Table 1 FDA approved immune checkpoint inhibitors and their combinational therapies
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	Target
	Indications
	Approval
	Dosing
	Common AEs
	Ref

	Ipilimumab
	CTLA4
	Melanoma, unresectable or metastatic
	2011
	3mg/kg Q3W X maximum 4
	Fatigue, diarrhea, pruritus, rash, and colitis
	(1, 2)

	Ipilimumab as adjuvant
	
	Melanoma
	2015
	10mg/kg Q3W X maximum 4, + 10 mg/kg Q12W for up to 3 years or until disease recurrence or unacceptable toxicity
	
	(1, 2)

	Nivolumab
	PD-1
	Melanoma, unresectable or metastatic
	2014
	240mg Q2W or 480mg Q4W, until disease progression or unacceptable toxicity
	Fatigue, rash, musculoskeletal pain, pruritus, GI symptoms, asthenia, cough, dyspnea, back pain, arthralgia, upper respiratory tract infection, pyrexia, and headache
	(2, 3)

	
	
	NSCLC, metastatic, progressive
	2015
	
	
	(2, 3)

	
	
	RCC, advanced, previously treated
	2015
	
	
	(2, 3)

	
	
	Hodgkin lymphoma, classical
	2016
	
	
	(3)

	
	
	Head and neck cancer, squamous cell, recurrent or metastatic
	2016
	
	
	(2, 3)

	
	
	Urothelial carcinoma, locally advanced or metastatic
	2017
	
	
	(2, 3)

	
	
	Colorectal cancer, metastatic, MSI-H or dMMR
	2017
	
	
	(3)

	
	
	Esophageal carcinoma, squamous cell, unresectable advanced, after prior chemotherapy
	2020
	
	
	(3)

	Nivolumab as adjuvant
	
	Melanoma
	2017
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]240mg Q2W or 480mg Q4W, until disease progression or unacceptable toxicity for up to 1 year
	
	(4)

	
	
	Esophageal or GEJ cancer, resected
	2021
	
	
	(5)

	
	
	Urothelial carcinoma, following resection
	2021
	
	
	(6)

	Pembrolizumab
	PD-1
	Melanoma, unresectable or metastatic
	2014
	200mg Q3W or 400mg Q6W, until disease progression or unacceptable toxicity
	Fatigue, musculoskeletal pain, GI symptoms, pruritus, rash, pyrexia, cough, dyspnea and pain
	(2, 3)

	
	
	NSCLC, advanced
	2015
	200mg Q3W or 400mg Q6W, until disease progression, unacceptable toxicity or for up to 2 years
	
	(2, 3)

	
	
	Head and neck cancer, squamous cell, recurrent or metastatic
	2016
	
	
	(2, 3)

	
	
	NSCLC, metastatic, first-line
	2016
	
	
	(2, 3)

	
	
	Hodgkin lymphoma, classical
	2017
	
	
	(2, 3)

	
	
	Urothelial carcinoma, locally advanced or metastatic
	2017
	
	
	(2, 3)

	
	
	MSI-H or dMMR cancer, unresectable or metastatic
	2017
	
	
	(3, 5)

	
	
	Cervical cancer, recurrent or metastatic, PD-L1 expressing
	2018
	
	
	(2, 5)

	
	
	PMBCL, relapsed or refractory
	2018
	
	
	(2)

	
	
	HCC, previously treated with sorafenib
	2018
	
	
	(2, 5)

	
	
	Merkel cell carcinoma, recurrent or metastatic
	2018
	
	
	(2, 3, 5)

	
	
	NSCLC, stage III, first-line
	2019
	
	
	(3)

	
	
	Esophageal carcinoma, squamous cell, recurrent locally advanced, or metastatic
	2019
	
	
	(3, 5)

	
	
	Non-muscle invasive bladder cancer, BCG-unresponsive, high-risk
	2020
	
	
	(5)

	
	
	TMB-H, unresectable or metastatic, regardless of tumor type
	2020
	
	
	(7, 8)

	
	
	cSCC, recurrent, metastatic
	2020
	
	
	(9)

	
	
	Colorectal cancer, first-line, unresectable or metastatic, MSI-H or dMMR
	2020
	
	
	(10, 11)

