Table S3. Uncontrolled Phase I/ II Trials for the Treatment of Lung Cancer in Order of the Form of Vitamin A 
	Reference
	Trial Design and Characteristics
	Form & Dose
	Chemo or Additional Interventions
	+/-/n
	Outcomes

	Positive Trials

	Nandan 2006 [1]
	Uncontrolled Phase II; n= 7 pt w adv NSCLC; retinoids given during first 4 days of chemo courses
	tretinoin (ATRA) 100 mg/d + bexarotene 375 mg/d
	docetaxel, capecitabine
	+
	Efficacy: 5 of 7 pts (71%) had an objective response; survival time ranged from 3-19 or more mo (>17 mo in 3 of 5 pt).

	
	
	
	
	
	Toxicity: Not reported.

	
	
	
	
	
	Authors’ Interpretation:  Based on the “high response rate” observed, “a formal phase II trial is recommended.”

	Norsa 2006 [2]
	Uncontrolled Phase II; n= 28 w adv NSCLC, no previous sx or chemo
	ATRA 5mg, retinol 5000 IU
	somatostatin, melato-nin, vitamin D, bromo-criptine, and cyclo-phosphamide, ßcarotene
	+
	Efficacy: Median survival 12.9 mo; 1 yr survival 51.2% (31.0-68.2); 2 yr survival 21.1% (7.0-40.2); improved symptoms of chest pain, cough, dyspnea, hemoptysis, fatigue, insomnia.

	
	
	
	
	
	Toxicity: Gr 1/ 2 nausea, vomitting, diarrhea, drowsiness.

	
	
	
	
	
	Authors’ Interpretation:  “Low performance status patients may benefit from [the combination] in terms of survival and quality of life.”

	Thiruven-gadam 1996 [3]
	Uncontrolled Phase II; n= 20 w adv NSCLC, chemo-naïve
	ATRA 75 mg bid
	cisplatin, etoposide
	+
	Efficacy: 53% pts had a partial response; median survival 25.5 wk; TTP was 23.5 wk (11-38 wk range); median time to partial response was 8 wk or 2 courses of tx; duration of response was 15.5 wk.

	
	
	
	
	
	Toxicity: Gr 3/ 4 neutropenia, thrombocytopenia. Gr 1 mucocutaneous symptoms (dryness, epistaxis), reversible hypercalcemia (2), reversible nephrotoxicity (5).

	
	
	
	
	
	Authors’ Interpretation:  This regimen has” significant activity in advanced NSCLC.”

	Athanasi-adis 1995 [4]
	Uncontrolled Phase II; n= 29 w adv NSCLC
	ATRA 150 mg/m2
	IFN-α 3 MIU SC
	+
	Efficacy: Objective responses seen in 16% of patients; median survival was 8 mo, with significant difference in survival b/w responders and non-responders (p=0.008).

	
	
	
	
	
	Toxicity: ↑TG in 44% of patients; Gr 1 mucocutaneous symptoms, headache, fever, fatigue. No hematological toxicity.

	
	
	
	
	
	Authors’ Interpretation:  Combined differentiation treatment has “modest but objective activity in NSCLC.”

	Recchia 2006 [5,6]
	Non-randomized, controlled Phase II trial; n= 38 pt with adv NSCLC matched to 87 controls who had similar responses to the same chemotherapy
	13 CRA 0.5 mg/kg
	IL-2 1.8 x106 IU SC 
	+
	Efficacy: Sign ↑ survival time by 11% at 2 yr with median survival difference of 11.6 mo. overall; median PFS (16.5 vs 8.4 mo).  No sign difference in response rates. ↑NK, ↑CD4/CD8 ratio, and ↓VEGF levels.

	
	
	
	
	
	Toxicity: Gr 1/ 2 fever, ↑TG, hematologic and cutaneous toxicities, and mild hypothyroidism seen in intervention group. 

	
	
	
	
	
	Authors’ Interpretation:  Administration of this combination “seems to improve progression free and overall survival.”

