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Mini-abstract

Methotrexate (MTX) osteopathy, described as a clinical triad: pain, osteoporosis and atypical stress
fractures, while rare, must be known by the rheumatologist. Our cohort of 5 cases represent the largest
series of the literature. Pathophysiological studies raised the question of a dose-dependent remnant

effect of MTX on osteoforming bone cells.

Abstract

Introduction

Methotrexate (MTX) related osteopathy is rare, defined by the triad of pain, osteoporosis and "atypical
fractures" when it was first described in the 1970s in children treated with high doses MTX for acute
leukemia. Since then, several cases have been reported in patients treated with low-dose MTX for
inflammatory diseases.

Methods

A systematic research of cases of MTX related osteopathy was performed in records of Rheumatology
Department of Rennes University Hospital. Data collection focused on demographic data,
corticosteroid doses, MTX doses and intake method, cumulative doses, year of diagnosis, fracture
location, bone densitometry value and osteoporosis treatment if necessary. A literature review was
also conducted to identify other cases in literature and try to understand the pathophysiological
mechanisms of this rare entity.

Results

We report 5 cases identified between 2011 and 2019, which represents the largest cohort described
excluding oncology cases. Fracture locations were atypical for osteoporotic fractures. All patients
improved in the following months with MTX withdrawal. All patients except one were treated with
antiresorptives (bisphosphonates, denosumab). Two patients, treated with bisphosphonates, had a
recurrence of fracture, once again of atypical location. 25 cases were collected in literature with
similar clinical presentation. The cellular studies that investigated the bone toxicity of MTX mainly
showed a decrease in the number of osteoblasts, osteocytes and chondrocytes in the growth plate and
an increase in the number and activity of osteoclasts. In vitro, consequences of mechanical stimulation
on human trabecular bone cells in the presence of MTX showed an alteration in mechano-
transduction, with membrane hyperpolarization, acting on the integrin pathway. In contrast with our
report, the cases described in the literature were not consistently associated with a decrease in Bone
Mineral Density (BMD).

Conclusion

MTX osteopathy while rare, must be known by the rheumatologist, especially when using this
treatment for inflammatory conditions. The mechanisms are still poorly understood, raising the

question of a possible remnant effect of MTX on osteoforming bone cells, potentially dose-dependent.
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Introduction

Methotrexate (MTX) osteopathy was firstly described in young patients treated for acute
leukemia[ 1]. This osteopathy was defined by a clinical triad: pain, osteoporosis and stress fractures.
MTX is a cytotoxic drug commonly used at low dosage as a disease modifying drug in rheumatologic
diseases, mainly in rheumatoid arthritis (RA) [2] and psoriasis [3]. A case of MTX induced osteopathy
in rheumatology was firstly described in 1983, in a 72 years Caucasian man treated for widespread
skin psoriasis and psoriatic arthritis; he developed spontancously a stress fracture of the medial
condyle of the right femur [4]. After this case, many cases, mostly isolated cases reports, were
reported in the literature.

We identified and described here 5 new cases of osteopathy induced by long term MTX
treatment, which represents to our knowledge, the largest cases series reported in the literature and we
conducted a systematic review of the literature to identify other cases and try to understand the

pathophysiological mechanisms of this rare entity.

Materials and methods

1) Cases collection:

A systematic research was performed in records of Rheumatology Department of Rennes
University Hospital between the years 2005 and 2019. Data collection focused on demographic data,
corticosteroid doses, MTX doses and intake method, cumulative doses, year of diagnosis, fracture
location, bone densitometry value and osteoporosis treatment if necessary.

2) Systematic literature review:

A systematic research was performed on PubMed on September 10® using the following
keywords: (fracture OR osteoporosis OR bone fragility) AND methotrexate. Preferred Reporting
Items for Systematic Reviews and MetaAnalysis (PRISMA©)[5,6] statement had been used to identify
articles. Additional articles from references of previous articles had also been included. Cases of
MTX-induced osteopathy and fractures were selected from title or abstract, with exclusion of articles
involving MTX for hemopathy, especially in children. A systematic review was independently done

by two rheumatologists of our team. Agreement on discordant cases was reached by consensus.

