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Abstract
Purpose  We investigated the safety, pharmacokinetics, and efficacy of gemcitabine administered via bronchial artery infu-
sion (BAI) and IV infusion in advanced NSCLC patients.
Methods  Patients were eligible if they had received at least two prior cytotoxic chemotherapy regimens. Gemcitabine was 
administered via BAI as 600 mg/m2 on day one of cycle one, followed by IV as 1000 mg/m2 on day eight of cycle one, and 
IV on days one and eight of all subsequent cycles. Pharmacokinetics for gemcitabine and dFdU metabolite in plasma, and 
dFdCTP active metabolite in peripheral blood mononuclear cells (PBMC) were evaluated. Intensive pharmacokinetic sam-
pling was performed after BAI and IV infusions during cycle one.
Results  Three male patients (age range 59–68 years) were evaluated. All patients responded with stable disease or better. One 
PR was observed after cycle three, and the remaining had SD. Cmax (mean ± SD) following BAI for gemcitabine, dFdCTP, and 
dFdU were 7.71 ± 0.13, 66.5 ± 40.6, and 38 ± 6.27 µM and following IV infusion, 17 ± 2.36, 50.8 ± 3.61, and 83.2 ± 12.3 µM, 
respectively. The AUCinf (mean ± SD) following BAI for gemcitabine, dFdCTP, and dFdU were 6.89 ± 1.2, 791.1 ± 551.2, 
and 829.9 ± 217.8 µM h and following IV infusion, 12.5 ± 3.13, 584 ± 86.6, and 1394.64 ± 682.2 µM h, respectively. The 
AUC and Cmax of dFdCTP after BAI were higher than IV. The median OS was 6.27 months. No grade 3 or 4 toxicity was 
observed. The most common side effects were all grade ≤ 2 involving nausea, vomiting, rigor, thrombocytopenia, and anemia.
Conclusions  Systemic exposure to dFdCTP was higher after BAI than IV in two out of three patients.
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Introduction

Systemic chemotherapy has made notable advances in the 
treatment of NSCLC, particularly in patients with recurrent 
or advanced NSCLC who are not suitable candidates for 
surgery or radiotherapy. Systemic chemotherapy leads to 
enhanced quality of life, palliated symptoms, and prolonged 
overall survival (OS). In contrast, these therapies are associ-
ated with severe side effects. Chemotherapy administered 
locally near the tumor site may be advantageous because 
it is possible to deliver higher concentrations of cytotoxic 
agents to the tumor relative to systemic circulation; such 
chemotherapy would be expected to result in a greater anti-
tumor response than when given intravenously. Local admin-
istration can be combined with more traditional routes, such 
as intravenous, to achieve high concentrations systemically 
which can improve possible undetected micro metastatic 
disease elsewhere.
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Gemcitabine, an antimetabolite prodrug analog of nucleo-
side deoxycytidine, is a cell cycle-specific chemotherapeu-
tic agent. It interferes with DNA replication and repair [1]. 
Gemcitabine is phosphorylated intracellularly to the active 
triphosphate (dFdCTP) nucleoside and leads to the termi-
nation of DNA replication and apoptosis. Gemcitabine is 
also metabolized systemically and hepatically by cytidine 
deaminase to form the much less potent 2′,2′difluorodeoxyu-
ridine (dFdU) [1]. Gemcitabine is used to treat NSCLC, and 
its use is associated with myelosuppression when adminis-
tered intravenously. To improve delivery to centrally located 
lung tumors, bronchial artery infusion (BAI) can be used to 
deliver chemotherapy closer to the site of the tumor when 
it is mainly supplied by the bronchial and subclavian arter-
ies. This method is beneficial in delivering high concen-
trations into tumor tissues locally, thereby maximizing the 
antineoplastic effect, reducing the tumor size, and providing 
a therapeutic modality for patients with advanced NSCLC. 
Zhu et al. concluded that, compared to neoadjuvant chemo-
therapy, BAI chemotherapy significantly enhances surgical 
debulking, prolongs progression-free survival, and improves 
OS rates. In addition, BAI chemotherapy improves the qual-
ity of life for patients with unresectable stage III squamous 
cell carcinoma (SCC) of the lung [2]. However, there is a 
paucity of published clinical data on the safety, pharma-
cokinetics, and efficacy of gemcitabine administered through 
the BAI and intravenous infusion in NSCLC patients. It is 
especially important to characterize systemic exposure 
to its active intracellular metabolite, dFdCTP. To address 
this, a phase 1 clinical trial was conducted on patients with 
advanced NSCLC refractory who had had at least two prior 
regimens of cytotoxic chemotherapy.