	Recchia 2001 [7]
	Uncontrolled Phase I; n= 18 w NSCLC (8) and other cancers
	13 CRA 0.5 mg/kg 
	IL-2 (dose ranging)
	+
	Efficacy: Overall response rate: 54.4% (95% CI: 43.5–64.9%). 4 patients (22.2%) were alive, and 3 of them (16.6%) disease-free at 25 mo. Median TTP was 8.1 months.  Median survival was 13.7 mo., and 1-and 2-year survival rates were 62 and 28%, respectively. ↑ in immunological parameters was also seen.

	
	
	
	
	
	Toxicity: No patients at dose level three had any Gr3 or 4 toxicity. Optimal biological dose of IL-2 and RA were 1.8 MIU and 0.5 mg/kg body weight respectively. 

	
	
	
	
	
	Authors’ Interpretation:  This combination as maintenance therapy after chemotherapy is “feasible and well tolerated and improves immunological parameters known to have a prognostic value in cancer.”

	Recchia 2000 [8]
	Uncontrolled Phase II; n= 30 w adv NSCLS
	13 CRA 1.0 mg/kg bw chemo courses
	cisplatin, vindesine, mitomycin-C
	+
	Efficacy: 40% pts had an objective response, and 12 pt had objective remission; TTP 9 mo (range 3.9-45+ mo); 1 yr survival was 47% 

	
	
	
	
	
	Toxicity: Gr 2 diarrhea  (20%), transient ileus (10%), febrile neutropenia, ↑LFTs, hyperlipidemia; Gr 3/ 4 hematological toxicity (16%), nausea and vomitting, anemia, alopecia.

	
	
	
	
	
	Authors’ Interpretation:  The addition of RA to this chemotherapy is “feasible and shows some acitivty in the treatment of NSCLC, with manageable toxicity.”

	Recchia 1999 [9]
	Uncontrolled Phase II; n= 28 w adv NSCLC (stage IIIB or IV)
	13 CRA 1 mg/kg
	carboplatin, vindesine, leucovorin, 5-FU
	+
	Efficacy: Overall response rate was 39% (95% CI 22-60%). Median survival was 9.7 months (range 0.5-27 mo.). Median TTP was 7.7 months (range 3.4-22 mo).

	
	
	
	
	
	Toxicity: ↑TG (2x baseline values) in 11% of patients. Other toxicities may have been related to chemotherapy: Gr 3-4 hematological toxicity in 46%, Gr2 diarrhea in 21%, ileus in 14%, and Gr2 neurological symptoms in 11%.

	
	
	
	
	
	Authors’ Interpretation: The addition of retinoic acid to this chemotherapy regimen “represents an effective treatment in NSCLC, with managable toxicity.”

	Dragnev 2005 [10]
	Uncontrolled Phase I; n=24 w advanced aerodigestive cancers, of which 19 (79%) were NSCLC
	bexarotene 200, 300,  400 mg/m2
	erlotinib 100 or 150 mg
	+
	Efficacy: 9 of 24 patients had disease stabilization lasting 8 to 70+ wks. Survival at one yr was 72% among NSCLC patients, and median TTP was 2.0 mo.  This was reportedly better than results found previously with erlotinib alone. The MTD was not reached. 

	
	
	
	
	
	Toxicity: most common were mucocutaneous symptoms, mild ↑TG, hypothyroidism. DLTs: one case of a pain syndrome deemed treatment related, and one case of ↑CK deemed secondary to antilipid therapy. 

	
	
	
	
	
	Authors’ Interpretation:  “Overall survival and clinical features of responding patients differ from prior reports of single-agent erlotinib treatment.”

	Edelman 2005 [11]
	Non-randomized, controlled Phase II; n= 48 w adv NSCLC; Bexarotene plus chemo vs historical controls 
	bexarotene 400 mg/m2
	carboplatin, gemcitabine
	+
	Efficacy: Sign ↑ median OS 12.7 vs 9.3 mo and median TTP 6.7 vs 3.9 mos in treatment group vs controls resp; median EFS was 7.3 mo in pt w St IIIB cancer, and 6.5 mo in total group. 1 yr survival 53% and response rate 25% in bexarotene group.

