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3.1 Introduction

With the current modalities of treatment, survival in high grade osteosarcoma is 

reported to be 60-70%, occasionally even higher(1-4). The development of imaging 

techniques and the possibility of downgrading the tumor before resection has 

made it possible to perform limb saving procedures with adequate margins in about 

90% of patients. Reconstruction techniques have taken a big flight and there are 

several options, from large endoprosthetic replacements to complete biological 

reconstructions. Each of these, however, has its own pro’s and con’s. Rehabilitation 

can take more than a year after a biological reconstruction. Long term problems can 

be challenging, especially after large endoprosthetic replacements(5). As a result of 

the increased survival, there is a growing number of long term survivors of high grade 

osteosarcoma(6). They survived their malignant disease, but possibly face adverse 

effects of the intensive treatment. Chemotherapy and resection / reconstruction 

surgery can lead to invalidating or even life threatening long term disease(7;8). 

Although various prognostic factors have been reported in the literature, prediction 

of survival chance and occurrence of long term adverse events is hardly possible for 

the individual patient(9;10). Optimizing this would be helpful in counseling patients 

and their parents and it could facilitate the choice of chemotherapeutic and surgical 

treatment. Furthermore, knowledge about long term treatment related events can 

improve alertness and possibly allow timely adequate reaction. The aim of this study 

was to evaluate survival, prognostic factors, and the occurrence of late adverse 

effects of treatment in the patients, treated in our institute: the Emma Children’s 

Hospital/Academic Medical Center (EKZ/AMC), Amsterdam, the Netherlands.

3.2 Patients and methods

3.2.1 Survival and prognostic factors

A retrospective survey was conducted, including all consecutive patients, treated 

in our institution between January 1985 and January 2006 for high grade, 

non-metastatic, extremity osteosarcoma, and who were less then 18 years of age at 

the time of diagnosis. Only those patients were included who had received standard 

treatment, consisting of neo-adjuvant, pre-operative, chemotherapy, followed by 

resection of the tumor, and post-operative chemotherapy. Chemotherapy was given 

according to protocols of the European Organization for Research and Treatment 

of Cancer (EORTC)(3;11), and consisted of combinations of cisplatin, doxorubicin, 

ifosfamide and methotrexate. Of 81 patients, treated in the studied period for high 

grade extremity osteosarcoma, 11 were excluded; 10 because they had metastatic 

disease at diagnose, 1 because he did not receive chemotherapy pre-operatively, 
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and developed multiple metastases during post-operative chemotherapy which 

was discontinued. Of the 70 included patients, 3 died of a cause other than 

osteosarcoma. Two of them died of severe cardiomyopathy, one 2 months after 

completion of therapy, one 18 years later. In the third patient the cause of death was 

myelodysplastic syndrome, 11 years after treatment. In the analysis of prognostic 

factors these patients were censored at the time of their death. The study population 

consisted of 38 females and 32 males. The mean age at diagnosis was 12.4 years, 

the median 12.5 years (5.0 – 18.0). Possible prognostic factors, identified from the 

literature, were analyzed in a uni- and multivariate analysis. These concerned age at 

diagnosis (> or < 14 years), gender, size of the tumor (> or < 1/3 of bone length), 

proximity of the tumor (proximal humerus and proximal femur were defined as 

proximal, others as distal), osteosarcoma subtype, type of surgery (ablative or limb 

saving), surgical margin (wide or radical margins were defined as adequate, others as 

inadequate), chemotherapy response (good if there was less than 10% viable tumor 

in the resection specimen), and local recurrence. At the time of the analysis, 45 

patients were alive with a mean follow-up time of 150 months, median 163 months 

(10 – 252 months). Two of these patients were lost to follow-up (both living abroad), 

10 and 16 months after diagnosis. Thus completeness of follow-up at 3 years was 

96%.

3.2.2 Late adverse effects of treatment

Of the surviving patients, available for follow-up, 40 were alive 5 years after the 

end of treatment. These patients were invited to visit the outpatient clinic, especially 

established to evaluate long term effects after treatment of childhood cancer. 

According to a standardized protocol a full medical investigation was performed 

including history, physical examination, radiological and laboratory investigations. 