Materials and methods

Patients and study design

This was a phase I dose-escalation study of gemcitabine 
administration by both IV and BAI. The objectives were 
to assess tolerability and estimate pharmacokinetic param-
eters of gemcitabine, dFdU, and dFdCTP. Patient accrual 
was stopped after four patients because of futility. Patients 
with cytologically or histologically proven stage IIIB and 
IV NSCLC following at least two lines of therapy were 
recruited in the phase 1 clinical trial (NCT00619021) at 
the University of Minnesota hospital. The inclusion criteria 
were as follows: patients who had an Eastern Cooperative 
Oncology Group performance status between zero and 1; 
age ≥ 18 years; estimated life expectancy ≥ 3 months; hemo-
globin ≥ 9.0 gm%; absolute neutrophil count ≥ 1500; platelet 
count ≥ 100,000/mm; INR ≤ 1.3, creatinine ≤ 3.0 mg/dL, and 
total bilirubin < 1.5 times the upper limit of the institutional 

normal. This study was approved by the University of Min-
nesota’s institutional review board.

Treatment plan

Gemcitabine, 600 mg/m2, was administered by BAI on 
day one of cycle one followed by intravenous infusion as 
1000 mg/m2 on day eight of cycle one, and days one and 
eight of all subsequent 3-week cycles. Optional BAI of gem-
citabine on day one of each odd-numbered cycle was offered.

Pharmacokinetic study

The pharmacokinetics for gemcitabine and dFdU in plasma, 
and dFdCTP in peripheral blood mononuclear cells were 
investigated following BAI and intravenous infusion dur-
ing the first cycle. Pharmacokinetic samples were collected 
prior to infusion, and 0.5, 0.75, 1, 1.25, 1.5, 2, 24, 48, and 
72 h after end of infusion. After sample processing, the three 
analytes were measured with validated assays using LC-MS/
MS as described in our previous publication at the clini-
cal pharmacology shared resource of the Masonic Cancer 
Center [3]. Non-compartmental PK analysis was performed 
using R and PKNCA package for Windows (version 3.4.1) to 
estimate pharmacokinetic parameters of gemcitabine, dFdU, 
and dFdCTP [4].

Response and toxicity analyses

Disease response was evaluated using response evaluation 
criteria in solid tumors after cycles one and two and then 
every two cycles until disease progression. Toxicity and 
adverse events were evaluated and graded according to the 
National Cancer Institute’s Common Terminology Criteria 
for Adverse Events version 3.0.

Statistical analysis

OS was estimated using the Kaplan–Meier method. Results 
are presented as basic descriptive statistics, including pro-
portion, mean ± SD, median, and range. Data analysis was 
performed using R for Windows (version 3.4.1).

Results

Patient characteristics

Four patients were enrolled in this trial. One patient discon-
tinued due to the inability to cannulate the bronchial artery. 
The characteristics of these patients are listed in Table 1.
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Treatment received

A total of four gemcitabine infusions via BAI were admin-
istered, with one patient receiving an additional BAI on 
day one of cycle five. A median of four cycles (range 4–6 
cycles) was delivered to these patients.

Pharmacokinetics

The pharmacokinetic parameter estimates are presented 
in Fig. 1a. The CL (L/h) and Vd (L) estimates of gemcit-
abine were slightly higher after BAI (744.5 ± 216.6 L/h 
and 444.5 ± 236.8 L, respectively) than after intravenous 
infusion (702.6 ± 272.7 L/h and 327.7 ± 190.7 L, respec-
tively). Interestingly, the AUCinf and Cmax of dFdCTP in 
BAI were observed to be higher after BAI than after intra-
venous infusion even though the dose of BAI was 60% of 
the dose given intravenously. Representative concentra-
tion–time plots are shown in Fig. 1b.

Tolerability and overall safety

Toxicity and side effects of gemcitabine after intravenous 
and BAI infusions were mild, and no grade 3 or 4 toxic-
ity was observed. The most common side effects were all 
grade ≤ two including nausea, vomiting, rigor, thrombocy-
topenia, lymphopenia, and anemia. BAI chemotherapy was 
well tolerated. No BAI-related adverse effects, such as bleed-
ing and paraplegia, were reported.

Efficacy

All patients responded to treatment with a stable disease or 
better. One patient achieved a partial response after cycle 
three, and the other two, stable disease. The median OS was 
6.27 months.

