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Abstract:
Osteopetrosis (OP) is rare metabolic bone disease characterized by impaired osteoclastic bone resorption. It is inherited by autosomal dominant or recessive mode, with variable penetrance, resulting in variable severity. It can present with cytopenia’s, extramedullary hematopoiesis and neurological features like nerve compression. Hematopoietic stem cell transplant (HSCT) is the curative treatment for severe cases (Malignant Infantile Osteopetrosis- MIOT variant) however literature to support the same is very sparse. We report 3 patients with OP, two of which were successfully treated with HSCT using TTF (Thiotepa Treosulfan Fludarabine) conditioning. HSCT is curative in these patients with better outcome when done early. 
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Introduction: Osteopetrosis (Albers Schoenberg1 disease) is a rare sclerosing bone dysplasia, with impaired osteoclastic activity increasing bone density. It derives its name from Greek word ‘osteo’ meaning bone & ‘petros’ meaning stone. It results in generalized bone osteosclerosis making them fragile (marble bone disease). Osteosclerosis of bones causes obliteration of medullary cavity resulting in extra-medullary hematopoiesis (hepatosplenomegaly) and cytopenia’s. It can also result in overgrowth of cranial nerve foramina causing compression of cranial nerves2 (optic, facial and auditory nerve). Hematopoietic stem cell transplant (HSCT) is the only curative modality for severe form of the disease with few exceptions. We report our experience of 3 cases with osteopetrosis treated with HSCT using TTF conditioning.
Case 1:
Baby H, born out of consanguineous marriage. She was thriving well in initial months of life when during a routine visit to pediatrician pallor was noticed with roving eye movements. On further evaluation, she was found to have pancytopenia requiring blood product support. Genetic workup was sent with a possible differential of osteopetrosis which turned out to be positive for TCIRG1 mutation. She was referred to us at 8 months of age for possible bone marrow transplant as the only curative option. In the absence of suitable matched family or unrelated donor, she was taken up for T cell depleted transplant using mother as donor. Donor specific antibody single antigen bead (DSA SAB negative). 
She underwent TCR alpha beta CD19 depleted haploidentical transplant using Fludarabine (Flu) @ 160mg/m2, Treosulfan (Treo)@ 36gms/m2, Thiotepa (TT)@ 15 mg/kg) rATG (Genzyme) (10mg/kg) based conditioning. She tolerated the conditioning well. She received GCSF mobilised, peripheral blood stem cells (PBSC) with a (CD34+ dose of 35 x 106 /kg body weight of recipient with 4.28 log alpha beta depletion and 3.71 log CD19 depletion). Cyclosporine was used for graft versus host disease (GvHD) prophylaxis, which was changed to sirolimus in view of hypertension requiring IV and oral anti-hypertensives. Post HSCT she developed treosulfan induced pulmonary toxicity which was managed symptomatically by invasive ventilation which was successfully weaned off after resolution of symptoms. She engrafted on day + 10. Day +14 whole blood chimerism was 100% and day +100 split chimerism showed cells T:97.42%, B:1.48%, Myeloid:99.2% of donor origin respectively. She had no signs of acute or chronic GvHD. Sirolimus was stopped on day +100 after gradual tapering. Currently she is day +509 post-transplant clinically doing very well with good immune reconstitution. Her vision still remains affected with just perception of light.
Case 2:
Baby H, 9-month-old girl, born out of consanguineous wedlock, presented with poor vision and poor response to sound. As part of evaluation, MRI and CT brain were done. CT brain and orbit revealed generalised increase in bone density and widening with narrowing of bilateral orbital canals, which was consistent with osteopetrosis. She was referred to us for possible HSCT as the only curative option. Mutation analysis was positive for TCIRG1 mutation. HLA typing revealed sibling to be HLA identical. After discussion with the parents, she was taken up for matched sibling donor HSCT using Flu (160mg/m2) Treo (36gms/m2) TT (10 mg/kg) hATG (ATGAM@Pfizer) (10mg/kg) based conditioning. She tolerated the conditioning well. She received GCSF mobilised, PBSC harvest with a CD34+ dose of 8 x 106 cells/Kg body weight. Cyclosporine and methotrexate were used for GvHD prophylaxis. Her post HSCT course was uneventful. She engrafted on day +13 post-transplant. She had poor platelet engraftment for which she received eltrombopag for 6 weeks. Day +21 whole blood chimerism was 93.6% donor and day +66 was 92.95 %. Currently she is day + 732 post-transplant doing well clinically. 

