


Table of Contents

Original Articles

The Disruption of Mage-11 Gene via CRISPR/Cas9 Method Induced Apoptosis in the in vitro Model of Prostate Cancer ....................07

Leila Farhadi, Farzad Soleimani, Shohreh Fakhari, Ali Jalili

How does Linkage to the National Death Index Affect Population-Based Net Survival Estimates for 

Women with Cervical Cancer in Saudi Arabia? ..........................................................................................................................................17

Eman Alkhalawi, Claudia Allemani, Ali Saeed Al-Zahrani, Michel P. Coleman

Progress Against Cancer in Kuwait: Trends in Incidence, Survival and Mortality ....................................................................................23

Alawadhi E, Al-Awadi A, Elbasmi A, Coleman MP, Allemani C

Oral Intake of Combined Natural Immunostimulants Suppresses the 7,12-DMBA/ Croton Oil Induced 

Two-step Skin Carcinogenesis in Swiss Albino Mice ...............................................................................................................................32

Mohammed Abdellaoui, Assia Kadi, Yamina Abrazi, Yacine Kadi, Adnane Gary, Hind Kherfi, Zinelaabidine Cheraiet, Mahfoud Mesarah

Long-Term Outcomes of Limb-Salvage Surgery for Malignant Bone Tumors at a Single Institution in a Developing Country ............42

Ahmad Shehadeh, Muhamad Al Qawasmi, Adib Edilbi, Iyad Sultan, Taleb Ismael, Sameer Yaser, Abdellatif Al Mousa

EGFR Mutation in Non-squamous Non-small-cell Lung Carcinoma (NS-NSCLC) in the Arab World: A systematic Review ...............54

Dany Nassar, Claudia Chidiac, Elio Ibrahim, Karl Abou Zeid, Fady Haddad, Hampig Kourie

Elderly Patient Involvement in The Decision-Making Process of Breast Cancer Management in Kuwait ..............................................62

Afrah Aladwani, Faisal Alterkait, Alexander Mullen, Emad Eldosouky

Transfer learning with different modified convolutional neural network models for classifying digital 

mammograms utilizing Local Dataset ........................................................................................................................................................66

Mohammed Tareq Mutar, Mustafa Majid, Mazin Judy Ibrahim, Abo-Alhasan Hammed Obaid, Ahmed Zuhair Alsammarraie, 

Enam Altameemi, Tara Farouk Kareem

Association of Clinical Staging of OSMF with Habit of Smokeless Tobacco Consumption - Hospital Based Cross Sectional Study ....72

Ekta A. Malvania, Shilpa J. Parikh, Vaishanavi Pathak, Pranay B. Nayi, Tadrushi A. Gandhi, Nidhi N. Patel

Review Article

Salivary Lactate Dehydrogenase as a Potential Biomarker in Oral Potentially Malignant Disorders 

and Head & Neck Cancer- A Systematic Review and Meta-analysis ......................................................................................................78

Lokesh Kumar S, Zameera Naik, Vasanti Lagali-Jirge, Sridhar M, Arun Panwar, Vaishali Keluskar

Case Reports

Desmoid Tumor of the Rectus Abdominis with Urinary Bladder Involvement: A Case Report and Review of Literature .......................100

Moath Alfentoukh, Abdulwahab Salih, Mukhtar E. Hassan, Osamah Alghamdi, Khadija A. Alkhawaja, Mustafa A. Ibrahim, 

Elsanousi Ibrahim Sabir

Pilomatrix Carcinoma–Rare Presentation of an Unusual Cutaneous Malignancy ....................................................................................107

Raja Anand, Malik Kanuj, Sundersingh Shirley

Ghost Cell Odontogenic Carcinoma with Sarcomatous Transformation: Report of a Rare Case with Review of Literature. ..................111

Sithara Aravind, Jasmin Jose, Sangeetha K Nayanar, Sajith Babu T P

Conference Highlights/Scientific Contributions

• News Notes .............................................................................................................................................................................................117

• Advertisements ......................................................................................................................................................................................120

• Scientific events in the GCC and the Arab World for 2022 ...................................................................................................................121



42

Abstract

Introduction: With the introduction of neoadjuvant 
chemotherapy, increased expertise in surgical oncology, 
and advanced skeletal imaging techniques, limb salvage 
surgery is becoming the standard of care for treating 
malignant bone tumors. However, few studies have 
examined the outcomes of limb salvage surgery with 
relatively large sample sizes in developing countries.

