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A B S T R A C T

Background: NGR-hTNF consists of human tumour necrosis factor-alpha (hTNF-a) fused to

the tumour-homing peptide NGR, a ligand of an aminopeptidase N/CD13 isoform, which is

overexpressed on endothelial cells of newly formed tumour blood vessels. NGR-TNF

showed a biphasic dose–response curve in preclinical models. This study exploring the

low-dose range aimed to define safety and optimal biological dose of NGR-hTNF.

Patients and methods: Pharmacokinetics, plasma biomarkers and dynamic contrast-enhan-

ced magnetic resonance imaging (DCE-MRI) were evaluated at baseline and after each cycle

in 16 patients enrolled at four doubling-dose levels (0.2–0.4–0.8–1.6 lg/m2). NGR-hTNF was

given intravenously as 1-h infusion every 3 weeks (q3w). Tumour response was assessed

q6w.

Results: Eighty-three cycles (median, 2; range, 1–29) were administered. Most frequent

treatment-related toxicity was grade 1–2 chills (69%), occurring during the first infusions.

Only one patient treated at 1.6 lg/m2 had a grade 3 drug-related toxicity (chills and dysp-

noea). Both Cmax and AUC increased proportionally with dose. No shedding of soluble

TNF-a receptors was observed up to 0.8 lg/m2. Seventy-five percent of DCE-MRI assessed

patients showed a decrease over time of Ktrans, which was more pronounced at 0.8 lg/m2.

Seven patients (44%) had stable disease for a median time of 5.9 months, including a colon

cancer patient who experienced an 18-month progression-free time.

Conclusion: Based on tolerability, soluble TNF-receptors kinetics, anti-vascular effect and

disease control, NGR-hTNF 0.8 lg/m2 will be further developed either as single-agent or

with standard chemotherapy.

� 2009 Elsevier Ltd. All rights reserved.
er Ltd. All rights reserved.
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1. Introduction levels. Primary objective was to define the safety profile of
TNF-a was originally identified for its potent cytotoxic activity

against different tumour cell lines and for its ability to induce

apoptosis of tumour-associated endothelial cells and massive

haemorrhagic necrosis of transplanted tumours.1,2 However,

the early-stage clinical development of TNF-a was hampered

by its severe systemic toxicity, the maximum-tolerated dose

(MTD) being significantly lower than the effective dose in pre-

clinical models.3–8 More recently, isolated limb perfusion

employing very high doses of TNF-a in combination with che-

motherapy induced elevated complete response rates in pa-

tients with melanoma2 or sarcoma9 of the extremities, as

well as the regression of bulky hepatic cancers10 confined to

the liver. The anti-vascular effects of TNF-a provided the

rationale for developing a vascular targeting strategy aimed

at increasing the local antitumour activity and at enabling

systemic administration of therapeutic doses.

NGR-hTNF is a selective vascular targeting agent (VTA) that

has been prepared by fusing the N-terminus of recombinant

human TNF-a with the C-terminus of the tumour-homing

asparagine-glycine-arginine (NGR)-peptide, a ligand of a CD13

(aminopeptidase N) form overexpressed by endothelial cells

of newly formed tumour blood vessels.11–14 CD13 is a mem-

brane-bound metalloprotease thought to play a role in chemo-

kine processing, tumour invasion and angiogenesis.11–13 In

preclinical models, murine NGR-TNF showed a biphasic

dose–response curve with antitumour activity observed even

at doses in the picogram range (100 pg/mouse),11,15 equivalent

in humans to a dose of 0.2 lg/m2, the selected starting dose of

the phase I trial.

