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Retinoids, natural and synthetic derivatives of vitamin A, have many regulatory
functions in human body, including regulating cellular proliferation,
differentiation, apoptosis. Moreover, retinoids have been used successfully
for the treatment of certain malignancies, especially acute promyelocytic
leukemia (APL) in adults and neuroblastoma in children. However, retinoids
have not yet been translated into effective systemic treatments for most solid
cancers. Some recent studies have shown that retinoids promote
tumorigenesis. Therefore, we performed this meta-analysis to systematically
evaluate the efficacy of retinoids in the chemoprevention and treatment of
cancers. We performed literature search of several electronic databases,
including PubMed, Embase and Cochrane Library from 2000 January to
2021 November. Various outcomes were applied to investigate the potential
of retinoids for prevention and treatment of cancers. The primary outcomes in
this study were disease recurrence and clinical response. The secondary
outcomes included overall survival (OS), cancer development, disease
progression and event-free survival. We identified 39 randomized controlled
trials with 15,627 patients in this study. Our results showed that lower
recurrence rate and better clinical response were obtained in retinoids
treated patients with cancer or premalignancy as compared with control.
The differences were statistically significant (RR = 0.85, 95% CI = 0.74-0.96,
p = 0.01; RR = 1.24, 95% Cl = 1.03-1.49, p = 0.02, respectively). Retinoids
treatment was not associated with improvement in overall survival, cancer
development, disease progression or event-free survival. Subgroup analysis
conducted based on cancer type showed that patients benefited from retinoids
treatment in APL, renal cell carcinoma, hepatocellular carcinoma, lung cancer,
Kaposi sarcoma, and complete hydatidiform mole. No significant therapeutic
effect was noted in head and neck cancer, acute myeloid leukemia (AML),
melanoma, breast cancer, bladder cancer, cervical intraepithelial neoplasia
(CIN) or cervical carcinoma. Subgroup analysis based on tumor classification
demonstrated that retinoids group obtained a lower recurrence rate and better
clinical response than control group in solid cancers. In conclusion, clinical
application of retinoids was associated with reduction in disease recurrence and
improvement in clinical response, illustrating that retinoids play a key role in
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cancer prevention and therapy. Further research is needed to broaden the utility
of retinoids in other types of cancers.

Systematic Review Registration: PROSPERO, identifier CRD42022296706.
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Introduction

Retinoids are a family of signaling molecules in humans and
they function via retinoic acid receptors (RARs) and retinoid X
(RXRs).
mammals, they can only be metabolized and converted from

receptors Retinoids cannot be synthesized by
vitamin A. Vitamin A can be absorbed from animal food
sources and plants. In animal products, vitamin A exists in
the form of retinyl palmitate initially, and then dietary retinyl
palmitate is converted to retinol in the intestinal lumen
(Harrison, 2005). Retinol ultimately metabolizes to retinoic
Retinoids

consist of the natural and synthetic analogues of vitamin A.

acid and its derivatives, known as retinoids.
There are many different types of retinoids, such as all trans
retinoic acid (ATRA), 13-cis retinoic acid (13 cRA), etretinate,
and fenretinide. They can be classified into three generations
regarding the structures and properties. Now the fourth
generation is under research with less toxicity and greater
efficacy (Khalil et al., 2017).

Retinoids regulate a wide range of biological processes,
including cell proliferation and differentiation, apoptosis,
immune function, and embryonic development (Tang and
Gudas, 2011). Retinoids play vital roles in regulating skin
functions, including epidermal keratinization, differentiation
and proliferation. Owing to these effects, they have been used
to treat skin diseases such as acne vulgaris, psoriasis and
photoaging, and show positive efficacy (Cosio et al.,, 2021).

The synthesis and metabolism of retinoids are aberrant in
many human tumors, including oral cavity, skin, bladder, kidney
and breast, suggesting that retinoids are closely related to the
development and progression of cancer. Lecithin-retinol
acyltransferase (LRAT) is an important enzyme of retinoid
metabolism, and it increases retinol uptake. Abnormally low
intracellular concentrations of retinoids and decreased LRAT
expression have been confirmed in various types of cancers
including oral cavity, bladder, skin, prostate and breast
cancers (Tang and Gudas, 2011). Reduced protein levels of
recombinant aldehyde dehydrogenase 1 family, member A2
(ALDH1A2), a key player in the retinoic acid (RA) pathway
and retinoid metabolism, have been reported in human prostate
and breast cancer. The upregulated expression of CYP26A1, an
enzyme responsible for RA oxidation, has been proven to
promote the progression of human primary breast cancer
(Kim et al., 2005).
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Previous studies have proven the potential antitumor effects
of retinoids through inducing cell differentiation and inhibiting
cell proliferation. Differentiation therapy with ATRA has shown
great success in treating acute promyelocytic leukemia (APL) (Ni
et al, 2019). Clinical trials using retinoids exerted beneficial
therapeutic effects in solid tumors such as breast cancer,
cervical cancer, renal cancer, head and neck cancer, basal cell
skin cancer, and prostate cancer, but the therapy response to
retinoids was often limited to a small part of treated patients
(Tang and Gudas, 2011). However, a recent study has shown that
retinoids promote tumorigenesis by suppressing the immune
system (Devalaraja et al., 2020). Another study demonstrated
that the treatment effects of retinoids were not predictable, due to
their immune promoting or inhibiting actions, suggesting the
complex roles of retinoids in innate and adaptive immunity
(Larange and Cheroutre, 2016). The results of published
studies are conflicting, and the potential effect of retinoids on
prevention and therapy of cancer remains unclear. Thus, this
updated meta-analysis will include more eligible RCTs, especially
the new studies, to systematically evaluate the effect of retinoids
in cancer prevention and therapy.

Materials and methods

Our meta-analysis was performed according to the PRISMA
statement and Cochrane Collaboration Tool. The protocol of our
research was registered at the PROSPERO (CRD42022296706).

Search strategy and selection criteria

We performed literature search of several electronic
databases, including PubMed, Embase and Cochrane Library
from 2000 January to 2021 November. We also searched
to further identify
randomized controlled trials (RCTs). Language and study

ClinicalTrials.gov relevant  registered
region were not restricted in the search strategy. The search
formula consists of three major parts: retinoids, cancer or
and RCT filter.

performed using following MeSH headings in the title or

premalignancy Literature search was
abstract: (retinoic OR retinoid* OR “retinoid derivative*”)
AND (neoplasm* OR cancer* OR carcino* OR tumo* OR

premalignan* OR precancerous).
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Duplications (n=394)

Irrelevant studies, reviews or meta-

analyses (n=3637)

Excluded studies (n=361)
- Review, meta, editorial, letter to

the editor, meeting abstract (n=51)
- Overlapping populations (n=11)
- Full text was not retrieved (n=3)
- Outcome measures did not meet

»| the inclusion criteria (n=77)

- Studies were terminated due to
various reasons (n=3)

- Interventions did not meet the
inclusion criteria (n=139)

- Not randomized controlled trial
(n=79)
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FIGURE 1

PRISMA flow diagram of study identification.

We included only these RCTs that reported extractable data
on retinoids as treatment or prevention in patients with tumors
or precancerous lesions, whereas review, meta-analysis, case
report, editorials and conference papers were excluded. All
these RCTs compared the efficacy of retinoids and no
retinoids (defined as placebo or no treatment).

Data extraction and quality assessment

Two investigators (SC and QH) performed literature
screening independently. Extracted data included author, year
of publication, country, subject age, cancer type, intervention
method, treatment duration, follow-up duration, sample size, sex
ratio, and outcome. Any discrepancies and disagreements were
resolved by discussion and consensus with the senior
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investigators (JW and BC). The methodological quality and
internal validity of individual trials were independently
the
Collaboration’s risk of bias tool. There were seven assessment
components, each of which could be rated as high risk, low risk or

assessed by two investigators using Cochrane

unclear risk according to the criteria.

