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Description for supplementary Excel files 

E1. Summarized information including physicochemical properties of administered 

inorganic nanomaterials (INMs), implanted tumor type, site, size, and body weight as well 

as the injected dose for tumor-bearing mice, estimated tumor delivery efficiencies, and 

adequacy in the model simulation of NM kinetics in the tumor. 

E2. Summarized information including physicochemical properties of administered 

organic nanomaterials (ONMs), implanted tumor type, site, size, and body weight as well 

as the injected dose for tumor-bearing mice, estimated tumor delivery efficiencies, and 

adequacy in the model simulation of NM kinetics in the tumor. 

E3. PBPK simulations of pharmacokinetics in healthy mice intravenously injected with 13 

nm gold nanoparticles (AuNPs). In addition, PBPK simulations of tumor pharmacokinetics 

and associated tumor- and NM-specific parameters for INMs following systemic 

administration in tumor-bearing mice were included. 

E4. PBPK simulations of tumor pharmacokinetics and associated tumor- and NM-specific 

parameters for ONMs following systemic administration in tumor-bearing mice. 

  



4 
 

Supplementary figures 

Figure S1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1. PBPK model calibration and simulation of the concentrations of gold 

nanoparticles (AuNPs) in the (A) plasma, (B) lung, (C) kidney, (D) liver, and (E) spleen 

from healthy mice by intravenous (IV) injection with 13 nm AuNPs. Panel (F) is the result 

of linear regression between log-transformed measured and simulated concentrations of 13 

nm AuNPs. R2 is the coefficient of determination. 
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Figure S2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. Subgroup analyses on tumor delivery efficiencies estimated at 24h (DE24) 

(orange) and 168h (DE168) (green) using our tumor-bearing PBPK model from 376 

analyzed datasets in this study (2005–2018). Box-and-whisker plots of tumor delivery 

efficiency data (percent injected dose, %ID) for different subgroups: (A) year, (B) targeting 

strategy, (C) type of nanomaterials (NMs), (D) inorganic NMs, (E) organic NMs, (F) shape, 

(G) hydrodynamic diameter, (H) zeta potential, (I) tumor model, and (J) cancer type. The 

boxes represent the 25th – 75th percentiles and solid lines in the boxes indicate the median 

values. 
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Supplementary tables 

Table S1. Estimated tumor delivery efficiencies, physicochemical properties of administered nanomaterials (NMs), tumor physiology, and dosing 

regimens for each of the included studies. 

Material Surface chemistry Shape 

Hydro-

dynamic 

diameter 

[nm] 

Zeta 

potential 

[mV] 

Animal, cancer type, 

and tumor model  
Tumor size a 

Dosing 

regimen 

[mg/kg] 

DETlast_PK 

[%ID] b 
Ref. 

Gold 

PEG_5kDa c;  

Folic acid 

[active] 

AR 3.8 

 

Rod 

24 

 

38×10 

(TEM) 

-18 c 

Human cervical carcinoma 

(HeLa) s.c. inoculated to 

the flank of mice (20 g) 

[cervix/xenograft heterotopic] 

0.1 cm3 c 

 

~0.1 g  

20 

 

(7 d) 

1.97 1 

Gold 
PEG_5kDa c 

[passive] 

AR 3.2 

 

Rod 

29.5 

 

45×14 

(TEM) 

0 c 

Murine colon carcinoma 

(CT26.wt) s.c. inoculated to the 

flank of mice (20 g) 

[colon/allograft heterotopic] 

~0.1 g 

12 

 

(2 d) 

1.51 2 

Gold 

PEG_5kDa;  

EGFR peptide 

[active] Spherical 

42 -5 c Rat glioblastoma (9L.E29) s.c. 

inoculated to the flank of mice 

(20 g) [brain/xenograft 

heterotopic] 

~0.9 g 

1 

 

(7 d) 

2.85 
3 

PEG_5kDa 

[passive] 
38.3 -5 c 3.61 

Gold 

PEG_2kDa; 

Aptamer AS1411 

[active] 

Star 68.4 -9.3 

Human breast adenocarcinoma 

(MDA-MB-231) s.c. inoculated 

to the flank of mice (20 g) 

[breast/xenograft heterotopic] 

0.2 cm3 

 

~0.2 g 

4.8  

 

(3 d) 

0.64 4 

Gold 

PEG_5k/10kDa; 

Alexa Fluor 750 

[passive] 

Spherical 

46.3 -6.7 

Human melanoma 

(MDA-MB-435) s.c. inoculated 

to the hind flank of mice (21 g) 

[skin/xenograft orthotopic] 

1.1 cm3 

 

~1.3 g 

4.1 (2 d) 18.64 

5 

64.2 -15 8.1 (2 d) 14.28 

104.2 -10 16.2 (2 d) 11.19 

166 -6 27.1 (2 d) 4.94 

PEG_5k/10kDa; 

Transferrin Alexa 

Fluor 750 

[active] 

49.5 -0.6 4.1 (2 d) 25.07 

60 -11 8.1 (2 d) 23.86 

100.4 -9 16.2 (2 d) 21.37 

175.6 -5 27.1 (2 d) 8.21 
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Gold 
HSA 

[passive] 
Spherical 6.1 NA 

Human glioblastoma (U87MG) 

s.c. inoculated to the flank of 

mice (20 g) [brain/xenograft 

heterotopic] 

75 mm3 

 

~0.1 g 

1.3 

 

(1 d) 

1.12 6 

Gold 
Choline and PEI 

[passive] 
Spherical 

27.3 

(TEM) 
NA 

Human prostate carcinoma 

(DU145) s.c. inoculated to the 

flank of mice (20 g) 

[prostate/xenograft heterotopic] 

0.3 cm3 

 

~0.4 g 

7.2 

 

(1 d) 

0.06 7 

Gold 

Quaternary 

ammonium; 

Sulfonic groups 

[passive] Spherical 

17.1 -9.8 Human cervix carcinoma (KB) 

s.c. inoculated to right rear flank 

of mice (16–18 g) 

[cervix/xenograft heterotopic] 

0.1 cm3 

 

~0.1 g 

5.9 

 

(3 d) 

1.13 
8 

PEG_2kDa 

[passive] 
31 -10.5 0.54 

Gold 

PEG_2kDa 

[passive] 

Tripod 

18.2 25.4 

Human glioblastoma (U87MG) 

s.c. inoculated to the right front 

or hind flank of mice (20 g) 

[brain/xenograft heterotopic] 

~0.2 cm3 

 

~0.2 g 

2 

 

(2 d) 

0.36 

9 

PEG_3.4kDa 

[passive] 
20.8 24.6 0.51 

PEG_6kDa 

[passive] 
25.8 21.7 0.59 

PEG;  

cRGDfC peptide 

[active] 

24.1 -21.3 1.57 

Gold 

PEG_2kDa; 

Glutathione;  

Folic acid 

[active] 

Spherical 6.1 -5 c 

Human gastric carcinoma (MGC-

803) s.c. inoculated to the right 

flank of mice  

(18–22 g) [stomach/xenograft 

heterotopic] 

~0.2 cm3 

 

~0.2 g 

4 

 

(7 d) 

9.5 10 

Gold 

 

PEG_5kDa 

[passive] 

 

Spherical 69.8 

~0 c 

 

Murine mammary  

carcinoma (EMT-6)  

s.c. inoculated to  

the right flank of mice  

(15–20 g) 

0.1 cm3 

 

~0.1 g 

 

0.3 (1 d) 1.74 

11 Disk 

(Plate) 

130.5 

92×7 

(TEM) 

1.6 (1 d) 0.46 
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Gold 

 

 

PEG_5kDa 

[passive] 

AR 4.3 

Rod 

77 

39×9 

(TEM) 
~0 c 

 

 

[breast/allograft heterotopic] 

 

0.1 cm3 

 

~0.1 g 

0.2 (1 d) 0.15 

Cage 

(Cubic) 

111.3 

50×50 

(TEM) 

1 (1 d) 0.62 

Gold 
PEG_1kDa 

[passive] 
Spherical 5.5 ~0 

Human breast carcinoma  

(MCF-7) orthotopically  

inoculated to mammary fat pad 

of mice (20–25 g) 

[breast/xenograft orthotopic] 

~0.2 cm3 

 

~0.2 g 

63 

 

(2 d) 

1.24 12 

Gold 

Plasma-

polymerized 

allylamine; 

Cetuximab 

antibody 

[active] 

Spherical 31 NA 

Human epithelial carcinoma 

(A431) s.c. inoculated to both 

flanks of mice (32–37 g) 

[skin/xenograft orthotopic] 

~0.3 cm3 

 

~0.7 g 

8 

 

(7 d) 

2.23 13 

Gold 
PEG_5kDa 

[passive] 

Cage 

(Cubic) 

63.7 

30×30 

(TEM) 

10.2 Murine mammary carcinoma 

(EMT-6) s.c. implanted to the 

hind flank of mice (15–20 g) 

[breast/allograft heterotopic] 

0.3–0.4 g 

1.4e-9 

(1 d) 
2.45 

14 
96 

55×55 

(TEM) 

18.7 
6.4e-9 

(1 d) 
0.44 

Gold 

PEG_5kDa 

[passive] 

Spherical 

66.5 -2.6 

Human prostate carcinoma 

(LNCaP) s.c. injected to hind 

limb of mice (20 g) 

[prostate/xenograft heterotopic] 

~0.3 cm3 

 

~0.3 g 

11 

 

(1 d) 

0.64 

15 

62.8 -27.1 0.59 

60.2 -10.6 0.03 

PEG_5kDa; 

TNF-α ligand 

[active] 

71.7 -2.9 0.55 

Gold 
PEG_5kDa 

[passive] 
Spherical 63 0 c 

Human lymphoblastoid 

carcinoma (LCL) s.c. inoculated 

to right flank of mice (20 g)  

[other cancer type/xenograft 

heterotopic] 

~0.1 g c 

3.8 

 

(2 d) 

0.35 16 
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Gold 

PEG_5kDa 

[passive] AR 4.0 

 

Rod 

37.8 

 

61×15 

(TEM) 

-10 Human prostate carcinoma 

(DU145) s.c. inoculated  

bilaterally to flank of mice (20 g) 

[prostate/xenograft heterotopic] 

~0.1 cm3 

 

~0.2 g 

9.6 

 

(2 d) 

1.30 

17 PEG_5kDa; 

cRGDfK peptide; 

[active] 

-44.1 0.25 

Gold 
PEG_5kDa 

[passive] 

Spherical 88.9 -27.1 Human ovarian carcinoma 

(A2780) orthotopically 

inoculated to left ovarian bursa 

of mice (25 g)  

[ovary/xenograft orthotopic] 

5 g 

2.4 

(7 d) 
0.64 

18 AR 4.5 

 

Rod 

27.5 

45×10 

(TEM) 

1.1 
1.6 

(7 d) 
6.47 

Gold 

PEG_2kDa 

[passive] 

Spherical 

22.4 

~0 c 

Human melanoma 

(MDA-MB-435)  

orthotopically inoculated to 

dorsal skin of mice (20 g) 

[skin/xenograft orthotopic] 

1 cm3 

 

~1.2 g 

4.5 (1 d) 0.02 

19 

39.6 8 (1 d) 0.80 

PEG_5kDa 

[passive] 
61.3 12.3 (1 d) 0.70 

PEG_10kDa 

[passive] 

82.6 16.6 (1 d) 0.94 

99.4 20 (1 d) 0.59 

Gold 

PEG_2kDa;  

MSN coating 

[passive] 

AR 4.0 

 

Rod 

41.8 

60×15 

(TEM) 

-0.1 

Murine mammary carcinoma 

(4T1) s.c. inoculated to right hind 

leg of mice (20 g) 

 

 

 

[breast/allograft heterotopic] 

0.5 cm3 

 

 

 

~0.6 g 

1 

 

 

 

(3 d) 

0.65 

20 

BSA coating; MSN 

coating 

[passive] 

44.3 

60×15 

(TEM) 

-14.1 0.29 

BSA coating 

[passive] 

20.2 

60×15 

(TEM) 

-20.2 0.21 

BSA coating 

[passive] 
Spherical 7.2 -23.5 0.42 

Dendrimer 

entrapped 

AuNPs 

PEG_2kDa; 

cRGDfK peptide 

[active] 

Spherical 71.7 6.1 

Human glioblastoma (U87MG) 

s.c. inoculated to the right oxter 

of mice (20–22 g) 

[brain/xenograft heterotopic] 

~0.04 cm3 

 

~0.05 g 

188 

 

(5 d) 

0.03 21 
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Gold-

dendrimer 

composite 

nanodevice 

Amine- 

terminated  

PAMAM 

[passive] 

Spherical 

5 Positive 

Murine melanoma (B16-F10)  

s.c. inoculated to the dorsal 

surface of mice (25 g) 

 

 

 

[skin/allograft orthotopic] 

0.5 cm3 

 

 

 

0.6 g 

16 

 

 

 

(4 d) 

3.08 

22 

Carboxy- 

terminated  

PAMAM 

[passive] 

5 Negative 1.85 

Acetylated  

PAMAM 

[passive] 

5 
2.5 

(Neutral) 
1.81 

Carboxy- 

terminated  

PAMAM 

[passive] 

11 Negative 0.24 

Amine- 

terminated  

PAMAM 

[passive] 

22 Positive 1.21 

Amine- 

terminated  

PAMAM 

[passive] 

22 Positive 

Rat prostate carcinoma 

(MatLyLu) s.c. inoculated to the 

dorsal surface of mice (25 g) 

[prostate/xenograft heterotopic] 

0.63 

Gold 

Tiopronin 

[passive] 

Spherical 

2.7 -16.8 

Murine melanoma (B16-F10)  

s.c. inoculated to the right flank 

of mice (25 g) 

 

 

[skin/allograft orthotopic] 

~5 g 

3.4 

 

 

(3 d) 

0.95 

23 

PEG_5kDa 

[passive] 
2.7 -42.3 1.51 

Myxoma peptide 

[active] 
2.7 -22.1 1.62 

PEG_5kDa; 

Myxoma peptide 

[active] 

2.7 -25.6 1.36 

cRGD peptide 

[active] 
2.7 -16.6 1.15 

PEG_5kDa; 

cRGD peptide 

[active] 

2.7 -18.4 2.04 
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Gold 

Polyprodrug shell 

coating 

(Biotin/PEG/LA) 

[active] 

AR 3.5 

 

Rod 

51.6 

 

38×11 

(TEM) 

3 

Murine epidermoid carcinoma 

(SCC-7) orthotopically 

inoculated to back of mice (20 g) 

[skin/allograft orthotopic] 

0.1 cm3 

 

~0.1 g 

1.5 

 

(1 d) 

2.43 24 

Magnetic 

AuNPs 

PEG_5kDa 

[passive] 
Spherical 22 -25.9 

Murine Ehrlich ascites carcinoma 

(EAC) s.c. inoculated to right 

flank of mice (22–25 g) 

[breast/allograft heterotopic] 

~0.5 cm3 

 

~0.5 g 

10 

 

(1 d) 

1.17 25 

Gold 
PEG_5kDa 

[passive] 

AR 4.1 

Rod 

37.4 

60×15 

(TEM) 

-11 Human prostate carcinoma 

(DU145) s.c. inoculated to flank 

of mice (28 g) 

[prostate/xenograft heterotopic] 

~0.2 cm3 

 

~0.2 g 

8 

(3 d) 
2.81 

26 
Cage 

(Cubic) 

50 

50×50 

(TEM) 

-9.2 
4.1 

(3 d) 
3.83 

Gold 
PEG_3.3kDa 

[passive] 
Spherical 

4.5 

(TEM) 
NA 

Murine melanoma (B78H1) 

orthotopically transplanted to 

mice (18–20 g) 

[skin/allograft orthotopic] 

0.4 cm3 

 

~0.5 g 

1.7 

 

(7 d) 

7.13 27 

Gold- 

iron oxide  

PEG_2kDa; 

Affibody protein 

[active] 

Spherical 24.4 -28.6 

Human epithelial carcinoma 

(A431) s.c. inoculated to 

shoulder of mice (20 g)  

[skin/xenograft orthotopic] 

~0.2 cm3 

 

~0.3 g 

10 

 

(2 d) 

1.09 28 

Iron oxide 

PEG_5kDa and 

silica coating; 

Trastuzumab  

antibody 

[active] 

Spherical 
16 

(TEM) 
NA 

Human breast carcinoma  

(SkBr3) s.c. inoculated to flank 

of mice (20–25 g) 

[breast/xenograft heterotopic] 

~0.1 cm3 

 

~0.1 g 

22.5 

 

(2 d) 

0.70 29 

Iron oxide 

Starch shell  

modified with  

PEG_1kDa and  

PSMA antigen 

[active] 

Spherical 139.1 -11.6 

Human prostate carcinoma  

(PC-3 PIP & PC-3 flu)  

s.c. inoculated to opposite front 

flanks of mice (22 g) 

[prostate/xenograft heterotopic] 

~0.1 cm3 

 

~0.2 g 

11.4 

 

(4 d) 

0.37 30 
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Iron oxide 

PEG_5kDa 

[passive] 

Spherical 

68 

(assumed) 
NA Human glioblastoma (U87MG) 

s.c. inoculated to flank of mice 

(26 g) 

[brain/xenograft heterotopic] 

~0.2 cm3 

 

~0.2 g 

10 

 

(2 d) 

0.56 

31 PEG_5kDa; 

cRGD peptide 

[active] 

68 NA 1.17 

Iron oxide 
Dopamine; HSA  

 [passive] 
Spherical 50.8 NA 

Murine breast carcinoma (4T1) 

s.c. inoculated to right flank of 

mice (24 g) 

[skin/allograft heterotopic] 

0.5 cm3 

 

0.6 g 

5 

 

(1 d) 

1.14 32 

Iron oxide 

PEG; DOTA; 

ChL6 mAb; 

[active] 

Spherical 
20 

(TEM) 
NA 

Human breast adenocarcinoma 

(HBT3477) s.c. inoculated on 

both sides of abdomen of mice 

(26 g) 

[breast/xenograft heterotopic] 

~0.2 cm3 

 

~0.6 g 

84.6 

 

(4 d) 

5.11 33 

Iron oxide 

Trastuzumab 

antibody 

[active] 

Spherical 

39.4 -4.5 

Human gastric carcinoma (N87) 

s.c. inoculated to the hind flank 

of mice (22 g) 

 

 

[stomach/xenograft heterotopic] 

~2 g 

 

 

(NA, 

estimated) 

21.4 

 

 

 

(3 d) 

5.26 

34 

IgG antibody 

[active] 
40.3 -3.3 4.97 

Anti-HER2 scFv 

antibody 

[active] 

22.3 -4.6 9.36 

Anti-HER2 peptide 

[active] 28.1 -0.6 7.42 

Silica 

 

(HMSN) 

PEG_5kDa; 

cRGDyK peptide 

[active] Spherical 

226.2 -3.5 Human glioblastoma (U87MG) 

s.c. inoculated to flank of mice 

(28 g) 

[brain/xenograft heterotopic] 

~0.2 cm3 

 

~0.2 g 

9.5 

 

(18 h) 

1.28 
35 

PEG_5kDa 

[passive] 219.4 -3.6 0.74 
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Silica 
Polypyrrole 

[passive] 
Spherical 59 -7.4 

Murine mammary carcinoma 

(4T1) s.c. inoculated to right rear 

flank of mice (20 g) 

[breast/allograft heterotopic] 

~0.1 cm3 

 

~0.1 g 

10 

 

(1 d) 

0.34 36 

Silica 

 

(MSN) 

PEG_5kDa 

[passive] 

Spherical 

125.2 -10.9 Human glioblastoma (U87MG) 

s.c. inoculated to front flank of 

mice (28 g) 

[brain/xenograft heterotopic] 

~0.1 cm3 

 

~0.1 g 

9.5 

 

(22 h) 

0.18 

37 
PEG_5kDa; 

VEGF ligand 

[active] 

129 -10.2 0.50 

Silica 

 

(HMSN) 

PEG_5kDa 

[passive] 

Spherical 

194.4 

(assumed) 

-5.1 

(assumed) Murine mammary carcinoma 

(4T1) s.c. inoculated to front 

flank of mice (28 g) 

[breast/allograft heterotopic] 

~0.2 cm3 

 

~0.2 g 

9.5 

 

(1 d) 

0.63 

38 PEG_5kDa; 

TRC105 antibody 

[active] 

194.4 -5.1 1.60 

Silica 

 

(MSN) 

PEG_5kDa 

[passive] 

Spherical 

175.3 

(assumed) 

-3.3 

(assumed) Murine mammary carcinoma 

(4T1) s.c. inoculated to the front 

flank of mice (28 g) 

[breast/allograft heterotopic] 

~0.2 cm3 

 

~0.2 g 

9.5 

 

(2 d) 

0.41 

39 PEG_5kDa; 

TRC105(Fab) 

antibody 

[active] 

175.3 -3.3 0.84 

Silica 

PEG_0.5kDa 

[passive] 

Spherical 

6.8 0 c Human melanoma (M21) s.c. 

inoculated to hind leg of mice 

(27 g) 

[skin/xenograft orthotopic] 

0.2 cm3 

 

~0.2 g 

0.5  

(4 d) 
0.07 

40 PEG_0.5kDa; 

cRGDY peptide 

[active] 
7 -3 c 

0.5  

(7 d) 
0.17 

Silica 

 

(MSN) 

PEG_5kDa 

[passive] 

