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Abstract
In this commentary we discuss the potential of advanced imaging, particularly Dynamic Contrast
Enhanced (DCE) magnetic resonance imaging (MRI) for the objective assessment of disease progression
in rheumatoid arthritis (RA). We emphasise the potential DCE-MRI in advancing the �eld and exploring
new areas of research and development in RA. We believe that different grades of bone marrow edema
(BME) and synovitis in RA can be examined and monitored in a more sensitive manner with DCE-MRI.
Future treatments for RA will be signi�cantly improved by enhanced imaging of BMEs and synovitis. DCE-
MRI will also facilitate enhanced strati�cation and phenotyping of patients enrolled in clinical trials.

Commentary
Rheumatoid Arthritis (RA) is an in�ammatory disease affecting about 1.3 million adults in the United
States and many millions more across the world. RA causes pain, swelling, stiffness, and loss of function
in synovial joints and has a huge socioeconomic impact due to the high morbidity associated with it. It is
estimated that between 0.5 % and 1 % of the human population is affected worldwide, and between 25
and 50 new RA cases evolve in a population of 100,000 [1]. Several features distinguish RA from other
kinds of arthritis. RA can manifest itself rapidly and often in a symmetrical pattern. This means that if
one knee or hand is involved, the other one is also affected. The disease often affects the wrist joints and
the �nger joints closest to the hand, but it can also affect other parts of the body besides the joints. RA
occurs in all races and ethnic groups [2]. The cause of RA is not known, but it is believed to be an
autoimmune disease [3]. Although the disease often begins in middle age and occurs with increased
frequency in older people, children and young adults also develop it. RA occurs much more frequently in
women than in men.

New patients with RA require a rapid and de�nitive diagnosis and treatment initiation with disease-
modifying antirheumatic drugs (DMARDs) to retard or stop progression, stimulate remission, control
disease manifestations and reduce the overall disease burden [4]. This highlights the potential of
advanced imaging, particularly magnetic resonance imaging (MRI) in disease diagnosis and
management and in the evaluation new drugs in clinical trials. In a recent issue of JAMA, published on 5
February 2019, Møller-Bisgaard et al reported on whether the integration of MRI into clinical rheumatology
practice can enhance strategies for monitoring disease activity and determining whether the therapy
being tested is effective in slowing down joint damage and disease progression [5]. The key objective of
this study was to determine whether an MRI-guided treat-to-target strategy versus a conventional clinical
treat-to-target strategy improves outcomes in patients with RA in clinical remission. The study was part of
the IMAGINE-RA randomized clinical trial, conducted in nine hospitals in Denmark. The presence of bone
marrow edema (BME) in the wrist or MCP joints was used as a marker to escalate a prede�ned treatment
algorithm versus a conventional clinical treat-to-target strategy can improve outcomes in patients with RA
in clinical remission. BME occurs in various forms of in�ammatory and non-in�ammatory arthritis and
probably represents in�ltration of in�ammatory cells and vascular perfusion changes within the bone
marrow. BME is common in early RA and is associated with erosive progression and poor functional
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outcomes [6]. It is also well established that the location and extent of BME in psoriatic arthritis (PsA) is
different from those seen in RA and osteoarthritis (OA) [7, 8], suggesting that treatment monitoring
strategies must incorporate MRI as a key imaging modality and biomarker. However, the recent study by
Møller-Bisgaard and colleagues showed that MRI-guided treat-to-target strategy using BME compared
with a conventional treat-to-target strategy did not result in improved disease activity remission rates and
it did not reduce radiographic progression over 2 years in this particular patient cohort. Although this
negative study does not support the use of BME as a biomarker in MRI-guided strategy for treating
patients with RA in clinical remission and low disease activity, it does offer exciting opportunities for
future research.

Despite the study's conclusion that making treatment decisions based upon BME on MRI, is not clinically
helpful, there are alternative and more promising possibilities.

As stated earlier, it is established that BME is an important predictor of the disease progression in
patients with in�ammatory arthritis such as RA and can be better understood with more advanced
imaging sequences such as Dynamic Contrast Enhanced (DCE)-MRI [9]. This MR sequence of rapidly
acquired images after the Gadolinium-based contrast agent injection was collected as a part of the
IMAGINE-RA imaging protocol. Due to its dynamic as opposed to static nature, DCE-MRI visualises the
vascularisation levels of the oedema lesions, thus looking into the oedema’s level of perfusion and
in�ammation, as though it was a heterogenous tumor. Published work by Brown et al has provided
compelling evidence to suggest that the best predictor of progressive erosion in RA is Doppler ultrasound,
implicating a key role for BME and perfusion in driving diseases progression[10]. As previously shown by
Hodgson et al[11, 12], DCE-MRI can be used to quantify the perfusion and treatment changes in the bone
compartment. This approach can potentially help to distinguish between in�ammation, repair or trauma
in the bone, which all look oedema-like on static MRI sequences and reveal treatment responses as
measured with the AI-driven methodologies that are based on the objective quantitative assessment of
DCE-MRI time vs intensity curves [9]. It has been shown that the perfusion measured this way is predictive
of treatment response, despite unchanged or persistent BME.