The primary outcomes in this study were disease recurrence
and clinical response. Disease recurrence was defined as relapse
of disease after treatment completion. Clinical response was
assessed by clinicians in terms of relief or recovery of the
disease, including complete resolution and partial resolution.
The secondary outcomes were overall survival (OS), cancer
development, disease progression and event-free survival
Overall survival was defined as the proportion of patients who
were alive from randomization to the end of follow-up period.
Cancer development referred to neoplasm events, which
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Retinoids Control

Aass 2005 129 159 144 161 26.8%
Burnett 2009 59 540 62 535 9.8%
Douer 2013 13 49 29 64 47%
Fenaux 2000 17 54 27 47  6.0%
Lippman 2001 110 587 111 576 14.9%
Okita 2014 50 124 76 126 13.7%
Rao 2010 31 206 28 213 58%
Sabichi 2008 19 70 17 67 44%
Veronesi 2006 100 1432 121 1435 13.8%
Total (95% CI) 3221 3224 100.0%
Total events 528 615

Heterogeneity: Tau? = 0.01; Chi? = 13.88, df = 8 (P = 0.09); I = 42%

Test for overall effect: Z = 2.59 (P = 0.010)

10.3389/fgene.2022.1065320

Risk Ratio Risk Ratio

0 0
0.91[0.83, 0.99]
0.94[0.67, 1.32]
0.59 [0.34, 1.00]
0.55[0.34, 0.87]
0.97 [0.77, 1.23]
0.67 [0.52, 0.86]
1.14[0.71, 1.84]
1.07 [0.61, 1.88]
0.83 [0.64, 1.07]

+1 {J;

0.85 [0.74, 0.96] L 4

0.2 0.5 1 2 5
Favours [retinoids] Favours [control]

B Retinoids Control Risk Ratio Risk Ratio
_Study or Subgroup  Events Total Events Total Weight M-H. Random.95%Cl M-H Random.95%Cl
Arrieta 2010 29 52 14 55 7.2% 2.19[1.31, 3.66] —
Atzpodien 2004 38 146 41 132 97% 0.84[0.58, 1.22) T
Bodsworth 2001 23 62 5 72 33% 5.34[2.16, 13.21]
Burnett 2007 13 107 8 100 37% 1.52[0.66, 3.51] N
Burnett 2009 68 540 68 535 11.0% 0.99[0.72, 1.36] o
Fenaux 2000 49 54 38 47 14.4% 1.12[0.95, 1.32) ol
Follen 2001 5 20 7 16  31% 0.57 [0.22, 1.46] —
Fossa 2004 10 53 3 50 20% 3.14[0.92, 10.77) 1
Motzer 2000 16 139 9 145 41% 1.85[0.85, 4.06] m
Nazha 2013 24 36 20 34 9.9% 1.13[0.79, 1.63] T—
Ruffin 2004 98 136 25 38 125% 1.10[0.85, 1.41] T™
Sanusi 2019 1 15 6 15 49% 1.83[0.92, 3.66] =
Shen 2004 20 21 18 20 14.2% 1.06 [0.89, 1.26] T
Total (95% Cl) 1381 1259 100.0% 1.24[1.03, 1.49] <&
Total events 404 262
Heterogeneity: Tau? = 0.05; Chi? = 32,52, df = 12 (P = 0.001); I = 63% of ’ ofz ofs ] 2 5 1’0

Test for overall effect: Z = 2.32 (P = 0.02)

FIGURE 2

Favours [control] Favours [retinoids]

Forest plots showed the effects of retinoids application in cancers or precancerous lesions concerning primary outcomes. (A) disease

recurrence, (B) clinical response. Cl, confidence interval.

included new cancer development, second primary tumor (SPT)
and malignant transformation. Disease progression refers to the
progression and deterioration of the neoplasia confirmed by
histologic examination. Event-free survival was characterized
by the proportion of patients who are alive free of neoplasm

events.

Statistical analysis

Review manager 5.4 and Stata 16.0 software were used to
perform statistical analysis. We present the results using risk
ratios (RR) with 95% confidence intervals (CI) to represent the
estimated efficacy of the intervention. I” statistic was applied to
evaluate the heterogeneity between studies. Heterogeneity was
considered high if I* was greater than 50%. If heterogeneity was
high, sensitivity analysis was performed by excluding studies one
by one to find out the potential source of heterogeneity. L’Abbe
plot was also used to detect the heterogeneity between studies.
Random-effect model was applied to synthesize the data.
Subgroup analysis was performed based on cancer type and

Frontiers in Genetics

tumor classification. Funnel plot asymmetry and Egger’s test
were used to detect potential publication bias. A two-tailed p <
0.05 was considered statistically significant.

Results
Studies characteristics

The literature searching and screening process is presented
in Figure 1. Thirty-nine RCT studies with a total of
15,627 patients were included in this meta-analysis (Fenaux
etal., 2000; Kohler et al., 2000; Motzer et al., 2000; van Zandwijk
et al., 2000; Bodsworth et al., 2001; Follen et al., 2001; Lippman
etal., 2001; Bernstein et al., 2002; George et al., 2002; Robinson
et al., 2002; Atzpodien et al., 2004; Fossa et al., 2004; Ruffin
et al., 2004; Shen et al., 2004; Toma et al., 2004; Aass et al., 2005;
Chiesa et al., 2005; Perry et al., 2005; Richtig et al., 2005; Takai
et al., 2005; Khuri et al., 2006; Scardina et al., 2006; Veronesi
et al., 2006; Burnett et al., 2007; Sabichi et al., 2008; Decensi
et al., 2009; Weinstock et al.,, 2009; Andrijono and Mubhilal,
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TABLE 1 Characteristics of included studies.

Author  Country Age Cancer

year type

Zandwijk Ttaly Median age  Patient with head
2000 61 years and neck cancer or

lung cancer treated

Khuri United States Mean + SD  Patients who had

(2006) 60.8 £ 10.9  been treated for
stage I or IT
HNSCC

Perry Australia Unclear Patients with their

(2005) first head and neck

squamous cell
carcinoma treated

Bhatia United States Median age  Treated stage I/IT
(2017) 60 years SCC of the oral
cavity, oropharynx,
hypopharynx,
larynx
Lippman United States Mean + SD  Treated stage I
(2001) 642 + 8.8 non-small-cell lung
cancer
Veronesi Italy Mean + SD  Surgically removed
1999/2006 51 + 7.6/ stage I breast
51 +78 cancer or ductal

carcinoma in situ

Toma Italy Unclear Squamous cell
(2004) carcinoma of head
and neck
Sabichi United States Median age  Resected non-
(2008) 70.9/64.0 muscle-invasive
bladder cancer
Kohler United Kingdom  Children Advanced
(2000) neuroblastoma
after chemotherapy
Kadakia United States Mean + SD  Treated
(2012) 68.2 £ 948 nonmelanoma skin
cancers (NMSCs)
Takai Japan Unclear Treated
(2005) Hepatocellular
Carcinoma (HCC)
Weinstock  United States Mean age Patients with
(2012) 71 years history of BCC or
SCC of the skin
Douer United States Median Untreated acute
(2013) age 36 promyelocytic
leukemia (APL)
George Australia Mean + SD  Patients with
(2002) 56.7 £ 9.5 history of non-
(Groupl)/ melanoma skin
522 +10.2  cancers
(Group2)
Dencensi Ttaly Mean + SD  Premenopausal
(2009) 462 + 5.2 Women at risk of
breast cancer
Shinagawa  Japan Median Patients with newly
(2014) age 48 diagnosed APL
Okita 2014 Japan Unclear Treated hepatitis
C-related
hepatocellular
carcinoma
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Intervention

