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ABSTRACT
Purpose: Recently, new experimental data suggested

that, besides inhibiting osteoclasts, bisphosphonate may also
have an antitumor effect. Antiangionetetic activity is one of
the possible mechanisms of anticancer activity attributed to
bisphosphonates. The purpose of this study was to evaluate
the modifications in angiogenic cytokines levels after pam-
idronate infusion.

Experimental Design: Twenty-five consecutive cancer
patients with bone metastases treated monthly with diso-
dium pamidronate infusion were evaluated prospectively for
circulating levels of vascular endothelial growth factor
(VEGF), �-IFN, interleukin (IL)-6, and IL-8 at different
time points: just before and after 1, 2, and 7 days after
pamidronate infusion.

Results: Basal VEGF levels decreased significantly 1, 2,
and 7 days after pamidronate infusion. �-IFN and IL-6
levels increased 1 day after the infusion but rapidly de-
creased after 2 days. Moreover, our data showed a statisti-
cally significant negative correlation between VEGF and
�-IFN levels (P < 0.0001) and a positive correlation between
VEGF and IL-8 (P � 0.04).

Conclusions: This study confirms that pamidronate
could have antiangiogenic properties through a significant
and lasting decrease of VEGF serum levels.

INTRODUCTION
Bisphosphonates are potent inhibitors of bone resorption;

therefore, they are used widely and successfully for treating or
preventing malignant hypercalcemia, tumoral osteolysis,
Paget’s disease, and osteoporosis (1, 2). Despite this wide use,
the mechanism of their action is not yet fully understood. In
contrast, it has been shown that pamidronate, a second genera-

tion potent aminosubstituted bisphosphonate, produces potent
and specific inhibition of bone resorption by suppressing the
accession of osteoclast precursors into bone and their transfor-
mation into mature osteoclasts (3, 4). Moreover, recent data
suggest that besides inhibiting osteoclasts activity, bisphospho-
nate may also have an antitumor effect. In fact, the apoptotic and
antiproliferative effect of bisphosphonates on osteoclasts may
be exerted also on macrophages and tumor cells (5–7). This
antiproliferative mechanism of bisphosphonates has been attrib-
uted to a cytotoxic/cytostatic or proapoptotic effect (6, 7), a
reduction of human tumor-cell adhesion to bone matrix (8), a
�/� T-cell stimulation (9), and an inhibition of tumor angiogen-
esis (10, 11).

One of the most potent and specific angiogenic factors in
cancer is the VEGF.2 Its clinical importance for tumor growth is
supported by the demonstration that most tumors produce
VEGF and that the inhibition of VEGF-induced angiogenesis
significantly inhibits tumor growth in vivo (12). Moreover,
VEGF expression has been shown to be an independent prog-
nostic factor related to survival in several malignancies (13). On
the basis of these data, we designed a study to investigate the
potential antiangiogenic role of pamidronate in patients with
malignancies. To avoid the effect of chemotherapy on the blood
levels of cytokines recognized to play a role in tumor angiogen-
esis, the levels of these cytokines were studied just before and 1,
2, and 7 days after the first infusion of pamidronate before the
administration of any chemotherapy.

We present here the results of this study.

MATERIALS AND METHODS
Patients. Twenty-five consecutive patients (13 males

and 12 females), aged 49–77 years (median age, 65), with
advanced solid cancer and bone metastases, were included in the
study (Table 1). Patients were eligible for the study if they had
histologically confirmed solid neoplasm associated with scinti-
graphic and radiographic identification of bone metastases. In
addition, patients were required to have a neutrophil count �
2 � 109/liter, a platelet count � 100 � 109/liter, normal hepatic
and renal function, and no acute or chronic infections or inflam-
matory diseases. Patients were ineligible for the study when they
had had fever (body temperature � 38°C) during the last week
before study entry or had received any radiotherapy, chemother-
apy, immunotherapy, or growth factors during the last 4 weeks
before study accrual. In addition, patients treated recently or
simultaneously with steroids were considered ineligible for the
study. In all cases, pamidronate was administrated on an outpa-
tients basis.
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Treatment and Follow-up Investigation. All patients
received 90 mg of disodium pamidronate (Aredia, Novartis) in
500 ml of 0.9% saline over a period of 2 h as i.v. infusion
starting at 9.00 a.m. Venous blood for cytokines assessment was
drawn in an EDTA-anticoagulated tube just before the begin-
ning of drug infusion and 1, 2, and 7 days after pamidronate
infusion. After drawing, venous blood was rapidly centrifuged
for 10 min at 10,000 rpm and plasma stored at �80°C until
tested for VEGF, �-IFN, IL-6, and IL-8 levels. Moreover,
WBCs and platelets count, hemoglobin levels, and total calcium
plasmatic levels were also determined at the same times.

