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Combination of Gemcitabine and Irinotecan for 
Recurrent Metastatic Osteogenic Sarcoma

Th e natural history of osteogenic sarcoma is well known. 
Eighty percent of patients who present with local limb 
disease have microscopic subclinical metastases at the 
time of diagnosis. Th erefore, whenever a diagnosis of 
primary osteogenic sarcoma is made, patients are rou-
tinely given neoadjuvant chemotherapy, followed by limb 
salvage surgery whenever possible and then postoperative 
adjuvant chemotherapy. All patients need very close fol-
low-up with computed tomography (CT) scans, magnetic 
resonance imaging (MRI), and bone scans to detect dis-
ease recurrence. In this case report, our patient developed 
recurrent disease after receiving the established regimens 
for osteogenic sarcoma. Th erefore, we decided to use the 
novel combination of irinotecan and gemcitabine.

Case Report

A 49-year-old white male with no signifi cant past medical 
history presented in April 1999 to his orthopedist with 
complaints of left knee pain for the preceding year, which 
had become much worse during the 2 months prior to 
presentation, especially on knee fl exion when climbing 
stairs. He denied any shortness of breath, weight loss, 
fevers, or trauma to his left leg.

X-ray of the left knee showed a 6-cm eccentric lesion 
involving the distal femur with periosteal reaction and soft 
tissue mass. A subsequent MRI of the left knee and thigh 
showed an osteolytic lesion with erosion of the cortex and 
a 6-cm soft tissue mass on the posterior lateral aspect of 
the left knee. A biopsy of this area was then performed and 
the pathology revealed high-grade osteogenic sarcoma. 
Th e patient had CT scans of the chest, abdomen, and 
pelvis, as well as a bone scan performed with no evidence 
of metastatic disease. He was then started on neoadjuvant 
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chemotherapy; the protocol consisted of intravenous (IV) 
doxorubicin 75 mg/m2 infused over 96 hours and cisplatin 
125 mg/m2 given on day 1, alternating with doxorubicin 
50 mg/m2 given over 96 hours and ifosfamide 2 g/m2

given by IV over 1 hour on days 1–4.
An MRI of the left knee performed after 4 cycles of 

chemotherapy showed signifi cant decrease in the size of 
the soft tissue mass. In May 1999, the patient underwent 
limb salvage surgery. Pathology showed residual high-grade 
osteogenic sarcoma with only 58% postchemotherapy 
necrosis. Surgical margins were negative for malignancy. 
Two weeks after surgery he was restarted on the same 
regimen of chemotherapy, and received an additional 4 
cycles through February 2000. Th e patient did well until 
August 2001, when a routine follow-up CT scan revealed 
multiple bilateral lung nodules. In addition, a bone scan 
showed multiple lesions in his lumbar spine, also con-
sistent with metastatic disease. In September 2001, the 
patient was started on salvage chemotherapy with high-
dose methotrexate 12 g IV followed by leucovorin rescue 
after 24 hours, repeated every 4 weeks. Th e patient was 
on this regimen until January 2002 and had stable lung 
disease by CT scans. In April 2002, he underwent elective 
thoracotomy for possible resection of the nodules. Unfor-
tunately, he was found to have innumerable lung nodules, 
most of which could not be resected. Th e biopsy of the 
removed lung nodules showed high-grade osteogenic 
sarcoma.

Postoperatively, the patient’s dose of methotrexate 
was increased to 16 g, with leucovorin rescue beginning 
at 24 hours. Th is treatment was complicated by acute 
renal failure. Chemotherapy was discontinued and the 
patient’s creatinine level gradually returned to normal. In 
August 2002, he presented with severe left lower rib pain. 
A chest CT showed progression of lung disease and new 
left lower rib lesions. He was started on palliative radia-
tion. An abdominal CT scan done in the same month 
revealed multiple liver metastases, with the largest lesion 
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measuring 3 cm × 4 cm. Following the completion of 
radiation in September 2002, he was started on etoposide
100 mg/m2 IV over 3 days, and he received 4 monthly 
treatments through December 2002. By the end of 
December 2002, he developed severe back pain and noted 
multiple subcutaneous lesions on his scalp. Spinal MRI 
showed new metastatic lesions at T4 and T10, for which he 
was given radiation therapy. A scalp lesion was removed in 
January 2003 and was consistent with metastatic disease. 
At that time, an abdominal CT scan showed multiple liver 
lesions, along with bilateral kidney and spleen involve-

ment. A CT scan of the chest also showed progression 
of the lung disease, with the right lung lesion now mea-
suring 7 cm × 4 cm adherent to the pleura. Th e patient 
started having shortness of breath with minimal physical 
activity. In February 2003, he was started on doxorubicin
15 mg/m2, given every 3 weeks. Th e patient received 
4 cycles of this regimen, but he developed worsening 
shortness of breath; he was found to have progression of 
disease on follow-up CT scans (Figures 1 and 2), and his 
scalp lesions increased in number and size.