Spherical 

150.2 -2.3 Murine mammary carcinoma 

(4T1) s.c. inoculated to the front 

flank of mice (20 g) 

[breast/allograft heterotopic] 

~0.2 cm3 

 

~0.2 g 

9.5 

 

(2 d) 

0.52 

41 PEG_5kDa; 

TRC105 antibody 

[active] 
168 -2.7 0.95 
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Enzyme & 

iron oxide 

entrapped 

dendritic 

MSN 

PEG_5kDa;  

Fe3O4 NPs; Natural 

glucose oxidase 

[passive] 

Spherical 255.3 -27.6 

Murine mammary carcinoma 

(4T1) s.c. implanted to mammary 

fat pad of mice (16 g) 

[breast/allograft orthotopic] 

30 mm3 

 

~0.04 g 

10 

 

(2 d) 

0.22 42 

Liposome 

coated 

HMSN 

PEG_2kDa- 

liposome coating 

[passive] 

Spherical 210 27 

Human hepatocellular carcinoma 

(HepG2) s.c. inoculated to front 

armpit of mice (16–18 g) 

[liver/xenograft heterotopic] 

0.5 cm3 

 

0.6 g 

8 

 

(1 d) 

0.88 43 

Liposome 

coated 

HMSN 

PEG_2kDa-

liposome coating 

[passive] 

Spherical 243 -11.7 

Murine melanoma (B16-F10) 

orthotopically inoculated to the 

right flank of mice (20 g) 

[skin/allograft orthotopic] 

~0.1 cm3 

 

~0.1 g 

750 

 

(2 d) 

6.06 44 

Silica 

 

(MSN) 

RBC membrane 

vesicle coating 

[passive] 

Spherical 107.7 -14 

Murine mammary carcinoma 

(4T1) injected to right mammary 

gland of mice (20 g) to establish 

spontaneous tumor model 

[breast/allograft orthotopic] 

~0.3 cm3 

 

~0.4 g 

5 

 

(1 d) 

2.12 45 

Hollow 

mesoporous 

silica 

PEG_3.5kDa; 

PDA coating 

[passive] AR 2.5 

 

Rod 

210 

 

200×80 

(TEM) 

24.1 

Murine mammary carcinoma 

(4T1) orthotopically 

administered to right mammary 

fat pad of mice (20 g) 

[breast/allograft orthotopic] 

0.7 cm3 

 

~0.8 g 

5 

 

(2 d) 

6.35 

46 PEG_3.5kDa; 

PDA coating; 

Folic acid 

[active] 

16.64 

Magnetic 

silica 

 

(MSN) 

Fe3O4 NPs 

[passive] 
Spherical 

18.7 

(TEM) 
NA 

Murine colon adenocarcinoma 

(C-26) s.c. inoculated to right 

flank of mice (20 g) 

[colon/allograft heterotopic] 

~0.1 cm3 

 

~0.2 g 

12 

 

(2 d) 

0.29 47 

Polymer and 

carbon 

coated silica 

PGA & MHPCNs 

coating; 

Folic acid 

[active] 

Spherical ~210 -31.6 

Human cervical carcinoma 

(HeLa) s.c. inoculated to flank of 

mice (20 g) 

[cervix/xenograft heterotopic] 

~0.1 cm3 

 

~0.1 g 

10 

 

(2 d) 

2.62 48 
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Periodic 

mesoporous 

organosilica 

Copper sulfide 

capped 

[passive] 

Spherical 222.6 -17.9 

Murine sarcoma cell line (S180) 

s.c. inoculated to shoulder of 

mice (15–20 g) 

[other cancer type/ 

allograft orthotopic] 

0.1 cm3 

 

~0.1 g 

5 

 

(1 d) 

5.12 49 

Silica coated 

Mn3O4 

PEG_0.6kDa; 

Silica shell; 

Aptamer AS411 

[active] 

Spherical 53.2 -12.4 

Human cervical carcinoma 

(HeLa) s.c. inoculated to left 

flank of mice (31 g) 

[cervix/xenograft heterotopic] 

~1.1 cm3 

 

~1.3 g 

16 

 

(1 d) 

5.83 50 

NaGdF4 

PEG_2kDa; 

(cRGDyK)2 peptide 

[active] 

Spherical 32 NA 

Human glioblastoma  

(U87MG) s.c. inoculated to 

shoulder of mice (20–24 g) 

[brain/xenograft heterotopic] 

~1.8 cm3 

 

~2.1 g 

90.9 

 

(22 h) 

4.28 51 

MoS2/Fe3O4 

composite 

PEG_0.4kDa 

[passive] 
Flake 190.1 -21.9 

Human pancreatic 

adenocarcinoma (PANC-1) s.c. 

inoculated to backside of mice 

(18 g) 

[pancreas/xenograft heterotopic] 

0.1 cm3 

 

~0.1 g 

20 

 

(7 d) 

0.21 52 

CaP 
PEG_12kDa 

[passive] 
Spherical 80 -0.5 

Murine colon adenocarcinoma 

(C-26) s.c. inoculated in mice 

[colon/allograft heterotopic] 

0.1 cm3 

 

~0.1 g 

11 

 

(1 d) 

0.37 53 

MnO 

PEG_1.9kDa; 

cRGD peptide 

[active] 

Spherical 100 3 c 

Human lung adenocarcinoma 

(A549) s.c. inoculated to right 

flank of mice (18 g) 

[lung/xenograft heterotopic] 

65 mm3 

 

~0.1 g 

0.5 

 

(4 h) 

41.69 54 

Mg2Al 

layered 

double 

hydroxide 

BSA coating 

[passive] 
Sheet 150 -19 

Murine mammary carcinoma 

(4T1) s.c. inoculated to the flank 

of mice (20 g) 

[breast/allograft heterotopic] 

~0.2 cm3 

 

~0.2 g 

1.2 

 

(1 d) 

1.69 55 

Cobalt 

nanotube 

Folate 

[active] 

AR 38.2 

 

Rod 

166.8 

 

325×9 

(TEM) 

-14.6 

Human cervical carcinoma 

(HeLa) s.c. inoculated to flank of 

mice (20–22 g) 

[cervix/xenograft heterotopic] 

~0.2 cm3 

 

~0.2 g 

5 

 

(1 d) 

0.23 56 
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AuNPs 

coated 

fullerene 

PEG_5kDa 

[passive] 
Spherical 

112.2 -9.8 
Murine sarcoma cell line (S180) 

s.c. inoculated to shoulder of 

mice (18–20 g) 

[other cancer type/ 

allograft orthotopic] 

~0.1 cm3 

 

~0.1 g 

5 

 

(12 h) 

0.75 

57 

143.4 -12.7 0.59 

Bi2Se3 

HSA and PDA 

coating 

[passive] 

Spherical 112 -14.4 

Human cervical carcinoma 

(HeLa) s.c. inoculated to flank of 

mice (20–22 g) 

[cervix/xenograft heterotopic] 

~0.4 cm3 

 

~0.5 g 

25 

 

(1 d) 

1.99 58 

Calcium 

phosphate 

PEG_12kDa 

[passive] 
Spherical 60 -0.5 

Murine colon adenocarcinoma 

(C-26) s.c. inoculated to right 

femoral of mice (18 g)  

[colon/allograft heterotopic] 

0.1 cm3 

 

~0.1 g 

9.1 (3x) 

 

(1.25 d) 

0.89 59 

Gd3N 

PEG_5kDa; 

C80 encapsulated 

[passive] 

Spherical 49.2 

NA 

 

(assumed 

neutral) 

Murine colon adenocarcinoma 

(C-26) s.c. inoculated to right 

femoral of mice (23 g)  

[colon/allograft heterotopic] 

0.1 cm3 

 

~0.1 g 

0.7 

 

(3.1 d) 

0.31 60 

Hollow 

mesoporous 

CuS 

Transferrin 

[active] 
Spherical 205 -25.5 

Human breast adenocarcinoma 

(MCF-7) s.c. inoculated to 

shoulder of mice (20 g) 

[breast/xenograft heterotopic] 

0.1 cm3 

 

~0.1 g 

35 

 

(4 d) 

0.04 61 

Polymeric 

PLG160-g- 

PEG_5kDa 

[passive] 

Spherical 36.7 -8.5 

Murine Lewis lung carcinoma 

(LLC) s.c. inoculated to right 

flank of mice (17 g) 

[lung/allograft heterotopic] 

0.2 g 

CDDP: 5 

 

(2 d) 

1.26 62 

Polymeric 

PAMAM-PLA-b-

PEG5kDa; 

TRC105 antibody 

[active] Spherical 

37 NA Murine mammary carcinoma 

(4T1) s.c. inoculated to front 

flank of mice (20 g) 

[breast/allograft heterotopic] 

180 mm3 

 

~0.2 g 

0.3 

 

 

(2 d) 

0.91 

63 

PAMAM-PLA-b-

PEG5kDa 

[passive] 

37 NA 0.50 



17 
 

Polymeric 

Cy7-labeled 

PEG_5kDa- 

b-p(HPMAm-Bz) 

loaded with Cy5.5-

based 

model drug 

[passive] 
Spherical 

72 -0.5 Human epithelial carcinoma 

(A431) orthotopically inoculated 

to right flank of mice (22.5 g) 

 

 

[skin/xenograft orthotopic] 

100 mm3 

 

 

 

~0.1 g 

14.2 

 

 

 

(2 d) 

1.04 

64 

Cy7-labeled 

PEG_5kDa- 

b-p(HPMAm-Bz) 

[passive] 

72 -0.5 1.16 

Polymeric 

Pluronic P105;  

F127 

[passive] 

Spherical 22.3 -1.5 

Human breast adenocarcinoma  

(MCF-7/ADR) s.c. inoculated to 

right hind leg of mice (20 g) 

[breast/xenograft heterotopic] 

~0.3 cm3 

 

 

~0.3 g 

DOX: 2 

PTX: 3 

 

(2 d) 

0.17 65 

Polymeric 

PEG_2kDa 

[passive] Mixed 

 

spherical/ 

cylindrical 

89 -7 
Human epidermoid carcinoma 

(A431) s.c. inoculated in 

forelimb oxter of mice (21–23 g) 

[skin/xenograft orthotopic] 

30 mm3 

 

 

~0.04 g 

PTX: 5 

 

 

(8 h) 

0.02 

66 PEG_2kDa; 

C225 cetuximab 

antibody  

[active]  

88 -24.2 0.06 

Polymeric 
PLGA 

[passive] 

AR 4.0 

Rod 

227 

320×80 

(TEM) 

-3.2 Human ovarian carcinoma 

(SKOV-3) s.c. inoculated to the 

right flank of mice (14–18 g) 

[ovary/xenograft heterotopic] 

150 mm3 

 

 

~0.2 g 

DTX: 10 

 

 

(7 d) 

0.30 

67 

Cylinder 

(Cubic) 

263 

200×200 

(TEM) 

-3.4 0.23 

Polymeric 

PLGA; 9% DTX 

[passive] 

AR 4.0 

Rod 

216 

320×80 

(TEM) 

-3.1 Human alveolar adenocarcinoma 

(A549) s.c. inoculated to the 

right flank of mice (20 g) 

[lung/xenograft heterotopic] 

150 mm3 

 

 

~0.2 g 

DTX: 10 

 

 

(7 d) 

0.08 

68 

PLGA; 20% DTX 

[passive] 

AR 4.0 

Rod 

216 

200×200 

(TEM) 

-3.4 0.09 
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Polymeric 

PEG_2kDa;  

Folic acid; 

PLGA 

[active] Spherical 

274.1 -12.1 
Human breast adenocarcinoma  

(MDA-MB-231) s.c. injected to 

the right flank of mice (20 g) 

[breast/xenograft heterotopic] 

~0.2 cm3 

 

 

~0.2 g 

1.25 

 

 

(12 h) 

1.26 
69 

PLGA 

[passive] 
216.6 -14.3 0.42 

Polymeric 

DACHPt-loaded 

micelles;  

PEG-b-P(Glu) 

copolymer;  

P(Glu) 

homopolymer 

[passive] 

Spherical 

30 -2.3 
Murine colon adenocarcinoma 

(C-26) s.c. inoculated in mice  

(20 g)  

[colon/allograft heterotopic] 100 mm3 

 

 

~0.1 g 

5 

 

 

(1 d) 

0.80 

70 

54 -1.6 0.82 

69 -0.9 0.91 

110 0.2 0.70 

30 -2.3 
Human pancreatic 

adenocarcinoma (BxPC3) s.c. 

inoculated in mice (20 g)  

[pancreas/xenograft heterotopic] 

0.98 

54 -1.6 0.63 

69 -0.9 0.39 

110 0.2 0.39 

Polymeric 

Hydrazine; 

PEG_2kDa;  

Folic acid 

[active] 

Spherical 

70.9 4 c 

Murine mammary carcinoma 

(4T1) s.c. inoculated to the right 

back of mice (20 g) 

 

[breast/allograft heterotopic] 

50 mm3 

 

 

 

0.06 g 

DOX: 5 

 

 

 

(1 d) 

0.63 

71 
Carbamate;  

PEG_2kDa;  

Folic acid 

[active] 

86.6 2 c 0.49 

PEG_2kDa-PCL 

[passive] 
64 c 3 c 0.36 

Polymeric 

Cross-linked 

PEG_9.5kDa;  

Carborane 

Tyrosine 

[passive] Spherical 

88.9 -0.5 Murine colon adenocarcinoma 

(C-26) s.c. inoculated to the back 

of mice (22 g) 

 

[colon/allograft heterotopic] 

100 mm3 

 

 

 

~0.1 g 

1.3 

 

 

 

(1 d) 

0.33 

72 

Non-cross-linked 

PEG_9.5kDa;  

Tyrosine 

[passive] 

87.1 -1 0.21 
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Polymeric 

PEG 

[passive] 

Spherical 

64.2  -0.4 

Human cervix carcinoma  

(KB, HeLa derivative) 

transplanted to abdominal region 

of mice (20 g) 

 

[cervix/xenograft heterotopic] 

100 mm3 

 

 

 

~0.1 g 

ADR: 10 

 

 

 

(1 d) 

0.67 

73 

PEG; 5% folate 

[active] 
68.4  -1.1 0.59 

PEG; 10% folate 

[active] 
69.2 -2 0.73 

PEG; 25% folate 

[active] 
72.5 -2.3 0.68 

PEG; 50%  

[active] 
77.5  -7 0.78 

PEG; 100% folate 

[active] 
91.3  -9.3 0.74 

Polymeric 

DACHPt-loaded 

micelles; 

PEG_12kDa 

[passive] 

Spherical 40 -2 c 

Murine colon adenocarcinoma 

(C-26) s.c. inoculated in mice  

(20 g) 

[colon/allograft heterotopic]  

0.2 g 

5 

 

(3 d) 

1.54 74 

Polymeric 

PEG_0.4kDa; 

cRGD peptide 

[active] 

Spherical 22.5 0 c 

Murine mammary 

adenocarcinoma (Cl-66) injected 

to mammary fat pad of mice  

(19 g) 

[breast/allograft orthotopic] 

625 mm3 

 

~0.8 g 

13.2 

 

(5 d) 

4.52 75 

Polymeric 
PEG_12kDa 

[passive] 
Spherical 65 -2 c 

Murine colon adenocarcinoma 

(C-26) s.c. inoculated in mice  

(20 g) 

[colon/allograft heterotopic] 

100 mm3 

 

~0.1 g 

ADR: 10 

 

(2 d) 

1.13 76 

Polymeric 

Pyrene-ended 

poly(DL-lactic acid) 

[passive] 

Spherical 222 NA 

Murine sarcoma cell line (S180) 

s.c. inoculated to axillary of mice 

(30 g) 

[other cancer type/ 

allograft orthotopic] 

350 mm3 c 

 

~0.4 g 

20 

 

(2 d) 

1.95 77 
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Polymeric 

PEG_1.6kDa; 

Folate 

[active] 
Spherical 

20 

(assumed) 
NA 

Human nasopharyngeal 

epidermal carcinoma  

(KB, HeLa derivative) s.c. 

inoculated to the nape of the neck 

of mice (20–25 g) 

[cervix/xenograft heterotopic] 

~55 mg 

4 

 

 

(1 d) 

0.24 

78 

PAA-b-PMA 

[passive] 
20 NA 0.30 

Polymeric 
PLGA 

[passive] 
Spherical 133.5 -15.8 

Murine Ehrlich ascites carcinoma 

(EAC) s.c. inoculated to right 

hind leg of mice (25–30 g) 

[breast/allograft heterotopic] 

1 cm3 

 

1.2 g 

LTZ: 11.1 

 

(1 d) 

0.95 79 

Polymeric 

Rhodamine B 

labeled 

carboxymethyl 

chitosan  

[passive] 

Spherical 

149.2 -13.2 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated to axillary 

region of mice (18–22 g) 

[liver/allograft heterotopic] 

100 mm3 

 

~0.1 g 

100 

 

(1 d) 

10.53 

80 

157.3 -23.2 8.84 

156 -38.4 7.66 

456.5 -25.1 3.59 

Rhodamine B 

labeled chitosan 

hydrochloride  

[passive] 

150.1 14.8 

15 

 

(1 d) 

1.94 

150.6 25.5 2.96 

152.7 34.6 3.94 

300.7 24.4 1.77 

Polymeric 

DACHPt-loaded 

micelles; 

PEG_12kDa 

[passive] 

Spherical 40 -4 

Murine colon adenocarcinoma 

(C-26) s.c. inoculated in mice  

(20 g) 

[colon/allograft heterotopic] 

100 mm3 

 

~0.1 g 

5 

 

(3 d) 

0.94 81 

Polymeric 

PEI_25kDa 

[passive] 

Spherical 

399 38.1 Murine Ehrlich ascites carcinoma 

(EAC) s.c. inoculated to left hind 

flank of mice (25–30 g) 

[breast/allograft heterotopic] 

~1.8 cm3 

 

~2.2 g 

0.05 (1 d) 0.62 

82 3% chondroitin 

sulfate-PEI  

[passive] 

276 16.4 0.36 (1 d) 3.28 
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Graphene 

oxide 

NOTA; 

PEG_5kDa 

[passive] 

Flake 

26.2 -16.4 Murine mammary carcinoma 

(4T1) s.c. inoculated to the flank 

of mice (20 g) 

 

[breast/allograft heterotopic] 

~0.2 cm3 

 

 

~0.2 g 

5 

 

 

(2 d) 

0.46 

83 NOTA; 

PEG_5kDa; 

TRC105 antibody 

[active] 

37 -2 0.99 

Graphene 

oxide 

NOTA; 

PEG_10kDa 

[passive] 

Flake 

21.9 -9.5 Murine mammary carcinoma 

(4T1) s.c. inoculated to front 

flank of mice (20 g) 

 

[breast/allograft heterotopic] 

~0.2 cm3 

 

 

~0.2 g 

5 

 

 

(2 d) 

0.46 

84 NOTA; 

PEG_10kDa; 

TRC105 antibody 

[active] 

27 -0.1 0.89 

Graphene 

oxide 

PEG_4kDa 

[passive] 
Flake 

90 

50×1.9 

(AFM) 

-30 c 

Murine melanoma (B16-F10)  

s.c. inject to right arm of mice 

(18–20 g) 

[skin/allograft orthotopic] 

200 mm3 

 

~0.2 g 

PTX: 50 

 

(1 d) 

9.72 85 

Graphene 

oxide 

NOTA; 

PEG_5kDa 

[passive] 

Flake 

27.7 -9.5 
Human glioblastoma (U-87MG) 

s.c. inoculated to flank of mice 

(20 g) 

[brain/xenograft heterotopic] 

60 mm3 

 

 

~0.07 g 

5 

 

 

(2 d) 

0.21 

86 NOTA; 

PEG_5kDa; 

VEGF121 ligand 

[active] 

32.9 -5 c 0.37 

Graphene 

oxide 

NOTA; 

PEG_5kDa 

[passive] 

Flake 

21.9 -9.5 
Murine mammary carcinoma 

(4T1) s.c. inoculated to front 

flank of mice (20 g) 

[breast/allograft heterotopic] 

~0.2 cm3 

 

 

~0.2 g 

5 

 

 

(1 d) 

0.68 

87 NOTA; 

PEG_5kDa; 

TRC105 antibody 

[active] 

27 -0.1 1.04 
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Single-walled 

carbon 

nanotubes  

 

(SWCNTs) 

PEG_2kDa 

[passive] 

AR 80 

 

 

Rod 

2.5×200 

 

 

(AFM) 

NA 

Human glioblastoma (U-87MG) 

s.c. inoculated to the front left leg 

of mice (25 g) 

[brain/xenograft heterotopic] 

~250 mm3 

 

 

 

~0.3 g 

0.04 

 

 

 

(1 d) 

0.79 

88 

PEG_2kDa; 

RGD peptide 

[active] 

1.25 

PEG_5.4kDa 

[passive] 
1.14 

PEG_5.4kDa; 

RGD peptide 

[active] 

3.56 

Liposomes 

DPPC; Cholesterol; 

DSPE-PEG_2kDa; 

Iohexol; 

GH680 

[passive]  

Spherical 96.4 -59.4 

Human cervical carcinoma 

(ME180) orthotopically  

inoculated in mice (21 g) 

[cervix/xenograft orthotopic] 

~500 mm3 

 

~0.6 g 

1220 

 

(5 d) 

1.91 89 

Liposomes 
PEG_2kDa 

[passive] 
Spherical 79.1 -36.1 

BALB/c TP53(-/-) mammary 

adenocarcinoma transplanted to 

mammary fat pad of mice (23 g) 