Two phase I trials were designed for NGR-hTNF. A dose-

escalation study evaluating a wide dose-interval from 0.2 to

60 lg/m2, established the MTD at 45 lg/m2 once every 3

weeks, with dose-limiting toxicities being characterised by

grade 3 dyspnoea and acute infusion reaction.16 The present

phase I trial was undertaken to further explore the low-dose

range from 0.2 to 1.6 lg/m2 and select the optimal biological

dose of NGR-hTNF for phase II development.
2. Patients and methods

2.1. Eligibility criteria

Key inclusion criteria were aged 18 years or older; advanced

solid tumours refractory to standard treatments; Eastern

Cooperative Oncology Group performance status 6 2. Patients

with significant cardiac, hepatic, renal dysfunction or cerebral

metastases, as well as patients completing radiation therapy

or systemic therapy within 4 weeks or having surgery within

2 weeks before treatment start were excluded. All patients

gave written informed consent before any study-related

procedure was performed. The protocol was approved by local

Ethical Committee.

2.2. Study design and dosing

This was a single-centre, single-agent, phase I study with four

patients to be enrolled at each of four planned low-dose
low doses of NGR-hTNF. Secondary aims included pharmaco-

kinetic, pharmacodynamic and antitumour activity assess-

ments. NGR-hTNF was administered intravenously as 60-

min infusion every 3 weeks at the starting dose of 0.2 lg/m2

followed by a doubling-dose scheme (0.4–0.8–1.6 lg/m2). Be-

fore the infusion, NGR-hTNF in phosphate buffered saline

was diluted to the appropriate concentration with 0.9% so-

dium chloride containing human serum albumin (HSA).

2.3. Definition of DLT

Dose-limiting toxicity (DLT) applicable to the study was de-

fined as any first-cycle treatment-related grade 4 haematolog-

ic or grades 3–4 non-haematologic toxicity with the exclusion

of nausea, vomiting and fever that could be rapidly controlled

with supportive care. At each dose level, the first patient had

to complete one cycle before subsequent patients were al-

lowed to be included. In order to fully document the safety

profile, a cohort expansion up to six patients was planned

in the presence of DLT.

2.4. Tumour response and safety

Tumour measurements were done within 14 days before study

treatment start, and thereafter every other cycle (6 weeks) un-

til progressive disease, or unacceptable toxicity. Measurable

target lesions were evaluated for response using the Response

Evaluation Criteria in Solid Tumours (RECIST) and the duration

of stable disease was measured from treatment start until cri-

teria for progression were met. Patient history, physical exam-

ination and laboratory analyses were assessed at baseline and

before each treatment course. Adverse events were recorded

from the first day of treatment to 28 days after last dose and

were graded according to the Common Terminology Criteria

for Adverse Events (CTC-AE), version 3.0.

2.5. Pharmacokinetics and exploratory analysis of
biological markers

Intensive pharmacokinetic (PK) blood sampling was per-

formed on the first day of study treatment with samples drawn

before infusion and six time-points up to 4 h after each

infusion (at 5, 15, 30, 60, 120 and 240 min). NGR-hTNF concen-

trations were computed using an enzyme-linked immunosor-

bent assay (ELISA). Pharmacokinetic parameters, including

maximum plasma concentration (Cmax) and area under the

plasma concentration–time curve up to the last detectable

concentration (AUC), were estimated using the standard

non-compartmental methods. Plasma samples were also

tested for detecting anti-NGR-hTNF antibodies and monitoring

circulating levels of soluble TNF receptors (sTNF-RI and sTNF-

RII), by a quantitative sandwich enzyme immunoassay tech-

nique. Chromogranin A (CgA) plasma levels were measured

by using a sandwich ELISA system between a monoclonal

anti-CgA antibody (mAb B4E11), chromogranin A and a rab-

bit-polyclonal anti-CgA antiserum. Blood samples were also

evaluated for monitoring circulating endothelial cells (CECs)

(prior to, 4 and 24 h after infusion) and circulating tumour cells



Table 1 – Demographics, baseline characteristics and prior
treatments.

