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Abstract

Osteosarcoma was initially resistant to che-
motherapy that worked for Ewing sarcoma 
and rhabdomyosarcoma as well as other che-
motherapeutic agents available in the 1960s. 
In the early 1970s, responses of osteosarcoma 
to adriamycin were reported, and at about the 
same time, so were responses of osteosarcoma 
to high-dose methotrexate. These agents were 
introduced into adjuvant therapy due to the 
dire prognosis associated with apparently 
localized osteosarcoma. After initial questions 
regarding the role of chemotherapy delayed its 
uniform acceptance, there is now general 
agreement that chemotherapy is primarily 
responsible for the cure of patients with osteo-
sarcoma when combined with surgical elimi-
nation of the primary tumor. Advances with 
combination chemotherapy later adding cis-
platin and ifosfamide have improved ultimate 
survival. The history of the development of 
effective chemotherapy combinations at 
Memorial Sloan Kettering Cancer Center, UT 
MD Anderson Cancer Center, and the Rizzoli 
Institute are highlighted, and recent large 
cooperative group studies are reviewed in the 
context of those findings.

Keywords

Osteosarcoma · Adjuvant chemotherapy · 
Neoadjuvant chemotherapy · Adriamycin · 
Methotrexate · Cisplatin · Ifosfamide

 History

Osteosarcoma was initially resistant to chemo-
therapy that worked for Ewing sarcoma and rhab-
domyosarcoma as well as other chemotherapeutic 
agents available in the 1960s. In the early 1970s, 
Wang, Cortes, and Holland reported responses of 
osteosarcoma to adriamycin (before the name 
doxorubicin was invented) [70]; and at about the 
same time, Jaffe reported responses of osteosar-
coma to high-dose methotrexate [36]. That was 
the beginning of the modern era of osteosarcoma 
chemotherapy. It was also recognized at that time 
that the vast majority of patients with apparently 
localized osteosarcoma would die of their disease 
despite radical amputation, one joint above the 
level of the tumor [37, 44]. There had even been 
attempts to delay amputation with radiation of 
the primary tumor, so that when it was obvious 
that the patients’ lungs were filled with metasta-
ses, mutilating surgery could be avoided [18, 42, 
55]. With that background, it is easy to see why 
Jaffe and Cortes pushed the active chemothera-
peutic agents that they had discovered into adju-
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vant therapy for patients with localized disease. 
Their back-to-back publications in the New 
England Journal of Medicine indicated remark-
able improvements in survival and disease-free 
survival compared with well-established histori-
cal control series [23, 37].

So why was there so much controversy regard-
ing the use of adjuvant chemotherapy in the two 
decades that followed? Several issues contrib-
uted. First, as my former mentor, John Murray, 
frequently said “the worst enemy of a good out-
come is long-term follow-up.” The initial series 
of Jaffe and Cortes were published with less than 
1 year of median follow-up in the rush to notify 
the world of a major breakthrough in the treat-
ment of a previously deadly disease. At that time, 
the vast majority of patients treated with amputa-
tion alone had developed metastases and many 
had died. Further follow-up on the treated 
patients, however, showed that although the time 
to the development of metastatic disease was pro-
longed, the majority of patients ultimately 
relapsed and died. At the last update of these 
series, disease-free survival had dropped from 60 
to 85% at 1 year to about 40% with 5-years of 
follow-up [24, 38]. Second, chemotherapy was 
toxic. High-dose methotrexate was difficult to 
manage. It involved giving a lethal dose of che-
motherapy and then following with an antidote to 
protect normal cells. Initially, methotrexate levels 
were not available to monitor drug clearance, and 
particularly in adults, clearance was not so rapid 
and predictable as in children. Some patients 
died. For adriamycin, too, there were infectious 
complications (there were no hematopoietic 
growth factors, and antibiotics had limited spec-
trum), mucositis, and great fear of late congestive 
heart failure. Third, the statisticians from the 
Mayo Clinic, a chemotherapeutically conserva-
tive institution at that time, showed evidence that 
their patients treated only with surgery were 
doing much better than previously and suggested 
that the improvements claimed by others using 
chemotherapy were simply due to a change in the 
natural history of the disease [67, 68]. Fourth, the 
medical profession, taught to be skeptical and not 
to believe the results of studies that do not have 
concurrent randomized controls, believed the 

