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Table S2: List of antiviral agents that are currently being investigated in clinical trials for their effectiveness against different cancer types when alone and/or in 
combination with chemotherapeutic agents, as well as antivirals that are potential new anti-cancer drugs shown to inhibit malignant cells in vivo/in vitro. The 
summarized data is obtained from clinicaltrials.gov, the National Institute of Health (NIH), the Drugbank, and the ReDo databank. PubMed and Google Scholar 
have been used to gain detailed information about the mechanism(s) of action of the potential repurposed drugs in vitro and in vivo. The keywords used for the 
search are “anti-cancer” and “repurposed”.   

Drug Original 
application / 
target 

New application (anti-cancer) / Proposed Target/Mechanism of 
action  

Stage of development 

Amantadine Antiviral 
Blocks the viral M2 
ion channel  
prevents virus entry 
to host cells [1–3] 

Cancer detection: 
-As single agent: 
 Acts as diagnostic biomarker that confirms the presence of cancer   
 cells through its metabolism by spermidine/spermine N  
 acetyltransferase (SSAT), highly increased 
 in cancer cells  
 

Clinical Trial (Recruiting, Phase II): 
Detection of cancer (NCT02277938, NCT00755898)  

Cidofovir Antiviral 
Inhibits viral DNA 
polymerase [4] 

Glioblastoma: 
-As single treatment: 
 Incorporates into the DNA of the tumor cells  promotes double   
 strand breaks  induces apoptosis [5] 
-In combination as a Radiosensitizer [5] 
 
Cervical cancer (Human Papillomavirus (HPV) positive): 
-As single treatment: 
 Causes DNA damage, activates Rho GTPase pathways and  
 LXR/RXR pathways, enhances levels of p53 and p-pRb, and   
 induces cell cycle arrest and cell death [6, 7] 
 
-In combination with chemo-radiotherapy: 
 Downregulates virus induced-E6 and E7 levels, enhances p53 and   
 p-pRb levels, and downregulates p16 levels [8] 
 
 

Clinical Trial Phase II: 
-Anal Cancer of HIV infected patients (NCT00550589, 
NCT01946009) 
-Squamous Intraepithelial Lesions (NCT02976987) 
 
Clinical Trial Phase I: 
-Radiosensitizer in cervical cancer (NCT00811408,   
 NCT02515877) 
 
In vivo: 
-Glioblastoma cells U87MG and SF7796 in athymic mice 
[5] 
-Cervical cancer cells HeLa and SiHa in nude mice [7] 
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Cidofovir 
(continued) 

 Breast, colon, liver, hepatocyte, prostate, and cervical carcinomas: 
-As single treatment: 
 Reduces cell viability (HPV positive and negative cells), increases   
 PARP, p85, p53, cytochrome c and caspase-3 levels, increases  
 Bax/Bcl-2-ratio, and causes DNA fragmentation [9] 

In vitro: 
-Glioblastoma cells: U87MG and primary SF7796 [5] 
-Cervical cancer cells: HPV16+ (SiHa) and  
 HPV18+ (HeLa) [6, 9] 
-Colon cancer cells: Caco-2 [9] 
-Hepatocyte carcinoma cells: Hep-G2 [9] 
-Prostate cancer cells: PC-3 [9] 
-Breast cancer cells: MDA-MB-231 [9] 
-Lung cancer cells: NCI-H1975 [9] 

Efavirenz Antiviral 
Downregulates the 
activity of the viral 
non-nucleoside 
reverse transcriptase 
[10, 11] 

Colorectal and pancreatic carcinoma, glioblastoma: 
-As single treatment: 
 Enhances expression levels of cannabinoid receptor (CB1), and   
 induces p53 phosphorylation [12]  
 
-In combination: 
 Enhances the effects of a cannabinoid agonist (Win 55212-2 or (-)-11-
nor-carboxy-Δ9-THC (THC)) on cancer cells [12] 
 
Pancreatic cancer: 
-As single treatment:  
 Inhibits cancer cell growth and colony formation [13] 
 
-In combination: 
 Enhances radiation’s effect (radiosensitizer) by inducing oxidative   
 stress, mitochondrial damage, and apoptosis [14] 
 
Lung cancer: 
-As single treatment: 
 Induces loss of nuclear integrity and upregulates ATM signaling   
 pathway [15]  
 
Leukemia cells: 
-As single treatment: 
 Activates p53, chk2 and H2AX and induces apoptosis [16] 

Clinical Trial Phase III, IV: 
-Kaposi’s Sarcoma with HIV infection (NCT00444379, 
NCT01352117) 

 
Clinical Trial Phase II: 
-Prostate Cancer (NCT00964002) 
-Pancreatic Cancer (NCT00964171) 
 
Clinical Trial Phase I: 
-Solid tumors / Non-Hodgkin Lymphoma 
(NCT01878890) 
 
In vitro: 
-Glioblastoma cells: T98G [12] 
-Colorectal carcinoma cells: HCT-15 [12]  
-Pancreatic cancer cells: BxPC-3, Panc-1 [12, 13]    
 and BxPC-3 [14] 
-Lung cancer cells: A549 [15] 
-Leukemia cells: IM9 and HL60 [16] 
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Ganciclovir Antiviral 

