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Abstract. Vinorelbine (Navelbine, NVB) is a new semi-
synthetic vinca alkaloid that is currently used in the treat-
ment of advanced breast cancer and advanced non-small-
cell lung cancer (NSCLC). In this study we investigated the
tumoral and healthy pulmonary tissue concentrations of
NVB in previously untreated NSCLC patients undergoing
surgery. A total of 13 patients (mean age, 60 years; range,
42-70 years) were included and received NVB
(20 mg/m?2) at 1 h (mean, 1.1 h; SD, 0.2 h; n = 6 patients)
and 3 h (mean, 3.0 h; SD, 0.6 h; n = 7 patients) before
tumor resection. A tumoral and adjacent healthy lung-
tissue specimen as well as simultaneously sampled serum
were analyzed for NVB by high-performance liquid chro-
matography (HPLC). NVB levels were much higher in
tissue than in serum (up to 300-fold). The tissue/serum
ratio increased between the 1-h sampling time (range,
0.1-100) and the 3-h time point (range, 10-300). In all
patients but two, NVB concentrations were lower in
tumors than in healthy lung tissue. The tumor/healthy
tissue ratio ranged from 0.06 to 1.3 (median, 0.09) at 1 h
and from 0.18 to 1.1 (median, 0.55) at 3 h. This ratio
increased between the 1-h sampling time and the 3-h time
point as a consequence of increasing tumor levels (median,
50.4 ng/g at 1 h and 278 ng/g at 3 h). In four patients,
concentrations could be measured in necrotic and peripher-
al tumor zones, showing lower values in necrotic areas.
Thus, these data indicate that NVB is highly distributed in
lung tissue, with the disposition rate being slower in tumor
tissue than in healthy parenchyma during the first 3 h.

Introduction
Vinorelbine (5’-nor anhydrovinblastine; Navelbine, NVB)

is a new semisynthetic vinca alkaloid that differs chemi-
cally from its analogues by alterations on the catharanthine
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moiety [5, 12]. NVB is currently used in the treatment of
advanced non-small-cell lung cancer (NSCLC) [1, 3, 9]
and advanced breast cancer {2] but is also active in ovarian
cancer [4]. The pharmacokinetic profile of NVB has re-
cently been characterized in man using a high-performance
liquid chromatographic (HPLC) method [7, 10]. It can best
be characterized by a three-compartment model with a
terminal half-life of about 42 h and a large volume of
distribution (4050 1) [7]. The total clearance value is
1.1 I/min, with about 11% of the dose being eliminated by
the kidney [7]. In a micropig model we found that biliary
excretion accounted for about 26% of the delivered dose
within the first 48 h [11]. Thus, as for other vinca alkaloids,
the recovery of NVB remains incomplete, indicating the
presence of metabolites and/or a sustained retention in
tissue. In the rat, NVB showed a more intense tissue distri-
bution than its analogues, particularly in the lungs [8]. No
information is available about NVB human tissue disposi-
tion. Since lung tumors are a major target for NVB, we
investigated the tumoral and healthy pulmonary tissue con-
centrations of NVB in previously untreated NSCLC
patients undergoing surgery.

Patients and methods

Patients. A total of 13 patients with operable, histologically proven
NSCLC entered this study. All patients gave written informed consent
and this human investigation was approved by the local ethics comittee.
Patients were required to be <70 years old and to have normal renal and
hepatic functions, a white blood cell count of = 3,500/ul, a granulocyte
count of >1,500/ul, and a platelet count of >100,000/ul.

Treatment plan. Treatment consisted of NVB (20 mg/m?) given by short
i.v. infusion (15 min). The injection was done either 1 or 3 h before

surgery.

