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Abstract: With ever increasing long-term, disease free survival rates, long-term toxicities of 
otherwise successful therapy have gained increasing importance. They can be grouped into 
potentially life-threatening, especially secondary malignancies and anthracycline cardiomyo-
pathies, potentially disabling, particularly severe hearing loss and renal insufficiency, other, 
and rare events. Pathophysiology, frequency, and medical treatment approaches are dis-
cussed. Finally, fertility issues and quality of life issues are discussed, together with an 
outlook into the future. The challenge to cure as many patients as possible from osteosar-
coma while enabling a life free of late effects will remain. 
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Introduction
Osteosarcoma, the most frequent bone cancer of the young, carries an extremely high 
risk of metastases, which are usually pulmonary. The formerly almost always fatal 
disease course was only changed with the introduction of first adjuvant, then neoadju-
vant chemotherapy into treatment in the late 1970s and early 1980s. Nowadays, some 
70% percent of affected children and adolescents are made long-term, disease free 
survivors by a combination of local, mostly surgical, and systemic therapies.1

Over the years, a plethora of studies has been performed to find the optimal 
antineoplastic medications. From these, doxorubicin, high-dose methotrexate, cis-
platin, and, to a lesser extent, ifosfamide have emerged as the most active. Others 
such as cyclophosphamide, carboplatin, etoposide, and still others are used much 
less frequently and rarely first-line.1 More recently, other, targeted drugs have also 
shown some efficacy.2,3 So far, this has been confined to the relapse setting and to 
very limited prolongations of survival, while integration into first-line therapies still 
drags behind. Accordingly, most long-term survivors will have been treated with 
the more conventional drugs and surgery. This review tries to cover the most 
common late side effects of medical osteosarcoma therapy and avenues towards 
their effective treatment.

Life-Threatening Late Effects
Secondary Malignancies
The diagnosis of osteosarcoma is already a major blow to the patient and his or her 
family. A second, even more devastating blow may arise from the diagnosis of 
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a second malignancy. This may be a leukemia, where the 
additional risk is largely confined to the first ten years after 
osteosarcoma, or a secondary solid cancer, where no such 
time limitation is observed.4 Taken together, second malig-
nancies have been reported as being the most frequent 
cause of late death after the original malignancy.5 In one 
large competing risk meta-analysis of 72,945 connective 
tissue malignancy patients with a median follow-up of 131 
months, osteosarcoma histology was associated with an 
increased risk of secondary acute leukemia at a hazard 
ratio of 5.06.6 Chemotherapy, exposure to radiotherapy 
or even diagnostic irradiation,7 and individual cancer pre-
disposition may all contribute to the development of sec-
ondary malignancies. In addition to medical therapy of the 
original malignancy, factors predisposing to cancer may be 
present and causative for this severe complication.8

Secondary leukemias are much more likely to be of the 
myeloid than of the lymphoblastic subtype. They tend to 
be acute rather than chronic and can broadly be classified 
into two types, alkylator related and topoisomerase II– 
inhibitor related leukemias9,10 (Table 1). Since their advent 
well over half a century ago, akylators – here usually 
ifosfamide – have been a classical risk factor for the 
development of secondary leukemias. Their median time 
from osteosarcoma is around 5–7 years. Alkylator-related 
leukemias are commonly acute and non-lymphocytic. 
They often arise from a pre-leukemic, myelodysplastic 
phase and carry numerical chromosomal abnormalities. 

Among these, monosomy 7, trisomy 8, and 5q- are the 
most prominent.11 Topoisomerase II associated leukemias, 
on the other hand, develop earlier, only a few years from 
primary therapy.12 Among the drugs more commonly 
employed against osteosarcoma, the epipodophyllotoxin 
etoposide (VP16), but also the anthracycline doxorubicin, 
which seems to exert at least some of its activity via 
topoisomerase II,13 have been held responsible. These 
secondary leukemias are also myeloid, but generally of 
the monoblastic or myelomonoblastic variant and have 
no myelodysplastic prephase. Other than their alkylator 
associated counterparts, they carry translocations rather 
than numerical chromosomal changes. Translocations 
involving the lysine methyltransferase 2A (KMT2A, for-
merly mixed linea leukemia MLL) gene on chromosome 
region 11q23 are by far the most frequent,11 but others 
may also occur.