Patients were also seen by a psychologist or specialized nurse. Adverse effects 

of treatment were recorded and graded according to the Common terminology 

Criteria for Adverse Events version 3.0 (CTCAEv3.0, available at http://ctep.cancer.

gov/forms/CTCAEv3.pdf). These criteria describe the severity for each event (grade 

1: mild; grade 2: moderate; grade 3: severe; grade 4: life threatening or disabling; 

grade 5: adverse event–related death). In this paper we limited the analysis of 

adverse events to those categories of the CTCAE, which are most likely to be directly 

related to the cancer treatment, and which are the most objective ones (eg cardiac, 

metabolic, secondary tumors, bone marrow related, endocrine, musculoskeletal, 

lymphatic, neurological, reproductive, auditory). For grading of auditory damage, 

the system of Brock et al was used(12), because this takes hearing loss in speech 

frequencies into account, thus giving a better estimate of functional hearing loss. 

In the musculoskeletal category, rotationplasty was scored the same as amputation 
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(grade 4). Only those late events were considered, that were still present at the time 

of the last follow-up. For this reason we considered it more appropriate to talk about 

“effects” in stead of “events”. Total burden of adverse effects in individual patients 

was established in the same fashion, formerly used by Geenen et al (Low burden: 1 

or more grade 1 event; Medium burden: 1 or more grade 2 and/or 1 grade 3 event; 

High burden: 2 or more grade 3 effects, or 1 grade 4 event and at the most 1 grade 

3 event; Severe burden: more grade 3/4 effects or a grade 5 event)(8).

3.2.3 Statistical analysis

Nominal variables were compared between groups with an �2 test, continuous 

variables with a t-test (level of significance 0.05). Survival was estimated with a 

Kaplan-Meier analysis. Comparison of survival between groups was done with a log 

rank test. If subgroups consisted of less then 10 patients, comparison was refrained 

of, because this was regarded statistically inadequate. Factors which appeared 

relevant in the univariate analysis were tested in a multivariate analysis with the Cox 

regression model.

3.3 Results

3.3.1 Patient, tumor, and treatment characteristics

Table 3.1 shows patient and tumor characteristics, figure 3.1 the distribution of tumor 

locations. The majority of patients (48 out of 70 patients) were younger than 14 

years, with a median age of 12.5 years. There were slightly more females (38) than 

males (32). The mean duration of symptoms before diagnose was 11.4 weeks, with a 

maximum of 56 weeks. Thirty-six patients had complains during 4 to 12 weeks before 

diagnose, 25 patients had had complains for more than 3 months.  The majority of 

tumors were located distally, mostly around the knee. The mean tumor length was 

11.6 centimeter, the ratio of tumor length and bone length was larger than 1/3 in 

23 patients, no adequate information about the tumor length could be acquired in 

9 patients. Sixty-three of 70 tumors were conventional type osteosarcomas, most of 

which of the osteoblastic subtype. In only 2 of the patients the osteosarcoma was 

intra-compartmental (stage II-a), all other patients had extra-compartmental growing 

tumor (stage II-b). Three of the patients presented with a pathological fracture, in 2 

patients a pathological fracture occurred during treatment.

All patients were treated with neo-adjuvant chemotherapy, followed by surgery, and 

adjuvant chemotherapy. Surgery was ablative in 53 of 70 patients and concerned 

amputation or exarticulation of the limb in 24, and rotationplasty in 29 patients. 

In the other 17 patients, resection was followed by reconstruction with an auto- or 
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Table 3.1 Patient and Tumor Characteristics

Age at diagnose years Gender nr Duration of 
symptoms

weeks

Mean 12.4 Female 38 Median 8.0

(range 5.0 – 18.0) Male 32 (range 1.0 – 56.0)

Proximity nr Subtype nr Tumor length cm

Proximal 9 Conventional 63 Median 10.0

Distal 61 Osteoblastic 30 (range 4.0 – 36.0)

Chondroblastic 3

Fibroblastic 9

Mixed 5

Not specified 16

Other 7

High grade surface 2

Small cell 1

Telangiectatic 4

Surgery type nr Surgical margin nr Chemotherapy 
response

nr

Limb saving 17 Adequate 54 Good 26

Rotationplasty 29 Inadequate 12 Poor 44

Amputation 24 Unknown 4

FIGURE 3.1 Distibution of the osteosarcomas 
in the 70 included patients
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allograft or with an endoprosthesis. Resection margins were mostly adequate, but in 

12 of the 70 patients the closest margin was marginal (11 patients) or intralesional (1 

patient). In the resection specimen, tumor necrosis was more than 90% in only 26 

of 70 patients. 

