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Abstract 

The purpose of the present study was to determine the maximum tolerated doses 

(MTDs) and the dose-limiting toxicities of a metronomic administration of oral 

vinorelbine and cisplatin in patients with advanced/metastatic NSCLC. Twenty-six 

patients with advanced/metastatic NSCLC were enrolled. Escalating doses of 

vinorelbine (40-70 mg p.o./trice per week) and cisplatin (70-85 mg/m
2
 intravenous 

infusion) were administered on day 1 every 3 weeks. ΜΤDs were reached at 60 mg 

trice/week p.o. for vinorelbine and 85 mg/m
2
 for cisplatin. Grade 4 neutropenia, 

febrile neutropenia, grade 4 diarrhea were the dose-limiting events during the first 

cycle of chemotherapy. The most common grade III-IV hematologic toxicity was 

neutropenia occurring in seven (27%) patients, while non-hematological toxicities 

were relatively infrequent and mostly of grade I or II. Objective responses were 

observed in 20.8% of patients with measurable disease. The regimen of metronomic 

administration and cisplatin is feasible and active in patients with NSCLC. 

 

Keywords: metronomic, oral Vinorelbine, cipslatin, NSCLC, phase I, maximum 

tolerated doses, dose-limiting toxicities 
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Introduction 

Vinorelbine (VNB) is a semisynthetic analogue of vinblastine that exerts its 

cytotoxicity via microtubule assembly inhibion [1, 2]. Vinorelbine is active against a 

broad range of solid tumors [1]. A new oral form of VNR has been recently developed 

[3, 4] with response and survival results similar to the intravenous agent. A dose of 80 

mg/m
2
 orally is the equivalent of 30 mg/m

2
 intravenously, while the oral dose of 60 

mg/m
2
 is equivalent to 25 mg/m

2 
iv [4]. Oral VNR has yielded significant activity in 

advanced non-small-cell lung cancer [4, 5]. When given at 60 mg/m
2
/week for the 

first three administrations and then at 80 mg/m
2
/week, it showed the same efficacy as 

IV VNR in terms of objective response rate, progression-free survival, and overall 

survival [5]. The availability of an oral formulation of vinorelbine represents an 

important advantage in terms of easiness of administration, a very important issue for 

the treatment of a disease in which palliative intend and quality of life are highly 

significant issues. 

Metronomic administration of cytotoxic drugs  is a novel dosing strategy that 

refers to frequent administration of low doses of chemotherapy over long periods of 

time, even years, which enhances the anti-endothelial activity of conventional 

chemotherapeutics, but with lower or no toxic effects compared to maximum tolerated 

dose administration [6-8]. Among several classes of cytotoxic drugs, microtubule-

binding drugs are thought to be one of the most proper for metronomic testing 

because of their clinically relevant antiangiogenic and vascular-disrupting properties. 

Furthermore, oral VNB is ideal for metronomic administration because of its 

convenience of administration. Metronomic administration of VNB has been tested 

and proved feasible with sustainable antitumor activity without overt toxicity [9]. 
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Cisplatin is a key drug in the treatment of NSCLC and cisplatin-based 

doublets represents the backbone chemotherapy regimen in the front-line treatment of 

advanced NSCLC. Cisplatin-based chemotherapy regimens are associated with a 27% 

reduction in the risk of death and a 10% absolute improvement in overall survival  

[10]. The American Society of Clinical Oncology (ASCO) recommends a two-drug 

combination regimen for first line treatment of advanced NSCLC and states that 

platinum-based regimens are preferred [11]. 

Although the combination of oral VNB and cisplatin has been tested in 

NSCLC [12, 13] there is a complete lack of experience concerning the combination of 

metronomic administration of vinorelbine with standard iv administration of cytotoxic 

drugs. Other platinum-based metronomic chemotherapy regimens have shown 

significant efficacy and a very favorable toxicity profile, even in NSCLC patients 

with poor prognosis [14]. Therefore, a dose-escalating phase I trial was considered to 

be of interest to confirm the maximum tolerated doses (MTDs) and the dose-limiting 

toxicities (DLTs) of the combination of metronomic VNB and cisplatin in patients 

with NSCLC. 

