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Abstract 

Purpose: 
Tumor necrosis and histopathological changes in Ewing sarcoma following neoadjuvant chemotherapy are important predictors of disease outcome. The aim of our study is to determine the clinical outcome and significance of pathological necrosis after neoadjuvant chemotherapy as it has not been reported in our country so far. 
Methods: Data was reviewed after IRB approval from January 2010 to December 2015 were retrospectively reviewed for patients with newly diagnosed Ewing sarcoma on histopathology and less than 20 years of age at the time of diagnosis.
 Results: A Total of 124 patients were included, in which 89 patients (72%) were non metastatic and 35 patients were metastatic (28%). Histopathology report after doing surgery showed Little or no (Grade 1 ) necrosis seen in 14 patients (11%) and 50-90% (Grade II) necrosis seen in 9 patients (7%), 90-99% (Grade III) necrosis seen in 8 patients (5.5%), and 100% (Grade IV) necrosis in 14 patients (11%). EFS of grade 4 necrosis was 93%, grade-3 71%, grade- 2 22% and grade-1 35%. OS of grade 4 necrosis was 93%, grade -3 75%, grade-2 25 % and grade-1 50%. EFS of Ewing sarcoma patients were 38% and OS was 38%. 
Conclusion: Tumor necrosis and histopathological changes after surgery has great impact on survival outcome in Ewing Sarcoma.





Introduction: 
1 Ewing sarcoma is an aggressive primary bone tumor, most commonly children and young 2adults are affected. [1]   About 20-25% of patients present with metastases at time of 3presentation in which pulmonary site involvement presents (70-80%) and osseous 4involvement (40-45%).[2] A multidisciplinary treatment strategy dramatically improved the 5survival of patients with localized Ewing sarcoma and a 10-year overall survival reached up to 655%-65% nowadays. However, local recurrence and distant metastasis leads to poor survival 7and 5-year overall survival of 20%- 35% in metastatic disease.[3]   Presence of metastasis at the 8time of diagnosis is one of strongest risk factor and other well-known risk factors are primary 9tumor site [4] and tumor volume/size.[5] Ewing sarcoma treatment consist of induction 10chemotherapy followed by local treatment of the primary tumor either by surgery, 11radiotherapy or both and at the end give consolidation chemotherapy.[6] Percentage of 12necrosis after giving induction chemotherapy is an additional prognostic factor for overall 13survival [7] but impact of surgical margins on overall survival is controversial; however, the 14risk of local relapse is significantly less after wide resection in comparison to marginal or 15intralesional resections.[8] Postoperative radiotherapy in patients with close resection and 16intralesional margins increase the local control and event free survival.[9] 
17The purpose of this study was to investigate the effect of site of tumor, tumor volume, and 18metastatic status of disease at diagnosis, percentage of necrosis after surgery, surgical 19margins and local control on local recurrence of disease, event free survival and overall 20survival in a patient with Ewing sarcoma in our institute. 
 
21Methods and Material: 
22This retrospective study approved by IRB of the Hospital. This study included 148 patients 23from December 2010 to December 2015 and followed up until the October 2019. Both non 24metastatic and metastatic patients were included in this study. 24 patients absconded after 25baseline workup, so 124 patients were included in this study. 

26The diagnosis of Ewing sarcoma was made by histopathologist on open biopsy and confirmed 27on the presence of round blue cell tumor and CDI antigen which was absent in 28lymphoma, rhabdomyosarcoma and neuroblastoma. All patients underwent complete 29history thorough physical examination, blood tests, imaging of primary site such as MRI scan 30and CT scan in patients in which thorax was primary site, CT thorax to rule out pulmonary 31involvement, bone scan and bilateral bone marrow biopsy.  

32Data were collected on patient age, sex, primary tumor site, metastatic 33status, tumor volume, mode of local therapy, degree of necrosis after surgery, tumor margins 34after resection, outcome at end of treatment and at last follow up visit. 
35Tumor volume was measured by recording the maximum dimensions in three planes. Tumor 36volume < 200ml and > 200ml were included in our study. 