3.3.2 Survival and prognostic factors

Forty-five patients were alive at the date of last follow-up. Two of them were alive 

after recurrent disease (after resection of lung metastases), one was alive with disease 

(lung metastases), and 42 were without evidence of disease. The overall survival 

probability was 75% at 5 years and 66% at 10 years. Analysis of prognostic factors is 

shown in table 3.2 (univariate) and table 3.3 (multivariate). Proximity of the tumor and 

osteosarcoma subtype were not analyzed because the subgroups consisted of less 

than 10 patients. Large tumor size and poor chemotherapy response were significant 

Table 3.2 Univariate analysis of possible prognostic factors

Prognostic factor Nr of ptnts Estimated
5 yr survival (%)

Estimated
10 yr survival (%)

p-value

All patients 70 75 66 -

Age

£ 14 48 71 64

> 14 22 82 71 0.57

Gender

female 38 72 65

male 32 78 68 0.70

Tumor size1

<=1/3 38 86 79

>1/3 23 65 51 0.03

Unknown 9

Surgery type

Limb saving 17 87 79

Ablative 53 71 62 0.17

Surgical margin 

Adequate2 54 79 68

Inadequate3 12 66 66 0.80

Unknown 4

Chemotherapy response

Good4 26 88 84

Poor5 44 67 56 0.02
1ratio of tumor length and bone length; 2wide or radical; 3marginal or intra-lesional; 4<10% viable tumor 
in resection specimen; 5>=10% viable tumor in resection specimen

 Prognostic Factors and Late Effects of Treatment

45

chapter

3

proefschrift Brammer.indb   45 15-4-2010   16:10:59



predictors for worse survival in the univariate analysis; chemotherapy response just 

lost significance in the multivariate analysis, but showed a very strong trend.

In the 22 patients that died of the osteosarcoma, the mean survival time was 38.5 

months from the date of diagnose till death (median 30.5 months, from 11 – 100 

months). None of the analyzed prognostic factors correlated with survival time in the 

deceased.

3.3.3 Late adverse effects of treatment

Table 3.4 shows the adverse effects that were found in the 40 long term survivors 

who were screened at the clinic. Only one patient had no adverse effects. Thirty-

nine patients (98%) had one or more adverse effect (see figure 3.2).Musculoskeletal 

problems comprise 40 out of 78 late effects(52%). Thirty-six of the 70 reported 

late effects (46%) were mild or moderate (grade 1 or 2), 40(51%) were severe or 

disabling/life threatening (grade 3 or 4).

Two patients had a fatal adverse late effect (grade 5). One died of myelodysplastic 

syndrome, 11 years after the end of treatment. The second patient died of congestive 

hart failure, 18 years after the end of treatment. Other cardiac late effects mainly 

concerned left ventricular systolic dysfunction, which was mild in 5 patients (left 

ventricular shortening fraction between 24 and 30%), and moderate in 2 patients 

(left ventricular shortening fraction between 15 and 24%). One patient had 

asymptomatic valvular heart disease. 

Metabolic adverse effects consisted of decreased glomerular filtration rate in 6 of 

the 7 involved patients and were mild (grade 1; between 50 and 75% of the lower 

limit of normal). One patient had a moderately (grade 2) decreased sodium and 

magnesium level. No secondary tumors or endocrine adverse effects were found.