illogical assertions of the Mayo Clinic statisti-
cians. Why should the natural history of a cancer 
change? Was there evidence of that happening in 
any other cancer? Did the use of plain tomogra-
phy eliminate such a high proportion of patients 
with metastatic disease on presentation who 
would not have been detected with X-rays that 
the remainder of patients had such a better out-
come? Is it not more likely that the referral bias 
of patients traveling to the Mayo Clinic accounted 
for their changes? And even if the natural history 
had improved such that almost 50% of patients 
were cured with surgery alone as initial therapy, 
in fact, two-thirds of patients in Taylor’s reports 
relapsed [67, 68]. That some were salvaged by 
subsequent therapy does not negate the fact that 
initial surgery was curative in only one-third of 
patients, and what logical reason is there not to 
try to improve the lot of those who relapsed 
despite amputation? How could omitting poten-
tially helpful systemic treatment do that? Were 
not patients at greater risk of dying from not 
doing something than from doing too much?

Nonetheless, the medical community was 
divided. Some, most notably Dr. Gerald Rosen 
from Memorial Sloan Kettering Cancer Center, 
chose to build on the activity of high-dose metho-
trexate and adriamycin by developing combina-
tion regimens to increase the cure rate [59–63]. 
So did both the pediatric [65, 66] and adult 
groups at MD Anderson [51, 58]. Others chose a 
more conservative interpretation of the data 
claiming that until there was a randomized study 
demonstrating conclusively that adjuvant chemo-
therapy was beneficial, its use should be consid-
ered unproven and experimental. Their view was 
strengthened by publication of a randomized 
pilot study from the Mayo Clinic that demon-
strated no difference in disease-free survival 
between patients treated with adjuvant high-dose 
methotrexate and those treated solely with sur-
gery [28]. A careful examination of that study 
reveals several issues of concern. First, the popu-
lation, with a median age of over 21, is not repre-
sentative of the overall population of patients 
with osteosarcoma where the peak incidence is in 
the second decade. Second, and most important, 
7 of the 20 patients in the treatment arm never 
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reached the target therapeutic dose of 7.5 g/m2, 
due either to delayed drug excretion or very early 
disease progression (and few today would ever 
consider a methotrexate dose as low as 7.5 g/m2 
to be adequate).

Clearly, the most influential studies for the 
medical community as a whole were the two ran-
domized controlled studies that compared the 
outcomes of patients treated with adjuvant che-
motherapy with those treated by surgery alone[29, 
43]. These studies put to rest the controversy as to 
whether chemotherapy added to the cure of local-
ized osteosarcoma. The answer was a resounding 
yes. In Link’s multi-institutional study [43], 77 of 
113 eligible patients declined randomization 
leaving only 36 patients randomized to receive a 
complex multidrug adjuvant regimen utilizing 
high-dose methotrexate at 12 g/m2, adriamycin, a 
combination of drugs (now felt not to have much 
activity) called BCD [50], and the combination 
of adriamycin and cisplatin (modified from 
Rosen’s T-10 protocol) [59], versus amputation 
alone. The chemotherapy group had a 2-year 
disease- free survival of 66% compared with 17% 
in the control group. Of interest, the 59 patients 
refusing randomization and selecting to receive 
chemotherapy had a 67% disease-free survival 
compared with 9% in the 18 patients selecting 
amputation. Thus, one might argue that no more 
was learned from the patients who were random-
ized than from those studied and observed.

In Eilber’s study [29], patients all received one 
cycle of preoperative chemoradiation therapy and 
were randomized postoperatively to receive a 
similar regimen to that used in Link’s study with 
somewhat lower doses and the omission of the 
four cycles of the adriamycin-cisplatin combina-
tion (modified from Rosen’s T-10A protocol) 
[59]. The 32 patients randomized to adjuvant 
chemotherapy had a 55% 2-year disease-free sur-
vival compared with 20% for the 27 patients ran-
domized not to receive adjuvant therapy.

Since both Link and Eilber’s studies were 
based on therapy developed by Rosen, it is worth 
reviewing the existing data from Rosen’s studies 
at the time of the initiation of those two random-
ized trials. After studying the sequential use of 
high-dose methotrexate and adriamycin in 

patients with metastatic osteosarcoma [62], his 
group embarked on a series of studies in patients 
with primary tumors. For chemotherapy, they 
first utilized high-dose methotrexate and adriam-
ycin, later adding high-dose cyclophosphamide, 
their T-4 and T-5 protocols [60, 61]. With these 
protocols, they noted late relapses between 12 
and 33 months, so they then substituted the com-
bination of bleomycin, cyclophosphamide, and 
dactinomycin (BCD)[50] for high-dose cyclo-
phosphamide, but they increased the frequency 
of high-dose methotrexate administration to 
weekly, resulting in 18 rather than 6 doses of 
methotrexate, their T-7 protocol [60].