 37EE- 99 protocol was used in 112(90%) patients and 12(10%) patients treated on AEWS 0031 38protocol. In EE- 99 Protocol VIDE (Vincristine, Ifosfamide, Doxorubicin, Etoposide) and 39VAI (Vincristine, Actinomycin, Ifosfamide) chemotherapy drug included .In AEWS 0031 40Protocol compressed cycles of Ifosfamide and Etoposide alternating with 41Vincristine, Doxorubicin, cyclophosphamide chemotherapy drugs included. 

42In EE-99 Protocol, reassessment done after fourth cycles of VIDE chemotherapy and mode of 43local control decided and local control done after sixth cycle of VIDE chemotherapy while in 44AEWS 0031 Protocol Reassessment performed after fifth cycle of chemotherapy and local 45done after sixth cycle.  

46Local control in the form surgery had given to the patients whose tumor was amenable to 47resection with adequate margins regardless of size, response to chemotherapy or location of 48tumor. However, in some patients it was based on the patient and tumor characteristics 49which standardize the choice of local control. Preoperative radiotherapy was given to those 50patients presented with spinal cord compression and in patients where complete 51resection of tumor not possible after induction chemotherapy. Postoperative radiotherapy 52had given to those patients in whom there was poor histological response that is less 90% 53necrosis and marginal surgery. The dose of radiotherapy was 55.4 Gys in 30 Fractions. After 54local treatment patients received consolidation chemotherapy. 

55Histological response and resection margins were assessed on the surgical specimen by 56experienced institute pathologists. For Tumor necrosis grading Huvos system was used, there 57were four grades, grade I Little or no necrosis, grade II  50-90% Necrosis, Grade III 90-99% 58Necrosis, Grade IV 100% Necrosis. 

59Local disease relapse was defined as local site recurrence after initial complete treatment 60response and distant metastasis defined as new metastatic disease after initial complete 61response. 
62The outcome of treatment was evaluated in terms of OS and EFS. Overall survival was 63calculated from date of start of treatment to the last follow up. Event free survival was 64measured from start of therapy to end of treatment as disease progression, relapse and death. 

65Statistical Analysis: The IBM SPSS version 20 (IBM Corp., Armonk, NY, USA) was utilized for 66statistical analyses. Mean ± standard deviation was employed to summarize quantitative 67data, whereas frequencies and percentages were used to organize qualitative data. The 68association of explanatory variables in relation to status (alive or death) was determined by 69using chi-square test. Univariable and multivariable logistic regression (MLR) model was used 70to identify the independent risk factors associated with mortality. Kaplan–Meier survival 71curves were used to assess overall survival (OS) of patient’s cohort. Log-rank test was 72employed to compare the overall survival. Statistical significance was defined as a two-tailed 73p-value 0.05. 

74Results: 
75A total of 148 patients with Ewing Sarcoma registered for treatment between 2010 and 762015.Of the total, 24 patients were absconded after baseline workup and before the start of 77treatment. Out of 124 patients, 71 (57%) patients were male and 53 (43%) were female. 78Mean age of presentation was 11.3 years, (age range 1-18 years).The median follow-up of 79cohort was 48 months. There were 64 limb tumors (51.6%) and 60 were central tumors 80(48.3%) affecting the primary pelvis, head and neck, thorax, spine and abdomen.112 (90%) 81patients were treated on EE- 99 protocol and 12(10%) patients on AEWS 0031 82protocol.(Table 1)

83The four- year event free survival of Pediatric Ewing sarcoma patients was 38% and overall 84survival was 46.4% as shown in figure no 1 and 2. On univariate analysis, metastatic status (p 85<0.005), effect of local control (p <0.005), percentage of necrosis after neoadjuvant 86chemotherapy (p 0.001) fig 3&4, tumor margins (p 0.001) and relapse status (p 0.001) 87significantly affected the overall survival of disease. 

88In multivariate analysis, three variables were identified as independent risk factors 89for mortality in Ewing sarcoma: if disease is metastatic adjusted odds ratio [AOR]2.73; 95% 90confidence interval [Cl] (0.90 8.25); p-value 0.08, tumor margins involved adjusted odds ratio 91[AOR] 3.63; 95% confidence interval [Cl] (1.01,14.42), p-value 0.004, relapse status was 92positive adjusted odds ratio [AOR] 16.20; 95% confidence interval [Cl] (4.65 58.50); p-value 930.001. (Table 2)
94In patients in which margins were involved 2 patients showed relapse at local site, 3 patients 95had relapse at distal site and 6 patients relapsed in both sites. 

