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Abstract

We investigated long-term outcomes (education, employment, marriage, fertil-

ity, multiple primary cancers, and psychosocial outcomes) and quality of life

(QOL) in survivors of pediatric and adolescent osteosarcoma. In a limb-sparing

group, the proportion of survivors who graduated from a university was signifi-

cantly higher. There were few problems regarding employment. The marital

rates were slightly lower in male survivors and in an amputation group. Recent

chemotherapy affected male survivors’ fertility. Of 162 patients, 13 had multiple

primary cancers. When reviewing psychosocial outcomes, the incidence of

posttraumatic stress symptom was low, and posttraumatic growth was marked.

The QOL was satisfactory, excluding “physical functioning.” The limb-sparing

group was more adaptable to social life activities than the amputation group.
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20.1 Introduction

Advances in multidisciplinary treatment for osteosarcoma have markedly improved

treatment results, increasing the number of long-term survivors of pediatric and

adolescent osteosarcoma. In osteosarcoma treatment, an era when the purpose of

treatment was to cure the disease ended, and the postcure quality of life (QOL) has
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been emphasized. However, few studies have examined the psychosocial outcome

or QOL of long-term survivors of pediatric and adolescent osteosarcoma [1].

We conducted a study to comprehensively evaluate the QOL of long-term

survivors of pediatric and adolescent osteosarcoma. As shown in Fig. 20.1, various

factors are involved. To evaluate the QOL, individual factors must be investigated.

In this chapter, we introduce long-term outcomes (education, employment,

marriage, fertility, multiple primary cancers, and psychosocial outcomes) and

QOL in survivors of pediatric and adolescent osteosarcoma based on our study

results [2–8].

20.2 Education and Employment

20.2.1 Our Report on Education [2]

In 41 survivors of pediatric and adolescent osteosarcoma who were treated in our

hospital between 1976 and 1995, a questionnaire survey regarding education

(returning to school, educational background) was conducted. In addition, they

were divided into two groups based on affected limb conditions at the time of the

survey: amputation (including rotationplasty) and limb-sparing groups. The results

were compared between the two groups.

Of the 41 subjects, responses were obtained from 27 (response rate, 65.9 %).

These consisted of 11 males and 16 females. The mean age at the initial presenta-

tion was 13.6 years. That at the time of the survey was 34 years. The amputation

group consisted of 18 subjects, and the limb-sparing group consisted of 9. The mean

interval from the completion of treatment was 218 months.

Of the 27 subjects, 19 could return to school, whereas 7 could not return. There

was no description in 1. In 73.1 % (19/26), it was possible to return to the former

school. The educational background was senior high school in 12 subjects and

university in 13. There was no description in 2. Of these subjects, 52 % (13/25)

graduated from a university, being similar to the proportion of Japanese who

graduate from a university (45 %). In the limb-sparing group, the proportion of

Fig. 20.1 QOL in survivors

of pediatric osteosarcoma;

various aspects and factors

are involved in the QOL of

long-term survivors of

osteosarcoma. For QOL

assessment, individual factors

must be examined
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survivors who graduated from university was significantly higher, suggesting that

affected limb conditions influence education (Table 20.1, published from Reference

[2] based on approval).

20.2.2 Other Reports on Education

Nagarajan et al. reported that the education level was lower in an amputation group

[9]. Novakovic et al. indicated that there was no difference in the education level

between survivors and their siblings [10]. These results were similar to those of our

study.

20.2.3 Our Report on Employment [2]

We investigated employment (occupation, annual income) in the above 27 survivors

of pediatric and adolescent osteosarcoma. There were 18 clerical workers, four

technicians, one sales worker, and two housewives. There was no description in

2. Of these, 72 % (18/25) had clerical jobs. The mean annual income was 4,010,000

yen, being similar to that of Japanese businessmen (4,280,000 yen). There was no

difference in the mean annual income between the amputation and limb-sparing

groups. In Japan, laws for the handicapped have been implemented, and there were

few problems regarding survivors’ employment.

