Journal of

'

Clinical Medicine

Editorial

Personalized Medicine and Machine Learning: A Roadmap for

the Future

Marco Sebastiani *

check for
updates

Citation: Sebastiani, M.; Vacchi, C.;
Manfredi, A.; Cassone, G.
Personalized Medicine and Machine
Learning: A Roadmap for the Future.
J. Clin. Med. 2022, 11, 4110. https://
doi.org/10.3390/jcm11144110

Received: 11 July 2022
Accepted: 14 July 2022
Published: 15 July 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Caterina Vacchi, Andreina Manfredi and Giulia Cassone

Rheumatology Unit, Azienda Policlinico di Modena, University of Modena and Reggio Emilia,
41125 Modena, Italy; vacchi.caterina@aou.mo.it (C.V.); andreina.manfredi@gmail.com (A.M.);
cassonegiu@gmail.com (G.C.)

* Correspondence: marco.sebastiani@unimore.it

In the last ten years, many advances have been made in the treatment and diagnosis
of immune-mediated diseases. In particular, an increasing number of new monoclonal
antibodies and small molecules have been developed for the treatment of these conditions.
Concurrently, many new genetic or serological markers have been discovered to increase
our capability in the early diagnosis of autoimmune diseases.

In the same period, advances in artificial intelligence and machine learning have
allowed great improvements in the treatment and follow-up of some diseases, such as
cancer, but experience in autoimmune systemic diseases is still very limited [1-3].

However, despite the noteworthy improvement in our knowledge, we are still far
from being able to reach real precision medicine for our patients [4-6].

Precision medicine is considered of great relevance in heterogeneous conditions, such
as systemic autoimmune diseases, namely rheumatoid arthritis (RA), systemic lupus ery-
thematosus (SLE) and psoriatic arthritis (PsA) [6,7]. Despite the exciting number of new
molecules developed for the treatment of these diseases, the increasing knowledge on their
pathogenesis and the improvement in early diagnosis, their clinical and serological hetero-
geneity, combined with the high number of comorbidities that can involve them, continue
to limit the possibility to individualize the treatment for these patients. In these diseases,
different concurrent organ involvements may require a different treatment; nevertheless,
the available therapeutic options are often limited. The current therapeutic strategies
include treat-to-target therapy, which still represents the goal in many rheumatic diseases.

Nowadays, we have available many new autoantibodies; “omic” technologies and
biomarkers have been discovered to try to perform patient stratification and to identify
the subgroups of patients who may better respond to current molecular targeted thera-
pies. Moreover, in recent years, many cytokines involved in the pathogeneses of autoim-
mune diseases have been clarified, hence helping to identify new pathways for diagnosis
and treatment.

Such advances are useful in optimizing the outcomes as well, but many challenges
remain along the way to clinical translation.

The recent advances in the development of monoclonal antibody technology and the
introduction of the new class of Janus kinase inhibitors (JAK-i) have rendered molecular-
targeted treatment feasible in theory. In fact, despite the high number of available therapeu-
tic options, in many autoimmune diseases, the pathways involved can differ in individual
patients and make a molecular-targeted therapy inefficient. In this regard, RA is a paradig-
matic example [8].

The treatment of RA has been deeply modified by the introduction of new therapeutic
agents, such as monoclonal antibodies, directed against soluble mediators, namely tumor
necrosis factor (TNF) inhibitors and IL6R blockers, binding CD20 positive lymphocytes and
blocking the co-stimulatory signal necessary for T-cell activation. More recently, the intro-
duction of Janus kinase inhibitors has furtherly expanded the therapeutic armamentarium
for rheumatologists.
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However, the majority of RA patients do not respond to methotrexate and about 40%
even to the first biological or targeted synthetic DMARD; finally, 5-20% of RA patients
are resistant to all current medications, and recently, many authors have defined these
groups of patients as “difficult to treat RA” [9]. The mechanisms of nonresponse are largely
unknown, and the absence of validated and reproducible biomarkers is the main limit
for predicting a clinical and serological response to drugs, despite the availability of very
specific and targeted therapies.

