Inscrnas
Duric-Salmon PLUS system hav
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termine the survival outcome and therapy response of patics
on MRI scems 10 be associated with poorer survival,
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Treatment assessment, *

complications
and recurrence







Infant <1 yr Adult 25+ yrs




* RECONVERSION
* INFILTRATION
* DEPLETION

* METABOLIC DISORDERS
* CHANGES DUE TO OSSEOUS DYSPLASIA / BONE ABNORMALITIES
* MISCELLANEQOUS




INFILTRATION

* Neoplastic process:
infiltration of the
bone, the fatty
marrow is replaced by
cells

J
=\

70-year-old woman, chronic myelomonocytic leukemia




DEPLETION

 Systemic chemotherapy
e Radiation therapy
* Aplastic anemia

Post-radiotherapy

43 yo, post-chemotherap!




10-year-old girl with osteosarcoma

reconversion

a ] {

Diagnosis After five cycles of CHT After prolonged CHT + RT




2 months later (and more CHT) 2 months later (and more CHT)




Granulocyte colony-stimulating factors

RECONVERSION

13-year-old boy with a background of acute lymphoblastic leukemia




Multiple myeloma




Glucocorticoid

Post glucocorticoid use myopathy in the
context of post bone marrow transplant stat




Complications

* Osteitis

* Insufficiency Fractures

* Osteonecrosis and Avascular Necrosis

e Radiotherapy induced Tumors

» Radiotherapy induced Changes in Bone Marrow Composition




Post-RT insufficiency fractures

FF




Post-RT osteonecrosis




To consider

1. Normal aging, and bone marrow distribution

2. Complex/altered basal condition (disease)

3. Complex/combined treatments

Treatments modify pathologic bone marrow but also the
normal marrow =2
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Bazzocchi A et al. Magn Reson Imaging Clin N Am. 2023
®

RECURRENCE

ML6-15-D




VASCULAR ASSESSMENT

ML6-15-D
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20 25 30 35 4D 45 SD S5 6D 65 70 75 4D 25
Eta
Rischio frattura
[0 Non aumentato 0 Aumentsto [ ARa

T-score vs. White Female; Z-score vs. White Female. Sovece:BMDCS Hologic

DAP: 4.4 ch}"c:r.:

Riepilogo risultati:

Region¢ Area[em’] BMC[(g)] BMD[g/cm’] T-score PR (Picco Riferimente Z-score AM (Corrispondente

13.00 8.87 0.682 : -0.7

15.46 10.72 0.694 { -0.7

16.34 0.728 : -0.8

18.80 77 0.732 : -0.5

63.59 - 0.712 H -0.7
Totale BMD CV 1.0%, ACF = 1.025, BCF = 1.006, TH = 8.164

Rischio frattura- Alta; Classificazione CHI: Osteoporosis

90
90


















How fat is fat?

Bazzocchi et al. Lancet 2012







EUROSTAT projections

1 1

1

Proportion of population
o w S3ged> (W) & 3

il

2015 2020 2030 2040 2050
Year

% People over 65 years in Europe are
predicted to increase from 18.9% to
28.5% by 2050
—> age-related diseases = implications in
healthcare and social costs

% Need to identify health improvement
strategies for the healthy ageing of
citizens

http://ec.europa.eu/eurostat/web/population-demography-migration-projections/population-projections-/database



Body composition changes during ageing

Weight tends to increase until age ~ 65, and then to decrease

Body composition and fat distribution changes unrelated to
body weight changes occur during ageing: body fat increases,
while lean mass decreases

These changes are

dependent on sex and
independent of physical
activity, hormones or serum
albumin
>

Zamboni et al, Aging Clin Exp Res 2013



Sarcopenia

A multifactorial age-related involuntary loss of skeletal muscle mass and strength

Age-related
molecular change

T Inflammation

Sarcopenia

Hormonal change

4 Motor neurons

Walston, Curr Opin Rheumatol 2012



Sarcopenia: clinical definition

Sarcopenia definitions and cut-offs from major consensus groups.