Materials and Methods: Therefore, we conducted a 
retrospective study of 210 patients who received limb 
salvage surgery at King Hussein Cancer Center in Amman, 
Jordan, over a follow-up period of 1 to 14.5 years (2006–
2019). 
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Results: Negative resection margins occurred in 203 
(96.7%) patients and local control occurred in 178 
(84.8%) patients. The mean functionality outcome for 
all patients was 90%, and 153 (72.9%) patients did not 
experience any complications. The 10-year survival rate 
for all patients was 69.7%, and the rate of secondary 
amputations was 4%.

Conclusion: Therefore, we conclude that the outcomes 
of limb salvage surgery in a developing country are 
comparable to those in developed countries when 
adequate resources and trained orthopedic oncology 
teams are available. 

Keywords: Osteo-oncology, Orthopedic cancer, Limb 
salvage surgery, Osteosarcoma, Ewing Sarcoma.

Introduction

Limb-salvage surgery (LSS) is replacing amputation as 
the standard of care for treating malignant bone tumors(1). 
This was realized with the introduction of neoadjuvant 
chemotherapy, an increase in expertise in skeletal 
reconstruction modalities, and advancements in skeletal 
imaging techniques to delineate tumor margins(1–2). This 
is particularly important for patients with osteosarcoma 
(OS) because their long-term survival after LSS and 
appropriate chemotherapy has increased from 10%–20% 
to nearly 70%(3).

Even in instances in which LSS has a similar 
complication profile to that of amputation, including 
local recurrence and survival rates, LSS provides greater 
psychological benefits to patients and preserves limb 
function to a greater extent than does amputation(4–5). This 

is especially important in developing countries where 
amputees are often not socially accepted and living a 
normal life with limited support from their government is 
challenging(5–7). 

LSS consists of three basic steps: (1) resecting the 
tumor and the involved bone segment in one piece 
and with negative resection margins, (2) performing 
skeletal reconstruction of the resultant defect with 
a metal endoprosthesis or a biological substitute, 
and (3) performing soft tissue coverage for the used 
endoprosthesis(2). A lack of feasibility for any of these 
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three steps indicate that the limb is not salvageable and 
that amputation is more suitable.

Few studies have comprehensively reported the 
outcomes of LSS in developing countries(5–7). Moreover, in 
most of these studies, the sample size is not large enough 
to generate quality data. Due to the economic limitations 
in developing countries, heterogeneity in chemotherapy 
protocols and surgery selection also confound such 
studies; therefore, the outcomes cannot be generalized to 
all patients(5). To address this shortcoming, we examined 
patients who were treated by the same orthopedic 
oncology team, with the same protocol, and at the same 
institution. We measured multiple outcomes of LSS in a 
total of 210 patients who were treated at King Hussein 
Cancer Center (KHCC) in Amman, Jordan.

Materials and Methods 

Patients 

From 2006 to 2019, KHCC admitted 244 patients with 
malignant bone tumors. At initial evaluation, 34 patients 
were deemed ineligible for LSS. Twenty of these patients 

received inappropriate interventions before being referred 
to KHCC and 14 had advanced tumors. All of these patients 
received primary amputation and were excluded from 
this study. The remaining 210 patients were considered 
candidates for LSS and received surgery accordingly. The 
mean age of the patients was 23 years (3–70 years), and 
the gender distribution was 119 (56.7%) males and 91 
(43.3%) females.

Osteosarcoma (OS) was the most common 
histologically confirmed diagnosis, occurring in 111 
(52.9%) patients. Ewing sarcoma (ES) was the second most 
common diagnosis, occurring in 43 (20.5%) patients, and 
metastatic tumors occurred in 14 (6.7%) patients (Table 
1). The distal femur was the most common anatomic site 
of bone tumors, occurring in 84 (40%) patients. This was 
followed by the proximal tibia in 34 (16.2%) patients and 
the proximal femur in 30 (14.3%) patients (Table 2). 