Discussion

The current study demonstrated that the delivery of BAI of 
gemcitabine is safe and well tolerated when followed by IV 
8 days later in patients with advanced NSCLC. This finding 
is consistent with other research in which BAI chemother-
apy was well tolerated in patients with stage III lung SCC 
[2]. The mean peak plasma concentration of gemcitabine 
observed in this investigation was far lower than that found 
by Ciccolini et al. (17 µM versus 32 µM) and was within the 
range of reported data (from 16.7 to 81.7 µM) by Derissen 
and colleagues [5, 6]. The exposures of dFdU were approxi-
mately similar and consistent with the previously reported 
data [6]. Surprisingly, in two out of three patients, the sys-
temic exposure of dFdCTP was found to be higher after low-
dose BAI than intravenous infusion. A possible explanation 
for this is that prolonged infusion led to increased levels of 
dFdCTP. This finding was also reported by Tempero et al. 
[7]. The mean time of intravenous infusion was 36 min, 
versus 54 min for BAI. It can, therefore, be suggested that 
prolonged infusion might enhance the therapeutic effect and 
that delivering it directly to the tumor site could improve 
survival rates and reduce systemic side effects. Contrary to 
expectations, the infusion length of BAI was longer in sub-
ject 3, but the gemcitabine triphosphate exposure was lower 
than observed in the other patients. In contrast to the first 
two patients, this patient had a genetic variant (rs1130902) 
in the DCTD (deoxycytidylate deaminase) gene responsi-
ble for intracellular gemcitabine metabolic deamination after 
phosphorylation. It has been reported that this AG variant 
is associated with increased formation clearance of dFdCTP 
compared to the GG genotype in people with cancer [8, 9]. 
The presence of this and other genetic variants that may 
contribute to dFdCTP variability requires further studies 
to assess therapeutic relevance. The median peak plasma 

Table 1   Patient characteristics (n = 3)

Median (range) or number

Demographic factors
 Age (years) 62 (59–68)
 Sex (male) 3
 Race (Caucasian) 3
 Weight (kg) 84.4 (79–89.8)
 Height (cm) 176.5 (172.7–180.3)
 BSA (m2) 2.1 (1.92–2.5)

Clinical factors
 Smoking history
  Former smoker 3

 Histologic subtype
  Squamous 1
  Not otherwise specified 2

Previous chemotherapy treatments
 Cisplatin 3
 Carboplatin 2
 Etoposide 2
 Docetaxel 2
 Previous surgery 1
 Previous radiation therapy 3
 INR 0.99 (0.95–1.02)
 Blood pressure (mean ± SD) 153/93 (16.5/12.12)
 GFR (mL/min) 89 (83–91)
 Creatinine (mg/dL) 0.9 (0.71–0.98)

Time of infusion (h)
 IV 0.55 (0.53–0.72)
 BAI 0.75 (0.78–1.15)



390	 Cancer Chemotherapy and Pharmacology (2019) 83:387–391

1 3

concentration of dFdCTP observed in this investigation was 
lower than that found by Derissen (51.6 versus 497 µM) and 
the t-max presented within the published range (from 0.5 to 
2 h) [6]. Moreover, the dose-normalized AUCinf and Cmax 
were similar after administration via IV or BAI, and no sig-
nificant differences were identified (paired sample t test, P  >  
0.05). Whilst this study did not intend to assess the efficacy, 

the overall survival data are affected by subsequent thera-
pies for two patients. This is the first study to characterize 
the pharmacokinetic parameters of both intravenous gemcit-
abine infusion and BAI in patients with advanced NSCLC. 
The results of this study suggest that BAI might be a suitable 
delivery technique in NSCLC patients, particularly in those 
who are not suitable candidates for systemic chemotherapy 

Fig. 1   Pharmacokinetics. a 
Pharmacokinetic parameters of 
gemcitabine and dFdU metabo-
lite in plasma, and dFdCTP 
active metabolite in periph-
eral blood mononuclear cells 
(PBMC). Data are presented as 
mean ± SD. b Plasma concen-
tration–time plots for subject 1

Gemcitabine dFdCTP dFdU

IV

AUC inf  (μM* hr) 12.5±3.13 584±86.6 1394.6±682.2

T max (hr)               0.68±0.10 1.52±0.62 1.13±0.61

Cmax (μM)             17±2.36 50.8±3.61 83.2±12.34

BAI

AUC inf  (μM* hr) 6.89±1.24 791.1±551.2 829.9±217.8

T max (hr)               0.98±0.22 1.56±0.33 1.73±0.70

Cmax (μM)             7.71±0.13 66.5±40.6 38±6.27

A

B
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or radiotherapy. However, BAI chemotherapy is expensive 
and requires a specific route of administration. Further inves-
tigation through a larger study is warranted.
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