
Abstract. Background: We previously reported that caffeine-
potentiated chemotherapy induced significantly good response
in patients with musculoskeletal sarcomas. In that series,
patients with metastatic carcinoma or lymphoma were treated
with caffeine-potentiated chemotherapy. Patients and Methods:
Five patients with metastatic carcinoma or lymphoma were
treated with caffeine-potentiated chemotherapy. Results:
Primary tumors were diagnosed as breast cancer,
adenocarcinoma of the lung, clear cell adenocarcinoma of the
vagina, diffuse large B-cell lymphoma and gastric cancer.
Good responses (gross tumor shrinkage >30%, or
histologically >90% necrosis) to chemotherapy were seen in
all five patients. Survival time was >1 year in all patients, and
three out of five patients presented no evidence of local
recurrence or metastasis at the final follow-up. Conclusion:
Caffeine-potentiated chemotherapy may be of benefit for
malignant tumors other than musculoskeletal sarcoma.

There are a number of strategies for the administration of

chemotherapeutic drugs currently employed in cancer

treatment. To improve survival, new cytotoxic agents or

modifiers, which enhance the cytocidal effect of

chemotherapeutic agents, have been developed. We

previously introduced caffeine-potentiated chemotherapy in

the treatment of high-grade bone and soft tissue sarcomas

based on the ability of caffeine to enhance the cytocidal

effects of anticancer drugs through a DNA-repair inhibiting

effect (1-5). In clinical trials, we demonstrated that caffeine-

potentiated chemotherapy induced a high rate of complete

response in patients with osteosarcoma, as well as a high

rate of good local response in patients with high-grade soft

tissue sarcomas (1-5). In our studies, patients with

metastatic carcinoma or lymphoma were initially suspected

of having high-grade sarcoma and were treated with

caffeine-potentiated chemotherapy. Here, we report five

such patients and the significance of caffeine-potentiated

chemotherapy for carcinoma and lymphoma. 

Patients and Methods

Two male and three female patients underwent caffeine-

potentiated chemotherapy for metastatic cancer (Table I).

Chemotherapy was performed according to the K2 protocol

(Figure 1), which was modified for each patient based on past

history of cytotoxic chemotherapy, general condition and renal or

liver function. The K2 protocol consists of three to five courses of

intra-arterial cisplatin, caffeine and doxorubicin at 3-week intervals

as preoperative chemotherapy (2-4). The effects of caffeine-

potentiated chemotherapy were then evaluated radiologically after

three courses of treatment. An additional two courses of

chemotherapy were administered to responders. Nonresponders

underwent surgery immediately or were given other drugs with

caffeine-enhanced cytocidal effects, such as ifosfamide or

etoposide. As postoperative chemotherapy, intravenous cisplatin

and caffeine with doxorubicin were administered three to six times

to those responding to preoperative treatment. 

Three of the five patients had histological results from biopsy

specimens that initially suggested undifferentiated high-grade

sarcoma. The other two patients were diagnosed with metastatic

bone tumor at another institution. The primary tumors were finally

diagnosed as cancer of the breast, adenocarcinoma of the lung,

clear cell adenocarcinoma of the vagina, diffuse large B-cell

lymphoma and gastric cancer. To assess the clinical response to

caffeine-potentiated preoperative chemotherapy, we used the

Response Evaluation Criteria in Solid Tumors (RECIST)

guidelines [complete response (CR), the 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
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for partial response nor sufficient increase to qualify for

progressive disease] (6). The histological response to preoperative

chemotherapy was evaluated as follows: grade I, no response; grade

II, 50% to 90% tumor necrosis; grade III, >90% tumor necrosis;

and grade IV, no evidence of viable tumor cells.