These studies and emerging evidence in the literature would seem to indicate an opportunity to use DCE-
MRI image datasets from the same or similar trials to explore the heterogeneity of BME and synovial
perfusion/in�ammation in order to better phenotype RA patients and show vascular responses following
various treatment regimens that can complement the widespread and validated static scoring systems
such as RAMRIS. There is also a unique opportunity to examine the overlap between RA and
cardiovascular diseases that impact on vascular perfusion, especially in bone, implicating endothelial
dysfunction and angiogenesis impairment in the cardiovascular system [13] and the ageing vasculature
of arthritic joints [14].

In summary, we believe that advanced imaging has the potential to facilitate disease diagnosis, monitor
disease progression and enhance clinical trials of new RA treatments. We propose that bone marrow is
an important site for looking at pathological changes that drive joint damage and destruction in RA and
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other joint diseases such as PsA and even in the in�ammatory phenotypes of OA [15, 16]. It has been
proposed that imaging remission should only be selected as a target if it can be convincingly
demonstrated that it can be treated and that the clinical outcome for patients will be improved by trying
to achieve imaging remission in addition to clinical remission [17]. Our hypothesis is that different grades
of BME and synovitis examined with DCE-MRI will be predictive of erosive progression regardless of
treatment strategy in patients with RA in clinical remission and low disease activity. We would advocate
the importance of using more sensitive imaging modalities such as DCE-MRI to test, in a more targeted
way, precision treatments in RA. We propose that existing and future treatments guided by imaging,
biomarkers and deeper phenotyping of the patients will deliver better outcomes in smarter clinical trials
and in the rheumatology clinics of the future. We are con�dent that this concept will appeal to a broader
audience in rheumatology research and clinical practice especially regarding the importance of using
more sensitive measures and biomarker tools to better phenotype arthritic diseases and stratify patients
for smarter clinical trials. Advances and new directions in the �eld of MRI [18] will re�ect potential
treatment changes in future RA treatments, guided by DCE-MRI.

Declarations
Declarations of interest: Olga Kubassova is CEO and shareholder in IAG, Image Analysis Group and has
received consultancy, speaker and travel fees from various biotechnology and pharmaceutical
companies. Ali Mobasheri is President-Elect of the Osteoarthritis Research Society International (OARSI),
an employee of a government of Lithuania and European Commission funded research institute and a
consultant to IAG, Image Analysis Group.

Acknowledgements: We would like to thank our academic collaborators, industrial partners and members
of our research teams for useful discussions about the integration of MRI into rheumatology research
and clinical practice.

Financial support and sponsorship: The research underpinning the work presented has received funding
from a number of sources including: The European Commission Framework 7 programme (EU FP7;
HEALTH.2012.2.4.5-2, project number 305815; Novel Diagnostics and Biomarkers for Early Identi�cation
of Chronic In�ammatory Joint Diseases). The Innovative Medicines Initiative Joint Undertaking under
grant agreement No. 115770, resources of which are composed of �nancial contribution from the
European Union’s Seventh Framework programme (FP7/2007-2013) and EFPIA companies’ in-kind
contribution. Details of the D-BOARD FP7 Consortium are available at: http://www.d-board.eu. Details of
the APPROACH IMI Consortium are available at: https://www.approachproject.eu. A.M. wishes to
acknowledge funding from the European Commission through a Marie Curie Intra-European Fellowship
for Career Development grant (project number 625746; acronym: CHONDRION; FP7-PEOPLE-2013-IEF).
A.M. also wishes to acknowledge �nancial support from the European Structural and Social Funds
through the Research Council of Lithuania (Lietuvos Mokslo Taryba) according to the activity
‘Improvement of researchers’ quali�cation by implementing world-class R&D projects’ of Measure No.

http://www.d-board.eu/
https://www.approachproject.eu/


Page 5/6

09.3.3-LMT-K-712 (grant application code: 09.3.3-LMT-K-712-01-0157, agreement No. DOTSUT-215) and
the new funding programme: Attracting Foreign Researchers for Research Implementation (2018–2022).

Bibliography
1. Uhlig T, Moe RH, Kvien TK. The burden of disease in rheumatoid arthritis. Pharmacoeconomics.
2014;32:841–51. doi:10.1007/s40273-014-0174-6.

