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Abstract: Fe-based metal-organic frameworks (MOFs) are a class of polymer crystals formed by the combination
of Fe ions or Fe clusters with organic ligands through coordination bonds. At present, Fe-based MOFs can be mainly
prepared by solvothermal synthesis, ultrasonic synthesis, microwave synthesis, and dry-gel conversion, etc.
Fe-based MOFs have the characteristics of strong drug loading capacity of inorganic nano-carrier and high safety
of organic nano-carrier, and have good tumor targeting and the capacity of inducting tumor's ferroptosis, which
have high potential in the delivery of antitumor drugs. Recently, Fe-based MOFs have also been developed
with various functions such as imaging, magnetic hyperthermia, photothermal therapy, photodynamic therapy,
and intelligent response, which can facilitate diagnosis and monitor drug distribution while delivering antitumor
drugs, and can produce synergistic antitumor effects combined with thermotherapy and phototherapy, and can also
control the precise release of drugs. Reviewing the advances in the synthesis methods, characteristics as well as
functions and types of Fe-based MOFs can provide a basis for the further applications of Fe-based MOFs in antitumor
drug delivery.
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Figure 1  The structures of metal-organic frameworks (MOFs).
A: MIL88-Cr; B: MOF199-Cu; C: NU1000-Zr; D: MIL53-Al; E:
MOF5-Zn; F: MIL101-Fe
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Figure 2 Fe-based MOFs are formed by coordination reaction
between Fe and organic ligand (take MIL101 Fe-based MOF as an
example). BDC: 1,4-Dicarboxybenzene
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Table 1  Statistics of drug loading of Fe-based MOFs. DOX: Doxorubicin; siRNA: Small interfering ribonucleic acid; 5-Fu: Fluorouracil

Type of Fe-MOFs Drug Solubility of drug Molecular weight of drug  Drug-loading rate/wt% Ref.
MIL-53 Flurbiprofen Hydrophobic 244.27 20 [17]
Ibuprofen Hydrophobic 206.29 21 [18]

Busulfan Amphiphilic 246.30 14.3 [19]

Azidothymidine triphosphate Hydrophilic 523.18 0.24 [19]

Caffeine Amphiphilic 194.19 231 [19]

Urea Hydrophilic 61.05 63.5 [19]

Benzophenone 4 Hydrophilic 308.31 5 [19]

Oridonin Hydrophobic 364.44 56.25 [20]

Paracetamol Hydrophobic 151.16 19.7 [13]

Progesterone Hydrophobic 314.46 19.6 [13]

Stavudine Hydrophilic 224.21 20 [13]

MIL-53-NH, 5-Fu Hydrophobic 130.08 28 [21]
MIL-88A Busulfan Amphiphilic 246.30 8.0 [19]
Azidothymidine triphosphate Hydrophilic 523.18 0.6 [19]

Cidofovir Hydrophilic 279.19 2.6 [19]

5-Fu and irinotecan Hydrophobic and hydrophilic 130.08 and 586.68 10.3 and 3.6 [22]

MIL-88B Oxaliplatin Hydrophobic 395.28 10 [23]
Ibuprofen Hydrophobic 206.29 19.5 [9]

MIL-89 Busulfan Amphiphilic 246.30 9.8 [19]
Cidofovir Hydrophilic 279.19 14 [19]

MIL100 Glucose oxidase Hydrophilic 154.12 3.6 [4]
Glucose oxidase and DOX Hydrophilic and hydrophobic 154.12 and 543.53 12.4 and 11.2 [24]

Busulfan Amphiphilic 246.30 255 [19]

Azidothymidine triphosphate Hydrophilic 523.18 21.2 [19]

Cidofovir Hydrophilic 279.19 16.1 [19]

DOX Hydrophobic 543.53 9.1 [19]

Ibuprofen Hydrophobic 206.29 33 [19]

Caffeine Amphiphilic 194.19 24.2 [19]

Urea Hydrophilic 61.05 69.2 [19]

Benzophenone 4 Hydrophilic 308.31 15.2 [19]

Benzophenone 3 Hydrophobic 228.24 15 [19]

Docetaxel Hydrophobic 807.88 57.2 [25]

Indocyanine green Hydrophobic 774.96 40 [26]

Flurbiprofen Hydrophobic 24427 46 [17]

Insulin Hydrophilic 5793.54 35 [27]

Isoniazid Hydrophilic 137.14 12.85 [28]

Brimonidine tartrate Hydrophilic 442.22 31 [29]

Nicotinamide and azelaic acid ~ Amphiphilic and amphiphilic 122.13 and 188.22 58.4 and 19.1 [30]

MIL-101 Dihydroartemisinin Hydrophobic 284.35 10 [31]
Flurbiprofen Hydrophobic 244.27 37 [17]

MIL-101-NH, Isoniazid Hydrophilic 137.14 12 [10]
Azidothymidine triphosphate Hydrophilic 523.18 42 [19]

Cidofovir Hydrophilic 279.19 41.9 [19]

DOX Hydrophobic 543.53 48.84 [32]

Se@MIL-101 SiRNA Hydrophilic — 5.89 [12]
Ru@MIL-101 siRNA Hydrophilic — 20 [12]
MIL-127 Nicotinamide and azelaic acid ~ Amphiphilic and amphiphilic 122.13 and 188.22 34.1and 14.2 [30]
MOF-5-NH, 5-Fu Hydrophobic 130.08 35 [33]
MOF-74 Ibuprofen Hydrophobic 206.29 15.9 [34]
Fe-NDC Calcein Hydrophobic 622.53 17.74 [35]
DOX Hydrophobic 543.53 13.37 [35]
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Figure 3  Micropores (A) on the surface and mesoporous (B)

inside the cage structure of Fe-based MOFs
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Figure 4 Fe-based MOFs disintegrate in acidic and reductive
tumor microenvironment, release Fe and ferroptosis revulsant, and
jointly induce tumor iron death, which has the effect of medicine
and auxiliary combination
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Figure 5 Functions and types of Fe-based MOFs. A: Fe-based
MOFs can play the role of imaging under excitation of magnetic
field and light; B: Fe-based MOFs can play the role of magnetic
hyperthermia under magnetic field; C: Fe-based MOFs can play
the role of photodynamic therapy (PDT) and photothermal therapy
(PTT) under the excitation of light; D: Fe-based MOFs can play an
intelligent release effect under the influence of external stimuli
and tumor microenvironment. GSH: Glutathione
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