Twenty-nine grade 4 effects (life threatening or disabling) occurred in 28 patients 

(70%)(see figure 3.3). Almost all of these grade 4 effects were of the musculoskeletal 

category, and in most cases concerned the long term result of ablative surgery; in 

16 of the surviving patients a rotationplasty had been done, in 12 amputation of the 

extremity. Other musculoskeletal adverse effects were end result of arthrodesis in 5 

patients, joint function impairment after resection and reconstruction with a spacer 

Table 3.3 Multivariate analysis of possible prognostic factors 

Prognostic factor Relative Risk1 p-value

Tumor size <=1/32 0.31 0.03

Good chemotherapy response3 0.34 0.06

1Relative Risk for dying of the disease; 2ratio of tumor length and bone length; 3<10% viable tumor in 
resection specimen
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in 2 patients, after reconstruction with a prosthesis in 1, late re-operations impairing 

function in 3 patients, and edema in 1 patient.  

Lymphatic problems were sporadic and mild. Neurological late effects occurred 

in 2 patients and were severe (grade 3) in one, suffering from seizures, and life 

threatening / disabling (grade 4) in the other, who had severe depression resulting 

in suicide attempts. Sexual/Reproductive function was moderately impaired (grade 

2) in 3 patients, who had diminished fertility, and severely in 1 patient (grade 3) in 

whom a symptomatic gynaecomastia required an operation. 

Auditory problems were seen in 35% of patients and mainly were mild or moderate 

(grade 1 or 2) but severe in 2 patients who had a significant hearing loss (>=40 

decibel) in the speech frequency area. 

The total burden of effects is shown in table 3.5. Twenty-three patients suffered 

from 2 or more adverse effects. Only 1 out of 40 patients had a low burden score.  

As many as 29 patients had a severe or high burden. The high burden score in these 

Table 3.4 Adverse Effects of treatment in the 40 long term survivors

Category (CTCAE version 3.0) Effects
(number)

Patients
(%)

Grade
(median)

Grade
(minimum)

Grade
(maximum)

Cardiac 8 8(20) 1 1 5

Metabolic(including kidney) 8 7(18) 1 1 2

Secondary tumors 0 0 - - -

Bone marrow 1 1(3) 5 5 5

Endocrine 0 0 - - -

Musculoskeletal 40 38(95) 4 1 4

Lymphatic 1 1(3) 1 1 1

Neurological 2 2(5) 3.5 3 4

Sexual/reproductive 4 4(10) 2 2 3

Auditory 14 14(35) 2 1 3

Total of adverse effects 78 39(98) 3 1 5

Median nr of effects per patient 2 39 - - -

Minimum nr of effects per patient 0 1 - - -

Maximum nr of effects per patients 5 1 -

Distribution of grades

Grade 1 21 15(38) - - -

Grade 2 15 11(28) - - -

Grade 3 11 10(25) - - -

Grade 4 29 28(70) - - -

Grade 5 2 2(5) - - -
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29 patients was mainly caused by the musculoskeletal outcome. Twenty-five of these 

29 patients (86%) had a grade 3 or 4 musculoskeletal effect which was responsible 

for the high burden score. One patient had several effects, among which a grade 4 

musculoskeletal effect and a fatal cardiac effect, 1 patient had only 1 effect which 

was fatal. Two patients had several grade 1 and 2 effects accumulating to a high 

burden score.

FIGURE 3.3 Distribution of 
grades among the different 
categories of adverse effects

FIGURE 3.2 Distribution of 
number of effects per patient
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Table 3.5 Total Burden of adverse effects
Nr of patients and burden score → distribution of the effects in these patients

Burden score Nr of 
patients

Nr of 
grade 5
effects

Nr of 
grade 4
effects

Nr of 
grade 3
effects

Nr of 
grade 2
effects

Nr of 
grade1
effects

Severe (n=6) 1 → 1 0 0 0 0

1 → 1 1 1 >2 0

1 → 0 1 1 0 0

2 → 0 1 1 0 1

1 → 0 2 0 1 1

High (n=23) 12 → 0 1 0 0 0

3 → 0 1 0 0 1

2 → 0 1 0 0 >2

1 → 0 1 0 1 >2

4 → 0 1 0 1 0

1 → 0 1 0 1 1

Medium (n=9) 3 → 0 0 1 0 0

2 → 0 0 1 0 1

1 → 0 0 0 >2 0

1 → 0 0 0 >2 1

1 → 0 0 1 1 1

1 → 0 0 1 1 0

Low (n=1) 1 → 0 0 0 0 >1

(Low burden: 1 or more grade 1 event; Medium burden: 1 or more grade 2 and/or 1 grade 3 event; 
High burden: 2 or more grade 3 effects, or 1 grade 4 event and at the most 1 grade 3 event; Severe 
burden: more grade 3/4 effects or a grade 5 event)(8).