Characteristics No. of patients, n = 16 (%)

Sex
Male 10 (63)
Female 6 (37)

Age, years
Median (range) 60 (43-73)

ECOG performance status
0 5 (31)
1 10 (63)
2 1 (6)

Primary tumour type
Colorectal 6 (37)
Renal 3 (19)
Liver 2 (13)
NSCLC 2 (13)
Carcinoid 1 (6)
Pancreatic 1 (6)
Gastric 1 (6)

Prior therapy
Chemotherapy 16 (100)
Surgery 14 (88)
Radiation therapy 7 (44)
Hormone therapy 3 (19)
Immunotherapy 2 (13)

Number of prior therapy lines
Median (range) 4 (1–8)
1 line 16 (100)
2 lines 12 (75)
3 lines 10 (63)
P4 lines 7 (44)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; NSCLC,

non-small cell lung cancer.
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(CTCs) analysis (prior to and 24 h after infusion). In order to se-

lect biomarkers potentially modified by study treatment, sam-

ples from 15 patients, collected at 0–120–240 min after starting

of the first infusion, were sent to a specialised company (Rules

Based Medicine Inc., Austin, TX) for Multi-Analyte Profile

(MAP) testing, a screening analysis in which up to 90 biomark-

ers are simultaneously evaluated on each sample.

2.6. Dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI)

Magnetic resonance imaging studies were performed on a

1.5T MR scanner (Philips Medical System, Best, The Nether-

lands). At each scanning session, standard T1- and T2-

weighted images were first obtained to assess disease and

locate lesions. In order to calculate gadopentetate dimeglu-

mine (Gd-DPTA) concentration, proton density-weighted

three-dimensional (3D) images were first acquired.17 Then, a

dynamic series of 45 T1-weighted 3D images (10 slices with

temporal resolution of 2 s) were acquired on the same slice

locations with a simultaneous automatic injection of

0.1 mmol/Kg Gd-DTPA (Magnevist, Schering AG, Berlin,

Germany) at a flow rate of 2 mL/s. DCE-MRI scanning was per-

formed at baseline (48 h before the first treatment cycle) and

2 h after the administration of first and subsequent cycles.

Data were analysed with a home-made software developed

with MATLAB (The MathWorks Inc., Natick, MA). For each

pixel, Gd-DTPA concentration curve was fitted with the stand-

ardised Tofts pharmacokinetic model,18 and maps of Ktrans

(transfer constant from plasma to extravascular extracellular

space of the tumour – EES)19 were estimated. It has to be

reminded that the transfer constant Ktrans has several physio-

logic interpretations, depending on the balance between

capillary permeability and blood flow in the tissue of interest.

In high-permeability situations (where tracer flux is flow lim-

ited), the transfer constant is equal to the blood plasma flow

per unit volume of tissue. In the other limiting case of low

permeability, where tracer flux is limited by the permeability,

the transfer constant is equal to the permeability surface area

product between blood plasma and the EES, per unit volume

of tissue. Thus, a reduction of Ktrans would mean either a

reduction of the amount of capillaries or a reduction of per-

meability, or both situations. The arterial input function

(AIF) used in the kinetic model was calculated on a major ar-

tery close to the site of the tumour for each session of each

patient. The initial area under the concentration–time curve

over 60 s post-contrast arrival in the tissue (IAUGC) as a

semi-quantitative index was also obtained. Regions of inter-

est (ROIs) were drawn by expert radiologist in the tumour

mass. ROIs were accurately traced in order to include the

areas of tumour tissue with intense enhancement in the

baseline DCE-MRI study avoiding the inclusion of tumour

areas with necrotic appearance at MRI. During the DCE-MRI

studies performed after each cycle, ROIs were drawn just alike

in the baseline study.

2.7. Data analysis

Descriptive statistics were provided for all end-points pre-

sented. All continuous measurements were summarised by
mean (plus or minus standard deviation) or median (with

ranges) for non-normal data and by frequency counts and

percentages for categorical data. For DCE-MRI parameters,

the change from baseline (expressed as percentage) was re-

ported and to determine if the distribution of these changes

differed significantly from zero, a Wilcoxon signed-rank test

was used. Progression-free survival, computed from baseline

until disease progression or death, and overall survival, calcu-

lated from baseline until death, were estimated using the

Kaplan–Meier method. This trial is registered with ClinicalTri-

al.gov, number NCT00419328.