Inhibits viral DNA 
polymerases [17] 
 

Prostate cancer with Herpes Virus transduction: 
-As single treatment: 
 Induces necrosis and apoptosis, and decreases micro-vessel density [18, 
19] 
 
Pancreatic cancer with Herpes Virus transduction: 
-As single treatment: 
 Decreases cell survival, fragments DNA, and induces apoptosis [20] 
 
Thymidine kinase (HSV-TK) transfected cervical cancer: 
-As single treatment: 
 Induces cytotoxic effects and apoptosis [21] 
 
HSV-TK transfected lung cancer: 
-As single treatment: 
 Downregulates cell viability and reduces tumor size [22] 
 

Clinical Trial Phase II: 
-Gene therapy in treating women with refractory or 
Relapsed Ovarian Epithelial Cancer, Fallopian 
Tube Cancer, or Peritoneal Cancer (NCT00005025) 
-Study of Arginine Butyrate and 
Ganciclovir/Valganciclovir in EBV(+) Lymphoid 
Malignancies (NCT00917826) 
 
Clinical Trial Phase I: 
-Brain Tumors (NCT00001328) 
-Ovarian Cancer (NCT00964756) 
-Ganciclovir plus Arginine Butyrate in treating patients 
with cancer or lymphoproliferative disorders associated 
with the Epstein Barr Virus (NCT00006340) 
-Gene therapy in treating patients with Primary Brain 
Tumors (NCT00002824) 
-Vaccine therapy and Ganciclovir in treating patients 
with Mesothelioma (NCT00006216) 
 
In vivo: 
-Prostate cancer cells: RM-1 in male C57BL/6 mice [18, 
19] 
-Cervical cancer cells: SW900 and NCI-H661 in female 
nude mice [21] 
 
In vitro: 
-Prostate cancer cells: PC-3, DU145, and RM-1 [18, 19] 
-Pancreatic cancer cells: SW1990/TK and PA317/TK [20] 
-Cervical cancer cells: HeLa [21]  
-Adenocarcinoma cells: Calu-3, NCI-H23, NKI-H1650, A-
549, SW-900, NCI-H520, NCI-H661, and NCI-H460 cells 
[22] 
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Indinavir Antiviral 
Inhibits HIV 
protease [23, 24] 
 
 

Using computer modeling:  
 Modulates the alpha-7-nicotinic acetylcholine receptor 
 (pro-carcinogenic protein) and matrix metalloproteinase   
 (MMP)-2 (malignancy promotor)[25] 
 
HPV induced cervical cancer: 
-As single treatment: 
 Reduces cell viability, decreases secretion of MMP-2 and -9,  
 and induces apoptosis [26] 
 
Hepatocarcinoma: 
-As single treatment: 
 Inhibits MMP-2 proteolytic activation, delays tumor growth,   
 reduces angiogenesis and induces apoptosis [27] 
 
Kaposi’s Sarcoma: 
-As single treatment: 
 Inhibits angiogenesis and MMP-2 proteolytic activity [28–31] 

Clinical Trial Phase II: 
-External-Beam radiation therapy with or without 
Indinavir and Ritonavir in treating patients with brain 
metastases (NCT00637637) 
-Treatment with Indinavir and chemotherapy for 
Advanced Classical Kaposi’s Sarcoma (NCT01067690) 
-Treatment of classical Non-HIV-Related Kaposi’s 
Sarcoma with the antiviral drug Indinavir 
(NCT00362310) 
 
In vivo: 
-Cervical cancer cells HeLa in immunocompromised 
female C57BL/6 mice [26] 
-Hepatocarcinoma cells Huh7 and SK-HEP-1 
 in nude mice [27] 
 
In vitro: 
-Cervical cancer cells: HeLa [26] 
-Hepatocarcinoma cells: Huh7 and SK-HEP-1 [27] 
-Kaposi’s Sarcoma cells: HUVECs, HDMVECs, KS, and 
EA-hy 926 [28] 
 

Lopinavir Antiviral 
HIV-1 and HIV-2 
protease inhibitor  
antiretroviral 
combination therapy 
with Ritonavir [32–
35] 
 

Urological cancer cells: 
-In combination with Ritonavir: 
 Induces stress in the endoplasmic reticulum, increases the   
 expression of AMP-activated protein kinase and tumor necrosis  
 factor-related apoptosis-inducing ligand (TRAIL) receptor [36] 
 
Lung cancer cells: 
-In combination with Ritonavir: 
 Induces cell cycle arrest, downregulates cell viability, and  
 induces apoptosis [15] 

Clinical Trial Phase IV: 
-Anti-Retroviral for Kaposi’s Sarcoma (NCT00444379) 
 
Clinical Trial Phase III: 
-AIDS-related Kaposi's Sarcoma (NCT00834457) 
 
Clinical Trial Phase II: 
-Ritonavir and Lopinavir in treating patients with 
progressive or recurrent high-grade Glioma 
(NCT01095094) 
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Lopinavir 
(continued) 

 Melanoma cells: 
-As single treatment (Lopinavir / Lopinavir-NO): 
 Inhibits cell proliferation, induces morphological changes, 
 increases reactive oxygen species production, and induces 
 induction [37]. 