Due to the high heterogeneity of RA, we can suppose that different pathogenetic
pathways can be present in individual patients, and this can prompt an investigation of
these different pathways to develop personalized therapies [8,10]. In this regard, since
about half of RA patients show low or absent CD20+ B cells in affected synovia, it has been
postulated that the level of synovial B cells/B cell-related pathways would influence the
treatment response to anti-CD20 monoclonal antibodies, namely rituximab. However, the
results from small observational studies were inconclusive and inconsistent [6].

To further explore this hypothesis, a biopsy-driven, randomized clinical trial in RA
patients with inadequate response to TNFi was developed. Patients were randomized to
either rituximab or tocilizumab, according to synovial B cell signatures. At the end of the
study, the authors reported that only 12% of patients with a low synovial B-cell molecular
signature had a response to rituximab, while 50% responded to tocilizumab. In contrast, in
patients with high synovial B-cell lineage signature, the authors did not observe differences
between the two treatments. Combining histological findings and advanced molecular
analyses, the authors identified genes and pathways linked to drug response. On the
contrary, the lack of response to both drugs was associated with more than 1000 genes.
Interestingly, the fibroid pauci-immune pathotype was associated with a poor response to
the drugs, supporting the hypothesis that pauci-immune phenotype represents a refractory
endotype [11].

Although the results of these studies were inconclusive, they have demonstrated for
the first time the possibility of developing therapeutic strategies according to individual
genetic and/or histologic features.

Comorbidities and extra-articular manifestations of RA have been deeply investigated
in the last ten years and largely influence the treatment of these patients. In particular, car-
diovascular comorbidities and lung involvement can worsen the prognosis and the quality
of life of RA patients, limiting the available therapeutic options for rheumatologists [12].

Interstitial lung disease (ILD) severely compromises both the quality of life and overall
prognosis of RA patients. The management of ILD associated with RA (RA-ILD) is com-
plicated by the heterogeneity of its clinical history and the possible pulmonary toxicity of
many DMARDs, both conventional and biologic. Therefore, a multidisciplinary approach,
including rheumatologist, pulmonologist and radiologist, is often required for a correct
therapeutic approach [13,14].

For example, infections and acute exacerbation (AE) are severe and frequent complica-
tions in RA-ILD patients, needing a careful differential diagnosis with drug-induced lung
toxicity, often based only on the temporal relationship between drug initiation and the
development of symptoms and/or on improvement upon drug discontinuation [15,16].

Currently, there are no international therapeutic recommendations for the treatment
of ILD related to RA. Only a few scientific societies, namely the Spanish and British
Societies of Rheumatology, suggested a first-line therapy with abatacept or rituximab for
RA complicated by ILD [17,18]. On the other hand, many authors propose to treat these
patients like those affected by connective tissue diseases, suggesting the use of steroids and
immunosuppressive drugs. However, this approach can result in a lack of efficacy on joint
involvement related to RA. For these reasons, a multidisciplinary discussion is essential
regarding these patients; in fact, joint and lung involvement should be evaluated together
for treatment purposes but with the awareness that the disease activity of lung and joint
diseases can be really different [13,14].
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Recently, the INBUILD studies have increased the treatment opportunities for RA-ILD
in patients with fibrosing progressive pattern of ILD, without reducing the need for a
close collaboration with pulmonologists [19]; in fact, nintedanib, like other antifibrotic
drugs possibly available in the future, does not have a significant efficacy in arthritis, so a
combination therapy, including DMARDS and an anti-fibrotic drug, should be considered
in selected patients.

Other than for RA, the search for a personalized therapeutic approach in many other
conditions, their heterogeneity and the increasing availability of new drugs, as well as their
cost, are the drivers for the search for precision medicine.