 

Patients and methods 

Patients 

Eligible patients were, aged 18 years or older, with histologically or cytologically 

confirmed, inoperable locally advanced (stage IIIB with pleural or pericardial 

effusion) or metastatic (stage IV) NSCLC, with an Eastern Cooperative Oncology 

Group performance status of 0 -2 [15]. Patients had to have received at least two prior 

chemotherapy lines (or in the case they had received only one, the oVNB/CDDP 

should be considered as acceptable treatment by the responsible treating oncologist). 
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Prior surgery or radiotherapy (≤25% of marrow-containing bones) was allowed, but a 

treatment-free interval of at least 4 weeks was required before study entry. Patients 

had to have a life expectancy of more than 3 months and adequate organ function 

[serum bilirubin ≤ 1.5 times the upper normal limit (UNL); AST and ALT ≤ 2.5 UNL 

in the absence of perceptible liver metastases, or ≤ 5 UNL in the presence of liver 

metastases; serum creatinine ≤ 1.5 times the UNL; neutrophils ≥ 1.5x 10-9 /L, and 

platelets ≥ 100x 10-9 /L]. Other eligibility criteria were: absence of active infection, 

history of significant cardiac disease (unstable angina, congestive heart failure, 

myocardial infarction within the previous 6 months, ventricular arrhythmias). All 

patients gave written informed consent to participate in the study and the trial was 

approved by the Ethics and Scientific Committees of the participating centers. The 

study was conducted according to the Helsinki Declaration and Good Clinical 

Practice guidelines [16]. 

 

Treatment  

Metronomic VNB was administered per os three times per week (every other day), at 

escalating doses ranging from 40 gm to 70mg, continuously. Cisplatin was 

administered iv after adequate hydration, at escalating doses ranging from 70mg/m
2
 to 

85mg/m
2 

on day one, in cycles of three weeks. Standard pre-medication with 16mg 

ondasetron iv and post-medication with 8 mg oral ondasetron three times  daily for a 

further 3 days, was used to reduce the risk of nausea/vomiting that can be associated 

with cisplatin administration. 

Treatment was administered on the scheduled days if the absolute neutrophil 

count was ≥1500/dl, platelets ≥100,000/dl and all the other toxicities had resolved to 

grade ≤1. Otherwise, treatment was postponed for up to seven days until resolution of 
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all toxicities. If therapy had to be postponed for more than seven days then doses were 

reduced to the previous dose levels. Patients requiring a dose reduction due to toxicity 

(grade IV neutropenia or febrile neutropenia, grade IV thrombocytopenia, and grade 

IV non-hematological toxicity except alopecia) had the doses of both drugs reduced to 

the previous dose level. Patients received the reduced dose for the remainder of the 

study. Patients who had a dose reduction and who experienced toxicity requiring a 

second dose reduction were taken of study treatment. Prophylactic administration of 

hematopoietic growth factors was not allowed. Treatment was continued until disease 

progression, the appearance of unacceptable toxicity, or patient’s withdrawal of 

consent, for a maximum of 6 cycles. 

Hematological toxicity was followed weekly with a complete blood cell count 

including differential and platelet counts; in case of grade 3 or 4 neutropenia, 

thrombocytopenia or febrile neutropenia, daily blood cell counts were performed until 

recovery. Blood chemistry and a physical examination were done before each cycle. 

 

Dose Escalation 

The following dose levels have been evaluated for the oVNB/cisplatin combination: 

40/70, 40/75, 50/75, 50/80, 60/80, 60/85 and 70/85 (Table 2). The maximum-tolerated 

dose (MTD) was defined as the highest
 
dose at which less than two of six patients 

experienced a hematologic
 

or non-hematologic treatment-related dose-limiting 

toxicity (DLT).
 
DLT was defined as the occurrence of the following adverse events 

(AEs) within the first 21 days of treatment: grade 4 neutropenia lasting
 
for more than 

7 consecutive days, febrile neutropenia, or grade
 
4 thrombocytopenia, or grade 3 

nonhematologic toxicity, except alopecia. Toxicity was evaluated before each 

chemotherapy administration and was reported according to the National Cancer 
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Institute Common Toxicity Criteria, version 2 [17]. At least three patients in the first 

cohort were required to
 
have completed one cycle for dose escalation to occur. In the

 

absence of any DLT, three patients entered the next dose level. If one DLT was 

observed, then three additional patients had to be enrolled to a total of
 
six patients. If 

two DLTs were observed in six patients, then dosing at the level
 
was stopped, and the 

MTD was considered exceeded. 