Results
1) Case Series:
Characteristics of patients with a diagnosis of MTX related osteopathy in the Rheumatology
Department of Rennes University Hospital were summarized in Table 1.
Patients in this cohort were of hospital recruitment. All patients (n=5) were female, with a mean age of
55,8 years (minimum: 51 years, maximum: 64 years, SD: 4,96 years). Underlying disease was RA for

3 patients, skin psoriasis (n=1) and multiple sclerosis (n=1) for the others. Tibia involvement was

3



O©CoO~NOOOITA~AWNPE

found in all cases, mainly at the metaphysis (proximal or distal). The typical appearance of the
fractures observed in our patients are shown in Figure 1. All patients except one had osteoporosis with
a low bone mineral density (BMD) and a T-score of at least one of the sites < -2,5. 2 patients (40%)
had been treated with bisphosphonates prior to fracture onset. Scintigraphy and MRI were useful for
diagnosis, whereas standard radiographs were most often non-informative (40% of the cases). In most
cases, MTX was stopped and anti-osteoporotic treatment was introduced (3 patients with
bisphosphonates, one patient with denosumab). Two patients (one with bisphosphonates and one with
denosumab) had a second BMD which revealed an improvement in bone density. In patient 1
(treatment with MTX discontinuation and risedronate), lumbar spine BMD (LS-BMD) was 0,766
g/cm? at diagnosis versus 0,820 after 3 years of treatment, with an increase of T-Score (-2,6 at
diagnosis versus -1,8). Femoral neck BMD (FN-BMD) was 0,566 g/cm? at diagnosis versus 0,585
after 3 years of treatment, with an increase of T-Score (-2,5 at diagnosis versus -2,3). In patient 2
(treatment with MTX discontinuation and denosumab), LS-BMD was 0,695 g/cm? at diagnosis versus
0,866 after 2 years of treatment, with an increase of T-Score (-3,2 at diagnosis versus -2,4). FN-BMD
was 0,464 g/cm? at diagnosis versus 0,543 after 2 years of treatment.

Two patients experienced delayed bone healing with a prolonged fracture persistence and
further fractures of the lower limbs, without other locations, especially at the classic locations of

osteoporotic fractures.

2) Svstematic literature review

a. Article selection:

The flow chart of selected articles is represented in Figure 2. Three hundred ninety-two
articles were selected of which 362 were excluded after screening by title and abstract review. Thirty
full-text articles were assessed for eligibility and 10 more articles excluded. Finally, twenty full-text

articles were included in the analysis.

b. Cases reported in literature:

Twenty-five cases have been reported between 1983 and 2019. We analyzed, described and
summarized these cases in Table 2. There was 84 % of women (21/25). Combining distal and
proximal fractures, tibia was involved in 72% of the cases (18/25). RA and psoriasis (Pso) (cutaneous
or articular) accounted for 92% of the underlying diseases. Pain was mainly described as mechanical.
The summary of clinical and imaging characteristics of the 30 case reports (25 in the literature and 5
reported here) are presented in Table 3.

Interestingly, in some cases we noticed complications such as delayed fractures healing or the
occurrence of other fractures with atypical locations [7—12], primarily during the year following the

first fracture.
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Discussion

Methotrexate related osteopathy is a rare but possible complication of MTX treatment in
rheumatoid or psoriasis arthritis. Initially described with high-dose of MTX used in acute leukemia,
osteopathy can also appear with long-term low-dose, as used in inflammatory diseases. Usually, this
osteopathy is described as a clinical triad: pain, osteoporosis and stress fractures, of atypical
location[1].

To our knowledge, our 5 cases collection is the largest reported in the literature. Most of the
studies on BMD failed to find a link between MTX use and osteoporosis [13—19]. However, in vitro
and in vivo models are consistent, on the one hand with a decrease in osteoblastic activity and the
number of osteoblasts [20-22], on the other hand with an increase in osteoclastic activity and the
number of osteoblasts, mainly at the metaphysis [20,23,24]. Even if the mechanisms remain unclear,
all these cellular changes are consistent with local bone loss, especially at the trabecular level
[22,25,26]. In addition, bones affected in MTX osteopathy seems to be mainly weight-bearing bones,
especially in metaphyseal area. In our cases, all patients had fractures in lower limb bones, mainly in
tibia (proximal or distal metaphyseal area). This observation is in agreement with literature, with
lower limb involvement in all cases and tibia involvement described in more than 70%.