PsA is another example of an inflammatory systemic disease with high clinical hetero-
geneity, characterized by skin and nail psoriasis, axial and peripheral articular involvement,
enthesitis and dactylitis, as well as possible eye and bowel involvement. In recent years,
many biological and targeted synthetic DMARDs have demonstrated efficacy and are
largely employed in daily clinical practice. The availability of DMARDs for PsA is quite
similar to RA, namely TNFj, interleukin-17 inhibitors (IL-17i), and recently, JAKi. In the
United States, abatacept is also approved for the treatment of PsA.

Despite the different molecular targets of these drugs, clinical trials directly comparing
TNFi and IL-17i have shown similar efficacy on musculoskeletal manifestations, even if
IL-17i showed a better efficacy on psoriasis than TNFi. Nevertheless, these results suggest
that individual PsA patients may have different therapeutic targets for obtaining a clinically
significant response [7,20]. Nevertheless, we currently have no guidelines for establishing
the optimal drug selection.

Miyagawa reported the potential of precision medicine based on peripheral immune
cell phenotyping in some systemic diseases, including PsA [7]. The methodology involved
patient stratification to ameliorate the diagnosis and treatment outcomes by stratifying
patients within a single disease.

To stratify patients, some methods (e.g., genomic, proteomics, metabolomics) are
similar to cancer care, even if the acquisition of tissue biopsies from autoimmune disease
patients is more difficult than from patients with cancer.

In PsA subjects, peripheral immune cell phenotyping, exploring T-cell or Th17-cell
activation and differentiation, was found useful for classifying patients based on immuno-
logical features and could reflect the pathological condition of the involved organs or
tissues [7].

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease showing a large
spectrum of organ involvement and clinical manifestations and an abnormal immune
response to autoantigens, which is responsible for tissue and organ involvement. The
pathogenic pathways of SLE are various and largely unknown, involving both adaptive
and innate immune response.

SLE and other autoimmune systemic diseases are associated with genetic factors, not
only involving pathogenesis but also the response to the therapy. In the last ten years, more
than seventy human studies have been published on the role of genetics in the development
of SLE and on the possible role of genes in drug response in SLE patients [21].

The consequence is that polymorphisms related to pharmacokinetics processes may
influence the distribution of the drug at the target site, while polymorphisms involved in
pharmacodynamics processes can influence individual sensitivity against therapies. On the
other hand, polymorphisms affecting the pharmacodynamics mechanism may cause signif-
icant variations in drug response and may significantly impact drug response by modifying
either the expression of intra/extracellular signal protein or the drug activity [21].

Moreover, the presence of comorbidities, both pre-existing and those caused by the
treatment of SLE, can modify the clinical picture and influence the therapeutic choice
and the response to the treatment. In this regard, kidney and liver involvements may
significantly affect the pharmacokinetic profile of many drugs. For the European League
Against Rheumatism, three main comorbidities can influence the treatment of SLE patients,
namely antiphospholipid syndrome, infections and renal involvement [22]. Moreover,
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due to both related conditions and glucocorticoid use, these patients show an increased
cardiovascular risk. Therefore, all those conditions, combined with genetic polymorphisms,
can determine significant individual changes in drug response and toxicity.

In the last ten years, machine learning (ML) has rapidly emerged as a possible method-
ology able to improve our diagnostic ability and to assist physicians in therapeutic choices.
ML is a type of artificial intelligence that includes algorithmic methods that empower ma-
chines to solve problems. The main advantage of ML is the possibility to analyze different
data types, namely demographic and imaging data, or laboratory features, and incorporate
them into prognosis evaluation. ML can reveal useful subsets of findings for prediction
that would be challenging to find also for expert physicians [1].

There is an increasing number of studies on the usefulness of ML in autoimmune
diseases and, in many cases, the results are promising [3]. In RA, ML has been proposed to
predict the response to treatment, the risk of having an erosive disease or of developing
ILD, with promising but inconclusive results [23].

Recently, Matsuo proposed an algorithm of ML aiming to predict disease relapse in
RA patients and including ultrasound parameters other than a blood test, obtaining an area
under the curve (AUC) up to 0.7473 =+ 0.10 using three different models [23].