Surgical procedures and 
reconstruction modalities 

Tumor management for all patients was discussed by 
our multidisciplinary team, and the patients most likely 
to benefit from LSS were selected as candidates. The 
surgical resection and reconstruction LSS procedures 
followed previously published techniques(4,8–10). The 
primary reconstruction modalities that were used were as 
follows: (1) endoprosthetic reconstruction in 191 (91%) 
patients; (2) biological reconstruction in 7 (3.3%) patients, 

Tumor Type
No. 

patients
Percentage 

(%)

Osteosarcoma 111 52.9

Ewing sarcoma 43 20.5

Metastatic tumor 14 6.7

Giant Cell tumor 11 5.2

Chondrosarcoma 10 4.8

Adamantinoma 4 1.9

Multiple myeloma 3 1.4

Fibromatosis 3 1.4

High-grade sarcoma 2 1

Lymphoma 2 1

Atypical fibrous histiocytosis 1 0.5

Pigmented villonodular synovitis 1 0.5

Gorham 1 0.5

Malignant fibrous histiocytoma 1 0.5

Aneurysmal bone cyst 1 0.5

Epithelioid 
hemangioendothelioma

1 0.5

Myoepithelial carcinoma 1 0.5

Total 210 100.0

Table 1: Frequency of patients receiving limb-salvage surgeries 
according to histologic tumor types

Anatomic location No. patients Percentage (%)

Distal femur 84 40

Proximal tibia 34 16.2

Proximal femur 30 14.3

Proximal humerus 24 11.4

Pelvis 9 4.3

Scapula 8 3.8

Distal tibia 7 3.3

Middle tibia 4 1.9

Middle femur 3 1.4

Middle humerus 2 1

Ulna 2 1

Distal humerus 1 0.5

Distal radius 1 0.5

Proximal radius 1 0.5

Total 210 100.0

Table 2: Frequency of patients receiving limb-salvage surgeries 
according to tumor’s anatomic location
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with 5 receiving frozen massive structural bone allografts 
and 2 receiving non-vascularized fibular autografts; and 
(3) no reconstruction in 12 (5.7%) patients with pelvic, 
scapular, and fibular tumors (Figure 1). Three of the five 
patients who received bone allografts experienced failure 
because of allograft fracture and resorption. One of these 
three patients received an additional bone allograft, and 
the remaining two patients received endoprosthetic 
reconstruction. This increased the total number of 
patients who received endoprosthetic reconstruction to 
193 (91.9%). 

Four types of endoprosthesis were used: (1) global 
modular reconstruction system (GMRS) (Stryker, NJ, USA) in 
137 patients, (2) custom-made joint-sparing (Stanmore, 
UK) in 32 patients (for 25 primary reconstructions and 7 
failed bone allografts or modular prosthesis revisions), (3) 
expandable (JTS, Stanmore, UK) in 22 patients who were 
skeletally immature children, and (4) 2 custom-made 
scapular endoprosthesis.

Primary and secondary endpoints 

The primary endpoints of this study included the 
percentage of patients with negative and positive 
resection margins, frequency of various complications, 
and complications resulting in the highest rates of revision 
and secondary amputations. The secondary endpoints 
included the incidence of histologically confirmed tumor 
types, anatomic locations of primary tumors, factors 
affecting local recurrence (i.e., patient age, gender, 
pathologic fractures at presentation, joint-sparing 
endoprosthesis, tumor size, resection margin extent, 
and tumor necrosis magnitude), local recurrence rate, 
endoprosthesis mean modified Musculoskeletal Tumor 
Society/International Society of Limb Salvage (MSTS-
ISOLS) scores, and 5- and 10-year survival rates.

Data analysis and statistical considerations

We retrospectively analysed all LSS procedures at 
KHCC over a follow-up period ranging from 1 to 14.5 
years (2006 to 2019) and performed descriptive analyses 
of all patient information. Categorical data, including 
histologically confirmed tumor types and anatomic 
locations, are presented as frequency and percentage. The 
mean and range values were calculated for continuous 
data, including patient age. The difference in proportions 
between the factors affecting local recurrence and local 
recurrence were tested with χ2 test or Fisher exact 
tests. The Kaplan–Meier method was used to estimate 
overall survival curves. Log-rank tests were used to 
compare survival values. Survival data are expressed as 
medians and 95% confidence intervals. Overall survival 
was calculated from the date of diagnosis to the date 
of death from any cause; patients who were alive at the 
last follow-up were censored at that time. A significance 
level of p ≤ 0.05 was used for all analyses, which were 
performed with SAS, version 9.4 (SAS Institute Inc., Cary, 
NC, USA). 

