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Abstract
Tumoral calcinosis (TC) has long been a controversial clinico-pathological entity. Its pathogenesis and genetic background have been gradually unravelled since its first description in 1943. According to the presence or absence of an underlying calcifying disease process, TC has been divided into primary and secondary varieties. Two subtypes of the primary variety exist; a hyper-phosphatemic type with familial basis represented by mutations in GalNAc transferase 3 gene (GALNT3), KLOTHO or Fibroblast growth factor 23 (FGF23) genes, and a normo-phosphatemic type with growing evidence of underlying familial base represented by mutation in SAMD9 gene. The secondary variety is mainly associated with chronic renal failure and the resulting secondary or tertiary hyperparathyroidism. Diagnosis of TC relies on typical radiographic features (on plain radiographs and computed tomography) and the biochemical profile. Magnetic resonance imaging can be done in difficult cases, and scintigraphy reflects the disease activity. Treatment is mainly surgical for the primary variety; however, a stage-oriented conservative approach using phosphate binders, phosphate restricted diets and acetazolamide should be considered before the surgical approach is pursued due to the high rate of recurrences and complications after surgical intervention. Medical treatment is the mainstay for treatment of the secondary variety, with failure warranting subtotal or total parathyroidectomy. Surgical intervention in these patients should be kept as a last resort.
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INTRODUCTION

Tumoral calcinosis (TC) is a rare clinical and histopathologic syndrome characterized by calcium salt deposition in different peri-articular soft tissue regions[1,2]. It mainly manifests in childhood or adolescence as painless, firm, tumour-like masses around the joints that may lead to joint function limitations specially when large in size[1,3,4].

Regions most commonly involved by this pathology are soft tissues of peri-articular upper limb (shoulder and elbow) and hip regions. Still; spinal[5-7], temporo-mandibular joint[8,9], metacarpals/metatarsals[10], and popliteal space[11] involvement has also been reported.

HISTORICAL REVIEW

The term “tumoral calcinosis” (TC) was first stated by Inclan et al[3] in 1943 for a disease characterized by large juxta-articular lobular calcified masses without visceral or skin calcifications in patients showing normal serum calcium and phosphorus levels. The characteristic pathological features of these lesions were the presence of multiple cysts filled with calcified deposits lined by histiocytes, giant cells, and xanthomatous histiocytes. Earlier, Giard[12] and Duret[13] reported a similar condition in the European medical literature in 1898 and 1899, respectively. This disease process was a subject of Teutschlaender[14,15] studies from 1930 to 1950, known as the Teutschlaender disease in the European literature by that time[16].

Since its first description by Inclan et al[3], the term tumoral calcinosis (TC) has been widely used in the literature and has been sometimes broadened to include other conditions resulting in similar clinico-pathologic features, or even imprecisely used to describe any massive collection of peri-articular calcifications[17]. In this article, we are aiming at reviewing pathogenesis of the disease and the current diagnostic and treatment options.

ETIOLOGY, PATHOGENESIS AND CLASSIFICATION

Etiology of TC remains uncertain despite the several theories that have been proposed. In 1996, Smack et al[18], retrospectively reviewed 122 cases of TC ending in a proposed pathogenesis-based classification as follows: (1) Primary normo-phosphatemic TC. Normo-calcemia and normo-phoshpatemia are the hallmark of this entity. The majority of patients present before the 2nd decade of life and almost half of them live in tropical or subtropical regions. It is usually characterized by solitary calcifications. Although Smack et al[18], mentioned that there was no evident familial pattern in this entity, recent literature showed growing evidence of familial basis for this type of pathology, involving mutations in the gene encoding for SAMD9 protein[19]; (2) Primary hyper-phosphatemic TC. Normo-calcemia and hyper-phosphatemia are the hallmark of this entity. This type usually presents during the first and second decades[17,20] with predominance in people of African descent (some authors suggested confining the term TC to this variety)[17]. Genetic predisposition is a feature of this type of TC where hyper-phosphatemia arises due to reduced urinary phosphate excretion caused by recessive mutations in GalNAc transferase 3 gene, GALNT3, and KLOTHO, that causes the inactivation of FGF23, a phosphoturic hormone[21-24]; and (3) Secondary TC. Chronic renal failure (CRF) is the most common identifiable condition in this entity. 

The histology of the TC lesions in these 3 groups is identical. The reason behind this similarity has not yet been resolved[25]. This classification although bringing clarity to the diagnosis of TC and being widely propagated in the literature is still facing some debates[17] including the dissociation between the lesion and it’s underlying etiology resulting from dealing with the term as a clinico-pathological description rather than a separate disease entity as described by Inclan et al[3]. 

Although Smack et al[18] described this classification as a pathogenesis based one, they actually classified the condition according to the presence or absence of underlying disease associated with calcification and the biochemical profile of the patients rather than actual pathogenesis of the lesions. 