3. Results

3.1. Patients

Sixteen patients were enrolled between March 2005 and

March 2006. Patient demographics, baseline characteristics

and prior therapies are listed in Table 1.

3.2. Safety

Eighty-three cycles of therapy were administered (mean, 5.2;

median, 2; range, 1–29) and five patients (31%) received 6

http://www.ClinicalTrial.gov
http://www.ClinicalTrial.gov


Table 2 – Treatment-emergent adverse events (worst grade per patient), occurring in P20% of patients or reaching grade 3
intensity.

Adverse event All grades, n (%) Grade 1, n (%) Grade 2, n (%) Grade 3, n (%) Grade 4, n (%)

Chills 11 (69) 6 (38) 4 (25) 1 (6) –
Anaemia 7 (44) – 6 (38) 1 (6) –
Pain 7 (44) 1 (6) 6 (38) – –
Asthenia 7 (44) 4 (25) 3 (19) – –
BP increase 7 (44) 5 (31) 2 (13) – –
Fever 5 (31) 4 (25) 1 (6) – –
Nausea 3 (19) 1 (6) 2 (13) – –
Vomiting 3 (19) 2 (13) 1 (6) – –
Oedema 3 (19) 3 (19) – – –
Pleural effusion 2 (13) – – 2 (13) -
Dyspnoea 2 (13) – – 2 (13) –
Diarrhoea 2 (13) – 1 (6) 1 (6) –
Anorexia 1 (6) – – 1 (6) –
Parotitis 1 (6) – – 1 (6) –
Proctorrhagia 1 (6) – – 1 (6) –
Melaena 1 (6) – – 1 (6) –
Pyelonephritis 1 (6) – – 1 (6) –
Cardiac ischaemia 1 (6) – – 1 (6) –
GGT increase 1 (6) – – 1 (6) –
AST increase 1 (6) – – 1 (6) –

Abbreviations: BP, blood pressure; GGT, gamma-glutamyl transpeptidase; AST, aspartate transaminase. Nine patients experienced 15 grade 3

events; 1 patient had 5 grade 3 toxicities (diarrhoea, anorexia, parotitis, proctorrhagia and melaena).
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doses or more. NGR-hTNF was well tolerated across planned

dose levels and neither grade 4 adverse events nor treat-

ment-related deaths were reported. Thirteen patients (81%)

were withdrawn for progressive disease and two patients

(13%) discontinued therapy for grade 3 adverse events after

the first cycle (an asymptomatic cardiac ischaemia and chills

with dyspnoea). One patient (6%) remains on study after a fol-

low-up of 3.6 years.

Overall, 121 treatment-emergent adverse events were reg-

istered those occurring in P20% of patients or reaching grade

3 in severity are listed in Table 2.

Only 27 adverse events (22%) were considered treatment

related (Table 3) and the most frequent were chills, registered

over 12 cycles (14%), and transient blood pressure increase,

reported for 9 cycles (11%). Median time-to-onset and dura-

tion of these treatment-related adverse events were 34 min

(range, 14–80 min) and 20 min (range, 14–40 min), respec-

tively. Chills promptly resolved without (55%) or with (45%)

appropriate treatment (i.e. acetaminophen/paracetamol). No

therapy was administered for managing the transient blood

pressure increases. One patient treated at 1.6 lg/m2 had grade

3 chills and dyspnoea, defined as DLT. However, considering

that 1.6 lg/m2 was the highest dose level planned to be ex-

plored and that MTD was determined at 45 lg/m2 in another

trial, there was no further expansion of this cohort.

3.3. Pharmacokinetics and biologic markers

Concentration–time profiles for each patient were adjusted

for baseline levels by subtracting the time-zero value to all

other time-point values, due to background levels of TNF-a

generally detectable in cancer patients. Following the first

course, both Cmax and AUC increased proportionally with

dose (r2 = 0.98, p < .001 and r2 = 0.96, p < .02, respectively)
(Fig. 1A and B). Mean (±SD) Cmax at 0.2 (given as 20-min infu-

sion), 0.4, 0.8 and 1.6 lg/m2 were 4.69 (±0.47), 5.83 (±1.62), 9.05

(±4.88) and 19.4 (±4.30) pg/mL, respectively. The apparent

elimination half-life (t1/2) was relatively short, with means

ranging from 0.60 (±0.04) to 1.35 (±0.97) h. Time-to-peak plas-

ma concentration (tmax) was reached in the range of 30–

60 min and low concentrations were detectable up to 4 h

post-dose. Average systemic exposure to NGR-hTNF on cycles

2 and 3 was comparable to that found on cycle 1 (data not

shown).