96Outcome of patients at end of treatment showed Alive were 48(39%) patients, Relapse in 23 97(18.5%) patients, Disease Progression in 21 (17%) patients, Death in 20(16%) patients and 98abandonment 12 (9.7%) patients. The causes of death in 20 patients were sepsis in 14 (70%) 99patients, Therapy related AML in 4 (20%) patients and disease progression in 2(10%) 100patients. Those patients died due to sepsis 13 patients were treated on EE 99 and one 101patient on AEWS 0031 protocol. Therapy related AML developed in those patients who 102treated on Euro Ewing 99 Protocol.  

103There were total 44 patients who had relapse were 23 (18.5%) and disease progression in 10421(17%) patients. Local site relapse in 10(8%) patients, in which 2 patients had spine 105disease, 4 patients had disease in pelvis, 3 patients had disease in thorax and lower limb 106involvement in 1 patient. Surgery was done as local therapy in 1 patient, radiotherapy in 7 107patients and combine therapy had given in 2 patients. 

108Distant site relapse in 14(11.3%) patients, in which spine involvement in 2, pelvis 3, thorax 109in 1, head and neck in 2, upper limb in 4 and lower limb in 2 were involved. Surgery was 110done in 2, radiotherapy in 10, combine treatment were given in 1 111patient. Combine relapse in 20 (16%) patients, in which pelvis involved in 5 patients, Thorax 112in 1, lower limb in 9, upper limb in 4, head and neck in 2 and spine in 1 patient. Surgery was 113done in 7 patients, radiotherapy in 12 patients and combine therapy were given in 1 114patient. 

115Different chemotherapy agents such as vincristine, topotecan, 116cyclophosphamide, Ifosfamide, carboplatin, etoposide, gemcitabine, oxaliplatin and 117irinotecan were given either alone or in combination with radiotherapy and surgery. 40 118(91%) patients were died due to disease progression and only 4 (9%) patients were alive.  

119Discussion:
120Pediatric sarcoma is the third most common malignancy and in which Ewing sarcoma is the 121second most prevalent bone tumor in children and adolescents. In developing countries like 122Pakistan, there are few tertiary care oncology centers in which Pediatric Ewing 123sarcoma treatment is present. Shaukat khanum Memorial cancer hospital and research 124center is the one of tertiary care cancer hospital in which specific management of Ewing 125sarcoma available and there is scarcity of published data on Pediatric Ewing sarcoma from 126Pakistan. This single center study revealed the risk factors and predictors of survival 127outcome in Pediatric Ewing sarcoma.  

128During the last three decades there is improvement in survival outcome of Ewing 129sarcoma patients due to advancement of chemotherapy agents however, in low income 130countries such as Pakistan, Event free and overall survival is still below 50 percent. 131There are multiple pre-treatment risk factors which affects the survival in Ewing sarcoma. In 132our study, we investigated effect of site and size of tumor, metastatic status, mode of local 133therapy, percentage of necrosis after surgery, margins, and relapse site on the overall 134survival in a cohort of Ewing sarcoma patients by using a multivariate model.   

135Pediatric Ewing sarcoma incidence more common in 2nd decade of life and only 13615% patient's occurred in age less than 10 survival outcomes [10] however, in our study 137about half of patients were age less than 11 years. In previous studies, survival outcome of 138Pediatric Ewing sarcoma is better than adult population [11] which was contrary to our 139study in which most deaths occurred in children less than 11 years and those who were 140more than 11 years had fewer deaths. 
141There is no impact of difference in gender on treatment efficacy and drug toxicity as 142showed by Van Berg H et al study, however further studies needed to prove the difference 143in enzyme metabolism for Ifosfamide and cyclophosphamide between males and females. 144In our study female patient number although less as compare to male patients and death 145also occurred less in female patients.  In previous studies, baseline tumor volume had 146impact on disease outcome as in our study but the most important factor to consider is 147estimation of tumor volume response to initial chemotherapy and histological response 148after surgery on the survival outcome as studied by Ladenstein R et al and Jose Met et 149al [13, 14].  