Cytokine Analysis. Plasma levels of IL-6, IL-8, and
�-IFN were measured with PharMingen OptEIA sets according
to the instructions of the manufacturer (BD PharMingen, San
Diego, CA). VEGF was assayed with the R&D quantikine kit
following the instructions of the manufacturer (R&D Systems,
Minneapolis, MN). The detection limits of the cytokines were as
follows: IL-6 � 4.7 pg/dl; IL-8 � 3.9 pg/dl; �-IFN � 7.8 pg/dl;
VEGF � 31.2 pg/dl.

Statistical Analysis. Basal values of tested cytokines
were compared with values observed after 1, 2, and 7 days from
pamidronate infusion according to Mann-Whitney U test for
nonparametric independent variables. A linear regression model
with variance analysis was used to correlate different cytokines
levels. Two-tailed P was considered significant when �0.05.
SPSS software (version 10.00; SPSS, Chicago, IL) was used for
statistical analysis.

RESULTS
VEGF Analysis. Median VEGF basal value (745 pg/dl;

95% CI: 684.8–986.26) showed a significant (P � 0.019) de-
crease 1 day after single pamidronate infusion (602.49; 95% CI:
424.06–753.25). Moreover, 2 days after pamidronate infusion,
an additional decrease in VEGF levels was recorded (556.84;
CI: 358.3–640.71; P � 0.001). This effect on VEGF circulating

levels persisted also 7 days after bisphosphonate infusion, with
a median value of 556.88 (CI: 442.49–684.28). These results
are summarized in Table 2 and Fig. 1.

�-IFN Levels. The median value of �-IFN basal levels
was 12 pg/ml (95% CI: 11.25–18.65). As reported in Table 2
and Fig. 2, these levels increase significantly 1 day after pam-
idronate infusion to 21.28 pg/dl (P � 0.019), returning to levels
similar to the median basal values after 2 and 7 days (P � 0.791
and P � 0.557, respectively).

IL-6 Levels. A significant increase in IL-6 levels was
observed 1 day after pamidronate infusion (median IL-6 basal
value: 9.81 pg/dl; 95% CI: 6.8–12.2 and median IL-6 value after
1 day: 14.16 pg/dl; 95% CI: 11.8–16.8; P � 0.007). From these
values, the IL-6 level decreased to 11.71 pg/dl (95% CI: 7.1–

Table 1 Patients’ characteristics

Total number 25
Median age (range) 65 years (49–77)
Male/female 13/12
Median performance status ECOGa score

(range)
2 (1–3)

Neoplasm histotype
Non-small cell lung cancer 6
Breast carcinoma 11
Prostate adenocarcinoma 5
Bladder urothelial carcinoma 2
Unknown primary cancers 1

Bone segments involved by metastases
(range)

7 (2–14)

Previous chemotherapy 12
Metastases other than bone locations

(patients)
No other locations 13
Lung metastases 5
Liver metastases 5
Lung � Liver metastases 2

Median basal value of calcium plasmatic
concentration (range)

10.23 mg/dl (8.8–12)

a ECOG, Eastern Cooperative Oncology Group.

