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Abstract: Background: Polymyalgia Rheumatica (PMR) is one of the most frequent rheumatologic
immune-related adverse effects (IRAEs) in cancer patients following therapy with immune checkpoint
inhibitors (ICIs). Atypical findings in many patients often lead to diagnosing PMR-like syndromes.
Materials and methods: The aim of our research was to review reported diagnoses of PMR and
PMR-like syndromes following ICIs therapy, and assess whether they can be redefined as adverse drug
reaction (ADR). In line with PRISMA guidelines, we carried out a systematic search on three main
bibliographic databases, based on a combination of subject headings and free text. We included all
studies and case-reports published after 2011 (when FDA approved the use of the first ICI) describing
the association of PMR or PMR-like syndromes with all types of ICIs therapy. We excluded reviews,
conference abstracts, comments, secondary articles, and non-English language studies. Results: We
reviewed data from seven studies and eight case-reports, involving a total of 54 patients. Limitations
included: the small size of all studies; only one retrospective study used validated criteria for PMR;
most reports assessed IRAEs by clinical judgment only and did not seek validation through assessment
scales. To date, it remains a conundrum whether IRAEs-PMR is identical to the idiopathic form of the
disease, or whether it should be considered a subset of the disease or a new entity. Conclusions: Our
review indicates that the relationship between PMR and ICIs therapy is yet to be clearly understood
and defined and that future research should remedy the current limits in study design.

Keywords:  polymyalgia rheumatica; immunotherapy; immune -checkpoint inhibitors;
polymyalgia rheumatica-like syndromes; immune-related adverse events; adverse drug reaction;
pharmacovigilance; diagnostic and classification criteria; anticancer therapeutics

1. Introduction

Polymyalgia rheumatica (PMR) is estimated to be older adults” most common inflammatory
rheumatic disease. Worldwide, its incidence increases until the age of 90, with a peak around the age
of 75 [1-6]. The onset of PMR in a centenarian man has been reported [7].
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Typical in PMR patients is a sudden-onset bilateral pain in shoulder and pelvic girdles,
sometimes associated with neck aching and morning stiffness lasting more than 45 min. Patients usually
complain of significant restrictions in self-care activities of daily living (ADL). Additional symptoms
such as fever, general discomfort, fatigue, loss of appetite, and loss of weight can be present in some
patients [8-11]. At present, no specific laboratory tests are available. Inflammatory markers such
as erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) concentrations are usually
raised at the time of diagnosis, but the diagnosis of PMR is possible even if ESR and CRP are not
increased [12,13].

There are several PMR-like diseases, and differential diagnosis is not always easy. Indeed,
some patients diagnosed at first with PMR may be reclassified as having a different disease at
follow-up [8,9]; and some patients with PMR-mimicking diseases can have a fast (but transitory)
response to systemic glucocorticosteroids (GCs).

Shoulder and hip ultrasound (US) examinations can help differential diagnosis, as proposed by the
2012 EULAR/ACR classification criteria [14]. It is worth mentioning that these criteria were designed to
discriminate patients with PMR from other mimics of PMR and are not meant for diagnostic purposes.
On the other hand, several diagnostic measures have been proposed since Bird’s 1979 criteria, each one
with different sensitivity and specificity [15]. Diagnostic or classification criteria should always be
applied to avoid defaulting to PMR as a kind of “magic cauldron” in which to put every disease
involving long-lasting pain localized to scapular and pelvic girdles and which responds to GCs [11].

Since 2011, when the Food and Drug Administration (FDA) approved the use of Ipilimumab,
a fully human monoclonal antibody against cytotoxic-T-lymphocyte antigen-4 (CTLA4), for patients
with metastatic melanoma, immune checkpoint inhibitors (ICIs) therapy has been recommended for
an increasing variety of cancers, both in the metastatic and adjuvant settings. Our immune system has
some regulatory receptors (named “checkpoints”) maintaining the balance between T cell lymphocyte
activation and inhibition. CTLA-4, programmed death protein-1 (PD-1), and programmed death
ligand-1 (PD-L1) are among the best studied checkpoints. ICIs reduce the suppression of effector
T cells, mainly CD8+, with consequent up-regulation of tumor-specific immune responses [16-20].