Retinyl palmitate
vs. no retinyl
palmitate

Isotretinoin
(30 mg/d) vs.
placebo

Isotretinoin

(1.0 mg/kg/d) vs.
isotretinoin

(0.5 mg/kg/d) vs.
placebo

13-Cis Retinoic
Acid vs. placebo

Isotretinoin
(30 mg/day) vs.
placebo

Fenretinide orally
(200 mg/day) vs.
no treatment

Isotretinoin vs.
control

Fenretinide
(200 mg/day
orally) vs. placebo

13-Cis retinoic
acid 0.75 mg/kg/
day vs. placebo

Acitretin 25 mg
orally 5 days per
week vs. placebo

Acyclic Retinoid
600 mg/d vs.
placebo

Topical 0.1%
tretinoin cream vs.
control

ATRA 45 mg/m’/
d orally vs.
observation

Acitretin 25 mg
orally, once daily
vs. drug-free

fenretinide

200 mg/d vs.
placebo

ATRA or
tamibarotene
peretinoin

600 mg/day,
peretinoin

300 mg/day, or
placebo

05

Treatment
duration

2 years

3 years

3 years

2 years

3 years

5 years

unclear

12 months

4 years

2 years

48 weeks

3 years

1 year

2 years

2 years

2 years

96 weeks

Follow-
up

duration

49 months

4 years

Unclear

5 years

3.5 years

14.6 years

39 months

15 months

59 months

Unclear

7 years

3.5 years

11.8 years

Unclear

5.5 years

1 year

3 years

10.3389/fgene.2022.1065320

Sample
size

1290/1283

590/600

54/48/49

91/85

589/577

1432/1435

126/126

70/67

88/87

35/35

44/45

566/565

101/117

23/23

59/58

135/134

124/
126/127

Female,%

13

21

24

22

43

100

Unclear

Unclear

37

Unclear

34

22

100

47

36

Outcome

OS, SPT

OS, SPT

SPT

OS, SPT

OS, SPT,
recurrence

SPT,
recurrence

0OS, disease
progression

Recurrence

EFS

New NMSC
development

OS, SPT

OS, cancer
development

Relapse

Cancer
development

Breast cancer
events

Relapse, EFS

OS, EFS,
recurrence

(Continued on following page)
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TABLE 1 (Continued) Characteristics of included studies.

Author
year

Richtig

(2005)

Rao (2011)

Aass (2005)

Motzer
(2000)

Atzpodien
(2004)

Aviles
(2015)

Bernstein
(2002)

Bodsworth
(2001)

Sanusi
(2019)

Fossa
(2004)

Arrieta
(2010)

Burnett
2009

Burnett
(2007)

Nazha 2013

Fenaux

(2000)

Shen (2004)

Country

Austria

United States

Norway

United States

Germany

Mexico

United States

Australia

Indonesia

Norway

Mexico

United Kingdom

United Kingdom

United States

France

China

Frontiers in Genetics

Age

Mean + SD
52.6 £ 13.8

Median
age 72

Median
age 60

Median
age 60

Median
age 59

Median
age 63

Mean + SD
375+ 6.7/
412 + 6.7
Median
age 38

Mean + SD
54.0 + 9.2/
47.7 + 8.2

Median
age 60

Median
age 59

Median
age 45

Median
age 65

Median
age 66

Unclear

Median
age 32

Cancer

type

Resected
melanoma in stage
IIA and IIB

Postmenopausal
women with
hormone receptor-
positive breast
cancer resected

Progressive
metastatic renal cell
carcinoma treated

Advanced renal cell
carcinoma

Irresectable
metastatic renal cell
carcinoma

Patients with
refractory/relapsed,
cutaneous T-cell
lymphoma, with
advanced stages

Patients with
AIDS-associated
Kaposi sarcoma

Cutaneous AIDS-
Related Kaposi
Sarcoma

Locally advanced
cervical carcinoma

Progressive,
metastatic renal cell
carcinoma

Advanced
non-small-cell
lung cancer

Acute Myeloid
Leukemia

Older patients Not
Considered Fit for
Intensive
Treatment with
acute myeloid
leukemia

Older patients with
acute myeloid
leukemia

Newly
diagnosed APL

Newly
diagnosed APL

Intervention

IFN + isotretinoin
vs. IFN + placebo

Tamoxifen +
fenretinide vs.
tamoxifen +
placebo

IFN-a-2a + 13-
cRA vs. IFN-a-2a
alone

13-cis-retinoic
acid + IFN-a-2a
vs. IFN-a-2a

13 cRA + IFN-a-
2a/IL-2/IV-FU vs.
IFN-a-2a/IL-2/
IV-FU

IEN + ATRA vs.
IFN + MTX

ATRA once
weekly vs. 3 times
weekly

Alitretinoin gel
0.1% twice daily
vs. vehicle gel

NAC (cisplatin
and paclitaxel) +
vitamin A

VS. NAC

IFN vs. IFN + 13-
cis retinoic acid

Paclitaxel/
cisplatin (P/C) +
ATRA vs. P/C +
placebo

Treatment with
ATRA or not

Cytarabine (Ara-
C) or hydroxyurea
with or without
ATRA

Intensive
chemotherapy
with or without
ATRA

ATRA +
chemotherapy vs.
chemotherapy

ATRA +
As203 vs. As203

06

Treatment
duration

2 years

5 years

13-15 weeks

60 months

8 weeks

6 months

12 weeks

12 weeks

64 weeks

3 months

80-100 days

8 years

3 years

Unclear

Unclear

Unclear

Follow-
up

duration

5 years

5 years

3 months

Unclear

Unclear

12 months

Unclear

Unclear

Unclear

1 year

80-100 days

Unclear

Unclear

12.5 years

73 months

18 months

Sample
size

206/201

206/213

159/161

139/145

146/132

176/201

30/46

62/72

15/15

53/50

52/55

540/535

107/99

36/34

54/47

21/20

Female,%

47

100

31

33

25

32

100

43

45

49

44

Unclear

Unclear

49

10.3389/fgene.2022.1065320

Outcome

OS, disease
progression

Recurrence,
SPT

Relapse, OS

0§, CR

0§, CR

[N

CR

CR

CR

CR

CR

0S,
relapse, CR

OS§, CR

CR

Relapse, CR

CR

(Continued on following page)
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TABLE 1 (Continued) Characteristics of included studies.

10.3389/fgene.2022.1065320

Author  Country Age Cancer Intervention  Treatment Follow-  Sample Female,% Outcome
year type duration up size
duration
Scardina Ttaly Unclear Oral leukoplakia Isotretinoin 0.18% 3 months 10 years 20/20 Unclear Malignant
(2006) vs. 0.05% (topical, change
twice a day)
Chiesa Italy Median Oral leukoplakias 200 mg 1 year 5 years 84/86 29 Cancer
(2005) age 50 fenretinide daily development
Vvs. no intervention

Andrijono Thailand Median Complete Vitamin A vs. Unclear 20 mon 32/35 100 Malignant
(2010) age 25 hydatidiform mole  placebo disease
Robinson United States Unclear HIV-positive Isotretinoin vs. 6 months 192 weeks 56/58 100 Disease
(2002) women with low- observation progression

grade squamous

intraepithelial

lesions of the cervix
Ruffin United States Unclear Women with ATRA (0.16%, 4 days 12 weeks 136/38 100 Regression
(2004) biopsy-proven CIN  0.28%, 0.36%) vs. rate

Juviuss placebo
Follen United States Unclear Biopsy-proven 4-HPR at 200 mg/ 6 months 12 months 20/16 100 CR, disease
(2001) CIN-2/3 (High- day vs. placebo progression

Grade SIL)

OS, overall survival; SPT, second primary tumor; EFS, event-free survival; CR, clinical response; ATRA, all trans retinoic acid; IFN, interferon; 13-cRA, 13-cis retinoic acid; IL-2, interleukin-
2; 1V, intravenous; FU, fluorouracil; MTX, methotrexate; NAC, neoadjuvant chemotherapy; 4-HPR, N-(4-hydroxyphenyl) retinamide.

2010; Arrieta et al., 2010; Burnett et al., 2010; Lee et al., 2010;
Rao et al., 2011; Kadakia et al., 2012; Weinstock et al., 2012;
Douer et al., 2013; Nazha et al., 2013; Shinagawa et al., 2014;
Aviles et al., 2015; Okita et al., 2015b; Bhatia et al., 2017; Sanusi,
2019). The characteristics of the included studies are shown in
Table 1. The quality assessment of the included studies was
shown in Supplementary Figure S1. Sixteen studies were
conducted in North America, 14 studies were conducted in
Europe, six studies were proceeded in Asia, and 3 studies were
proceeded in Oceania. Among the 39 included studies,
14  studies
evaluated the cancer development (n = 14), clinical response

described the overall survival, and others
(n =13), disease recurrence (n = 9), disease progression (n = 4),

and event-free survival (n = 3).