20.2.4 Other Reports on Employment

Nagarajan et al. reported that the employment rates were higher in survivors who

had received high-level education and male survivors, and that there was no

difference in the employment rate between amputation and limb-sparing groups

[9]. Hays et al. indicated that there were few financial problems in pediatric cancer

patients [11]. In our study, there were also few problems regarding survivors’

employment. Nicholson et al. reported that there was no difference in the employ-

ment rate between survivors and their siblings [12]. On the other hand, Novakovic

et al. emphasized that the employment rate in survivors was significantly

lower [10].

Table 20.1 Status of education

Final education level Amputation group (18 patients) Limb-sparing group (9 patients)

University 5 5

College 1 2

High school 11 1

No mention 1 1

Reference [2]
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20.3 Marriage and Fertility

20.3.1 Our Report on Marriage [3, 4]

In 62 survivors of pediatric and adolescent osteosarcoma who were treated in our

hospital between 1976 and 2002, a questionnaire survey regarding marriage was

conducted. Of these, responses were obtained from 46 (response rate, 74.2 %). We

investigated the marital rate (number of married survivors/total number of

survivors) in the 46 survivors. In addition, they were divided into two groups:

amputation and limb-sparing groups. The marital rate was examined in each group.

As controls, it was investigated in 52 siblings.

Overall, the marital rate was 63.0 % (29/46). In the siblings, it was 63.5 %

(33/52) (Table 20.2, Reference [4]). The marital rates were slightly lower in male

survivors and in the amputation group, although there were no significant

differences.

Table 20.2 Summary of marital rate

Marital rate p-Value

Total

Patients 63.0 % (29/46)

Siblings 63.5 % (33/52) >0.999

Patients

Males 55.0 % (11/20)

Females 69.2 % (18/26) 0.369

Amputation group 60.0 % (15/25)

Limb-sparing group 66.7 % (14/21) 0.762

Males in amputation group 45.5 % (5/11)

Females in amputation group 71.4 % (10/14) 0.241

Males in limb-sparing group 66.7 % (6/9)

Females in limb-sparing group 66.7 % (8/12) >0.999

Siblings

Males 63.0 % (17/27)

Females 64.0 % (16/25) >0.999

Males

Patients 55.0 % (11/20)

Siblings 63.0 % (17/27) 0.765

Females

Patients 69.2 % (18/26)

Siblings 64.0 % (16/25) 0.771

Reference [4]
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20.3.2 Other Reports on Marriage

Nagarajan et al. reported that the marital rate in female survivors was higher than in

male survivors, and that the marital rate in survivors was lower than in their

siblings. In addition, they indicated that there was no difference in the marital

rate between amputation and limb-sparing groups [9]. Our study also showed that

the marital rate was lower in male survivors. Novakovic et al. reported that in

survivors, the marital rate was lower than in their siblings, and that the number of

divorces was greater [10]. On the other hand, Nicholson et al. indicated that there

was no difference in the marital rate between survivors and their siblings [12]. In

our study, there was also no difference in the marital rate between survivors and

their siblings.

20.3.3 Our Report on Fertility [3, 4]

In 29 survivors who were married, we investigated the fertility rate (number of

survivors raising a child/number of married survivors). They were divided into two

groups: MC group in which moderate-dose chemotherapy was performed between

1976 and 1986 and IC group in which intensive-dose chemotherapy was performed

between 1987 and 2002. The fertility rate was examined in each group. As controls,

it was investigated in 33 siblings.

Overall, the fertility rate was 58.6 % (17/29). In the siblings, it was 81.8 %

(27/33). In male survivors, the fertility rate was slightly lower (Table 20.3, Refer-

ence [4]). In particular, the fertility rate in male survivors in the IC group was

significantly lower than in male siblings ( p¼ 0.018), suggesting that recent

intensified chemotherapy for osteosarcoma affects male survivors’ fertility.

