
Abstract. Background: Caffeine, which has a DNA-repair
inhibiting effect, enhances the cytocidal effects of anticancer drugs
and radiation. The present study was performed to assess the
efficacy of caffeine-potentiated chemotherapy for high-grade soft
tissue sarcoma (STS). Patients and Methods: A non-randomised
prospective clinical trial was initiated for 90 patients with non-
metastatic (stages II and III) or metastatic (stage IV) STS.
Following doxorubicin or ifosfamide combined with caffeine, with
or without radiotherapy, 88 patients were treated surgically. A
radiographic and histological response to chemotherapy was
assessed. Local-recurrence free, distant-metastasis free and overall
survival were analyzed by multivariate analysis. Results:
Radiographic and histological response rates were 57.8% and
42%, respectively. The local recurrence rate was 23.7% in stages
II and III and 13.6% in stage IV. Lung metastases newly
developed in 21 (35.6%) patients at stages II and III. With a
median follow-up period of 52 months, the overall 5-year
cumulative survival rate at stages II and III was 80.7%. Local
recurrence-free survival for the histological responders and distant
metastasis-free survival for the radiographic responders at stages II
and III were significantly improved compared to the non-
responders (p=0.004 and p=0.034). Overall survival for the
radiographic responders at all stages was significant longer than for
the non-responders (p=0.009). Conclusion: Caffeine-potentiated
chemotherapy resulted in a favourable radiographic response and
prolonged overall survival of the patients at all stages.
. 
Soft tissue sarcomas are rare malignant tumours that arise in
mesenchymal tissues. Multiagent chemotherapy for patients

with certain mesenchymal malignant tumours, such as
osteosarcoma (1) or Ewing's sarcoma (2), has improved
survival rate and limb function. Several studies have been
performed to improve both the response to chemotherapy and
survival rate of patients with high-grade soft tissue sarcoma
(3-7). However, the precise role of chemotherapy in the
management of patients with soft tissue sarcoma remains
controversial. Previously, we reported that caffeine-
potentiated chemotherapy improved the survival and
enhanced the safety of limb-sparing surgery in the treatment
of high-grade soft tissue sarcomas (8, 9). Caffeine-potentiated
chemotherapy has been administered to patients with high-
grade soft tissue sarcomas since 1989 on the basis of the ability
of caffeine to enhance the cytocidal effects of anticancer drugs
through an inhibitory effect on DNA repair (10-13).

The present study focused on evaluating the long-term
disease-free and overall survival rates of patients with high-
grade soft tissue sarcomas who were treated with caffeine-
potentiated chemotherapy.

Patients and Methods

A nonrandomised prospective clinical trial was initiated for the
treatment of non-metastatic (stage II and III) or metastatic (stage
IV) STS (14, 15). Preoperative chemotherapy was performed in 98
patients from July 1989 to August 2005 at our institute; 90 of these
98 patients received more than 2 courses of preoperative
chemotherapy and were enrolled in this study. The median age of
the patients was 44.0 years (range, 7-77 years). Fifty-three patients
were male and 37 were female. All the patients had high-grade
sarcomas histologically confirmed by core needle or incisional
biopsy. Twenty-four patients were at stage IV with lung metastasis
on diagnosis and the remaining 66 were at stages II and III without
metastasis. Seventy patients were considered to have primary
tumours because they were untreated previously or had undergone
only biopsy (incisional or excisional) at the time of presentation.
The remaining 20 patients were defined as having locally recurrent
disease (Table I). The trial was approved by the local ethical
committee of Kanazawa University School of Medicine and
Kanazawa University Hospital. After a full explanation of the
study, written informed consent was obtained from each patient, or
their guardian.

3489

Correspondence to: Hiroyuki Tsuchiya, MD, Ph.D., Department of
Orthopaedic Surgery, Kanazawa University Graduate School of
Medical Science, 13-1 Takara-machi, Kanazawa 920-8641, Japan. Tel:
+81 762652374, Fax: +81 762344261, e-mail: tsuchi@med.kanazawa-
u.ac.jp

Key Words: Soft tissue sarcoma, caffeine, chemotherapy, clinical
outcome, response.