In August 2003, the patient was started on combi-
nation chemotherapy with gemcitabine and irinotecan. 
Th e regimen consisted of gemcitabine 1,000 mg/m2, with 
irinotecan 100 mg/m2 on days 1 and 8, every 3 weeks. 
Th e patient had a dramatic response to this regimen after 
only 2 treatments, with marked decrease in his scalp 
lesions and signifi cant improvement in his pulmonary 
status. A CT scan of the chest, abdomen, and pelvis in 
October 2003 showed improvement in the number and 
size of pulmonary metastatic lesions, a decrease in the size 
of his liver lesions, and stable bony metastatic disease. Th e 
patient tolerated the chemotherapy very well. A repeat 
CT scan in January 2004 showed further decrease in the 
size of the pulmonary lesions. His liver disease improved 
by at least 50%, and he again had stable bony disease. His 
scalp lesions had completely disappeared. Th e patient felt 
well and went back to working full time. Th e latest CT 
scan, done in May 2004, showed continued improvement 
in his pulmonary nodules, more than 50% decrease in the 
size of his spleen metastatic lesions, further decrease in the 
size of his liver lesions, and stable bony disease (Figures 3 
and 4).

Discussion

Treatment options for recurrent metastatic osteogenic 
sarcoma are still very limited. If a patient fails the stan-
dard regimen,1 consisting of doxorubicin plus cisplatin 
alternating with doxorubicin and ifosfamide, there is no 
established salvage regimen with promising data available.

Merimsky et al2 reported 6 cases of recurrent 
osteogenic sarcoma treated with gemcitabine as a single 
agent 1 g/m2 weekly for 7 weeks, then 1 week of rest, 
then on days 1, 8, and 15 every 28 days. Th e median 
time to progression was more than 27 weeks, and some 
patients achieved stable disease for up to 1 year, but no 
radiographic response to treatment was reported.

Okuno et al3 reported 2 patients with osteogenic 
sarcoma treated with 1,250 mg/m2 of gemcitabine once 
a week for 3 weeks every 28 days. Th e median time to 
progression was 2.1 months, and again no radiographic 
responses were seen. Th e authors did not recommend this 
regimen due to its low effi  cacy, but there was an accept-

Figure 1. CT scan of the abdomen, with large liver and 
spleen lesions, before combination chemotherapy with 
gemcitabine and irinotecan.

Figure 2. CT scan of the chest, with large right lung mass 
adherent to the pleura, before combination chemotherapy with 
gemcitabine and irinotecan.
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Figure 3. CT scan of the abdomen showing response to the 
combination of gemcitabine and irinotecan.

Figure 4. CT scan of the chest showing response to the 
combination of gemcitabine and irinotecan.

able level of toxicity.
Blaney et al4 reported the use of irinotecan as a single 

agent for refractory advanced solid tumors in a pediatric 
group. He administered 39 mg/m2 daily IV infusion over 
60 minutes for 5 days every 21 days in a heavily pretreated 
group. Stable disease after 4–20 cycles was observed in 7 
patients with a variety of sarcomas, including osteogenic 
sarcoma. Th ere was acceptable toxicity, but no radio-
graphic responses were observed.

Leu et al5 reported 5 cases of osteogenic sarcoma 
treated with sequential gemcitabine 675 mg/m2 on days 
1 and 8 followed by docetaxel 100 mg/m2 on day 8. Two 
patients experienced partial responses and 2 had stable 
disease; progression-free survival ranged from 21 weeks to 
30+ weeks. In addition, sequential use of gemcitabine and 
docetaxel showed signifi cant synergism in the SAOS-2 
osteosarcoma cell line.