Unfortunately, the prognosis for both types of second-
ary leukemia remains extremely poor, even with intensive 
therapies such as allogeneic bone marrow 
transplantation.14 Avoidance of the drugs most likely 
responsible for this potentially fatal complication seems 
the only feasible protective measure. This may be 
achieved in case of etoposide, for which potent alterna-
tives are present, or alkylators, which may be also be 
substituted by other drugs. It is not well feasible for the 
anthracycline doxorubicin, for which most experts see no 
reasonable alternative. After all, the osteosarcoma has to 

Table 1 The Two Major Types of Chemotherapy Induced Secondary Leukemia

Leukemia Type Acute Myeloid Acute Myelomonoblastic or Monoblastic

Median latency 5–7 years 1–3 years

Main predisposing agents Alkylators 
– ifosfamide 

– cyclophosphamide

Topoisomerase II inhibitors 
– etoposide 

– anthracyclines (?)

Prephase Myelodysplastic None

Chromosomal alterations Numerical alterations 
- monosomy 7 

- trisomy 8 

- 5q- 
- others

Translocations 
– mostly involving 11q23 (MLL-gene) 

– others

Prognosis without treatment Fatal Rapidly fatal

Treatment with curative intent Bone marrow transplant Bone marrow transplant

Prognosis with such treatment Very poor Very poor
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be cured in order to contract any late complications in the 
first place. Therefore, causative agents cannot be simply 
removed from osteosarcoma therapy without reasonable 
substitutes.

Secondary solid cancers may also occur after osteosar-
coma. Their risk appears to be life-long. In fact, osteosar-
coma itself ranks among the most common secondary 
malignancies after childhood cancer.15,16 It should also 
be noted that presumed osteosarcoma metastases to sites 
like distant bones may indeed represent a secondary 
cancer.17 Radiotherapy, the most prominent risk factor 
for secondary solid cancers in many other secondary can-
cers, will have been only rarely administered to osteosar-
coma survivors. Hence, it is much more likely that 
anticancer drugs or a cancer predisposition syndrome 
were responsible.

The true frequency of cancer predisposition syndromes 
in osteosarcoma remains a matter of debate, but it is likely 
to be considerable.18 It has thus been argued that all 
osteosarcoma patients be screened for such genetic cancer 
predispositions.

If it arises, a secondary solid cancer merits therapy. 
Therapeutic nihilism is contraindicated. Prognosis will 
greatly depend on its type, site, and stage and cannot be 
generalized. Avoidance of those drugs most commonly 
responsible for secondary malignancies from osteosar-
coma therapy seems to offer very effective protection. If, 
as more often than not, not feasible, these agents should be 
administered at as low a cumulative dose as possible. 
Unfortunately, there are no other known protective mea-
sures. Close observation to detect these potentially fatal, 
but also potentially treatable and curable second cancers at 
an early stage seems wise.

Heart Failure
Doxorubicin remains one of the most important, if not the 
most important of all drugs against osteosarcoma.19 Its 
administration, however, does not come without its price: 
Anthracycline induced heart failure is one of the most 
devastating late effects of otherwise successful chemother-
apy. It comes in the form of dilated cardiomyopathy. This 
side-effect is not limited to the time immediately after 
treatment, quite to the contrary: Heart function seems to 
decrease with the years and overt heart failure may occur 
even decades after therapy.20 As many childhood cancer 
survivors will have been exposed to anthracyclines, the 
risk is substantial. It has been estimated that over 50.000 
cases of doxorubicin cardiomyopathy would be present 

globally in young cancer survivors in 2020.21 

Unfortunately, the assumption is that less than half of 
those who develop such chemotherapy-related toxicity 
will survive beyond 10 years.22 Ifosfamide, especially in 
high dosages, may also rarely result in heart failure, but 
this seems to be an acute problem, very rare, and will not 
be discussed further on this occasion.