	
	
	Hodgkin lymphoma, relapsed or refractory
	2020
	
	
	(3, 5)

	
	
	cSCC, locally advanced
	2021
	
	
	(11)

	
	
	Endometrial carcinoma, MSI-H/dMMR, advanced
	2022
	
	
	(12)

	Pembrolizumab as adjuvant
	
	Melanoma
	2019
	200mg Q3W or 400mg Q6W, until disease recurrence, unacceptable toxicity or for up to 1 year
	
	(4)

	
	
	RCC
	2021
	
	
	(13)

	
	
	Breast cancer, triple negative, high-risk, early stage
	2021
	200mg Q3W X 9 or 400mg Q6W X 5, or until disease progression or unacceptable toxicity
	
	(14)

	Cemiplimab-rwlc
	PD-1
	cSCC, metastatic or locally advanced
	2018
	350mg Q3W, until disease progression or unacceptable toxicity
	Fatigue, rash and
diarrhea
	(2, 15)

	
	
	Basal cell carcinoma, locally advanced or metastatic
	2021
	
	
	(15)

	
	
	NSCLC, metastatic or locally advanced, PD-L1 expressing, no EGFR, ALK or ROS1 aberrations, first-line
	2021
	
	
	(15)

	Atezolizumab
	PD-1
	NSCLC, metastatic, previously treated, EGFR or ALK gene abnormalities
	2016
	1200mg Q3W, until disease progression or unacceptable toxicity
	Fatigue, asthenia, nausea, cough, dyspnea, and decreased appetite
	(4)

	
	
	Urothelial carcinoma, locally advanced or metastatic, cisplatin ineligible
	2017
	
	
	(2)

	
	
	NSCLC, metastatic, PD-L1 expressing, first-line, no EGFR or ALK genomic tumor aberrations
	2020
	
	
	(4)

	Atezolizumab as adjuvant
	
	NSCLC, stage II-IIIA, following surgery and platinum-based chemotherapy, PD-L1 expressing
	2021
	1200mg Q3W, until disease recurrence, unacceptable toxicity or for up to 1 year
	
	(16)

	Avelumab
	PD-L1
	Merkel cell carcinoma, metastatic
	2017
	800mg Q2W, until disease progression or unacceptable toxicity
	Fatigue, musculoskeletal pain, GI symptoms, infusion-related reaction, rash, peripheral edema (in MCC) and urinary tract infection in (in UC)
	(2, 3)

	
	
	Urothelial carcinoma, locally advanced or metastatic, progressive disease
	2017
	
	
	(2, 3)

	
	
	Urothelial carcinoma, locally advanced or metastatic, first-line maintenance
	2020
	
	
	(2)

	Durvalumab
	PD-L1
	NSCLC, unresectable, stage III
	2018
	10mg/kg Q2W or 1500mg Q4W, until disease progression or unacceptable toxicity or for up to 1 year
	Cough, fatigue, pneumonitis/radiation pneumonitis, upper respiratory tract infections, dyspnea and rash
	(2)

	Ipilimumab + nivolumab
	CTLA4/PD-1
	Melanoma, unresectable or metastatic
	2015
	(Ipilimumab 3 mg/kg + nivolumab 1 mg/kg) Q3W X maximum 4 or until unacceptable toxicity, + nivolumab 240 mg Q2W or 480 mg Q4W until disease progression or unacceptable toxicity
	
	(2)

	
	
	RCC, advanced, intermediate or poor risk, first-line
	2018
	(Ipilimumab 1mg/kg + nivolumab 3mg/kg) Q3W X 4, + nivolumab 240mg Q2W or 480mg Q4W, until disease progression or unacceptable toxicity
	
	(2)

	
	
	Colorectal cancer, metastatic, MSI-H or dMMR
	2018
	
	
	(2)

	
	
	HCC, previously
treated with sorafenib
	2020
	(Ipilimumab 3mg/kg + nivolumab 1mg/kg) Q3W X 4, + nivolumab 240mg Q2W or 480mg Q4W until disease progression or unacceptable toxicity
	
	(4)

	
	
	NSCLC, metastatic, PD-L1 expressing ≥ 1%, first-line
	2020
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	(17)

	
	