Tissue and plasma sampling. Tumoral and adjacent healthy lung-tissue
samples were obtained immediately after resection. The specimens were
washed with phosphate buffer to remove the contaminating blood, cut
into fragments weighing about 1 g, and then frozen at -70°C. Simul-
taneous blood samples were taken and immediately centrifuged at



Table 1. Patient’s characteristics

Patient Age Sex  Histology Sampling
number (years) time
1 69 M Large-cell carcinoma 1.1h
2 57 F Adenocarcinoma 1.3h
3 70 M Squamous-cell [.0h
4 65 M Adenosquamous 1.0h
5 55 M Squamons-cell 14h
6 63 M Squamous-cell 1.0h
Mean (SD) 1.1(0.2)h
7 55 M Squamous-cell 2 h
8 65 M Squamous-cell 2.7h
9 42 M Squamous-cell 35h
10 61 F Squamous-cell 35h
11 60 M Squamous-cell 27h
12 55 M Squamous-cell with 37h
adeno pictures
13 63 M Squamous-cell 27h
Mean (SD) 60 (8.1} 3.0(0.6)h

1,000 g for 10 min, after which the serum was stored at —70°C until
analysis.

Chemicals. Vinorelbine as the ditartrate salt (calibration standard) was
kindly provided by Pierre Fabre Médicaments as a pure powder. Vin-
blastine (internal standard) was obtained commercially (Velbé, Eli Lilly).
All solvents used were of HPLC grade.

Tissue extraction procedure. A frozen fragment weighing about 1 g was
introduced into a cartridge of a model 6700 freezer-mill (Spex, in-
dustries, Edison, N. J., USA) and crushed for 1 or 2 min in liquid nitro-
gen. The powder was taken up with methanol-hydrochloric acid (pH 2;
20:80, v/v; 1 or 2 ml, depending on the weight). The mixed extracts were
incubated overnight at 4°C, then centrifuged at 1,000 g for 10 min. A
1-ml aliquot of supernatant was sampled and extracted following the
same procedure described below for serum.
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Serum extraction procedure. This procedure has previously been de-
scribed elsewhere [6]. Briefly, an aliquot (I ml) of serum containing
100 ng vinblastine and 1 ml 66 mM phosphate buffer was added to 3 m}
diethyl ether in a 6-ml screw-capped glass tube. After the ingredients had
been mixed, the tubes were gently shaken for 30 min by rotation and then
centrifuged for 10 min at 1,000 g. The upper organic phase was trans-
ferred to another glass tube and evaporated to dryness under a stream of
nitrogen at 37° C. The residue was then dissolved in 120 pl methanol-hy-
drochloric acid (pH 2; 20: 80, v/v), and 50 ul of the solution was injected
into the chromatograph.

HPLC system. The HPLC system consisted of a model 126 pro-
grammable solvent-delivery device (Beckman, Fullerton, Calif.), a mod-
el 210 sample-injection valve with a 50-ul loop (Beckman), and a mod-
el 166 programmable wavelength detector (Beckman). Chromatograms
were processed by a GOLD chromatographic data system (Beckman),
The assay was carried out using a 250- X 4-mm (inner diameter) cyano-
analytical column with a 5-um particle size (SGE, Paris, France). Elution
was performed under isocratic conditions with acetonitrile (55%) in
40 mM ammonium (pH 2.9) at a flow rate of 1 mi/min. Quantitation was
based on UV detection at 268 nm. The detection limit of NVB was
1 ng/ml. NVB levels are expressed in terms of the median value plus the
distribution range.

Results

In all, 11 men and 2 women were included in this study
(mean age, 60 years; range, 42—70 years), and none of
these patients had previously been treated either by chemo-
therapy or radiotherapy. The NVB injection was performed
at 1.1 h (SD, 0.2 h; n = 6 patients) and 3.0 h (SD, 0.6 h;
n = 7 patients) before surgergy. The patients’ characteris-
tics are shown in Table 1.