20.3.4 Other Reports on Fertility

Williams et al. reported that ifosfamide influenced fertility [13]. Longhi

et al. indicated that ifosfamide-related infertility was more frequent in males

[14]. The influence of chemotherapy on fertility is an important issue for long-

term survivors; this should be further reviewed in the future.

20.4 Multiple Primary Cancers

20.4.1 Our Report on Multiple Primary Cancers

We investigated the incidence of multiple primary cancers in 162 patients with

osteosarcoma who were treated in our department between 1976 and 2009, with an

age of 30 years or younger on initial presentation. Nine patients with second

malignant neoplasms following osteosarcoma were assigned to Group A. Four
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patients with osteosarcoma as a second malignant neoplasm were assigned to Group

B. We examined the clinical features of these 13 patients.

In Group A, second malignant neoplasms were diagnosed as breast carcinoma in

four patients, acute myelogenous leukemia in two, a malignant phyllodes tumor in

one, ovarian carcinoma in one, and small intestine carcinoma in one. Ages at the

development of second malignant neoplasms ranged from 14 to 34 years (mean,

25.9 years). Intervals from the development of osteosarcoma until that of second

malignant neoplasms ranged from 3 to 16 years (mean, 9.6 years) (Table 20.4).

In Group B, first malignant neoplasms were diagnosed as adrenocortical cancer

in one patient, malignant teratoma in one, Ewing’s sarcoma in one, and retinoblas-

toma in one. Ages at the time of the development of the first malignant neoplasms

ranged from 0 to 10 years (mean, 3 years). Intervals from the development of the

Table 20.3 Summary of fertility rate

Fertility rate p-Value

Total

Patients 58.6 % (17/29)

Siblings 81.8 % (27/33) 0.055

Patients

Males 36.4 % (4/11)

Females 72.2 % (13/18) 0.119

MC group 52.9 % (9/17)

IC group 16.7 % (1/6) 0.703

Siblings

Males 76.5 % (13/17)

Females 87.5 % (14/16) 0.656

Males

Patients 36.4 % (4/11)

Siblings 76.5 % (13/17) 0.053

Females

Patients 72.2 % (13/18)

Siblings 87.5 % (14/16) 0.405

Male patients in MC group 60.0 % (3/5)

Male siblings 76.5 % (13/17) 0.585

Female patients in MC group 71.4 % (5/7)

Female siblings 87.5 % (14/16) 0.557

Male patients in IC group 16.7 % (1/6)

Male siblings 76.5 % (13/17) 0.018 *

Female patients in IC group 72.7 % (8/11)

Female siblings 87.5 % (14/16) 0.371

Reference [4]

MC group: moderate-dose chemotherapy group

IC group: intensive-dose chemotherapy group

*Statistically significant (Fisher’s exact probability test)
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first malignant neoplasms until that of osteosarcoma ranged from 5 to 34 years

(mean, 15.3 years) (Table 20.4).

In most patients in Groups A and B, high-dose anticancer drugs were used to

treat the first malignant neoplasms. Anticancer treatment may have been involved

in the development of the second malignant neoplasms. Li-Fraumeni syndrome is

known to be in the same cancer family as osteosarcoma. Of our 13 patients, two had

Li-Fraumeni syndrome.

20.4.2 Other Reports on Multiple Primary Cancers

Malkin et al. reported that germ cell mutations of the p53 tumor suppressor gene

were etiologically involved in the pathogenesis of Li-Fraumeni syndrome and that

the incidence of breast cancer was high [15]. According to Turaka et al.. osteosar-

coma was observed in three patients in a chart review of 245 patients with

retinoblastoma [16]. Goldsby et al. indicated that the incidence of second malignant

neoplasms increased with the follow-up period [17]. In the future, the incidence of

multiple primary cancers in osteosarcoma patients may further increase. Strict long-

term follow-up may be necessary.