[breast/allograft orthotopic] 

~0.1 cm3 

 

~0.1 g DOX: 6 

 

 

 

(4 d) 

0.15 

90 
Mice (23 g) carrying a transgene 

(C3-Tag) were bred in house 

until tumor size reaching >0.5 cm 

in any dimension 

[breast/other tumor model] 

~0.1 cm3 

 

~0.1 g 

0.43 

Lipid 

nanocarrier 

 

(Liposomes) 

Alendronate-

hyaluronate grafted 

polymer 

[active] 

Spherical 386 c 20 c 

Murine Ehrlich ascites carcinoma 

(EAC) s.c. inoculated to right 

hind flank of mice (25–30 g) 

[breast/allograft heterotopic] 

~600 mm3 

 

~0.7 g 

13.1 

 

(1 d) 

1.66 91 
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Liposomes 
DSPE-PEG_2kDa 

[passive] 
Spherical 120 0 c 

Syngeneic murine mammary 

carcinoma (MET1) transplanted 

to mammary fat pad of mice  

(15–25 g) 

[breast/allograft orthotopic] 

~0.2 g 

50 

 

(2 d) 

0.93 92 

Lipid 

nanocapsule 

 

(Liposomes) 

PEG_0.9kDa 

[passive] 
Spherical 

25 -3 Human embryonic kidney cell 

line (HEK293(β3)) s.c.  

inoculated in mice (27 g) 

[kidney/xenograft heterotopic] 

~65 mm3 

 

~0.08 g 

741 

 

(1 d) 

0.10 

93 51 -4 0.06 

93 -6 0.07 

Liposomes 

PEG-nido-

carborane 

[passive] 

Spherical 

168 c NA Murine colon adenocarcinoma 

(C-26) s.c. inoculated to back of 

mice (20–25 g) 

 

[colon/allograft heterotopic] 

~270 mm3 

 

 

~0.3 g 

11.1 

 

 

(3 d) 

0.52 

94 PEG-nido-

carborane;  

Transferrin 

[active] 

225 c NA 0.88 

Lipid 

nanocapsule 

 

(Liposomes) 

DSPE-PEG_2kDa 

[passive] 
Spherical 118 0 c 

Murine colon adenocarcinoma 

(C-26) s.c. inoculated to back 

regions of mice (18–21 g) 

[colon/allograft heterotopic] 

20 mm3×3 

 

~0.07 g 

15 

 

(1 d) 

0.55 95 

Liposomes 
PEG_2kDa 

[passive] 
Spherical 200 -2 

Human anaplastic thyroid 

carcinoma (ARO) s.c. inoculated 

to the flank of mice (25–30 g) 

[other cancer type/ 

xenograft heterotopic] 

~400 mm3 

 

~0.5 g 

145.5 

 

(1 d) 

0.43 96 

Liposomes 
PEG 

[passive] 
Spherical 100 0 c 

Human melanoma (A375) s.c. 

inoculated to right flank of mice 

(21 g) 

[skin/xenograft orthotopic] 

~1.25 g 

1 

 

(3 d) 

0.96 97 
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Hyaluronic 

acid 

hydrogel 

HA;  

HP-β-cyclodextrin 

(HPCD); 

Vitamin E 

succinate (VES)  

[active] 

Spherical 

200.8 -14 

Murine mammary carcinoma 

(4T1) s.c. inoculated to right 

flank of mice (18–20 g) 

 

 

[breast/allograft heterotopic] 

~125 mm3 

 

 

 

 

~0.15 g 

DOX: 10 

 

 

 

 

(1 d) 

0.04 

98 

HA bearing 2 

PEG_5kDa chains; 

HPCD; VES 

[active]  

217.4 -13.5 0.05 

HA bearing 5 

PEG_5kDa chains; 

HPCD; VES 

[active] 

225.8 -13.1 0.09 

HA bearing 10 

PEG_5kDa chains; 

HPCD; VES 

[active] 

241.7 -10.8 0.07 

Hyaluronic 

acid 

hydrogel 

HA modified with  

methacrylic 

anhydride 

[active] 

Spherical 50 -45 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated to left flank 

of mice (20–25 g) 

[liver/allograft heterotopic] 

50 mm3 

 

0.06 g 

DOX: 4.5 

 

(3 d) 

0.12 99 

Heparin-

based 

hydrogel 

Heparin 

copolymerized with 

cystamine 

bisacrylamide 

[passive] 

Spherical 87.5 -30 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated to left flank 

of mice (20–25 g) 

[liver/allograft heterotopic] 

~50 mm3 

 

0.06 g 

DOX: 4 

 

(1 d) 

0.44 100 

Chitosan  

hydrogel 

Chitosan 

[passive] 

Spherical 

146 9 c 
Murine hepatocellular carcinoma 

(H22) s.c. inoculated to right 

limb armpit of mice (20–25 g) 

[liver/allograft heterotopic] 

~70 mm3 

 

 

~0.08 g 

4 

 

(1 d) 

0.22 

101 
Chitosan; 

Bradykinin-

potentiating peptide 

[active] 

138.5 9 c 0.25 
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Hyaluronic 

acid 

hydrogel 

HA-PEI_10kDa; 

HA-PEG_2kDa; 

Indocyanine green 

[active] 

Spherical 200 -14.6 

Human alveolar adenocarcinoma 

(A549DDP) s.c. inoculated to right 

shoulder of mice (20 g) 

[lung/xenograft heterotopic] 

200 mm3 

 

~0.2 g 

0.5×3 

 

(3 d) 

0.37 102 

Gelatin  

hydrogel 

Thiolated gelatin 

[passive] 

Spherical 

132.6 -24.6 

Human pancreatic 

adenocarcinoma (PANC-1) s.c. 

inoculated to left flank of mice 

(20 g) 

 

[pancreas/xenograft heterotopic] 

150 mm3 

 

 

 

~0.2 g 

0.75 

 

 

 

(1 d) 

0.84 

103 

Thiolated gelatin; 

PEG_2kDa 

[passive] 

179 -22.3 1.39 

Thiolated gelatin; 

PEG_2kDa; 

EGFR peptide 

[active] 

230.8 -18.1 2.40 

Alginic acid  

hydrogel 

Alginic acid 

[passive] 
Spherical 132 -34.2 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated to right 

armpit of mice (25 g) 

[liver/allograft heterotopic] 

150 mm3 

 

~0.2 g 

DOX: 4 

 

(3 d) 

0.68 104 

Cellulose 

hydrogel 

Methacrylated  

carboxymethyl  

cellulose;  

Cystamine  

Bisacrylamide 

[passive] 

Spherical 193 -25.7 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated to left flank 

of mice (20–25 g) 

[liver/allograft heterotopic] 

100 mm3 

 

~0.1 g 

DOX: 5 

 

(3 d) 

0.18 105 

Dendrimers 

vs. 

copolymers 

PAMAM G7.0 

dendrimers 

[passive] 
Spherical 

8 -1.3 
Human ovarian carcinoma 

(A2780) orthotopically 

inoculated to left ovarian bursa 

of mice (30 g) 

[ovary/xenograft heterotopic] 

~1.8 cm3 

 

 

~2.1 g 

20 

(7 d) 
9.87 

106 
HPMA copolymers  

(52 kDa) 

[passive] 

6.6 -1.5 
40 

(1 d) 
3.23 

Dendrimers 

Lysine G6.0 

[passive] 

Spherical 

5.9 19.8 
Murine colon adenocarcinoma 

(C-26) s.c. inoculated to back of 

mice (25–27 g) 

[colon/allograft heterotopic] 

100 mm3 

 

~0.1 g 

1 

 

(1 d) 

0.27 

107 Lysine G6.0; 

76 PEG_5kDa 

chains 

[passive] 

16.9 -6.5 1.37 
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Dendrimers 

PAMAM G5.0 

[passive] 

Spherical 

5 

(reported 

as <5 nm) 

NA 

Human carcinoma  

(KB, HeLa derivative)  

s.c. inoculated to flank of mice 

(21 g) 

[cervix/xenograft heterotopic] 

~0.9 cm3 

 

~1.1 g 

8.3 (7 d) 2.09 

108 PAMAM G5.0; 

Folic acid 

[active] 

9.5 (7 d) 7.97 

Dendrimers 

vs. 

copolymers 

HPMA copolymers  

(131 kDa) 

[passive] 

Spherical 16.4 -19.2 

Human ovarian carcinoma 

(A2780) orthotopically 

inoculated to left ovarian bursa 

of mice (30 g) 

[ovary/xenograft heterotopic] 

~1.8 cm3 

 

~2.1 g 

20 

 

(7 d) 

3.34 109 

Tabacco 

mosaic  virus 

PEG_8kDa 

[passive] 

AR 16.7 

 

Rod 

95 c 

30018 

(TEM) 

-36 c 

Human glioblastoma  

(U-87MG) s.c. inoculated to 

flank of mice (20 g) 

[brain/xenograft heterotopic] 

~0.2 cm3 c 

 

~0.2 g 

0.05 

 

(3 d) 

0.05 110 

Anticancer 

drug 

 

(HCPT) 

HCPT 

PEGylated with 

C18-PMH-PEG 

[passive] 

AR 1.3 

Rod 
163 

-4.3 

Murine mammary carcinoma 

(4T1) s.c. inoculated to right 

shoulder of mice (20 g) 

 

[breast/allograft heterotopic] 

~100 mm3 

 

 

~0.1 g 

HCPT: 10 

 

 

(1 d) 

3.41 

111 

AR 2.0 

Rod 
221 2.81 

AR 3.2 

Rod 
324 2.33 

AR 4.0 

Rod 
402 2.04 

Solid lipid  

NPs 

DOPE; 

Cholesterol; 

DC-cholesterol 

[passive] 

Spherical 

85.8 71.3 
Human lung adenocarcinoma 

(H1975) s.c. inoculated to flank  

region of mice (20 g) 

 

 

 

[lung/xenograft heterotopic] 

~75 mm3 

 

 

~0.09 g 

50 

 

 

(1 d) 

0.15 

112 DOPE; 

Cholesterol; 

DC-cholesterol; 

PEG_5kDa 

[passive] 

134.7 0.6 0.36 
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DOPE; 

Cholesterol; 

DC-cholesterol; 

PEG_5kDa; 

Cetuximab 

antibody 

[active] 

168.2 -0.8 0.38 

Solid lipid  

NPs 

Tripalmitin 

[passive] 
Spherical 

387 

(SEM) 
-46.6 

Dalton’s lymphoma cells s.c. 

inoculated to right hind leg of 

mice (25–30 g) 

[other cancer type/ 

allograft heterotopic] 

~0.9 cm3 

 

~1.1 g 

3.6 

 

(1 d) 

0.04 113 

Polymer-lipid 

hybrid 

PTX loaded 

[passive] 

Spherical 

164.7 -30.5 

Human glioblastoma (T98G) 

orthotopically injected into the 

right striatum of mice (20 g) 

 

[brain/xenograft orthotopic] 

100 mm3 

 

~0.1 g 

PTX: 10 

 

(1 d) 

0.43 

114 

PTX loaded; 

DSPE-PEG_2kDa; 

Folic acid 

[active] 

175.3 -27.2 0.61 

 PTX-cRGDfK 

peptide conjugate 

(PTXR) loaded 

[passive] 

171.7 -32.8 
100 mm3 

 

 

~0.1 g 

PTX: 10 

 

 

(1 d) 

0.54 

PTXR loaded; 

DSPE-PEG_2kDa; 

Folic acid 

[active] 

186.9 -29.5 0.90 

Polymeric 

PEG_3.5kDa-b-

PLGA polymer 

[passive] 

Spherical 134 NA 

Murine mammary carcinoma 

(4T1) s.c. inoculated to right 

flank of mice (18–20 g) 

[breast/allograft heterotopic] 

100 mm3 

 

~0.1 g 

DOX: 5 

 

(1 d) 

0.03 115 

Polymeric 

Poly(styrene-co-

maleic anhydride) 

copolymer 

[passive] 

Spherical 174 -22.9 

Murine Ehrlich ascites carcinoma 

(EAC) s.c. inoculated to right 

hind leg of mice  

(18–22 g) 

[breast/allograft heterotopic] 

50 mm3 

 

0.06 g 

PTX: 20 

 

(1 d) 

0.03 116 
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Polymeric 

PEG3.4k-PCL8.3k 

copolymer 

[passive] 

Spherical 

98 

-3.4 

Human breast adenocarcinoma 

(MDA-MB-231) orthotopically 

inoculated to mammary fat pad 

of mice (20 g) 

 

 

[breast/xenograft orthotopic] 

60 mm3 

 

 

 

 

~0.07 g 

0.36 

 

 

 

 

(1 d) 

0.14 

117 

PEG3.4k-PCL5.7k 

copolymer 

[passive] 

94 0.85 

PEG3.4k-PCL5.3k 

copolymer 

[passive] 

104 1.39 

PEG3.4k-PCL4.5k 

copolymer 

[passive] 

96 2.76 

PEG3.4k-PCL3.7k 

copolymer 

[passive] 

103 6.94 

Polymeric 

PEG_2kDa-PLGA 

[passive] 

Spherical 

176.6 -23.1 Murine lung carcinoma (M109) 

s.c. transplanted to right flank of 

mice (20 g) 

[lung/allograft heterotopic] 

60 mm3 

 

~0.07 g 

CDDP: 5 

PTX: 12 

 

(1 d) 

0.07 

118 Folate; PEG_2kDa-

PLGA 

 [active] 

185.9 -24.7 0.16 

Polymeric 

Cholesterol; 

DOPA; DSPC; 

DSPE-PEG_2kDa; 

Pyrolipid coating 

[passive] 

Spherical 108 -2.3 

Murine colon adenocarcinoma 

(C-26) s.c. inoculated to the right 

flank of mice (20 g) 

[colon/allograft heterotopic] 

100 mm3 

 

~0.1 g 

CDDP: 3 

 

(2 d) 

1.56 119 

Polymeric 

Cy3 dye labeled; 

PEG_12kDa 

[passive] 

Spherical 49.9 0.1 

Murine colon adenocarcinoma 

(C-26) s.c. inoculated in mice  

(20 g) 

[colon/allograft heterotopic] 

100 mm3 

 

~0.1 g 

16 

 

(2 d) 

0.37 120 

Polymeric 

Dextran 

(polysaccharide) 

[passive] 
Spherical 

50 

(STEM) 
-20 Murine mammary carcinoma 

(4T1) s.c. inoculated to 

mammary fat pad of mice (20 g) 

[breast/allograft orthotopic] 

400 mm3 

 

~0.5 g 

CDDP: 5 

 

(1 d) 

0.94 

121 
Dextran; 

LHRH peptide 

[active] 

55 

(STEM) 
-17 1.43 
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Polymeric 

Chimeric 

polypeptide 

[passive] 

Spherical 
40 

(AFM) 
NA 

Murine mammary carcinoma 

(4T1) orthotopically inoculated 

in the 4th mammary fat pad of 

mice (18–22 g) 

[breast/allograft orthotopic] 

100 mm3 

 

~0.1 g 

DOX: 20 

 

(3 d) 

0.44 122 

Polymeric 

Cholesterol; 

DOPA; DOPC; 

DSPE-PEG_2kDa; 

[passive] 

Spherical 49.5 -1.3 

Murine colon adenocarcinoma 

(C-26) s.c. inoculated in mice  

(20 g) 

[colon/allograft heterotopic] 

100 mm3 

 

~0.1 g 

OP: 3 

 

(2 d) 

0.83 123 

Polymeric 

PEGylated  

PVP-PASP 

[passive] 

Spherical 115 -20 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated on left 

flank of mice (32–36 g) 

[liver/allograft heterotopic] 

20 mm3 

 

~0.02 g 

CDDP: 6 

 

(1 d) 

0.02 124 

Polymeric 

PEG5k-P(HEMA-

SN383.5k) 

[passive] 

Spherical 

35 

-4 

Human cervix adenocarcinoma 

(Bcap37, HeLa derivative) s.c. 

inoculated in mice (20 g) 

 

 

 

[cervix/xenograft heterotopic] 

100 mm3 

 

 

 

 

~0.1 g 

SN38: 5 

 

 

 

 

(1 d) 

0.30 

125 

PEG5k-P(HEMA-

SN383.5k) 

[passive] 

100 0.81 

PEG5k-P(HEMA-

SN387k) 

[passive] 

110 1.00 

PEG20k-P(HEMA-

SN3825k) 

[passive] 

100 1.01 

PEG5k-P(HEMA-

SN383.5k) 

[passive] 

150 0.98 

Polymeric 
PEG_2kDa-PLMB 

[passive] 
Spherical 107.8 NA 

Murine cervical carcinoma (U14) 

s.c. implanted to right leg of mice 

(18–20 g) 

[cervix/allograft heterotopic] 

~75 mm3 

 

0.09 g 

DOX: 2 

 

(3 d) 

0.30 126 
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Polymeric 

PBD1.8k-b-PEO4k; 

PBD1k-b-PAA2.2k 

[passive] 

Star 25 NA 

Human colon carcinoma 

(LS174T) s.c. injected to hind 

limb of mice (20 g) 

[colon/xenograft heterotopic] 

~250 mm3 

 

~0.3 g 

~0.01 g 

 

(5 d) 

1.39 127 

Polymeric 

mPEG_1kDa-s-s- 

vitamin E 

succinate; 

Polymer-based 

liposome coating 

[passive] 

Spherical 113.3 <10 

Murine mammary carcinoma 

(4T1) orthotopically transplanted 

to the 4th mammary fat pad of 

mice (18–20 g) 

[breast/allograft orthotopic] 

~175 mm3 

 

~0.2 g 

DTX: 10 

 

(1 d) 

0.25 128 

Polymeric 

PLGA 

[passive] 

Spherical 

152 -10.3 Murine hepatocellular carcinoma 

(H22) s.c. inoculated to armpit of 

mice (20–25 g) 

[liver/allograft heterotopic] 

50 mm3 

 

0.06 g 

EPI: 5 

 

(1 d) 

0.12 

129 Tat peptide-

conjugated PLGA 

[active] 
157 -8.8 0.22 

Polymeric 

PLA 

[passive] 
Spherical 

135 NA 
Murine sarcoma cell line (S180) 

s.c. inoculated to armpit of mice 

(25 g) 

[other cancer type/ 

allograft orthotopic] 

~125 mm3 

 

0.15 g 

OP: 3 

 

(12 h) 

0.08 

130 
PEG-PLA 

[passive] 
154.6 NA 0.13 

Polymeric 

PEG_2kDa; 

Stearic acid; 

Glycerol carbonate 

[passive] 

Spherical 20.4 3.9 

Murine hepatocellular carcinoma 

(H22) s.c. injected to right flank 

of mice (22–25 g) 

[liver/allograft heterotopic] 

~150 mm3 

 

~0.2 g 

DOX: 5 

 

(2 d) 

0.01 131 

Polymeric 

PLGA-lecithin-

PEG_2kDa 

[passive] 

Spherical 

110 -5.1 
Human hepatocellular carcinoma 

(HepG2) s.c. inoculated to 

dorsum of mice (25 g) 

[liver/xenograft heterotopic] 

~250 mm3 

 

 

0.3 g 

DOX: 2 

 

 

(1 d) 

0.15 

132 PLGA-lecithin-

PEG_2kDa; 

Biotin 

[active] 

111.3 -6.2 0.21 
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Polymeric 

Cholesterol; 

DOPA; DOPC; 

DSPE-PEG_2kDa; 

DSPE-siRNA 

[passive] 

Spherical 105.3 -4.8 

Murine colon adenocarcinoma 

(C-26) s.c. injected in mice  

(20–25 g) 

[colon/allograft heterotopic] 

100 mm3 

 

~0.1 g 

CDDP: 3 

 

(2 d) 

0.46 133 

Polymeric 

PCB-PCL 

[passive] 

Spherical 

143 ~0 
Human hepatocellular carcinoma 

(HepG2) s.c. inoculated in mice 

(20 g) 

 

[liver/xenograft heterotopic] 

100 mm3 

 

 

~0.1 g 

DOX: 10 

 

 

(1 d) 

0.32 

134 
PCB-s-s-PCL 

[passive] 
145 ~0 0.31 

PCB-s-s-PCL; 

cRGDfK peptide 

[active] 
148 ~0 0.43 

Polymeric 

Chitosan 

[passive] 

Spherical 

106.8 35.6 
Human alveolar adenocarcinoma  

(A549-WT) s.c. injected to right 

flank of mice (20 g) 

[lung/xenograft heterotopic] 200 mm3 

 

 

 

 

~0.2 g 

3 

 

 

 

 

(5 d) 

0.15 

135 

Chitosan; 

EGFR peptide 

[active] 

227.3 28.3 0.20 

Chitosan 

[passive] 
106.8 35.6 

Human alveolar adenocarcinoma  

(A549DDP) s.c. injected to right 

flank of mice (20 g) 

[lung/xenograft heterotopic] 

0.16 

Chitosan; 

EGFR peptide 

[active] 

227.3 28.3 0.31 

Polymeric 

PEG_2kDa-Fmoc-

NLG 

[passive] 

Spherical 96.6 

NA 

 

(assumed 

neutral) 

Murine mammary carcinoma 

(4T1) s.c. inoculated in mice  

(16–18 g) 

[breast/allograft heterotopic] 

~500 mm3 

 

~0.6 g 

PTX: 10 

 

(2 d) 