Several authors have suggested a link between the use of MTX and the development of
systemic osteoporosis assessed by Dual-energy X-ray Absorptiometry (DXA). However most of them
did not show any association with dose, duration or modality of MTX use and decreased BMD[ 13—
19]. A prospective, randomized, placebo-controlled study showed a greater decrease in lumbar BMD
in a group of patients treated with MTX and corticosteroids (=5 mg/j) than in a corticosteroid-only
group at the same dose, raising the question of a possible role for MTX in potentiating corticosteroid-
related trabecular loss [27]. Nevertheless, BMD measurement is known to be imperfect to determine
the difference between trabecular and cortical bone damage and is not very accurate in assessing bone
microarchitecture damage. Other treatments used in inflammatory joint diseases, including biological
Dmards (bDmards), appear to have a protective effect on bone compared to methotrexate, including
tocilizumab[28] and anti-TNFs[29] on bone remodelling and bone mineral density. These results
remain to be put into perspective, as the use of these treatments is often associated with a decrease in
inflammation, disease activity and corticosteroids dose, well known risk factors for bone loss.

Studies on animal models, mainly in rats, showed a decrease in bone formation: decrease in
bone osteoblast surface (ObS) [23], decrease in osteoblast proliferation [20,21], decrease in formation
markers (alkaline phosphatase and osteocalcin) [22]. There was also an increase in bone destruction:
increase in osteoclastic markers (OcS and OcS/BS) [25], increase in the number of osteoclasts at the
metaphyseal level [20,23,24], increase in urinary hydroxyproline levels [22]. Finally, there was a
decrease in the number of osteocytes in the primary spongiosa [21], associated with a modification of
the cellular structure, in particular with a decrease in the size of osteocytes “dendrites”’[30]. Some of

the cellular damage could be resolved after the addition of folinic acid [23,31,32]. The molecular
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mechanisms involved remain poorly identified, with a possible reorientation of precursors in the
adipocyte line in rat bone marrow (increase in PPARY a major nuclear transcription factor orienting
the mesenchymal stem cell in the adidocytic lineage, and decrease in Runx2 and Osterix, osteoblastic
transcription factors)[26]. In the same way, a decrease in the Wnt pathway has been found (decrease of
beta catenin and increase of DKK1 and sFRP1)[33], and an increase of NFkB et TNF[24]. In vivo
studies in rats have underscored the predominant trabecular involvement, especially at the metaphysis
level, while the cortical bone appeared to be relatively unaftected [22,25,26].

In vitro studies were in agreement with observations in animal models, with a toxicity of MTX
mainly on the quantity and function of osteoblasts, responsible for a decrease in bone
formation[34,35]. This toxicity was described in several studies as dose-dependent [36,37]. In
addition, MTX could decrease the trabecular bone's resistance to mechanical stimulation by
interrupting the integrin-dependent pathway [38].

The role of osteocytes in MTX osteopathy is not well known yet. A daily injection of MTX
0,75mg/kg for 5 day in rats seemed to increase osteocytes apoptosis [21], mainly in primary
spongiosa, partially reversed after folinic acid supplementation [31]. In juvenile rat, MTX
chemotherapy induced an increase in the number of apoptotic osteocytes in tibial metaphysis
associated with an increase in the number of osteoclasts, and trabecular bone loss [30]. Osteocytes are
essential for bone homeostasis, regulating the basic multicellular unit (BMU) [39]. Apoptosis of
osteocytes caused by detection of a micro-crack in bone induces release of molecules from
neighboring viable osteocytes, including VEGF, which allows the flow of osteoclasts and the initiation
of bone remodeling [39]. In a context of imbalance between the number of osteoblasts and osteoclasts,
this step could appear as the starting point for bone loss. Moreover, osteocytes play a critical role, as a
mechanosensory cells, with a specific response to shear stress [40]. This response is partly enabled by
the lacuna-canalicular network woven between osteocytes. This network appeared to be altered in vivo
in presence of MTX, with a decrease in dendrite length of osteocytes [30]. In 2004, Elliot and al.
described in vitro that osteocyte mechano-transduction pathway in human bone cells was impaired by
MTX, with a decrease of cells hyperpolarization in response to mechanical stimulation [38].

Osteocytes also play a role in fracture healing [41]. In the literature and in our cases, several
fractures were followed by repeated fractures, but also with delayed healing and persistent fracture
lines. This observation could be a sign, not of the remnant effect of MTX, but more importantly of an

increased time until recovery of the number and function of osteocytes.