Case Presentations

Case 1

A 54-year-old woman with a history of mastectomy for breast

cancer and nephrectomy for left kidney metastasis 5 years

earlier, presented right buttock pain lasting 6 months. She

consulted a local doctor and, upon physical examination, a

large mass was palpated in the right buttock. Radiographs

showed a sclerotic lesion in the iliac bone, and magnetic

resonance imaging (MRI) revealed a tumor of the ilium with

a large soft tissue mass (Figure 2A). In addition, a thallium-

201 scan revealed an area of high uptake limited to the

pelvis. Since the tumor was diagnosed histologically as a

high-grade undifferentiated sarcoma, the patient was

referred to our institution. We administered caffeine-

potentiated chemotherapy prior to surgery according to the

modified K2 protocol (one course of intra-arterial caffeine,

cisplatin and doxorubicin and two courses of intravenous

caffeine, ifosfamide and etoposide) while monitoring renal

function. After chemotherapy, MRI revealed marked

shrinkage of the tumor extending into the soft tissue (Figure

2B). The soft tissue mass had decreased by 52% from its pre-

chemotherapy size. The accumulation of thallium-201 had

also decreased significantly. The response to chemotherapy

was assessed as a partial response. We then performed a

wide excision of the tumor with reconstruction using a frozen

autograft (7). More than 90% tumor necrosis (grade III) was

observed in a resected specimen. Histological findings were

similar to a specimen resected 5 years previously, and the

tumor was diagnosed as metastatic breast cancer. Three

courses of postoperative chemotherapy consisting of
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Table I. Patient characteristics and treatment.

Chemotherapeutic effect

Patient no. Gender Age Site Primary Clinical response Histological response Outcome

1 Female 54 Pelvis Breast cancer (adenocarcinoma) PR Grade III DOD

2 Male 52 Femur Lung cancer (adenocarcinoma) PR Grade III NED

3 Female 50 Pelvis Clear cell adenocarcinoma PR Grade II NED

of the uterine cervix and vagina

4 Female 71 Buttock Diffuse large B-cell lymphoma CR No surgery NED

5 Male 60 Sacrum Gastric cancer (adenocarcinoma) PR No surgery DOD

CR: complete response, PR: partial response, NED: no evidence of disease, DOD: dead of disease

Figure 1. K2 protocol of caffeine-potentiated chemotherapy. A: cisplatin (120 mg/m2/2-4 h) + doxorubicin (30 mg/m2/24 h x 2 days) + caffeine (1.5 g/m2/24 h
x 3 days), B: ifosfamide (3 g/m2/bolus x 3 days) + etoposide (60 mg/m2/bolus x 3 days) + caffeine (1.5 g/m2/24 h x 3 days), ia: intra-arterial infusion, iv: intravenous
infusion.



caffeine, cisplatin and doxorubicin were administered

intravenously. Fifteen months after resection, the patient was

able to walk outdoors using a T-cane. However, she died of

multiple lung metastases 33 months after the operation.

Case 2

A 52-year-old man presented with left thigh pain at a nearby

hospital. Radiographs revealed destructive change in the

cortex of the femur. The patient was referred to our

institution where MRI revealed a bone tumor extending

into the soft tissue of the femur. Angiography revealed

intense vascularity in the tumor (Figure 3A). A thallium-201

scan also showed strong accumulation limited to the femur

(Figure 4A). The initial diagnosis was malignant bone

tumor, possibly metastatic; however, no additional lesion

was identified other than a lung bulla. We gave three

courses of caffeine-potentiated chemotherapy consisting of

intra-arterial caffeine, cisplatin and doxorubicin after

histological study of a biopsy specimen suggested high-grade

sarcoma. Following chemotherapy, MRI indicated 50%

shrinkage of the tumor. By angiography, a tumor-related

area of hypervascularity had disappeared (Figure 3B). A

thallium-201 scan no longer showed high uptake (Figure

4B). The response to chemotherapy was assessed clinically

as a partial response. We performed wide excision of the

tumor and reconstruction with a frozen autograft, followed

by three courses of postoperative chemotherapy consisting

of intravenous cisplatin, caffeine and doxorubicin. The

histological response to preoperative chemotherapy was

evaluated as grade III (>90% necrosis). During the course

of treatment, lung cancer was detected in relation to the

bulla, and the patient underwent lobectomy. Since the

histological findings from the lung cancer were similar to

those of the femoral tumor, the patient was diagnosed with

metastatic adenocarcinoma of the lung. This patient has

maintained good limb function with no evidence of

recurrence or metastasis for 71 months.