0.52 136 



32 
 

Polymeric 

PCL-s-s-PEG2k 

[passive] 

Spherical 

125.5 -7.4 Murine hepatocellular carcinoma 

(H22) s.c. inoculated at right 

backside of mice (20 g) 

[liver/allograft heterotopic] 

50 mm3 

 

0.06 g 

DOX: 5 

 

(1 d) 

0.19 

137 PCL-s-s-PEG2k; 

PBA ligand 

[active] 

130.4 -2.3 0.32 

Polymeric 
PLGA-TPGS 

[passive] 
Spherical 182.6 -22.6 

Murine hepatocellular carcinoma 

(Hca-F) s.c. inoculated to right 

armpit of mice (20–22 g) 

[liver/allograft heterotopic] 

~1.5 cm3 

 

1.8 g 

EMO: 10 

 

(1 d) 

5.40 138 

Polymeric 

PEG-s-s-PCL; 

PBA ligand 

[active] 

Spherical 

163 

NA 

 

 

(assumed 

neutral) 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated to backside 

of mice (20 g) 

 

 

[liver/allograft heterotopic] 

50 mm3 

 

 

 

0.06 g 

DOX: 2 

 

 

 

(1 d) 

0.56 

139 

6-arm PEG_6kDa 

cross linked with 

PEG-s-s-PCL 

[passive] 

152 0.67 

6-arm PEG_6kDa 

cross linked with 

PEG-s-s-PCL; 

PBA ligand 

[active] 

152 1.14 

Polymeric 

Linear 

HPMA_27kDa 

[passive] 
Spherical 

8.6 NA Murine lymphoma cells (EL4) 

s.c. transplanted into right flank 

of mice (20 g) 

[other cancer type/ 

allograft heterotopic] 

~150 mm3 

 

~0.2 g 

DOX: 85 

(4 d) 
0.56 

140 
Star-like 

HPMA_250kDa 

[passive] 

25.6 NA 
DOX: 22.5 

(4 d) 
1.79 

Polymeric 

PEG2k-PLGA; 

LHRH peptide 

[active] 

Spherical 
150 

(TEM) 
-22.1 

Human breast adenocarcinoma 

(MCF-7) i.m. injected in thigh of 

left hind leg of mice (20 g)  

[breast/xenograft heterotopic] 

~75 mm3 

 

~0.1 g 

PTX: 5 

 

(1 d) 

0.17 141 
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Polymeric 

Inulin-ibuprofen 

[passive] 

Spherical 

143 NA Murine hepatocellular carcinoma 

(H22) s.c. inoculated to armpit of 

mice (18–22 g) 

[liver/allograft heterotopic] 

50 mm3 

 

0.06 g 

EPI: 5 

 

(1 d) 

0.21 

142 Inulin-ibuprofen; 

cRGDfK peptide 

[passive] 

149 NA 0.30 

Polymeric 

Heparin-

deoxycholate 

[passive] 

Spherical 166.1 -36.7 

Murine melanoma  

(B16-F10) s.c. inoculated to mice 

(17–21 g) 

[skin/allograft orthotopic] 

100 mm3 

 

~0.1 g 

DOX: 5 

 

(1 d) 

0.15 143 

Polymeric 

PEG2k-PLGA-s-s-

siRNA 

[passive] 

Spherical 76.3 -13 

Human colorectal 

adenocarcinoma (HT-29) s.c. 

implanted above the mammary 

fat pad of mice (20 g) 

[colon/xenograft heterotopic] 

85 mm3 

 

 

~0.1 g 

3 

 

 

(7 d) 

0.23 144 

Polymeric 

PEG5k-b-PDTC 

[passive] 

Spherical 

150 ~0 Murine melanoma  

(B16-F10) s.c. inoculated to hind 

flank of mice (20 g) 

[skin/allograft orthotopic] 

~125 mm3 

 

0.15 g 

DOX: 10 

 

(1 d) 

0.38 

145 PEG5k-b-PDTC; 

cRGDfK peptide 

[active] 

152.5 ~0 0.69 

Polymeric 

Trimethyl chitosan 

[passive] 

Spherical 

166.4 12.3 
Murine hepatocellular carcinoma 

(H22) s.c. inoculated to axillary 

region of mice (23.5 g) 

[liver/allograft heterotopic] 

100 mm3 

 

 

~0.1 g 

PTX: 10 

 

 

(1 d) 

0.17 

146 Trimethyl chitosan; 

Folic acid 

[active] 

175.1 8.7 0.24 

Polymeric 

PEG_2kDa; 

Acetylated 

carboxymethyl 

cellulose 

[passive] 

Spherical 20.3 -2 

Murine mammary carcinoma 

(EMT6/AR1) s.c. inoculated to 

right flank of mice (18–20 g) 

[breast/allograft heterotopic] 

~150 mm3 

 

~0.2 g 

PPT: 180 

 

(4 d) 

0.75 147 
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Polymeric 

POEAd-g-LacA20 

[active] 

Spherical 

197.4 -20.4 
Murine hepatocellular carcinoma 

(H22) s.c. inoculated to right 

flank of mice (18–22 g) 

[liver/allograft heterotopic] 

300 mm3 

 

 

~0.4 g 

DOX: 6 

 

 

(2 d) 

2.63 

148 
POEAd-g-LacA50 

[active] 
276.8 -23.5 2.29 

POEAd-g-LacA80 

[active] 
350 -27.2 0.94 

Polymeric 

Poly(ortho ester 

malonamides) 

[passive] 

Spherical 

258.3 -23.7 

(assumed 

according 

to above 

study) 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated to right 

flank of mice (18–22 g) 

[liver/allograft heterotopic] 

300 mm3 

 

 

~0.4 g 

DOX: 6 

 

 

(2 d) 

2.60 

149 
Poly(ortho ester 

adipamides) 

[passive] 

156.6 4.01 

Polymeric 

PEG-Chitosan 

[passive] 

Spherical 

165.3 25.1 Human alveolar adenocarcinoma 

(A549) i.v. injected via tail vein 

to induce tumor in lung region of 

mice (25 g)  

[lung/xenograft heterotopic] 

~300 mm3 

 

 

~0.4 g 

GEM: 15 

 

 

(1 d) 

10.14 

150 
PEG-Chitosan; 

Folic acid 

[active] 

184.3 21.1 23.81 

Polymeric 

mPEG2k-P(CL-co-

(DMMA-CL)) 

[passive] 

Spherical 122.6 -15 

Murine mammary carcinoma 

(4T1) orthotopically inoculated 

to mammary gland of mice  

(20 g) 

[breast/allograft orthotopic] 

100 mm3 

 

~0.1 g 

DOX: 5 

 

(1 d) 

1.46 151 

Polymeric 

Trimethyl chitosan 

[passive] 

Spherical 

107.3 23.3 Murine hepatocellular carcinoma 

(H22) s.c. injected to right 

axillary of mice (22 g) 

[liver/allograft heterotopic] 

200 mm3 

 

~0.2 g 

DOX: 2 

 

(1 d) 

0.82 

152 Trimethyl chitosan; 

Folate 

[active] 

190 26.1 0.65 



35 
 

Polymeric 

30% cross-linked 

PGlu-g-mPEG 

[passive] 
Spherical 

137 -15.6 Murine hepatocellular carcinoma 

(H22) s.c. injected to right 

axillary of mice (22 g) 

[liver/allograft heterotopic] 

200 mm3 

 

~0.2 g 

CTX: 10 

 

(8 h) 

0.31 

153 
70% cross-linked 

PGlu-g-mPEG 

[passive] 

129 -9.1 0.24 

Polymeric 

P(LA-co-TMCC)-

g-PEG; 

Taxane-binding 

peptide; 

Anti-HER2 

antibody, Fab 73J 

[active]  

Spherical 121 -2.4 

Human breast adenocarcinoma  

(MDA-MB-231) transplanted to 

mammary fat pad of mice (24 g) 

[breast/xenograft orthotopic] 

150 mm3 

 

 

~0.2 g 

DTX: 5 

 

 

(1 d) 

0.16 154 

Polymeric 

Acetylated 

carboxymethyl-

cellulose;  

PEG_2kDa 

[passive] 

Spherical 96 

NA 

 

(assumed 

neutral) 

Resistant human prostate 

carcinoma (PC3-RES) s.c. 

injected to right flank of mice  

(20 g) 

[prostate/xenograft heterotopic] 

~80 mm3 

 

~0.1 g 

CTX: 20  

 

(6 d) 

2.89 155 

Polymeric 

Heparin 

[passive] 

Spherical 20 ~5 

Human KB epidermoid 

carcinoma (KB-3-1, HeLa 

derivative) s.c. injected to right 

flank of mice (20 g) 

[cervix/xenograft heterotopic] 

~100 mm3 

 

~0.1 g 

CDDP: 2.5 

 

(1 d) 

1.67 

156 Heparin; 

Folate 

[active] 

3.21 

Polymeric 

PLGA-PEG5k; 

Perfluorooctyl 

bromide 

[passive] 

Spherical 120 -18 

Murine colon adenocarcinoma 

(C-26) s.c. injected on left flank 

of mice (22 g) 

[colon/allograft heterotopic] 

~320 mm3 

 

~0.4 g 

PTX: 5 

 

(1 d) 

0.15 157 

Polymeric 

PLGA loaded with 

AuNRs and DTX; 

MnO2 nanosheets 

coating 

[passive] 

Spherical 282.1 -9.7 

Murine sarcoma cell line (S180) 

s.c. inoculated to armpit of mice 

(18–20 g) 

[other cancer type/ 

allograft orthotopic] 

~90 mm3 

 

~0.1 g 

DTX: 15 

 

(8 h) 

0.17 158 
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Lipid-

polymer 

hybrid 

Lipid-PLGA; 

DSPE-PEG 

[passive] Spherical 

163.4 -19.6 Human cervical carcinoma 

(HeLa) s.c. injected at right 

armpit of mice (18–22 g) 

[cervix/xenograft heterotopic] 

100 mm3 

 

~0.1 g 

CDDP: 1 

CUR: 5 

 

(2 d) 

17.34 
159 

PLGA 

[passive] 
118.5 -13.7 14.59 

Lipid-

polymer 

hybrid 

DOX and MMC 

added into fatty 

acid-block 

copolymer 

nanoemulsion 

[passive] 

Spherical 146 -22.7 

Murine mammary carcinoma 

(EMT6/WT) orthotopically 

injected into the right mammary 

fat pad of mice (21 g)  

[breast/allograft orthotopic] 

~175 mm3 

 

~0.2 g 

DOX: 9.2 

MMC: 2.9 

 

(1 d) 

0.14 160 

Polymeric 

PLA16k-PEG5k; 

Cholic acid 

[passive] 

Spherical 

102.8 

NA 

 

 

 

 

 

(assumed 

neutral) 

Human breast carcinoma  

(MX-1) s.c. inoculated in the 

right flank of mice (22 g) 

 

 

 

 

[breast/xenograft heterotopic] 

399 mm3 

 

~0.5 g 

30 (2 d) 1.67 

161 

70 (2 d) 1.70 

140 (2 d) 1.70 

PLA30k-PEG5k; 

Pamoic acid 

[passive] 

108 
572 mm3 

 

~0.7 g 

30 (2 d) 2.22 

70 (2 d) 2.78 

140 (2 d) 2.31 

PLA50k-PEG5k; 

Pamoic acid 

[passive] 

118 
432 mm3 

 

~0.5 g 

30 (2 d) 1.37 

70 (2 d) 1.18 

140 (2 d) 1.52 

PLA16k-PEG5k; 

Decanoic acid 

[passive] 

92 
525 mm3 

 

~0.6 g 

30 (2 d) 1.78 

70 (2 d) 2.40 

140 (2 d) 2.32 

Liposomes 
Phospholipid 

[passive] 
Spherical 157.7 -17.4 

Murine sarcoma cell line (S180) 

s.c. inoculated in right armpit of 

mice (20 g) 

[other cancer type/ 

allograft orthotopic] 

100 mm3 

 

~0.1 g 

SN38: 8 

 

(2 h) 

0.02 162 
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Liposomes 

HSPC; 

mPEG2k-DSPE; 

Cholesterol 

[passive] Spherical 

103.9 -15 Murine colon adenocarcinoma 

(C-26) s.c. injected to right flank 

of mice (20 g) 

[colon/allograft heterotopic] 

70 mm3 

 

 

~0.08 g 

159.6 

(2 d) 
0.20 

163 

HSPC; DSPG; 

Cholesterol 

[passive] 
102.5 -39.5 

70.9 

(2 d) 
0.19 

Lipid 

nanocarrier 

 

 

(Liposomes) 

Nanostructured 

lipid carrier (NLC) 

[passive] 

Spherical 

89 -40 

Murine mammary carcinoma 

(4T1) s.c. injected to left flank 

region of mice (20 g) 

 

 

 

[breast/allograft heterotopic] 

~125 mm3 

 

 

 

 

~0.15 g 

DOX: 5 

 

 

 

 

(4 h) 

0.09 

164 

Layer-by-layer 

attachment of 

polyelectrolytes 

(PEs) on NLCs 

[passive] 

138 -14 0.13 

Layer-by-layer PEs 

attachment 

on NLCs; 

mPEG_5kDa 

coating 

[passive] 

128 5 0.14 

Liposomes 

DSPC; 

Cholesterol; 

mPEG2k-DSPE 

[passive] 

Spherical 

93 -32.2 

Human prostate carcinoma (PC3) 

s.c. inoculated in mice (20 g) 

 

[prostate/xenograft heterotopic] 

~250 mm3 

 

 

 

0.3 g 

DOX: 2 

 

 

 

(2 d) 

0.15 

165 DSPC; 

Cholesterol; 

mPEG2k-DSPE; 

SP204-PEG3.4k-

DSPE 

[active] 

102 -12.2 0.40 
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Dendrosome 

(Liposomes) 

Fe3O4; 

FA-PAMAM G4.0 

dendrimers 

entrapped 

[active] 

Spherical 12.4 27.2 

Human cervical carcinoma 

(HeLa) s.c. inoculated in mice 

(21 g) 

[cervix/xenograft heterotopic] 

~1 cm3 

 

1.2 g 

4 

 

(1 d) 

3.98 166 

Liposomes 

CFL; DHPC; 

DSPE-PEG_2kDa; 

Silica-coated 

bicelles 

[passive] 

Disc 

 

(Plate) 

56.2 

NA 

 

(assumed 

neutral) 

Human breast adenocarcinoma  

(MDA-MB-231) s.c. inoculated 

to back of mice (20 g) 

[breast/xenograft heterotopic] 

100 mm3 

 

 

~0.1 g 

DOX: 5 

 

 

(1 d) 

0.38 167 

Liposomes 

Cholesterol; 

Stearic acid; 

DSPE-PEG_2kDa; 

PLGA 

[passive] 

Spherical 115.7 -36.4 

Human Burkitt's lymphoma cell 

line s.c. inoculated to flank of 

mice (18–22 g) 

[other cancer type/ 

xenograft heterotopic] 

50 mm3 

 

0.06 g 

VCR: 10 

QU: 10 

 

(2 d) 

0.25 168 

Lipid 

nanocarrier 

 

(Liposomes) 

Organic solvent 

mixed with VCR 

and DOX-GEM 

prodrug added into 

polyvinyl acetate 

[passive] 

Spherical 112.6 -39.7 

Human Burkitt's lymphoma cell 

line s.c. inoculated to flank of 

mice (18–22 g) 

[other cancer type/ 

xenograft heterotopic] 

100 mm3 

 

~0.1 g 

DOX: 5 

GEM: 5  

VCR: 5 

(12 h) 

4.39 169 

Solid 

emulsion 

 

(Liposomes) 

Nanoemulsion 

[passive] 

Spherical 

57.3 34.5 Human ovarian carcinoma 

(SKOV-3) s.c. inoculated to 

flank of mice (18–22 g) 

[ovary/xenograft heterotopic]  

200 mm3 

 

~0.2 g 

PTX: 10 

 

(1 d) 

0.39 

170 Nanoemulsion; 

HA_0.5kDa 

[active] 

80.3 -36.9 0.59 

Lipid 

emulsion 

 

(Liposomes) 

PEG_0.4kDa; 

Blank lipid 

emulsion 

[passive] 

Spherical 

113.2 -53.2 
Human breast adenocarcinoma 

(MCF-7) s.c. inoculated in mice  

(18–20 g)  

[breast/xenograft heterotopic] 

100 mm3 

 

~0.1 g 

PTX: 15 

 

(12 h) 

0.10 

171 226.6 -52.4 0.07 

383.1 -53.9 0.05 



39 
 

Dendrimers 

Folate-PPI G3.0 

[active] 

Spherical 7.7 NA 

Human breast adenocarcinoma 

(MCF-7) s.c. inoculated in mice  

(25 g)  

[breast/xenograft heterotopic] 

50 mm3 

 

 

0.06 g 

MP: 1 

 

 

(1 d) 

5.89 

172 
Folate-PPI G4.0 

[active] 
8.19 

Folate-PPI G5.0 

[active] 
10.42 

Dendrimers 

PAMAM G4.0 

[passive] 

Spherical 

6.7 16.3 Murine sarcoma cell line (S180) 

s.c. inoculated to armpit of mice 

(18–22 g) 

[other cancer type/ 

allograft orthotopic] 

100 mm3 

 

~0.1 g 

1 

 

(2 d) 

4.57 

173 PAMAM G4.0; 

Tat peptide 

[active] 

69.1 36.7 16.23 

Dendrimers 

PAMAM G4.0  

[passive] 

Spherical 

227 30.3 
Murine colon adenocarcinoma 

(C-26) s.c. inoculated in mice  

(20 g) 

[colon/allograft heterotopic] 

~0.6 g 

2.5 

 

(5 h) 

6.88 

174 PAMAM G4.0; 

α-cyclodextrin; 

Folate-PEG 

[active] 

148 18.4 31.15 

Dendrimers 

PAMAM G4.0; 

PEG_7.5kDa; 

Folic acid 

[active] 

Spherical 69.9 -2.1 

Murine mammary carcinoma 

(4T1) s.c. injected to right post 

neck region of mice (16 g) 

[breast/allograft heterotopic] 

619 mm3 

 

~0.7 g 

46.9 

 

(1 d) 

8.51 175 

Albumin 

BSA 

[active] 
Spherical 

158.2 -18.1 Murine melanoma (B16-F10)  

s.c. inoculated to back of mice 

(20–25 g) 

[skin/allograft orthotopic] 

100 mm3 

 

~0.1 g 

PTX: 10 

 

(8 h) 

1.11 
176 

Cholesterol-BSA 

[active] 
147.6 -20.5 2.00 

Albumin 

HSA loaded with 

lapatinib 

[active] 

Spherical 
140 

(TEM) 
21.7 

Murine mammary carcinoma 

(4T1) injected to the mammary 

fat pad of mice (20 g) 

[breast/allograft orthotopic] 

100 mm3 

 

~0.1 g 

10 

 

(12 h) 

0.03 177 
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Albumin 

BSA 

[active] 

Spherical 

100.5 

(assumed) 

-23.1 

(assumed) Murine hepatocellular carcinoma 

(H22) s.c. inoculated to dorsa of 

mice (25–30 g) 

[liver/allograft heterotopic] 

100 mm3 

 

~0.1 g 

DOX: 5 

 

(2 d) 

0.04 

178 
BSA crosslinked 

with vanillin 

[active] 

100.5 -23.1 0.04 

Albumin 
HSA 

[active] 
Spherical 

125 

(SEM) 
NA 

Human prostate carcinoma (PC3) 

s.c. injected in right flank of mice 

(20 g) 

[prostate/xenograft heterotopic] 

100 mm3 

 

~0.1 g 

CTX: 8 

 

(12 h) 

0.24 179 

Albumin 

HSA 

[active] 

Spherical 

134.7 -35.1 Murine sarcoma cell line (S180) 

s.c. inoculated to armpit of mice 

(18–22 g) 

[other cancer type/ 

allograft orthotopic] 

300 mm3 

 

~0.4 g 

PTX: 15 

 

(12 h) 

2.83 

180 HSA; 

PEG_6kDa 

[active] 

142.2 -31 4.15 

Zinc-

crosslinked 

polymeric 

hydrogel 

Zinc-crosslinked 

PMAA hydrogel; 

PEG_1kDa 

[passive] 

Spherical 

122.5 -30.1 Murine hepatocellular carcinoma 

(H22) s.c. inoculated to flank 

region of mice  

(20–25 g) 

 

[liver/allograft heterotopic] 

100 mm3 

 

 

 

~0.1 g 

DOX: 5 

 

 

 

(1 d) 

0.04 

181 Zinc-crosslinked 

PMAA hydrogel; 

PEG_1kDa; 

Folate 

[active] 

218.6 
-30.1 

(assumed) 
0.05 

Hyaluronic 

acid hydrogel 

Redox-responsive 

HA hydrodel 

[active] 

Spherical 

79.1 -40 Murine hepatocellular carcinoma 

(H22) s.c. inoculated to left flank 

of mice (20–25 g) 

 

[liver/allograft heterotopic] 

100 mm3 

 

 

~0.1 g 

DOX: 4.5 

 

 

(3 d) 

0.43 

182 
Non-redox-

responsive HA 

hydrogel 

[active] 

66.3 -40 0.20 
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Chitosan 

hydrogel 

Methacrylated 

succinyl chitosan 

dispersed in OEAM 

[passive] 

Spherical 161 -30.9 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated to left flank 

of mice (20–25 g) 

[liver/allograft heterotopic] 