A stepwise approach to the pathogenesis of TC lesions has been proposed[26]. Although this approach has been described for the familial type of TC, it has been later enlarged to contain the other types of this pathology as a common pathway, which eventually results in the formation of the characteristic TC lesions[25] as follows: (1) Minimal repetitive trauma leading to hemorrhages in the peri-articular tissue initiating a foamy histiocytic response. Traumatic Injury preceding the development of TC lesions has been frequently reported specially in the normo-phosphatemic variety[18]. Trauma in the form of chronic pressure has also been accused[27]. The presence of hemosiderin pigment near TC lesions fortifies this theory[28]; and (2) A reparative process is initiated which together with friction forces, lead towards neobursae formation. However, an interplay between multifactorial calcification process and collagenolysis due to proteolytic enzymes produced from disintegrating histiocytes prevents functional bursae and bone formation. This results in the characteristic lesions of TC, representing the active stage of the process[26].

This multifactorial calcification is initiated by elevated calcium phosphorus product with hyper-phosphatemia as the overwhelming component. This hyper-phosphatemia can be explained by genetic mutations in the FGF23, GALNT3 or KLOTHO gene resulting in inactivation of the phosphaturic protein FGF23 in the primary hyper-phosphatemic variety. In the secondary type, this hyper-phosphatemic state is explained by the association with secondary hyperparathyroidism resulting from CRF. On the other hand, in the primary normo-phosphatemic variety, transient hyper-phosphatemia is the proposed mechanism. This transient hyper-phosphatemia is either produced locally due to tissue injury leading to release of phosphate from injured cells into extracellular space specially when injury involves muscles (main phosphate store in soft tissue), or induced by excessive oral or rectal use of a phosphate-saline laxatives[25,29]. This hypothesis still needs to be augmented. Figure 1 show a schematic illustration of the pathogenesis of the different types of TC.

Finally, calcified debris fills the loculi leading to bone formation with arrest of bursae forming activity and decline in collagenolysis activity, ending in fibrosis that surrounds the TC lesions. Here, the lesions become relatively quiescent[26].
DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

Diagnosis of TC involves differentiating the condition from its mimics and further classifying it into one of the aforementioned categories.

Patients with TC usually present with multiple or solitary swellings related to the joints, discomfort, pain, and joint movement limitation[28,30] most commonly affecting the hip, elbow, shoulder, foot, and wrist[17]. Growth of such lesions is mostly slow and progressive in nature over several years[31]. Sometimes, ulceration of the overlying skin occurs with superadded secondary infection[32,33]. Huge bilateral cases of TC though rare, have been described in the literature[34].

Diagnosis of TC is mainly based on imaging modalities. Plain radiographs show the typical appearance of amorphous, multilobulated and cystic calcifications in a peri-articular location[17]. Computed tomography (CT) helps in determining the extent and relations of individual lesions, and as a guide for surgical planning. It usually shows cystic loculi with fluid-fluid levels caused by calcium layering giving rise to “the sedimentation sign”[35]. In other instances, the lesion may appear homogenous denoting decreased activity in the quiescent stage[36,37]. Erosion or osseous destruction by adjacent soft-tissue masses is consistently absent; another hallmark of this pathology[17]. Magnetic resonance imaging (MRI) shows inhomogeneous high signal intensity on T2-weighted sequences with two patterns frequently observed; diffuse lower-signal-intensity pattern, or nodular pattern with alternating areas of high signal intensity and signal void. The lesions appear inhomogeneous with low-signal intensity on T1-weighted sequences[37].

Scintigraphy using radiolabeled phosphate compounds (technetium-99m methylene diphospho nate) is of great value in detecting multiple lesions, newly-forming lesions, bone marrow affection, and for monitoring therapy reflecting the activity of the lesions. Ultrasonography can also be of value in detecting loculated fluid collections, thus helping in determining the disease activity[17,37,38].

Other conditions including calcinosis universalis, calcinosis circumscripta, calcific tendonitis, synovial osteochondromatosis, synovial sarcoma, osteosarcoma, myositis ossificans, tophaceous gout, and calcific myonecrosis can confuse both the radiologists and the clinicians regarding the nature of these lesions. This can be resolved through combining typical radiological features of TC with the serum biochemical profile (including serum calcium level, serum phosphorus levels, renal function tests , serum parathormone level and 1,25-dihydroxy-vitamin D levels)[17,38]. Detailed family, drug and past history should also be obtained.

It should be emphasized that connective tissue diseases should be excluded before settling the diagnosis as primary TC specially in the setting of normal calcium and phosphorus levels. This can be achieved with a negative antinuclear, anti-Smith, anti-centromere and anti-scleroderma antibodies profile[17].

Although biopsy is better avoided for fear of infection[34]. It may still be done in difficult cases to settle the diagnosis[39]. Histopathological examination of TC lesions after biopsy or surgical excision shows certain characteristic morphologic features differentiating it from other calcifying processes. This includes formation of the characteristic compartments, which contain liquid chalky content together with calcifications. Such compartmentalized configuration frequently remains even in the quiescent stage[25].