Unfortunately, this same action mechanism can trigger immune-related adverse events
(IRAEs), which can affect multiple organ systems; this risk is higher when two ICIs are used in
combination [21-25]. Triggered by the growing use of ICls, an increasingly wide range of rheumatologic
IRAEs have been described. A recent pharmacovigilance study observed that the risk of developing
PMR is five times higher in cancer patients treated with ICIs compared with patients on other
treatments [26]. Moreover, ICIs therapy can cause the flaring up of prior autoimmune rheumatic
diseases, PMR among these [27].

Atypical findings following ICIs therapy are reported in many patients, leading to diagnoses
of PMR-like syndromes, as such patients do not meet standard classification or diagnostic criteria
for PMR. A question worth exploring is whether PMR-like findings following ICIs therapy represent
a subset of disease or a new clinical entity.

Furthermore, onset of PMR or PMR-like syndromes can happen many months after the beginning
of ICIs therapy. Are they to be considered as an adverse drug reaction (ADR)? Or is their appearance
just a coincidence?

AIM: (1) To evaluate how PMR and PMR-like syndromes are identified and classified following
ICIs therapy; (2) To assess whether they can be considered as ADR.

2. Materials and Methods

We conducted a systematic review based on Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines [28]. There is no review protocol, and this systematic review
has no registration number.
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2.1. Search Strategy

One of the authors of this study (Isetta, M) carried out a comprehensive literature search
in three main bibliographic databases: MEDLINE (OVID interface), EMBASE, and COCHRANE.
The following main search terms were used: polymyalgia rheumatica, immune checkpoint blockade,
rheumatic syndromes, checkpoint inhibitors therapy, polymyalgia rheumatica-like syndromes,
immunotherapy, checkpoint inhibitor-associated polymyalgia rheumatica, anti-PD1, anti-PDL1,
anti-PD1 antibody, anti-CTLA4, CTLA4 antibody, and anti-programmed death 1 monoclonal antibody.
Searches were carried out on 2 March, 2020. After de-duplication, all retrieved studies were examined.
In accordance with the PRISMA 2009 checklist, the full search strategy for one database (MEDLINE) is
detailed in the Supplementary Materials (File S1).

2.2. Inclusion Criteria

This review included all studies and case-reports published after 2011 (when FDA approved
the use of the first ICI) describing the association of PMR or PMR-like syndromes with all types of
ICIs therapy.

2.3. Exclusion Criteria

Reviews, conference abstracts, comments, and secondary articles were excluded. Each review’s
reference list was scanned for additional publications meeting this study’s inclusion criteria.
When papers reported data partially presented in previous articles, we referred to the most recent
published data.

The presence of the giant cell arteritis (GCA) was an additional exclusion criterion, unless all data
concerning GCA were clearly distinct from PMR findings. GCA is a large-vessel vasculitis closely
linked to PMR: 40-60% of GCA patients show signs of PMR, whereas 10-16% of PMR patients show
signs of GCA. It is common knowledge that the association of GCA with PMR has several consequences:
i.e., higher dosages of glucocorticoids, more frequent association with cancer, more frequent vascular
and ocular complications, and more severe prognosis [29,30].

Finally, non-English language studies with no English abstract were excluded.

2.4. Data Extraction

All article titles identified were screened by a single reviewer (Isetta, M) against the inclusion and
exclusion criteria. Two of the authors of this study (Manzo, C and Natale, M) independently reviewed
the titles and abstracts of all identified records. After reviewing the abstracts, data comparisons were
conducted to ensure completeness and reliability. Full-text versions of potentially relevant papers
identified in the initial screening were sourced. Reasons for exclusion were recorded. Differing decisions
were resolved by consensus.

Data on study design, source of information, and participant characteristics were independently
extracted by the same reviewers, using a standardized ad hoc form (File S2). The primary outcome
of interest was the total number of patients who developed PMR or a PMR-like syndrome following
ICIs therapy. Other data were collected: diagnostic or classification criteria used to diagnose PMR;
its temporal relationship with ICI; study design; and if and how PMR and PMR-like syndromes were
evaluated as an adverse drug reaction (ADR). Meta-data from each study, such as lead author name
and publication year, were also listed.