 

Patient evaluation 

Baseline assessment comprised of a complete medical history, evaluation of 

performance status, physical examination and vital signs, 12-lead ECG, blood tests 

(complete blood cell count with differential and blood chemistry), chest X-rays and 

computed tomography (CT) scans of the chest, abdomen and brain and a whole-body 

radionuclide bone scan.  Baseline evaluation had to be performed within two weeks 

prior to therapy initiation. A complete medical history and a detailed physical 

examination with complete blood cell count with differential and blood chemistry, 

ECG and a chest X-ray were performed before each treatment administration to assess 

the disease status and treatment toxicity. Full blood cell count with differential and 

platelet counts were performed daily until recovery in case of grade 3–4 

hematological toxicity. Response assessment was evaluated every two chemotherapy 

cycles, and every one month after treatment completion. Objective tumor responses 

were evaluated according to RECIST criteria [18]. Patients who received at least one 

cycle were evaluable for safety, while patients who were administered at least two 

treatment cycles and had bidimensionally measurable disease were evaluable for  

efficacy. 
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Results 

Patient Characteristics 

From 06/2008 to 08/2009, 26 patients with NSCLCs were enrolled into the study. 

Patient characteristics are presented in Table 1. The median age at enrollment was 

64.5 years, most patients (88.5%) were male, and 92.3% had a performance status of 

0–1. Only six patients (23.1%) had received prior radiotherapy. All patients received a 

platinum based doublet as first-line treatment [cisplatin/docetaxel n=18 (69%); 

cisplatin/gemcitabine n=8 (31%)], while 22 patients (84.6%) received second-line 

treatment [pemetrexed n=18 (82%); docetaxel n=4 (18%)]. All patients were 

evaluable for toxicity.  

 

Dose escalation and MTD 

The dose escalation levels, the number of patients enrolled in each level and the DLTs 

observed are presented in Table 2. The DLTs observed were grade IV neutropenia 

(n=1 patient), febrile neutropenia (n=2 patients) and grade IV neutropenia along with 

grade IV diarrhea (n=1 patient). At the 7th dose level, 3 out of 5 patients developed 

DLTs and therefore this level was considered as the DLT level. The MTDs, which 

correspond to the doses recommended for future phase II studies, were 60 mg p.o. for 

vinorelbine three days per week and 85 mg/m
2
 for cisplatin administered every three 

weeks. 

 

Dose modifications 

A total of 101 chemotherapy cycles were administered. The median number of cycles 

per patient was three while the median duration of treatment was 93 days (range:21-

169). Only 10 cycles (10%) were delayed due to toxicity. Delayed hematologic 
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recovery was the most frequent reason for delaying treatment. In 16 (15.8%) cycles a 

dose reduction was required due to toxicity. Six (5.9%) cycles were given at a reduced 

dose due to hematological toxicity,  three cycles (3.0%) due to non-hematological 

toxicity, and seven (7.0%)  for both hematological and non-hematological toxicity. 

Three patients (11.5%) discontinued treatment due to an adverse event and one patient 

(3.8%) withdrew consent.  

 

Toxicity 

Tables 3 and 4 list the hematological and non-hematological toxicities (by dose level 

and by grade) that were at least possibly related to treatment occurring in more than 

10% of total cycles. The most frequent grade III-IV hematological toxicity was 

neutropenia which occurred in seven (27%) patients, while non-hematological 

toxicities were relatively infrequent and mostly grade I or II. 

 

Antitumor activity 

Among the 24 patients who were evaluable for response, no patient had a complete 

response, while five patients achieved a partial response as their best response, for an 

overall response rate of 20.8% (95% CI: 4.59%-37.08%). Ten patients (41.7%) 

achieved stable disease and nine (37.5%) progressive disease. Responses were 

observed at the 2
nd

 (n=1 patient), 3
rd

 (n=1 patient), 4
th
 (n=1 patient), 5

th
 (n=1 patient), 

and 6
th

 (n=1 patient) dose levels. 