TREATMENT MODALITIES

Treatment of TC should be tailored according to the type of the lesion, stage of the pathology together with the site, size and relations of the lesion, as well as symptoms of the patient.

Considering the primary variety, primary treatment is early surgical excision[40]. However, the high rate of recurrence warrants repeated excisions[2,33]. During surgery, TC lesions show a cystic nature with white and yellow chalky material formed by calcium hydroxyapatite crystals, calcium carbonate and calcium phosphate[18]. The presence of a hyper-vascular region beyond the periphery of the calcified mass as proven by angiography raises the possibility that a wider surgical resection margin may lead to fewer recurrences. Confirmation of this theory is however, still needed[41]. Slavin et al[26], reported that immobilization after resection may also have a role in decreasing new lesion formation in the adjacent tissues. 

Huge lesions may require extensive surgical excision and reconstruction[42]. Relations to important neurovascular structures may be challenging, resulting mostly in partial excision and rapid recurrence. However, partial excision of large symptomatic lesions can be helpful providing significant pain relief[43,44]. Indications for surgical excision also include recurrent infection, ulceration, and functional impairment[34,45]. 

According to a literature review done by King et al[45], surgical complications of TC excision include postoperative prolonged drainage which can lead to delayed wound healing and sinus tract formation, secondary infections caused by chronic wound problems specially with extensive disease or incomplete resection, and recurrence, which is frequent after incomplete excision and usually has a faster rate of growth. 

Medical treatment through phosphate depletion (dietary deprivation of phosphorus and phosphate binding chelating agents such as oral aluminium hydroxide has shown variable success rates in both normo- and hyper-phosphatemic cases[10,33,46]. The combination with acetazolamide to induce phosphaturia may have a valuable synergistic effect in lowering hyper-phosphatemia[47,48]. In-view of the high rate of recurrence after surgical excision, medical treatment in the primary variety could be reasonably considered before the surgical approach, especially in the hyper-phosphatemic entity.

From a pathogenetic point of view, medical treatment during the active stage maybe superior to surgery which is usually doomed with recurrence in this stage. On the other hand, surgical treatment may be more effective in the relatively quiescent stage where encapsulation occurs and hinders the ion exchange process leading to failure of phosphate depletion treatment[26]. Some authors advocate a combination therapy that includes surgical excision and medical treatment as a necessity in some resistant cases[49,50]. Alternative treatment modalities including the administration of steroids, diphosphonates, or calcitonin and radiation therapy have not proven to be effective[2,3,51-53].

On the other hand, treatment of secondary TC (end stage renal disease-related, hemodialysis-related TC) is mainly medical. Surgical excision is associated with more profound complications (infection, fistula formation) aggravated by the patient medical condition, together with the persistence of the etiology[34]. Surgical interventions or biopsies should be kept as a last resort in these patients. Medical treatment includes calcium and phosphorus restricted diets, dialysates, and phosphate binders (except aluminium containing binders). Several other medical treatments including Vinpocetine, Sodium thiosulfate, intravenous Pamidronate, have been used in treatment of the secondary variety of TC with variable success rates[54-58]. 
Given the underlying secondary or tertiary hyperparathyroidism in most of these patients, subtotal or total parathyroidectomy is the next logical step in the setting of medical treatment failure. This approach has demonstrated significant response[59-61]. Kidney transplantation may also be considered. Figure 2 show a schematic diagram of the diagnostic and treatment approach for TC.

CONCLUSION

In view of growing understanding of the pathogenesis of TC and evidence of the familial origin in the normo-phosphatemic, an agreement regarding the clinico-pathological entities to which the term TC should be coined should be sought. Such an agreement may necessitate preserving the term for the familial type of the condition including its two variants after exclusion of underlying disease process, or at least limiting the secondary variant to conditions sharing the same pathogenesis on ultrastructural level. This should be propagated to radiologists, clinicians and pathologists in order to avoid a misleading imprecise diagnosis. The exact diagnosis of TC relies on typical radiologic features and biochemical profile, with the exclusion of connective tissue diseases. Treatment plans should be tailored to individual cases. Generally, conservative treatment is better considered prior to the surgical approach in primary patients, reserving surgical excision to patients with disabling symptoms. In secondary cases, medical treatment in the mainstay. Treatment failure warrants parathyroidectomy, and surgical excision should be the last resort in these cases.
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Figure 1  Schematic diagram showing pathogenesis of different types of tumoral calcinosis. HPTC: Hyperphosphatemic tumoral calcinosis; NPTC: Normo-phosphatemic TC; CRF: Chronic renal failure; GALNT3: GalNAc transferase 3 gene; FGF23: Fibroblast growth factor 23.
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Figure 2  Schematic diagram showing the diagnostic and treatment approach for tumoral calcinosis. TC: Tumoral calcinosis.
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