2.5. Quality and Bias Risk Assessment

A subjective assessment of the included studies” methodological quality was performed by all the
authors using the Newcastle-Ottawa Scale (NOS), a quality assessment tool for non-randomized studies,
endorsed for use in systematic reviews of non-randomized trials by the Cochrane Collaboration [31,32].
NOS uses a “star system” based on three major criteria: study groups” selection (04 stars, or 0-5 stars
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for cross-sectional studies); comparability of the groups according to key and additional factors
(0-2 stars); and determination of the outcome of interest or exposure (0-3 stars). A total score of 3
or less was considered poor; 4-6 was considered moderate; and 7-10 was considered high quality.
Studies scoring 3 or less were excluded from our review. The authors settled all disagreements through
discussions and by consensus.

3. Results

3.1. Description of Included Studies

An overview of the study identification process is reported in Figure 1. The initial search yielded
2059 papers, of which 1778 articles were excluded based on title and abstract screening. A total of
281 articles underwent a full-length review; 207 full-text articles were assessed for eligibility; 193 articles
were excluded (reviews and comments = 58; conference abstracts = 39; papers containing similar or
identical data presented by the same group of researchers in several articles = 23; studies having poor
quality = 5; no outcome of interest = 68). Finally, data were extracted from seven case-series and eight
case-reports, concerning a total of 54 patients.

=
1=l
ks Records identified through database search (n =2059)
=
=
§ EMBASE (1475) - MEDLINE (584) — COCHRANE (0)
= Records removed basing on MR s e
£ the title and abstract review > ab luded at thi . 224
8 (n=1778) stracts excluded at this stage: n.
&
M) Full-text papers excluded after review= n. 193
Reviews and comments = 58;
2 Full-text articles Incomplete data or outcome of interest not
2 assessed for reported= 68;
%’ eligibility _ Conferenf:e abstr‘acts= 39;
(n=57) Low-quality studies=5;
= Articles containing identical or similar data
presented by the same group of researchers in
several publications= 23.
—
= Case-series: no. 7, for a total of 46 patients
%
=
2
= Individual case-reports (subjects): no. 8

Figure 1. PRISMA Flowchart.
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3.2. Case-Reports

In Table 1, we listed the main characteristics of the eight case reports included in this review.

Table 1. Immune-related adverse effects-Polymyalgia Rheumatica (IRAEs-PMR) case-reports included
in our review.

1st Author and Year ICI PMR-Onset .PMR . GCs ICt W.ar.
Diagnosis Stopped

Bernier, 2017 [33] nivolumab after 13 cycles n.c. Yes Yes No
Chan, 2019 [34] atezolizumab after 6 months n.c. Yes No n.e.
Imay, 2019 [35] nivolumab after 12 cycles clear Yes Yes n.e.
Garel, 2017 [36] pembrolizumab after 1 day clear Yes Yes No
Garel, 2017 [36] pembrolizumab after 3 cycles clear Yes No n.e.
Iskandar, 2019 [37] pembrolizumab n.c. n.c. Yes No n.e.
Nakamagoe, 2017 [38] nivolumab n.c. n.c. Yes Yes n.e.
Maniu, 2016 [39] ipilimumab n.c. n.c. Yes Yes n.e.

ICI = immune checkpoint inhibitor; PMR = polymyalgia rheumatica; GCs = glucocorticoids; W.a.r. = worsening
after reintroduction; n.c. = not clear; n.e. = not evaluable.

3.3. Case-Series

In Table 2, we listed the main characteristics of the case-series included in our review.

Table 2. IRAEs-PMR case-series and clinical studies included in our review.

Onset ICI

1st Author, Year Study PMR(No.) (Median) Diagnosis GCs Stopped W.ar.
Calabrese, 2019 [40] retrospective 20 12 week ACR/EULAR  7.5-60 n.c. nr.
Richter, 2019 [41] retrospective 4% 4-8 weeks nr. 15-60 ma nr.
minority
Kostine, 2018 [42] observational 11 n.c 7.5-60 Yes n.c.
Belkhir, 2017 [43] retrospective 4 n.c. yes n.c.
Kuswanto, 2018 [44] retrospective 4 n.c. n.c. yes Yes n.r.
Le Burel, 2017 [21] retrospective 1 n.c. nr. yes Not n.c.
Mitchell, 2018 [45] retrospective 2% n.c. nr. yes Not n.c.