2. McBurney CA, Vina ER. Racial and ethnic disparities in rheumatoid arthritis. Curr Rheumatol Rep.
2012;14:463–71. doi:10.1007/s11926-012-0276-0.

3. Chemin K, Klareskog L, Malmström V. Is rheumatoid arthritis an autoimmune disease? Curr Opin
Rheumatol. 2016;28:181–8. doi:10.1097/BOR.0000000000000253.

4. Nell VPK, Machold KP, Eberl G, Stamm TA, Uffmann M, Smolen JS. Bene�t of very early referral and
very early therapy with disease-modifying anti-rheumatic drugs in patients with early rheumatoid arthritis.
Rheumatology. 2004;43:906–14. doi:10.1093/rheumatology/keh199.

5. Møller-Bisgaard S, Hørslev-Petersen K, Ejbjerg B, Hetland ML, Ørnbjerg LM, Glinatsi D, et al. Effect of
Magnetic Resonance Imaging vs Conventional Treat-to-Target Strategies on Disease Activity Remission
and Radiographic Progression in Rheumatoid Arthritis: The IMAGINE-RA Randomized Clinical Trial.
JAMA. 2019;321:461–72. doi:10.1001/jama.2018.21362.

6. McQueen FM, Ostendorf B. What is MRI bone oedema in rheumatoid arthritis and why does it matter?
Arthritis Res Ther. 2006;8:222. doi:10.1186/ar2075.

7. Totterman SMS. Magnetic resonance imaging of psoriatic arthritis: insight from traditional and three-
dimensional analysis. Curr Rheumatol Rep. 2004;6:317–21.

8. Link TM, Li X. Bone marrow changes in osteoarthritis. Semin Musculoskelet Radiol. 2011;15:238–46.
doi:10.1055/s-0031-1278423.

9. Boesen M, Kubassova O, Sudoł-Szopińska I, Maas M, Hansen P, Nybing JD, et al. MR Imaging of Joint
Infection and In�ammation with Emphasis on Dynamic Contrast-Enhanced MR Imaging. PET Clin.
2018;13:523–50. doi:10.1016/j.cpet.2018.05.007.

10. Brown AK, Conaghan PG, Karim Z, Quinn MA, Ikeda K, Peterfy CG, et al. An explanation for the
apparent dissociation between clinical remission and continued structural deterioration in rheumatoid
arthritis. Arthritis Rheum. 2008;58:2958–67. doi:10.1002/art.23945.

11. Hodgson R, Grainger A, O’Connor P, Barnes T, Connolly S, Moots R. Dynamic contrast enhanced MRI of
bone marrow oedema in rheumatoid arthritis. Ann Rheum Dis. 2008;67:270–2.
doi:10.1136/ard.2007.077271.



Page 6/6

12. Hodgson RJ, O’Connor P, Moots R. MRI of rheumatoid arthritis image quantitation for the assessment
of disease activity, progression and response to therapy. Rheumatology. 2008;47:13–21.
doi:10.1093/rheumatology/kem250.

13. Ungvari Z, Tarantini S, Kiss T, Wren JD, Giles CB, Gri�n CT, et al. Endothelial dysfunction and
angiogenesis impairment in the ageing vasculature. Nat Rev Cardiol. 2018;15:555–65.
doi:10.1038/s41569-018-0030-z.

14. Findlay DM, Kuliwaba JS. Bone-cartilage crosstalk: a conversation for understanding osteoarthritis.
Bone Res. 2016;4:16028. doi:10.1038/boneres.2016.28.

15. Roemer FW, Frobell R, Hunter DJ, Crema MD, Fischer W, Bohndorf K, et al. MRI-detected subchondral
bone marrow signal alterations of the knee joint: terminology, imaging appearance, relevance and
radiological differential diagnosis. Osteoarthr Cartil. 2009;17:1115–31. doi:10.1016/j.joca.2009.03.012.

16. Alliston T, Hernandez CJ, Findlay DM, Felson DT, Kennedy OD. Bone marrow lesions in osteoarthritis:
what lies beneath. J Orthop Res. 2017;36:1818–25. doi:10.1002/jor.23844.

17. van der Heijde D. Remission by imaging in rheumatoid arthritis: should this be the ultimate goal? Ann
Rheum Dis. 2012;71 Suppl 2:i89-92. doi:10.1136/annrheumdis-2011-200797.

18. Borrero CG, Mountz JM, Mountz JD. Emerging MRI methods in rheumatoid arthritis. Nat Rev
Rheumatol. 2011;7:85–95. doi:10.1038/nrrheum.2010.173.