In vivo: 
-B16 melanoma cells in C57BL/6 mice [37] 
 
In vitro: 
-Renal cancer cells (769-P, 786-O) and bladder cancer 
cells (UMUC-3, T-24) [36] 
-Lung cancer cells: MRC-5 and A549 [15] 
-Melanoma cells: B16, B16F10 and A375 [37] 

Maraviroc Anti-Retroviral 
Most used CCR5 co-
receptor antagonist 
(interferes with the 
binding of CCL5 to 
CCR5) [38] 

Classical Hodgkin Lymphoma: 
-As single treatment: 
 Reduces tumor growth and inhibits monocyte accumulation 
 (tumor-associated macrophages (TAMs) (CD68+  cell)) in vivo 
 and in vitro [39] 
 Inhibits formation and viability of heterospheroids in vitro [39] 
 
-In combination: 
 Synergizes the effects of  Doxorubicin(DOX) and Brentuximab 
 Vedotin [39] 
 
Pancreatic cancer: 
-As single treatment: 
 Downregulates CDK and cyclins and upregulates CDK inhibitors  
 (p21, p27, p18) G1 cell cycle arrest [40] 
 Leads to remission of pancreatic liver metastasis in vivo [40] 
 Increases the expression of cleaved caspases- 3 and -9 and Bax  
 Induces apoptosis [40] 
 
Acute lymphoblastic leukemia (ALL): 
-As single treatment: 
 Blocks JAK phosphorylation  inhibits STAT3 activity  Exerts   
 an anti-proliferative effect, induces apoptosis and inhibits the  
 formation of spheroids in vitro, also leads to decreased adhesion  
 and migration in vivo [41] 
 

Clinical trial Phase I: 
-Metastatic Pancreatic Cancer and Colorectal Cancer   
 in combination with Nivolumab and Ipilimumab  
 (NCT04721301) 
 
-Colorectal Cancer, Liver metastasis and Neoplasm   
 Metastasis (NCT01736813) 
 
-Metastatic Colorectal Cancer in combination with   
 Pembrolizumab after failed standard therapy  
 (NCT03274804) 
 
Clinical trial Phase II: 
-Kaposi’s Sarcoma (NCT01276236) 
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Maraviroc 
(continued) 

 Colon Cancer: 
-As single treatment: 
 Downregulates CCND1  G1 cell cycle arrest [42] 
 Induces apoptosis via the intrinsic and extrinsic pathways   
 Induces caspase-3.-7 and -9 cleavage [42] 
 
Hepatocellular carcinoma (HCC): 
-As single treatment 
 Acts as chemopreventive agent [43] 
 
Breast Cancer: 
-As single treatment: 
 Inhibits tumor metastasis [44] 
 Reduces the level of CCR5+ Tregs and metastasis formation in vivo [45] 
 
-In combination: 
 Synergizes the effect of anti-VEGF therapy [44] 
 Synergizes the effect of Tocilizumab  Inhibits cell migration [46] 
 Synergizes the effect of anti-IL6 receptor antibody  inhibits 
 tumor growth and metastasis formation in vivo [46] 
 
Acute myeloid leukemia (AML): 
-In combination with CD8+ T cells and BX471 (CCR1 antagonist) 
 Inhibits T-reg accumulation and lung metastasis formation and 
 increases the effects of CD8+ T cells in a xenograft model [47] 
 
Gastric cancer: 
-As single treatment: 
 Reduces the extent of peritoneal disease and increases survival, 
 as well as decreases tumor burden in vivo via altered expression of 
 different genes [48] 
 
 More extensive summary is presented in the review by Aldinucci et   
 al. [38] 
 

In vivo: 
-Classic Hodgkin lymphoma cells L-540 in athymic 
nude/nude mice [39] 
-Classic Hodgkin lymphoma cells L-428 in NSG mice 
[39] 
-Human Pancreatic cancer cells Suit2-007 cells in RNU 
rats [40] 
-ALL cells SUP-B15 in nude mice [41] 
 
-HCC model with C57BL/6 mice on a choline-deficient 
diet [43] 
-Breast cancer cells MB231 in athymic nude mice[44] 
-Breast cancer cells MDA-MB-231-LN in athymic nude 
mice [46] 
 
-MLL-AF9-induced mouse AML models [47] 
-Breast cancer cells 4T1, 4T07, and 67NR in BALB/c mice 
[45] 
-Gastric cancer cells MKN45 or MKN45 in NOD-SCID 
mice [48] 
 
In vitro: 
-Classic Hodgkin lymphoma cells: L-1236, L-428, KM-
H2, HDLM-2, and L-540 [39] 
-Pancreatic cancer cells: Suit2-007 and MIAPaCa-2 [40] 
-ALL cells: SUP-B15 [41] 
 