* PMR flare in one patient. ** PMR flare in two patients, GCs = glucocorticoids; ACR/EULAR = American College of
Rheumatology/European League against rheumatism; ICI = immune checkpoint inhibitor; W.a.r. = worsening after
reintroduction; n.c. = not clear; n.r. = not reported.

3.4. Risk of Bias Assessment in Analysis of the Included Studies

As stated, quality assessment of the included studies was performed using the NOS. In line
with this scale, three major criteria were evaluated: (1) study groups’ selection; (2) comparability of
the groups according to key and additional factors; and (3) determination of the outcome of interest
or exposure.

Table 3 lists the scores. Most studies were given a low score in the study group’s selection because
no diagnostic or classification criteria were referenced, and in many studies PMR diagnosis was made
by a managing non-rheumatologist. Furthermore, no scales or algorithms were used in evaluating PMR
or PMR-like syndromes as ADR. The importance of these points is discussed in the specific section.
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Table 3. Quality assessment of the included studies.

First Author Selection Comparability Outcome
Calabrese 3 1 2
Richter 2 1 2
Kostine 2 1 2
Belkhir 2 1 2
Kuswanto 2 1 2
Le Burel 1 1 2
Mitchell 1 1 2

All the included studies failed to recruit a comparator group, and used general population data
as reference. Therefore, comparability scores were low, since lack of comparison groups limits the
generalizability of the presented results.

3.5. ICIs in Patients with Preexisting PMR

Our literature search showed that the use of ICIs in patients with preexisting PMR has rarely
been described: only four case reports were identified where ICI therapy caused a PMR flare and
increase of GC dosages, but this event had no impact on the management of the oncological disease
and associated immunotherapy.

4. Discussion

Calabrese et al. first reported instances of PMR following ICIs therapy based on their clinical
experience with 15 patients assessed for rheumatologic IRAEs, PMR among these. All cases required
GCs, and temporary or permanent discontinuation of ICIs therapy in all but five patients [46].
This same group of researchers expanded their case-series into successive studies, including the one
listed in Table 2.

When our literature search was performed, only 54 patients affected by PMR (or PMR-like
syndromes) following ICls therapy were reported in published literature. However, as the use of ICIs
continues to expand, it is highly probable that this group of patients will increase over time.

The first question is whether these cases of IRAE-PMR represent a disorder identical to the
idiopathic form of the disease or a new disease entity instead.

PMR etio-pathogenesis is still debated [47]. The absence of any highly specific diagnostic test is
a significant diagnostic limit. As known, since Bird’s criteria published in 1979, different diagnostic and
classification criteria have been proposed, with different specificity and sensitivity. Despite this, the risk
that PMR could be used as an umbrella label to put every “glucocorticoid-responsive syndrome of
shoulder and pelvic girdle pain and stiffness” under is always just around the corner [48,49]. Therefore,
it is important to point out that in many IRAEs-PMR reports, no diagnostic or classification criteria
were specified, most of the studies were retrospective, and in many studies PMR diagnosis was made
by a managing non-rheumatologist.

Calabrese et al. published in 2019 a retrospective study with data from 49 patients enrolled via
two sources: 20 patients from three collaborative centers (group 1), and 29 cases found by systematic
review (group 2). For the first time, EULAR/ACR classification criteria were applied; 25% of reported
cases supplied insufficient data to enable the application of these criteria (10% among the 20 patients
in group 1; 38% among the 29 patients in group 2). Confounding factors were present in 75% of the
remaining cases. Namely, positive serology for rheumatoid arthritis, or more severe manifestations
than generally present in patients with “idiopathic” PMR and that required a higher initial dose of
GCs (possibly because some patients might have GCs started by their oncologist prior to referral to
a rheumatologist). Among the 20 patients in group 1, seven had normal acute phase reactants at the
time of PMR diagnosis.
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Abnormal CRP and/or ESR are required criteria according to the 2012 EULAR/ACR classification.
However, 7 (1.52%) out of the sample of 460 PMR patients were described with normal values of both
ESR and CRP concentrations at the time of diagnosis in a 2019 case-series. In these seven patients,
all PMR-mimicking diseases were excluded during follow-ups lasting from 29 to 120 months [13].
In other words, normal values of acute phase reactants do not exclude a diagnosis of PMR. To date,
whether such patients have an idiopathic PMR or have something that is PMR-like as a result of therapy
with ICIs is still a matter of discussion [50].