Due to an extremely high variability of baseline levels of

soluble TNF receptors (sTNF-RI and sTNF-RII), values obtained

at different time-points after each cycle were normalised by

subtracting the time-zero value. At 0.2, 0.4 and 0.8 lg/m2,

the levels of both circulating receptors were scattered around

zero, indicating no stimulation by NGR-hTNF. Increase of the

concentrations of both receptors was only noted at 1.6 lg/m2

(Fig. 1C and D). This effect was twofold higher for sTNF-RII

than for sTNF-RI and occurred approximately 30 min after

maximal NGR-hTNF concentration.

None of the 15 patients evaluated for the detection of anti-

NGR-hTNF showed circulating antibodies during treatment.

No correlations between study treatment and both circu-

lating endothelial cells (CECs) and circulating tumour cells

were detected. However, in this analysis CECs were not segre-

gated based on whether or not they were viable.

NGR-hTNF induced only minor changes in chromogranin

A (CgA) levels ranging from 95% of baseline-value after 1 h

to 105% of baseline-value after 4 h. Nevertheless, the differ-

ence between CgA levels at these two time-points was statis-

tically significant (p = .004; two-tailed t test, paired),

suggesting that NGR-hTNF can induce rapid changes in CgA

levels, possibly by affecting its clearance or its secretion by

the neuroendocrine system.



Table 3 – Treatment-related adverse events by dose levels.

Dose levels

0.2 lg/m2 (n = 4) 0.4 lg/m2 (n = 4) 0.8 lg/m2 (n = 4) 1.6 lg/m2 (n = 4)

Toxicity (grade) 1 2 3 1 2 3 1 2 3 1 2 3

Chills 1 – – 2 – – 3 1 – – 3 1
BP increase – – – 1 – – 3 – – 1 2 –
Dyspnoea – – – – – – – – – – – 1
Asthenia 1 – – – – – – – – – – –
Fever – 1 – – – – – – – – – –
Tachycardia 1 – – – – – – – – – – –
Arthralgia 1 – – – – – – – – – – –
Vomiting – – – 1 – – – – – – – –

Abbreviations: BP, blood pressure.
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Screening analysis identified some analytes, especially

macrophage inflammatory protein-1 beta (MIP-1b), for which

a low inter-patient variability in baseline levels was noted,

ranging from 101 to 249 pg/ml. Across all dose levels, a rela-

tive increase at 2 h versus baseline was observed, and this in-

crease (fourfold) was statistically significant at 0.8 lg/m2 and

particularly relevant (20-fold) at 1.6 lg/m2 (p = .005 and

p = .1, respectively; two-tailed t test, paired).

3.4. Dynamic imaging

The relationship of NGR-hTNF dose and anti-vascular

effect was evaluated in 12 patients by DCE-MRI. Following

the first cycle, the median changes in Ktrans within the

regions of interest (ROIs) were +4% (p = .7, Wilcoxon

signed-rank test), +13% (p = .04; 95% confidence interval

(CI), –7% to +52%), –17% (p = .02; 95% CI, –23% to +3%), and
Fig. 1 – Individual and mean Cmax (A) and AUC (B) following the

concentrations of soluble receptors TNF-RI (C) and sTNF-RII (D)

Abbreviations: Cmax, maximum plasma concentration; AUC, area

detectable concentration. Footnotes: Symbols, individual measu

adjusted for baseline levels by subtracting the time-zero value
+13% (p = .1) in the 0.2 (n = 3 patients, 10 ROIs), 0.4 (n = 3, 9

ROIs), 0.8 (n = 4, 15 ROIs) and 1.6 lg/m2 (n = 2, 4 ROIs) dose

cohorts, respectively.