ANTICANCER RESEARCH 27: 3489-3496 (2007)

Caffeine-potentiated Chemotherapy for Patients with High-grade
Soft Tissue Sarcoma: Long-term Clinical Outcome

AKIHIKO TAKEUCHI1, HIROYUKI TSUCHIYA1, NORIO YAMAMOTO1, KATSUHIRO HAYASHI1, 
KENSUKE YAMAUCHI1, MASAMI KAWAHARA2, KEN-ICHI MIYAMOTO2 and KATSURO TOMITA1

1Department of Orthopaedic Surgery, Kanazawa University Graduate School of Medical Science, Kanazawa;
2Department of Pharmacy, Kanazawa University Hospital, Kanazawa, Japan

0250-7005/2007 $2.00+.40



A protocol for caffeine-potentiated chemotherapy (K1, 2 and
3-protocol) was developed based on our in vitro and in vivo
studies with regard to the enhancement of the effects of
anticancer drugs by caffeine (8, 9). Nineteen patients were treated
by the K1-protocol with two to five courses of intra-arterial
cisplatin (120 mg/m2, for 1 day) and caffeine (1.5 g/m2/day for 3
days continuously) at 2-week intervals from June 1989 to
December 1991. Twenty patients were treated by the K2 protocol
with two to five courses of cisplatin, caffeine and doxorubicin at
3-week intervals preoperatively from January 1992 to December
1995. Nineteen patients were treated by the K3 protocol with
three to five courses of intra-arterial chemotherapy using cisplatin
(120 mg/m2, for 1 day) and caffeine (1.5 g/m2/day for 3 days
continuously) and doxorubicin (30 mg/m2/day for 2 days) after
radiation therapy (2 Gy/day for 5 days) at 3-week intervals from
January 1996 to December 1998. Due to the side-effect of skin
necrosis caused by radiotherapy, 40 patients were treated with the
K2 protocol from January 1999. The serum level of caffeine was
monitored at 24, 48 and 72 h after the start of continuous infusion
at a dose of 1.5 g/m2/day for 72 h. The appropriate infusion rate
was calculated to avoid severe side-effects in the final phase of
infusion using a one-compartment constant infusion model based
on the serum levels measured at 24 and 48 h (16).

Following preoperative chemotherapy, conservative surgery
(limb-sparing for extremities) aiming at a wide margin was
performed. When a good response to chemotherapy was
documented in terms of marked tumour shrinkage seen on MRI,
the disappearance of tumour staining on angiograms, or the
disappearance of abnormal accumulation on thallium-201
scintigrams, a marginal margin to preserve neurovascular bundles
and important structures for function, such as ligament, tendon and
muscle, was employed for selected cases. 

Patients who achieved radiographic response were considered
as clinical responders. For assessment of the clinical response to
caffeine-potentiated preoperative chemotherapy, the Response
Evaluation Criteria in Solid Tumours (RECIST) guidelines were
followed: complete response (CR), disappearance of all target
lesions; partial response (PR), at least a 30% decrease in the sum
of the longest diameter of target lesions; progressive disease (PD),
at least a 20% increase in the sum of the longest diameter of target
lesions; stable disease (SD), neither sufficient shrinkage to qualify
for partial response nor sufficient increase to qualify for
progressive disease (17). The histological response to preoperative
chemotherapy was evaluated by a grading system: grade I, no
response to chemotherapy; grade II, 50-90% tumour necrosis;
grade III, >90% tumour necrosis; grade IV, no evidence of viable
tumour cells.

Survival analysis was performed with the Kaplan-Meier method
(18) and compared with the log-rank test. Survival was defined as
the time from entry into the study until death or last contact. The
local tumour recurrence rates were measured from the date of
surgery. The distant metastasis-free survival rates were measured
from the date of initiation of neoadjuvant chemotherapy. Data
were analysed with SPSS II statistical software (version 11.0.1J,
SPSS Inc., Chicago, IL, USA).

Results

The clinical response to preoperative chemotherapy was
evaluated in 83 eligible patients. The remaining 7 patients
were excluded for evaluation of clinical response to
chemotherapy because they underwent excisional biopsy at
other institutes prior to administration of chemotherapy.
Nine patients (10.8%) showed a complete response and 39
patients (47.0%) showed a partial response. The total
clinical response rate was 57.8% (Table II). The histological
types of CR were as follows: 3 with rhabdomyosarcoma, 2
with MFH and clear cell sarcoma, and one each with
leiomyosarcoma and liposarcoma (Figures 1 and 2). Table
III shows the histological types and clinical response rates
for the 83 patients.