-Colon cancer cells: SW480 and SW620 [42] 
-Breast cancer cells: MDA-MB-231-LN, SUM149, and 
SUM159 [46] 
-Gastric cancer cells: MKN45, MKN74, and KATOIII [48] 
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Nelfinavir Anti-Retroviral 
HIV-1 protease 
inhibitor (prevents 
cleavage of the gag-
pol polyprotein  
immature virus 
particles) [49] 

Pancreatic cancer: 
-As single treatment: 
 Reduces cell proliferation via cell cycle arrest (phase is cell line specific) 
and induces apoptosis [50] 
 
-In combination with Nitroxoline and Erlotinib: 
 Synergizes the effect of Nitroxoline [50] 
 
Multiple Myeloma: 
-As single treatment: 
 Inhibits 26S proteasome activity [51] 
 Inhibits phosphorylation of AKT, STAT3 and ERK1/2  
 induces the pro-apoptotic pathway of the UPR system  
 caspase-3 cleavage  induces apoptosis and reduces proliferation [51] 
 
-In combination with Dexamethasone, Bortezomib and 
 Valproic acid 
 Synergizes the effects exerted by Dexamethasone, Bortezomib and 
 Valproic acid [51] 
 
Glioblastoma, Myeloma, Laryngeal, Ovarian and Lung Cancer: 
-As single treatment: 
 Inhibits proteasome  accumulation of misfolded proteins   
 ER stress response induces apoptosis [52–56] 
 
Laryngeal and Lung cancer: 
-As single treatment: 
 Decreases Sp1 phosphorylation and Sp1 binding to VEGF,  
 decreases HIF-1α induction  decreases VEGF expression    
 decreases angiogenesis [57] 
 
-In combination with radiation: 
 Enhances radiation’ effect (radiosensitizer) in vivo and in vitro [53, 57] 
 
 
 

Clinical trial Phase I: 
-Cervical Cancer in combination with Cisplatin and 
radiation (NCT01485731, NCT02363829) 
-Inoperable Non-Small Cell Lung Cancer (NSCLC) in 
combination with radiation therapy, Cisplatin, and 
Etoposide (NCT00589056) 
-Advanced malignancies in combination with 
Temsirolimus (NCT01079286) 
-Pancreatic Cancer in combination with radiation and 
Gemcitabine (NCT01086332) 
-Colorectal Cancer in combination with radiation and 
Capecitabine (NCT00704600) 
-Lung Cancer in combination with radiation 
(NCT01447589) 
-Pancreatic Cancer in combination with Radiation and 
Gemcitabine Hydrochloride, Leucovorin Calcium, and 
Fluorouracil (NCT01068327) 
-Solid tumors (NCT01445106) 
-Inoperable Vulvar Cancer in combination with Cisplatin 
and radiation (NCT04169763) 
-Neoplasms and Lymphoma in combination with 
MLN9708 (NCT03422874)  
-Progressive Advanced Hematologic Cancer in 
combination with Bortezomib (NCT01164709) 
-Gamma herpesvirus-Related Tumors (NCT02080416) 
-Glioblastoma in combination with Temozolomide and 
radiation (NCT00915694, NCT01020292) 
-Multiple Myeloma in combination with Metformin and 
Bortezomib (NCT03829020) 
-Multiple Myeloma in combination with Lenalidomide 
and Dexamethasone (NCT01555281) 
-Liposarcoma (NCT00233948) 
-Glioblastoma in combination with radiochemotherapy 
(NCT00694837, NCT00694837) 
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Nelfinavir 
(continued) 

 Liposarcoma and Prostate cancer : 
-As single treatment: 
 Inhibits site-2 protease activity  accumulation of SREBP-1 and 
 ATF6  ER stress and UPR  induces apoptosis [58, 59] 
 
Breast Cancer: 
-As single treatment: 
 Inhibits HER2 protein expression and phosphorylation, and inhibits 
 AKT and ERK1/2 signaling via inhibition of HSP90 [60] 
 
Myeloma and Lung Cancer: 
-In combination with Bortezomib: 
 Synergizes the effect of Bortezomib [54] 
 
Thyroid Cancer: 
-As single treatment: 
 Induces G0/G1 cell cycle arrest via downregulation of Cyclin D1   
 and CDK4 [61] 
 Induces apoptosis evidenced by caspase-3 cleavage and inhibits 
migration [61] 
 
Cervical Cancer: 
-As single treatment: 
 Decreases MnSOD protein expression  increases mitochondrial 
 ROS production  leading to apoptosis and G1 cell cycle arrest [62] 
 
 
 
 
 
 
 
 
 
 
 

Clinical trial Phase II: 
-Head and Neck Cancer (NCT01065844) 
-Inoperable NSCLC in combination with radiation and 
Carboplatin/Paclitaxel and Cisplatin/Etoposide 
(NCT01108666) 
-NSCLC in combination with radio-chemotherapy 
before operation (NCT00791336) 
-Pancreatic Cancer in combination with Nab-Paclitaxel, 
Capecitabine, Gemcitabine and radiation (NCT02024009) 
-Pancreatic Cancer in combination with radiation, 
Oregovomab, Gemcitabine Hydrochloride, Leucovorin 
Calcium, and Fluorouracil (NCT01959672) 
 