Consensus group Sarcopenia definition Muscle mass® Muscle strength ~ Physical
performance
International Working Group on Low muscle mass and physical DXA" score N/A 6-Meter
Sarcopenia (IWGS) [70] performance Men: <7.23 kg/m? gait speed
Women: <5.67 kg/m? <1.0 m/s
Special Interest Groups (SIG) [71] Low muscle mass and physical Percentage of muscle mass < 2 standard deviations N/A 6-Meter
performance below the mean of a young reference group gait speed
<0.8 m/s
Asian Working Group on Sarcopenia Low muscle mass, muscle strength, DXA score Hand grip SPPB! Score
(AWGS) [72] and physical performance Men: <7.00 kg/m? strength <9/12
Women: <5.40 kg/m? Men: <26 kg
BIA® score Women: <18 kg  6-Meter
Men: <7.00 kg/m? gait speed
Women: <5.70 kg/m? <0.8 m/s
European Working Group on Sarcopenia in  Low muscle mass, muscle strength, DXA score Hand grip SPPB score
Older people (EWGSOP) [63] and physical performance Men: <7.26 kg/m?® strength <8/12
Women: <5.50 kg/m2® Men: <30 kg 6-Meter gait
BIA score Women: <20kg  speed
Men: <8.87 kg/m?*° <1.0m/s
Women: <6.42 kg/m?f
Foundation for the National Institutes of Low muscle mass, muscle strength, DXA score Hand grip 6-Meter
Health (FNIH) [74] and physical performance Men: <19.7 kg strength gait
Women: <15.0 kg Men: <26 kg speed
Women: <16 kg  <0.8 m/s

Adjusted for body mass index
Men: <0.789
Women: <0.512

Adjusted for
body mass index
Men: <1.00
Women: <0.56

Marty et al, Bone 2017
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REVIEW ARTICLE

Quantitative computed tomography and G)c,ossm,k
opportunistic bone density screening by
dual use of computed tomography scans

Alan D. Brett, J. Keenan Brown*

Mindways Software Inc., Austin, TX, USA

Received 8 April 2015; received in revised form 25 June 2015; accepted 26 August 2015
Available online 15 September 2015

KEYWORDS Summary Central dual-energy X-ray absorptiometry (DXA) of the lumbar spine and proximal
opportunistic; femur is the preferred method for bone mineral density (BMD) testing. Despite the fracture risk
osteoporosis; statistics, osteoporosis testing with DXA remains underused. However, BMD can also be as-
quantitative sessed with quantitative computed tomography (QCT) that may be available when access to
computed DXA is restricted. For patients undergoing a primary CT study of the abdomen or pelvis, a po-
tomography; tential opportunity exists for concurrent BMD screening by QCT without the need for any addi-
screening tional imaging, radiation exposure, or patient time.

Copyright © 2015, The Authors. Published by Elsevier (Singapore) Pte Ltd. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

The body composition (literature) tsunami...
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Phantom-less QCT BMD system as screening tool for osteoporosis without

additional radiation

Dirk K. Mueller®*, Alex Kutscherenko®, Hans Bartel®, Alain Vlassenbroek¢,
Petr Ourednicek9, Joachim Erckenbrecht®

3 Philips GmbH, Healthcare Division, Luebeckertordamm 5, 20099 Hamburg, Germany

b Kaiserswerther Diakonie, Florence-Nightingale Hospital, KreuzbergstrafSe 79, 40489 Duesseldorf, Germany
© Philips Healthcare, Bruxelles, Rue des Deux Gares 80, 1070 Bruxelles, Belgium

d philips Czech Republic, Safrankova 1, 15500 Prague 5, Czech Republic

ARTICLE INFO

ABSTRACT

Article history:
Received 8 February 2010
Accepted 10 February 2010

Keywords:

Bone mineral density

Quantitative computed tomography
Phantom-less

Osteoporosis

Screening

Spine

Purpose: Phantom-less bone mineral density (PLBMD) systems are easily integrated into the CT workflow
for non-dedicated Quantitative CT (QCT) BMD measurements in thoracic and abdominal scans. This in
vivo retrospective study aims to determine accuracy and precision of the PLBMD option located on the
Extended Brilliance Workspace (Philips Medical Systems, Cleveland, OH, US) from both cross-sectional
and longitudinal image data.
Materials and methods: The cross-sectional comparison with phantom-based QCT BMD was performed
for 82 patients (61 female, 21 male) with a mean age of (63.0+11.8 SD) years on 197 vertebrae. This
was followed by an interobserver variability analysis on 71 vertebrae. The longitudinal PLBMD study
was carried out on 45 vertebrae from 10 patients (5 female, 5 male) with a mean age of (64.4+11.5 SD)
years. They were re-scanned with standardized scan and contrast-injection protocols within a mean and
median of (33 +41 SD) and 8 days, respectively. All CT scans were acquired on an Mx8000 Quad (Philips)
at Florence-Nightingale Hospital, Kaiserswerth, Germany, in a spiral acquisition mode.
Results: A negligible BMD bias of —0.9mg/cm? for the PLBMD option was observed with respect to
phantom-based QCT BMD. Applying CT number matching of muscle and fat ROIs, the analysis of cross-
sectional interobserver and of longitudinal variability yielded precision values of 3.1 mg/cm3 (CV%=4.0)
and 4.2 mg/cm? (CV%=5.3), respectively.
Conclusion: Although the precision is inferior to phantom-based BMD systems, PLBMD is a robust clinical
utility for the detection of lowered BMD in a large patient population. This can be achieved without addi-
tional radiation exposure from non-contrasted CT scans, to perform an ancillary diagnosis of osteopenia
Or 0steoporosis.