Given the magnitude and severity of this devastating 
late effect, the number of published articles dealing with 
this severe complication is almost uncountable, with 
almost 5.000 papers on “doxorubicin cardiotoxicity” in 
medline alone. Still, the pathophysiology of anthracycline- 
induced cardiomyocyte damage remains the subject of 
scientific (and sometimes heated) discussions. 
Comprehensive reviews are available in the recent litera-
ture. As a consensus, it seems that the formation of free 
radicals exceeding the hearts detoxification capacity plays 
a major role, but other mechanisms may be active, at least 
in addition.21,23–25

With anthracycline cardiomyopathy being such 
a devastating late effect, potential risk factors have 
long been of major interest. For one, traditional cardio-
vascular risk factors such as hypertension, diabetes, dys-
lipidemia, and overweight or obesity should not be 
disregarded.26 Very young and very old patients may be 
at an enhanced risk, as may be females over males. 
Variations of a child’s genetic make-up may also con-
tribute to his or her risk for later cardiomyopathies.27 

The major predisposing factor for late chemotherapy- 
related cardiomyopathy, however, seems to be the cumu-
lative anthracycline dose administered. Regimens are 
therefore usually limited at 450 mg/m2 doxorubicin- 
equivalent, where congestive heart-failure is in the 
range of 5%. Lower cumulative doses seem to carry 
lower risks, but even the lowest doses may not be totally 
cardioprotective.28

It has been demonstrated decades ago that the risk for 
anthracycline cardiotoxicity was also drug schedule depen-
dent, large single doses being more cardiotoxic than the 
same drug dose being split up over several days or weeks 
of administration. Continuous infusions also seem to be 
less cardiotoxic than bolus scheduling.29 The latter, how-
ever, has been disputed for the youngest patients, one of 
the most vulnerable populations. In these, a randomized 
study of 360 mg cumulative doxorubicin found no late 
cardiac benefits for infusions over 48 hours compared to 
bolus administration.30 The situation may differ in 
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adolescents, young adults, and older patients. However, 
randomized evidence for these age groups is lacking.

Females may be at a higher risk for late cardiac 
damage than males. This is particularly relevant when 
young women are about to plan building a family: 
Pregnancy and childbirth pose additional stresses to the 
heart. The demands on cardiac output are increased sub-
stantially. Cardiac decompensation may occur even in the 
face of previously undetectable damage.31 It seems wise to 
counsel accordingly, treat if necessary, and to follow preg-
nancies extremely closely.

Given the severity of this problem, prevention has 
become a major point of interest and of study. So far, 
there are no methods for complete cardiomyopathy avoid-
ance other than complete anthracycline abstinence – often 
not feasible for oncological reasons. The current knowl-
edge about anthracyline treated patients was comprehen-
sively reviewed a few years ago.26 As a rule, primary 
prevention may be the most effective strategy, with multi-
ple options being explored.32 Alternative drugs with lower 
cardiotoxic potential, particularly anthracycline analogues 
or anthrachinones, have yet to prove that they are as 
effective against osteosarcoma as doxorubicin. It has 
been well documented that anthracycline peak levels cor-
relate with untoward effects upon the heart, at least in 
adolescent and adults.29 Hence, drug scheduling has 
received quite some attention. Both split dosages and 
continuous infusions of up to 96 hours or even longer 
were shown to protect the heart.28 However, these mod-
ified schedules may be significantly more toxic to the 
mucous membranes than is bolus administration, so that 
this does not come without its acute price. As mentioned 
previously, anthracycline scheduling has been studied in 
detail in pediatric leukemia, the patient population being 
considerably younger than that for osteosarcoma. In these 
young children, 48 hour infusions demonstrated no cardiac 
benefits over bolus administration.30

Over the years, much interest has been focused on the 
cardioprotectant dexrazoxane.33 The agent is believed to 
diminish the heart of free radicals, favored by anthracy-
cline therapy, and associated oxidative stress and cardiac 
destruction. Where it is licensed, its indication generally 
only starts at a certain cumulative anthracycline dose, is 
limited to adults, and to certain cancer types other than 
osteosarcoma. Osteosarcoma patients may only be treated 
off-label. Recently, the Children’s Oncology Group 
reported on favorable long-term cardiac outcome data 
with dexrazoxane in pediatric osteosarcoma patients 

receiving large cumulative amounts of doxorubicin (375– 
600 mg/m2).34 In 2017, the European Medicines Agency 
agreed that the existing pediatric contraindication for car-
dioxane be lifted for patients under 18 years who require 
high doses of anthracyclines (ie, > 300mg/m2) and are 
therefore considered at greater risk of harmful cardiac 
effects. Therefore, dexrazoxane may be beneficial for chil-
dren and adolescents, so that further study in these young 
patients is warranted. Other drugs used for primary cardiac 
prevention include statins, but randomized evidence for 
this specific situation is lacking. The same holds true for 
non-medicinal primary prevention such as exercise.26 