Ethical considerations 

All patients involved in this study signed an informed 
consent form, documenting their approval to be included. 

Results

Demographics and oncologic outcomes 

Local recurrence occurred in 32 (15.2%) patients, and 
14 of these patients experienced systemic recurrence 
(Table 3). Six patients with local recurrence did not 
receive neoadjuvant chemotherapy because it was 
not appropriate for their tumor type. The remaining 26 
patients received neoadjuvant chemotherapy. Twenty-

Figure 1: Endoprosthesis used for limb-salvage surgeries. (a) Expandable endoprosthesis (JTS, Stanmore, UK). (b) GMRS endoprosthesis 
(Stryker, NJ, USA) the distal femur. (c) GMRS endoprosthesis (Stryker, NJ, USA) the proximal femur. (d) Inverse Proximal humerus 
endoprosthesis (Stanmore , UK) in proximal humerus. (e) Joint-sparing endoprosthesis (Stanmore, UK). (f) Frozen bone allograft.

A B C D E F
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Factors
Total no. (%) No. local recurrences (%)

p values
No Yes

Gender

F 91 (43.3) 82 (46.1) 9 (28.1) 0.059

M 119 (56.7) 96 (53.9) 23 (71.9)

Age group

≤30 159 (75.7) 134 (75.3) 25 (78.1) 0.730

>30 51 (24.3) 44 (24.7) 7 (21.9)

Pathological fracture on presentation

Excluded 32 29 3

No 160 (89.9) 134 (89.9) 26 (89.7) 1.00

Yes 18 (10.1) 15 (10.1) 3 (10.3)

Margins

Negative 203 (96.7) 171 (96.1) 32 (100) 0.598

Positive 7 (3.3) 7 (3.9)

Joint-sparing endoprosthesis

No 181 (86.2) 154 (86.5) 27 (84.4) 0.781

Yes 29 (13.8) 24 (13.5) 5 (15.6)

Tumor size one-third of bone

Excluded 56 50 6

Above 78 (50.6) 61 (47.7) 17 (65.4) 0.099

Less 76 (49.4) 67 (52.3) 9 (34.6)

Percentage of chemotherapy-induced tumor necrosis for patients with OS or ES (n = 154)

Excluded 56 50 6

Necrosis <90% 91 (59.1) 72 (56.3) 19 (73.1) 0.112

Necrosis ≥90% 63 (40.9) 56 (43.8) 7 (26.9)

Percentage of chemotherapy-induced tumor necrosis for patients with OS or ES (n = 154)

Excluded 56 50 6

Necrosis ≤90% 101 (65.6) 78 (60.9) 23 (88.5) 0.006

Necrosis >90% 53 (34.4) 50 (39.1) 3 (11.5)

Percentage of chemotherapy-induced tumor necrosis for patients with OS (n = 111)

Necrosis <90% 67 (60.4) 50 (56.8) 17 (73.9) 0.118

Necrosis ≥90% 44 (39.6) 38 (43.2) 6 (26.1)

Percentage of chemotherapy-induced tumor necrosis for patients with ES (n = 43)

Necrosis <90% 21 (48.8) 18 (48.6) 3 (50) 1.000

Necrosis ≥90% 22 (51.2) 19 (51.4) 3 (50)

ES, Ewing sarcoma; OS, osteosarcoma.

Table 3: Factors affecting local recurrence.
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one of the 32 patients who developed local recurrence 
were treated nonsurgically with palliative radiation and/
or chemotherapy. The remaining 11 patients were treated 
surgically, with 5 receiving secondary amputations and 6 
receiving wider local excision of the recurring tumor. 