Primary outcomes

The association of retinoids and disease recurrence was
supplied by nine studies (Fenaux et al., 2000; Lippman et al.,
2001; Aass et al., 2005; Burnett et al., 2007; Sabichi et al., 2008;
Rao et al.,, 2011; Douer et al., 2013; Okita et al., 2015a) with
6,445 patients. Data analysis revealed that retinoids usage was
correlated with lower recurrence rate compared with control
group (RR =0.85, 95% CI = 0.74-0.96, p = 0.01) (Figure 2A). The
heterogeneity was acceptable according to the statistic (I* = 42%)
(Figure 2A).
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Pooled data in 13 studies (Fenaux et al., 2000; Motzer et al.,
2000; Bodsworth et al., 2001; Follen et al., 2001; Atzpodien et al.,
2004; Fossa et al., 2004; Ruffin et al., 2004; Shen et al., 2004;
Burnett et al., 2007; Arrieta et al., 2010; Burnett et al., 2010; Nazha
et al., 2013; Sanusi, 2019) with 2,640 patients showed that
retinoids group exhibited a better clinical response rate than
control group (RR = 1.24, 95% CI = 1.03-1.49, p = 0.02)
(Figure 2B). Heterogeneity among the above 13 studies was
significant (I* = 63%) (Figure 2B).

Secondary outcomes

Fourteen studies (Motzer et al., 2000; van Zandwijk et al.,
2000; Lippman et al., 2001; Atzpodien et al., 2004; Toma et al.,
2004; Aass et al., 2005; Richtig et al., 2005; Takai et al., 2005;
Khuri et al., 2006; Burnett et al., 2007; Weinstock et al., 2009;
Burnett et al., 2010; Bhatia et al., 2017) with 9,521 patients
reported the data of retinoids and overall survival. Synthesized
data
between retinoids usage and overall survival (RR = 0.98,
95% CI = 0.95-1.01, p = 0.23) (Figure 3A) without obvious
heterogeneity (I* = 18%) (Figure 3A).

Fourteen studies (van Zandwijk et al., 2000; Lippman et al.,
2001; George et al.,, 2002; Chiesa et al., 2005; Perry et al., 2005;
Takai et al., 2005; Khuri et al., 2006; Veronesi et al., 2006; Decensi
et al., 2009; Weinstock et al., 2009; Andrijono and Muhilal, 2010;

showed that there was no significant relation
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Retinoids Control
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Burnett 2007 2 107 0 99  0.0%
Burnett 2009 33 540 30 535 04%
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Motzer 2000 32 139 24 145 0.5%
Okita 2014 163 250 82 127 3.8%
Richtig 2005 157 206 163 201 8.3%
Takai 2005 23 44 15 45 04%
Toma 2004 74 126 72 126 2.2%
Weinstock 2012 444 566 475 565 19.3%
Zandwijk 2000 972 1290 969 1283 24.9%
Total (95% CI) 4841 4680 100.0%
Total events 2960 2894
Heterogeneity: Tau? = 0.00; Chi? = 15.84, df = 13 (P = 0.26); I = 18%
Test for overall effect: Z = 1.19 (P = 0.23)
B
Retinoids Control
Andrijono 2010 2 32 10 35 0.7%
Bhatia 2017 22 91 23 85 46%
Chiesa 2005 2 84 3 86 0.4%
Dencensi 2009 7 59 16 58 2.0%
George 2002 6 23 15 23 23%
Kadakia 2012 19 35 26 35  7.8%
Khuri 2006 130 590 131 600 14.6%
Lippman 2001 76 587 71 576 9.9%
Perry 2005 13 102 7 49  1.8%
Rao 2010 25 206 27 213 46%
Takai 2005 23 44 28 45  7.8%
Veronesi 2006 65 1432 71 1435 8.9%
Weinstock 2012 296 566 310 565 22.6%
Zandwijk 2000 115 1290 96 1283 12.0%
Total (95% Cl) 5141 5088 100.0%
Total events 801 834
Heterogeneity: Tau? = 0.01; Chi? = 19.18, df = 13 (P = 0.12); I = 32%
Test for overall effect: Z = 1.46 (P = 0.15)
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Forest plots showed the effects of retinoids application in cancers or precancerous lesions concerning secondary outcomes. (A) overall survival

(OS), (B) cancer development. Cl, confidence interval.

Rao et al., 2011; Kadakia et al., 2012; Bhatia et al., 2017) with
10,229 patients showed the relationship between retinoids and
cancer development. Data analysis showed that there was no
significant association between retinoids application and cancer
development (RR = 0.92, 95% CI = 0.81-1.03, p = 0.15)
(Figure 3B). Acceptable heterogeneity was presented (I* =
32%) (Figure 3B).

For the disease progression, four studies (Follen et al., 2001;
Robinson et al,, 2002; Toma et al., 2004; Richtig et al., 2005) with
798 patients reported that there was no significant relation between
retinoids application and disease progression (RR = 1.17, 95% CI =
0.86-1.60, p = 0.32) (Supplementary Figure S2) without obvious
heterogeneity (I* = 0%) (Supplementary Figure S2).

As for event-free survival, three studies (Kohler et al., 2000;
Shinagawa et al, 2014; Okita et al, 2015b) with 556 patients
evaluated the relationship between retinoids and event-free
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survival. No difference was observed statistically between
retinoids group and control group based on the pooled data
(RR = 094, 95% CI = 0.87-1.02, p = 0.13) (Supplementary
S3). r = 0%)
(Supplementary Figure S3).

Figure No heterogeneity was found

Sensitivity analysis

Heterogeneity analysis as well as sensitivity analysis of our meta-
analysis were conducted mainly based on overall survival as it has the
maximum included studies. According to the statistics, heterogeneity
was not significant (I* = 18%) (Figure 3A). Furthermore, L’Abbe plot
also showed that there was no significant heterogeneity detected
(Supplementary Figure S4). However, there is a considerable
heterogeneity in the primary outcome clinical response (I =
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Subgroup analysis based on cancer type described the effects of retinoids application in cancers or precancerous lesions concerning primary
outcomes. (A) disease recurrence, (B) clinical response. Cl, confidence interval.

63%) (Figure 2B). Sensitivity analysis was performed by excluding
studies one by one, and then we found that one RCT (Bodsworth
etal,, 2001) is the potential origin of heterogeneity. After removing it,
the heterogeneity declined to 42%. Whether excluding this RCT or
not, similar trends of retinoids treatment in clinical response were
observed and it confirmed the robustness of our results
(Supplementary Figure S5).

Subgroup analysis based on cancer type

Subgroup analysis based on cancer type of primary outcome
disease recurrence showed that retinoids induced lower rate of
recurrence in APL (p = 0.001), renal cell carcinoma (p = 0.04) and
hepatocellular carcinoma (p = 0.002) (Figure 4A). On the
contrary, no significant effect of retinoids was found in lung
cancer (p = 0.82), breast cancer (p = 0.54), bladder cancer (p =
0.81) and AML (p = 0.73). As for primary outcome clinical
response (Figure 4B), higher clinical response rate was detected
in Kaposi sarcoma (p = 0.0003) and non-small-cell lung cancer
P =

difference was found between retinoids group and control

0.003) owing to retinoids application. However, no

group in renal cell carcinoma (p = 0.34), cervical carcinoma
(p = 0.09), AML (p = 0.52), APL (p = 0.15), and cervical
intraepithelial neoplasia (p = 0.48).

As for secondary outcome overall survival (Figure 5A), there
was no significant association between retinoids usage and
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overall survival in head and neck cancer (p = 0.66), renal cell
carcinoma (p = 0.43), AML (p = 0.62), lung cancer (p = 0.76),
hepatocellular carcinoma (p = 0.44), and melanoma (p = 0.23).
However, poorer overall survival was related to retinoids usage in
keratinocyte carcinoma (p = 0.02). Pooled analysis on secondary
outcome cancer development revealed that there was no
difference between retinoids group and control group in head
and neck cancer (p = 0.53), breast cancer (p = 0.29), non-
melanoma skin cancer (p = 0.14), lung cancer (p = 0.75), and
hepatocellular carcinoma (p = 0.35) (Figure 5B). Nevertheless,
retinoids group showed a lower rate of cancer development in
complete hydatidiform mole (p = 0.04).