Conclusion

MTX osteopathy while rare, must be known by the rheumatologist, especially when using this
treatment for inflammatory conditions such as RA or psoriatic arthritis.
However, the mechanisms are still poorly understood. In most cases, fractures occur in areas of load-

bearing stress in lower limbs, especially tibias. Clinical expression remains mainly mechanical pain.
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Even after MTX has been discontinued, fracture healing can be delayed and new fractures arise,
raising the question of a possible remnant effect of MTX on osteoforming bone cells, potentially dose-

dependent.
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Legend:

Figure 1:

1) MRI of the right foot in coronal section (sequence T1 on the left and T2 on the right). Fracture of
the distal metaphysis of the tibia. 2) Same image in sagittal section, T2 sequence. 3) Radiographic
image in the same patient (front left and side right). 4) MRI of the right knee in coronal section (T2
sequence on the left and T1 sequence on the right). Fracture of the proximal tibial metaphysis.

Figure 2:
PRISMA® 2009 Flow Chart of selected articles in literature review. Flow chart design was described
by Moher D. and al.
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Table 1 Click here to access/download;Table;Table 1.docx
MTX T-Score T-Score T-Score
Undetlying | Dose* | CM | CTC* i : X- - (DS)/BMD | (DS)/BMD | (DS)/BMD
3k
Sex| Age Disease Gl | @) | el Route | Duration Fractures location Ray Scintigraphy | MRI G/l (i) (o) Treatment
(years) LS FN TH
F| 51 MS 10 77 | No e} 15 Bilateral Distal Tibial Yes Yes Yes | -2.6/0.766 | -2,5/0,566 | -2.2/0.674 | Stop MTX/BP
Metaphysis
Distal Femoral Metaphysis and Stop
F 55 RA 15 10.8 2 O 15 Proximal Tibia No ND Yes -3.2/0.695 -3.5/0.464 -3.6/0.508 MTX/Denosumab
F| 56 RA 25 | 96 3 sC 10 Bilateral Distal Tibial No ND Yes | -1.7/0.834 | -2.8/0530 | -2.2/0.647 | Stop MTX/BP
Metaphysis
Unilateral Proximal Tibial
F 64 RA 20 10.6 No SC 11 Metaphysis Yes Yes ND -2.3/0.797 -3.3/0.480 -3.0/0.580 Stop MTX/BP
Bilateral Proximal Tibial
F 53 Psoriasis 25 4.8 No SC 4 Metaphysis Yes ND Yes -1.1/ND -1.7/ND -1.7/ND Stop MTX

* At diagnosis
Table 1: Characteristics of cases reported in this study. F: Female, MS: Multiple Sclerosis, RA: Rheumatoid Arthritis, CTC: Corticoids (prednisone),

CM: cumulative dose, O: Oral, SC: Sub-Cutaneous, ND: No Data, LS: Lumbar Spine, FN: Femoral Neck, TH: Total Hip, BP: Bisphosphonates.
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Table 2

Click here to access/download;Table;Table 2.docx %

First author, country & Number Sex Age Fracture Location Underlying Disease MTX Cumulative | Way Type of Pain Swelling Treatment Improvement
Year of Publication of Disease Duration Duration MTX doses
patients