	Malignant Pleural mesothelioma, unresectable, first-line,
	2020
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	(18)

	
	
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Esophageal carcinoma, squamous cell, unresectable advanced or metastatic, fisrt line
	2022
	Ipilimumab 1mg/kg Q6W+ nivolumab 3mg/kg Q2W or 360mg Q3W until disease progression or unacceptable toxicity or for up to 2 years
	
	(19)

	Nivolumab + relatlimab
	PD-1/Lag-3
	Melanoma, unresectable or metastatic
	2022
	(Nivolumab 480mg + relatlimab 160mg) Q4W, until disease progression or unacceptable toxicity
	
	(20)

	Nivolumab + cabozantinib
	PD-1/VEGF
	RCC, advanced, first-line
	2021
	240mg Q2W or 480mg Q4W + Cabozantinib 40mg qd, until disease progression, unacceptable toxicity or up to 2 years
	
	(21)

	Pembrolizumab + lenvatinib
	PD-1/VEGF
	Endometrial carcinoma, advanced
	2019
	Pembrolizumab 200mg Q3W or 400mg Q6W + lenvatinib 20mg qd, until disease progression, unacceptable toxicity or for up to 2 years
	
	(22)

	
	
	RCC, advanced
	2021
	
	
	(23)

	Pembrolizumab + axitinib
	PD-1/VEGF
	RCC, advanced
	2019
	Pembrolizumab 200mg Q3W or 400mg Q6W + axitinib 5mg Q12H (6 weeks later, 2-10mg Q12H based on AEs) until disease progression, unacceptable toxicity or for up to 2 years
	
	(24)

	Atezolizumab + bevacizumab
	PD-1/VEGF
	HCC, unresectable or metastatic
	2020
	(Atezolizumab 1200mg + bevacizumab 15mg/kg) Q3W, until disease progression or unacceptable toxicity
	
	(25)

	Atezolizumab + cobimetinib + vemurafenib
	
	Melanoma, advanced, BRAF V600 mutation-positive
	2020
	Atezolizumab 840mg Q2W (+ cobimetinib + vemurafenib), until disease progression or unacceptable toxicity
	
	(26)

	Avelumab + axitinib
	PD-L1/VEGF
	RCC, advanced
	2019
	Avelumab 800mg Q2W + axitinib 5mg Q12H (2 weeks later, 2-10mg Q12H based on AEs), until disease progression or unacceptable toxicity
	
	(27)

	Nivolumab + chemotherapy
	
	Gastric cancer, GEJ cancer and Esophageal adenocarcinoma, advanced or metastatic
	2021
	240mg Q2W or 360mg Q3W + fluoropyrimidine- and platinum-containing chemotherapy until disease progression, unacceptable toxicity or up to 2 years
	
	(28)

	
	
	NSCLC, resectable, neoadjuvant
	2022
	(360mg Q3W + platinum-doublet chemotherapy) X 3
	
	(29)

	
	
	Esophageal carcinoma, squamous cell, unresectable advanced or metastatic, fisrt line
	2022
	240mg Q2W or 480mg Q4W + fluoropyrimidine- and platinum-containing chemotherapy until disease progression, unacceptable toxicity or up to 2 years
	
	(19)

	Pembrolizumab + chemotherapy
	
	NSCLC, metastatic, nonsquamous, first-line
	2017
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11](Pembrolizumab 200mg Q3W or 400mg Q6W + pemetrexed + cisplatin/carboplatin) X 4,+ pembrolizumab 200mg Q3W or 400mg Q6W (± pemetrexed maintenance therapy) until disease progression, unacceptable toxicity or for a total duration of pembrolizumab up to 35 cycles or 2 years
	
	(4)

	
	
	NSCLC, metastatic, squamous, first-line
	2018
	(Pembrolizumab 200mg Q3W or 400mg Q6W + carboplatin + paclitaxel) X 4,+ pembrolizumab 200mg Q3W or 400mg Q6W until radiographic disease progression, unacceptable toxicity or for a total duration of pembrolizumab up to 35 cycles
	
	(4)

	
	
	Head and neck cancer, squamous cell, unresectable/recurrent or metastatic, first-line
	2019
	Pembrolizumab 200mg Q3W or 400mg Q6W, until disease progression, unacceptable toxicity or up to 2 years, initially + 6 cycles of fluorouracil and either carboplatin or cisplatin
	