Of the patients with local recurrence, 71.9% were male 
and 78.1% were aged ≤30 years; however, we did not 
observe a statistical association between gender or age 
and local recurrence. Furthermore, 89.7% of those with 
local recurrence did not have a pathologic fracture upon 
presentation, but this was also not statistically significant. 
Pathologic fracture upon presentation was not assessed 
for patients who did not have primary bone tumors because 
this is not a primary prognostic tool for such patients. The 
majority (84.4%) of patients with local recurrence did not 
have joint-sparing endoprosthesis, but this was also not 
statistically significant. Negative resection margins were 
achieved for 203 (96.7%) patients. Surprisingly, none of 
the remaining seven patients who had positive resection 
margins experienced local recurrences. Nevertheless, we 
did not find any statistical association between resection 
margin extent and local recurrence. 

Several studies have supported the association 
between the grade of neoadjuvant chemotherapy-
induced necrosis and the degree of tumor control(11). In 
most of these studies, tumor necrosis rates exceeding 
90% are associated with good tumor control. In contrast, 
tumor necrosis rates <90% are associated with poor 
tumor control(11). Only patients with OS and ES received 
neoadjuvant chemotherapy before surgery; therefore, 
we included only these patients in our analysis of tumor 
necrosis extent. When we combined both patients with 
OS and ES, we found that 73.1% with local recurrence 
had a tumor necrosis extent of <90%. When we analysed 
patients with OS alone, we similarly found that 73.9% with 
local recurrence had a tumor necrosis extent of <90%. 
For only patients with ES, 50% with local recurrence had 
a tumor necrosis extent of <90%. However, we found 
no statistical association between the extent of tumor 
necrosis and local recurrence. Surprisingly, when we 
shifted our original tumor necrosis extent criteria to ≤90% 
or >90%, these factors were statistically associated (p = 
0.006). With these new criteria, 88.5% of patients with 
local recurrence had a tumor necrosis extent of ≤90%. 

We next assessed the association between tumor size 
and local recurrence. Tumors with a maximum dimension 
that is more than one-third that of the bone it was derived 
from have a higher incidence of recurrence(10). Patients 
with tumors that were difficult to measure, including flat 
bones such as the scapula and pelvis, were excluded 
from our analysis. Notably, 65.4% of patients with local 
recurrence had tumor sizes that exceeded one-third of 

the bone it was derived from. However, the association 
between tumor size and local recurrence was not 
significant. 

Functional outcomes

We assessed the functional outcomes of LSS according 
to the mean modified MSTS-ISOLS scores(10). The patients 
were interviewed and assessed in our rehabilitation unit, 
and the resulting scores were calculated (Table 4). We 
calculated the functional outcomes for the different types 
of endoprosthesis at different anatomic locations (Table 
5). Patients who received joint-sparing endoprosthesis 
experienced the best functional outcomes (97%; range, 
93%–100%). 

Complications encountered 

A total of 153 (72.9%) patients did not experience any 
complications and received only primary surgery. The most 
common complications encountered were mechanical, 
which occurred in 16 (8%) patients. Eight patients 
experienced aseptic loosening (five with GMRS and three 
with joint-sparing endoprosthesis) (Figures 2a and b), 
two experienced stem breakages, three experienced 
mechanism failures, and the remaining three patients 
experienced polyethylene wear and tear. All patients with 
aseptic loosening received revision surgeries. At the time 
of revision, all cemented stems were converted into larger 
cementless stems. Patients with stem breakages received 
revisions of their endoprosthesis. Patients with expansion 
mechanism failures received complete revisions of their 
expandable endoprosthesis. Those with wear and tear 
received polyethylene replacement without removing the 
entire endoprosthesis. In conclusion, 13 of the 16 patients 
with mechanical complications received endoprosthesis 
removal and revision. Fifteen (7%) patients had superficial 
skin infections. This was managed by debridement and 
antibiotics, which occurred 2 weeks after resuming 
adjuvant chemotherapy. All of these patients had no 
eventful healing thereafter. 

Nine (4.3%) patients experienced deep or periprosthetic 
infections (Figures 2c and d). The infection persisted and 
resulted in amputation for three of these patients, two of 
whom experienced chronic infections and four of whom 
fully recovered. Interestingly, five of the nine patients 
who experienced periprosthetic infections had received 
proximal tibia replacement. We treated these patients 
with a two-stage revision approach. First, the metal and 
all infected tissue were removed, and then an antibiotic-
impregnated cement spacer was inserted. Each patient 
received intravenous antibiotic administration for 6 to 8 
weeks until the draining sinus disappeared and serial 
C-reactive protein tests had normalized. Second, a 
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new endoprosthesis was reimplanted with antibiotic-
impregnated bone cement(12). Of note, we categorized the 
periprosthetic infections into two types: (1) early infections 
that occurred within 12 weeks of surgery (i.e., during 
the perioperative period or when the patient resumed 
chemotherapy) and (2) late infections that occurred after 
12 weeks and were usually caused by hematogenous 
spread from a remote focus(13).