-Melanoma, Lung Cancer, or Kidney Cancer in 
combination with Pembrolizumab, Nivolumab, 
Atezolizumab and radiation (NCT03050060) 
-Cervical Dysplasia (NCT01925378) 
-Multiple Myeloma in combination with Dexamethasone 
and Bortezomib (NCT02188537) 
-Kaposi`s sarcoma (NCT00002185, NCT03077451) 
-Head and Neck Cancer in combination with FMISO and 
radiation (NCT02207439) 
 
Clinical trial Phase III: 
-Cervix Carcinoma in combination with radiation and 
Cisplatin (NCT03256916) 
 
Published results of clinical trials are found in the 
following references [63–67] 
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Nelfinavir 
(continued) 

  In vivo:  
-Myeloma cell line U266-luc cell in NOD/SCID mice [51] 
-Glioblasoma cells U87 in athymic nu/nu mice [53] 
-Lung cancer cells A549 in Ncr-nu/nu mice [57] 
-Liposarcoma cells LiSa-2 in SCID mice [58] 
-Breast cancer cells HCC1954, HCC1937, and 
 MDA-MB-231 in BALB/c, nu/nu-NCr mice [60] 
-Lung cancer cells H157 in athymic NCr-nu/nu mice [54, 
55] 
-Myeloma cells RPMI8226 in NCr-nu/nu mice [54] 
 
In vitro: 
-Pancreatic cancer cells: AsPC-1, Capan-2 and BxPC-3 
PC [50] 
-Myeloma cell lines: U266, MM1S, RPMI, OPM2, LP1 
and fresh plasma cells [51], RPMI8226 and L363 [54] 
-Glioblastoma cell lines: U251, LN229, T98G and U87 
[52]  
-Laryngeal cancer cells: SQ20B [53, 57] 
-Lung cancer cells: A549 [54, 55, 57] and H157 [54, 55] 
-Liposarcoma cells: SW872 and LiSa-2 [58, 68] 
-Breast cancer cells: HCC1143, HCC1395, HCC1937, 
HCC1954, HCC2218, MCF-7, BT474, and HCC38 [60], 
MCF-7, SKBR-3, MCF-7/LCC2, SKBR-3/Her10, JIMT-1, 
and BT474 [55] 
-Thyroid cancer cell lines: FTC133, BCPAP and SW1736 
[61] 
-Prostate cancer cells: DU145, PC-3 CR-PC cells and AD-
PC LNCaP FGC [59] 
-Ovarian cancer cells: SKOV3, OV-GH-5, OVCAR3, OV-
GH-1 and patient probes [56] 
-Cervical cancer cell lines: Hela, SiHa and CaSki [62] 
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Ribavirin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Broad spectrum anti-
viral (Hepatitis C in 
combination with 
interferon-α) 
Mode of action not yet 
fully understood, but 
different modes of 
actions proposed:  
immunomodulatory 
properties 
 
inhibition of the 
Inosinmonophosphate-
Dehydrogenase 
(IMPDH) 
 
direct inhibition of the 
HCV-encoded NS5B 
RNA polymerase 
 
induction of lethal 
mutagenesis 
modulation of 
interferon-stimulated 
gene expression [69] 

Pharyngeal, Ovarian and Breast Cancer and ALL: 
-As single treatment: 
 Inhibits eIF4E  impedes mRNA export  decreases NBS1 
 expression  decreased Akt activation and production of Akt 
 downstream target [70–73] and intersects eIF4/p70S6K pathway  
 signaling [70, 71]  decreases proliferation and colony formation  
 
ALL: 
-In combination 
 Enhances the antiproliferative effects of L-asparaginases,   
 Cytarabines, Dexamethasones, Etoposides, Doxorubicins and  
 Vincristines [71] 
 
Nasopharyngeal carcinoma (NPC): 
-As single treatment: 
 Exerts anti-proliferative effect via G0 cell cycle arrest, inhibits    
 migration and invasion, and modulates EZH2, Snail, eIF4E, and  
 IMPDH expression [74] 
 
-In combination with radiation: 
 Enhances radiation’s effect (radiosensitizer) [74] 
 
Glioma and Osteosarcoma:  
-As single treatment: 
 Exerts anti-proliferative effect via G0 cell cycle arrest and   
 apoptosis induction via intrinsic and extrinsic pathways [75, 76]  
 Decreases eIF4E phosphorylation on serine 209 (S209)     
 decreases protein synthesis decreases proliferation [77, 78] 
 inhibits EZH2, ERK phosphorylation and Snail  decreased 
 migration and adhesion [77, 78] 
 
-In combination  
 Enhances the effects of Temozolomide and irradiation [78] 
 
 
 

Clinical trial Phase I: 
-Metastatic Breast Cancer (NCT01056757) 
-Head and Neck Cancer in combination with Afatinib, and 
Carboplatin/Paclitaxel (NCT01721525) 
-Malignant Solid Tumors (NCT01309490) 
-HCC in combination with Pembrolizumab and  
Elbasvir/Grazoprevir (NCT02940496) 
-AML in combination with Cytarabine Arabinoside 
(NCT01056523) 
-AML in combination with Brequinar (NCT03760666) 
-AML in combination with Decitabine (NCT02109744) 
-Lymphoma (NCT03585725) 
 