Table 2 Cytokines modifications after a single infusion
of Pamidronate

Median value
(pg/dl)

95% CI
(pg/dl)

P
(Mann-Whitney

U test)

VEGF
Basal levels 745.00 654.80–986.26
1 day 602.49 424.06–753.25 0.019
2 days 556.84 358.3–640.71 0.001
7 days 556.88 442.49–684.28 0.03

�-IFN
Basal levels 12.00 11.25–18.65
1 day 21.28 18.43–28.65 0.003
2 days 11.53 11.70–18.39 n.s.
7 days 9.725 10.17–16.48 n.s.

IL-6
Basal levels 9.81 6.8–12.2
1 day 14.16 11.8–16.8 0.007
2 days 11.71 7.1–12.6 n.s.
7 days 11.93 9.1–13.5 n.s.

Fig. 1 The behavior of VEGF levels 1, 2, and 7 days after pamidronate
infusion. Gray boxes, 95 percentiles of all VEGF values. Horizontal
black bar in the gray boxes, VEGF median value. Bottom and top
horizontal bars, minimum and maximum values. Ps are calculated
according to Mann-Whitney U test for nonparametric independent con-
tinuous variable: � � P, 0.03; �� � P, 0.019; ��� � P, 0.001.
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12.6) 2 days after the infusion (P � 0.263) and persisted on
values nonsignificantly different from the basal ones (P �
0.362), 7 days after pamidronate infusion.

IL-8 Levels. No significant modifications in IL-8 levels
were found at any time points after pamidronate infusion (me-
dian IL-8 basal value: 16.88 pg/dl; 95% CI: 15.02–55.9 pg/dl;
median IL-8 value after 1 day: 20.06 pg/dl; 95% CI: 11.64–
54.31 pg/dl; median IL-8 value after 2 days: 11.80 pg/dl; 95%
CI: 11.15–40.63 pg/dl; median IL-8 value after 7 days: 14.52
pg/dl; 95% CI: 8.96–59.05 pg/dl).

Cytokines Correlations. A linear regression model with
variance analysis showed a significant negative correlation be-
tween VEGF values and �-IFN values (P � 0.0001; Fig. 3) and
a significant positive correlation between VEGF and IL-8 (P �
0.040). Our data didn’t show a significant correlation between
VEGF and IL-6 (P � 0.663; Table 3).

Secondary Parameters. No significant differences were
found in platelet levels, WBCs count, and hemoglobin concen-
tration before and after pamidronate infusion. However, as ex-
pected, a statistically significant decrease in total calcium plas-
matic levels was obtained after disphosphonate administration.
In particular, the median calcium level before pamidronate
administration was 10.23 mg/dl (range: 8.8–12 md/dl), whereas
the median value 7 days after pamidronate therapy was 9.23
mg/dl (range: 8.4–10.7 mg/dl; P � 0.002). Calcium plasmatic
concentration did not correlate with any of the circulating cy-
tokines before and after pamidronate infusion.

A significant correlation in a linear regression model was
recorded between VEGF basal levels and platelet levels (	
regression coefficient: 3.31; P � 0.03).

DISCUSSION
Bisphosphonates have been used successfully for many years

in the treatment of hypercalcemia and to reduce skeletal-related

complications of metastases. However, there is recent evidence to
suggest that an antitumor effect may also play a role (5). In
literature, three adjuvant clodronate trials in high risk breast cancer
patients have been reported. The first, an open-label controlled trial
(14), reported a reduction in osseous and nonosseous recurrences
and an increase in disease-free and overall survival with 2 years of
clodronate. A second open-label trial (15) of similar size involving
lymph node-positive breast carcinoma patients showed no effect on
the rate of bone metastasis relapse and a deleterious effect on
incidence of relapse of nonosseous metastases within 3 years of
clodronate. A third placebo-controlled trial with 1079 patients
reported, in an interim analysis, a reduction in osseous metastases
during treatment with 2 years of clodronate but no effect on
nonosseous metastases or survival (16). Despite these results, the
way of bisphosphonates action on clinical evolution of neoplastic
disease is still not fully understood; although, recently, several
mechanisms of antitumor effect have been proposed: (a) cytotoxic/
cytostatic effect; (b) proapoptotic effect (1, 6, 7); (c) reducing
human tumor-cell adhesion to bone matrix (8); (d) �/�T cells and
innate immunity stimulation (9); and (e) tumor angiogenesis inhi-
bition (10, 11). Tumor angiogenesis inhibition by bisphosphonates
is an intriguing hypothesis supported by some evidences in litera-
ture (10, 11). Particularly, the new bisphoshonate zoledronate
showed inhibitory effects on endothelial cell proliferation in vitro
and on basic fibroblast growth factor-induced angiogenesis in vivo
(11). On the basis of these data, we tried to analyze the modifica-
tions of recognized circulating angiogenic factors (VEGF, �-IFN,
and IL-8) and cytokines of acute phase (IL-6) induced by a single