	(2)

	
	
	Breast cancer, triple negative, locally recurrent unresectable or metastatic, PD-L1 expressing
	2020
	Pembrolizumab 200mg Q3W or 400mg Q6W, until disease progression, unacceptable toxicity or for up to 2 years
Chemotherapy*: paclitaxel (protein bound or conventional), or gemcitabine/carboplatin
	
	(14)

	
	
	Esophageal or GEJ carcinoma, locally advanced or metastatic
	2021
	Pembrolizumab 200mg Q3W or 400mg Q6W + 6 cycles of fluorouracil and cisplatin, continue pembrolizumab and fluorouracil until disease progression, unacceptable toxicity or for up to 2 years
	
	(30)

	
	
	Breast cancer, triple negative, high-risk, early stage
	2021
	(Pembrolizumab 200mg Q3W + paclitaxel and carboplatin) X 4 + (200mg Q3W + cyclophosphamide + doxorubicin/epirubicin) X 4 or 400mg Q6W X 4 or until disease progression or unacceptable toxicity
	
	(31)

	
	
	Cervical cancer, persistent, recurrent or metastatic, PD-L1 expressing
	2021
	Pembrolizumab 200mg Q3W or 400mg Q6W, until disease progression, unacceptable toxicity or for up to 2 years
Chemotherapy*: paclitaxel + cisplatin/carboplatin
With or without bevacizumab
	
	(32)

	Atezolizumab + chemotherapy
	
	SCLC, extensive stage, first-line
	2019
	(Atezolizumab 1200mg Q3W + carboplatin, etoposide) X 4, + atezolizumab at any approved doses until disease progression or unacceptable toxicity
	
	(2)

	
	
	NSCLC, nonsquamous, metastatic, no EGFR or ALK genomic tumor aberrations, first-line
	2019
	(Atezolizumab 1200mg D1 Q3W + paclitaxel [protein-bound], carboplatin) X 4-6, + atezolizumab at any approved doses until disease progression or unacceptable toxicity
	
	(4)

	Durvalumab + chemotherapy
	
	SCLC, extensive-stage
	2020
	(Durvalumab 1500mg Q3W + etoposide + carboplatin/cisplatin) X 4, + durvalumab 1500mg Q4W until disease progression or unacceptable toxicity
	
	(33)

	Ipilimumab + nivolumab + chemotherapy
	
	NSCLC, metastatic or recurrent, first-line
	2020
	Ipilimumab 1 mg/kg Q6W + nivolumab 360mg Q3W + two cycles of histology-based platinum-doublet chemotherapy until disease progression, unacceptable toxicity or for up to 2 years
	
	(34)
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	Gastric or GEJ adenocarcinoma, locally advanced unresectable or metastatic, HER2-positive, first-line
	2021
	Pembrolizumab 200mg Q3W or 400mg Q6W + trastuzumab + fluoropyrimidine- and platinum-containing chemotherapy, until disease progression, unacceptable toxicity or for up to 2 years
	
	(35)

	Atezolizumab + bevacizumab + chemotherapy
	
	NSCLC, nonsquamous, metastatic, no EGFR or ALK genomic tumor aberrations, first-line
	2018
	(Atezolizumab 1200mg D1 Q3W + bevacizumab 15mg/kg Q3W, paclitaxel, carboplatin) X 4-6, + atezolizumab 1200mg D1 (+bevacizumab) Q3W until disease progression or unacceptable toxicity
	
	(36)



Abbreviations: AEs: adverse events; BCG: Bacillus Calmettte-Guerin; cSCC: Cutaneous squamous cell carcinoma; D: day; dMMR: mismatch repair deficient; ESCC: esophageal squamous cell carcinoma; GEJ: gastroesophageal junction; GI: gastrointestinal; HCC: hepatocellular carcinoma; NSCLC: non-small cell lung cancer; MSI-H: microsatellite instability-high; PMBCL: primary mediastinal large B-cell lymphoma; RCC: renal cell carcinoma; SCLC: small cell lung cancer; TMB-H: tumor mutational burden-high.
*: dosage from clinical trials.
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