In table 3.6 the cumulative chemotherapy doses and the adverse effects are shown 

for patients treated with or without ifosfamide. In both groups, musculoskeletal 

adverse effects were the most common ones. Cardiac disease was seen more in 

the group in which ifosfamide was included in the regimen, the patient with fatal 

cardiomyopathy had been treated in this group. The only late effect in the bone 

marrow was in the patient with the fatal myelodysplastic syndrome 11 years after 

treatment, who had been treated with an extensive regimen including cisplatin, 

doxorubicin, ifosfamide, methotrexate, etoposide, cytarabin and idarubicin. Hearing 

problems were about equally spread among the two treatment groups. 
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3.4 Discussion

Survival, prognostic factors, and late adverse effects of osteosarcoma treatment in 

children, treated in our institute were studied. Five year survival was 75%, higher 

than in other published series(1-4). Tumor size and chemotherapy response were 

found to independently predict survival. All but one surviving patients had one or 

more adverse effect, twice this was fatal. The majority of adverse effects concerned 

the musculoskeletal system. 

To allow a proper comparison of prognostic factors and late adverse effects between 

groups, and rule out bias by treatment variations, patients who presented with 

metastasis were excluded. These patients are often treated in a non standardized 

manner, curative or sometimes only palliative. Patients with axial osteosarcoma were 

excluded as well, because this behaves differently, and also is treated variably(13;14). 

Because both chemotherapy and surgery are considered essential in the treatment of 

Table 3.6 Chemotherapy and late adverse effects in 40 patients surviving >5years after treatment

Chemotherapy regimen Cis+doxo1,2

N=19
Cis+doxo+ifos3

N=21
P-value

Cumulative dose4

cisplatin 653 312

doxorubicin 424 415

ifosfamide - 16300

Follow-up time5 147(77-220) 190(66-252) 0.003

Ptnts with Adverse effects 19(100%) 20(95%) 0.34

Cardiac 1(5%) 7(33%) 0.03

Metabolic(incl kidney) 5(26%) 2(10%) 0.27

Secondary tumors 0 0 -

Bone marrow 0 1(5%) 0.34

Endocrine 0 0 -

Musculoskeletal 19(100%) 19(90%) 0.17

Lymphatic 0 1(5%) 0.34

Neurological 0 2(10%) 0.17

Sexual/reproductive 1(5%) 3(14%) 0.34

Auditory 7(37%) 7(33%) 0.82

1In 3 patients cisplatin was discontinued and changed to carboplatin because of severe ototoxicity, 2In 
2 patients metothrexate was added, in 1 patient bleomycin cyclofosfamine and actinomycin was added, 
3In 3 patients metothrexate was added, in 1 etoposide, in 1 etoposide, cytarabin and idamycin, 4Mean, 
in mg/kg body weight, 5Mean in months (minimum – maximum)
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osteosarcoma(15-17), only patients were included who completed the full treatment. 

These decisions might explain the favorable survival rate of 75% that we found. 

Some prognostic factors (proximity and subtype of the tumor, and pathological 

fracture) could not be analyzed because the subgroups were too small to compare. 

Age, gender, surgery type and surgical margin were not of prognostic value. 

For age and gender this is in accordance with most other studies. Bielack finds a 

correlation of age with survival in a univariate, but not in the multivariate analysis(18). 

Grimer et al showed that patients over 40 years of age have a worse survival, but for 

primary extremity osteosarcoma patients, the difference was small(19). A recently 

published cooperative study of 2680 patients, treated in 10 large tumor centers, 

showed increasing age to increase risk of death of the disease of 7% per decade(17). 

Probably, age can only been found of significance in large populations, and is of 

limited prognostic value in children. 