Fig. 2 The behavior of �-IFN levels 1, 2, and 7 days after pamidronate
infusion. Gray boxes, 95 percentiles of all �-IFN values. Horizontal
black bar in the gray boxes, �-IFN median value. Bottom and top
horizontal bars, minimum and maximum values. Ps are calculated
according to Mann-Whitney U test for nonparametric independent con-
tinuous variable: � � P, 0.003; n.s., nonsignificant.

Fig. 3 The correlations between VEGF and �-IFN; this correlation was
found statistically significant with a P � 0.0001. Ps were calculated
using a linear regression model with variance analysis.

Table 3 Main correlations between VEGF and other cytokines

	 regression coefficient P

�-IFN �14.139 �0.0001
IL-6 0.569 n.s. (0.663)
IL-8 2.530 0.040
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administration of 90 mg of disodium pamidronate before the ad-
ministration of any chemotherapy agent. As reported previously in
literature (2, 8), our study clearly underlines that pamidronate
induces, after 1 day from the infusion, an IL-6-mediated acute
phase reaction. This reaction is short and reversible and probably
mediated by stimulation of transient production of IL-6 from
macrophages and monocytes. Moreover, our study clearly demon-
strates a statistically significant decrease, compared with basal
values, in VEGF levels after 1, 2, and 7 days from pamidronate
infusion. VEGF is one of the most potent and specific angiogenic
factors of cancer-induced angiogenesis. VEGF expression has been
shown to be an independent prognostic factor related to tumor
progression (17) and survival in several malignancies (13, 18), and
several studies have underlined a potential role of VEGF in pre-
dicting response of tumor to anticancer treatments (19). As a
consequence, the significant and lasting decrease of VEGF serum
levels after a single infusion of 90 mg of pamidronate, reported in
the present study, may provide preliminary evidence of an in vivo
antiangiogenetic effect of bisphosphonates in cancer patients. The
mechanism of such effect elicited by bisphosphonate is not known
and is not possible to confirm whether this effect is only seen after
the first exposure to pamidronate.

Previous studies have reported a positive correlation be-
tween platelet number and serum VEGF level in cancer patients.
These data confirm the hypothesis that platelets may serve the
role of storage of VEGF in the circulation (20–22).

In our study, we report also a significant and short
increase of IFN-� serum levels after 1 day by a single
infusion of pamidronate. IFN-� is a pleiotropic cytokine
endowed with potent immunomodulatory effects and secreted
by activated CD4 and CD8 T cells. The real role of serum
IFN-� increase is not known, although there are some evi-
dences in the literature supporting an antiangiogenic action
by IFN-� through an inhibition of endothelial proliferation
(23, 24). This hypothesis is confirmed indirectly by the
significant negative correlation between serum levels of
VEGF and IFN-� observed in our study. IL-8 is a cytokine
produced by mononuclear cells that is involved in polymor-
phonuclear neutrophil leukocyte and T lymphocytes recruit-
ment and activation. Moreover, there are some evidences that
IL-8 and VEGF promote tumor angiogenesis, cancer growth,
and metastasis and are coexpressed by human head and neck
squamous cell carcinomas and a variety of other malignan-
cies (25–27). As a consequence, the significant positive cor-
relation between VEGF and IL-8 serum levels observed in
our study seems to confirm this hypothesis.

Despite the small size and heterogeneous population, the
obtained results are noteworthy. However, they require confir-
mation by additional investigations.