NVB levels (Table 2) were up to 300 times higher in
tissue than in serum at 3 h after injection. The tissue/serum
ratio was higher at 3 h (range, 10—300) than at I h (range,
0.1-100). Neoplastic and healthy tissue levels showed
wide variation, and in all patients but two (one at 1 h and

Table 2. Serum concentrations and lung-tissue disposition of vinorelbine in patients with NSCLC as determined at 1 and 3 h after the injection

Patient Serum Tumor Healthy lung Tumor: serum Healthy tissue: Tumor: healthy
number? concentration concentration concentration concentration serum concen- tissue
(ng/ml) ng/g tissue) (ng/g tissue) ratio tration ratio concentration
ratio
1(1h) 28.9 247 398 0.85 13.77 0.06
2(1h) 19.0 243 2,034 12.79 107.05 0.12
3(1h) 53.1 67.3 4959 1.27 9.34 0.14
4(1h) 154 23.6 391 1.53 2535 0.06
5(1h) 234 372.5 282 15.92 12.05 1.30
6(1h) 24.1 33.6 554 1.39 23.0 0.06
Range 23.6-372.5 282--2,034 0.85-15.92 9.34-107.5 0.06-1.30
Median 50.4 447 1.46 18.39 0.09
7(3h) 21.7 278 1,313 12.81 60.51 0.21
8(3h) 17.6 857 1,520 48.69 86.36 0.56
9(3h) 4.8 296 1,630 61.67 339.58 0.18
10(3h) 11.7 180 327 15.38 2795 0.55
11(3h) 2.4 231 404 96.25 168.33 0.57
12(3h) 4.8 154 748 32.08 155.83 0.21
13 (3h) 17.4 540 491 31.03 2822 1.10
Range 180-857 327-1,630 12.81-96.25 27.95-339.58 0.18-1.10
Median 278 748 32.08 86.36 0.55

@ Sampling time given in parentheses
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Table 3. Vinorelbine (NVB) tumor concentrations measured in the cen-
tral and peripheral zones

Patient number NVB concentration NVB concentration in the
(sampling time) in the central zone peripheral zone
(ng/g tissue) (ng/g tissue)
1(1h) 2.6 35.8
7(3h) 201 330
10(3h) 112 249
13(3h) 191 708

one at 3 h), NVB concentrations were lower in tumors than
in healthy tissue. The tumor/healthy lung tissue ratio
ranged from 0.06 to 1.3 (median, 0.09) at 1 h and from 0.18
to 1.1 (median, 0.55) at 3 h. This ratio increased between
the 1-h sampling time and the 3-h time point as a con-
sequence of increasing tumor levels that ranged from 23.6
to 372 ng/g tissue (median, 50.4 ng/g tissue) at 1 h and
from 180 to 857 ng/g tissue (median, 278 ng/g tissue) at
3 h. In healthy tissue, NVB levels ranged from 282 to
2,034 ng/g tissue (median, 447 ng/g tissue) at 1 h and from
327 to 1,630 ng/g tissue (median, 748 ng/g tissue) at 3 h. In
four patients NVB concentrations were measured in ne-
crotic and vegetating tumor tissue, showing lower values in
necrotic areas (Table 3).

Discussion

In humans, little information is available on the tumoral or
healthy tissue distribution of anticancer drugs, more pre-
cisely, those of the vinca alkaloid family. To our knowl-
edge, the tissue and tumoral disposition of vinca alkaloids
has been studied only in brain metastatic tamors [14]. Lung
cancer is the major target of NVB, which was selected
because of both its antitumoral activity against human
NSCLC cell lines and the high levels reached in animal
lung tissue in relation to other vinca alkaloids.

In the present study, an important interindividual varia-
tion in the concentrations of NVB in lung tissue was ob-
served; this occurs quite frequently in tissue investigations
[13]. In addition, the tumor cell heterogeneity may explain
this variation. Nevertheless, the NVB levels attained in
pulmonary tissue (healthy or tumoral) were higher than
those observed in serum and increased between the 1-h
sampling time and the 3-h time point, indicating an accu-
mulation in the lung. This increase was more pronounced
in tumor tissue suggesting a slower disposition rate in
malignant tissue than in healthy parenchyma. Furthermore,
until the 3rd h, tumoral levels were lower than those mea-
sured in healthy lung tissue, amounting to roughly half of
the latter values at 3 h. Inside the tumor, NVB levels were
higher in the periphery than in the central zone. This dis-
crepancy may be related to a better vascularization of the

peripheral zone. In conclusion, this study indicates that
NVB penetrates readily into pulmonary tissue and particu-
larly into tumors, reaching levels considerably higher than
those observed in serum. This property could partly ex-
plain the good activity of NVB in NSCLC.

