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Osteosarcoma remains one of the most challenging cancers 
of childhood and young adults wherein the addition 
of chemotherapy to surgery has led to dramatic but 
improvements in the event‑free survival (EFS) (from 20% 
to 60%). However, these improvements have been largely 
reported in developed nations, with a gross mismatch seen 
in low‑ and middle‑income countries (LMICs). However, 
even in high‑income countries, the outcomes are largely 
static since the past three decades.[1]

Osteosarcoma therapy protocols mainly utilize a 
dyad backbone of cisplatin and doxorubicin, with the 
addition of a third drug, either ifosfamide or high‑dose 
methotrexate (HDMTX), which has led to rapid strides 
forward in survival in osteosarcoma.[1]

HDMTX‑based regimen is largely used in the developed 
world as a custom. However, there is no randomized proof 
of the superiority of this regimen over a non‑HDMTX‑based 
regimen.[2]

In LMICs, where the bulk of the patients present with 
malnutrition and advanced disease,[3] the feasibility 
of HDMTX is called into question. The in‑patient 
administration requirements, complex drug levels 
monitoring, and stringent hydration control, with increased 
nursing care,[4] are significant hurdles, other than costs 
and unpredictable toxicity. Further, the fertility‑sparing 
potential of HDMTX‑based regimen is largely negated by 
the concomitant use of mandatory alkylator (cisplatin).

Considering the poor ratio of both beds as well as 
nurses to patients in Tata Memorial Center, sustainable 
options were sorted over two decades which could be 
implemented without burdening the existing systems. Thus, 
non‑HDMTX protocols were conceptualized and over 
the course of many years, the protocols were fine‑tuned 
using principles of dose‑density and tumor kinetics. The 
first protocol used was the  OGS‑99 protocol implemented 
in the year 2000 consisting of ifosfamide, doxorubicin, 
and cisplatin administered together as three cycles before 
and after surgery. The 5‑year EFS for this protocol 
was suboptimal (38%) and the push for improvement 
continued.[5]

In 2010, the OGS‑99‑enhanced protocol was devised which 
added etoposide to the existing drugs and consisted of a 
total of nine cycles of chemotherapy. Compliance of patients 
was found to be an important factor in improving survival. 
This was the first milestone achieved by proper counseling 
and patient education. This protocol also incorporated 
the use of prophylactic granulocyte‑colony‑stimulating 
factor (G‑CSF), as the generic versions were available, 
bringing down costs.[6] These measures improved the 
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outcomes resulting in an EFS of 50% and overall 
survival (OS) of 60%.[5] However, the road to improvement 
did not end there.

In late 2011, the present protocol, “OGS‑12,” was 
designed.[3] It consisted of four cycles of neoadjuvant 
chemotherapy and four cycles of adjuvant chemotherapy. 
The three most potent drugs were used doxorubicin, 
ifosfamide, and cisplatin administered in a sequential 
fashion to increase the dose density. Etoposide was omitted, 
being the least effective with only added toxicity.[3] Cycles 
1 and 2 comprised doxorubicin (25 mg/m2 days 1–3) and 
cisplatin (33 mg/m2 days 1–3) and cycles 3 and 4 comprised 
ifosfamide (1.8 g/m2 days 1–5) and doxorubicin in the 
same dose. Cycles 5, 6, 7, and 8 comprised ifosfamide and 
cisplatin. Cumulative doses of the drugs were doxorubicin 
300 mg/m2, cisplatin 600 mg/m2, and ifosfamide 54 g/m2. All 
patients received G‑CSF prophylaxis for 7 days. Nutritional 
deficiencies were looked for and corrected using iron and 
folate supplementation. Patients were closely followed 
up for chemotoxicities with serial echocardiograms, 
diethylenetriaminepentaacetic acid‑glomerular filtration 
rate measurements, audiometry, and corrective measures 
taken. Patients were again counseled regarding compliance 
and side effects, and they were followed up continually 
to ensure adherence to treatment. The outcomes of 
385 patients who were given this protocol were analyzed, 
and all the above interventions helped us to improve the 
5‑year EFS to 62% and OS to 77%.[5] The improvement in 
survival can be clearly attributed to the application of the 
principles of chemotherapy dosing and tumor response[6] 
along with the enhanced supportive care and follow‑up of 
patients. The 3‑year survival using a non‑HDMTX protocol 
in osteosarcoma patients was 54.6% in a South Indian 
study.[7] Successive studies in another tertiary care center 
demonstrated 32% good responders and a 5‑year survival 
of 50% treated with a protocol without HDMTX.[8‑10]

The “OGS‑12” protocol was well tolerated with comparable 
toxicities. The incidence of febrile neutropenia (FN) was 
40% with three chemotherapy‑related toxicity deaths. 
Two of the patients developed secondary hematological 
malignancies during follow‑up. Cardiac, renal, and 
ototoxicity were not significant. The protocol was relatively 
easy to administer in an outpatient setting and did not 
require the rigorous monitoring that HDMTX entailed.

Some of the factors that correlated with survival were 
good performance status, timely completion of the entire 
protocol, good histological response, female gender, and 
occurrence of FN. The atypical correlation of female 
gender with survival may be due to the link between cancer 
outcomes, the circadian system, and varied gender‑specific 
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clock‑controlled gene expression.[9] Patients developing FN 
are probably more chemoresponsive and have additional 
immune‑mediated antitumor activity. Historically, William 
Coley, using toxins, proved that infections can induce 
remissions in sarcoma.[10] It is known that the infection 
generates inflammatory factors that activate resting 
dendritic cells and T‑cells that target the tumor.[11]

The overall cost of the “OGS‑12” treatment was 
considerably lower compared to the methotrexate, 
Adriamycin, and platinum (HDMTX) regimen[12] used in 
the Western world (2100$ vs. 7000$).[5] This protocol is of 
immense value, especially in LMICs where health systems 
are overburdened along with various cost constraints and 
patients presenting with very advanced disease. Addressing 
inefficiencies today is a vital measure to improve the quality 
of cancer care and to continuously evolve, we may require 
some “disruptive changes.” Sometimes, seemingly “simple” 
practices may significantly impact patient care, as is evident 
by the evolution of the management of osteosarcoma.

Studies are ongoing regarding the use of immunotherapy 
in osteosarcoma as well as the targeting biological 
pathways such as the PI3K/mTOR, WNT/βcatenin, 
transforming growth factor beta, receptor activator of 
nuclear factor‑kappa B ligand/nuclear factor kappa B, 
and insulin‑like growth factor. These new molecules in 
addition to chemotherapy may further enhance outcomes of 
osteosarcoma patients.[13‑15]

The novel “OGS‑12” protocol demonstrates how careful 
planning and thoughtful interventions like identifying 
and correcting deficiencies can improve on existing 
systems leading to improved patient survival and easier 
implementation. The journey does not end here, though, 
and we hope to build on this foundation and further better 
the protocol based on newer evidence and principles. Each 
step will take us toward the goal of curing every patient 
with nonmetastatic osteosarcoma!
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