 

Discussion  

Metronomic chemotherapy is the continuous low-dose and dense administration of 

cytotoxic
 
drugs aiming to avoid dose-limiting toxicities [19]. This treatment

 
strategy 
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exerts its antitumor activity by inhibiting endothelial cell
 

proliferation which, 

subsequently, results to decreased angiogenesis [20].
 
This therapeutic strategy may 

have several advantages in clinical practice, such as a favorable toxicity profile and 

treatment response regardless of
 
the resistance profile of the cancer cell [21, 22]. 

Indeed, several clinical studies have provided evidence supporting the feasibility and 

activity of the metronomic treatment [8, 23, 24].  Since antimitotics are thought to be 

the most appropriate drugs for metronomic use [25, 26], vinorelbine is an ideal 

candidate for metronomic therapy; in addition, vinorelbine is available in oral 

formulation, which is very convenient for chronic metronomic administration. A 

recent report clearly demonstrated that oral vinorelbine serves very well the concept 

of metronomic therapy with a very favorable toxicity profile and significant anti-

tumor activity [9]. The results of the current phase I study demonstrated that 

metronomic vinorelbine in combination with cisplatin is feasible and active against 

NSCLC; in addition, the study defined that the recommended doses for a future phase 

II study are 60mg for oral vinorelbine, thrice/week (every other day) and 85mg/m
2
 for 

cisplatin, on day 1, in cycles of three weeks. 

The cisplatin/vinorelbine doublet is a well studied and active doublet in the 

treatment of NSCLC either in the adjuvant [27, 28] or in the advanced disease setting 

[29-31]. On the other hand, this combination is very toxic with severe neutropenia 

occurring in more than 40%-80% of the patients [27, 29, 31]. Thus, we considered of 

interest a study evaluating the combination of metronomic administration of 

vinorelbine with cisplatin, a strategy which is likely to have a more favorable toxicity 

profile. Indeed, the results of the current study demonstrated that the metronomic oral 

vinorelbine-cisplatin doublet was very well tolerated with only 27% of patients 

developing grade III-IV neutropenia. Moreover, the fact that only 16 (15.8%) cycles 
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required a dose reduction further proves the very favorable toxicity profile of this 

combination. A similar observation was reported by Briasoulis et al [9] who yielded 

that metronomic administration of oral vinorelbine is feasible without overt toxicity. 

The fact that a similar toxicity profile was observed between the current study and the 

study by Briasoulis et al [9] suggests that cisplatin addition to vinorelbine did not alter 

significantly the toxicity profile of metronomic vinorelbine, at least in the population 

studied. 

Another important issue is the efficacy of this combination. The response rate was 

20.8% with another 41.7% of the patients experiencing a stable disease for a disease 

control rate of 62.5%, which is encouraging for this group of patients. Thus, this 

combination merits further assessment in the context of a phase II trial.  

In conclusion the findings of this phase I study can be added to the growing 

bank
 
of evidence for the usefulness of metronomic treatment in combination with 

standard drug administration. The combination of metronomic oral vinorelbine with 

cisplatin is feasible, well tolerated and active in the treatment of NSCLC, and merits 

further investigation in the context of a phase II trial.    
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Table 1 Patients’ characteristics 

 

 No Pts (n=26) % 

Age->Median (Min – Max) 64.50 36 - 80 

Sex   

  Male 23 88.5 

  Female 3 11.5 

Stage   

  IV 18 69.2 

  IIIB 8 30.8 

Performance status   

0 8 30.8 

1 16 61.5 

2 2 7.7 

 

Histology 

  

  Squamous 11 42.3 

  Adeno Ca 9 34.6 

  Mixed 1 3.8 

  Other 5 19.2 

no of organs involved   

    0 2 7.7 

    1 2 7.7 

    2 7 26.9 

    3 9 34.6 

4 2 7.7 

5 3 11.5 

6 1 3.8 

Median (Min – Max) 3 0 - 6 

 
Smoking Status 

  

  Active smoker 15 57.7 

  Non-active smoker 9 34.6 

  Unknown  2 7.7 

Prior Therapy   

  RT 6 23.1 

  1st line (platinum-based doublet) 

2nd line (docetaxel/pemetrexed)  

26 

22 

100 

84.6 
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Table 2 Dose levels and DLTs observed at each dose level 

 

 

Dose Level n Vinorelbine  

(mg per os; 3 

days per 

week) 