50 mm3 

 

0.06 g 

DOX: 6 

 

(2 d) 

0.31 183 

Multiwalled 

carbon 

nanotubes 

 

 

(MWCNTs) 

MWCNTs 

[passive] 

Rod 

230.4 NA 

Human breast adenocarcinoma 

(MCF-7) s.c. inoculated in right 

hind leg of mice (20–25 g)  

 

 

 

[breast/xenograft heterotopic] 

100 mm3 

 

 

 

 

~0.1 g 

DOX: 5 

 

 

 

 

(1 d) 

6.42 

184 

Oxidized 

MWCNTs 

[passive] 

230.1 -10 6.56 

PEGylated 

MWCNTs 

[passive] 

241 

NA 

(assumed 

neutral) 

5.88 

PEG-MWCNTs; 

Folic acid 

[active] 

242.3 3.8 13.92 

PEG-MWCNTs; 

Estrone 

[active] 

240.3 
-10 

(assumed) 
14.10 

Hyaluronic 

acid 

HA-based NPs 

[active] 
Spherical 206.4 -20 

Human colorectal carcinoma 

(HT-29) s.c. inoculated in mice 

(20 g) 

[colon/xenograft heterotopic] 

300 mm3 

 

~0.4 g 

DOX: 7 

 

(2 d) 

0.71 185 

HCPT 

suspension 

10-HCPT crystal 

nanosuspension; 

Cholesterol; 

PEG_0.6kDa 

[passive] 

Spherical 115 -31.8 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated to right 

armpit of mice (20 g) 

[liver/allograft heterotopic] 

100 mm3 

 

~0.1 g 

HCPT: 8 

 

(1 d) 

0.08 186 

Mesoporous 

carbon 

nanosphere 

Glucose-based 

mesoporous 

carbon; 

phospholipid 

[passive] 

Spherical 180 34.4 

Murine mammary carcinoma 

(4T1) s.c. inoculated in mice  

(20 g) 

[breast/allograft heterotopic] 

~275 mm3 

 

~0.3 g 

SNX-

2112: 9 

 

(12 h) 

0.25 187 
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Hyaluronic 

acid 

HA-based NPs 

[active] 

Spherical 

180.2 -20.3 
Murine hepatocellular carcinoma 

(H22) s.c. injected to right flank 

of mice (29 g) 

[liver/allograft heterotopic] 

~100 mm3 

 

~0.1 g 

DOX: 5 

 

(2 h) 

0.08 

188 
HA-based NPs 

encapsulated in 

liposomes 

[active] 

130.5 -8.2 0.10 

CPDG 

assembly 

CPDG; 

CHS-PEG_1.5kDa 

[passive] 

Spherical 54.4 -22.3 

Murine hepatocellular carcinoma 

(H22) s.c. injected under left 

forelimb armpit of mice  

(20–24 g) 

[liver/allograft heterotopic] 

~100 mm3 

 

~0.1 g 

CPDG: 10 

 

(2.5 h) 

1.18 189 

Docetaxel 

DTX NPs; 

LPLTPLP peptide 

[active] 

Spherical 161.1 -31.1 

Human alveolar adenocarcinoma 

(A549) s.c. inoculated to right 

axilla of mice (20 g) 

[lung/xenograft heterotopic] 

150 mm3 

 

~0.2 g 

DTX: 30 

 

(4 h) 

0.09 190 

HCPT 

nanocrystal 

Anticancer drug 

HCPT nanocrystal 

[passive] 

Spherical 133.5 -27.1 

Murine mammary carcinoma 

(4T1) s.c. injected into right 

underarm of mice (18–22 g) 

[breast/allograft heterotopic] 

100 mm3 

 

~0.1 g 

HCPT: 8 

 

(1 d) 

0.05 191 

Graphene 

oxide 

Gd decorated; 

PEG_2kDa 

[passive] Sheet 

 

(Plate) 

32.5 

(TEM) 
-6 

Murine sarcoma cell line (S180) 

s.c. inoculated to right shoulder 

of mice (18–20 g) 

[other cancer type/ 

allograft orthotopic] 

20 mm3 

 

 

~0.02 g 

DOX: 5 

 

 

(12 h) 

0.13 

192 Gd decorated; 

PEG_2kDa; 

Folic acid 

[active] 

0.17 

Soy protein 

Soy protein NPs 

[passive] 

Spherical 

204.7 -26.9 Murine hepatocellular carcinoma 

(H22) s.c. inoculated into left 

limb armpit of mice (18–22 g) 

[liver/allograft heterotopic] 

200 mm3 

 

 

~0.2 g 

DOX: 4 

 

 

(2 d) 

0.34 

193 Soy protein NPs; 

Folic acid 

[active] 

220.3 -38 0.44 
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Curcumin 

suspension 

CUR suspension; 

mPEG2k-DSPE; 

Soybean lecithin 

[passive] 

Spherical 186.3 -19 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated into right 

armpit of mice (26–28 g) 

[liver/allograft heterotopic] 

100 mm3 

 

~0.1 g 

CUR: 8 

 

(1 d) 

0.008 194 

Curcumin 

DOX loaded with 

CUR NPs; 

PEG_3.4kDa; 

Transferrin 

[active] 

Spherical 89 -15.6 

Human breast adenocarcinoma 

(MCF-7) s.c. inoculated to 

posterolateral region of mice  

(25 g)  

[breast/xenograft heterotopic] 

200 mm3 

 

 

~0.2 g 

CUR: 50 

DOX: 50 

 

(2 d) 

1.28 195 

HCPT- 

loaded 

nanorod 

PAMAM-b-

oligoethylene 

glycols 

codendrimer 

[passive] 

AR 6.0 

 

Rod 

168.6 

 

120×20 

(TEM) 

24.2 

Murine hepatocellular carcinoma 

(H22) s.c. inoculated into right 

armpit of mice (18–22 g) 

[liver/allograft heterotopic] 

400 mm3 

 

~0.5 g 

HCPT: 5 

 

(1 d) 

0.80 196 

BSA-based 

polymeric 

BSA surrounded by 

cross-linked PMPC 

and benzaldehyde 

[passive] 

Spherical 18.6 -1.8 

Human hepatocellular carcinoma 

(HepG2) s.c. injected into right 

flank of mice (20 g) 

[liver/xenograft heterotopic] 

100 mm3 

 

~0.1 g 

DOX: 5 

 

(1 d) 

1.01 197 

CDDP-

SAHA 

conjugate 

CDDP-SAHA NPs 

[passive] 
Spherical 54 0 

Human alveolar adenocarcinoma 

(A549DDP) s.c. inoculated in mice  

(18–20 g) 

[lung/xenograft heterotopic] 

100 mm3 

 

~0.1 g 

CDDP-

SAHA: 5 

 

(16 h) 

0.21 198 

Ginseng 

Ginsenoside Rb1/ 

PPD-type extracts 

[passive] 

Spherical 122.5 -13.2 

Murine Lewis lung carcinoma 

(LLC) s.c. inoculated in mice  

(18 g) 

[lung/allograft heterotopic] 

300 mm3 

 

~0.4 g 

Rb1/PPD: 

10 

(2 d) 

0.85 199 

Paclitaxel 

nanocrystal 

PTX nanocrystal 

with albumin 

coating 

[passive] 

AR 6.2 

 

Rod 

190.5 

260×42 

(TEM) 

-10.1 

Murine melanoma (B16-F10)  

s.c. inject to right arm of mice 

(23 g) 

[skin/allograft orthotopic] 

100 mm3 

 

~0.1 g 

PTX: 30 

 

(1 d) 

0.12 200 
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Abbreviations: ADR, adriamycin; AFM, atomic force microscopy; AuNPs, gold nanoparticles; AuNRs, gold nanorods; BSA, bovine serum albumin; 

CDDP/DDP, cisplatin or cis-diamminedichloroplatinum(II); ChL6 mAb, chimeric L6 monoclonal antibody; CPDG, cyclic phosphoryl N-dodecanoyl 

gemcitabine; cRGD, cyclo(Arg-Gly-Asp) peptide; cRGDY, cyclo(Arg-Gly-Asp-Tyr) peptide; cRGDfC, cyclo(Arg-Gly-Asp-D-Phe-Cys); cRGDfK, 

cyclo(Arg-Gly-Asp-D-Phe-Lys) peptide; cRGDyK, cyclo(Arg-Gly-Asp-D-Tyr-Lys) peptide; CTX/CBZ: cabazitaxel; CUR, curcumin; DOX, 

doxorubicin; DTX/DOC, docetaxel; EGFR, epidermal growth factor receptor; EMO, emodin; EPB/EPI, epirubicin; GEM, gemcitabine; HCPT, 10-

hydroxycamptothecin; HER2, human epidermal growth factor receptor 2; HMSN, hollow mesoporous silica NPs; HSA, human serum albumin; IgG, 

immunoglobulin G; i.m., intramuscular injection; LA, lipoic acid; LacA, lactobionic acid; LHRH, luteinizing hormone-releasing hormone (or 

gonadotropin-releasing hormone); LPLTPLP, a targeting peptide specifically bound to non-small cell lung cancer (NSCLC); MHPCNs, magnetic 

hollow porous carbon nanoparticles; MMC, mitomycin C; MP, melphalan; mPEG, methoxypolyethylene glycol; MSN, mesoporous silica NPs; NA, 

not available from original literature; NPs, nanoparticles; OP, oxaliplatin; PAMAM, polyamidoamine dendrimer; PBA, phenylboronic acid; PDA, 

polydopamine; PEG, polyethylene glycol; PEI, polyethylenimine; PPD, protopanaxadiols; PPI, poly(propyleneimine); PPT: podophyllotoxin; PSMA, 

prostate-specific membrane antigen; PTX, paclitaxel; QU, quercetin; RGD, Arg-Gly-Asp peptide; SAHA, vorinostat; s.c., subcutaneous injection; SEM, 

scanning electron microscopy; SN38, 7-ethyl-10-hydroxylcamptothecin; STEM, scanning/transmission electron microscopy; Tat, twin-arginine 

translocation peptide; TEM, transmission electron microscopy; TRC105, human/murine chimeric IgG1 mAb; VCR, vincristine; VEGF, vascular 

endothelial growth factor.  

 
a If only the tumor volume was reported, the tumor weight was approximated using an average tumor density of 1.2 g/cm3 according to Sykes et al.201 
b DETlast_PK: Tumor delivery efficiency (percent injected dose, %ID) was calculated by dividing the area under the tumor-concentration curve (AUC) 

(%ID*h) with the biodistribution time period (h) reported by the original study. AUC was estimated using non-compartmental linear trapezoidal 

method.202,203 
c Value was not reported in the original study, adopted from Wilhelm et al.203  
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Table S2. Summary of tumor microenvironment-associated nanomaterial (NM) parameters, including distribution coefficient, permeability coefficient, 

maximum uptake rate constant, and releasing rate constant in the tumor compartment calibrated based upon 376 NM datasets. 

Material NM ID a 
Targeting 

strategy 

Distribution 

coefficient 

(PT) 

[unitless] 

Permeability 

coefficient 

(PATC) 

[unitless] 

Maximum 

uptake rate 

constant 

(Kmax, T) 

[per h] 

Releasing rate 

constant 

(Kre, T) 

[per h] 

Delivery 

efficiency 

(DETlast)  

[%ID] b 

Ref. 

Gold INM-1 Active 0.265 0.01 0.055 0.001 2.06 1 

Gold INM-2 Passive 0.1 0.1 0.4 0.055 1.62 2 

Gold 
INM-3A Active 0.07 0.07 0.045 0.007 2.83 

3 
INM-3B Passive 0.2 0.1 0.006 0.0001 2.99 

Gold INM-4 Active 0.055 0.005 24 0.001 0.74 4 

Gold 

INM-5A 

Passive 

0.048 0.09 1.75 0.115 19.38 

5 

INM-5B 0.046 0.09 1.4 0.14 14.63 

INM-5C 0.041 0.09 1.3 0.14 12.17 

INM-5D 0.132 0.017 0.2 0.001 5.18 

INM-5E 

Active 

0.076 0.09 2.5 0.105 25.20 

INM-5F 0.12 0.2 2.3 0.19 25.83 

INM-5G 0.175 0.1 5 1.2 24.40 

INM-5H 0.05 0.1 5 1.05 8.79 

Gold INM-6 Passive 0.145 0.015 0.85 0.3 1.13 6 

Gold INM-7 Passive 0.0085 0.0025 0.05 3 0.11 7 

Gold 
INM-8A 

Passive 
0.086 0.01 0.185 0.023 1.24 

8 
INM-8B 0.07 0.01 0.18 0.047 0.64 
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Gold 

INM-9A 

Passive 

0.0355 0.03 0.12 0.05 0.38 

9 

INM-9B 0.045 0.03 0.15 0.048 0.55 

INM-9C 0.041 0.03 0.2 0.041 0.61 

INM-9D Active 0.115 0.03 0.22 0.055 1.63 

Gold INM-10 Active 1.55 0.095 2.7 0.0195 9.10 10 

Gold 

INM-11A 

Passive 

0.023 0.03 1.98 0.06 1.85 

11 

INM-11B 0.023 0.035 1 0.248 0.48 

INM-11C 0.0252 0.03 0.6 0.38 0.16 

INM-11D 0.0169 0.01 3.6 0.264 0.68 

Gold INM-12 Passive 0.195 0.03 0.1 0.65 1.26 12 

Gold INM-13 Active 0.065 0.03 0.065 0.0009 2.25 13 

Gold 

INM-14A 

Passive 

0.04 0.012 2.5 0.375 2.67 
14 

INM-14B 0.028 0.01 1.25 0.95 0.48 

Gold 

INM-15A 

Passive 

0.018 0.02 0.86 0.21 0.67 

15 

INM-15B 0.016 0.02 6.3 1.65 0.60 

INM-15C 0.0011 0.003 0.25 0.01 0.03 

INM-15D Active 0.016 0.02 4.7 0.8 0.61 
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Gold INM-16 Passive 0.03 0.02 1.25 0.245 0.37 16 

Gold 
INM-17A Passive 0.115 0.03 0.05 0.001 1.41 

17 
INM-17B Active 0.0415 0.03 0.032 0.001 0.26 

Gold 
INM-18A 

Passive 
0.016 0.01 0.1 0.1 0.47 

18 
INM-18B 0.11 0.025 0.01 0.01 3.98 

Gold 

INM-19A 

Passive 

0.0003 0.0005 1.3 1.05 0.02 

19 

INM-19B 0.0165 0.01 6 3.5 1.86 

INM-19C 0.0011 0.0005 2.55 0.01 0.70 

INM-19D 0.011 0.001 1.5 1.15 0.92 

INM-19E 0.022 0.1 0.05 0.1 0.97 

Gold 

INM-20A 

Passive 

0.004 0.0007 0.6 0.028 0.76 

20 
INM-20B 0.003 0.0007 0.5 0.055 0.34 

INM-20C 0.002 0.0005 0.33 0.026 0.24 

INM-20D 0.0105 0.005 0.115 0.038 0.47 

Dendrimer 

entrapped 

AuNPs 

INM-21 Active 0.027 0.001 3 0.03 0.03 21 

Gold-dendrimer 

composite 

nanodevice 

INM-22A 

Passive 

0.173 0.016 0.044 0.006 2.93 

22 

INM-22B 0.093 0.011 0.05 0.007 1.75 

INM-22C 0.09 0.011 0.05 0.007 1.69 

INM-22D 0.025 0.05 0.15 0.005 0.28 

INM-22E 0.097 0.015 0.125 0.0045 1.03 

INM-22F 0.055 0.0065 0.155 0.004 0.62 
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Gold 

INM-23A 
Passive 

0.0085 0.0035 1.2 0.03 0.68 

23 

INM-23B 0.0195 0.00085 1 0.33 1.15 

INM-23C 

Active 

0.02 0.0008 1 0.185 1.20 

INM-23D 0.017 0.0035 0.9 0.2 1.02 

INM-23E 0.0157 0.00063 1 0.45 0.87 

INM-23F 0.028 0.005 0.16 0.001 1.55 

Gold INM-24 Active 0.15 0.0017 0.68 0.004 2.51 24 

Magnetic AuNPs INM-25 Passive 0.065 0.00123 0.4 0.225 1.20 25 

Gold 
INM-26A 

Passive 
0.35 0.03 0.075 0.023 3.18 

26 
INM-26B 0.51 0.00197 0.157 0.095 4.12 

Gold INM-27 Passive 0.065 0.015 0.43 0.001 7.84 27 

Gold- 

iron oxide  
INM-28 Active 0.12 0.00043 0.56 0.024 1.07 28 

Iron oxide INM-29 Active 0.18 0.008 0.34 0.0155 0.78 29 

Iron oxide INM-30 Active 0.0325 0.0005 0.28 0.0165 0.40 30 

Iron oxide 
INM-31A Passive 0.077 0.0022 0.043 0.001 0.56 

31 
INM-31B Active 0.167 0.0045 0.043 0.003 1.20 

Iron oxide INM-32 Passive 0.06 0.01 0.1 0.1 1.10 32 

Iron oxide INM-33 Active 0.076 0.0055 0.34 0.0155 5.25 33 
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Iron oxide 

INM-34A 

Active 

0.071 0.006 0.11 0.002 5.20 

34 
INM-34B 0.071 0.0072 0.143 0.002 5.00 

INM-34C 0.133 0.0085 0.042 0.0001 9.46 

INM-34D 0.135 0.0115 2 0.063 7.20 

Silica 

(HMSN) 

INM-35A Active 0.225 0.02 0.15 3 1.31 
35 

INM-35B Passive 0.125 0.0035 0.5 5 0.74 

Silica INM-36 Passive 0.108 0.002 0.8 0.07 0.32 36 

Silica 

(MSN) 

INM-37A Passive 0.078 0.00078 0.45 2.1 0.18 
37 

INM-37B Active 0.225 0.0037 0.45 2.1 0.53 

Silica 

(HMSN) 

INM-38A Passive 0.106 0.0035 0.8 2 0.63 
38 

INM-38B Active 0.245 0.03 0.8 1.8 1.63 

Silica 

(MSN) 

INM-39A Passive 0.057 0.0023 0.15 0.04 0.41 
39 

INM-39B Active 0.125 0.012 0.11 0.025 0.86 

Silica 
INM-40A Passive 0.023 0.0004 0.125 0.01 0.08 

40 
INM-40B Active 0.044 0.0004 0.14 0.0125 0.17 

Silica 

(MSN) 

INM-41A Passive 0.069 0.003 0.11 0.012 0.50 
41 

INM-41B Active 0.137 0.007 0.105 0.03 0.93 

Enzyme & iron 

oxide entrapped 

dendritic MSN 

INM-42 Passive 0.082 0.00043 0.098 0.0062 0.23 42 
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Liposome coated 

HMSN 
INM-43 Passive 0.0315 0.007 1 8 0.90 43 

Liposome coated 

HMSN 
INM-44 Passive 0.76 0.05 0.31 0.0195 6.29 44 

Silica 

(MSN) 
INM-45 Passive 0.15 0.004 0.6 3 2.08 45 

Hollow 

mesoporous 

silica 

INM-46A Passive 0.175 0.005 0.1 0.005 6.69 
46 

INM-46B Active 0.152 0.016 0.85 0.03 16.54 

Magnetic silica 

(MSN) 
INM-47 Passive 0.056 0.00027 0.09 0.21 0.29 47 

Polymer and 

carbon coated 

silica 

INM-48 Active 0.41 0.0018 0.19 0.082 2.76 48 

Periodic 

mesoporous 

organosilica 

INM-49 Passive 0.35 0.0036 1.13 0.2 5.32 49 

Silica coated 

Mn3O4 
INM-50 Active 0.165 0.0063 0.6 1 5.96 50 

NaGdF4 INM-51 Active 0.06 0.009 0.5 5 4.27 51 

MoS2/Fe3O4 

composite 
INM-52 Passive 0.065 0.0004 0.052 0.025 0.19 52 

CaP INM-53 Passive 0.08 0.00016 0.55 1.1 0.39 53 

MnO INM-54 Active 8 0.8 8 14 18.96 54 

Mg2Al layered 

double hydroxide 
INM-55 Passive 0.16 0.0028 0.6 1.8 1.74 55 
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Cobalt nanotube INM-56 Active 0.035 0.005 0.5 10 0.23 56 

AuNPs coated 

fullerene 

INM-57A 
Passive 

0.22 0.00055 0.05 2 0.74 
57 

INM-57B 0.155 0.00071 0.05 1 0.58 

Bi2Se3 INM-58 Passive 0.148 0.00058 4 6 1.99 58 

CaP INM-59 Passive 0.14 0.000128 1.9 0.04 0.96 59 

Gd3N INM-60 Passive 0.093 0.00065 2.2 0.045 0.30 60 

Hollow 

mesoporous CuS 
INM-61 Active 0.0225 0.02 0.05 0.035 0.05 61 

Polymeric ONM-1 Passive 0.058 0.017 0.175 0.04 1.30 62 

Polymeric 
ONM-2A Active 0.131 0.0044 0.1 0.06 0.89 

63 
ONM-2B Passive 0.0685 0.0032 0.12 0.012 0.50 

Polymeric 
ONM-3A Passive 0.248 0.0011 0.15 0.029 1.05 

64 
ONM-3B Passive 0.124 0.0059 0.165 0.005 1.15 

Polymeric ONM-4 c Passive 
0.052 0.01 0.1 2 

0.44 65 
0.04 0.003 2 5 

Polymeric 
ONM-5A Passive 0.018 0.0004 0.4 0.2 0.02 

66 
ONM-5B  Active 0.0435 0.00058 0.2 0.2 0.06 

Polymeric 
ONM-6A Passive 0.049 0.0105 0.238 0.005 0.29 

67 
ONM-6B Passive 0.048 0.0075 0.25 0.0065 0.22 

Polymeric ONM-7A Passive 0.12 0.3 0.06 0.015 0.20 68 
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Polymeric ONM-7B Passive 0.12 0.3 0.07 0.011 0.21 