Following preoperative chemotherapy, conservative
surgery (limb-sparing surgery for lesions in the
extremities) was performed except in one case of
angiosarcoma in the lower leg. Although high-dose
caffeine administration sometimes caused palpitations,
nausea and sleeplessness, these complications were
resolved in most patients with concomitant use of a major
tranquilliser and had no influence on either surgical
procedures or clinical outcome.
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Table I. Patient characteristics.

Characteristics No. of %
patients

Mean follow-up period: 
52 months (3-200 months)
Mean age: 44.0 years (7-77 years)
Gender 

Male 53 58.9
Female 37 41.1

AJCC/UICC TNM Classification 
IIA 16 17.8
IIB 6 6.7
III 44 48.9
IV 24 26.7

Location
Extremity 62 68.9
Trunk 23 25.6
Retroperitoneum 5 5.6

Tumor status
Primary 70 77.8
Recurrence 20 22.2

Histology
Malignant fibrous histiocytoma 28 31.1
Liposarcoma 13 14.4
Synovial sarcoma 12 13.3
Leiomyosarcoma 10 11.1
Rabdomyosarcoma 6 6.7
Clear cell sarcoma 5 5.6
Malignant peripheral nerve sheath tumor 5 5.6
Epithelioid sarcoma 4 4.4
Extraskeletal chondrosarcoma 3 3.3
Alveolar soft part sarcoma 3 3.3
Angiosarcoma 1 1.1



Surgical margins were wide for 62 patients, marginal for
18 patients and intra-lesional for 8 patients. Two patients did
not undergo surgical treatment because one patient with
multiple lung metastases with clear cell sarcoma achieved
complete remission of the tumour after chemotherapy and
the other with multiple lung metastases with MPNST was
not suitable for surgical treatment due to their clinical status. 

Histological response to preoperative chemotherapy was
evaluated in 81 of the 88 patients who underwent surgery. The
histologically identified response to this preoperative
treatment consisted of grade I in 26 cases, grade II in 21 cases,
grade III in 21 cases, and grade IV in 13 cases (Table II). The
remaining 7 patients were excluded for evaluation of
histological response to chemotherapy because they
underwent excisional biopsy at other institutes prior to
administration of chemotherapy. Additional wide excision was
performed in these cases after preoperative chemotherapy and
no tumour cells were seen in any resected surgical specimens.

The patients who showed clinical or histological
responses were considered to be objective responders to
preoperative chemotherapy. A total of 53 (63.9%) patients
responded to caffeine-potentiated chemotherapy while 30
showed no response (Table II). 

Local recurrence occurred in 17 of the 88 patients who
underwent surgical tumour excision (19.3%; 14 patients in

stage II and III and 3 in stage IV) during follow-up. Twelve
patients were judged as histological non-responders in
stages II and III, and 1 as a responder in stage IV. The
remaining 1 patient belonged to the group that was
excluded from histological evaluation because they had
undergone excisional biopsy at other institutes before
administration of chemotherapy. Local recurrence-free
survival periods for the histological responders (n=25) in
stages II and III were significantly longer than those of non-
responders (n=34) (p=0.004) (Figure 3). All of the patients
who showed local recurrence underwent additional surgery.
Nine patients remain alive, six died due to metastatic
disease and 2 died due to other causes.

Distant metastasis newly developed in 5 patients with
stage II and 16 with stage III, respectively. Fourteen
patients died due to the metastatic disease within 3 years.
Eleven patients remain alive after metastasectomy. Distant
metastasis-free survival period for clinical responders
(n=38) in stages II and III was significantly longer than
that for clinical non-responders (n=21) (p=0.034); the
mean metastasis-free survival was 123.3 months (95%
confidence interval (CI), 103.4-143.25 months) vs. 61.7
months (95% CI, 43.28-80.15 months), and the estimated
5-year distant metastasis-free survival rate was 75.5% vs.
42.3% (Figure 4).
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Table II. Responses to preoperative chemotherapy of individual stages in
83 eligible patients.