Clinical trial Phase II: 
-AML (NCT00559091) 
-AML in combination with Vismodegib and/or Decitabine 
(NCT02073838) 
 
Clinical trial Phase IV: 
-In combination with interferon-alfa-2b after resection of 
primary HCC (NCT00375661) 
-In combination with Edipasvir/Sofosbuvir after resection of 
primary HCC (NCT02959359) 
 
Undefines Phase: 
-(HPV)-Related Malignancies (NCT02308241) 
-Head and Neck Cancer (NCT01268579) 
 
Published results of clinical trials are found in the following 
references [85, 86] 
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Ribavirin 
(continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Renal Cell Carcinoma (RCC): 
-As single treatment: 
 Exerts anti-proliferative effect via G02/M cell cycle arrest [79],  
 inhibits migration and invasion, and exerts immunmodulatory  
 effects in tumor microenvironment: reduces IL-10 production  
 and increases TGF-β secretion [79] 
 
AML: 
-As single treatment:  
 Reduces eIF4E activity  downregulates eIF4E mRNA export   
 and translation targets (c-Myc, XIAP, Cyclin E and NBS 1) [80] 
 
-In combination: 
 Synergizes the effects of Azacytidine, Sorafenib, Ara-C,   
 Idarubicin and leads to decreased colony number [80] 
 
Osteosarcoma and HCC: 
-In combination: 
 Synergizes the effect of DOX in vivo and in vitro [77, 81] 
  
Leukemia:  
-As single treatment: 
 Downregulates the phosphorylation of mTOR/eIF4E and 
 ERK/Mnk1/eIF4E signaling pathways, inhibits the assembly of 
 eIF4F translation initiation complexes, and reduces translation of  
 onco-protein Mcl-1 [82] 
 
-In combination: 
 Synergizes the effect of Imatinib [82] 
 
Oral Tongue Squamous Cell Carcinoma (OTSCC) and HCC: 
 -As single treatment: 
 Suppresses eIF4E phosphorylation  suppresses Akt, mTOR   
 and 4EBP1 phosphorylation  exerts anti-proliferative and pro-  
 apoptotic effect [81, 83] 

 
In vivo 
-NPC cell lines C666-1 and CNE-2 in NU/NU athymic mice 
[74] 
-Glioblastoma cells 9L in F433 rats [78] 
-Glioblastoma cells GB1A in NU/NU athymic mice [78] 
-Osteosarcoma cell lines MG-63 in SCID mice [77] 
-Infant ALL cells PAPAWG, PAPMGS, 771–206 in NSG 
mouse model [71] 
-OTSCC cell lines SCC-9 and CAL27 in SCID mice [83] 
-Ovarian cancer cells OVCAR3 in SCID mice [70] 
-HCC cell line HepG2 in NOD/SCID mice [81] 
 
In vitro 
-Pharyngeal cancer cells: FaDu [73] 
-NPC cell lines: C666-1, CNE-2, HNE-1, HONE-1, and 
SUNE-1 [74] 
-Glioma cell lines: A-172, AM-38, T98G, U-87MG, U-138MG, 
U-251MG and YH-13 [75], U87MG and U138MG [76], U87, 
U251, LN18, SF767, T98G, 9L, F98, C6, and GB1A[78] 
-RCC cells Renca and 786–0 [79] 
-Primary AML cells [80] 
-ALL cancer cell lines: RS4:11, SEM-K2, KOPN-8 and infant 
ALL patient samples [71] 
-Osteosarcoma cell lines: MG-63, U-2 OS, OB-6 and BJ-5ta 
[77] 
-Breast cancer cells: MCF-7, MDA-MB-468, MDA-MB-321, 
ZR75.1, BT474 and SkBr3, patient-derived samples [72] 
-Leukemia cell lines: SUP-B15 and K562 and primary 
leukemic specimen [82] 
-OTSCC cell lines: SCC-9 and CAL27 [83] 
-Ovarian cancer cells: ES2, OVCAR3, TOV-21G, SKOV3, 
PEO1, COV504, OV56, PEA1 [70] 
-HCC cell lines: HepG2, HepG3, HuH6, and SNU-182 [81] 
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Ribavirin 
(continued) 

 
 
OTSCC: 
-In combination: 
 Synergizes the effect of Paclitaxel (PAX) [83] 
 
Ovarian Cancer: 
-In combination: 
 Synergizes the effect of Cisplatin [70] 
 
More extensive review is presented in the review by Casaos et al. [84] 

Ritonavir 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Anti-retroviral 
HIV-1 protease inhibitor 
(prevents cleavage of the 
gag-pol polyprotein  
immature virus 
particles) [87] 

T-cell leukemia: 
-As single treatment:  
 Inhibits NF-κB transcriptional activity  downregulates the 
 expression of NF-κB-regulated gene products (Bcl-XL, survivin, 
 cyclin D2, and c-Myc)   anti-proliferative and pro-apoptotic   
 effect [88] 
 Activates the chymotrypsin-like activity of isolated 
 26S proteasomes [89] 
 Inhibits proteolytic degradation  accumulation of p21  
 cell cycle dysregulation and apoptosis [89] 
 