20.5 Psychosocial Outcomes

20.5.1 Our Report on Psychosocial Outcomes [6]

In 55 survivors of pediatric and adolescent osteosarcoma who were treated in our

hospital, a questionnaire survey regarding psychosocial outcomes was conducted.

To evaluate psychosocial outcomes, the following questionnaires were used: For

family function assessment, the Family APGAR [18] was used. For social support

assessment, the SSQ-S and SSQ-N [19] were used. For posttraumatic stress symp-

tom assessment, the IES-R [20] was used. For posttraumatic growth assessment, the

PTGI [21, 22] was used. Subsequently, multiple regression analysis was performed

using the IES-R and PTGI as dependent variables. Independent variables included

the sex, age at diagnosis, affected limb condition (amputation/preservation), Family

APGAR, SSQ-S, and SSQ-N.

Of the 55 survivors, responses were obtained from 30 (response rate, 54.5 %).

They consisted of 16 in whom amputation was performed and 14 in whom the

affected limb was spared. The mean Family APGAR score was 7.97, suggesting

high-level family function. The mean SSQ-N and SSQ-S scores were 4.03 and 5.02,

respectively, being similar to those in healthy adults. The mean IES-R score was

9.70; posttraumatic stress symptom was not frequent. The mean PTGI score was

51.8, being markedly higher than in Japanese university students (33.9). Posttrau-

matic growth was marked (Table 20.5, Reference [6]). In the survivors of osteosar-

coma, the incidence of posttraumatic stress symptom was low, and posttraumatic

growth was marked.
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Multiple regression analysis with the IES-R as a dependent variable showed that

only the Family APGAR was a significant independent variable. High-level family

function reduced the survivors’ posttraumatic stress symptom.

Multiple regression analysis with PTGI as a dependent variable showed that the

age at diagnosis, affected limb condition, and SSQ-N were significant independent

variables. In patients of an advanced age and those after amputation, posttraumatic

growth was marked. Social support led to the survivors’ posttraumatic growth.

20.5.2 Other Reports on Psychosocial Outcomes

Bressound et al. reported that a low-level family function was associated with

posttraumatic stress symptom [23]. Nicholson et al. indicated that survivors’ psy-

chosocial outcomes were favorable [12]. Michel et al. suggested that a prospective

outcome occurs after pediatric cancer and that it is promoted by appropriate

counseling [24]. We reported that not only survivors but also their parents showed

posttraumatic stress disorder or posttraumatic growth [7]. In the future, psychoso-

cial care for survivors may be important.

20.6 Evaluation of Quality of Life (QOL)

20.6.1 Evaluation Methods of QOL

To evaluate the affected limb function of survivors of pediatric and adolescent

osteosarcoma, the Musculoskeletal Tumor Society score (MSTS score) [25],

Toronto Extremity Salvage Score (TESS) [26], Functional Mobility Assessment

(FMA) [27], and Reintegration to Normal Living Index (RNLI) [28] are used. For

QOL assessment, the Short Form-36 (SF-36) [29], TNO-AZL Questionnaire for

Adult’s Quality of Life (TAAQOL) [30], TNO-AZL Child Quality of Life

(TACQOL) [31], Bt-DUX [32], and Utrecht Coping List for Adolescents

(UCL-A) [33] are used. For the details of respective evaluation methods, refer to

the references.

Table 20.5 Psychosocial

outcomes (Reference [6])
Mean Standard deviation

Family APGAR 7.97 2.99

SSQ-S 5.02 1.04

SSQ-N 4.03 1.81

IES-R 9.70 9.71

PTGI 51.80 18.54

20 Long-Term Outcomes and Quality of Life (QOL) in Survivors of Pediatric and. . . 265



20.6.2 Our Report on QOL [8]

In 59 survivors of pediatric and adolescent osteosarcoma who were treated in our

department between 1976 and 2000, a questionnaire survey regarding QOL was

conducted. Of these survivors, responses were obtained from 33 (response rate,

55.9 %).