Subgroup analysis based on tumor
classification

The included cancers in this study can be divided into two
general classifications: solid cancer and hematology malignancy.
For primary outcome disease recurrence, subgroup analysis
based on tumor classification demonstrated that retinoids
group obtained a lower rate of recurrence than control group
in solid cancers (RR = 0.88, 95% CI = 0.78-0.99, p = 0.04)
(Table 2). The difference was statistically significant (p = 0.04).
However, as for hematology malignancy, no significant
difference was found between retinoids group and control
group concerning disease recurrence (RR = 0.70, 95% CI =
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Subgroup analysis based on cancer type described the effects of retinoids application in cancers or precancerous lesions concerning secondary
outcomes. (A) overall survival (OS), (B) cancer development. Cl, confidence interval.

TABLE 2 Subgroup analysis of tumor classification.

Outcome Subgroup Study number

Disease recurrence Overall 9

Tumor classification

Solid cancer 6
Hematology malignancy 3
Clinical response Overall 13

Tumor classification

Solid cancer 8
Hematology malignancy 5
Overall survival Overall 14

Tumor classification
Solid cancer 12

Hematology malignancy 2

0.48-1.02, p = 0.06) (Table 2). Similar findings were also seen in
primary outcome clinical response. Pooled data revealed that
retinoids usage was correlated with a better clinical response rate
in solid cancers (RR = 1.56, 95% CI = 1.03-2.36, p = 0.04)
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Sample size RR p-value Heterogeneity

6445

5156
1289

2640

1146
1494

9521

9139
382

10

(95%CI)
1* (%) p-value

0.85 (0.74-0.96) 0.01 ) 0.09
0.88 (0.78-0.99) 0.04 31 02
0.70 (0.48-1.02) 0.06 55 0.11
1.24 (1.03-1.49) 0.02 63 0.001
1.56 (1.03-2.36) 0.04 75 0.0002
1.09 (0.98-1.21) 0.11 0 0.87
0.98 (0.95-1.01) 023 18 0.26
0.98 (0.95-1.02) 03 23 022
1.02 (0.42-2.47) 0.96 15 0.28

(Table 2) and exhibited statistically significant difference (p =
0.04). In hematology malignancy, there was no significant
correlation between retinoids application and clinical response
(RR = 1.09, 95% CI = 0.98-1.21, p = 0.11) (Table 2).
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As for secondary outcome overall survival (OS), synthesized
data showed that there was no difference statistically between
retinoids group and control group in either solid cancers (RR =
0.98, 95% CI = 0.95-1.02, p = 0.30) (Table 2) or hematology
malignancy (RR = 1.02, 95% CI = 0.42-2.47, p = 0.96) (Table 2).

Publication bias

We analyzed publication bias in studies regarding overall
survival using funnel plot asymmetry. No obvious asymmetry
was observed, indicating that there was no apparent publication
bias, which was confirmed by Egger’s test (p = 0.0784)
(Supplementary Figure S6).

Discussion

Retinoids are a family of signaling molecules in human
beings and they play vital roles in cell differentiation,
proliferation, and apoptosis. The synthesis and metabolism of
retinoids are impaired in various cancers (Tang and Gudas,
2011). It is critically necessary to clarify the correlation
between retinoids and carcinogenesis risk. Many previous
preclinical and clinical investigations revealed the great
potential of retinoids in the chemoprevention and treatment
of several types of cancers. However, a few recent studies have
reported that retinoids promote tumorigenesis (Larange and
Cheroutre, 2016; Devalaraja et al, 2020). Therefore, we
performed this meta-analysis of RCTs to systematically
evaluate the effects of retinoids on cancers. We investigated
the association between disease recurrence, clinical response,
overall survival, cancer development, disease progression,
event-free survival, and retinoids application in patients with
tumors or precancerous lesions. A more detailed subgroup
analysis was also conducted based on cancer type. Our results
showed that lower recurrence rate and better clinical response
were obtained in retinoids group as compared with placebo
group or no treatment group. However, retinoids application
was not correlated with overall survival, cancer development,
disease progression or event-free survival in patients with cancer
or premalignancy.

According to our research, retinoids showed preventive and
therapeutic effectiveness in certain cancers. Retinoids application
lowered the rate of malignant transformation in patients with
complete hydatidiform mole. Moreover, retinoids reduced tumor
recurrence in renal cell carcinoma, APL and hepatocellular
carcinoma. Better clinical response was obtained in Kaposi
sarcoma and non-small-cell lung cancer in retinoids
group. One previous study confirmed the benefit of retinoids in
prolonging disease-free survival in patients with hepatocellular
carcinoma (Chu et al,, 2010). As for lung cancer, Yu et al. (2015)

reported that dietary vitamin A intake could reduce the risk of lung
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the
ineffectiveness of vitamin A in the treatment or prevention of
lung cancer (Fritz et al., 2011; Cortés-Jofré et al., 2020). The studies
mentioned above included cohort studies or case-control studies

cancer, however two other studies demonstrated

while our study was strictly restricted to RCTs. Thus, our meta-
analysis could provide more reliable evidence to clarify the
effectiveness of retinoids in cancer chemoprevention and therapy.

Subgroup analysis based on cancer type indicated that no
significant difference was observed in any outcome between
retinoids and control group in patients with head and neck
cancer, AML, melanoma, breast cancer, bladder cancer, cervical
intraepithelial neoplasia (CIN) or cervical carcinoma. Our study
was consistent with the previous research reported by He et al.
(2018), which showed that vitamin A derivatives intake had no
effects on the survival of breast cancer patients. However, Fulan
et al. (2011) claimed that both the total intake of retinol and
vitamin A could reduce breast cancer risk. These contradictory
studies suggested that retinol might have preventive effect rather
than therapeutic effect on breast cancer. Similar contradictory
findings were also seen in cervical diseases and bladder cancer. One
study showed that retinoids had no effect in preventing the
progression of CIN (Helm et al, 2013), while another study
demonstrated that vitamin A intake was inversely associated
with cervical cancer risk (Zhang et al, 2012). High vitamin A
intake was also associated with low bladder cancer risk (Tang et al.,
2014). As shown above, the antitumor efficacy of retinoids is
limited to several types of cancers, which may be attributed to
retinoid resistance. Patients treated with retinoids often exhibit or
develop resistance to this therapy. The molecular mechanisms of
this resistance remain incompletely understood and the following
factors have been confirmed involved: increased expression of RA
binding proteins, new mutations in retinoid receptors and the
pharmacologic alteration in RA metabolism (Chlapek et al., 2018).
Strategies to overcome retinoid resistance include combination
therapy as well as the alternative use of non-classical retinoids.
Combination of retinoids and interferon-a showed partial or
complete response in lymphoid malignancy and preclinical
studies indicated that non-classical retinoids can function as
tumor suppressors in human cancers (Tang and Gudas, 2011).
Well-designed comprehensive studies focused on combination
retinoid therapy are recommended.

Subgroup analysis based on tumor classification revealed that
retinoids group obtained a lower recurrence rate and better
clinical response than control group in solid cancers. But in
hematology malignancy, there was no significant difference
between retinoids group and control group. We further
analyze the possible causes. In our meta-analysis, the included
hematology malignancies were consisted of APL and AML.
Previous studies have shown that retinoids treatment acquires
great success in APL but not in AML (Ni et al.,, 2019). These
findings were also consistent with our subgroup analysis based on
cancer type. Thus, the ineffectiveness of retinoids in hematology
malignancy may be attributed to the synthesized analysis
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integrating APL and AML. All in all, our work indicated the
potential chemoprevention effect of retinoids for the treatment of
solid cancers. Well-designed and large-scaled studies are
warranted to confirm our findings.

It should be noted that one RCT included in this study showed
that patients with keratinocyte carcinoma obtained a worse overall
survival in tretinoin-treated group as compared with control
group. However, further analysis by the investigator revealed that
the increased mortality in tretinoin-treated group could hardly be
attributed to retinoids application, owing to lack of additional
supportive evidence and failing to specify the causes of deaths
such as smoking status (Weinstock et al, 2009). A recent
preclinical study also reported the tumorigenic role of retinoids
in fibrosarcoma and melanoma via inhibiting immune system
(Devalaraja et al, 2020). However, the finding of this study is
still lack of support data from clinical research. More large-scale
comprehensive RCTs are warranted to figure out whether retinoids
have tumorigenic role.