	
	
	
	
	
	Toxicity: ↑TG requiring statins up to 40 mg/d; hypothyroidism (2) 

	
	
	
	
	
	Authors’ Interpretation:  “The median time to progression and overall survival are promising and warrant further evaluation.”

	Khuri 2001 [12]
	Uncontrolled Phase I n=21; Uncontrolled Phase II n=28. Pt w Stage IIIB or IV NSCLC, chemo-naïve   
	bexarotene dose-escalation 0-600 mg/m2
	vinorelbine, cisplatin
	+
	Efficacy: MTD in combination with cisplatin + vinorelbine = 400 mg/m2. Overall response rate 25%; 50% had disease stabilization. Median survival 593 d (range, 273-1284+ days). One year survival rate 61%; projected 3-yr survival rate was 30%, which were deemed remarkable findings compared to typical Phase II findings. 

	
	
	
	
	
	Toxicity: most common were asthenia (81%), leukopenia (74%), nausea (70%), hyperlipidemia (67%), vomiting (58%), headache (56%), dermatitis (56%), and anorexia (51%). 

	
	
	
	
	
	Authors’ Interpretation:  Treatment led to “acceptable phase II response rates and was associated with better-than-expected survival.”

	Recchia 1997 [13]
	Uncontrolled Phase II; n= 40 w adv NSCLC, chemo-naive
	retinyl palmitate 50,000 IU bid
	IFN-ß, 5-FU, cisplatin, vindesine
	+
	Efficacy: 42.5% pts had an objective response (3 complete, 14 partial, 14 had stable disease, and 9 had progressive disease). Median survival was 9.1 mo, median response duration 5.1 mo (range 2.5-104 mo), and survival at 1 yr was 35%.

	
	
	
	
	
	Toxicity: Gr 2 ↑TG, mucocutaneous symptoms, hematological toxicity in 30%. Gr 3/ 4 diarrhea, alopecia, leukopenia. Mild elevation of LFTs in 3 patients. 

	
	
	
	
	
	Authors’ Interpretation:  This combination “shows activity in NSCLC, particularly in tumors with squamous origin.”

	Micksche 1977 [14]
	Uncontrolled Phase II; n= 9 pt w non resectable SCC (lung)
	retinyl palmitate 1.5 MIU/d or 13 CRA 100  mg/d
	none
	+
	Efficacy: After treatment with both forms of VitA, sign incr (p<0.001) in reactivity against the antigen PHA was detected in vitro, compared to pre-treatment values.

	
	
	
	
	
	Toxicity: generally mild, mucocutaneous symptoms most common. 

	
	
	
	
	
	Authors’ Interpretation:  Results support the immune potentiating properties of vitamin A in lung cancer patients.

	Trials Showing No Significant Effect

	Govindan 2006 [15]
	Uncontrolled Phase II single arm trial; n=146 w Stage IIIB or IV NSCLC after failure of two or more previous therapies.
	bexarotene 400 mg/m2 
	Antilipid therapy + levothyroxine prophylactically
	n
	Efficacy: By intention to treat analysis, the study did not achieve the endpoint of 6 mo median survival. Of the patients who received bexarotene for ≥2 wk, median survival was 6 mo (5-8 mo).  Patients with bexarotene induced hypertriglyceridemia had sign longer median survival compared to those with normal triglyceride (p=0.004). 

	
	
	
	
	
	Toxicity: most common ↑TG (6), nausea & vomiting (5), skin rash (2), low blood counts (2), confusion (2). 

	
	
	
	
	
	Authors’ Interpretation:  “Bexarotene given as third or subsequent line of therapy for relapsed NSCLC did not achieve the intended median survival of 6 months.”

	Wildi 2008 [16]
	Uncontrolled Phase I; n=15 w solid tumors (w no curative options), 10 w NSCLC
	bexarotene 200, 300, 400 mg/m2
	docetaxel, dexa-methasone, atrovastatin; thyroxine as needed.
	n
	Efficacy: 4 patients had disease stabilization; of these, 3 with NSCLC stabilized for a mean of 24.1 wk, and all 4 had grade 2-3 ↑TG.  The MTD was not reached. 