Further studies are clearly required.
Secondary prevention of anthracycline-induced cardio-

toxicity has also gathered quite some scientific interest. 
Beta-blockers, aldosterone antagonists, angiotensin recep-
tor blockers, angiotensin converting enzyme inhibitors, 
neurohormonal blocking drugs and implantable devices 
have and may still all be used. However, most publications 
deal with heart-failure of other or of all causes and evi-
dence-based experience for this specific situation is scarce 
to non-existent.26

It has been argued that cardiac therapy should be 
initiated immediately once subclinical signs of heart fail-
ure became evident by echocardiography or other testing 
methods. The optimal therapy, however, is anything but 
well defined. A Cochrane review 2016 found only two 
evaluable trials, one of phosphocreatine and one of the 
acetyl choline esterase inhibitor, enalapril. Unfortunately, 
neither drug managed to prove any long-lasting benefit.35 

Still, many cardiologists will treat patients with asympto-
matic (or even symptomatic) terminal heart failure just as 
those with cardiac failure from other causes. 
Refractoriness to even the most active drugs is, however, 
all too frequent.

In such refractory cases, allogeneic heart- 
transplantation may become necessary, sometimes with 
external bridging devices. It is of some consolation that 
the prognosis of heart-transplants in long-term cancer sur-
vivors need not be inferior to that of other patients.36,37 

There seems to be no increased risk for malignant recur-
rences with these transplants, so that such an invasive 
therapy may be very well indicated.

It has been repeatedly recommended that all or at least 
most anthracycline treated pediatric patients be screened 
and, if indicated, treated for cardiomyopathy, but many 
associated factors are still the focus of intense discussion. 
Consensus recommendations, however, are available.26,38 

https://doi.org/10.2147/CMAR.S287908                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 8992

Hecker-Nolting et al                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


An international expert panel managed to come up with 
the following unanimous opinions:26

● Childhood cancer survivors treated with anthracy-
clines (including mitoxantrone) or chest radiation 
are at increased risk of cardiomyopathy.

● Surveillance using echocardiography should be life-
long and performed at a minimum of every five years.

● Given the increased cardiometabolic demand on the 
heart of the mother during pregnancy, closer moni-
toring of survivors during pregnancy is warranted.

● Survivors with documented asymptomatic cardio-
myopathy should be referred to a cardiologist for 
further diagnostic work-up and possible treatment.

● At risk cancer survivors should be regularly screened 
for traditional cardiovascular risk factors (ie, hyper-
tension, diabetes, dyslipidemia, overweight/obesity) 
and should be counseled against smoking and physi-
cal inactivity.

Disabling Late Toxicities
Mobility
Many former osteosarcoma patients are considerably han-
dicapped by surgery for their primary tumor, which more 
often than not resulted in loss of at least one major joint. 
Chemotherapy, however, seems to add little to this loss of 
mobility other than that it may hinder the initiation of 
rehabilitative measures. Endoprostheses may be the sub-
ject of deep infection. Once chemotherapy is over, how-
ever, the infection rate drops and the prosthesis is more 
endangered by mechanical wear and failure.39,40

Hearing Loss
Cisplatin (and to a much lower extent carboplatin) is 
a major cause of high-frequency hearing loss. It is caused 
by largely irreversible damage to the hair cells of the inner 
ear. Typically, this begins at the highest frequencies and 
then progresses to the lower frequencies. In the end, it may 
cause permanent difficulties to understand the spoken 
word and, rarely, near-complete deafness.41,42

Hearing loss is greatly dependent, among other factors, 
on the cumulative cisplatin dose administered. It may 
therefore increase as treatment progresses. Other ototoxic 
drugs such as aminoglycosides and also noise may aggra-
vate the situation, particularly if present concomitantly 
with cisplatin. Younger age at cisplatin exposure has also 
been implied as a risk-factor.43,44