The main limitation of our study may be heterogeneity in
interventions and outcomes among studies, such as different
categories of retinoids, drug dosage, application pattern, and
frequency. The heterogeneity was not significant in any outcome
except for clinical response. By excluding RCT's one by one, we found
that one RCT study (Bodsworth et al,, 2001) is the potential source of
heterogeneity. This RCT demonstrated that the alitretinoin group
showed a significant higher clinical response rate than control group,
which made it distinct from other included studies. This remarkably
high response rate of this RCT study may be the main cause of
heterogeneity in clinical response. We searched more studies to clarify
this problem and found that an approximate clinical response rate of
alitretinoin was shown in a recent systematic review comprising three
clinical trials and three case reports (Htet et al., 2022). Besides,
alitretinoin ~ is
medication for Kaposi sarcoma. All these studies demonstrated
that alitretinoin had a significant efficacy for the treatment of
Kaposi sarcoma. Moreover, synthesized analysis showed that
whether excluding or retaining the study (Bodsworth et al., 2001),
the result of retinoids treatment in clinical response remained

Food and Drug Administration-approved

unchanged and this confirmed the robustness of our results.

Conclusion

Our meta-analysis of RCTs revealed the positive preventive
and therapeutic effects of retinoids in several malignancies.
Retinoids usage reduced disease recurrence and improved
clinical response. Combination therapy containing retinoids
may be promising cancer therapy in the future.

Frontiers in Genetics

12

10.3389/fgene.2022.1065320

Data availability statement

The original contributions presented in the study are
the further
inquiries can be directed to the corresponding authors.

included in article/Supplementary Material,

Author contributions

SC contributed to designing the study plan, data acquisition,
analysis, and drafting the manuscript. QH, XT, JX, and TW
contributed to data acquisition, analysis, and interpretation. BC
and JW contributed to the project conception, writing
manuscript, and supervision. All authors read and approved
the final manuscript.

Funding

This work was supported by the National Natural Science
Foundation of China (Grant No. 81800969), and the Major
Research plan of Science and Technology Program of
Guangzhou, China (Grant No. 202206080009).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the
editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fgene.
2022.1065320/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fgene.2022.1065320/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2022.1065320/full#supplementary-material
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.1065320

Chen et al.

References

Aass, N., De Mulder, P. H., Mickisch, G. H., Mulders, P., van Oosterom, A. T., van
Poppel, H., et al. (2005). Randomized phase II/III trial of interferon alfa-2a with and
without 13-cis-retinoic acid in patients with progressive metastatic renal cell
carcinoma: The European organisation for research and treatment of cancer
genito-urinary tract cancer group (EORTC 30951). J. Clin. Oncol. 23 (18),
4172-4178. doi:10.1200/jc0.2005.07.114

Andrijono, A., and Muhilal, M. (2010). Prevention of post-mole malignant
trophoblastic disease with vitamin A. Asian pac. J. Cancer Prev. 11 (2), 567-570.

Arrieta, O., Gonzélez-De la Rosa, C. H., Aréchaga-Ocampo, E., Villanueva-
Rodriguez, G., Cerén-Lizérraga, T. L., Martinez-Barrera, L., et al. (2010).
Randomized phase II trial of All-trans-retinoic acid with chemotherapy based
on paclitaxel and cisplatin as first-line treatment in patients with advanced non-
small-cell lung cancer. J. Clin. Oncol. 28 (21), 3463-3471. doi:10.1200/JC0O.2009.26.
6452

Atzpodien, J., Kirchner H Fau - Jonas, U, Jonas U Fau - Bergmann, L.,
BergmannFau - Schott, L. H., Schott H Fau - Heynemann, H., Heynemann H
Fau - Fornara, P., et al. (2004). Interleukin-2- and interferon alfa-2a-based
immunochemotherapy in advanced renal cell carcinoma: A prospectively
randomized  trial  of the  German  cooperative  renal  carcinoma
chemoimmunotherapy group. New York, NY: DGCIN. -183X (Print), 0732.
doi:10.1200/JCO.2004.06.155

Aviles, A., Neri, N., Fernandez-Diez, J., Silva, L., and Nambo, M. J. (2015).
Interferon and low doses of methotrexate versus interferon and retinoids in the
treatment of refractory/relapsed cutaneous T-cell lymphoma. Hematol. Amst. Neth.
20 (9), 538-542. doi:10.1179/1607845415Y.0000000002

Bernstein, Z. P., Chanan-Khan, A., Miller, K. C., Northfelt, D. W., Lopez-
Berestein, G., and Gill, P. S. (2002). A multicenter phase II study of the
intravenous administration of liposomal tretinoin in patients with acquired
immunodeficiency syndrome-associated Kaposi’s sarcoma. Cancer 95 (12),
2555-2561. doi:10.1002/cncr.11009

Bhatia, A. K., Lee, J.-W., Pinto, H. A,, Jacobs, C. D., Limburg, P. J., Rubin, P.,
et al. (2017). Double-Blind, randomized phase 3 trial of low-dose 13-cis
retinoic acid in the prevention of second primaries in head and neck
cancer: Long-term follow-up of a trial of the eastern cooperative oncology
group-ACRIN cancer research group (C0590). Cancer 123 (23), 4653-4662.
do0i:10.1002/cncr.30920

Bodsworth, N. J., Bloch, M., Bower, M., Donnell, D., and Yocum, R. (2001). Phase
III vehicle-controlled, multi-centered study of topical alitretinoin gel 0.1% in
cutaneous AIDS-related Kaposi’s sarcoma. Am. J. Clin. Dermatol. 2 (2), 77-87.
doi:10.2165/00128071-200102020-00004

Burnett, A. K, Hills, R. K., Milligan, D. W., Goldstone, A. H., Prentice, A. G,,
McMullin, M. E,, et al. (2010). Attempts to optimize induction and consolidation
treatment in acute myeloid leukemia: Results of the MRC AMLI2 trial. J. Clin.
Oncol. 28 (4), 586-595. doi:10.1200/JC0O.2009.22.9088

Burnett, A. K., Milligan, D., Prentice, A. G., Goldstone, A. H., McMullin, M.
F., Hills, R. K., et al. (2007). A comparison of low-dose cytarabine and
hydroxyurea with or without all-trans retinoic acid for acute myeloid
leukemia and high-risk myelodysplastic syndrome in patients not
considered fit for intensive treatment. Cancer 109 (6), 1114-1124. doi:10.
1002/cncr.22496

Chiesa, F., Tradati, N., Grigolato, R., Boracchi, P., Biganzoli, E., Crose, N.,
et al. (2005). Randomized trial of fenretinide (4-HPR) to prevent recurrences,
new localizations and carcinomas in patients operated on for oral leukoplakia:
Long-term results. Int. J. Cancer 115 (4), 625-629. doi:10.1002/ijc.20923

Chlapek, P., Slavikova, V., Mazanek, P., Sterba, J., and Veselska, R. (2018). Why
differentiation therapy sometimes fails: Molecular mechanisms of resistance to
retinoids. Int. J. Mol. Sci. 19 (1), E132. doi:10.3390/ijms19010132

Chu, K. J., Lai Ec Fau - Yao, X.-P., Yao Xp Fau - Zhang, H.-W., Zhang Hw Fau -
Lau, W. Y., Lau Wy Fau - Fu, X.-H,, Fu Xh Fau - Lu, C.-D,, et al. (20100219).
Vitamin analogues in chemoprevention of hepatocellular carcinoma after resection
or ablation-a systematic review and meta-analysis-3108. (Electronic).59.. doi:10.
1016/S1015-9584(10)60021-8

Cortés-Jofré, M., Rueda, J. R., Asenjo-Lobos, C., Madrid, E., and Bonfill Cosp, X.
(2020). Drugs for preventing lung cancer in healthy people, 1469-493X.
(Electronic).doi:10.1002/14651858.CD002141

Cosio, T. A.-O., Di Prete, M. A.-O., Gaziano, R. A.-O., Lanna, C., Orlandi, A. A.-
O., Di Francesco, P., et al. (2021). Trifarotene: A current review and perspectives in
dermatology, 2227-9059. LID -[doi] LID - 237(Print). doi:10.3390/
biomedicines9030237

Decensi, A., Robertson C Fau - Guerrieri-Gonzaga, A., Guerrieri-Gonzaga A Fau -
Serrano, D., Serrano D Fau - Cazzaniga, M., Cazzaniga M Fau - Mora, S., Mora S
Fau - Gulisano, M., et al. (2009). Randomized double-blind 2 x 2 trial of low-dose