In conclusion, the study confirms that pamidronate induces
significant and lasting modifications of angiogenic cytokines
pattern. Experimental trial should be addressed to assess the real
clinical impact in anticancer therapy of antiangiogenic proper-
ties of bisphosphonates.

REFERENCES
1. Kyle, R. A. The role of bisphosphonates in multiple myeloma. Ann.
Intern. Med., 132: 734–736, 2000.

2. Sauty, A., Pecherstorfer, M., Zimmer-Roth, I., Fioroni, P., Juillerat,
L., Markert, M., Ludwig, H., Leuenberger, P., Burckhardt, P., and
Thiebaud, D. Interleukin-6 and tumor necrosis factor 
 levels after
bisphosphonates treatment in vitro and in patients with malignancy.
Bone, 18: 133–139, 1996.

3. Fitton, A., and McTavish, D. Pamidronate: a review of its pharma-
cological properties and therapeutic efficacy in resorptive bone disease.
Drugs, 41: 289–318, 1991.

4. Geddes, A. D., Sharyn, M., Ebetino, F. H., Dausereau, S. M., and
Russel, R. G. G. Bisphosphonates: structure-activity relantionships and
therapeutic implications. In: J. N. Heersche and J. A. Kanis (eds.), Bone
and Mineral Research, pp. 256–306. Amsterdam: Elsevier Science
B. V., 1994.

5. Diel, I. J., Solomayer, E. F., and Bastert, G. Bisphosphonates and the
prevention of metastasis: first evidences from preclinical and clinical
studies. Cancer (Phila.), 88: 3080–3088, 2000.

6. Senaratne, S.G., Pirianov, G., Mansi, J.L., Arnett, T.R., and Colston,
K.W. Bisphosphonates induce apoptosis in human breast cancer cell
lines. Br. J. Cancer, 82: 1459–1468, 2000.

7. Tassone, P., Forciniti, S., Galea, E., Morrone, G., Turco, M. C.,
Martinelli, V., Tagliaferri, P., and Venuta, S. Growth inhibition and
synergistic induction of apoptosis by zoledronate and dexamethasone in
human myeloma cell lines. Leukemia, 14: 841–814, 2000.

8. Pietschmann, P., Stohlawetz, P., Brosch, S., Steiner, G., Smolen,
J. S., and Peterlik, M. The effect of Alendronate an cytokine production,
adhesion molecules expression and transendothelial migration of human
peripheral blood mononuclear cells. Calcif. Tissue Int., 63: 325–330,
1998.

9. Kunzmann, V., Bauer, E., Feurle, J., Weissinger, F., Tony, H. P., and
Wilhelm, M. Stimulation of �/� T cells by aminobisphosphonates and
induction of antiplasmacell activity in multiple myeloma. Blood, 96:
384–392, 2000.

10. Green, J. R. Anti-tumor potential of bisphosphonates. Med. Klin.,
95 (Suppl. 2): 23–28, 2000.

11. Green, J. R. Chemical and biological prerequisites for novel
bisphosphonate molecules: results of comparative preclinical studies.
Semin. Oncol., 28: 4–10, 2001.