© 2010 Elsevier Ireland Ltd. All rights reserved.
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Opportunistic Osteoporosis Screening:
Addition of Quantitative CT Bone Mineral
Density Evaluation to CT Colonography

Timothy J. Ziemlewicz, MD, Neil Binkley, MD, Perry J. Pickhardt, MD

Abstract

Purpose: For patients undergoing CT colonography (CTC), the screening presents an opportunity for concurrent osteoporosis
screening, without increasing radiation exposure or the time involved for the patient, using proximal femur quantitative CT-CT x-ray
absorptiometry (QCT-CTXA).

Methods: This cohort included 129 women and 112 men (mean age: 60.1 & 8.2 years; range: 50—95 years) who underwent CTC
between March 2013 and September 2014. Areal bone mineral density (BMD; g/cmz), and resultant left femoral neck T-score, was
prospectively measured on the supine CT series. QCT results were reported with the CTC. Chart review evaluated whether the patients
were eligible for BMD screening according to guidelines from the US Preventive Services Task Force and the National Osteoporosis
Foundation guidelines; whether they had undergone prior BMD testing; and whether QCT results changed patient management.
Results: Overall, 68.0% (164 of 241) of patients from this cohort had not previously undergone BMD screening. According to the
National Osteoporosis Foundation guidelines, 44.0% (106 of 241) of patients were eligible for screening. T-scores within the osteopenic
and osteoporotic range were detected in 32.3% (78 of 241) and 5.0% (12 of 241) of patients, respectively. Of these patients with low
BMD, 66.7% (60 of 90) either had not previously undergone screening or were eligible for BMD testing. Reporting of QCT-CTXA
T-scores altered management in 9 patients (3.7%) who had low BMD.

Conclusions: Maximizing the pre-existing value from imaging studies is crucial in the current era of health care reform. We demonstrate
that colorectal and osteoporosis screening can be combined at CT examination, adding clinical and likely economic value.

Key Words: Screening, CT colonography, osteoporosis, bone mineral density
J Am Coll Radiol 2015;12:1036-1041. Copyright © 2015 American College of Radiology



AJR Am J Roentgenol. 2017 June ; 208(6): W208-W215. doi:10.2214/AJR.16.17226.

CT of Patients With Hip Fracture: Muscle Size and Attenuation
Help Predict Mortality

Robert D. Boutin', Sara Bamrungchart!, Cyrus P. Bateni', Daniel P. Beavers?, Kristen M.
Beavers?, John P. Meehan?, and Leon Lenchik®

43.04 HU, 22.9 SD
7.2932 cm? |

- 24.57 HU, 25.1 SD

5.0935 cm?

Acad Radiol. 2019 December ; 26(12): 1686—1694. doi:10.1016/j.acra.2019.06.017.

Machine Learning for Automatic Paraspinous Muscle Area and
Attenuation Measures on Low-Dose Chest CT Scans

Ryan Barnard, MS', Josh Tan, MS2, Brandon Roller, MD, PhD2, Caroline Chiles, MD2,
Ashley A. Weaver, PhD3, Robert D. Boutin, MD*, Stephen B. Kritchevsky, PhD5, Leon
Lenchik, MD?
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IMAGING REHAB TASKS

AGNOSIS

Ily practice

TAGING

Health and MSK status

* IMAGING RESPONSE TO TREATMENT
Health and MSK status




IMAGING TASKS

* MONITORING, DETECTION OF COMPLICATIONS AND RECURRENCE

Health and MSK status. Complications? Detrimental?