Th e combination of irinotecan 100 mg/m2 as a 
90-minute IV infusion, followed by gemcitabine 1 g/m2

as a 60-minute IV infusion on days 1 and 8 every 21 days, 
showed promising results as fi rst-line chemotherapy in 
locally advanced or metastatic pancreatic cancer, with an 
acceptable toxicity profi le.6

In addition, Bahadori et al7 reported that an iso-
bologram analysis revealed that the combination of these 
drugs exerted synergy over a wide range of concentrations 
in the MCF-7 (breast cancer) and SCOG (small-cell lung 
cancer) cell lines. 

Th e combination of gemcitabine and irinotecan has 
shown acceptable toxicity and synergistic activity against 
many refractory solid tumors. Our case report demon-
strates an excellent clinical and radiographic response 
in a heavily pretreated patient with recurrent osteogenic 
sarcoma. We could not fi nd another report in the litera-
ture using this combination for treatment of osteogenic 
sarcoma. Due to the absence of a radiographic response 
to gemcitabine2 and irinotecan4 used as single agents, we 
think that synergism between the 2 drugs makes their 
combination eff ective.

Conclusion

Th e combination of gemcitabine and irinotecan has 
acceptable toxicity and promising effi  cacy in the treatment 
of advanced recurrent osteogenic sarcoma. Th erefore, this 
regimen warrants further investigation in clinical trials for 
patients with this disease.
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Review

Th e 3 most common bone sarcomas in adulthood are 
osteosarcoma, chondrosarcoma, and malignant fi brous 
histiocytoma. Osteosarcoma occurs predominantly in 
children, adolescents, and young adults. It is the most 
common primary malignant bone tumor (excluding 
myeloma), comprising 20% of all primary skeletal 
malignancies. Peak incidence (60% of cases) is during the 
second decade of life. It accounts for approximately 5% 
of the cancers in childhood. Chondrosarcoma is approxi-
mately half as common as osteosarcoma and accounts for 
10–20% of primary malignant bone tumors. Patients’ ages 
range from 7 to 73 years, but most tumors are diagnosed 
in patients between 30 and 60 years of age. Malignant 
fi brous histiocytoma of bone represents 2–6% of primary 
malignant bone tumors, and occurs between the ages of 30 
and 70 years.1 Approximately 50–60% of osteosarcomas 
are located in the distal femur or proximal tibia, while the 
third most common site is the proximal humerus. In 75% 
of patients, the disease occurs in the metaphysis of long 
bones. In children and adolescents, 80% of these tumors 
arise from the bones around the knee, whereas in patients 
above 25 years of age, 40% of lesions are located in fl at 
bones. Chondrosarcoma most commonly involves the 
femur and the pelvis, with a notable preference for the 
secondary ossifi cation centers. Primary fi brosarcomas and 
malignant fi brous histiocytomas arise most commonly in 
long bones, usually the shafts of the femur or tibia.1

Prior to the introduction of adjuvant therapy, the 
natural history of localized, resectable osteosarcoma 
was characterized by high local and metastatic rates of 
recurrence: most patients developed metastases within 6 
months of diagnosis, and more than 80% developed local 
or distant recurrence within 2 years of diagnosis.2

Among patients with localized disease, multiple fac-
tors infl uence the long-term prognosis. Tumors of the axial 
skeleton have greater risk of progression and death than 
limb tumors. Patients with osteosarcoma of craniofacial 
and other fl at bones have good survival with complete 
removal of the involved bone, and may even have an 
improved outcome when treated with chemotherapy. 
Tumor resectability usually depends on tumor site and 
depth. Patients with osteosarcoma as a second malignant 
neoplasm (not radiation-induced osteosarcoma) share the 
same prognosis as newly diagnosed patients if they are 
treated aggressively with surgery and combination che-
motherapy. Th e histologic response to preoperative che-

motherapy is the best predictor of long-term disease-free 
survival among patients with resectable tumors. Patients 
with greater than 95% necrosis in the tumor mass after 
induction chemotherapy have a better prognosis than 
those with smaller amounts of necrosis.3

Metastatic or unresectable osteosarcoma at diagnosis, 
although advanced and forecasting a grim prognosis, is 
not necessarily incurable. In the past, the progression-free 
survival rate for patients with metastatic or unresectable 
osteosarcoma was less than 20%. However, among patients 
with pulmonary metastatic disease, in some situations a 
better than 40% 5-year survival is achievable.1 Aggressive 
treatment, including surgical removal of primary and/or 
metastatic disease at the time of diagnosis or after inten-
sive polychemotherapy, is necessary. In contrast, patients 
with bony metastases have a poor prognosis.