Frontiers in Genetics

13

10.3389/fgene.2022.1065320

tamoxifen and fenretinide for breast cancer prevention in high-risk premenopausal
women, 1527-7755. (Electronic).27. doi:10.1200/JC0O.2008.19.3797

Devalaraja, S., To, T. K. ], Folkert, I. W., Natesan, R., Alam, M. Z,, Li, M,, et al.
(2020). Tumor-derived retinoic acid regulates intratumoral monocyte
differentiation  to  promote immune  suppression. Cell 180  (6),
10981098-10981114. doi:10.1016/j.cell.2020.02.042

Douer, D., Zickl, L. N, Schiffer, C. A., Appelbaum, F. R, Feusner, J. H., Shepherd,
L., et al. (2013). All-trans retinoic acid and late relapses in acute promyelocytic
leukemia: Very long-term follow-up of the North American intergroup study 10129.
Leuk. Res. 37 (7), 795-801. doi:10.1016/j.leukres.2013.03.001

Fenaux, P., Chevret, S., Guerci, A., Fegueux, N., Dombret, H., Thomas, X., et al.
(2000). Long-term follow-up confirms the benefit of all-trans retinoic acid in acute
promyelocytic leukemia. European APL group. Leukemia 14 (8), 1371-1377. doi:10.
1038/sj.leu.2401859

Follen, M., Atkinson, E. N., Schottenfeld, D., Malpica, A., West, L., Lippman, S.,
et al. (2001). A randomized clinical trial of 4-hydroxyphenylretinamide for high-
grade squamous intraepithelial lesions of the cervix. Clin. Cancer Res. 7 (11),
3356-3365.

Fossa, S. D., Mickisch, G. H., De Mulder, P. H., Horenblas, S., van Oosterom, A.
T., van Poppel, H,, et al. (2004). Interferon-alpha-2a with or without 13-cis retinoic
acid in patients with progressive, measurable metastatic renal cell carcinoma.
Cancer 101 (3), 533-540. doi:10.1002/cncr.20307

Fritz, H., Kennedy D Fau - Fergusson, D., Fergusson D Fau - Fernandes, R.,
Fernandes R Fau - Doucette, S., Doucette S Fau - Cooley, K., CooleyFau - Seely, K.
A, etal. (2011). Vitamin A and retinoid derivatives for lung cancer: A systematic
review and meta analysis, 1932-6203. (Electronic).6, doi:10.1371/journal.pone.
0021107

Fulan, H., Changxing J Fau - Baina, W. Y., Baina Wy Fau - Wencui, Z,
WencuiFau - Chunging, Z. L., ChungingFau - Fan, L. W,, Fan W Fau -
Dandan, L., et al. (2011).Retinol, vitamins A, C, and E and breast cancer risk: A
meta-analysis and meta-regression, 1573-7225. (Electronic). doi:10.1007/s10552-
011-9811-y

George, R., Weightman, W., Russ, G. R, Bannister, K. M., and Mathew, T. H.
(2002). Acitretin for chemoprevention of non-melanoma skin cancers in renal
transplant recipients. Australas. J. Dermatol. 43 (4), 269-273. doi:10.1046/j.1440-
0960.2002.00613.x

Harrison, E. H. (2005). Mechanisms of digestion and absorption of dietary vitamin
A, 0199-9885. (Print). doi:10.1146/annurev.nutr.25.050304.092614

He, J., Gu, Y., and Zhang, S. (20181938). Vitamin A and breast cancer survival: A
systematic review and meta-analysis-0666. (Electronic).7. doi:10.1016/j.cIbc.2018.
07.025

Helm, C. W., Lorenz Dj Fau - Meyer, N. ], Meyer Nj Fau - Rising, W. W. R,,
Rising Ww Fau - Wulff, J. L., and Wulff, J. L. (2013). Retinoids for preventing the
progression of cervical intra-epithelial neoplasia, 1469-493X. (Electronic).10.
doi:10.1002/14651858.CD003296.pub3

Htet, K. Z., Waul, M. A, and Leslie, K. S. (2022). Topical treatments for Kaposi
sarcoma: A systematic review. Skin. Health Dis. 2 (2), €107. doi:10.1002/ski2.107

Kadakia, K. C,, Barton, D. L., Loprinzi, C. L., Sloan, J. A., Otley, C. C., Diekmann,
B. B, et al. (2012). Randomized controlled trial of acitretin versus placebo in
patients at high-risk for basal cell or squamous cell carcinoma of the skin (North
Central Cancer Treatment Group Study 969251). Cancer 118 (8), 2128-2137.
doi:10.1002/cncr.26374

Khalil, S., Bardawil, T., Stephan, C., Darwiche, N., Abbas, O., Kibbi, A. G., et al.
(2017). Retinoids: A journey from the molecular structures and mechanisms of
action to clinical uses in dermatology and adverse effects, 1471-1753.
(Electronic).28. doi:10.1080/09546634.2017.1309349

Khuri, F. R, Lee, J. ], Lippman, S. M., Kim, E. S., Cooper, J. S., Benner, S. E., et al.
(2006). Randomized phase III trial of low-dose isotretinoin for prevention of second
primary tumors in stage I and IT head and neck cancer patients. J. Natl. Cancer Inst.
98 (7), 441-450. doi:10.1093/jnci/djj091

Kim, H., Lapointe ] Fau - Kaygusuz, G., Kaygusuz G Fau - Ong, D. E., Ong De Fau
- Li, C,, Li C Fau - van de Rijn, M., van de Rijn M Fau - Brooks, J. D., et al. (2005).
The retinoic acid synthesis gene ALDH1a2 is a candidate tumor suppressor in
prostate cancer, 0008-5472. (Print).65. doi:10.1158/0008-5472.CAN-04-4562

Kohler, J. A., Imeson, J., Ellershaw, C., and Lie, S. O. (2000). A randomized trial of
13-Cis retinoic acid in children with advanced neuroblastoma after high-dose
therapy. Br. J. Cancer 83 (9), 1124-1127. doi:10.1054/bjoc.2000.1425

Larange, A., and Cheroutre, H. (2016). Retinoic acid and retinoic acid receptors as
pleiotropic modulators of the immune system, 1545-3278. (Electronic).36. doi:10.
1146/annurev-immunol-041015-055427

frontiersin.org


https://doi.org/10.1200/jco.2005.07.114
https://doi.org/10.1200/JCO.2009.26.6452
https://doi.org/10.1200/JCO.2009.26.6452
https://doi.org/10.1200/JCO.2004.06.155
https://doi.org/10.1179/1607845415Y.0000000002
https://doi.org/10.1002/cncr.11009
https://doi.org/10.1002/cncr.30920
https://doi.org/10.2165/00128071-200102020-00004
https://doi.org/10.1200/JCO.2009.22.9088
https://doi.org/10.1002/cncr.22496
https://doi.org/10.1002/cncr.22496
https://doi.org/10.1002/ijc.20923
https://doi.org/10.3390/ijms19010132
https://doi.org/10.1016/S1015-9584(10)60021-8
https://doi.org/10.1016/S1015-9584(10)60021-8
https://doi.org/10.1002/14651858.CD002141
https://doi.org/10.3390/biomedicines9030237
https://doi.org/10.3390/biomedicines9030237
https://doi.org/10.1200/JCO.2008.19.3797
https://doi.org/10.1016/j.cell.2020.02.042
https://doi.org/10.1016/j.leukres.2013.03.001
https://doi.org/10.1038/sj.leu.2401859
https://doi.org/10.1038/sj.leu.2401859
https://doi.org/10.1002/cncr.20307
https://doi.org/10.1371/journal.pone.0021107
https://doi.org/10.1371/journal.pone.0021107
https://doi.org/10.1007/s10552-011-9811-y
https://doi.org/10.1007/s10552-011-9811-y
https://doi.org/10.1046/j.1440-0960.2002.00613.x
https://doi.org/10.1046/j.1440-0960.2002.00613.x
https://doi.org/10.1146/annurev.nutr.25.050304.092614
https://doi.org/10.1016/j.clbc.2018.07.025
https://doi.org/10.1016/j.clbc.2018.07.025
https://doi.org/10.1002/14651858.CD003296.pub3
https://doi.org/10.1002/ski2.107
https://doi.org/10.1002/cncr.26374
https://doi.org/10.1080/09546634.2017.1309349
https://doi.org/10.1093/jnci/djj091
https://doi.org/10.1158/0008-5472.CAN-04-4562
https://doi.org/10.1054/bjoc.2000.1425
https://doi.org/10.1146/annurev-immunol-041015-055427
https://doi.org/10.1146/annurev-immunol-041015-055427
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.1065320

Chen et al.