Radiographic response

AJCC/UICC No. of CR PR SD PD
stage patients

IIA 10 2 4 3 1
IIB 5 1 1 3 0
III 44 4 26 14 0
IV 24 2 8 12 2
Total 83 9 (10.8%) 39 (47.0%) 32(38.6%) 3 (3.6%)

Response rate: 48 (57.8%)

Histological response (grade)

AJCC/UICC No. of I II III IV
stage patients

IIA 11 4 3 2 2
IIB 5 3 0 1 1
III 43 14 10 13 6
IV 22 5 8 5 5
Total 81 26 (32.1%) 21 (25.9%) 21 (25.9%) 13 (16%)

Response rate: 34 (42.0%)

Overall response rate: 53 (63.9%)

Table III. Response to preoperative chemotherapy of individual
histological diagnosis in 83 eligible patients.

Response

Histology                 No. of Radiographic Histological Objective
patients (n=83) (n=81) (n=83)

MFH 27 14 9 17

Liposarcoma 12 8 5 8

Leiomyosarcoma 10 6 4 6

Synovial sarcoma 8 5 4 5

Rhabdomyosarcoma 6 4 6 6

MPNST 5 3 3 3

Clear cell sarcoma 5 4 1 4

Epithelioid sarcoma 3 1 1 1

Extraskeletal 

chondrosarcoma 3 2 1 2

Alveolar soft 

part sarcoma 3 0 0 0

Angiosarcoma 1 1 0 1

Total 83 48 (57.8%) 34 (42.0%) 53 (63.9%)

MFH: malignant fibrous histiocytoma; MPNST: malignant peripheral
nerve sheath tumor.



All 90 eligible patients at all stages were included in the
survival analysis using the Kaplan-Meier technique. The
cumulative survival rates were 80.16% at 5 years and 66.9%
at 10 years in stages II and III. In stage IV, the 5-year
survival rate was 15.5% (Figure 5a). There were significant
differences between the cumulative survival rates of clinical
responders (n=48) and non-responders (n=35) at all stages
(p= 0.009) (Figure 5b).

Discussion

Caffeine, which is a xanthine analogue, has a biochemical
modulating effect as an inhibitor of DNA repair and may
inhibit post-replication repair of sublethally damaged DNA
(19, 20). Our previous experimental studies revealed that
caffeine-enhanced cytotoxicity caused by anticancer agents
depended on the degree of lethal or sublethal effects (12,
13, 21). The enhancement by caffeine also increased in a
time-dependent manner by facilitating cell cycle progression
before the recovery of DNA damage. In previous in vitro
studies, caffeine was shown to enhance the cytocidal effects
of cisplatin, doxorubicin, cyclophosphamide and mitomycin
C on human osteosarcoma and fibrosarcoma cells (12, 13,
21). We have administered doxorubicin, cisplatin and
ifosfamide-based caffeine combined chemotherapy in
patients with osteosarcoma since 1989 on the basis of these

ANTICANCER RESEARCH 27: 3489-3496 (2007)

3492

Figure 1. A 12-year-old girl with a rhabdomyosarcoma of the right forearm
(a) showed complete disappearance of the tumour on MR images (T2
weight image) after five courses of caffeine-potentiated chemotherapy (b). 

Figure 2. A 56-year-old man with multiple lung metastases of clear cell
sarcoma (a, black arrows) showed complete disappearance of the tumor
on CT images after five courses of caffeine-potentiated chemotherapy (b).



experimental studies. As a result, caffeine-potentiated
chemotherapy demonstrated a complete response in more
than 70% of the patients with osteosarcoma (86% in
patients with non-metastatic osteosarcoma) (23-25).
Moreover, we have also applied this regimen for high-grade

STS since 1989. In previous reports, we showed that patients
with high-grade soft tissue sarcomas (n=36 in K1 and K2
protocol, n=17 in K3 protocol) had a favourable response
to caffeine-potentiated chemotherapy (73% of overall
objective response rate in K1 and 2, 71% in K3 protocol),
and had a beneficial effect on overall survival at 5 years
(81% of stage II patients in K1 and 2 protocol) (8, 9). We
also observed the efficacy of caffeine-potentiated
chemotherapy in five cases of metastatic carcinoma and
lymphoma of bone and soft tissue (25). These were breast,
lung and gastric cancer, clear cell adenocarcinoma and
diffuse large B-cell lymphoma.
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Figure 3. Kaplan-Meier analysis of recurrence-free survival based on
histological response for 59 eligible patients in stages II and III. Local
recurrence-free survival periods for the histological responders (solid line,
n=25) in stages II and III were significantly longer than those of non-
responders (dotted line, n=34) (p=0.004).