Myelotic Leukemia: 
-In combination 
 Enhances the anti-proliferative effect of ATRA 
 and enhances the induction of differentiation [90] 
 
Ovarian, Pancreatic, Lung and Breast Cancer: 
-As single treatment: 
 Inhibits cell motility and invasiveness [91–94] 
 Decreases phosphorylation of AKT  apoptosis [91–93]  
 Binds to Hsp90  decreases RB phosphorylation and expression 
 of cyclins and CDK, as well as upregulates expression of CDKI 
 G1 cell cycle arrest [91–94] 
 
-In combination : 

Clinical trial Phase I: 
-Breast Cancer before surgery (NCT01009437) 
-Prostate Cancer in combination with DOX (NCT03136640) 
-Neoplasm Metastasis in combination with DS-8201a 
(NCT03383692) 
-Prostatic Neoplasms in combination with DOX, hormonal 
therapy and radiation (NCT03066154) 
-Different Cancers in combination with DOX (NCT01173913, 
NCT03150368, NCT03147378) 
-Multiple Myeloma and CLL in combination with Metformin 
Hydrochloride (NCT02948283) 
-Glioblastoma in combination with 8 other repurposed drugs 
(NCT02770378) 
 
Clinical trial Phase II: 
-Different cancers in combination with Indinavir Sulfate and 
radiation (NCT00637637) 
-Breast Cancer in combination with DOX (NCT03890744) 
-Prostate Cancer in combination with DOX (NCT04028388) 
-Brain Cancers in combination with lopinavir 
(NCT01095094) 
-Kaposi`s Sarcoma (NCT00002366) 
-Kaposi`s Sarcoma in combination with Abacavir and 
lopinavir (NCT00834457) 
Clinical trial Phase IV: 
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 Induces additive effect in combination with PAX [92] 
 Enhances Gemcitabines’ effect [93] 
 
Lung cancer:  
-As single treatment: 
 Decreases survivin expression, phosphorylation of c-Src and 
 STAT3  cell cycle arrest and apoptosis [94] 
 Increases PARP cleavage  apoptosis induction [94] 
 
-In combination: 
 Exerts additive effect with Gemcitabine and/or Cisplatin [94] 
 
Kaposi`s Sarcoma:  
-As single treatment: 
 Inhibits NF-κB activation  decreases production of  
 NF-κB–dependent cytokines (IL-6, IL-8, and TNF-α)  and 
 decreases expression  of INF-γ, TNF-α, IL-1β, and IL-6  may  
 lead to decreased angiogenesis, inflammation, and immune cell  
 infiltration [95] 
 Inhibits ICAM-1, VCAM-1, and E-selectin expression   
 decreases leukocyte adhesion [95] 
 
Multiple Myeloma: 
-In combination: 
 Enhances the pro-apoptotic effect of Metformin [96] 
 Suppresses the expression of p-AKT, p-AMPK, pmTORC1 and 
 MCL-1 in vitro and in vivo [96] 
 
Prostate cancer: 
-As single treatment: 
 Inhibits DNA binding activity of NFκB [98] 
 
-In combination 
 Inhibits DOX induced induction of CYP3A4 expression in vivo 
 and in vitro [98] 
 Enhances DOX anti-proliferative and pro-apoptotic effect in vivo 

-Kaposi`s Sarcoma in combination with Lopinavir plus 
Emtricitabine/Tenofovir 
 
In vivo 
-Primary T-cell leukemia cells in NOG mice [88] 
-Breast cancer cell line MDA-MB-231 in nude mice [91] 
-Kaposi’s Sarcoma cell line KSIMM in BNX mice [95] 
-Multiple Myeloma cell line KMS11-GFP in NOD/SCID CB17 
mice [96] 
-Glioma cell line 9L in Fischer rats [97] 
-Prostate cancer cell line DU145 in triple immunodeficient 
BNX nu/nu mice [98] 
-T-cell leukemia cells EL4 in C57BL/6 mice [89] 
 
In vitro 
-T-cell leukemia cell line: Jurkat, K562, patient-derived 
samples [88], EL4, T1 and Jurkat cells [89] 
-Myelocytic leukemia cell lines :HL-60, NB4 and UF-1 [90] 
-Ovarian cancer cell lines: MDAH-2774 and SKOV-3 [92] 
-Breast cancer cell lines: MCF7, T47D, MDA-MB-231 and 
MDA-MB-436 [91] 
-Pancreatic tumor cell lines: BxPC-3, MIA PaCa-2,   
 and PANC-1 [93] 
-Lung cancer cell lines: A549, H522, H23 and H838   
-Kaposi`s Sarcoma cell line: KSIMM [95] 
-Multiple Myeloma cell lines: KMS11, L363, JJN3 and 
patient-derived samples [96] 
-Glioma cell lines: GL15 and 9L [97] 
-Prostate cancer cell lines: PC-3 and DU145 [98] 
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 and in vitro [98] 
 