Periprosthetic fractures (Figure 2E) occurred in five 
(2.4%) patients. Two patients received revision surgery 
with longer custom-made stems, and the remaining three 
received plating with cerclage wires. Three patients with 
expandable distal femur replacement experienced soft 
tissue contractures with limited knee range of motion. 
They were treated with open release of their adhesions 
and hamstring/quadricep release when needed. Three 
of the five patients who received frozen structural bone 
allografts for their femur reconstruction experienced bone 
allograft fractures and resorption. Two of these patients 
received revisions with custom-made joint-sparing 
endoprosthesis and the other patient received revision 
with another structural allograft. 

The leading complications responsible for 
the endoprostheticrevision (removal of the entire 
endoprosthesis, including the stem) comprised mechanical 
complications (n = 10), periprosthetic infections (n = 9), bone 
allograft fracture and resorption (n = 3), and periprosthetic 
fracture (n = 2). However, the risk of endoprosthetic revision 
was highest for patients with periprosthetic infection and 
bone allograft fractures and resorption, as nine of nine 
(100%) patients with periprosthetic infection and three of 
three (100%) patients with bone allograft fractures and 
resorption received revisions. Ten of 16 (62.5%) patients 
with mechanical complications and 2 of 5 patients with 
periprosthetic fractures received revision. 

Patient survival 

The 5-year survival rate for all patients was 73.1%, 
and the 10-year survival rate was 69.6% (Figure 3). For 
patients with ES, the 5- and 10- year survival rates were 
74.8% and 71.4%, respectively. For patients with OS, the 
5- and 10-year survival rates were 69.5% and 67.9%, 
respectively. We did not observe a statistical association 
between survival rate and location of endoprosthesis in 
patients with OS or ES.

Types and locations of endoprosthesis No. patients
Mean modified 

MSTS-ISOLS score (%)
Range of modified 

MSTS-ISOLS scores (%)

Joint-sparing 32 97 93–100

GMRS/expandable (distal femur) 84 92 86–96

GMRS (proximal tibia) 34 88 86–93

GMRS (proximal femur) 30 86 83–90

GMRS (proximal humerus/scapula) 24/8 83 80–93

GMRS, global modular reconstruction system; MSTS-ISOLS, Musculoskeletal Tumor Society/International Society of Limb Salvage; SE, standard error.

Table 4: Functional outcomes of different endoprosthesis at different locations.

Endoprosthesis type and 
location 

Median 
(years)

2-year (%) SE 5-year (%) SE
10-year 

(%)
SE

Expandable 12.0 100.0 0 84.0 16 84 16

Joint-sparing 12.0 100.0 0 89.0 10 79 25

GMRS 14.0 98.0 1 88.0 4 80.0 6

GRMS (proximal femur) 12.0 91 6 91 6 80 20

GRMS (distal femur) 14.0 100 0 87 6 76 9

GRMS (proximal humerus) 12.0 100 0 100 0 100 0

GRMS (proximal tibia) 14.0 97 3 84 7 80 10

Limb 14.0 95.0 1 92.0 3 90 4

GMRS, global modular reconstruction system; SE, standard error.

Table 5: Survival estimates of the different types of endoprosthesis at different anatomic locations of the limb.
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Endoprosthetic and limb survival 

The GMRS endoprosthesis survival rates at 5 and 
10 years were 88% and 80%, respectively (Table 5 and 
Figures 4a and b). The joint-sparing endoprosthesis 
survival rates at 5 and 10 years were 89% and 79%, 
respectively. The expandable endoprosthesis survival 
rates at 5 and 10 years were both 84%. Survival did not 
significantly differ between the three major reconstructive 
modalities. Among the different anatomic locations of 
GMRS endoprosthesis, the proximal humerus exhibited 
5- and 10-year survival rates of both 100%. The 
proximal femur demonstrated 5- and 10-year survival 
rates of 91% and 80%, respectively. The proximal tibia 
displayed 5- and 10-year survival rates of 84% and 
80%, respectively, and the distal femur exhibited 5- and 

10-year survival rates of 87% and 76%, respectively. The 
survival rates among these anatomic locations did not 
significantly differ. 