Polymeric 
ONM-8A Active 0.07 0.023 0.25 0.01 1.15 

69 
ONM-8B Passive 0.05 0.0145 0.1 3 0.43 

Polymeric 

ONM-9A 

Passive 

0.12 0.00035 0.26 0.005 0.78 

70 

ONM-9B 0.136 0.00042 0.25 0.06 0.81 

ONM-9C 0.126 0.00078 0.25 0.08 0.91 

ONM-9D 0.09 0.00045 0.22 0.085 0.70 

ONM-9E 0.155 0.00035 0.255 0.08 0.91 

ONM-9F 0.08 0.00052 0.265 0.06 0.60 

ONM-9G 0.05 0.00055 0.265 0.07 0.39 

ONM-9H 0.05 0.00032 0.23 0.065 0.37 

Polymeric 

ONM-10A Active 0.285 0.001 0.4 0.005 0.60 

71 ONM-10B Active 0.238 0.00078 0.4 0.005 0.50 

ONM-10C Passive 0.0925 0.005 0.2 0.065 0.36 

Polymeric 
ONM-11A 

Passive 
0.059 0.0055 0.135 0.05 0.31 

72 
ONM-11B 0.039 0.0058 0.11 0.05 0.19 

Polymeric 

ONM-12A Passive 0.151 0.0009 0.4 0.01 0.63 

73 
ONM-12B 

Active 

0.138 0.00095 0.4 0.005 0.58 

ONM-12C 0.165 0.00125 0.4 0.005 0.70 

ONM-12D 0.157 0.00115 0.4 0.005 0.66 
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ONM-12E 
Active 

0.18 0.00115 0.4 0.005 0.76 

ONM-12F 0.175 0.00155 0.4 0.005 0.74 

Polymeric ONM-13 Passive 0.135 0.00042 0.24 0.07 1.50 74 

Polymeric ONM-14 Active 0.095 0.007 0.091 0.0089 4.51 75 

Polymeric ONM-15 Passive 0.143 0.00255 0.19 0.035 1.17 76 

Polymeric ONM-16 Passive 0.245 0.0016 0.5 0.01 1.96 77 

Polymeric 
ONM-17A Active 0.053 0.01 1.5 0.8 0.23 

78 
ONM-17B Passive 0.057 0.0021 0.91 0.37 0.31 

Polymeric ONM-18 Passive 0.015 0.005 1 1 0.80 79 

Polymeric 

ONM-19A 

Passive 

0.6 0.15 25 7 10.67 

80 

ONM-19B 0.53 0.11 25 7.6 9.01 

ONM-19C 0.5 0.15 25 7.8 8.40 

ONM-19D 1.02 0.006 0.1 0.005 4.13 

ONM-19E 0.115 0.025 12 3 2.43 

ONM-19F 0.18 0.035 17 4.6 3.54 

ONM-19G 0.2 0.025 16.5 3.85 4.36 

ONM-19H 0.15 0.008 18 6.5 2.38 

Polymeric ONM-20 Passive 0.125 0.00036 0.24 0.075 1.35 81 

Polymeric 
ONM-21A Passive 0.009 0.00115 0.7 2.5 0.58 

82 
ONM-21B Passive 0.052 0.0043 0.65 2.5 3.20 
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Graphene oxide 
ONM-22A Passive 0.069 0.009 0.5 0.05 0.46 

83 
ONM-22B Active 0.138 0.0053 0.55 0.09 0.97 

Graphene oxide 
ONM-23A Passive 0.05 0.003 0.059 0.001 0.46 

84 
ONM-23B Active 0.128 0.016 0.55 0.075 0.89 

Graphene oxide ONM-24 Passive 0.23 0.045 9.5 3.7 6.93 85 

Graphene oxide 
ONM-25A Passive 0.093 0.005 0.45 0.015 0.21 

86 
ONM-25B Active 0.18 0.0023 0.29 0.035 0.39 

Graphene oxide 
ONM-26A Passive 0.083 0.0029 0.055 0.005 0.64 

87 
ONM-26B Active 0.095 0.0044 0.37 0.46 0.99 

Single-walled 

carbon nanotubes  

 

(SWCNTs) 

ONM-27A Passive 0.051 0.0013 1.1 0.46 0.77 

88 
ONM-27B Active 0.095 0.0016 0.39 0.23 1.26 

ONM-27C Passive 0.085 0.00127 0.47 0.24 1.14 

ONM-27D Active 0.264 0.0053 0.49 0.24 3.59 

Liposomes ONM-28  Passive 0.029 0.018 0.205 0.004 1.85 89 

Liposomes 
ONM-29A 

Passive 
0.031 0.00056 0.035 0.001 0.15 

90 
ONM-29B 0.115 0.00045 0.055 0.0005 0.40 

Lipid nanocarrier 

(Liposomes) 
ONM-30 Active 0.078 0.0035 0.1 0.09 1.68 91 

Liposomes ONM-31 Passive 0.205 0.0002 0.2 0.08 0.97 92 



55 
 

Lipid 

nanocapsule 

 

(Liposomes) 

ONM-32A 

Passive 

0.045 0.01 0.3 0.55 0.10 

93 ONM-32B 0.0205 0.004 0.185 0.14 0.06 

ONM-32C 0.0195 0.004 0.28 0.12 0.07 

Liposomes 
ONM-33A Passive 0.056 0.00074 0.19 0.005 0.52 

94 
ONM-33B Active 0.076 0.0005 0.62 0.005 0.92 

Lipid 

nanocapsule 

(Liposomes) 

ONM-34 Passive 0.215 0.0004 0.1 0.2 0.53 95 

Liposomes ONM-35 Passive 0.065 0.003 0.01 0.005 0.82 96 

Liposomes ONM-36 Passive 0.034 0.0005 0.4 0.015 0.94 97 

Hyaluronic acid 

hydrogel 

ONM-37A 

Active 

0.3 0.000005 1 0.005 0.03 

98 
ONM-37B 0.3 0.000005 1 0.005 0.03 

ONM-37C 5 0.00001 3 0.005 0.07 

ONM-37D 0.1 0.000008 3 0.005 0.05 

Hyaluronic acid 

hydrogel 
ONM-38 Active 0.092 0.00084 0.07 0.001 0.13 99 

Heparin-based 

hydrogel 
ONM-39 Passive 0.145 0.00067 0.13 0.072 0.44 100 

Chitosan  

hydrogel 

ONM-40A Passive 0.09 0.000125 0.105 0.005 0.22 
101 

ONM-40B Active 0.105 0.00022 0.09 0.04 0.24 

Hyaluronic acid 

hydrogel 
ONM-41 Active 0.03 0.0001 3 0.006 0.48 102 
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Gelatin  

hydrogel 

ONM-42A Passive 0.165 0.04 0.4 0.4 1.08 

103 ONM-42B Passive 0.255 0.05 0.4 1 1.65 

ONM-42C Active 0.4 0.022 0.4 1 2.56 

Alginic acid  

hydrogel 
ONM-43 Passive 0.146 0.00315 0.09 0.002 0.67 104 

Cellulose 

hydrogel 
ONM-44 Passive 0.065 0.00072 0.074 0.001 0.17 105 

Dendrimers vs. 

copolymers 

ONM-45A 

Passive 

0.165 0.022 0.038 0.0005 10.77 
106 

ONM-45B 0.08 0.052 0.01 0.0005 4.09 

Dendrimers 

ONM-46A 

Passive 

0.066 0.0027 0.1 0.085 0.26 
107 

ONM-46B 0.179 0.001 0.242 0.09 1.30 

Dendrimers 

ONM-47A Passive 0.076 0.027 0.157 0.005 1.94 
108 

ONM-47B Active 0.153 0.018 0.32 0.0039 7.96 

Dendrimers vs. 

copolymers 
ONM-48 Passive 0.12 0.049 0.012 0.0005 2.34 109 

Tabacco mosaic  

virus 
ONM-49 Passive 0.011 0.00001 0.01 0.005 0.05 110 

Anticancer drug 

 

(HCPT) 

ONM-50A 

Passive 

0.39 0.05 0.3 0.092 3.52 

111 

ONM-50B 0.34 0.03 0.22 0.143 2.81 

ONM-50C 0.295 0.01 0.215 0.15 2.43 

ONM-50D 0.26 0.006 0.24 0.15 2.16 
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Solid lipid  

NPs 

ONM-51A Passive 0.044 0.00052 0.24 0.16 0.14 

112 ONM-51B Passive 0.065 0.0007 0.23 0.185 0.39 

ONM-51C Active 0.07 0.00045 0.23 0.187 0.41 

Solid lipid  

NPs 
ONM-52 Passive 0.0013 0.000049 0.4 0.275 0.05 113 

Polymer-lipid 

hybrid 

ONM-53A Passive 0.057 0.00061 0.35 0.1 0.43 

114 
ONM-53B Active 0.107 0.00103 0.35 0.185 0.61 

ONM-53C Passive 0.088 0.00102 0.36 0.121 0.54 

ONM-53D Active 0.155 0.0025 0.33 0.2 0.89 

Polymeric ONM-54 Passive 0.0065 0.000046 0.1 1 0.03 115 

Polymeric ONM-55 Passive 0.013 0.0015 2 10 0.03 116 

Polymeric 

ONM-56A 

Passive 

0.046 0.0003 1 2 0.17 

117 

ONM-56B 0.106 0.003 2 1 0.78 

ONM-56C 0.142 0.005 2.5 1 1.20 

ONM-56D 0.205 0.03 4 0.95 2.65 

ONM-56E 0.35 0.05 6 0.75 7.30 

Polymeric 

ONM-57A c Passive 
0.028 0.00014 0.005 0.4 

0.07 

118 
0.0295 0.00015 0.005 0.4 

ONM-57B c Active 
0.058 0.00023 0.005 0.5 

0.16 
0.069 0.00033 0.005 0.5 
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Polymeric ONM-58 Passive 0.08 0.0025 0.7 0.095 1.60 119 

Polymeric ONM-59 Passive 0.095 0.00032 0.04 0.6 0.35 120 

Polymeric 
ONM-60A Passive 0.0465 0.00125 0.365 0.55 0.95 

121 
ONM-60B Active 0.07 0.00143 0.36 0.45 1.46 

Polymeric ONM-61 Passive 0.111 0.000183 0.06 0.023 0.47 122 

Polymeric ONM-62 Passive 0.2 0.0013 0.05 0.1 0.84 123 

Polymeric ONM-63 Passive 0.026 0.00025 0.005 0.5 0.01 124 

Polymeric 

ONM-64A 

Passive 

0.065 0.005 0.2 0.05 0.28 

125 

ONM-64B 0.092 0.00059 0.32 0.01 0.78 

ONM-64C 0.094 0.00135 0.26 0.08 1.06 

ONM-64D 0.097 0.00141 0.25 0.082 1.07 

ONM-64E 0.09 0.0007 0.23 0.038 1.03 

Polymeric ONM-65 Passive 0.075 0.00043 0.09 0.066 0.31 126 

Polymeric ONM-66 Passive 0.133 0.00085 0.095 0.014 1.36 127 

Polymeric ONM-67 Passive 0.03 0.00057 0.25 3.5 0.24 128 

Polymeric 
ONM-68A Passive 0.062 0.00054 0.1 2.5 0.12 

129 
ONM-68B Active 0.115 0.00078 0.13 2.5 0.23 

Polymeric 
ONM-69A Passive 0.0145 0.002 0.4 4 0.07 

130 
ONM-69B Passive 0.0192 0.0016 0.65 1.5 0.12 
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Polymeric ONM-70 Passive 0.00193 0.000025 0.62 0.3 0.01 131 

Polymeric 
ONM-71A Passive 0.00335 0.001 1.6 0.106 0.16 

132 
ONM-71B Active 0.0036 0.0002 2.2 0.101 0.22 

Polymeric ONM-72 Passive 0.03 0.01 0.42 0.07 0.45 133 

Polymeric 

ONM-73A Passive 0.068 0.00084 0.5 3.5 0.31 

134 ONM-73B Passive 0.0678 0.00091 0.5 3.5 0.31 

ONM-73C Active 0.0925 0.00085 0.7 3 0.43 

Polymeric 

ONM-74A Passive 0.028 0.000055 0.1 0.058 0.15 

135 
ONM-74B Active 0.0305 0.000057 0.15 0.048 0.20 

ONM-74C Passive 0.04 0.000025 0.2 0.3 0.16 

ONM-74D Active 0.101 0.000046 0.1 3 0.31 

Polymeric ONM-75 Passive 0.036 0.008 0.6 1.2 0.75 136 

Polymeric 
ONM-76A Passive 0.0444 0.002 0.11 0.001 0.20 

137 
ONM-76B Active 0.0835 0.0015 0.107 0.062 0.31 

Polymeric ONM-77 Passive 0.095 0.06 1 6 6.26 138 

Polymeric 

ONM-78A Active 0.09 0.004 0.4 0.075 0.58 

139 ONM-78B Passive 0.0745 0.004 0.65 0.087 0.69 

ONM-78C Active 0.255 0.004 0.35 0.069 1.15 

Polymeric 
ONM-79A Passive 0.08 0.000178 0.185 0.0025 0.56 

140 
ONM-79B Passive 0.265 0.00047 0.25 0.002 1.77 
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Polymeric ONM-80 Active 0.0495 0.000125 0.08 0.105 0.17 141 

Polymeric 

ONM-81A Passive 0.086 0.00067 0.105 0.42 0.21 
142 

ONM-81B Passive 0.1155 0.00102 0.095 0.225 0.30 

Polymeric ONM-82 Passive 0.0186 0.00021 0.132 0.087 0.15 143 

Polymeric ONM-83 Passive 0.128 0.0007 0.08 0.022 0.19 144 

Polymeric 

ONM-84A Passive 0.024 0.01 0.988 0.435 0.40 
145 

ONM-84B Active 0.043 0.05 1.1 0.48 0.73 

Polymeric 

ONM-85A Passive 0.0115 0.0005 2.3 0.5 0.15 
146 

ONM-85B Active 0.0185 0.00043 2.3 0.75 0.22 

Polymeric ONM-86 Passive 0.083 0.0005 0.115 0.0005 0.77 147 

Polymeric 

ONM-87A 

Active 

0.227 0.004 2 0.42 2.62 

148 ONM-87B 0.19 0.0022 3 0.66 2.25 

ONM-87C 0.08 0.0015 3 0.62 0.96 

Polymeric 

ONM-88A Passive 0.235 0.0019 3 0.6 2.65 
149 

ONM-88B Passive 0.36 0.0024 3 0.55 3.99 

Polymeric 

ONM-89A Passive 0.29 0.3 3.61 1.21 10.72 
150 

ONM-89B Active 0.8 0.038 3.61 1.21 23.83 

Polymeric ONM-90 Passive 0.165 0.0005 3.5 2.5 1.36 151 
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Polymeric 
ONM-91A Passive 0.064 0.0018 1 1.2 0.89 

152 
ONM-91B Active 0.056 0.0016 1 2 0.65 

Polymeric 
ONM-92A Passive 0.0275 0.0035 1 3.4 0.32 

153 
ONM-92B Passive 0.0226 0.008 0.99 4 0.26 

Polymeric ONM-93 Active 0.031 0.0007 0.6 5 0.17 154 

Polymeric ONM-94 Passive 1.14 0.011 0.8 0.023 2.79 155 

Polymeric 
ONM-95A Passive 0.255 0.05 0.4 0.31 1.71 

156 
ONM-95B Active 0.257 0.05 0.85 0.36 3.35 

Polymeric ONM-96 Passive 0.014 0.008 0.1 6 0.18 157 

Polymeric ONM-97 Passive 0.0245 0.00035 2 8 0.13 158 

Lipid-polymer 

hybrid 

ONM-98A c Passive 
2.65 0.022 0.27 0.019 

17.16 

159 
0.8 0.009 0.19 0.0055 

ONM-98B c Passive 
2.13 0.01 0.26 0.006 

14.68 
0.9 0.0031 0.128 0.005 

Lipid-polymer 

hybrid 
ONM-99 c Passive 

0.0235 0.05 0.4 1 
0.18 160 

0.024 0.1 1 10 

Polymeric 

ONM-100A 

Passive 

0.084 0.00053 0.07 0.002 1.71 

161 ONM-100B 0.101 0.00031 0.07 0.002 1.71 

ONM-100C 0.101 0.00031 0.07 0.002 1.71 
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Polymeric 

ONM-100D 

Passive 

0.045 0.0009 0.084 0.004 2.19 

ONM-100E 0.06 0.0009 0.089 0.004 2.84 

ONM-100F 0.07 0.00066 0.097 0.004 2.44 

ONM-100G 

Passive 

0.052 0.0008 0.21 0.132 1.47 

ONM-100H 0.0293 0.001 0.098 0.008 1.17 

ONM-100I 0.071 0.00082 0.083 0.002 1.53 

ONM-100J 

Passive 

0.086 0.0006 0.04 0.064 1.88 

ONM-100K 0.083 0.00067 0.067 0.004 2.42 

ONM-100L 0.059 0.00075 0.102 0.001 2.37 

Liposomes ONM-101 Passive 0.0047 0.009 0.001 0.1 0.02 162 

Liposomes 
ONM-102A Passive 0.092 0.00028 0.065 0.6 0.25 

163 
ONM-102B Passive 0.079 0.00025 0.04 0.6 0.21 

Lipid nanocarrier 

 

(Liposomes) 

ONM-103A 

Passive 

0.0102 0.004 0.84 0.125 0.10 

164 ONM-103B 0.0094 0.0007 1.6 0.1 0.13 

ONM-103C 0.0092 0.005 1.65 0.1 0.14 

Liposomes 
ONM-104A Passive 0.0041 0.0001 0.405 0.095 0.15 

165 
ONM-104B Active 0.011 0.00025 0.405 0.099 0.40 

Dendrosome 

(Liposomes) 
ONM-105 Active 0.105 0.0017 0.05 4 3.67 166 

Liposomes ONM-106 Passive 0.095 0.000195 0.0165 0.001 0.40 167 
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Liposomes ONM-107 c Passive 
0.12 0.05 0.39 0.13 

0.24 168 
0.114 0.04 0.44 0.1 

Lipid nanocarrier 

 

(Liposomes) 

ONM-108 c Passive 

0.88 0.1 0.28 0.095 

4.42 169 0.452 0.05 0.24 0.095 

0.688 0.08 0.16 0.08 

Solid emulsion 

(Liposomes) 

ONM-109A Passive 0.0105 0.0005 3.5 3 0.19 
170 

ONM-109B Active 0.0165 0.001 3.5 3.25 0.29 

Lipid emulsion 

 

(Liposomes) 

ONM-110A 

Passive 

0.0205 0.0045 1.1 6 0.12 

171 ONM-110B 0.014 0.0022 1.25 7 0.08 

ONM-110C 0.0111 0.0008 1.3 7 0.07 

Dendrimers 

ONM-111A 

Active 

0.5 0.008 3.5 0.435 6.05 

172 ONM-111B 1.35 0.03 1.1 0.105 8.78 

ONM-111C 1.95 0.05 0.85 0.088 11.04 

Dendrimers 
ONM-112A Passive 0.69 0.025 0.139 0.008 4.71 

173 
ONM-112B Active 2.998 0.12 0.115 0.005 16.70 

Dendrimers 
ONM-113A Passive 0.35 0.012 0.1 0.4 7.06 

174 
ONM-113B Active 1 0.031 2.3 0.4 29.80 

Dendrimers ONM-114 Active 0.253 0.0056 0.06 0.06 9.01 175 

Albumin 
ONM-115A Active 0.3 0.01 1 6 1.46 

176 
ONM-115B Active 0.305 0.06 3 4 2.24 
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Albumin ONM-116 Active 0.0067 0.0005 0.1 3.5 0.03 177 

Albumin 
ONM-117A Active 0.013 0.000085 0.1 0.02 0.04 

178 
ONM-117B Active 0.015 0.00007 0.102 0.005 0.04 

Albumin ONM-118 Active 0.039 0.005 0.9 1.44 0.25 179 

Albumin 
ONM-119A Active 0.222 0.1 0.4 2 3.09 

180 
ONM-119B Active 0.25 0.014 1.5 8 4.00 

Zinc-crosslinked 

polymeric 

hydrogel 

ONM-120A Passive 0.00885 0.0003 0.1 0.167 0.04 
181 

ONM-120B Active 0.012 0.0003 0.107 0.167 0.05 

Hyaluronic acid 

hydrogel 

ONM-121A Active 0.16 0.0022 0.8 0.02 0.45 
182 

ONM-121B Active 0.083 0.005 0.8 0.025 0.22 

Chitosan 

hydrogel 
ONM-122 Passive 0.073 0.01 0.29 0.058 0.34 183 

Multiwalled 

carbon nanotubes 

 

 

(MWCNTs) 