Approaches to limit this inner ear damage include 
trying to reduce exposure to high peak cisplatin concen-
trations by intelligent drug scheduling, be it prolonged 
infusions or administration as split dosages. Less ototoxic 
platinum analogues have yet to prove their equi-efficacy to 
cisplatin. Otoprotective drugs such as amifostine, sodium 
diethyldithiocarbamate disulfiram, or systemic sodium 
thiosulfate have been found more or less active in some 
other cancers.45 However, these drugs have not been well 
evaluated in the osteosarcoma population. Some may even 
be contraindicated. Amifostine, for example, is a prodrug 
activated by alkaline phosphatase, an enzyme often amply 
present in osteosarcoma. The drug may therefore protect 
not only the inner ear but also the tumor itself from 
cisplatin´s effect.

Once severe ototoxicity has arisen, it is important to 
help with understanding of the spoken word, as this will 
greatly support a child’s development. The indication for 
hearing aids should therefore be applied liberally.41 Drugs 
will not be able to restore any damage once it has 
occurred, it will remain permanent.

Kidney Function
The kidney may be the focus of cisplatin or, rarer, ifosfa-
mide-associated glomerular dysfunction and of ifosfa-
mide-related tubular toxicity.46 Methotrexate associated 
glomerular toxicity may be extremely severe. It can lead 
to renal failure and concomitant loss of drug excretion, 
which may lead to toxic death. However, methotrexate 
induced renal damage is always acute and renal function 
will return to completely normal once the acute episode is 
survived.47 After osteosarcoma, dialysis and renal trans-
plantation are rarities, as permanent glomerular failure is 
extremely infrequent. If they occur, other causes must be 
sought. A causative impact of former chemotherapy 
should only assumed if none are detectable The function 
of the renal glomerulus may, however, be less severely 
impeded by anti-tumor chemotherapy, the kidney being 
well able to tolerate this.

Clinically relevant renal tubular toxicity occurs much 
more frequently than glomerular failure. It is usually asso-
ciated with ifosfamide use and may be permanent.46 

Ifosfamde´s cumulative dose and a preexisting reduced 
number of renal glomeruli (hence reduction of the glomer-
ular filtration rate GFR, eg, following unilateral nephrect-
omy) are well-defined risk factors for enhanced 
ifosfamide-related damage. As younger children have 
a comparatively lower GFR, they are at an increased 
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risk. Previous or concomitant cisplatin therapy works 
through the same GFR-effect.

Tubular toxicity is characterized by a loss of small 
substrates through the urine rather than uremia. In extreme 
cases, a full-blown De Toni-Debré-Fanconi´s syndrome 
may result. Glucosuria, phosphaturia, aminoaciduria, and 
type II renal tubular acidosis may result, with associated 
hypokalemia, sodium wasting, and dehydration.48 It is 
therefore pertinent that osteosarcoma patients whose ther-
apy included ifosfamide be screened for such urinary 
losses, usually for several years after therapy. Measuring 
the kidney´s fractional absorption rate of phosphate seems 
to offer a good screening tool.49 Those detected to show 
abnormalities merit a more detailed evaluation by 
a nephrologist. Patients treated without ifosfamide gener-
ally have little to no demand for such renal screening. 
Therapy mirrors that of renal tubular damage in general 
and involves oral substitution of substances lost through 
the urine. In particular, phosphate and bicarbonate may 
have to be permanently substituted in order to prevent 
consecutive problems. N-acetylcysteine may have some, 
as of yet poorly defined role as a renal protectant from 
ifosfamide,50 but is not in widespread use for this purpose.

Rare Late Effects
Brain
Osteosarcoma chemotherapy is usually not associated with 
clinically apparent late toxicities to the brain. Methotrexate 
encephalopathy may occur acutely, but is generally rever-
sible. Investigators have, however, claimed some lasting 
intelligence limitations associated with the drug’s use in 
children,51 particularly if administered at high dosages. 
There is little knowledge gathered about osteosarcoma 
patients in particular, but these may be at an enhanced 
risk because of the high individual and cumulative metho-
trexate doses received. Acute methotrexate damage to the 
brain may be a harbinger for late damage. However, stu-
dies have generally been performed in survivors of acute 
leukemias and little is known about osteosarcoma, as is 
about specific therapy.

