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Supplementary Figures 

 

Figure S1. Dynamic contrast-enhanced ultrasound (CEUS). Schematic drawing of time-intensity 

curve parameters of a perfusion model in contrast-enhanced ultrasound (CEUS) imaging. The figure 

was modified with consent from the manufacturer Bracco Imaging Deutschland GmbH, the property 

and the copy right remains with Bracco. 
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Figure S2. CEUS blood flow decrease in all patients with measurable lesions. Waterfall plots of 

UPNs with completed cycle 1 show best change from baseline of tumor perfusion within cycle 1 per 

patient.
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Figure S3. Reduction of tumor perfusion by tTF-NGR in a synovial sarcoma with CD13 positivity in 

the tumor vasculature only. (a) Immunohistochemistry of a synovial sarcoma (UPN 008) showing 

CD13 negativity of the tumor cells, but CD13 positivity (brownish stain, intensity score 2; ref. Kessler 

et al., manuscript text ref. 20) in the tumor vasculature. (b) Tumor blood flow in 3 different lesions of 

liver metastasis in the same patient as measured by MRI depicting k-trans and VVF before tTF-NGR 

application (Pre) and 5 hours after (Immediate) the 1st application of tTF-NGR.
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Figure S4. Changes in tumor perfusion during treatment with tTF-NGR in all patients serially 

imaged. Changes of MRI perfusion parameters before (Pre), during (Immediate, after 5 hours) and 

after treatment (Post, after 5 days at the end of a cycle) of completed cycles are shown in the left panels 

for Vascular Volume Fraction VVF (a; UPN 007, 012, 015, 019, 020, 022, 023, 024) and K-trans (c; UPN 

003, 004, 012, 015, 019, 020, 022, 023, 024). VVF (a, b; arbitrary units in the y-axis) and k-trans (c, d; in 

10-3/min) both show a decrease in perfusion after treatment with tTF-NGR in all patients. Incomplete 

cycles due to a rise in Troponin T hs (DLT) are shown in the right panels for VVF (b; UPN 008, 009, 

011, 018, 021) and K-trans (d; UPN 008, 009, 011, 018, 021). Notice that immediate decrease of tumor 

perfusion (5-hour values, black squares) in all patients (b, d) was blocked and/or reversed (Post) by 

stop of tTF-NGR application and initiation of anticoagulation further demonstrating the mode of 

action of tTF-NGR. Waterfall plots of UPNs with completed cycle 1 (e; VVF and f; k-trans) show best 

change from baseline of tumor perfusion within cycle 1 per patient. 
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Figure S5. Intratumoral necrosis in liver metastases of a germ cell tumor (UPN 003). A/B: Before 

treatment with tTF-NGR at 1.5 mg/m2 × 5, the tumor (dotted line) shows a more homogenous contrast 

enhancement in T1 weighted MRI. C/D: After two cycles of tTF-NGR, hypointense areas without 

contrast enhancement (*) are visible under progressive disease. 
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Figure S6. Visualization of the dose proportionality factor (DPF). Two different calculations are 

shown. Values at 5 mg/m2 tTF-NGR have to be interpreted with caution since this dose level was 

complicated by difficulties to draw and prepare blood samples for testing due to sticky consistency. 
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Figure S7. Detection of human anti-fusion protein (tTF-NGR) IgG antibodies (HAFA) in the 

patient´s plasma. (A) Establishment of the cut-off value on the basis of all pretreatment values (mean 

+/- standard deviation). (B) Patient UPN 004 shows values typical for the 15 patients without HAFA 

formation. Patient UPN 007 showed clearly detectable but low HAFA titers in the 3rd cycle of therapy. 

OD, optical density; C, cycle; d, day; Pre, before treatment; EOT, end of treatment (for details see 

Methods). 
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Supplementary Tables 

Table S1. AE listing. 
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Troponin T in Table S1 stands for Troponin T hs, which was actually measured.
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Table S2. Absolute doses of tTF-NGR given per patients. 
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Table S3. Frequency of SUSAR and SAE possibly related to tTF-NGR (MedDRA v22.1). 