ONM-123A Passive 0.815 0.05 0.22 0.103 6.58 

184 

ONM-123B Passive 0.865 0.05 0.196 0.102 6.67 

ONM-123C Passive 0.83 0.05 0.205 0.107 6.04 

ONM-123D Active 2.27 0.05 0.22 0.093 14.53 

ONM-123E Active 2.35 0.05 0.22 0.092 14.59 

Hyaluronic acid ONM-124 Active 0.06 0.000245 0.065 0.1 0.73 185 

HCPT 

suspension 
ONM-125 Passive 0.0162 0.00012 0.1 0.1 0.08 186 
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Mesoporous 

carbon 

nanosphere 

ONM-126 Passive 0.0193 0.00072 0.24 3.5 0.25 187 

Hyaluronic acid 
ONM-127A Active 0.0222 0.00065 0.4 6 0.08 

188 
ONM-127B Active 0.0265 0.00065 0.4 5 0.09 

CPDG assembly ONM-128 Passive 0.3 0.05 0.1 6 1.41 189 

Docetaxel ONM-129 Active 0.0152 0.000165 0.02 0.03 0.09 190 

HCPT 

nanocrystal 
ONM-130 Passive 0.012 0.000122 0.01 0.3 0.05 191 

Graphene oxide 
ONM-131A Passive 0.06 0.025 0.74 0.55 0.13 

192 
ONM-131B Active 0.065 0.0012 0.8 0.375 0.18 

Soy protein 
ONM-132A Passive 0.017 0.003 3.7 1.8 0.37 

193 
ONM-132B Active 0.023 0.003 3.8 1.1 0.46 

Curcumin 

suspension 
ONM-133 Passive 0.00174 0.0001 0.056 0.069 0.008 194 

Curcumin ONM-134 c Active 
0.102 0.00265 0.032 0.0005 

1.31 195 
0.155 0.004 0.038 0.0005 

HCPT-loaded 

nanorod 
ONM-135 Passive 0.045 0.1 0.2 2.5 0.83 196 

BSA-based 

polymeric 
ONM-136 Passive 0.225 0.00053 0.027 0.07 1.01 197 

CDDP-SAHA 

conjugate 
ONM-137 Passive 0.044 0.000135 1.1 3.2 0.21 198 
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Ginseng ONM-138 Passive 0.052 0.0009 0.26 0.25 0.87 199 

Paclitaxel 

nanocrystal 
ONM-139 Passive 0.023 0.004 3 12 0.11 200 

Abbreviations: AuNPs, gold nanoparticles; BSA, bovine serum albumin; CDDP, cisplatin or cis-diamminedichloroplatinum(II); CPDG, cyclic 

phosphoryl N-dodecanoyl gemcitabine; HCPT, 10-hydroxycamptothecin; HMSN, hollow mesoporous silica nanoparticles; INM, inorganic 

nanomaterial; MSN, mesoporous silica nanoparticles; ONM, organic nanomaterial; SAHA, vorinostat.  

 
a Each nanomaterial has been provided with an identification number (NM ID) throughout this summary table. Please refer to Table S1 to look up 

specific NM characteristics for each study. 
b DETlast: Tumor delivery efficiency (%ID) was calculated by dividing AUC (%ID*h) estimated using the constructed NM-specific PBPK model with 

the biodistribution time period (h) reported by the original study. 
c For those NM types that have only one tumor delivery efficiency but with different sets of parameter values represent a specific NM loaded with 2–

3 anticancer drugs and delivery efficiency was estimated based upon the averaged value of each drug.  
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Table S3. Normalized sensitivity coefficients (NSCs) for highly influential parameters on 

tissue delivery of gold nanoparticles (AuNPs) in tumor-bearing mice.13 
 24 h  168 h 

 AUCCP AUCCL AUCCS AUCCK AUCCT  AUCCP AUCCL AUCCS AUCCK AUCCT 

Physiological parameters 

QCC -0.13 0.06 -0.14 -0.13 -0.12  -0.20 -0.34 -0.28 -0.30 -0.21 

QSC -0.08 0.27 -0.08 -0.08 -0.08  -0.09 0.21 -0.09 -0.12 -0.09 

VLC -0.21 0.62 -0.20 -0.21 -0.21  -0.24 0.63 -0.31 -0.32 -0.23 

VSC -0.01 -0.01 0.99 -0.01 -0.01  -0.09 -0.30 0.73 -0.23 -0.09 

VKC -0.04 -0.04 -0.04 0.96 -0.04  -0.03 0.00 0.00 0.99 -0.03 

VPlasmaC 0.74 -0.26 -0.25 -0.25 -0.25  0.85 0.09 0.02 0.01 -0.15 

VTC -0.01 -0.01 -0.01 -0.01 0.98  -0.01 -0.02 -0.02 -0.02 0.98 

BVL -0.19 -0.52 -0.18 -0.19 -0.19  -0.23 0.55 -0.31 -0.33 -0.21 

BVK -0.03 -0.03 -0.03 -0.34 -0.03  -0.01 0.01 0.00 -0.31 -0.02 

Nanomaterial-specific parameters 

PL -0.03 0.76 -0.03 -0.03 -0.03  -0.02 0.04 -0.01 0.00 -0.02 

PS -0.01 -0.01 0.99 -0.01 -0.01  -0.09 -0.30 0.73 -0.23 -0.08 

PK -0.01 -0.01 -0.01 0.98 -0.01  -0.01 -0.01 -0.01 0.99 -0.01 

PT -0.02 -0.01 -0.02 -0.02 0.98  -0.02 -0.03 -0.03 -0.02 0.97 

Kmax,L 0.00 0.03 0.00 0.00 0.00  -0.12 0.51 -0.32 -0.34 -0.10 

t50,L 0.01 -0.15 0.01 0.01 0.00  0.30 -1.35 0.85 0.81 0.29 

nL 0.01 -0.15 0.01 0.01 0.00  0.07 -0.28 0.16 0.12 0.07 

Kmax,S 0.00 0.00 0.25 0.00 0.00  -0.09 -0.31 0.72 -0.23 -0.08 

t50,S 0.01 0.00 -1.15 0.01 0.01  0.18 0.52 -1.35 0.41 0.18 

nS 0.01 0.00 -0.85 0.01 0.00  0.02 0.02 -0.12 0.02 0.03 

Kmax,K 0.00 0.00 0.00 0.00 0.00  0.00 -0.01 -0.01 0.64 0.00 

t50,K 0.00 0.00 0.00 -0.01 0.00  0.01 0.03 0.03 -1.59 0.01 

nK 0.00 0.00 0.00 -0.01 0.00  0.00 0.00 0.00 -0.29 0.00 

Kmax,T -0.01 0.00 -0.01 -0.01 0.33  -0.01 -0.03 -0.03 -0.02 0.86 

AUCCP, AUCCL, AUCCS, AUCCK, and AUCCT represent the area-under-the-

concentration curve of AuNPs in venous plasma, liver, spleen, kidneys, and tumor, 

respectively. QCC, cardiac output; QSC, fractional cardiac output to spleen; VLC, VSC, 

VKC, VPlasmaC, and VTC are volume fractions of liver, spleen, kidneys, plasma, and 

tumor tissue, respectively, in the body; BVL and BVK represent the blood volume fractions 

of liver and kidneys, respectively; PL, PS, PK, and PT are plasma:tissue distribution 

coefficients for liver, spleen, kidneys, and tumor tissue, respectively; Kmax,L, Kmax,S, Kmax,K, 

and Kmax,T represent maximum uptake rate by endocytic/phagocytic or tumor cells in liver, 

spleen, kidney, and tumor tissues, respectively; t50,L, t50,S, and t50,K are time reaching half 

maximum uptake rate for endocytic/phagocytic cells in liver, spleen, and kidney tissues, 

respectively; nL, nS, and nK are the Hill coefficients for endocytic/phagocytic uptake in 

liver, spleen, and kidney tissues, respectively. 
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Table S4. Summary of statistical analysis and multivariable linear regression results to identify critical tumor microenvironment-related 

factors affecting tumor delivery efficiency for gold nanomaterials (66 datasets) based upon the tumor delivery efficiency estimated at 

the last sampling time point (DETlast) according to the original pharmacokinetic study. 

Statistical analysis 

Mann-Whitney test for 2 groups of tumor delivery efficiency (high vs. low) 

Distribution coefficient  

(PT) 

<0.001*** 

Permeability coefficient  

(PATC) 

0.004** 

Maximum uptake rate constant  

(Kmax, T) 

0.438 

Releasing rate constant  

(Kre, T) 

0.133 

    

Multivariable linear regression analysis 

Y = -0.25 + 0.60*PT + 9.25*PATC(***) + 0.01*Kmax, T - 0.06*Kre, T; R2 = 0.40; P<0.001 

**P<0.01; ***P<0.001.
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Table S5. Summary of statistical analysis results for comparing different groups of tumor 

delivery efficiencies estimated from 376 datasets of various types of nanomaterials 

(NMs). 

Group of comparison  

Modeling approach (non-physiologically vs. physiologically based) 

Welch’s t-test 0.998 

Mann-Whitney rank-sum test  0.745 

Non-physiologically-based (2005–2015 vs. 2015–2018) 

Welch’s t-test 0.811 

Mann-Whitney rank-sum test  0.245 

Physiologically-based (2005–2015 vs. 2015–2018) 

Welch’s t-test 0.647 

Mann-Whitney rank-sum test  0.155 

Type of nanomaterials (inorganic vs. organic) 

Welch’s t-test 0.021* 

Mann-Whitney rank-sum test  <0.001*** 

Targeting strategy (passive vs. active) 

Welch’s t-test 0.004** 

Mann-Whitney rank-sum test  0.075 

*P<0.05; **P<0.01; ***P<0.001. *,**, and *** indicate that there are significant 

differences between two groups of mean (t-test) and median (rank-sum test) tumor delivery 

efficiency. 
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Table S6. Statistical analysis results of simple linear regression analyses (continuous variable) and 

one-way analysis of variance (ANOVA) (categorical variable) tests for identifying variables with 

significant effects on log-transformed tumor delivery efficiency estimated from all the 376 datasets 

of various types of nanomaterials (NMs). 

Variable DETlast DETlast_PK DE24 DE168 DEmax 

Gold NMs      

Targeting strategy  0.099 0.047* 0.114 0.021* 0.080 

Cancer type  0.174 0.069 0.105 0.032* 0.102 

Tumor model  0.011* 0.005** 0.004** 0.014* 0.005** 

Shape 0.902 0.706 0.728 0.812 0.724 

Hydrodynamic diameter (log(HD)) 0.597 0.790 0.646 0.892 0.306 

Zeta potential  0.861 0.547 0.773 0.562 0.584 

Inorganic NMs      

Core materials  0.530 0.474 0.654 0.090 0.568 

Targeting strategy  0.009** 0.005** 0.011* 0.002** 0.009** 

Cancer type  0.013* 0.003** 0.004** <0.001*** 0.009** 

Tumor model  0.053 0.018* 0.012* 0.009** 0.017* 

Shape 0.915 0.754 0.881 0.692 0.911 

Hydrodynamic diameter (log(HD)) 0.799 0.869 0.963 0.404 0.676 

Zeta potential  0.357 0.531 0.476 0.503 0.540 

Organic NMs      

Core materials <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 

Targeting strategy  0.502 0.419 0.546 0.366 0.462 

Cancer type  0.105 0.053 0.121 <0.001*** 0.033* 

Tumor model  0.361 0.359 0.329 0.077 0.184 

Shape 0.004** 0.039* 0.003** 0.029* 0.016* 

Hydrodynamic diameter (log(HD)) 0.018* 0.008** 0.020* 0.006** 0.022* 

Zeta potential  0.001** <0.001*** 0.001** 0.002** <0.001*** 

Inorganic and organic NMs (INMs and ONMs) 

INMs or ONMs <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 

Core materials <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 

Targeting strategy  0.037* 0.020* 0.048* 0.013* 0.034* 

Cancer type  <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 

Tumor model  0.011* 0.007** 0.005** 0.004** 0.004** 

Shape 0.068 0.147 0.056 0.063 0.083 

Hydrodynamic diameter (log(HD)) 0.005** 0.002** 0.003** <0.001*** 0.007** 

Zeta potential  <0.001*** 0.001** 0.001** 0.001** <0.001*** 

*P<0.05; **P<0.01; ***P<0.001. *,**, and *** indicate that the variable has significant 

contribution to the tumor delivery efficiency. DETlast and DETlast_PK are tumor delivery efficiencies 

estimated at the last sampling time point according to the original literature using the PBPK 

modeling approach and non-compartmental trapezoidal integration method, respectively; DE24 and 

DE168 represent tumor delivery efficiency estimated at 24 h and 168 h using the PBPK modeling 

approach, respectively; DEmax is the maximum tumor delivery efficiency obtained by implementing 

the PBPK model.  
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Table S7. Statistical analysis results of simple linear regression analyses (continuous variable) and 

one-way analysis of variance (ANOVA) (categorical variable) tests for identifying variables with 

significant effects on log-transformed tumor delivery efficiency estimated from 313 confidently 

predicted datasets of various types of nanomaterials (NMs). 

Variable DETlast DETlast_PK DE24 DE168 DEmax 

Gold NMs      

Targeting strategy  0.188 0.095 0.176 0.042* 0.127 

Cancer type  0.017* 0.002** 0.010* <0.001*** 0.012* 

Tumor model  <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 

Shape 0.499 0.215 0.232 0.435 0.443 

Hydrodynamic diameter (log(HD)) 0.410 0.985 0.473 0.869 0.314 

Zeta potential  0.897 0.605 0.888 0.633 0.926 

Inorganic NMs      

Core materials  0.266 0.217 0.375 0.042* 0.328 

Targeting strategy  0.038* 0.026* 0.035* <0.01** 0.030* 

Cancer type  0.005** 0.001** 0.001** <0.001*** 0.004** 

Tumor model  0.001** <0.001*** <0.001*** <0.001*** <0.001*** 

Shape 0.841 0.577 0.677 0.710 0.854 

Hydrodynamic diameter (log(HD)) 0.173 0.422 0.170 0.269 0.109 

Zeta potential  0.418 0.600 0.487 0.530 0.398 

Organic NMs      

Core materials <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 

Targeting strategy  0.107 0.126 0.085 0.184 0.139 

Cancer type  <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 

Tumor model  0.200 0.145 0.247 0.075 0.110 

Shape <0.001*** 0.004** <0.001*** 0.018* 0.009** 

Hydrodynamic diameter (log(HD)) 0.030* 0.017* 0.030* 0.029* 0.033* 

Zeta potential  <0.001*** <0.001*** 0.002** <0.01** 0.001** 

Inorganic and organic NMs (INMs and ONMs) 

INMs or ONMs <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 

Core materials <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 

Targeting strategy  0.007** 0.006** 0.005** 0.006** 0.008** 

Cancer type  <0.001*** <0.001*** <0.001*** <0.001*** <0.001*** 

Tumor model  0.001** <0.001*** 0.001** <0.001*** <0.001*** 

Shape 0.040* 0.072 0.078 0.103 0.084 

Hydrodynamic diameter (log(HD)) 0.005** 0.033* 0.004** 0.006** 0.002** 

Zeta potential  0.002** 0.002** 0.004** 0.016* 0.002** 

*P<0.05; **P<0.01; ***P<0.001. *,**, and *** indicate that the variable has significant 

contribution to the tumor delivery efficiency. DETlast and DETlast_PK are tumor delivery efficiencies 

estimated at the last sampling time point according to the original literature using the PBPK 

modeling approach and non-compartmental trapezoidal integration method, respectively; DE24 and 

DE168 represent tumor delivery efficiency estimated at 24 h and 168 h using the PBPK modeling 

approach, respectively; DEmax is the maximum tumor delivery efficiency obtained by implementing 

the PBPK model.    
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Table S8. Multivariable linear regression results of selected models for the log-transformed tumor delivery efficiencies based on all 

the 376 datasets. 

Statistical criteria 
DETlast  DETlast_PK  DE24  DE168  DEmax 

Full Best  Full Best  Full Best  Full Best  Full Best 

Gold nanomaterials                   

R2 0.31 0.28  0.32 0.32  0.33 0.32  0.33 0.33  0.36 0.31 

Adj-R2 0 0  0.004 0.03  0.005 0.02  0.02 0.04  0.06 0.14 

P-value 0.533 0.49  0.468 0.389  0.464 0.412  0.427 0.365  0.309 0.076 

AIC 131 129  132 130  132 130  130 129  124 115 

BIC 172 166  173 169  172 169  171 167  165 141 

Inorganic nanomaterials                    

R2 0.44 0.42  0.45 0.43  0.43 0.43  0.49 0.46  0.46 0.45 

Adj-R2 0.24 0.24  0.26 0.26  0.23 0.23  0.30 0.30  0.26 0.28 

P-value 0.005 0.003  0.003 0.002  0.007 0.002  <0.001 <0.001  0.003 <0.001 

AIC 184 182  188 186  180 176  182 181  174 170 

BIC 253 243  258 247  249 237  252 243  244 232 

Organic nanomaterials                    

R2 0.28 0.28  0.28 0.28  0.29 0.29  0.33 0.32  0.29 0.29 

Adj-R2 0.19 0.19  0.19 0.20  0.20 0.20  0.25 0.25  0.21 0.21 

P-value <0.001 <0.001  <0.001 <0.001  <0.001 <0.001  <0.001 <0.001  <0.001 <0.001 

AIC 463 463  458 457  454 454  478 476  449 448 

BIC 560 560  555 550  551 551  575 566  546 541 

All nanomaterials                   

R2 0.27 0.26  0.26 0.26  0.27 0.27  0.33 0.33  0.28 0.27 

Adj-R2 0.19 0.19  0.18 0.18  0.19 0.19  0.25 0.25  0.21 0.20 

P-value <0.001 <0.001  <0.001 <0.001  <0.001 <0.001  <0.001 <0.001  <0.001 <0.001 

AIC 655 652  658 656  641 639  669 667  633 627 

BIC 792 782  795 789  778 773  806 800  770 741 

R2, coefficient of determination; Adj-R2, adjusted R2; AIC, Akaike information criterion; BIC, Bayesian information criterion; DETlast and DETlast_PK 

are tumor delivery efficiency estimated at the last sampling time point according to original literature using PBPK modeling approach and non-

physiologically based trapezoidal integration method, respectively; DE24 and DE168 represent tumor delivery efficiency estimated at 24 h and 168 h, 

respectively; DEmax is the maximum tumor delivery efficiency; Full and Best represent full and best regression models for different sets of log-

transformed tumor delivery efficiency. 
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Table S9. Multivariable linear regression results of selected models for the log-transformed tumor delivery efficiencies based on the 

313 confidently predicted datasets. 

Statistical criteria 
DETlast_PK  DE24  DE168  DEmax 

Full conf. Best conf.  Full conf. Best conf.  Full conf. Best conf.  Full conf. Best conf. 