Peripheral Nerves
The peripheral nerves may be the focus of severe, acute 
damage caused by cisplatin.52 This only very rarely affects 
the younger patients who most frequently contract osteosar-
coma, it is the aged who are most susceptible. The rare older 
or even geriatric osteosarcoma patient may, however, experi-
ence peripheral neurotoxicity to an extent at which it can be 

dose-limiting. Here, time is a healer rather than an aggrava-
tor, so that late neurotoxicity is so far not of major concern.

Lungs
The lungs are another organ system which seems to be 
quite safe from late chemotherapy toxicities. Reductions of 
pulmonary function, if present, are much more likely to be 
caused by former surgery or, rarely, radiotherapy for lung 
metastases than by chemotherapy.

Liver
While many organs are affected by late toxicities, the liver 
seems to be relatively safe. In the absence of transfusion- 
related infectious hepatitis, there is no need for concern. 
Late hepatic problems are more likely to have some other 
cause than osteosarcoma chemotherapy, for instance trans-
fusion-related hepatitis.

Teeth
Dental abnormalities may occur after treatment for child-
hood cancer, they are not osteosarcoma specific. Most late 
effects are related to tooth development during dentition.53 

Judging from osteosarcoma´s age distribution, most 
affected patients will have developed permanent teeth by 
the time chemotherapy is given, thereby sparing this organ 
from most relevant late effects.

Immune System and Vaccinations
The body’s immune system and its associated protection 
against infections generally both return to completely nor-
mal within several months to one year after chemotherapy. 
Of importance, however, protection by vaccination may be 
impeded during and after intensive chemotherapy. It there-
fore seems advisable to test antibody titers for those dis-
eases against which a patient was formerly vaccinated (for 
instance measles, mumps, rubella, varicella, diphtheria, 
tetanus, pneumococcus, hepatitis A & B, and sometimes 
others) several months after the end of chemotherapy and 
to re-vaccinate in case of negativity.54–57 Hepatitis vacci-
nation is always indicated in the absence of appropriate 
titers, as chemotherapy and concomitant transfusions may 
again become indicated in case of osteosarcoma relapse. 
Varicella vaccination may prevent the otherwise frequent 
virus reactivation as shingles. If shingles do develop, how-
ever, they need to be treated, usually by acyclovir.58 There 
is no hint of long-lasting or even permanent, clinically 
significant immune damage after osteosarcoma 
chemotherapy.
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Other Rare Late Toxicities
Other tissues and organs may only infrequently be affected 
by late effects or may even be completely spared from 
such. For example, major hair loss is rarely if ever 
a permanent problem. The same holds true for skin altera-
tions, with the exemption of surgical scars. The mucosa, 
while a major focus of acute chemotherapy toxicities, 
usually recovers fully within weeks. The nose and sense 
of smell, which may be affected by acute mucositis, return 
to normal with recovery, as does taste. Vision is also more 
or less unaffected by current osteosarcoma therapies. 
Strength returns to normal with increased physical activity, 
as does bone mass. There are no known major late effects 
affecting the mucosa of the digestive tract. The list could 
go on and on. Treatment is of little relevance and of little 
interest. If presumed late toxicities not mentioned in this 
review are suspected, the pertinent literature should be 
sought.

Fertility
Former osteosarcoma patients are most often in or coming 
into their reproductive years. They may be concerned 
about fertility and ask about potential tumor predisposition 
in their potential offspring. Many concerns may be rightly 
dissolved, others are indeed relevant.

Recommendations concerning fertility preservation in 
cancer patients are available.59 Fertility is more often than 
not quite normal in females, who may enjoy what seems to 
be a nearly normal reproductive rate. Males, however, may 
experience major treatment-related impairments. This 
holds particularly true for those males who received high 
cumulative doses of alkylators (ifosfamide, cyclophospha-
mide) during osteosarcoma treatment. Those few osteosar-
coma patients whose gonads were exposed to radiotherapy 
with even a few Gy will also experience greatly reduced 
fertility, males again more severely affected than females. 
Therapy in case of impeded male fertility mirrors inferti-
lity treatments in others. Assisted reproduction techniques 
may become necessary in selected young survivors, adop-
tion may be an option for some.