Ansell and al. (GB) 1983 1 M 59 MC Knee Psoriasis ND ND 14 ¢ SC Mechanical ND ND ND
Preston and al. 1993 2 F 58 Distal/Prox Tibia Psoriasis ND 5 years 6¢g ND Mechanical ND Stop MTX Yes
(Australia) F 75 Distal Tibia RA 15 years 6 years 28¢g ND Mechanical Yes Stop MTX Yes
Shapira and al. (Israel) 1995 1 M 74 Distal Tibia RA 15 years 5 years 18¢g ND Mechanical ND Immobilization Yes
Bologna and al. (France) | 1996 1 F 62 Distal Tibia RA 15 years 5 years 248 ¢ (@) ND Yes Immobilization Yes
Zonneveld and al. 1996 F 61 Distal Tibia Psoriasis 17 years 4 years 0.67 g O ND Yes Stop MTX Yes
(Neth) F 56 Distal Tibia Psoriasis 43 years 4 years 295¢ O Mechanical Yes Stop MTX Yes
F 78 Distal Tibia RA 30 years 8.5 years 35¢g O Inflammatory Yes Stop MTX Yes
Maenaut and al. 1996 2 F 57 2th Metatarsal RA 6 years 8 months 024 ¢ O Mechanical Yes Immobilization No
(Belgium) F 76 Distal Tibia RA 18 years 3 years 18¢ O ND No Immobilization No
Singwe and al. (France) 1998 1 F 65 Cotyle/MC Knee | Scleroderma 15 years 5 years 232¢ (@) ND ND Stop MTX/BP Yes
Stevens and al. (Neth.) 2001 1 F 63 Distal Tibia RA 5 years 5 years 30g ND ND Yes Stop MTX Yes
Wijnands and al. (Neth,) | 2001 1 F 42 Distal Tibia Psoriasis 25 years 5 years 36¢g ND Inflammatory Yes Diminution MTX Mild
Rudler and al. (France) 2003 1 F 36 Pelvis JA 27 years 2 months 0.09 ¢ O Mechanical No Stop MTX ND
Alonso and al. (Spain) 2006 2 F 69 Distal Tibia RA 5 years 1 year 05¢ ND Mechanical No Stop MTX/BP Yes
F 61 Distal Tibia RA 5 years 2.5 years 16¢g ND Mechanical No Stop MTX/BP Yes
Meier and al. (Neth.) 2010 3 F 51 Prox Tibia Psoriasis ND 12 years 8.6¢g ND ND No Stop MTX Yes
F 77 Prox Tibia RA-Psoriasis ND 11 years 132¢g SC Mechanical Yes Stop MTX Yes
M 68 Prox Tibia RA 35 years 9 years 108 g SC ND ND Stop MTX Yes
Giinay and al. (Turkey) 2014 1 F 69 5th Metatarsal RA 15 years 12 years 115¢g ND Mechanical Yes Stop MTX Yes
Mansoor and al. (Pak.) 2014 1 F 56 Distal Tibia RA 20 years 3 years 18¢ ND Mechanical Yes Immobilization Yes
Tjl and al. (Singapore) 2015 1 M 65 Prox Tibia Psoriasis ND 4 years 288 ¢ SC Mechanical No Immobilization No
Hooghof and al. (Neth,) | 2016 1 F 52 MC Knee RA 10 years 10 years 120¢g ND Mechanical No Stop MTX Yes
Rajeev and al. (GB) 2018 1 F 68 Calcaneus RA ND 20 years ND ND Mechanical No BP Mild
Rolvien and al. (Ger) 2019 1 F 64 Distal Tibia Lupus 10 years 10 years 48¢ ND ND No Stop MTX Yes
Total 25 F: m: Distal Tibia: 14/25 | RA:15/25 m RA: 15 m RA: 7 M:83¢g Mechanical: 15/25 11/25 Stop MTX: 16/25 Yes:

21/25 | 625 Tibia: 18/25 Pso: 8/25 m Pso: 28 | m Pso: 7 18/25

Table 2: Characteristics of cases described in the literature. M: Male, F: Female, MC: medial condyle, Prox: Proximal, Pso: Psoriasis, RA: Rheumatoid Arthritis, JA: Juvenile Arthritis,

ND: No Data, O: Oral, SC: Sub-Cutaneous, BP: Bisphosphonates, GB: Great Britain, Neth.: Netherlands, Pak.: Pakistan, Ger.: Germany.
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Table 3. Summary of clinical and imaging characteristics of 30 case reports of MTX related osteopathy

General characteristics
Women, n (%)
Age (years) mean = SD
Underlying disease, n (%):
e Rheumatoid arthritis
e Psoriasis
e Other
Duration of underlying disease (in year) £ SD
MTX osteopathy features
Fracture location n (%)

e Lowerlimb
Fracture location n (%)
o Distal tibia

e Proximal Tibia
e Metatarsal bones
Clinical presentation n (%)
e Mechanical pain
e Swelling
MTX-treatment
e Mean duration of treatment (years)x SD
e Cumulative MTX doses (grams) = SD
e Oralway n (%)
e Subcutaneous way n (%)

26/30 (87)
61+ 10

18 (60)
9 (30)
3 (10)
16+ 10

30 (100)

16 (53)
8 (27)
3 (10)

20 (67)
14 (47)

74+48
54+44
10 (33)
7(23)
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