Of the 210 limbs that were salvaged, only 9 (4%) 
received secondary amputations. Limb survival at 5 and 
10 years was 92% and 90%, respectively (Figure 4c). The 
most common cause of secondary amputations in our 
study was tumor recurrence (n = 5 patients), followed 
by periprosthetic infection in three patients and limb 
ischemia in one patient. However, the risk of secondary 
amputations was highest in patients with periprosthetic 
infections, as three of nine (33.3%) patients with 
periprosthetic infections received secondary amputations. 
This was followed by tumor recurrence in 5 of 32 (16%) 
patients who received secondary amputations. 

Figure 2: Revision surgery for loose stems. (a) Extraction of loose stem. (b) The radiological appearance of loose stem (radiolucent 
line in the cement-bone interface). (c) The radiological appearance of periprosthetic infection (radiolucent lines around the stem). 
(d) Draining a sinus (presence of a deep or periprosthetic infection). (e) Periprosthetic fracture in the proximal femur.

A B C

ED
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Figure 3: Patient survival estimates. (a) Survival estimates for all patients. (b) Survival estimates for patients with osteosarcoma and 
Ewing sarcoma.

(a)

(b)
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Figure 4: Survival outcomes for endoprosthesis and limbs. (a) Survival estimates for the different types of endoprosthesis. (b) 
Survival estimates for the different anatomic locations of GMRS endoprosthesis. (c) Survival estimates of limbs. 

Log-rank p = 0.5

Log-rank p = 0.22

(a)

(b)

(c)
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Discussion

Previous studies have reported that local recurrence 
rates range from 7% to 28%. In our study, we observed 
a local recurrence rate of 15.2% (Table 6). We did not 
observe any statistical associations among any of the 
demographic or oncological outcomes we measured and 
local recurrence. This supports the hypothesis that local 
recurrence is due to the aggressive nature of tumors rather 
than patient demographic factors, initial presentation, 
surgical quality, choice of surgical technique, tumor size, or 
extent of chemotherapy-induced tumor necrosis. Indeed, 
25 of 32 cases of local recurrence in our study occurred in 
patients with OS or ES, comprising tumors known for their 
aggressive nature. Nevertheless, adherence to meticulous 
surgical techniques to yield complete tumor resection in 
one piece cannot be overemphasized. 

The mean functional outcome for all patients was 
90%, which is better than that reported in previous 
studies (Table 6). This can be attributed to the meticulous 
surgical techniques used in our study, which aimed at 
preserving the maximum number of muscular motor 
units. In addition, joint-sparing endoprosthesis was used 
in some patients, and standardized rehabilitation was 
provided for all patients(10,14). 

Mechanical complications were the most common 
complication encountered after LSS and the most 
common cause of total revision of endoprosthesis. 
Periprosthetic infections produced the highest rate of 
total endoprosthesis revision (100%) and the highest 
rate of secondary amputations (33.3%). However, these 
findings are similar to those reported in previous studies 
(Table 6). This can be attributed to our two-stage revision 
approach. Despite being more difficult and resulting in 
lower bone stock and soft tissue coverage than a one-
stage revision approach, it is more successful in treating 
periprosthetic infections(15). In our study, 4.3% of patients 
acquired periprosthetic infections, which is lower than 
previous reports of 8% to 15% (Table 6). Patients with 
previous surgeries or advanced tumors were ineligible for 
LSS at KHCC and received amputations instead, thereby 
accounting for this difference. Furthermore, the LSS 
surgeries consisted of short operative times with minimum 
soft-tissue dissections, further accounting for the low 
rate of periprosthetic infections in our cohort. All other 
complications, other than mechanical and periprosthetic 
infections were managed with a high success rate that 
did not lead to endoprosthesis revisions or loss of limbs. 