The heterogeneity of autoimmune systemic diseases is particularly suitable for de-
veloping ML models. In diseases such as systemic lupus erythematosus (SLE), composite
disease activity measures are key parameters for assessing disease activity and evaluating
the response to therapy. Systemic Lupus Erythematosus Disease Activity Index (SLEDAI)
is requested in clinical trials. It is quite simple to calculate, and it is usually used to identify
disease remission. High values of SLEDAI are associated with high SLE activity and with
more severe disease and damage. Although its use is increasing in clinical practice, only a
few specialized centers are used to systematically calculate SLEDAI in routine outpatient
clinics. The low availability of SLEDAI data in a real-world setting limits the comparison
of treatment effectiveness between real-world and clinical trials.

In 2022, Alves proposed a machine-learning model to estimate four SLEDAI score cat-
egories for SLE patients using clinical findings, obtaining an AUC of 0.91 for the validation
cohort [24]. The results of the model correlated with steroids and analgesic prescriptions
and healthcare resource use.

Interestingly, the same approach could be proposed for estimating the activity scores
of other autoimmune systemic diseases, for example, estimating disease activity and/or
severity in RA patients by administrative claims data [25].

Automated estimates could also help in assisting in the evaluation of remission or
progression of disease over time and could improve our knowledge about the effectiveness
of the available therapies in a real-world setting.

Finally, the use of ML models in clinical practice would increase the number of
patients who could be enrolled in research studies, improving the reproducibility of con-
trolled clinical trials in clinical practice and better correlating clinical trials with real-world
patient outcomes.

In conclusion, in the next few years, we could expect much progress toward precision
medicine and technology, including machine learning and artificial intelligence, which
could also improve the performance of physicians in the management of autoimmune
systemic diseases.

As oncology has taught us, artificial intelligence will not replace the physicians’ work,
but technology will support them in the therapeutic choice and follow-up; similarly, the
development of precision medicine will only apparently reduce the treatment options, while
allowing us to reduce adverse reactions to drugs, to increase the response to treatment, and
globally, to improve the retention rate of therapy.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2022, 11, 4110 50f5

References

1. Zhang, A; Xing, L.; Zou, J.; Wu, ].C. Shifting machine learning for healthcare from development to deployment and from models
to data. Nat. Biomed. Eng. 2022, 1-6. [CrossRef]

2. Pei, Q. Luo, Y,; Chen, Y, Li, J.; Xie, D.; Ye, T. Artificial intelligence in clinical applications for lung cancer: Diagnosis, treatment
and prognosis. Clin. Chem. Lab. Med. 2022. [CrossRef]

3. Kingsmore, K.M.; Puglisi, C.E.; Grammer, A.C.; Lipsky, P.E. An introduction to machine learning and analysis of its use in
rheumatic diseases. Nat. Rev. Rheumatol. 2021, 17, 710-730. [CrossRef]

4. Pitzalis, C.; Choy, E.H.S.; Buch, M.H. Transforming clinical trials in rheumatology: Towards patient-centric precision medicine.
Nat. Rev. Rheumatol. 2020, 16, 590-599. [CrossRef]

5. Guthridge, ].M.; Wagner, C.A_; James, J.A. The promise of precision medicine in rheumatology. Nat. Med. 2022, 1-9. [CrossRef]
[PubMed]

6. Giacomelli, R.; Afeltra, A.; Bartoloni, E.; Berardicurti, O.; Bombardieri, M.; Bortoluzzi, A.; Carubbi, F.; Caso, F.; Cervera, R.;
Ciccia, F.; et al. The growing role of precision medicine for the treatment of autoimmune diseases; results of a systematic review
of literature and Experts” Consensus. Autoimmun. Rev. 2020, 20, 102738. [CrossRef] [PubMed]

7.  Miyagawa, I; Tanaka, Y. Dawn of Precision Medicine in Psoriatic Arthritis. Front. Med. 2022, 9, 682. [CrossRef] [PubMed]