Rosen’s most important contribution was not 
the regimens he developed but rather the concept 
of neoadjuvant chemotherapy. During the time it 
took to develop a custom endoprosthesis so that a 
tumor involving a portion of a weight-bearing 
bone could be widely resected while preserving 
the neurovascular bundle and permitting limb 
salvage rather than amputation, he gave preoper-
ative chemotherapy [60, 61]. He rightfully 
observed that tumor shrinkage in a tumor with a 
bony matrix was not a good indicator of the 
response to therapy. Since tumors were removed 
and analyzed histologically, however, it was pos-
sible to estimate the effects of chemotherapy by 
histologic response. Huvos first described the 
histologic findings in the patients that Rosen 
treated [35]. He described four grades of response 
ranging from I, essentially no response, to IV, 
complete disappearance of tumor. Rosen 
observed that patients whose tumor was com-
pletely or almost completely killed by neoadju-
vant chemotherapy (Huvos grade III-IV) had 
improved disease-free survival compared with 
those whose tumors demonstrated lesser degrees 
of tumor kill. That observation added further sup-
port to the conclusion that the improved disease- 
free survival of those treated in the adjuvant 
situation was a direct result of the chemotherapy 
administered [60].

Rosen also noted in treating patients with 
established disease that some patients responded 
only after escalation of the methotrexate dose 
above 8 g/m2. In the T-10 protocol, preoperative 
therapy was heavily weighted toward methotrexate 
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and consisted of 4 weeks of high-dose methotrex-
ate at 8–12  g/m2, one course of BCD, 2 more 
weeks of methotrexate, one course of adriamy-
cin, and 2 more weeks of methotrexate. 
Postoperative therapy for good responders was 
repeating the second portion of the preoperative 
regimen three times. Poor responders had chemo-
therapy changed to the combination of adriamy-
cin and cisplatin for two courses followed by 
BCD and repeating that sequence two more 
times. By modifying postoperative chemotherapy 
in poor responders, he converted their prognosis 
to that of good responders [59].

Rosen’s emphasis on escalation of the metho-
trexate dose in order to obtain a response was 
studied in terms of peak plasma concentration of 
methotrexate by Delepine and colleagues in a 
modified T-10 protocol [25–27]. Patients whose 
methotrexate dose was adjusted to reach a peak 
level of ≥1000 μM had a higher rate of good his-
tologic response and better disease-free survival 
than those whose peak levels were <1000  μM 
[25]. A subsequent report by Bacci from the 
Rizzoli Institute (IOR) using multivariate analy-
sis in 336 patients showed no correlation between 
methotrexate levels and histologic response [7]. 
It must be emphasized, however, that the proto-
cols at the IOR utilized only two preoperative 
doses of methotrexate as well as two of adriamy-
cin and cisplatin preoperatively, whereas the T-10 
protocol utilized eight doses of methotrexate, one 
of adriamycin, and one of BCD. Adequate meth-
otrexate levels are critical to the activity of meth-
otrexate, but if much of the preoperative response 
rate is due to adriamycin and cisplatin, the meth-
otrexate level is irrelevant; as is, perhaps, the 
administration of methotrexate at all in that regi-
men. It is clear, however, if one wants 
 methotrexate to work, adequate levels 
(≥1000 μM) are important.

The activity of cisplatin against osteosarcoma 
was discovered during phase I clinical trials [21, 
41] and confirmed in additional phase II studies 
[12, 52, 69]. It was put into adjuvant therapy in a 
regimen alternating with adriamycin by Ettinger 
and colleagues from Roswell Park [30, 31]. After 
3-year median follow-up time, 64% of patients 
were continuously free of disease [31]. After not-

ing at MD Anderson that cisplatin could be used 
by intra-arterial infusion in patients with mela-
noma [57], we expanded our studies to include 
patients with osteosarcoma [13, 19, 22, 47]. The 
response rate seen in patients with primary bone 
tumors (8/15) was substantially higher than the 
21% reported in the earlier phase I-II studies of 
intravenous cisplatin. We also noted in our phar-
macologic observations that systemic exposure 
to cisplatin was the same with intravenous or 
intra-arterial administration, but the concentra-
tion in the vein draining the tumor was 1.5–4 
times higher with intra-arterial administration 
[64]. Thus, intra-arterial cisplatin delivers a full 
systemic dose plus a boost to the primary tumor.