Case 3

A 50-year-old woman with a history of clear cell

adenocarcinoma of the uterine cervix and vagina consulted

a gynecologist because of right buttock pain. MRI revealed

metastatic tumor of the pelvis (Figure 5A). She underwent

chemotherapy consisting of irinotecan and mitomycin C;

however, after 3 cycles, the clinical response to

chemotherapy was defined as progression of disease. She was

referred to our hospital for limb-saving surgery. Because

reduction in the size of the tumor was needed for safe

excision, caffeine-potentiated neoadjuvant chemotherapy

was administered intravenously. Since the patient had

previously been treated with cisplatin-containing

chemotherapy, we used ifosfamide and etoposide in

combination with caffeine. After 5 cycles, more than 60%

tumor shrinkage was seen on MRI (Figure 5B).

Postoperative chemotherapy, consisting of intravenous

caffeine, ifosfamide and etoposide, was given in two courses.

The histological response to preoperative chemotherapy was

grade II (50% to 90% necrosis). No signs of recurrence or

metastasis have been detected 15 months after the operation.

Case 4

A 71-year-old woman consulted a nearby hospital because

of right buttock pain which was caused by a huge soft tissue

tumor (Figure 6A). She was referred to our hospital. Since

histological examination of a biopsy specimen disclosed a

small round cell sarcoma, we carried out caffeine-assisted

chemotherapy consisting of intravenous caffeine, cisplatin

and doxorubicin. After one course, the tumor was no longer

evident on MRI, representing a complete response (Figure

6B). Since the previous pathological diagnosis of the biopsy
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Figure 2. Magnetic resonance imaging (MRI) findings before and after
chemotherapy. A. Bone tumor of the ilium with a large soft tissue mass. B.
Marked tumor shrinkage after three courses of chemotherapy. Arrows
indicate the soft tissue mass.



specimen suggested B-cell lymphoma, the patient was

referred to a hematologist. Although the patient received

only one course of chemotherapy, we interpreted the clinical

response as complete. No signs of recurrence have been

detected 12 months after the chemotherapy.

Case 5

A 60-year-old man with a history of gastric cancer suffered

sciatic pain. MRI revealed a metastatic tumor of the sacrum

(Figure 7A). He was referred to our hospital for surgery.

We administered three courses of caffeine-potentiated

chemotherapy consisting of intravenous caffeine, cisplatin

and doxorubicin before the operation. After three courses

of chemotherapy, the tumor extending into the soft tissue

had disappeared on MRI; thus, a marked response was

detected (Figure 7B). Because the sciatic pain disappeared

after chemotherapy, he refused the operation. Though no
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Figure 3. Angiography before and after chemotherapy. A. Hypervascular
area (white arrow) in the femur. B. The hypervascular area disappeared
after three courses of chemotherapy.

Figure 4. Thallium-201 scan before and after chemotherapy. A. Strong
accumulation (white arrow) in the femur alone. B. High uptake ceased
after three courses of chemotherapy.



sign of local recurrence had been detected, he died of

multiple metastases 24 months after chemotherapy.