Locally advanced bone sarcoma usually involves 
all the compartments of the limb or involves a major 
adjacent structure such as the neurovascular bundle or 
areas like the chest wall or vertebrae. Local recurrence 
of bone sarcoma represents failure of primary surgery 
with or without chemotherapy. Such tumors tend to be 
very symptomatic: severe pain, sepsis, tumor fungation, 
hemorrhage, thrombosis, pathological fractures, radia-
tion-induced necrosis, and severe functional impairment. 
Diff usely metastatic bone sarcoma is usually an incurable 
condition that requires palliation. Metastatic disease may 
be the fi rst presentation of osteosarcoma or, more often, a 
late evolutionary phase of a formerly localized tumor that 
had failed to respond to induction chemotherapy, limb 
sparing surgery, and adjuvant chemotherapy. Th e lung 
and bone are common organs for metastatic spread; less 
frequent are the liver and brain. In such cases with diff use 
spread, the disease is usually incurable by further che-
motherapy or surgery. Exceptions are solitary metastatic 
lesions in certain organs that can be completely resected.4

Numerous drug combinations, reviewed in 
Merimsky et al,4 have been assessed in treated and 
untreated metastatic disease. Th e most eff ective of these 
have contained cisplatin, doxorubicin, and high-dose 
methotrexate plus leucovorin either as a 2- or 3-drug 
regimen. Numerous small phase II studies have reported 
response rates of 25–35%. Th e most important studies 
on palliative chemotherapy in metastatic osteosarcoma 
include cyclophosphamide, doxorubicin, and dacarbazine 
(29 patients, response rate 24%); cisplatin, vincristine, 
and high-dose methotrexate (29 patients, response 
rate 28%); dacarbazine plus doxorubicin (20 patients, 
response rate 35%; 19 patients, response rate 26%); 
and cyclophosphamide, doxorubicin, and dactinomycin 
(Cosmegen, Merck; 20 patients, response rate 25%).5

Meaningful options for second-line chemotherapy are 
limited. If there has been a long disease-free interval, it 
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is a common practice to prescribe the same agents that 
have been used for induction and postoperative therapy, 
namely doxorubicin, cisplatin, and ifosfamide, provided 
that the left ventricular ejection fraction and renal func-
tion are preserved. Th e recent introduction of dexrazoxane 
as a cardioprotective agent enables the administration of 
doxorubicin in total doses higher than 400–450 mg/m2, 
as long as the cardiac function is normal. 

High-dose methotrexate (8–10 g/m2) and folinic acid 
rescue are commonly used for metastatic osteosarcoma, 
provided that renal function and bone marrow reserves 
are adequate and there is no cardiac contraindication 
for massive hydration. Th is approach is associated with 
substantial morbidity: methotrexate is not well tolerated 
by adults due to renal toxicity, delayed clearance of the 
drug from the body, neurological toxicity, and the need 
for relatively prolonged hospitalization (5–7 days for each 
methotrexate course).

Ifosfamide may be given as a single agent or in 
combination with etoposide, together with mesna 
uroprotection. While given as a monotherapy, the 
dose of ifosfamide ranges between 9 g/m2 and 12 g/m2

administered by continuous IV infusion at a rate of 
1.8–3 g/m2 per day. In combination with etoposide
(100 mg/m2 per day for 3–5 days), the dose of ifosfamide 
is 1.8 g/m2 per day given for 5 days. Th e response rate 
is low and of short duration. It should be noted that 
high-dose ifosfamide therapy may be nephrotoxic. In an 
important study in patients with advanced osteosarcoma 
with ifosfamide, Harris et al6 found that the likelihood of 
response was 30% among previously untreated patients 
but only 10% among those who had recurrent or refrac-
tory disease after prior chemotherapy.

When these approaches fail to provide ongoing 
control, decision-making becomes more diffi  cult. Many 
of these patients, especially younger ones, may still have 
considerable life expectancy and good performance status 
and are eager to be treated, but realistic treatment options 
are very limited.

Th e paucity of chemotherapeutic agents in the 
standard arsenal used for treating osteosarcoma leads to a 
constant search for new agents or new combinations. 