Jaffe extended those studies to children, con-
firming the activity [39]. He subsequently com-
pared the activity of intra-arterial cisplatin with 
intravenous high-dose methotrexate in a random-
ized study [40]. In the methotrexate arm, 4 of 15 
patients responded (3 CR, 1 PR), but in the intra- 
arterial cisplatin arm, 9 of 15 patients responded 
(7 CR, 2 PR). In addition, two patients random-
ized to methotrexate were subsequently treated 
with and responded to intra-arterial cisplatin. 
Responses were defined by pathology using the 
criteria of Ayala, who modified the Huvos grad-
ing by quantifying the degree of tumor necrosis 
[2, 3]. Ayala noted that some degree of tumor 
necrosis could be seen in the absence of any che-
motherapy, but necrosis in excess of 60% repre-
sented a definite chemotherapy effect. Most 
subsequent papers have simply used the 90% 
necrosis cutoff as a good response and anything 
less as a poor response. Raymond described in 
detail the procedures for processing the tumor to 
get the best estimate of the percent necrosis [58].

While Jaffe was refining the use of intra- 
arterial cisplatin in pediatric patients, we on the 
adult sarcoma service at MD Anderson studied 
the effects of combining systemic adriamycin 
and intra-arterial cisplatin as preoperative che-
motherapy for patients with localized osteosar-
coma [14, 58]. Since the dose-limiting toxicities 
of adriamycin are myelosuppression and mucosi-
tis and those of cisplatin are nephrotoxicity and 
ototoxicity, we reasoned that the two drugs could 
be given in combination at full single-agent 
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doses. It is harder, particularly in adults, to add 
methotrexate to that combination since mucositis 
and nephrotoxicity overlap the toxicities of the 
other two drugs. Our studies using different drugs 
confirmed the observations of Rosen in 
methotrexate- weighted T-7 and T-10 protocols. 
Continuous disease-free survival was 58% for the 
entire group of 40 patients, but it was 91% in 
those with tumor necrosis ≥90% and only 14% 
for those with necrosis <90%. Subsequent modi-
fication of the postoperative adjuvant regimen in 
patients with poor necrosis with the addition of 
high-dose methotrexate and BCD improved 
disease- free survival to 34%, and with high-dose 
methotrexate and ifosfamide to 67% [16]. I will 
return to this subject later as recent studies ques-
tion the very basic concepts of neoadjuvant 
therapy.

The group most influenced by our experience 
with intra-arterial cisplatin, and the group that 
best developed neoadjuvant and adjuvant therapy 
for osteosarcoma in the ensuing years was the 
group from the Rizzoli Institute. Drs. Bacci and 
Picci spent several months visiting MD Anderson 
before returning to the IOR where their sequen-
tial protocols with large numbers of patients 
treated at a single institution are landmarks in the 
history of osteosarcoma therapy. The great 
advantage of the IOR is that it serves as the refer-
ral center for the entire country of Italy for com-
plex orthopedic procedures and thus captures the 
vast majority of patients with osteosarcoma.

The first adjuvant studies used adriamycin and 
then added low-intermediate doses of methotrex-
ate. Disease-free survival at 5  years was 45% 
compared with 10% in their historical control [5, 
20]. They then initiated their first neoadjuvant 
study with intra-arterial cisplatin, initially given 
1 week after intermediate- (750 mg/m2) or high- 
dose methotrexate (7.5 g/m2). Patients with good 
response to initial chemotherapy were random-
ized to receive only one more cycle of methotrex-
ate and cisplatin versus 24 weeks of therapy that 
added also adriamycin [10]. Only 5 of 15 patients 
in the first group remained continuously disease- 
free compared with 19 of 19 who had the longer 
treatment with the addition of adriamycin. In the 
report of the entire series of 127 patients with the 

same primary chemotherapy, they observed a 
higher rate of good response (62% vs 42%) in the 
patients receiving high-dose methotrexate rather 
than intermediate-dose methotrexate [9]. They 
also observed superior disease-free survival in 
the good responders who received prolonged 
postoperative chemotherapy (62%) to that of 
those with intermediate response (42%) or poor 
response (10%). Overall 5-year disease-free sur-
vival was 49%. Another conclusion that can be 
drawn from the study is that five cycles of alter-
nating full-dose adriamycin and BCD were inad-
equate therapy for patients with truly poor 
response (< 60% necrosis).