	
	
	
	
	
	Toxicity: neutropenia was the most common hematologic toxicity.  Most common non hematological toxicities were ↑TG and hypothyroidism. 

	
	
	
	
	
	Authors’ Interpretation:  Treatment was well tolerated. “Given that stable disease was durable in 4 patients, future studies with [this combination] may be warranted.”

	Rizvi 1999 [17]
	Uncontrolled Phase I; n=60 w advanced cancer, 16 with lung cancer
	bexarotene  dose escalation, micronized form
	
	n
	Efficacy: No objective tumor responses seen, but agent may have contributed to disease stabilization in 5 of the 16 NSCLC patients.  Recommended Phase II dose 500 mg/m2. 

	
	
	
	
	
	Toxicity: thyroid function: At dosages above 200 mg/m2, there was a dose-dependent ↓ in both TSH and T4, and these normalized on discontinuation of treatment. There were no clinical symptoms of hypothyroidism except fatigue. 

	
	
	
	
	
	Authors’ Interpretation:  Although there was no objective response, the findings “support further study” of this agent.

	Meyskens 1981 [Abstr] [18]
	Uncontrolled Phase II; n= 134 w adv cancer
	13 CRA 3 mg/kg
	none
	n
	Efficacy: 1 objective response among 11 lung cancer patients.

	
	
	
	
	
	Toxicity: mucocutaneous symtpoms, emotional lability, depression. 

	
	
	
	
	
	Authors’ Interpretation:  “These early results are encouraging and suggest that RA has anticancer activity against epithelial malignancies.”

	Grunberg 1987 [19]
	Uncontrolled Phase II; n= 25 w adv NSCLC
	13 CRA 100 mg/m2 
	none


	n
	Efficacy: 1 partial response.

	
	
	
	
	
	Toxicity: mucocutaneous symptoms, ↑TG, headache. 1 patient had ↑transaminases.

	
	
	
	
	
	Authors’ Interpretation:  “Activity of oral isotretinoin in advanced NSCLC appears to be minimal.”

	Arnold 1994 [20]
	Uncontrolled Phase II; n= 34 w NSCLC
	13 CRA 1 mg/kg
	IFN-α 3 MIU SC
	n
	Efficacy: Response rates: 1 objective response, 23 had progressive disease, 8 had stable disease. Overall, no sign of effect was seen.

	
	
	
	
	
	Toxicity: most common lethargy (32%), including 5 Gr3 cases. One Gr 4 toxicity: reversible ↑ LFTs and jaundice. 

	
	
	
	
	
	Authors’ Interpretation:  Results suggest that this combination is “virtually inactive in untreated patients with advanced NSCLC.”

	Roth 1994 [21]
	Uncontrolled Phase II; n=10 w SCC (lung) and head & neck cancers
	13 CRA 2 mg/kg
	IFN-α 6 MIU SC
	n
	Efficacy: No objective responses seen.

	
	
	
	
	
	Toxicity: Gr 1/2 mucocutaneous symptoms, fatigue, fever, anorexia. One Gr 3 toxicity: erosion of right lower eyelid and episcleritis in one patient. 

	
	
	
	
	
	Authors’ Interpretation:  Although there was no response to treatment, toxicity was surprisingly low and suggests that IFN may alleviate retinoid associated toxicity.

	Rinaldi 1993 [22]
	Uncontrolled Phase II; n= 21 w adv SCC (lung)
	13 CRA 1 mg/kg
	IFN-α 3 MIU SC
	n
	Efficacy: No sign effects seen: 1 partial response, median survival of 31 weeks.

	
	
	
	
	
	Toxicity: Gr 1/2  mucocutaneous symptoms, fever. Gr 3 fatigue, anorexia, nausea, headache in a total of 9 patients. 

	
	
	
	
	
	Authors’ Interpretation:  This combination is “unlikely to exhibit significant clincial activity in patients with metastatic SCC lung cancer.”