* INTERVENTIONAL GUIDANCE
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Skeletal Radiology (2023) 52:447-459

[ J
https://doi.org/10.1007/500256-022-04213-3 b e n Ig n

REVIEW ARTICLE

Musculoskeletal oncology and thermal ablation: the current
and emerging role of interventional radiology

Alberto Bazzocchi' - Maria Pilar Aparisi Gomez?? - Makoto Taninokuchi Tomassoni' - Alessandro Napoli® -
Dimitrios Filippiadis® - Giuseppe Guglielmi®

Received: 28 February 2022 / Revised: 5 October 2022 / Accepted: 17 October 2022 / Published online: 8 November 2022
©The Author(s), under exclusive licence to International Skeletal Society (ISS) 2022
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Noninvasive Therapy for
Osteoid Osteoma: A Prospective
Developmental Study with MR
Imaging—guided High-Intensity
Focused Ultrasound”
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Alessandro Napoli, MD . L
Aberto Bazzocchi, MD Purpose: To demonstrate that magnetic resonance (MR) imaging—

Roberto Scipione, MD guide(.i high-intensity focused u]trasol.jnd (HIFU) is a safe,

X o effective, and durable treatment option for the manage-
Michele Anzidei, MD ment of osteoid osteoma in children and young adults.
Luca Saba, MD

Pejman Ghanouni, MD Materials and  This prospective study was institutional review board ap-
Denis A. Cozzi, MD Methods:  proved and is registered with clinicaltrials.gov (identifica-
Carlo Catalano, MD tion number NCT02302651). Written informed consent
was obtained from patients or their parents. Patients
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ORIGINAL RESEARCH - MUSCULOSKELETAL IMAGING

Focused Ultrasound and External Beam Radiation Therapy
for Painful Bone Metastases: A Phase Il Clinical Trial

Alessandro Napoli, MD, PhD * Alessandro De Maio, MD * Giulia Alfieri, MD ¢ Chiara Gasperini, MD

Roberto Scipione, MD * Laura Campanacci, MD * Giambattista Siepe, MD * Francesca De Felice, MD, PhD ¢
Benedetta Siniscalchi, MD  Lorenzo Chiurchioni, MD * Vincenzo Tombolini, MD ® Davide Maria Donati, MD
Alessio Giuseppe Morganti, MD ® Pejman Ghanouni, MD, PhD * Carlo Catalano, MD * Alberto Bazzocchi, MD, PhD

From the Department of Radiological, Pathological, and Oncological Sciences, Sapienza University of Rome, v.le Regina Elena 324, 00100 Rome, Italy (A.N., A.D.M.,
G.A., RS, ED.E, B.S., L. Chiurchioni, V.T., C.C.); Department of Diagnostic and Interventional Radiology, IRCCS Istituto Ortopedico Rizzoli, Bologna, Italy (C.G.,
A.B.); Orthopaedic Service, Department of Musculoskeletal Oncology, IRCCS Istituto Ortopedico Rizzoli, Bologna, Italy (L. Campanacci, D.M.D.); Department of

Radiation Oncology, IRCCS Azid
Italy (G.S., A.G.M.); and Depart
October 4, 2022; accepted Octoh

The study received funding from

Conflicts of interest are listed at

See also the editorial by Kelekis i

Radiology 2023; 000:1-10 @

Results:  Among 198 participants, 100 underwent MRI-guided focused ultrasound (mean age, 63 years + 13 [SD]; 51 women), and
98 underwent EBRT (mean age, 65 years + 14; 52 women). The overall response rates at 1-month follow-up were 91% (91 of 100)
and 67% (66 of 98), respectively, in the focused ultrasound and EBRT arms (” < .001), and complete response rates were 43% (43
of 100) and 16% (16 of 98) (P < .001). The mean baseline NRS score was 7.0 + 2.1 for focused ultrasound and 6.6 + 2.4 for EBRT
(P = .16); at 1-month follow-up, they were reduced to 3.2 + 0.3 and 5.1 + 0.3 (P < .001), respectively. QLQ-C15-PAL for physical
function (2 = .002), appetite (” < .001), nausea and vomiting (” < .001), dyspnea (” < .001), and QoL (? < .001) scores were lower

in the focused ultrasound group. The overall adverse event rates were 15% (15 of 100) after focused ultrasound and 24% (24 of 98)
after EBRT.

Conclusion: MRI-guided focused ultrasound surgery and external beam radiation therapy showed similar improvements in pain
palliation and quality of life, with low adverse event rates.

© RSNA, 2023
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58 yo, man, liver cancer (HCC)
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INTERVENTIONAL

Magnetic resonance-guided focused ultrasound treatment
of extra-abdominal desmoid tumors: a retrospective multicenter
study
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