The second neoadjuvant study from the IOR 
added systemic adriamycin to intra-arterial cis-
platin 1  week after high-dose methotrexate for 
two courses preoperatively and continued the 
same drugs for three courses postoperatively in 
good responders [8]. Poor responders (<90% 
tumor necrosis) received a complex, prolonged 
postoperative regimen that added three courses of 
ifosfamide at 10  g/m2 and substituted three 
courses of cisplatin plus etoposide for single- 
agent cisplatin. The regimen was continued for 
30 weeks compared with 21 weeks for the good 
responders [8]. The rate of good necrosis 
increased to 71% with the addition of preopera-
tive adriamycin (compared with 62% in their pre-
vious study). Continuous disease-free survival at 
5  years was 63% (compared with 49% in their 
prior study). Long-term follow-up on these 
patients confirms disease-free survival of 61% at 
more than 10  years and no difference between 
good and poor responders [6]. Importantly, 
disease- free survival of good responders was 
71% and for poor responders was 57% (73% vs. 
72% when those with major protocol violations 
were excluded). This is another study that dem-
onstrates that the addition of an active agent in a 
prolonged course of postoperative therapy can 
alter poor prognosis of poor responders.

In the next study from IOR, patients were ran-
domized preoperatively to receive cisplatin intra- 
arterially or intravenously [11]. This study was 
prompted in part by the findings of the German 
Cooperative Osteosarcoma Study Group (COSS) 
that compared intra-arterial and intravenous 
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administration of cisplatin in the combination 
with ifosfamide in the context of a four-drug pre-
operative protocol and found no difference in the 
rate of good tumor necrosis between the two 
routes of administration [71]. In contrast to the 
COSS study, the IOR group found a higher rate 
of good necrosis in patients who received intra- 
arterial cisplatin (78%) than in those who were 
treated intravenously (46%) [11]. There was no 
difference in disease-free survival between the 
groups but fewer local recurrences in the group 
receiving intra-arterial therapy. Another advan-
tage of intra-arterial cisplatin is the rapidity of the 
response. Symptomatic improvement is noted 
usually after the first course of therapy, some-
times in only a few days. Systemic therapy does 
not usually work so rapidly. So how are we to 
interpret the COSS study? The more agents that 
are used in neoadjuvant therapy, the less impor-
tant optimization of any one is. The COSS study 
used all of the active agents neoadjuvantly, Bacci 
used three, MD Anderson uses two. It is not sur-
prising that there is no effect on the ultimate out-
come between intra-arterial therapy and 
intravenous therapy. The ultimate outcome is 
based on the systemic effects of the drugs, not a 
local effect. Local control of the tumor is deter-
mined by surgery, not chemotherapy, so most 
groups now use intravenous cisplatin because 
intra-arterial administration is more complex, 
expensive, and time-consuming. For patients 
where limb-salvage surgery can be performed 
only with marginal margins, however, there may 
still be a role for intra-arterial therapy, especially 
if the number of drugs used in the neoadjuvant 
setting is limited, since there is a high correlation 
between failure to obtain a good response to 
 initial therapy and risk of local recurrence unless 
surgery is truly radical [34, 54].

The subsequent study from the IOR modified 
the preoperative regimen introducing a cycle of 
ifosfamide-cisplatin and ifosfamide-adriamycin 
but did not improve overall results from previous 
studies[4]. Subsequent studies expanded partici-
pation to the Italian Sarcoma Group (ISG) and 
collaborated in one with the Scandinavian 
Sarcoma Group (SSG). Their study with the SSG 
added high-dose ifosfamide (15 g/m2 over 5 days 

by continuous infusion) in the preoperative phase 
but did not improve on their prior results [33]. 
The next study limited to the ISG looked at the 
addition of ifosfamide either to the preoperative 
regimen or limiting its use to postoperative ther-
apy only in poor responders [32]. There was no 
improvement with the addition of ifosfamide pre-
operatively, but there was increased 
myelosuppression.