Females should be advised that, while their menstrual 
cycle seems to have returned to normal only a few months 
after the end of treatment, their reproductive age could end 
prematurely. In one study of 1067 women surviving any 
type of cancer for 5 years or more, in whom cancer was 
diagnosed before age 20, and who were still menstruating 
at age 21, increased relative risks of menopause were 
detected after treatment with either radiotherapy (relative 

risk 3.7) or alkylating agents (relative risk 9.2). The risk of 
menopause increased 27-fold for women treated with both 
radiotherapy below the diaphragm and alkylating agents. 
By age 31, 42% of these women were infertile.60 

Treatment may be less gonadotoxic by now and osteosar-
coma therapy is devoid of the most gonadotoxic agents 
anyhow. Still, it may be advisable for young, fertile 
women not to postpone planned pregnancies for all too 
long. Then, assisted reproduction technique or egg bank-
ing will generally not be necessary. Otherwise, oocyte 
cryopreservation may offer a viable alternative.

One concern can be rightly taken from most former 
patients, be they male or female: Their offspring will not 
have an increased risk of treatment-induced malforma-
tions, it will be quite normal (caveat: rare tumor predis-
position syndromes may also be associated with 
malformations). Also, former chemotherapy will not 
cause cancer in the offspring. Children may, of course, 
have inherited their parents’ tumor predisposition syn-
dromes, if present. Once children have been born, they 
are not at risk of any other untoward late effects of their 
parents’ former chemotherapy, whatever those might have 
been. One caveat is in utero exposure, which would 
require medical attention to the child.

Quality of Life
With all these early and late chemotherapy toxicities – in 
association with a more or less disabling tumor surgery – it 
comes as no surprise that the quality of life and patient- 
reported outcomes of osteosarcoma patients have recently 
come under increased scrutiny.61–64 It is most often not 
possible to unravel which specific treatment caused which 
specific long-term impediment. Resulting changes may be 
so negative to pose seemingly insurmountable problems or 
may even be experienced as positive. On the negative side, 
survivors may for example be affected by the metabolic 
syndrome. It will remain virtually impossible to unravel 
whether chemotherapy or surgery or the combination of 
both was mainly responsible. Never the less, it seems wise 
to counsel survivors about this specific late effect and 
about methods of prevention.65,66

The results of the international large prospective 
EURAMOS study, which included a dedicated quality of 
life assessment alongside and after treatment, are long 
overdue and more than desperately expected.67 They may 
finally be able to shed a comprehensive light on this 
subject.
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Outlook into the Future
Currently, a vast variety of drugs is being evaluated 
against recurrent osteosarcoma.68,69 Few patients among 
those exposed will have the fortune to become long-term, 
disease-free survivors and therefore be able to experience 
late effects. One example of drugs hyped by some is 
liposomal muramyl-tripeptide phenolamine (MTP),70 

which is used as part of frontline therapy by a minority 
of clinicians. The drug, while associated with acute toxi-
cities, seems largely devoid of late effects. Its efficacy, 
however, remains a major point of controversy.71 More 
recently, multiple targeted therapies have been tested in 
recurrent osteosarcoma, with some evidence of activity.2,68 

Tyrosine kinase inhibitors have gained the most attention, 
as they were shown to prolong disease control in the 
inoperable relapse situation. Transfer into first-line therapy 
and into increased cure rates is, however, pending. These 
or other new agents will undoubtedly lead to new late 
effects, which will then require investigation and 
treatments.72 A watchful eye is certainly advisable.

Conclusion
Late toxicities of systemic osteosarcoma therapies can be 
severe, impede a patient’s quality of survival, and may 
even kill. Like in all predominantly pediatric and adoles-
cent malignancies, emphasis on long-term morbidity and 
mortality of therapy is important to identify high-risk 
survivors and to design interventions aimed at early detec-
tion and prevention of late toxicities.73 They require close, 
qualified attention. A comprehensive screening recommen-
dation by the Late Effects Surveillance System of the 
German Society for Pediatric Oncology and Hematology 
GPOH,74 focusing on standard regimens and drugs, is 
given in Appendix 1. New treatments will undoubtedly 
also bring new late side effects. Nevertheless, effective 
systemic therapy is the only chance to beat this cancer. 
We must all learn to detect, reduce, and treat the associated 
late effects.
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