Gold nanomaterials            

R2 0.65 0.61  0.61 0.59  0.62 0.61  0.61 0.60 

Adj-R2 0.47 0.49  0.41 0.46  0.42 0.48  0.41 0.47 

P-value <0.001 <0.001  0.004 <0.001  0.003 <0.001  0.004 <0.001 

AIC 83 79  87 81  85 77  84 76 

BIC 119 105  124 107  122 104  120 103 

Inorganic nanomaterials             

R2 0.51 0.46  0.53 0.53  0.57 0.53  0.52 0.51 

Adj-R2 0.33 0.33  0.36 0.38  0.41 0.42  0.34 0.36 

P-value <0.001 <0.001  <0.001 <0.001  <0.001 <0.001  <0.001 <0.001 

AIC 155 150  141 136  147 142  144 140 

BIC 216 194  203 190  208 188  205 194 

Organic nanomaterials             

R2 0.43 0.43  0.42 0.42  0.46 0.46  0.44 0.44 

Adj-R2 0.34 0.34  0.33 0.33  0.37 0.37  0.34 0.34 

P-value <0.001 <0.001  <0.001 <0.001  <0.001 <0.001  <0.001 <0.001 

AIC 303 303  298 298  335 335  303 303 

BIC 393 393  388 388  426 426  393 393 

All nanomaterials            

R2 0.35 0.35  0.36 0.36  0.40 0.40  0.37 0.37 

Adj-R2 0.26 0.26  0.27 0.27  0.32 0.32  0.28 0.28 

P-value <0.001 <0.001  <0.001 <0.001  <0.001 <0.001  <0.001 <0.001 

AIC 486 484  469 467  511 509  471 469 

BIC 616 611  599 593  641 635  601 596 

R2, coefficient of determination; Adj-R2, adjusted R2; AIC, Akaike information criterion; BIC, Bayesian information criterion; DETlast_PK is the 

tumor delivery efficiency estimated at the last sampling time point according to the original pharmacokinetic study; DE24 and DE168 

represent tumor delivery efficiency at 24 h and 168 h; DEmax is the maximum tumor delivery efficiency; Full conf. and Best conf. 

represent regression models based upon confidently estimated tumor delivery efficiency from 313 datasets. 
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Berkeley Madonna example code for PBPK modeling in tumor-bearing mice (Karmani et al., 

2013) 
 
METHOD RK4 
 
STARTTIME = 0 
STOPTIME = 168 
DT = 0.00015625 
DTOUT = 0.1 
 
{Physiological parameters} 
; Blood flow rate (Fraction of cardiac output, unitless) 
QCC = 16.5    ; Cardiac output (L/h/kg^0.75) (Brown et al.,1997) 
QLuC = 1   ; Fraction of blood flow to lung (Brown et al., 1997) 
QLC = 0.02    ; Fraction of artery blood flow to liver (Brown et al., 1997, Table 23) 
QBRC = 0.033    ; Fraction of blood flow to brain (Brown et al., 1997, Table 23) 
QKC = 0.091    ; Fraction of blood flow to kidneys (Brown et al., 1997, Table 23) 
QSC = 0.011    ; Fraction of blood flow to spleen (Lin et al., 2008; Davies and Morris, 1993)  
QMC = 0.159    ; Fraction of blood flow to muscle (Brown et al., 1997, Tables 23 & 24) 
QTC = 0.01    ; Fraction of blood flow to tumor (fitted) 
QRC = 1-(QLC+QSC+QKC+QBRC+QMC+QTC)  ; Fraction of blood flow to rest of body (Calculated) 
 
; Tissue volumes (Fraction of body weight, unitless) 
BW = 0.0345    ; Body weight (kg) (Cho et al., 2009; 2010) 
VLC = 0.055    ; Liver (Brown et al., 1997, Table 21) 
VBRC = 0.017    ; Brain (Brown et al., 1997, Table 21) 
VKC = 0.017    ; Kidneys (Brown et al., 1997, Table 21) 
VSC = 0.005    ; Spleen (Lin et al., 2008; Davies and Morris, 1993) 
VLuC = 0.007    ; Lungs (Brown et al., 1997, Table 21) 
VBloodC = 0.06   ; Blood (Chen et al., 2015) 
VPlasmaC = 0.0355   ; Plasma (Davies and Morris, 1993 with hematocrit of 0.41 for red blood cells) 
VMC = 0.384    ; Muscle (Brown et al., 1997, Table 21) 
VTC = 0.021   ; Tumor (Sykes et al., 2014; Wilhelm et al., 2016) 
VRC = 1-(VLC+VSC+VKC+VLuC+VBRC+VMC+VPlasmaC+VTC) ; Rest of body (Calculated) 
 
; Blood volume fraction in organs and tissues (percentage of organs/tissues, unitless)  
BVL = 0.31    ; Liver (Brown et al., 1997; Table 30) 
BVBR = 0.03    ; Brain (Brown et al., 1997, Table 30) 
BVK = 0.24    ; Kidneys (Brown et al., 1997, Table 30) 
BVS = 0.17    ; Spleen (Brown et al., 1997, Table 30) 
BVLu = 0.5    ; Lungs (Brown et al., 1997, Table 30) 
BVM = 0.04    ; Muscle (Brown et al., 1997, Table 30) 
BVR = 0.04    ; Rest of body (Brown et al., 1997, Table 30, assume equal to the muscle) 
BVT = 0.01    ; Tumor (fitted) 
 
; Tissue:plasma distribution coefficients (PCs), unitless; these values were from our published mouse PBPK 
model (Lin et al., 2016) or fitted by calibrating with healthy mouse pharmacokinetic data for gold nanoparticles 
from (Cho et al., 2010) 
PL = 0.08    ; Liver  
PBR = 0.15    ; Brain  
PK = 0.15    ; Kidneys  
PS = 0.15    ; Spleen  
PLu = 0.15    ; Lungs  
PM = 0.15    ; Muscle 
PR = 0.15    ; Rest of body  
PT = 0.065    ; Tumor (fitted) 
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; Membrane-limited permeability coefficient constants, unitless; these values were from our published mouse 
PBPK model (Lin et al., 2016) or fitted by calibrating with healthy mouse pharmacokinetic data for gold 
nanoparticles from (Cho et al., 2010) 
PALC = 0.001    ; Liver 
PABRC = 0.000001   ; Brain 
PAKC = 0.01    ; Kidneys 
PASC =0.15   ; Spleen 
PALuC = 0.001    ; Lungs 
PAMC = 0.00005   ; Muscle 
PARC = 0.00005   ; Rest of body 
PATC = 0.03    ; Tumor (fitted) 
 
; Endocytic parameters; RES represent endocytic/phagocytic cells; L, S, K, Lu, M, R, and T represent liver, 
spleen, kidneys, lungs, muscle, rest of body, and tumor, respectively. 
KLRESrelease = 0.0015  ; Release rate constant of phagocytic cells, (h-1) 
KLRESmax = 0.3   ; Maximum uptake rate constant of phagocytic cells, (h-1) 
KLRES50 = 48    ; Time reaching half maximum uptake rate, (h) 
KLRESn = 5    ; Hill coefficient, (unitless) 
 
KSRESrelease = 0.001   ; Release rate constant of phagocytic cells, (h-1) 
KSRESmax = 5   ; Maximum uptake rate constant of phagocytic cells, (h-1) 
KSRES50 = 36    ; Time reaching half maximum uptake rate, (h) 
KSRESn = 5    ; Hill coefficient, (unitless) 
 
KKRESrelease = 0.001   ; Release rate constant of phagocytic cells, (h-1) 
KKRESmax = 0.12   ; Maximum uptake rate constant of phagocytic cells, (h-1) 
KKRES50 = 48    ; Time reaching half maximum uptake rate, (h) 
KKRESn = 5    ; Hill coefficient, (unitless) 
 
KLuRESrelease = 0.003  ; Release rate constant of phagocytic cells, (h-1) 
KLuRESmax = 0.085   ; Maximum uptake rate constant of phagocytic cells, (h-1) 
KLuRES50 = 48   ; Time reaching half maximum uptake rate, (h) 
KLuRESn = 5    ; Hill coefficient, (unitless) 
 
KMRESrelease = 0.005   ; Release rate constant of phagocytic cells, (h-1) 
KMRESmax = 0.4   ; Maximum uptake rate constant of phagocytic cells, (h-1) 
KMRES50 = 48   ; Time reaching half maximum uptake rate, (h) 
KMRESn = 5    ; Hill coefficient, (unitless) 
 
KRRESrelease = 0.005   ; Release rate constant of phagocytic cells, (h-1) 
KRRESmax = 0.4   ; Maximum uptake rate constant of phagocytic cells, (h-1) 
KRRES50 = 48    ; Time reaching half maximum uptake rate, (h) 
KRRESn = 5    ; Hill coefficient, (unitless) 
 
KTRESrelease = 0.0009  ; Release rate constant of phagocytic cells, (h-1) 
KTRESmax = 0.065   ; Maximum uptake rate constant of phagocytic cells, (h-1) 
KTRES50 = 4.2   ; Time reaching half maximum uptake rate, (h) 
KTRESn = 5    ; Hill coefficient, (unitless) 
 
; Biliary excretion 
KbileC = 0.00003   ; Biliary clearance (L/hr/kg^0.75) 
    ; L/hr/kg changed to L/h/kg^0.75 for interspecies extrapolation  
 
; Urine excretion 
KurineC = 0.000003   ; Urine clearance (L/hr/kg^0.75) 
    ; L/hr changed to L/h/kg^0.75 for interspecies extrapolation  
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; Scaled parameters 
; Cardiac output and regional blood blow (L/h) 
QC = QCC*BW**0.75     ; Cardiac output 
QL = QC*QLC      ; Blood flow to liver 
QBR = QC*QBRC     ; Blood flow to brain 
QK = QC*QKC      ; Blood flow to kidneys 
QS = QC*QSC      ; Blood flow to spleen 
QM = QC*QMC     ; Blood flow to muscle 
QR = QC*QRC      ; Blood flow to rest of body 
QT = QC*QTC      ; Blood flow to tumor 
Qbal = QC-QL-QBR-QK-QS-QM-QR-QT  ; Blood flow balance equation 
 
; Tissue volumes (L) 
VL = BW*VLC      ; Liver 
VBR = BW*VBRC     ; Brain 
VK = BW*VKC      ; Kidneys 
VS = BW*VSC      ; Spleen 
VLu = BW*VLuC     ; Lungs 
VBlood = BW*VBloodC     ; Blood 
VPlasma = BW*VPlasmaC    ; Plasma 
VM = BW*VMC      ; Muscle 
VR = BW*VRC      ; Rest of body 
VT = BW*VTC      ; Tumor 
Vbal = BW-VL-VBR-VK-VS-VLu-VPlasma-VM-VR-VT   ; Tissue volume balance equation    
 
VLb = VL*BVL      ; Weight/volume of capillary blood in liver compartment 
VLt = VL-VLb      ; Weight/volume of tissue in liver compartment 
VBRb = VBR*BVBR     ; Weight/volume of capillary blood in brain compartment 
VBRt = VBR-VBRb     ; Weight/volume of tissue in brain compartment 
VKb = VK*BVK      ; Weight/volume of capillary blood in kidney compartment 
VKt = VK-VKb      ; Weight/volume of tissue in kidney compartment 
VSb = VS*BVS      ; Weight/volume of capillary blood in spleen compartment 
VSt = VS-VSb      ; Weight/volume of tissue in spleen compartment 
VLub = VLu*BVLu     ; Weight/volume of capillary blood in lung compartment 
VLut = VLu-VLub     ; Weight/volume of tissue in lung compartment 
VMb = VM*BVM     ; Weight/volume of capillary blood in muscle compartment 
VMt = VM-VMb      ; Weight/volume of tissue in muscle compartment 
VRb = VR*BVR     ; Weight/volume of capillary blood in rest of body compartment 
VRt = VR-VRb      ; Weight/volume of tissue in rest of body compartment 
VTb = VT*BVT      ; Weight/volume of capillary blood in tumor compartment 
VTt = VT-VTb      ; Weight/volume of tissue in tumor compartment 
 
; Permeability coefficient-surface area cross-product (L/h) 
PAL = PALC*QL     ; Liver 
PABR = PABRC*QBR     ; Brain 
PAK = PAKC*QK     ; Kidneys 
PAS = PASC*QS     ; Spleen 
PALu = PALuC*QC     ; Lungs 
PAM = PAMC*QM     ; Muscle 
PAR = PARC*QR     ; Rest of body 
PAT = PATC*QT     ; Tumor 
   
; Endocytosis rate (h-1) 
KLRESUP = (KLRESmax*TIME^KLRESn)/(KLRES50^KLRESn+TIME^KLRESn)   ; Liver 
KSRESUP = (KSRESmax*TIME^KSRESn)/(KSRES50^KSRESn+TIME^KSRESn)  ; Spleen 
KKRESUP = (KKRESmax*TIME^KKRESn)/(KKRES50^KKRESn+TIME^KKRESn) ; Kidneys 
KLuRESUP = (KLuRESmax*TIME^KLuRESn)/(KLuRES50^KLuRESn+TIME^KLuRESn)  ; Lungs 
KMRESUP = (KMRESmax*TIME^KMRESn)/(KMRES50^KMRESn+TIME^KMRESn) ; Muscle 
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KRRESUP = (KRRESmax*TIME^KRRESn)/(KRRES50^KRRESn+TIME^KRRESn) ; Rest of body 
KTRESUP = (KTRESmax*TIME^KTRESn)/(KTRES50^KTRESn+TIME^KTRESn)  ; Tumor  
 
 
; IV Dosing 
Timeiv = 0.005 ; IV infusion time (h), set, approximately 15-20 seconds, on average 18 sec 
PDOSEiv = 8.17 ; mg/kg (Karmani et al. (2013); mice, IV route) 
 
DOSEiv = PDOSEiv*BW   ; mg 
IVR = DOSEiv/Timeiv    ; mg/h 
RIV = IVR*(1.-step(1,Timeiv))  ; mg/h 
d/dt(AIV) = RIV 
init AIV = 0 
 
; Elimination 
Kbile = KbileC*BW**0.75   ; L/h 
Kurine = KurineC*BW**0.75   ; L/h 
 
{Blood compartment} 
; CA = Arterial blood concentration (mg/L or μg/ml) 

RA = QC*CVLu - QC*CA  
d/dt(AA) = RA 
init AA = 0 
CA = AA/(VPlasma*0.2) 
d/dt(AUCCA) = CA 
init AUCCA = 0 
 
; CV = Venous blood concentration (mg/L or ug/ml) 
RV = QL*CVL + QBR*CVBR + QK*CVK + QM*CVM + QR*CVR + QT*CVT + RIV - QC*CV      
d/dt(AV) = RV 
init AV = 0 
CV = AV/(VPlasma*0.8) 
d/dt(AUCCV) = CV 
init AUCCV = 0 
APlasma = AA+AV 
CPlasma = APlasma/VPlasma 
 
{Lung compartment (mg/kg or ug/g)} 
; Membrane-limited model: AuNP in capillary blood of Lung 
RLub = QC*(CV-CVLu) - PALu*CVLu + (PALu*CLut)/PLu  
d/dt(ALub) = RLub 
init ALub = 0 
CVLu = ALub/VLub 
 
; Membrane-limited model: AuNP in interstitial tissue of Lung 
RLut = PALu*CVLu - (PALu*CLut)/PLu - KLuRESup*ALut + KLuRESrelease*ALuRES 
d/dt(ALut) = RLut 
init ALut = 0 
CLut = ALut/VLut 
 
; Phagocytosis: AuNP in phagocytic cells of Lung tissue 
RLuRES = KLuRESUP*ALut-KLuRESrelease*ALuRES 
d/dt(ALuRES) = RLuRES 
init ALuRES = 0 
 
; Total AuNP in Lung 
ALung = ALub+ALut+ALuRES 
CLung = (ALub+ALut+ALuRES)/VLu 
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ALungt = ALut+ALuRES 
CLungt = (ALut+ALuRES)/VLut 
 
{Brain compartment (mg/kg or ug/g)} 
; Membrane-limited model: AuNP in capillary blood of Brain 
RBRb = QBR*(CA-CVBR) - PABR*CVBR + (PABR*CBRt)/PBR 
d/dt(ABRb) = RBRb 
init ABRb = 0 
CVBR = ABRb/VBRb 
 
; Membrane-limited model: AuNP in interstitial tissue of Brain 
RBRt = PABR*CVBR - (PABR*CBRt)/PBR 
d/dt(ABRt) = RBRt 
init ABRt = 0 
CBRt = ABRt/VBRt 
 
; Total AuNP in Brain 
ABrain = ABRb+ABRt 
CBrain = ABrain/VBR 
 
{Muscle compartment (mg/kg or ug/g)} 
; Membrane-limited model: AuNP in capillary blood of Muscle 
RMb = QM*(CA-CVM) - PAM*CVM + (PAM*CMt)/PM 
d/dt(AMb) = RMb 
init AMb = 0 
CVM = AMb/VMb 
 
; Membrane-limited model: AuNP in interstitial tissue of Muscle 
RMt = PAM*CVM - (PAM*CMt)/PM - KMRESUP*AMt + KMRESrelease*AMRES 
d/dt(AMt) = RMt 
init AMt = 0 
CMt = AMt/VMt 
 
; Phagocytosis: AuNP in phagocytic cells of Muscle 
RMRES = KMRESUP*AMt-KMRESrelease*AMRES 
d/dt(AMRES) = RMRES 
init AMRES = 0 
 
; Total AuNP in Muscle 
AMuscle = AMb+AMt+AMRES 
CMuscle = (AMb+AMt+AMRES)/VM 
AMusclet = AMt+AMRES 
CMusclet = (AMt+AMRES)/VMt 
 
{Rest of body compartment (mg/kg or ug/g)} 
; Membrane-limited model: AuNP in capillary blood of Rest of body 
RRb = QR*(CA-CVR) - PAR*CVR + (PAR*CRt)/PR 
d/dt(ARb) = RRb 
init ARb = 0 
CVR = ARb/VRb 
 
; Membrane-limited model: AuNP in interstitial tissue of Rest of body 
RRt = PAR*CVR - (PAR*CRt)/PR - KRRESUP*ARt + KRRESrelease*ARRES 
d/dt(ARt) = RRt 
init ARt = 0 
CRt = ARt/VRt 
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; Phagocytosis: AuNP in phagocytic cells of Rest of body tissue 
RRRES = KRRESUP*ARt-KRRESrelease*ARRES 
d/dt(ARRES) = RRRES 
init ARRES = 0 
 
; Total AuNP in Rest of body 
Arestall = ARb+ARt+ARRES 
Crestall = (ARb+ARt+ARRES)/VR 
Aresttissue = ARt+ARRES 
Cresttissue = (ARt+ARRES)/VRt 
 
{Kidney compartment (mg/kg or ug/g)} 
; Membrane-limited model: AuNP in capillary blood of Kidney 
RKb = QK*(CA-CVK) - PAK*CVK + (PAK*CKt)/PK - Rurine 
d/dt(AKb) = RKb 
init AKb = 0 
CVK = AKb/VKb 
 
; Membrane-limited model: AuNP in interstitial tissue of Kidney 
RKt = PAK*CVK - (PAK*CKt)/PK - KKRESUP*AKt + KKRESrelease*AKRES  
d/dt(AKt) = RKt 
init AKt = 0 
CKt = AKt/VKt 
 
; Phagocytosis: AuNP in phagocytic cells of Kidney tissue 
RKRES = KKRESUP*AKt-KKRESrelease*AKRES 
d/dt(AKRES) = RKRES 
init AKRES = 0 
 
; Total AuNP in Kidney 
AKidney = AKb+AKt+AKRES 
CKidney = (AKb+AKt+AKRES)/VK 
AKidneyt = AKt+AKRES 
CKidneyt = (AKt+AKRES)/VKt 
 
; Urinary excretion 
Rurine = Kurine*CVK ;mg/h 
d/dt(Aurine) = Rurine 
init Aurine = 0 
 
{Spleen compartment (mg/kg or ug/g)} 
; Membrane-limited model: AuNP in capillary blood of Spleen 
RSb = QS*(CA-CVS) - PAS*CVS + (PAS*CSt)/PS  
d/dt(ASb) = RSb 
init ASb = 0 
CVS = ASb/VSb 
 
; Membrane-limited model: AuNP in interstitial tissue of Spleen 
RSt = PAS*CVS - (PAS*CSt)/PS - KSRESUP*ASt + KSRESrelease*ASRES 
d/dt(ASt) = RSt 
init ASt = 0 
CSt = ASt/VSt 
 
; Phagocytosis: AuNP in phagocytic cells of Spleen tissue 
;RSRES = KSRESUP*AA-KSRESrelease*ASRES 
RSRES = KSRESUP*ASt-KSRESrelease*ASRES 
d/dt(ASRES) = RSRES 
init ASRES = 0 



107 
 

; Total AuNP in Spleen 
ASpleen = ASb+ASt+ASRES 
CSpleen = (ASb+ASt+ASRES)/VS 
ASpleent = ASt+ASRES 
CSpleent = (ASt+ASRES)/VSt 
d/dt(AUCCS) = CSpleen 
init AUCCS = 0 
 
{Liver compartment (mg/kg or ug/g)} 
; Membrane-limited model: AuNP in capillary blood of Liver 
RLb = QL*(CA-CVL) + QS*CVS - PAL*CVL + (PAL*CLt)/PL - KLRESUP*ALb + KLRESrelease*ALRES 
d/dt(ALb) = RLb 
init ALb = 0 
CVL = ALb/VLb 
 
; Membrane-limited model: AuNP in interstitial tissue of Liver 
RLt = PAL*CVL - (PAL*CLt)/PL - Rbile 
d/dt(ALt) = RLt 
init ALt = 0 
CLt = ALt/VLt 
 
; Phagocytosis: AuNP in phagocytic cells attach to Liver capillary wall 
;RLRES = KLRESUP*AA-KLRESrelease*ALRES 
RLRES = KLRESUP*ALb-KLRESrelease*ALRES 
d/dt(ALRES) = RLRES 
init ALRES = 0 
 
; Total AuNP in Liver 
ALiver = ALb+ALt+ALRES 
CLiver = (ALb+ALt+ALRES)/VL 
ALivert = ALt+ALRES 
CLivert = (ALt+ALRES)/VLt 
d/dt(AUCCL) = CLiver 
init AUCCL = 0 
 
; Biliary excretion 
Rbile = Kbile*CLt ; mg/h 
d/dt(Abile) = Rbile 
init Abile = 0 
 
{Tumor compartment (mg/kg or ug/g)} 
; Membrane-limited model: AuNP in capillary blood of Tumor 
RTb = QT*(CA-CVT) - PAT*CVT + (PAT*CTt)/PT  
d/dt(ATb) = RTb 
init ATb = 0 
CVT = ATb/VTb 
 
; Membrane-limited model: AuNP in Tumor interstitium 
RTt = PAT*CVT - (PAT*CTt)/PT - KTRESUP1*ATt + KTRESrelease*ATRES 
d/dt(ATt) = RTt 
init ATt = 0 
CTt = ATt/VTt 
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; Phagocytosis: AuNP in tumor cells of Tumor interstitium 
RTRES = KTRESUP*ATt-KTRESrelease*ATRES 
RTRESUP = KTRESUP*ATt 
RTRESrelease = KTRESrelease*ATRES 
d/dt(ATRES) = RTRES 
init ATRES = 0 
 
; Total AuNP in Tumor 
ATumor = ATb+ATt+ATRES 
CTumor = (ATb+ATt+ATRES)/VT 
ATumort = ATt+ATRES 
CTumort = (ATt+ATRES)/VTt; mg/kg or ug/g tumor  
d/dt(AUCCT) = 100*(ATumort/Doseiv) 
init AUCCT = 0 
 
Tumorperc = 100*(ATumort/Doseiv)/VTt/1000  ; %ID/g 
TumorpercID = 100*(ATumort/Doseiv)   ; %ID 
 
; Mass balance 
Tmass = AA+AV+ALiver+ABrain+AKidney+ALung+Arestall+AMuscle+ASpleen+Abile+Aurine+ATumor 
Bal = AIV-Tmass 

 