Maximal changes in Ktrans within the ROIs by dose levels

are shown in Fig. 2A. A statistically significant reduction

was observed when all ROIs from the four dose cohorts were

analysed together (median, –24%; 95% CI, –37% to –17%;

p = .01). The median Ktrans values in the 0.2, 0.4, 0.8 and

1.6 lg/m2 dose groups corresponded to relative changes

of –27% (p = .2), –18% (p = .8), –37% (p = .0001; 95% CI, –55% to

–23%) and +17% (p = .6), respectively.

Changes in Ktrans over time, averaged for each patient

across all his or her ROIs, for the twelve evaluated patients

are shown in Fig. 2B. Overall, 9 patients (75%) showed a

decrease at some point during treatment (median, –15%;

95% CI, –32% to 4.5%; p = .03). Similar results were also noted

for the IAUGC (data not shown).
first cycle of NGR-hTNF by dose levels. Mean plasma

during the first cycle of NGR-hTNF by dose levels.

under the plasma concentration–time curve up to the last

rements; short solid lines, mean values. All values were

to all other time-points values.



Fig. 2 – Maximal changes in Ktrans from baseline within the regions of interest (ROIs) by dose level (A). Ktrans changes in

patients over time (B). ROI (C) and patient (D) changes in Ktrans after the first cycle by status at first tumour restaging.

Abbreviations: DCE-MRI, dynamic contrast-enhanced magnetic resonance imaging; Ktrans, transfer constant from plasma to

extravascular extracellular space; PD, progressive disease; SD, stable disease. Symbols, individual measurements; short solid

lines, mean values. Footnotes: Twelve patients were assessed by DCE-MRI out of 16 enrolled. Two cases were excluded for MRI

artefacts and two for necrosis and lung collapse, respectively. Data (expressed as percentage) are reported in figure A as

maximal change from baseline registered at any time in each region of interest (ROIs), in figure B as change in patients over

time, in figure C as change in ROIs at first cycle and in figure D as change in patients at first cycle for patients who had

progressive disease (PD) or stable disease (SD) at first postbaseline assessment after 2 cycles. Analysis of the Ktrans differences

between post- and pre-treatment values was performed using the Wilcoxon signed-rank test. Analysis of the Ktrans

differences at first cycle between patients with SD or PD after the second cycle was performed using the Mann–Whitney test.

Table 4 – Characteristics of patients with stable disease.

DL Pt. No. Gender/age
(yrs)

Primary
tumor

Metastatic
sites

No. of prior
regimens

Best response
to prior

regimen/time
to progression

(months)

Dose
(lg/m2)

No. of
cycles

Duration
of SD

(months)

1 1 F/61 Colon Liver, peritoneal
carcinosis

8 PD/2 0.2 3 2.4

3 F/43 Colon Abdomen 3 PD/3 0.2 (0.8) 9 (20) 17.8
2 9 F/43 Carcinoid Liver 4 SD/9 0.4 10 8.2
3 6 M/56 Renal Lung, liver,

nodes,
adrenal gland

4 NE/4 0.8 8 5.9

11 M/68 Liver Adrenal gland,
nodes

2 PD/1 0.8 4 2.9

12 M/70 Renal Lung, nodes 5 PD/1 0.8 6 5.8
4 14 F/70 NSCLC Lung 2 PR/31 1.6 9 7.5

Abbreviations: DL, dose level; Pt. No., patient number; M, male; F, female; yrs, years; PD, progressive disease; SD, stable disease; PR, partial

response; NE, not evaluable; NSCLC, non-small cell lung cancer.