8.  Lewis, M.]J,; Barnes, M.R,; Blighe, K.; Goldmann, K.; Rana, S.; Hackney, J.A.; Ramamoorthi, N.; John, C.R.; Watson, D.S,;
Kummerfeld, S.K.; et al. Molecular Portraits of Early Rheumatoid Arthritis Identify Clinical and Treatment Response Phenotypes.
Cell Rep. 2019, 28, 2455-2470.e5. [CrossRef] [PubMed]

9.  Tanaka, Y. Recent progress in treatments of rheumatoid arthritis: An overview of developments in biologics and small molecules,
and remaining unmet needs. Rheumatology 2021, 60, VI12-VI20. [CrossRef] [PubMed]

10. Donlin, L.T. Inching closer to precision treatment for rheumatoid arthritis. Nat Med. 2022, 28, 1129-1131. [CrossRef] [PubMed]

11. Rivellese, F.; Surace, A.E.A.; Goldmann, K.; Sciacca, E.; Cubuk, C.; Giorli, G.; John, C.R.; Nerviani, A.; Fossati-Jimack, L.;
Thorborn, G.; et al. Rituximab versus tocilizumab in theumatoid arthritis: Synovial biopsy-based biomarker analysis of the phase
4 R4RA randomized trial. Nat Med. 2022, 28, 1256-1268. [CrossRef]

12.  Sebastiani, M.; Vacchi, C.; Cassone, G.; Manfredi, A. Diagnosis, Clinical Features and Management of Interstitial Lung Diseases in
Rheumatic Disorders: Still a Long Journey. J. Clin. Med. 2022, 11, 410. [CrossRef]

13. Manfredi, A.; Cassone, G.; Luppi, F.; Atienza-Mateo, B.; Cavazza, A.; Sverzellati, N.; Gonzalez-Gaye, M.A.; Salvarania, C.;
Sebastiani, M. Rheumatoid arthritis related interstitial lung disease. Expert Rev. Clin. Immunol. 2021, 17, 485-497. [CrossRef]

14. Cassone, G.; Manfredi, A.; Vacchi, C.; Luppi, F.; Coppi, F.; Salvarani, C.; Sebastiani, M. Treatment of Rheumatoid Arthritis-
Associated Interstitial Lung Disease: Lights and Shadows. J. Clin. Med. 2020, 9, 1082. [CrossRef]

15.  Sebastiani, M.; Manfredi, A.; Cassone, G.; Sandri, G.; Cerri, S.; Ferri, C. Interstitial lung disease is associated to infections of lower
respiratory tract in immunocompromised rheumatoid arthritis patients. Clin. Exp. Rheumatol. 2017, 35, 542. [PubMed]

16. Luppi, E; Sebastiani, M.; Salvarani, C.; Bendstrup, E.; Manfredi, A. Acute exacerbation of interstitial lung disease associated with
rheumatic disease. Nat. Rev. Rheumatol. 2022, 18, 85-96. [CrossRef]

17.  Holroyd, C.R;; Seth, R.; Bukhari, M.; Malaviya, A.; Holmes, C.; Curtis, E.; Chan, C.; Yusuf, M.A ; Litwic, A.; Smolen, S.; et al. The
British Society for Rheumatology biologic DMARD safety guidelines in inflammatory arthritis. Rheumatology 2019, 58, e3—e42.
[CrossRef]

18.  Guipcar, G. GUIPCAR Guia de Practica Clinica para el Manejo de los Pacientes con Artritis Reumatoide. Actualizacién 2019, 2019.

19. Matteson, E.L.; Kelly, C.; Distler, ] H.W.; Hoffmann-Vold, A.; Seibold, J.R.; Mittoo, S.; Dellaripa, PF,; Aringer, M.; Pope, J.;
Distler, O.; et al. Nintedanib in Patients with Autoimmune Disease-Related Progressive Fibrosing Interstitial Lung Diseases:
Subgroup Analysis of the INBUILD Trial. Arthritis Rheumatol. 2022, 74, 1039-1047. [CrossRef]

20. Mclnnes, I.B.; Sawyer, L.M.; Markus, K.; LeReun, C.; Sabry-Grant, C.; Helliwell, P.S. Targeted systemic therapies for psoriatic
arthritis: A systematic review and comparative synthesis of short-term articular, dermatological, enthesitis and dactylitis
outcomes. RMD Open 2022, 8, €002074. [CrossRef]