Observation MeDRA preferred term n1 
Maximum dose level tTF-

NGR1 
UPN 

Maximum CTCAE 4.0 

grade 

1 
Transient ischaemic attack  

 
1 3 019 2, moderate 

2 
Troponin T3 increased  

 
1 3 021 3, severe 

34 

Brachiocephalic vein 

thrombosis  

 

1 4 015 2, moderate 

44 
Jugular vein thrombosis  

 
1 4 015 2, moderate 

54 
Subclavian vein thrombosis  

 
1 4 015 2, moderate 

6 
Troponin T increased  

 
2 4 

011, 

018 
3, severe 

7 
Deep vein thrombosis  

 
1 5 008 2, moderate 

8 
Troponin T increased  

 
2 5 

008, 

009 
3, severe 

1, number of patients with this observation; 

2, dose level in mg/m2 tTF-NGR/day × 5; 

3, Troponin T relates to Troponin T hs, a term actually not present in CTCAE 4.0, further comments see 

results and discussion; 

4, observation 3, 4, and 5 relate to the identical patient UPN 015, who developed a catheter-related 

thrombosis partially involving all 3 veins (see results in the manuscript). 
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Table S4. tTF-NGR phase I study - CEUS maximum and minimum A.U. values for wash-in perfusion 

index in all patients with measurable lesions. 
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Table S5. VVF and k-trans in magnetic resonance imaging under tTF-NGR application. 
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Table S6. CD13 immunohistochemistry (IHC) staining intensity per patient and distribution 

according to histology. 
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Table S7. Non-compartment analysis of tTF-NGR with various intravenous doses of tTF-NGR 

administered to cancer patients. (For Tables S7 A–C: For explanation and description of values and 

methodology see Methods. UPN, unique patient number; c, cycle; h, hour; term., terminal) 

Table S7. A. Non-compartment analysis of tTF-NGR with various intravenous doses of tTF-NGR 

administered to cancer patients (all data; some data reappear in verification groups). 

Non-compartment analysis of tTF-NGR, test day 1 (all values up to 24 hours after start of 1st infusion) 

Dose 

[mg/m2] 

Pat.-

UPN 

/cycle 

Cmax# 

[ng/mL] 

tmax# 

[h] 

t1/2 

(term.) 

[h] 

Kel 

[1/h] 

AUC0-t last 

[ng*h/mL] 

time interval 

for t1/2 

determination 

[h]# 

AUC0-t last/dose 

[h*m2*ng/mL/mg] 