Footnotes: Patient number 3 was treated with 0.2 lg/m2 for 9 cycles, followed by 20 cycles given at 0.8 lg/m2. In patients who had SD, the median

time to progression on the immediate prior regimen administered and the median duration of SD on the current study treatment were 3 and

5.9 months, respectively, with a relative growth modulation index of 1.9.
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When the changes in Ktrans at first cycle were compared

in ROIs from patients classified after the second cycle as

clinical non-progressors or progressors, a statistically sig-

nificant difference was observed (mean ± SEM, –3.8% ± 3.7
versus +22.6% ± 10.3, p = .03; Mann–Whitney test) (Fig. 2C).

A similar, though not statistically significant, difference

was detected between the average Ktrans changes in pa-

tients with stable or progressive disease after the second



Fig. 3 – Treatment history (A) and changes in DCE-MRI (B) of a chemo-refractory colon cancer patient experiencing an 18-

month stable disease. Dynamic contrast-enhanced image of the 30-cm abdominal metastasis of this patient is shown at

baseline (C) and after 4 cycles (D). Abbreviations: XELOX, capecitabine, oxaliplatin; FOLFIRI, fluorouracil, leucovorin,

irinotecan; MMC, mitomycin C; Ktrans, transfer constant from plasma to extravascular extracellular space; IAUGC, initial area

under the concentration–time curve over 60 s post-contrast arrival in the tissue; DCE-MRI, dynamic contrast-enhanced

magnetic resonance imaging. Footnotes: The sum of longest tumour diameter over time in a colon cancer patient is shown in

figure A and the percentage change from baseline of Ktrans and IAUGC during the first 4 cycles is depicted quantitatively in

figure B. This patient experienced a 59% decrease in tumour IAUGC that is mapped with an oval-shaped dotted line over the

tumour region at baseline (figure C) and after the 4th cycle (figure D).
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cycle (mean ± SEM, –2.8% ± 5.7 versus +21.6% ± 15.9, p = .1)

(Fig. 2D).

3.5. Antitumour activity

According to an intent-to-treat analysis, seven patients (44%)

had stable disease (SD) as best response for a median dura-

tion of 5.9 months (range, 2.4–17.8 months) (Table 4). Notably,

a prolonged progression-free interval was observed in a

43-year-old female patient with metastatic colon cancer pre-

viously treated with three chemotherapy regimens delivered

in less than 1 year. She experienced an 18-month stable

disease during treatment with NGR-hTNF given at 0.2 lg/m2

for 9 cycles, followed by 12 cycles increased at 0.8 lg/m2. A

progressive decrease of Ktrans (median, –44%; range, –15% to

–61%) and IAUGC (median, –59%; range, –32% to –65%) was

noted on DCE-MRI throughout the first four cycles. Following

21 courses she successfully underwent radical metastasecto-

my of a 30-cm large abdominal (ovarian) mass. Her progres-

sion-free survival was censored at the time of surgery, but

after a follow-up of 3.6 years the patient remained in a dis-

ease-free state following an additional eight post-operative

cycles given at 0.8 lg/m2. Fig. 3A–D shows the treatment his-

tory and the changes in DCE-MRI of this patient. Median and

6-month progression-free survival were 3.4 months and 29%,

respectively. With a median follow-up time of 25.8 months

(range, 2.0–43.8 months), two patients (13%) were still alive

and median overall survival was 6.9 months. Median survival
time among the patients with SD as the best response was

10.3 months and among those without SD was 5.5 months.

4. Discussion

The historical approach to treating advanced cancer has been

to administer maximum-tolerated doses of cytotoxic chemo-

therapy to directly kill dividing tumour cells. In contrast to

this approach, strategies using novel agents that target vascu-

lar endothelial functional integrity or endothelial cell survival

pathways can result in the use of low-dose agents that may

actually have more pronounced anti-vascular or antiangio-

genic effects than cytotoxic effects.20 However, the early-

stage clinical development of these biological agents can be

challenging.21,22 This is compounded by the fact that the

maximal antitumour activity may not necessarily coincide

only with the maximum-tolerated dose, but also with a lower

drug dose, i.e. the optimal biological dose. However, validated

molecular, cellular or functional imaging surrogate markers

of anti-vascular activity, needed to finely assess the dose–re-

sponse relationship for these agents, are still lacking.22 As a

consequence, standard markers of antitumour activity such

as objective tumour response and time to progression, with

their well-known limitations especially in the assessment of

antiangiogenic agents, are to be relied upon.