 
 
Glioma: 
-As single treatment: 
 Inhibits the chymotrypsin-like activity of the proteasome   
 G1 cell cycle arrest and apoptosis [97] 
 

Zidovudine / 
Azidothymidine 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Anti-Retroviral 
Thymidine analogue 
(phosphorylated AZT is 
incorporated into viral 
DNA where it acts as a 
false substitute for viral 
reverse transcription and 
blocks chain elongation) 
[99, 100] 

Esophageal, Colorectal, Breast, Parathyroid and Ovarian Cancer, 
HCC:  
-As single treatment: 
 Reduces telomerase activity [99, 101–104] 
 Induces S and G2/M cell cycle arrest [99, 101, 103, 105] 
 Causes DNA damage and increased expression of γ-H2A and 
 pChk2 [99] 
 
HCC: 
-As single treatment: 
 Induces apoptosis, decreases Chk1 and CHK2 expression and   
 upregulates phosphorylated  Chk1 and CHK2 [103] 
 
Head and Neck cancer:  
-In combination: 
 Induces mitochondrial dysfunction  disrupts thiol metabolism 
 and causes oxidative stress  increased cytotoxicity in 
 combination with Cisplatin [106] 
 Synergizes the effects of PAX [107] 
 
Breast Cancer: 
-As single treatment: 
 Suppresses hTERT and c-Myc  suppresses hTER, Mad1 and 
 hTEP-1  accelerates telomere loss and apoptosis [108] 
 Anti-proliferative effect [105, 109] 
Colorectal and Gastric Cancer: 
-In combination: 

Clinical trial Phase I: 
-Kaposi`s Sarcoma in combination with Interferon (IFN) α 2a 
or IFN- α (NCT00001113, NCT00000725) 
-Kaposi`s Sarcoma in combination with Sargramostim and 
IFN-A2a (NCT00000694) 
 
Clinical trial Phase II: 
-Lymphoma in combination with Methotrexate and 
radiation (NCT00003261) 
-Lymphoma in combination with Bortezomib effusion 
drainage, Bevacizumab, and combination chemotherapy 
(NCT00217503) 
-Kaposi`s Sarcoma in combination with Abacavir 
(NCT00834457) 
-Lymphoma in combination with combination 
chemotherapy, radiation therapy, and antiviral therapy 
(NCT00002571) 
-T-Cell Leukemia and Lymphoma in combination with 
chemotherapy and IFN-α (NCT00041327) 
-Non-Hodgkin Lymphoma in combination with combination 
chemotherapy (NCT01964755) 
-Kaposi`s Sarcoma in combination with IFN- α 2a 
(NCT00000687) 
 
Clinical trial Phase IV: 
-Lymphoma in combination with IFN-α-2b and PEG-IFN α-
2b (NCT00854581) 
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 Synergizes the effect of 5-FU [102, 110]  
 
 
 
 
Gastric cancer: 
-In combination: 
 Synergizes the effects of FA-2-b-β [111] 
 Upregulates caspase-3 mRNA and downregulates BCL-2   
 expression [111] 
 
Glioma: 
-In combination with radiation (as radiosensitizer) 
 Inhibits the irradiation activated telomerase activity  decreased 
 restore rate of shortened telomere, decreased repair rate of 
 DNA strand breaks, and increased radiosensitivity [112] 

 
 
 
 
 
Unknown Phase: 
-Non-Hodgkin Lymphoma in combination with 
Methotrexate and Dexamethasone (NCT00000723) 
-Lymphoma in combination with combination 
chemotherapy-radiation (NCT00000703) 
 
Published results of clinical trials are found in the following 
references [113] 
 
In vivo: 
-MNU-induced breast cancer model in Sprague Dawley rats 
[109] 
-Gastric cancer cell line MKN28 in nude mice [110] 
 
In vitro: 
-Esophageal cell line: TE-11 [99] 
-Head and Neck cancer cells: FaDu [107], Cal-27 and    
 SQ20B [106] 
-Breast cancer cell lines: MCF-7 [108, 109], T47D [105] 
-Ovarian cancer cell line: HO-8910 [101] 
-Colorectal cancer cell line: HT-29 [102] 
-Gastric cancer cells: MKN45 [111] 
-HCC cells: HepG2 [103] 
-Primary cultures of human parathyroid cells [104] 
-Glioma cells U251 [112] 

Abbreviations: Acute lymphoblastic leukemia (ALL), Acute myeloid leukemia (AML) ,Chronic lymphocytic leukemia (CLL), doxorubicin (DOX), Hepatocellular carcinoma (HCC), 
Inosinmonophosphate-Dehydrogenase (IMPDH), manganese superoxide dismutase (MnSOD), Nasopharyngeal carcinoma (NPC), Non-Small Cell Lung Cancer (NSCLC), 
telomerase RNA (hTER), telomerase reverse transcriptase (hTERT), tumor-associated macrophages (TAMs), unfolded protein response (UPR), phosphorylated checkpoint kinase 2  
(pChk2), Paclitaxel (PAX), oral tongue squamous cell carcinoma (OTSCC).
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