Discussion

In 1981, Byfield et al. (8) summarized studies on methylated

xanthines as antitumor agents. Caffeine, which is a xanthine

analog, has a biochemical modulating effect as a DNA-

repair inhibitor and may inhibit postreplication repair of

sublethally damaged DNA (8, 9). According to our

experimental studies, caffeine-enhanced cytotoxicity

depends on the degree of lethal or sublethal effects caused

by the anticancer agents (10-12). When human

osteosarcoma and fibrosarcoma cells were exposed to

caffeine, enhancement increased in a time-dependent

manner by facilitating cell cycle progression before recovery

from DNA damage. In vitro studies have demonstrated that

caffeine enhances the cytocidal effects of cisplatin,

doxorubicin, cyclophosphamide and mitomycin C on human

osteosarcoma and fibrosarcoma cells (10-12). Based on

these studies, we introduced chemotherapeutic caffeine into

osteosarcoma chemotherapy in 1989. In our clinical trials,

we demonstrated that caffeine-potentiated chemotherapy

induced a complete response in more than 70% of patients

with osteosarcoma (86% in patients with non-metastatic

osteosarcoma) (2, 4). There also was a high rate (>70%) of

good local response in patients with high-grade soft tissue

sarcoma (3, 5). 
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Figure 6. MRI findings before and after chemotherapy. A. Large soft tissue
tumor is found in the right buttock. B. The tumor mass disappeared after
one course of chemotherapy. Arrows indicate the soft tissue tumor.

Figure 5. MRI findings before and after chemotherapy. A. Bone tumor of
the acetabulum with a large soft tissue mass. B. Marked tumor shrinkage
after five courses of chemotherapy. Arrows indicate the soft tissue mass.



Regarding cancers other than musculoskeletal sarcoma,

some investigators have reported caffeine enhancement of

cytotoxicity with in vitro and in vivo models (13-19). Boike et
al. (13) reported significant caffeine enhancement of

cisplatin-induced cytotoxicity against a human ovarian and

cervical cancer cell line. Takahashi et al. (18) examined the

combined effect of cisplatin and caffeine against a human

gastric cancer cell line in vivo and found that caffeine

enhanced the effect of cisplatin. Concerning lung cancer,

there are some reports of caffeine-enhanced chemosensitivity

in human non-small cell lung cancer in vitro (17, 19). In

clinical studies, there have been trials involving combination

chemotherapy using caffeine for malignant melanoma (20),

glioblastoma (21), and pancreatic cancer (22, 23).

Unfortunately, chemotherapeutic caffeine had no impact on

local recurrence or survival in these studies, most probably

because the caffeine was administered orally, subcutaneously,

or intramuscularly, and the dosage was lower than that used

in our protocol. Intra-arterial or intravenous continuous

administration is recommended to increase the efficacy of

chemotherapeutic caffeine. Though high-dose caffeine

administration sometimes causes palpitations and

sleeplessness, these side-effects were found to be tolerable for

most patients with concomitant use of a major tranquilizer.

No symptomatic cardiac or neurological, side-effects

attributable to caffeine were observed in our study (2). 

In the five cases presented here, we confirmed a

radiographically complete response in one patient and a

partial response in four. Significantly, the patient with

lymphoma who received only one course of chemotherapy

achieved a complete response. In three of the five patients,

we performed tumor excision and evaluated the histological

response to preoperative chemotherapy. The histological

response was grade II in one case and grade III in two cases.

Good responses to chemotherapy (complete or partial

clinical response, or histologically >90% necrosis by

histological examination) were seen in all five patients.

Though four patients had advanced metastatic cancer,

survival time was more than 1 year in all patients. Three out

of five patients have had no evidence of local recurrence or

metastasis for 12, 15 and 71 months. The patient with lung

cancer and skeletal metastasis has been alive for more than

5 years after operation without local recurrence or

metastasis, despite an advanced stage. Caffeine-potentiated

chemotherapy may possibly improve the survival rate even

in cancers other than musculoskeletal sarcoma. However, a

randomized prospective study is necessary to examine

whether caffeine-potentiated chemotherapy definitively

improves the survival rate of patients with malignant tumors

other than musculoskeletal sarcoma.

In conclusion, caffeine-potentiated chemotherapy produced

a good response in metastatic carcinoma and lymphoma.

Though the number of patients who have undergone caffeine-
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Figure 7. MRI findings before and after chemotherapy. A. Tumor of the
sacrum with a soft tissue mass. B. The soft tissue mass disappeared after
three courses of chemotherapy. Arrows indicate the soft tissue mass.



potentiated chemotherapy is limited, caffeine-potentiated

chemotherapy may be of great benefit for patients with

malignant tumors other than musculoskeletal sarcoma. 
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