Cisplatin  

(mg/m
2
, d1, 

q21days) 

 

I 3 40 70 - 

II 3 40  75 - 

III 3 50  75 - 

IV 3 50  80 - 

V 3 60  80 - 

VI 6 60 85 Febrile neutropenia n=1 

VII 5 70 85 Febrile neutropenia n=1 

Grade IV neutropenia n=1 

Grade IV neutropenia and 

grade IV diarrhea n=1 
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Table 3 Hematological toxicity by treatment level 

 

 

 

Neutropenia  

N (%) 

 

Anemia  

N (%) 

Febrile neutropenia 

N (%) 

 

Level/ 

No of Cy 

VNB (p.o. 

3 days per 

week) 

 

Cisplatin 

(mg/m2) 

 

Grade ΙΙ 

 

Grade ΙΙΙ 

 

Grade IV 

 

Grade ΙΙ 

 

Grade ΙΙΙ 

 

Grade IV 

 

Grade II 

 

Grade IV 

 

1 / 12 

 

40x3 

 

70 

 

1 

(8.3) 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

2 / 14 

 

40x3 

 

75 

 

- 

 

- 

 

- 

 

1 

(7.1) 

 

1 

(7.1) 

 

1 

(7.1) 

 

- 

 

- 

 

3 / 15 

 

50x3 

 

75 

 

1 

(6.7) 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 
4 / 15 

 
50x3 

 
80 

 
- 

 
- 

 
- 

 
4 (6.7) 

 
- 

 
- 

 
- 

 
- 

 

5 / 10 

 

60x3 

 

80 

 

- 

 

1 (10.0) 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

  

6/ 26 

 

60x3 

 

85 

 

2 (7.7) 

 

1  
(3.8) 

 

3 
(11.5) 

 

3 
(11.5) 

 

- 

 

- 

 

1 
(3.8) 

 

1 
(3.8) 

 

7
 
/ 9 

 

70x3 

 

85 

 

- 

 

1 

(11.1) 

 

2 (22.2) 

 

1 (11.1) 

 

- 

 

- 

 

- 

 

1 

(11.1) 
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Table 4 Non-hematological toxicity by treatment level 

 

   
Nausea/Vomiting 

N(%) 
Diarrhea 

N(%) 
Mucositis 

N(%) 
Constipation 

N(%) 
Neurotoxicity 

N(%)  
Fatigue 
N(%) 

 

Level/ No 

of Cy 

VNB 

(p.o. 3 

days 

per 

week) 

 

Cisplatin 

(mg/m
2
) 

 

Grade 

ΙΙ 

 

Grade 

ΙΙΙ 

 

Grade 

ΙΙ 

 

Grade 

ΙΙΙ 

 

Grade 

IV 

 

Grade  

ΙΙ 

 

Grade 

ΙΙΙ 

 

Grade 

IV 

 

Grade 

ΙΙ 

 

Grade 

ΙΙΙ 

 

Grade 

IV 

 

Grade 

ΙΙ 

 

Grade 

ΙΙΙ 

 

Grade 

IV 

 

1 / 12 

 

40 

 

70 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

2 / 14 

 

40 

 

75 

 

2 (11.1) 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

3 / 15 

 

50 

 

75 

 

1 

(6.7) 

 

1 

(6.7) 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

1 

(6.7) 

 

- 

 

4 / 15 

 

50 

 

80 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

1 

(6.7) 

 

- 

 

- 

 

- 

 

1 (2.0) 

 

- 

 

- 

 

- 

 

5 / 10 

 

60 

 

80 

 

2 

(20.0) 

 

- 

 

1 

(10.0) 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

4 

(40.0) 

 

- 

 

- 

  
6/ 26 

 
60 

 
85 

 
2 

(7.7) 

 
- 

 
3 

(11.5) 

 
- 

 
- 

 
1 

(3.8) 

 
- 

 
- 

 
- 

 
- 

 
- 

 
4 (40.0) 

 
- 

 
- 

 

7
 
/ 9 

 

70 

 

85 

 

1 

(11.1) 

 

- 

 

1 

(11.1) 

 

- 

 

1 

(11.1) 

 

- 

 

- 

 

- 

 

- 

 

- 

 

- 

 

1 

(11.1) 

 

1 

(11.1) 

 

- 