Gemcitabine is one of the newly introduced agents 
into the arsenal of drugs against osteosarcoma. Phar-
macologically, gemcitabine exhibits cell phase specifi c-
ity, primarily killing cells undergoing DNA synthesis 
(S-phase) and also blocking the progression of cells 
through the G1/S-phase boundary. Th e cytotoxic eff ect of 
gemcitabine is attributed to inhibition of DNA synthesis. 
First, gemcitabine diphosphate inhibits ribonucleotide 
reductase, which is responsible for catalyzing the reactions 
that generate the deoxynucleoside triphosphates for DNA 
synthesis. Inhibition of this enzyme by the diphosphate 

nucleoside causes a reduction in the concentrations of 
deoxynucleotides, including dCTP. Second, gemcitabine 
triphosphate competes with dCTP for incorporation into 
DNA. Th e reduction in the intracellular concentration of 
dCTP (by the action of the diphosphate) enhances the 
incorporation of gemcitabine triphosphate into DNA 
(self-potentiation). After the gemcitabine nucleotide is 
incorporated into DNA, only 1 additional nucleotide 
is added to the growing DNA strands. After this addi-
tion, there is inhibition of further DNA synthesis. DNA 
polymerase epsilon is unable to remove the gemcitabine 
nucleotide and repair the growing DNA strands (masked 
chain termination).7 Clinically, the important effi  cacy of 
gemcitabine against aggressive malignancies such as lung 
and pancreatic carcinomas arouses our interest and curi-
osity for its possible eff ect in other devastating tumors. 
Gemcitabine has been studied in a long list of tumors, 
including breast, ovarian, bladder, prostatic, head and 
neck, and musculoskeletal cancers.

Th e fi rst case report on a possible activity of 
gemcitabine monotherapy in a patient with chemo-
therapy-refractory osteosarcoma was published by our 
group in 1998.8 A 26-year-old woman with doxorubicin-
refractory osteosarcoma enjoyed pain relief and marked 
reduction in narcotics consumption, together with 
improvement in quality of life and improved performance 
status, using crutches for walking instead of a wheel-
chair, hair regrowth, improved appetite, and a feeling of 
well-being. Th is report was followed by a small series in 
which the true objective response rate of osteosarcoma to 
gemcitabine was 0%, but disease stabilization and clinical 
benefi t response were observed in 5 out of 7 patients after 
having failed on previous treatments. Time to progression 
varied from 13 to 96 weeks.9

An innovative approach to deliver gemcitabine 
has been reported by a group from Japan.10 In an ani-
mal model, intra-nasal application of gemcitabine to 
osteosarcoma-bearing rats resulted in inhibition of the 
growth of lung metastases.

Gemcitabine-based combinations have been sug-
gested as palliative chemotherapy for advanced soft tissue 
or bone sarcomas. Zak et al, in the current report of a 
single but important case, found that the combination 
of gemcitabine and irinotecan showed acceptable toxic-
ity and synergistic activity and an excellent clinical and 
radiographic response in a heavily pretreated patient 
with recurrent osteogenic sarcoma. It is likely that the 
combination is responsible for the tumor response, since 
gemcitabine alone can yield stabilization at best. Th is 
combination should be investigated in a phase II study 
in an appropriate patient population. Other gemcitabine-
based combinations have also been applied for bone or 
soft tissue sarcomas. A gemcitabine-taxotere combination 



302  Clinical Advances in Hematology & Oncology  Volume 3, Issue 4  April 2005

Z A K  E T  A L

was given to a variety of patients with refractory sarco-
mas, including 2 patients with osteosarcoma, yielding 
a overall response rate of 43%.11 Th e 2 bone sarcomas 
achieved partial response and stabilization of the disease. 
Gemcitabine-rapamycin has been given to a patient with 
metastatic leiomyosarcoma,12 leading to a response of 
long duration in several sites. Gemcitabine-dacarbazine 
combination has been studied in phase I in patients with 
advanced soft tissue sarcomas, and the effi  cacy will be 
evaluated subsequently.13

Th e real aim of chemotherapy after failure on standard 
regimens is palliation and disease stabilization, rather than 
reduction in size. From the patient’s point of view, living 
with a stabilized and dormant sarcoma with no symptoms 
is much better than living with progressive disease and 
increasing suff ering. Th ere are many ways to handle an 
incurable advanced or metastatic bone sarcoma: amputa-
tion surgery, limb sparing procedures, conventional or 
experimental chemotherapy, resection of metastases in 
specifi c sites, and good supportive care. As long as there is 
something to off er, patients have hope for improvement 
in their conditions. It is this hope that keeps them alive.
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