We evaluated the survivors’ QOL using the SF-36 consisting of eight subscales

[29]. On global QOL assessment, the “physical functioning” score was markedly

lower than the national standard value. However, the scores for the other seven

subscales were higher than national standard values (Fig. 20.2, Reference [8]). The

survivors’ QOL was satisfactory, excluding “physical functioning.”

We compared the QOL between limb-sparing and amputation groups (n¼ 14

and 19, respectively). In the former, the “social functioning” score was significantly

higher ( p¼ 0.023). There were no significant differences in the other seven

subscales. In our study, the limb-sparing group was more adaptable to social life

activities than the amputation group; the QOL was higher.

20.6.3 Relationship Between Affected Limb Function and QOL

We examined the relationship between the affected limb function and QOL in long-

term survivors of pediatric and adolescent osteosarcoma. We evaluated the

survivors’ limb function using a Musculoskeletal Tumor Society score (MSTS

score) [25] and investigated the correlation between the MSTS score and SF-36.

There were positive correlations among three subscales: “physical functioning,”

“bodily pain,” and “social functioning.” However, there were no correlations

among the other five subscales. Furthermore, there was a positive correlation

between the MSTS score and “physical component summary” of SF-36. However,

there was no correlation between this score and “mental component summary” of

SF-36, suggesting that the QOL cannot be evaluated based on the affected limb

65

60

55

50

45

40

35

30
PF RP BP GH VT SF RE MH

Mean=50, Standard deviation=10

Fig. 20.2 QOL evaluated

using SF-36. The “physical

functioning (PF)” score was

lower than the national

standard value, but the scores

for the other seven subscales

were higher than the standard

values. PF physical

functioning, RP physical role,

BP bodily pain, GH general

health perceptions, VT
vitality, SF social

functioning, RE emotional

role, MH mental health
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function only. It was shown that a favorable affected limb function did not always

lead to a good QOL.

20.6.4 Other Reports on QOL

Nagarajan et al. reported that most survivors of bone tumors were adaptable to their

environments using the RNL [34]. Koopman et al. also examined the QOL using the

TAAQOL, TACQOL, and UCL-A and indicated that survivors were adaptable after

treatment, and that there were no long-term emotional or social problems [33]. On

the other hand, Ness et al. emphasized that survivors of osteosarcoma were less

active than their siblings, requiring positive support [35].

Zahlten-Hinguranage et al. reported that the long-term QOL was similar

between limb-sparing and amputation groups [36]. In our study, the limb-sparing

group was more adaptable to social life activities than the amputation group; the

QOL was higher. Forni et al. and Veenstra et al. indicated that the QOL of patients

who underwent rotationplasty was high using the SF-36 [37, 38].

Thus, many studies have suggested that survivors’ QOL is relatively favorable.

However, the survivor-supporting system is not sufficient, as reported by Ness

et al. [35]. In the future, it may be necessary to positively support survivors.

20.7 Epilogue

It is difficult to standardize the results of our study for the following reasons: This

was a retrospective study; the number of patients was small; and the data were

obtained from a single institution. However, our study may provide clues to QOL

improvement in survivors of pediatric and adolescent osteosarcoma. Lastly, issues

to be improved in the future are presented.

20.7.1 Issue 1

Recent intensified treatment for osteosarcoma showed good results, but raised a

new issue, male infertility. Strategies to resolve this issue must be established.

20.7.2 Issue 2

It is expected that the incidence of second malignant neoplasms in survivors of

osteosarcoma will increase. Strict long-term follow-up is necessary.

20 Long-Term Outcomes and Quality of Life (QOL) in Survivors of Pediatric and. . . 267



20.7.3 Issue 3

Survivors of osteosarcoma show mental growth after treatment. The survivors’

QOL was satisfactory, excluding “physical functioning.” However, social support

is still insufficient; total care must be intensified.
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