	Kurie 1996 [23]
	Uncontrolled Phase I; n= 22 w solid tumors including NSCLC
	9 CRA 20-150 mg/m2 
	none
	n
	Efficacy: No objective responses.

	
	
	
	
	
	Toxicity: Gr 1/2  mucocutaneous symptoms, gastrointestinal symptoms, ↑TG, ↑LFTs. Gr 3 ↑TG,  ↑TC within 1 week of treatment. 

	
	
	
	
	
	Authors’ Interpretation:  No further interpretation provided wrt presumed efficacy.

	Kalemke-rian 1998 [24]
	Uncontrolled Phase II; n= 23 w adv SCLC
	ATRA 150 mg/m2
	cisplatin, etoposide
	n
	Efficacy: 10 objective responses (45.5%); median duration of response was 5.1 mo, survival at one year was 40.9%, and median survival was 10.9 mo.

	
	
	
	
	
	Toxicity: hematological toxicity (21 episodes of Gr4, 26 episodes of Gr3 toxicity), Gr 4 nausea, vomitting or diarrhea in 2 patients; Gr 2 ↑ ALP, ↑TG, ↑TC common. DLTs were mucocutaneous symptoms, headache, fatigeu, nausea & vomitting, myalgia, confusion. 

	
	
	
	
	
	Authors’ Interpretation:  Toxicity was significant, and “response rates and suvival were similar to those associatd with [these chemo drugs]in previous trials.”

	Treat 1996 [25]
	Uncontrolled Phase II; n= 28 w metastatic NSCLC
	ATRA 

175 mg/m2
	none
	n
	Efficacy: Median survival 7 mo; 2 partial responses, 20 pt had progressive disease, 2 had stable disease.

	
	
	
	
	
	Toxicity: Gr 1/2 mucocutaneous symptoms in nearly all patients, headache (18), myalgia (9), nausea & vomiting (8).  Gr 3 headache in 2 patients. ↑TG > 1.5 fold (24), ↑ AST/ ALT (15), ↑ WBC (3). 

	
	
	
	
	
	Authors’ Interpretation:  ATRA has “minimal activity as a single agent in NSCLC.”

	Lee 1993 [26]
	Uncontrolled Phase I; n= 40 w solid cancers including lung 
	ATRA 45-200 mg/m2
	none
	n
	Efficacy: No major objective responses in lung cancer pts; 150-175 mg/m2/d maximum tolerated dose (MTD) in adults.

	
	
	
	
	
	Toxicity: Gr 1/2  mucocutaneous symptoms and headache most common. Gr 3 skin toxicity at 175 mg/m2 dosage or higher in 4 of 11 patients.

	
	
	
	
	
	Authors’ Interpretation:  No further interpretation provided wrt presumed efficacy.

	Goodman 1986 [27]
	Uncontrolled Phase II; n= 65 w adv cancer, including NSCLC (17)
	retinol 200,000 IU/m2
	none
	n
	Efficacy: 1 partial response, 5 mixed responses seen.

	
	
	
	
	
	Toxicity: 62% had no seide effects. Mucocutaneous symptoms in 13%. Neurological symptoms in 20%. ↑TG to mean of 114.6 mg/dL (p<0.0005 vs baseline). 

	
	
	
	
	
	Authors’ Interpretation:  “Oral retinol appears to have limited activity in patients with advanced cancer.”

	Proof of Principle/ Biomarker Studies (1) 

	Dragnev 2007 [28]
	Open label, uncontrolled single arm study; n=12 w primarily stage I-II NSCLC 
	Bexarotene 300 mg/m2  for 7-9 days prior to resection
	n
	Efficacy: Two cases with the highest tumor tissue levels of bexarotene had changes in expression of several biomarkers including cyclin D3, EGFR, pEGFR, and Ki-67.  Such changes were seen only if tumor tissue concentration was very high (>100 ng/g) and this occurred only in 3 cases. 


	
	
	
	
	Authors’ Interpretation:  “Bexarotene represses proliferation and biomarker expression in responsive, but not resistant lung cancer cells.”
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