The most controversial drug in the treatment 
of osteosarcoma is ifosfamide. The activity of 
ifosfamide against advanced osteosarcoma was 
noted in the mid-1980s [1, 46, 56]. Further stud-
ies suggested not only dose response [15] but 
also schedule dependency [53]. With that back-
ground, its addition to adjuvant and neoadjuvant 
studies has been extensive. As noted previously, 
studies from MD Anderson [16] and the IOR [6, 
8] demonstrated superior disease-free survival 
when ifosfamide was added to the postoperative 
therapy in poor responders. In contrast, the addi-
tion of preoperative ifosfamide did not improve 
disease-free survival [32]. Cooperative group 
studies with more patients have reached very dif-
ferent conclusions.

A large study from the Children’s Oncology 
Group (COG) studied 662 patients with osteosar-
coma and randomized them to receive induction 
therapy with either methotrexate, adriamycin, 
and cisplatin (MAP) as their standard regimen or 
methotrexate, adriamycin, and ifosfamide. 
Patients were also randomized to receive or not 
receive mifamurtide (liposomal muramyl tripep-
tide, MTPPE) [48, 49]. The study showed 
improved survival and improved (although not 
statistically significant at the p  <  0.05 level) 
event-free survival in the patients randomized to 
receive mifamurtide, but no advantage to the 
addition of ifosfamide. On the other hand, there 
was no difference in the rate of good response 
(modified Huvos grade III and IV) between MAP 
and MAI. One could argue that the data from the 
study suggest that ifosfamide is as active as cis-
platin in primary therapy and cisplatin may well 
be the single most active agent against 
osteosarcoma.

An even larger cooperative study, the 
EURAMOS trial, accrued 2260 patients [17, 45]. 
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Good responders were randomized to receive or 
not receive pegylated interferon alfa-2b after 
completion of chemotherapy (although poor 
adherence to randomization and dropout due to 
toxicity make interpretation of the data difficult) 
[17], and poor responders were randomized to 
receive a postoperative regimen containing ifos-
famide (at good doses and schedule) or to con-
tinue on the same regimen used preoperatively, 
MAP (including two doses of methotrexate at 
12  g/m2per course for two courses) [45]. Only 
618 of the 1060 poor responders participated in 
the randomization. There was no statistically sig-
nificant benefit from the addition of ifosfamide, 
but there was a clear separation of the event-free 
survival curves during the first 2 years. The inves-
tigators speculate that some of this difference 
was an artifact of delayed post-treatment imaging 
since the patients randomized to ifosfamide fin-
ished their therapy after 40  weeks while those 
who got MAP ended at 29 weeks. An alternate 
explanation is that there was a guaranteed time 
while chemotherapy was continued, regardless of 
when post-treatment imaging started. Another 
explanation is that ifosfamide delayed but did not 
eliminate the development of metastases. Either 
of these last interpretations would suggest that a 
longer course of postoperative therapy for poor 
responders would be beneficial. On the other 
hand, the patients randomized to ifosfamide actu-
ally received fewer of their planned doses with a 
smaller percentage receiving at least 80% of their 
planned dose than those randomized to the 
shorter postoperative MAP regimen, so maybe 
just giving the therapy written into the protocol 
might have improved the potential cure rate of 
the poor responders. Nobody will ever know. The 
study represents real-world experience, but one 
wonders whether the poor dose intensity reported 
in the study was observed to the same degree in 
centers with more experience treating 
osteosarcoma.

So how should one interpret the data from the 
large randomized EURAMOS study (or other 
large cooperative group studies) in the context of 
much smaller studies from Memorial Sloan 
Kettering, MD Anderson, and the IOR with 
regard to modification of postoperative chemo-

therapy in poor responders? If the induction regi-
men is MAP as given in EURAMOS, benefit 
from adding ifosfamide in postoperative therapy 
of poor responders is questionable at best. If the 
preoperative regimen uses MAP with less than 
half the dose intensity of methotrexate than that 
used in EURAMOS, adding ifosfamide and 
cisplatin- etoposide postoperatively is beneficial. 
If preoperative therapy contains mostly metho-
trexate, adding additional active agents (adriamy-
cin and cisplatin) postoperatively is beneficial. If 
the preoperative regimen is adriamycin and cis-
platin, a postoperative regimen adding metho-
trexate and ifosfamide is beneficial. The fact that 
the EURAMOS study failed to show benefit from 
postoperative ifosfamide with their induction 
regimen does not mean that it has no value with 
other induction regimens, despite the size of the 
study, and since EURAMOS does not show 
improved disease-free survival to other studies, 
its size alone does not make it the new standard.
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