21. Barliana, M.L; Afifah, N.N.; Amalia, R.; Hamijoyo, L.; Abdulah, R. Genetic Polymorphisms and the Clinical Response to Systemic
Lupus Erythematosus Treatment Towards Personalized Medicine. Front. Pharmacol. 2022, 13, 829. [CrossRef] [PubMed]

22. Fanouriakis, A.; Kostopoulou, M.; Alunno, A.; Aringer, M.; Bajema, I.; Boletis, ].N.; Cervera, R.; Doria, A.; Gordon, C,;
Govoni, M,; et al. 2019 update of the EULAR recommendations for the management of systemic lupus erythematosus. Ann.
Rheum. Dis. 2019, 78, 736-745. [CrossRef] [PubMed]

23. Matsuo, H.; Kamada, M.; Imamura, A.; Shimizu, M.; Inagaki, M.; Tsuji, Y.; Hashimoto, M.; Tanaka, M.; Ito, H.; Fujii, Y. Machine
learning-based prediction of relapse in rheumatoid arthritis patients using data on ultrasound examination and blood test. Sci.
Rep. 2022, 12, 7224. [CrossRef] [PubMed]

24. Alves, P,; Bandaria, J.; Leavy, M.B.; Gliklich, B.; Boussios, C.; Su, Z.; Curhan, G. Validation of a machine learning approach to
estimate Systemic Lupus Erythematosus Disease Activity Index score categories and application in a real-world dataset. RMD
Open 2021, 7, €001586. [CrossRef] [PubMed]

25. Chandran, U,; Reps, ].; Stang, P.E.; Ryan, P.B. Inferring disease severity in rheumatoid arthritis using predictive modeling in

administrative claims databases. PLoS ONE 2019, 14, e0226255. [CrossRef]


http://doi.org/10.1038/s41551-022-00898-y
http://doi.org/10.1515/cclm-2022-0291
http://doi.org/10.1038/s41584-021-00708-w
http://doi.org/10.1038/s41584-020-0491-4
http://doi.org/10.1038/s41591-022-01880-6
http://www.ncbi.nlm.nih.gov/pubmed/35788174
http://doi.org/10.1016/j.autrev.2020.102738
http://www.ncbi.nlm.nih.gov/pubmed/33326854
http://doi.org/10.3389/fmed.2022.851892
http://www.ncbi.nlm.nih.gov/pubmed/35372404
http://doi.org/10.1016/j.celrep.2019.07.091
http://www.ncbi.nlm.nih.gov/pubmed/31461658
http://doi.org/10.1093/rheumatology/keab609
http://www.ncbi.nlm.nih.gov/pubmed/34951925
http://doi.org/10.1038/s41591-022-01857-5
http://www.ncbi.nlm.nih.gov/pubmed/35681106
http://doi.org/10.1038/s41591-022-01789-0
http://doi.org/10.3390/jcm11020410
http://doi.org/10.1080/1744666X.2021.1905524
http://doi.org/10.3390/jcm9041082
http://www.ncbi.nlm.nih.gov/pubmed/28516882
http://doi.org/10.1038/s41584-021-00721-z
http://doi.org/10.1093/rheumatology/key208
http://doi.org/10.1002/art.42075
http://doi.org/10.1136/rmdopen-2021-002074
http://doi.org/10.3389/fphar.2022.820927
http://www.ncbi.nlm.nih.gov/pubmed/35370680
http://doi.org/10.1136/annrheumdis-2019-215089
http://www.ncbi.nlm.nih.gov/pubmed/30926722
http://doi.org/10.1038/s41598-022-11361-y
http://www.ncbi.nlm.nih.gov/pubmed/35508670
http://doi.org/10.1136/rmdopen-2021-001586
http://www.ncbi.nlm.nih.gov/pubmed/34016712
http://doi.org/10.1371/journal.pone.0226255

	References