Acknowledgements. We wish to thank J. Debs for excellent technical
assistance and Pierre Fabre Laboratories for the kind gift or vinorelbine.

References

1. Berthaud P, Le Chevalier T, Ruffie P, Baldeyrou P, Arriagada R,
Besson F, Tursz T (1992) Phase I-II study of vinorelbine (Navel-
bine) plus cisplatin in advanced non-small cell lung cancer. Enor J
Cancer 28A: 18631865

2. Canobbio L, Boccardo F, Pastorino G, Brema F, Martini C, Resasco
M, Santi L (1989) Phase-II study of Navelbine in advanced breast
cancer. Semin Oncol 16 [Suppl 4]: 33-36

3. Depierre A, Lemarie E, Dabouis G, Garnier G, Jacoulet P, Dalphin
JC (1991) A phase II study of navelbine (vinorelbine) in the treat-
ment of non-small-cell lung cancer. Am J Clin Oncol 14; 115-119

4. George MJ, Heron JF, Kerbrat P, Chauvergne J, Goupil A, Lebrun D,
Guastalla JP, Namer M, Bugat R, Ayme Y, Toussaint C, Lhomme C
(1989) Navelbine in advanced ovarian epithelial cancer: a study of
the French Oncology Centers. Semin Oncol 16 [Suppl 4]: 30-32

5. Guéritte F. Pouilhés A, Mangeney P, Andriamialisoa RZ, Langlois
N, Langlois Y, Potier P {1983) Composés antitumoraux du groupe de
la vinblastine: dérivés de la nor-5’-anhydrovinblastine. Eur J Med
Chem 18:419-424

6. Jehl F, Debs J, Herlin C, Quoix E, Gallion C, Monteil H (1990}
Determination of navelbine and desacetylnavelbine in biological
fluids by high-performance liquid chromatography. J Chromatogr
525:225-233

7. Jehl F, Quoix E, Levéque D, Pauli G, Breillout F, Krikorian A,
Monteil H (1991) Pharmacokinetic and preliminary metabolic fate of
navelbine in humans as determined by high performance liquid chro-
matography. Cancer Res 51: 2073-2076

8. Krikorian A, Rahmani R, Bromet P, Bore P, Cano JP (1989) Pharma-
cokinetics and metabolism of Navelbine. Semin Oncol 16 [Suppl 4]:
21-25

9. Le Chevalier T, Pujol JL, Douillard JY, Alberola V, Moanier A,
Riviére A. Lianes P, Chomy P, Cigolari S, Berthaud P, Gottfried M,
Panizo AG, Besenval M, Brisgand D (1992) A European multicentre
randomized study comparing navelbine alone vs navelbine-cisplatin
vs vindesine-cisplatin in 612 patients with advanced non small cell
lung cancer (NSCLC). Proc Am Soc Clin Oncol 11: 289

10. Levéque D, Jehl F, Quoix E, Breillout F (1992) Clinical pharma-
cokinetics of vinorelbine alone and combined with cisplatin. J Clin
Pharmacol 32: 1096 -1098

11. Levéque D, Merle-Melet M, Bresler L, Didelot JP, Aymard JP,
Wihlm J, Jehl F (1993) Biliary elimination and pharmacokinetics
of vinorelbine in micropigs. Cancer Chemother Pharmacol 32:
487 -490

12. Mangeney P, Andriamialisoa RZ, Lallemand JY, Langlois N, Lan-
glois Y, Potier P (1979) 5’-Nor anhydrovinblastine prototype of a
new class of vinblastine derivatives. Tetrahedron 35: 21752179

13. Pujol JL, Cupissol D, Gestin-Boyer C, Bres J, Serrou B, Michel FB
(1990) Tumor-tissue and plasma concentrations of platinum during
chemotherapy of non-small-cell lung cancer patients. Cancer
Chemother Pharmacol 27: 7275

14. Stewart DJ, Lu K, Benjamin RS, Leavens ME, Luna M, Yap HY,
Loo TL (1983) Concentrations of vinblastine in human intracerebral
tumor and other tissues. J Neurooncol 1: 139144