With a 10-year survival rate of 69.7% for all patients, 
and 10-year survival rates of 71.4% and 67.9% for patients 

References
No. 

patients

Local 
recurrence 

rate (%)

Mean modified 
MSTS-ISOLS 

score (%)

Incidence of 
secondary 

amputations (%)

Incidence of 
periprosthetic 
infections (%)

Periprosthetic 
infections 
requiring 

amputations (%)

Shehadeh et al.(8) 232 NR NR 10 13 51

Gosheger et al.(14) 250 NR 83 13 12 NR

Ahlmann et al.(18) 211 NR 74 2.4 5.2 NR

Gitelis et al.(19) 80 NR 80 NR NR NR

Jeys et al.(20) 1261 NR NR 8.9 11 37

Kabukcuoglu et al.(21) 54 28 83 13 1.8 NR

Kawai(22) 40 NR 80 NR 10 25

Picci et al.(23) 365 7 NR NR NR NR

Rougraff et al.(24) 73 11 NR NR NR NR

Sharma et al.(25) 77 NR NR 7 NR NR

Shin et al.(26) 208 NR 63 6 5 40

Sim et al.(27) 50 NR NR 6 12 33

Wirganowicz(28) 64 14 NR 6 7 20

Zeegan(29) 141 NR NR 6 7 20

This study 210 15 90 4 4.3 33

Table 6: Local recurrence rate, functional outcomes, incidence of secondary amputations, and infection rates reported here and in 
previous studies.
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with ES and OS, respectively, our findings are comparable 
with those in previous reports(16). This is a particularly 
important finding because the 10-year survival rate for 
patients with OS have historically not exceeded 10% to 
20%(3). Although our study did not include a control group 
who received amputations only, the 10-year survival 
rate was higher than that reported by previous studies 
comparing amputation alone and LSS(16). 

The rate of secondary amputations in our study was 
4%, which is lower than that reported in previous studies 
(Table 6). Periprosthetic infections elicited the highest rate 
of secondary amputations. However, tumor recurrence 
was the most common factor responsible for secondary 
amputations. Furthermore, 10-year limb survival was 
90%, indicating that LSS is a favorable approach for 
managing malignant bone tumors. 

The 10-year survival for all types of endoprosthesis 
was approximately 80%, suggesting that endoprosthetic 
reconstruction is a favorable modality for reconstruction 
after resection of malignant bone tumors. Among the 
different types of endoprosthesis, joint-sparing yielded 
the best long-term survival rate. Although the 10-year 
survival rate for joint-sparing endoprosthesis dropped to 
79%, making it lower than that for GMRS and expandable 
endoprosthesis, this result was confounded by a large 
standard error. Therefore, the wide range in the data and 
the presence of outliers contributed to this discrepancy. 
With the highest functional score of 97% and the highest 
long-term survival, joint-sparing endoprosthesis was the 
most favorable type, which may be attributed to patients 
retaining their own biological joints, ligaments, and 
essential tendinous attachments(14). Although the 5- and 
10-year survival rates for the proximal humerus were 
the highest in comparison with that of other anatomic 
locations, no statistical difference was observed between 
them. This most likely resulted from smaller sample sizes 
of patients with upper extremity bone tumors than those 
with lower extremity tumors(17).

Conclusion

With multiple outcomes measured (i.e., oncological, 
functional, complications, patient survival, and limb and 
endoprosthesis survival), we conclude that it is favorable 
for patients with malignant bone tumors to receive LSS. 
To date, few studies have measured such outcomes with 
a relatively large sample size in a developing country. We 
measured these outcomes in 210 patients at KHCC in 
Jordan—a developing country—and then compared our 
findings with those previously reported. Our findings are 
comparable with those reported in developed countries. 
Therefore, our results should encourage more hospitals in 
developing countries with enough resources and a well-

trained orthopedic oncology team to consider LSS over 
amputation, when possible. 

Our study is limited by its retrospective nature, with 
outcomes for some patients missing. We also did not 
include a control group and therefore cannot make 
definitive conclusions on whether LSS is superior to 
amputation for the treatment of malignant bone tumors. 
Although 71.4% of patients had OS or ES and 81.4% had the 
malignant tumors in the lower extremities, the histologic 
types and locations of the tumors were heterogeneous, 
making it difficult to make generalizations. Nevertheless, 
because the patients received treatment by the same 
orthopedic oncology team and at the same institution, the 
management of their tumors was standardized.
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