Figure 4. Kaplan-Meier analysis of distant metastasis-free survival based
on clinical response for 59 eligible patients in stages II and III. Distant
metastasis-free survival for clinical responders (solid line, n=38) in stages
II and III was significantly longer than that for clinical non-responders
(dotted line, n=21) (p=0.034); the mean metastasis-free survival was
123.3 months (95% CI, 103.4-143.25 months) vs. 61.7 months (95% CI,
43.28-80.15 months), and the estimated 5-year distant metastasis-free
survival rate was 75.5% vs. 42.3%.

Figure 5. a) Kaplan-Meier analysis of overall survival for 90 patients in
all stages. The cumulative survival rates were 80.16% at 5 years and
66.9% at 10 years in stages II and III (solid line, n=66). In stage IV, the
5-year survival rate was 15.5% (dotted line, n=24). b) Overall survival
based on clinical response for 83 eligible patients in all stages. There were
significant differences between the cumulative survival rates of clinical
responders (solid line, n=48) and non-responders (dotted line, n=35) at
all stages (p=0.009).



There have been many reports of trials of adjuvant or
neoadjuvant chemotherapy using different combinations of
drugs for treatment of high-grade STS. Eilber et al. (7)
treated patients with high-grade STS with neoadjuvant
chemotherapy using five different protocols (adriamycin-
based chemotherapy either intra-arterially or intravenously,
combined with preoperative radiation therapy). Although
the local recurrence rate increased in the initial treatment
group with reduced doses of radiation, their subsequent
protocol with the addition of cis-platinum demonstrated a
further reduction in local recurrence. Their final protocol
with the addition of high-dose ifosfamide showed greater
benefit. The percentage of histological response increased
to 48% with the addition of ifosfamide as compared with
13% in all other protocols (7). They concluded that
histological response is an independent predictor of both
local recurrence and overall survival. This result coincides
with our experience that histological response was a good
predictor of the local recurrence rate. Meric et al. (5)
treated high-grade STS using six different doxorubicin-
based protocols. Their treatments obtained a partial
response (PR) rate of 34% in radiographic response (5).
They concluded that the radiographic response predicted
improved local tumour control and overall survival rate.
Their data also agreed with our results that clinical
response was a predictor of improvement of overall
survival. On the other hand, recent randomised trials using
doxorubicin- or ifosfamide-based chemotherapy have
explored the benefits of these protocols, but found no
improvements in survival (26, 27). 

Our trials of caffeine-potentiated chemotherapy for soft
tissue sarcoma demonstrated a favourable clinical response
(57.1%). In particular, patients with clear cell sarcoma
showed a clinical response rate of 80%. The histological
responders in stage II and III showed beneficial effects on
local recurrence-free survival compared to non-responders
(p=0.004). There was a significant difference in the distant
metastasis-free survival in stage II and III between clinical
responders and non-responders (p=0.019). Our overall
survival rate of 80.1% at 5 years in stage II and III
compares favourably with those reported for adjuvant
chemotherapy for soft tissue sarcoma (3, 4, 6). The overall
survival rate in clinical responders was significantly superior
to that in non-responders at stage II and III (p=0.014). It is
expected that the radiographic response is predictive of
improved overall survival and distant tumor control. The
histological response is also expected to be a predictor of
improved local tumor control.

The limitation of this study was that the number of
patients was small, and this was a nonrandomised
prospective clinical study that did not include a control arm
involving chemotherapy alone without caffeine. Therefore,
it is difficult to assess whether caffeine definitively improved

the survival of the patients who responded to caffeine-
potentiated chemotherapy. Our results demonstrated the
favourable response rate to chemotherapy and cumulative
survival in stages II and III compared with those reported
in any adjuvant chemotherapy for high-grade soft tissue
sarcoma. However, further investigations and continued
clinical trials – ideally, a randomised prospective study – are
necessary to evaluate whether caffeine-potentiated
chemotherapy contributes to improvement of the survival
rate in patients with high-grade soft tissue sarcoma.

Conclusion

Caffeine-potentiated chemotherapy resulted in a favourable
radiographic response and prolonged survival of patients at
stages II and III. The radiographic response is predictive of
improved distant tumour control at stages II and III and
overall survival at all stages. The histological response is
predictive of local tumour control at stages II and III.
Further investigations and continuous clinical trials are
needed and, if possible, should be performed with individual
histology in a multi-institutional setting.
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