Ablative surgery was found by several authors to correlate with worse survival. In the 

cooperative study of Pakos(17), this was a strong indicator. Usually this is explained 

by the bias effect of these patients having larger tumors, where resection is deemed 

impossible. Our ablatively treated patients did not show this worse survival rate. In 

the studied period, the use of growing prostheses or biological reconstructions was 

still uncommon in our center. The abovementioned selection bias was probably not 

present because of the often chosen solution of rotationplasty, for other reasons 

than tumor size. 

Adequate surgical margin after resection of the tumor did not show correlation with 

survival in our patients and has been inconsistently reported to do so(9;10;20). This 

variance doubtlessly is due to the differences in definition of an adequate margin. 

Tumor size was predictive for survival in our population. A problem with this is that 

adequate information is often missing(17). Size is difficult to establish accurately, and 

varies when measured on plain �-ray, CT-scan, or MRI. It seemed reasonable not to 

use a more precise parameter than relative length of the tumor, according to other 

authors(18). The relative risk for dying of the disease in our patients was more than 

threefold for patients with a large tumor. This confirms the results of others(18;21). 

Chemotherapy response still is the most consistently reported independent predictive 

factor for survival in osteosarcoma(1;9;10;20). In our study, poor response was 

associated with an almost threefold risk of dying of the disease, although this just 

lost its significance in the multivariate analysis, probably due to the small sample size. 

The burden of adverse effects was considerable.The most common type involved 

the musculoskeletal system. This is the inevitable result of treatment, in which 

adequate tumor resection is obligatory. Many patients had a grade 4 musculoskeletal 

adverse effect. This can be explained by the large proportion of patients in which 
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rotationplasty was performed. In the CTCAE classification, absence of a limb 

is defined as a grade 4 event. Technically, rotationplasty should be counted as a 

grade 4 effect. Functional studies, however, show equal results of rotationplasty 

compared to endoprosthetic replacement, and better than after amputation(22;23). 

In modern oncologic orthopedics, over 90% of patients can be treated with limb 

saving surgery(5). This will favorably effect long term outcome and decrease burden 

of long term effects.

The second most frequently found type of adverse long term effect was auditory. 

This is not surprising; All of the used chemotherapy regimen contained cisplatin, 

which is known for its ototoxicity(24-27). Although mostly mild or moderate, some 

patients suffer severe hearing loss in speech frequencies. 

Cardiac effects occurred in 20 % of patients, and were also mostly mild or moderate, 

apart from in the 1 patient who died of cardiomyopathy, 18 years after treatment. 

The possibility of late cardiac toxicity has been reported and, although uncommon, 

is known to have a high mortality(28). This is usually attributed to the use of 

anthracyclines. Alkylating agents seem to add to this effect(8). Toxicity should be 

minimized where possible, by lowering the cumulative dose, or by the use of cardio 

protective agents. Long term follow-up and alertness are important, allowing early 

detection and treatment(29-31).

The high proportion of chronic disease in the survivors in our study population is in 

accordance with publications which show that bone tumor patients are at higher 

risk, compared to patients treated for other cancers(8;32-35). Mostly chronic 

morbidity in these patients is cardiovascular, musculoskeletal, and/or neurological. 

Therapies that increase the risk are surgery, alkylating agents and/or anthracyclines, 

and radiotherapy(32;33;36-38). Because osteosarcoma patients receive at least two 

out of these, they are at high risk.  The Childhood Cancer Survivor Study (CCSS) 

published self assessed scores for physical disability in long term survivors; 71.8% of 

survivors of lower extremity bone sarcoma reported some disability, and as much 

as 25.6% mentioned severe impairment in daily life activities(37;39). Osteosarcoma 

patients scored worse than patients with other types of cancer.

In conclusion, survival was good in this patient group. Chemotherapy response and 

tumor size were of prognostic value. Late adverse effects were mainly musculoskeletal. 

Predicting survival still is hardly possible for the individual patient. There is a need for 

large scale prospective evaluation of prognostic factors, and for the development of 

more accurate ones. Attention should also be directed at adverse effects in survivors. 

Better prognostication, for survival and for adverse effects, should lead to a more 

individually planned treatment strategy improving both oncologic outcome and long 

term health status of survivors. 
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