In a single-center cohort of 61 patients with IRAEs, Richter et al. found one case of PMR flare
and three cases of new-onset PMR-like syndrome. They speculated that some cases of inflammatory
arthritis induced by ICIs may represent previously undiagnosed rheumatic disease rather than de
novo IRAEs. No diagnostic or classification criteria were specified in this retrospective study. As in
Calabrese’s study, in one patient the dosage of GCs reached 60 mg/day, an objectively high dosage in
“isolated” and “idiopathic” PMR [41].

With the exception of Calabrese’s study, all our search findings showed that diagnosis of PMR
was made according to clinical judgment, without specifying which diagnostic or classification criteria
were used. Based on this finding, how did one diagnose a PMR-like syndrome if the boundaries of
“idiopathic” PMR had not been defined? Confusingly, all patients were generically categorized as
having inflammatory arthritis in other prospective studies, i.e., Kostine et al.’s account of 524 patients
treated with ICIs, Braaeten et al. (60 patients, with an average follow-up of 12 months after ICIs
cessation) [51], and Lidar M et al. (14 patients) [52].

A second discussion point was: how was PMR following ICIs therapy evaluated as an adverse
drug reaction (ADR)? According to our literature search, only clinical judgment was used in all case
reports and case-series, without the use of scales or algorithms. Algorithms typically use a set of
specific ‘yes/no” questions on ‘features’ of a drug-event pair that have associated scores for calculating
a potential cause—effect relationship. Within the field of pharmacovigilance, clinical judgment is often
inferior to more structured methods of decision making that use simple algorithms [53]. A number of
algorithms have been proposed and some of these have been validated, but none of these have yet
been accepted as gold standard [54]. One commonly used algorithm is the ADR Probability Scale
developed in 1981 by Naranjo and colleagues to standardize causality assessments [55]. This scale
classifies the probability that an adverse event is related to drug therapy. Naranjo’s scale is based
on a list of 10 weighted questions which examine factors such as the temporal association of drug
administration and event occurrence, alternative causes if any, drug levels, and previous patient
experience with the same drug. The key advantages of this scale are its simplicity of use and clarity, and
a significant increase in inter- and intra-rater agreement compared with standard clinical examination
alone. The sums of the scores ranged from —4 to +13, and was interpreted to reflect the strength of the
probability that a drug has caused an ADR rather than the complication being a manifestation of the
disease. A score of greater than nine is empirically defined as “definitely” having caused the ADR;
a score between five and eight indicates that the drug “probably” caused the ADR; scores between
one and four indicate that the ADR was “possibly” caused by the drug; and a score of less than one
indicates a “doubtful” association with the drug. When, using reported data, we were able to apply the
Naranjo scale to patients described in all our search findings, patients” scale score were almost never
higher than four. A significant number of patients improved without ICI discontinuation, and there
was no flare when ICI was re-introduced. It should be also pointed out that PMR/PMR-like syndromes
could occur several months after starting ICIs therapy, and in some cases even years after treatment
discontinuation. This is in part due to their pharmacodynamic properties [56,57].

5. Conclusions

Some discussion points and grey areas emerged from our review, namely:
(1) several studies were retrospective and not randomized, and in some cases, the diagnosis of
PMR was made in non-rheumatologic settings;
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(2) the lack of validated scales for ADR assessment was identified as another key critical point;

(3) whether patients had a real PMR or rather something that was PMR-like is still a matter of
discussion. How did one diagnose a PMR-like syndrome if the boundaries of “typical” PMR had not
been defined in the vast majority of published reports? In some cases, those that were defined as
PMR-like syndromes could be new distinct entities.

According to our review, the relationship between PMR and ICIs therapy is not well defined.
We hope that multicenter and prospective future research studies will be designed where, for example,
validated scales for ADR assessment and diagnostic and/or classification criteria for PMR are utilized
and reported on.

Supplementary Materials: The following are available online at http://www.mdpi.com/2305-6320/7/11/68/s1,
File S1: PMR MEDLINE 2011-2020, File S2: Standardized ad hoc developed form used in this systematic review.
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