12. Kim, K. J., Li, B., Winer, J., Armanini, M., Gillett, N., Phillips,
H. S., and Ferrara, N. Inhibition of vascular endothelial growth factor-
induced angiogenesis suppresses tumour growth in vivo. Nature (Lond.),
362: 841–844, 1993.
13. Poon, R. T., Fan, S. T., and Wong, J. Clinical implications of
circulating angiogenic factors in cancer patients. J. Clin. Oncol., 19:
1207–1212, 2001.
14. Diel, I. J., Solomayer, E. F., Costa, S. D., Gollan, C., Goerner, R.,
Wallwiener, D., Kaufmann, M., and Bastert, G. Reduction in new
metastases in breast cancer with adjuvant clodronate treatment. N. Engl.
J. Med., 339: 357–363, 1998.
15. Saarto, T., Blomqvist, C., Virkkunen, P., and Elomaa, I. I. Adjuvant
clodronate treatment does not reduce the frequency of skeletal metas-
tases in node-positive breast cancer patients: 5-year results of a random-
ized controlled trial. J. Clin. Oncol., 19: 10–17, 2001.
16. Paterson, A. H. The potential role of bisphosphonates as adjuvant
therapy in the prevention of bone metastases. Cancer (Phila.), 88:
3038–3046, 2000.
17. Yamamoto, Y., Toi, M., Kondo, S., Matsumoto, T., Suzuki, H.,
Kitamura, M., Tsuruta, K., Taniguchi, T., Okamoto, A., Mori, T.,
Yoshida, M., Ikeda, T., and Tominaga, T. Concentrations of vascular
endothelial growth factor in the sera of normal controls and cancer
patients. Clin. Cancer Res., 2: 821–826, 1996.
18. Linderholm, B. K., Lindahl, T., Holmberg, L., Klaar, S., Lenner-
strand, J., Henriksson, R., and Bergh, J. The expression of vascular
endothelial growth factor correlates with mutant p53 and poor prognosis
in human breast cancer. Cancer Res., 61: 2256–2260, 2001.
19. Foekens, J. A., Peters, H. A., Grebenchtchikov, N., Look, M. P.,
Meijer-van Gelder, M. E., Geurts-Moespot, A., van der Kwast, T. H.,
Sweep, C. G., and Klijn, J. G. High tumor levels of vascular endothelial

1083Clinical Cancer Research

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/8/5/1080/2083287/df0502001080.pdf by guest on 24 August 2022



growth factor predict poor response to systemic therapy in advanced
breast cancer. Cancer Res., 61: 5407–5414, 2001.
20. George, M. L., Eccles, S. A., Tutton, M. G., Abulafi, A. M., and
Swift, R. I. Correlation of plasma and serum vascular endothelial growth
factor levels with platelet count in colorectal cancer: clinical evidence of
platelet scavenging? Clin. Cancer Res., 6: 3147–3152, 2000.
21. Salven, P., Orpana, A., and Joensuu, H. Leukocytes and platelets of
patients with cancer contain high levels of vascular endothelial growth
factor. Clin. Cancer Res., 5. 487–491, 1999.
22. Gunsilius, E., Petzer, A., Stockhammer, G., Nussbaumer, W., Schu-
macher, P., Clausen, J., and Gastl, G. Thrombocytes are the major
source for soluble vascular endothelial growth factor in peripheral
blood. Oncology, 58: 169–174, 2000.
23. Sato, N., Nariuchi, H., Tsuruoka, N., Nishihara, T., Beitz, J. G.,
Calabresi, P., and Frackelton, A. R., Jr. Actions of TNF and IFN-� on
angiogenesis in vitro. J. Investig. Dermatol., 95: 85–89, 1990.

24. Beatty, G., and Paterson, Y. IFN-�-dependent inhibition of tumor
angiogenesis by tumor-infiltrating CD4� T cells requires tumor respon-
siveness to IFN-�. J. Immunol., 166: 2276–2282, 2001.

25. Koch, A. E., Polverini, P. J., Kunkel, S. L., Harlow, L. A., DiPietro,
L. A., Elner, V. M., Elner, S. G., and Strieter, R. M. Interleukin-8 as a
macrophage-derived mediator of angiogenesis. Science (Wash. DC),
258: 1798–1801, 1992.

26. Bancroft, C. C., Chen., Z, Dong, G., Sunwoo, J. B., Yeh, N., Park,
C., and Van Waes, C. Coexpression of proangiogenic factors IL-8 and
VEGF by human head and neck squamous cell carcinoma involves
coactivation by MEK-MAPK and IKK-NF-�B signal pathways. Clin.
Cancer Res., 7: 435–442, 2001.
27. Sauter, E. R., Nesbit, M., Watson, J. C., Klein-Szanto, A., Litwin,
S., and Herlyn, M. Vascular endothelial growth factor is a marker of
tumor invasion and metastasis in squamous cell carcinomas of the head
and neck. Clin. Cancer Res., 5: 775–782, 1999.

1084 Pamidronate and Angiogensis

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/8/5/1080/2083287/df0502001080.pdf by guest on 24 August 2022