1.0 003/c1 138.10 1.0 7.34 0.094 285.54 3.5–24.0 285.54 

1.5 

003/c2 227.45 1.0 6.02 0.115 513.00 3.5–24.0 342.00 

004/c1 295.95 1.0 5.62 0.123 556.37 3.0–24.0 370.91 

mean 261.70 1.0 5.82 0.119 534.69 – 356.46 

2.0 

004/c2 354.28 1.0 4.86 0.143 682.47 3.5–24.0 341.24 

005/c1 328.31 1.0 5.15 0.135 1132.14 3.5–24.0 566.07 

mean 341.30 1.0 7.4 0.139 907.31 – 453.66 

2.5 

005/c2 412.64 1.0 8.07 0.086 1492.83 3.5–24.0 597.13 

006/c1 459.46 1.0 7.03 0.099 1597.85 3.5–24.0 1031.12 

mean 436.05 1.0 7.55 0.093 1545.34 – 618.14 

3.0 

006/c2 534.33 1.0 9.73 0.071 2608.60 3.5–24.0 869.53 

007/c1 613.45 1.0 6.84 0.101 2404.00 3.5–24.0 801.33 

019/c1 930.96 1.0 9.59 0.072 2942.32 3.0–24.0 980.77 

019/c2 1312.39 1.0 11.07 0.063 2980.56 3.5–24.0 993.52 

020/c1 730.09 1.0 8.38 0.083 2205.38 3.5–24.0 735.13 

020/c2 528.64 1.0 10.04 0.069 1914.98 3.0–24.0 638.33 

021/c1 694.56 1.0 9.49 0.073 3197.90 3.5–24.0 1065.97 

022/c1 549.72 1.0 7.51 0.092 1940.19 3.5–24.0 646.73 

022/c2 717.03 1.0 11.09 0.063 2926.03 3.0–24.0 975.34 

023/c1 647.0 1.0 7.31 0.095 1802.17 3.5–24.0 600.72 

023/c2 577.29 1.0 11.11 0.062 2038.59 3.0–24.0 679.53 

024/c1 523.96 1.0 7.47 0.093 1977.68 3.0–24.0 659.23 

024/c2 548.69 1.0 7.29 0.095 1822.53 3.0–24.0 607.51 

mean 685.24 1.0 8.99 0.079 2366.23 – 788.74 

4.0 

007/c2 1129.27 1.5 8.73 0.079 3311.11 3.5–24.0 827.78 

011/c1 1085.72 1.0 7.90 0.088 4446.09 3.5–24.0 1111.52 

012/c1 1242.88 1.0 8.57 0.081 3512.46 5.5–24.0 878.12 

015/c1 1763.35 1.0 6.10 0.110 6628.61 3.0–24.0 1657.15 

015/c2 1672.61 1.0 7.63 0.091 8368.98 3.5–24.0 2092.25 

018/c1 840.79 1.0 7.85 0.088 2657.41 3.5–24.0 664.35 

mean 1289.10 1.08 7.80 0.090 4820.78 – 1205.20 

5.0 

007/c3 1089.79 1.0 6.08 0.114 5082.18 3.5–24.0 1016.44 

008/c1 1770.21 1.5 5.27 0.132 5089.87 3.5–24.0 1017.97 

009/c1 1001.43 1.0 7.13 0.097 4107.33 3.5–24.0 821.47 

mean 1287.14 1.17 6.16 0.114 4759.79 – 951.96 

#, values obtained from plasma analysis, all other values calculated by toxicokinetic analysis 
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Table S7. B. Non-compartment analysis of tTF-NGR with intravenous doses of 4.0 mg/m². (4.0 

mg/m²-verification group; values are also in Table S7. A). 

Non-compartment analysis of tTF-NGR, test day 1 (up to 24 h after start of 1st infusion of each cycle) 

Dose 

[mg/m2] 

Pat.-

UPN/cycle 

Cmax# 

[ng/mL] 

tmax# 

[h] 

t1/2  

(term.) 

 [h] 

Kel 

[1/h] 

AUC0-t last 

[ng*h/mL] 

time  

interval 

for t1/2 

determina- 

tion [h]# 

AUC0-t last/dose 

[h*m2*ng/mL/mg] 

4.0 

007/c2 1129.27 1.5 8.73 0.079 3311.11 3.5–24.0 827.78 

011/c1 1085.72 1.0 7.90 0.088 4446.09 3.5–24.0 1111.52 

012/c1 1242.88 1.0 8.57 0.081 3512.46 5.5–24.0 878.12 

015/c1 1763.35 1.0 6.10 0.110 6628.61 4.0–24.0 1657.15 

015/c2 1672.61 1.0 7.63 0.091 8368.98 3.5–24.0 2092.25 

018/c1 840.79 1.0 7.85 0.088 2657.41 3.5–24.0 664.35 

mean 1289.10 1.08 7.80 0.090 4820.78 – 1205.20 

#, values obtained from plasma analysis, all other values calculated by toxicokinetic analysis 

Table 7. C. Non-compartment analysis of tTF-NGR with intravenous doses of 3.0 mg/m². (3.0 mg/m²-

verification group; values are also in Table S7. A). 

Non-compartment analysis of tTF-NGR, test day 1 (up to 24 h after start of 1st infusion of each cycle) 

Dose 

[mg/m2] 

Pat.-

UPN/cycle 

Cmax# 

[ng/mL] 

tmax# 

[h] 

t1/2 (term.) 

[h] 

Kel 

[1/h] 

AUC0-t last 

[ng*h/mL] 

time interval 

for t1/2 

determina- 

tion [h]# 

AUC0-t last/dose 

[h*m2*ng/mL/mg] 

3.0 

006/c2 534.33 1.0 9.73 0.071 2608.60 3.5–24.0 869.53 

007/c1 613.45 1.0 6.84 0.101 2404.00 3.5–24.0 801.33 

019/c1 930.96 1.0 9.59 0.072 2942.32 3.0–24.0 980.77 

019/c2 1312.39 1.0 11.07 0.063 2980.56 3.5–24.0 993.52 

020/c1 730.09 1.0 8.38 0.083 2205.38 3.5–24.0 735.13 

020/c2 528.64 1.0 10.04 0.069 1914.98 3.0–24.0 638.33 

021/c1 694.56 1.0 9.49 0.073 3197.90 3.5–24.0 1065.97 

022/c1 549.72 1.0 7.51 0.092 1940.19 3.5–24.0 646.73 

022/c2 717.03 1.0 11.09 0.063 2926.03 3.0–24.0 975.34 

023/c1 647.0 1.0 7.31 0.095 1802.17 3.5–24.0 600.72 
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023/c2 577.29 1.0 11.11 0.062 2038.59 3.0–24.0 679.53 

024/c1 523.96 1.0 7.47 0.093 1977.68 3.0–24.0 659.23 

024/c2 548.69 1.0 7.29 0.095 1822.53 3.0–24.0 607.51 

mean 685.24 1.0 8.99 0.079 2366.23 – 788.74 

#, values obtained from plasma analysis, all other values calculated by toxicokinetic analysis. 