Case 3:
Master S, 2 year & 11-month-old boy, was diagnosed with osteopetrosis (TCIRG mutation) at 9 months of age, on being evaluated for anemia, splenomegaly and right sided facial paralysis. He also had roving eye movements and proptosis. He required frequent transfusion and had history of repeated chest infections. He was being managed conservatively till he presented to us for HSCT as a possible cure. On examination he had tachypnea (RR- 48/min) with noisy breathing, hypertension, b/l proptosis, abdominal distension with massive spleno-hepatomegaly. On CNS examination he was alert and active, had right facial palsy, nystagmus, moving all limbs. He underwent matched related HSCT (donor-father; HLA-10/10) using Flu@160 mg/m2, Treo@42gms/m2, TT@10 mg/k and rATG@7.5 mg/kg) as conditioning chemotherapy and GCSF mobilized PBSC product with CD-34+ count of 5 million/kg body weight. Cyclosporine was used for GvHD prophylaxis. Hypertension was managed with 2 anti-hypertensives. On day +2 he had seizure episode with desaturation and shock requiring CPR, intubation (difficult airway) and PICU care. He was started on mechanical ventilation. Being a case of osteopetrosis, ventilation was difficult due to stiffness of chest wall. Despite high ventilatory settings, optimal ventilatory parameters were not achieved leading to desaturation, bradycardia and finally arrest. Despite best possible medical efforts he could not be salvaged.

Discussion:
Osteopetrosis is a rare disorder, within the family of sclerosing bone dysplasia. Its incidence is variably estimated at 1:250,000 for autosomal-recessive osteopetrosis3 and 1:20,000 for autosomal dominant Osteopetrosis4. The hallmark of disease is reduced osteoclastic bone resorption function that resulting in a high bone mass. This leads to dense bone architecture results, brittleness and predisposition to fractures. Obliteration of marrow cavity results in pancytopenia and extramedullary haematopoiesis (hepato-splenomegaly). Cranial nerve foramina also get compromised causing cranial nerve deficits like visual impairment, hearing loss and other nerve palsies2. Imaging (X-ray) shows parallel band of dense bones giving ‘bone-within-bone’ or ‘endobones’ appearance, prominently seen in pelvis, long bones, phalanges & vertebrae. Osteopetrosis comprises a wide clinical spectrum and can be classified into severe, intermediate and mild variant5. 
HSCT5,6 is the only curative treatment option, indicated in severe forms of ARO with exception of few mutations (CLCN7, OSTM1 and RANKL). Although curative it comes with lot of challenges especially graft failure and increased organ toxicity. Orchard P.J et al7 reported the international experience of 193 patients undergoing either HLA matched sibling or alternative donor transplant. They did report that the outcomes were better with HLA matched sibling donors but did not observe any difference in graft failures. Conditioning related toxicity was another concern which was more with myeloablative conditioning mainly busulfan or melphalan based. They also emphasized the need of decreasing the risk of graft failure as well as toxicity to get the best outcomes. 
In our cohort, we assessed the safety and feasibility of treosulfan and thiotepa based conditioning for HLA matched sibling or alternative donor transplant. In all 3 patients conditioning was well tolerated. Two out of three patients engrafted, one patient died on day +2 post-transplant. Poor marrow microenvironment leading to poor stem cell homing and retention and to some extent immunological based rejection plays a major role in graft failure in OP. This can be addressed by adding thiotepa to the conditioning which is known for its marrow and immune suppressive potential. 
HSCT does not necessarily reverse complications, retrospective report of HSCT in osteopetrosis showed that only 7% of survivors experienced improvement in vision, whereas 69% had no further deterioration and 25% experienced further deterioration. Hence early HSCT is needed to prevent worsening of existing neurological deficits. HSCT had no effect on linear growth. Outcomes were better with earlier transplantation, particularly before the age of 3 months8.

Conclusion: Osteopetrosis is a rare bone disease with HSCT as a curative treatment option. HSCT should be done earlier (ideally before neurological deficits sets in) for better outcome. Treosulfan and thiotepa based conditioning is a safe and effective way of conditioning patients undergoing either MSD or alternative donor transplant for OP. Early intervention plays a major role in giving best outcomes and better quality of life.
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