Vascular targeting agents cause direct damage to the al-

ready established tumour endothelium. There are potential

advantages of these agents over other classes of anti-cancer
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drug.23 A significant bystander effect may take place, as single

blood vessel may provide oxygen and nutrients for thousands

of tumour cells. The endothelial cell itself does not need to be

killed by the VTA, a change of structure or local initiation of

the coagulation cascade may be all that is needed.

Since its discovery,1 TNF-a has been shown to have potent

anti-vascular effects in tumours, even though this cytokine

unselectively binds to tumour blood vessels. Therefore, very

high doses were explored in order to reproduce these thera-

peutic effects. Disappointingly, early clinical trials using

TNF-a led to serious toxicities when used systemically at

MTD.3–8,24,25 Aiming to exploit a ligand-direct approach,

human TNF-a has been genetically fused to the peptide

NGR, which is able to selectively bind the tumour vasculature

of several tumour types.14

The results of the current trial, undertaken to further ex-

plore the low-dose range of NGR-hTNF, confirmed the safe

profile already characterised in the dose-escalation trial,16

and suggest that targeted delivery of TNF-a to the tumour

vasculature could significantly improve its therapeutic index.

Noteworthy, the toxicity pattern was limited to short-lived

chills, generally occurring during the first infusions.

A further objective of the present study was to evaluate the

biological effects of the study drug. For instance, both recep-

tors for TNF-a exist also in soluble forms, probably derived

by proteolytic cleavage from the cell-surface forms.26 Inter-

estingly, the amount and speed of receptor shedding appear

to be linearly correlated with the serum TNF-a levels.26 These

circulating receptors can compete for TNF-a with the cell-sur-

face receptors and thus block its bioavailability and activity,

serving as physiological attenuators of the TNF-a activity. In

our study, shedding of circulating TNF-a receptors was ob-

served only at the dose of 1.6 lg/m2.

Additionally, significant increases of some other biological

markers, including chromogranin A and macrophage inflam-

matory protein-1 beta, were noted during treatment period.

Even though the clinical significance of drug-induced changes

in these plasma biomarkers remains to be fully elucidated,

these effects however could be suggestive of the biologic

activity of NGR-hTNF and could be exploited as possible ap-

proach to monitor drug activity or to select patients for a

more tailored therapy.

Tumour vascular changes during NGR-hTNF treatment

were intensively monitored by dynamic imaging. It has not

yet been clearly established which degree of change in Ktrans

is likely to represent a true difference due to drug effect.27

Moreover, DCE-MRI data analysis is complex since Ktrans val-

ues might be influenced by either the position of selected re-

gions of interest or the definition of the arterial input function

in the kinetic model. Nevertheless, it is interesting to note

that NGR-hTNF at low doses appeared to have direct global ef-

fects on tumour vascular permeability and blood flow. The de-

crease in vascularity was more pronounced in patients

receiving at least four cycles, implying that the overall effect

tends to occur in the later course of therapy, and was statisti-

cally significant for the cohort treated with 0.8 lg/m2, both

after the first cycle and as maximal change over time.

Finally, the proportion of patients (44%) experiencing sta-

bilization of disease for a median time of 5.9 months in this

study appears to be clinically relevant in this heavily pre-trea-
ted patient population also considering the easily manageable

toxicity profile.

Taken together, these preliminary observations on plasma

biomarkers, dynamic imaging and disease control support the

hypothesis that NGR-hTNF is biologically and clinically active

even when administered at low doses.

The dose level of 0.8 lg/m2 has been selected for further

phase II development based on the slightly more favourable

toxicity profile, with the absence of grade 3 toxicity, the prom-

ising disease control, with three stable diseases lasting for 3–

6 months, the lack of stimulation of TNF-receptors shedding

and the significant anti-vascular effect observed by DCE-

MRI. NGR-hTNF is currently developed either as single-agent

or in combination with chemotherapy.
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