150Metastatic Ewing sarcoma is a very aggressive systemic disease and presenting as a wide 151spectrum ranging from solitary lung metastasis to widely disseminated multi organ 152disease with different disease outcome. [15] Isolated pulmonary metastasis disease 153outcome is always better than bone and bone marrow disease despite of treating with high 154dose chemotherapy along with stem cell transplant. In our study, metastatic disease had 155dismal outcome whether it was isolated or combine metastasis and no patient survived.  

156The management of Pediatric Ewing sarcoma patients included systemic chemotherapy and 157local control either by surgery or radiotherapy or surgery followed by radiotherapy. In the 158systemic chemotherapy there are multiple chemotherapy drugs used in combination in 159initiation and consolidation chemotherapy. As in Euro Ewing 2012 trial, survival 160outcome with initiation chemotherapy with VDC/IE(Vincristine, doxorubicin, 161cyclophosphamide, Ifosfamide, etoposide) and continuation phase with IE/VC 162( Ifosfamide, ,etoposide, vincristine, cyclophosphamide) is better than VIDE/VAI/VAC ( 163Vincristine, ifosfmaide,doxorubicin, etoposide,actinomycin, cyclophosphamide) chemothera164py.[16] However, in our study most of patients were treated with 165VIDE/VAI chemotherapy and almost all patients died due to sepsis received this 166chemotherapy and therapy related complications were also common similar to literature.  

167The decision on local control in our study was depend on the plan made in multidisciplinary 168meeting. MDT decision based on site, size of tumor and patient and 169family preference also considered in final decision. In our study, 16% percent of patients 170were absconded during the treatment and most patients at time of local control.  
171As in previous studies, [17]in our study best outcome was achieved with surgery followed 172by surgery along with post-operative radiotherapy. Approximately all patients who were 173primary site was pelvis was treated with radiotherapy solely. After surgery two most 174important risk factors for local and distant relapse were surgical margins and percentage of 175necrosis on histology after chemotherapy.[18] In our study those patients whose 176percentage of necrosis on histology was 100% had more than 90% EFS as compared to 177those who had no necrosis on histology.  

 178The role of post-operative radiotherapy seemed to be protective in patients in which 179margins are involved to reduce the risk of local relapse and it is also helpful in Pelvic or axial 180skeleton Ewing sarcoma, unfortunately in our study all patients with Pelvic Ewing sarcoma 181died due to local disease recurrence.  Radiotherapy has association with development    182of secondary malignancies, growth retardation and postoperative complications in limb 183salvage reconstructive surgeries.  

184In Ewing sarcoma about 70% of relapse happened within 2 years of completion of 185treatment and very rarely patients relapsed after 2-5 years of completion of 186treatment.[19] In our study half of relapsed patients presented with both local and distant 187relapse and most of the patients were identified on follow-up imaging and very few 188presented with clinical signs and symptoms. There is multiple chemotherapy drugs used for 189treating recurrent Ewing sarcoma and rEECur study is currently being performed to evaluate 190the best regimen. Temozolamide/irinotecan combination regimen holds 47% cumulative 191response rate as compare to another regimen.[20] Clinical trials including 192cytotoxic chemotherapy, agents targeting pathways specific to tumor cells and 193immunotherapy are going on and these are essential for treating resistant systemic 194disease. 

195This study showed the most important risk factors for mortality in Ewing 196sarcoma are gender, metastatic status of disease at baseline, tumor margins after surgery 197and relapse status after completion of treatment which strengthens our study. The most 198important thing to reduce the mortality and abandonment is educating the general 199physicians and pediatricians for early referral to pediatric oncologist along with psychosocial 200support by developing support groups for poor patients. 

201This study is retrospective study which is the main drawback of this study and this showed 202the single institutional experience treating the Ewing sarcoma. There is no follow-up of 203patient who were abandoned the treatment.
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208Conclusion: 
209Knowledge of prognostic factors in Ewing sarcoma patients helps to guide treatment 210planning and there is a need for close collaboration between pediatric and adult sarcoma 211centers around the world to develop curative therapy in recurrent Ewing sarcoma.  
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