Lee, ].]., Feng, L., Reshef, D. S., Sabichi, A. L., Williams, B., Rinsurongkawong, W.,
et al. (2010). Mortality in the randomized, controlled lung intergroup trial of
isotretinoin. Cancer Prev. Res. 3 (6), 738-744. d0i:10.1158/1940-6207.Capr-09-0124

Lippman, S. M,, Lee, J. J., Karp, D. D., Vokes, E. E,, Benner, S. E., Goodman, G. E,,
etal. (2001). Randomized phase III intergroup trial of isotretinoin to prevent second
primary tumors in stage I non-small-cell lung cancer. J. Natl. Cancer Inst. 93 (8),
605-618. doi:10.1093/jnci/93.8.605

Motzer, R. J., Murphy, B. A,, Bacik, J., Schwartz, L. H., Nanus, D. M., Mariani, T.,
et al. (2000). Phase III trial of interferon alfa-2a with or without 13-cis-retinoic acid
for patients with advanced renal cell carcinoma. J. Clin. Oncol. 18 (16), 2972-2980.
doi:10.1200/JC0O.2000.18.16.2972

Nazha, A., Bueso-Ramos, C., Estey, E., Faderl, S., O’Brien, S., Fernandez, M. H,,
et al. (2013). The addition of all-trans retinoic acid to chemotherapy may not
improve the outcome of patient with NPM1 mutated acute myeloid leukemia.
Front. Oncol. 3, 218. doi:10.3389/fonc.2013.00218

Ni, X,, Hu, G,, and Cai, X. (2019). The success and the challenge of all-trans
retinoic acid in the treatment of cancer, 1549-7852. (Electronic).59. doi:10.1080/
10408398.2018.1509201

Okita, K., Izumi, N., Ikeda, K., Osaki, Y., Numata, K., Ikeda, M., et al. (2015b).
Survey of survival among patients with hepatitis C virus-related hepatocellular
carcinoma treated with peretinoin, an acyclic retinoid, after the completion of a
randomized, placebo-controlled trial. J. Gastroenterol. 50 (6), 667-674. doi:10.1007/
500535-014-0996-1

Okita, K., IzumiFau - Matsui, N. O., O Fau - Tanaka, MatsuiK., TanakaFau -
Kaneko, K. S., Kaneko S Fau - Moriwaki, H., H Fau - Ikeda, MoriwakiK., et al.
(2015a).Peretinoin after curative therapy of hepatitis C-related hepatocellular
carcinoma: A randomized double-blind placebo-controlled study, 1435-5922.
(Electronic).50. doi:10.1007/s00535-014-0956-9

Perry, C. F., Stevens, M., Rabie, I, Yarker, M. E., Cochrane, J., Perry, E., et al.
(2005). Chemoprevention of head and neck cancer with retinoids: A negative result.
Arch. Otolaryngol. Head. Neck Surg. 131 (3), 198-203. doi:10.1001/archotol.131.
3.198

Rao, R. D., Cobleigh, M. A, Gray, R., Graham Ii, M. L., Norton, L., Martino, S.,
et al. (2011). Phase III double-blind, placebo-controlled, prospective randomized
trial of adjuvant tamoxifen vs. tamoxifen and fenretinide in postmenopausal
women with positive receptors (EB193): An intergroup trial coordinated by the
Eastern Cooperative Oncology Group. Med. Oncol. 28 (1), $39-547. doi:10.1007/
512032-010-9682-1

Richtig, E., Soyer, H. P., Posch, M., Mossbacher, U., Bauer, P., Teban, L., et al.
(2005). Prospective, randomized, multicenter, double-blind placebo-controlled
trial comparing adjuvant interferon alfa and isotretinoin with interferon alfa
alone in stage ITA and IIB melanoma: European cooperative adjuvant melanoma
treatment study group. J. Clin. Oncol. 23 (34), 8655-8663. doi:10.1200/JCO.2004.
00.8128

Robinson, W. R,, Andersen, J., Darragh, T. M., Kendall, M. A, Clark, R., and
Maiman, M. (2002). Isotretinoin for low-grade cervical dysplasia in human
immunodeficiency virus-infected women. Obstet. Gynecol. 99 (5 1), 777-784.
doi:10.1016/50029-7844(02)01949-x

Ruffin, M. T., Bailey, ]. M., Normolle, D. P., Michael, C. W., Bieniasz, M. E,,
Kmak, D. C, et al. (2004). Low-dose topical delivery of all-trans retinoic acid for
cervical intraepithelial neoplasia II and III. Cancer Epidemiol. Biomarkers Prev. 13
(12), 2148-2152. doi:10.1158/1055-9965.2148.13.12

Sabichi, A. L., Lerner, S. P., Atkinson, E. N., Grossman, H. B., Caraway, N. P,,
Dinney, C. P., et al. (2008). Phase III prevention trial of fenretinide in patients with

Frontiers in Genetics

14

10.3389/fgene.2022.1065320

resected non-muscle-invasive bladder cancer. Clin. Cancer Res. 14 (1), 224-229.
doi:10.1158/1078-0432.CCR-07-0733

Sanusi, R. S. (2019). Outcome of combined neoadjuvant chemotherapy and
vitamin A in advanced cervical carcinoma: A randomized double-blind clinical trial.
Asian pac. ]. Cancer Prev. 20 (7), 2213-2218. doi:10.31557/apjcp.2019.20.7.2213

Scardina, G. A., Carini, F., Maresi, E., Valenza, V., and Messina, P. (2006).
Evaluation of the clinical and histological effectiveness of isotretinoin in the therapy
of oral leukoplakia: Ten years of experience: Is management still up to date and
effective? Methods Find. Exp. Clin. Pharmacol. 28 (2), 115-119. doi:10.1358/mf.
2006.28.2.977843

Shen, Z. X, Shi, Z. Z., Fang, J., Gu, B. W., Li, ]. M, Zhu, Y. M., et al. (2004). All-
trans retinoic acid/As203 combination yields a high quality remission and survival
in newly diagnosed acute promyelocytic leukemia. Proc. Natl. Acad. Sci. U. S. A. 101
(15), 5328-5335. doi:10.1073/pnas.0400053101

Shinagawa, K., Yanada, M., Sakura, T., Ueda, Y., Sawa, M., Miyatake, J., et al.
(2014). Tamibarotene as maintenance therapy for acute promyelocytic leukemia:
Results from a randomized controlled trial. J. Clin. Oncol. 32 (33), 3729-3735.
doi:10.1200/JC0O.2013.53.3570

Takai, K., Okuno, M., Yasuda, I, Matsushima-Nishiwaki, R., Uematsu, T.,
Tsurumi, H., et al. (2005). Prevention of second primary tumors by an acyclic
retinoid in patients with hepatocellular carcinoma: Updated analysis of the long-
term follow-up data. Intervirology 48 (1), 39-45. doi:10.1159/000082093

Tang, J. E,, Wang, R. J., ZhongFau - Yu, H. B,, YuFau - Chen, B. Y., and Chen, Y.
(2014). Vitamin A and risk of bladder cancer: A meta-analysis of epidemiological
studies, 1477-7819. (Electronic). doi:10.1186/1477-7819-12-130

Tang, X. H., and Gudas, L. J. (2011). Retinoids, retinoic acid receptors, and cancer.
Annu. Rev. Pathol. 6, 345-364. doi:10.1146/annurev-pathol-011110-130303

Toma, S., Bonelli, L., Sartoris, A., Mira, E., Antonelli, A., Beatrice, F., et al. (2004).
13-cis retinoic acid in head and neck cancer chemoprevention: Results of a
randomized trial from the Italian head and neck chemoprevention study group.
Oncol. Rep. 11 (6), 1297-1305. doi:10.3892/0r.11.6.1297

van Zandwijk, N., Dalesio, O., Pastorino, U., de Vries, N., and van Tinteren, H.
(2000). EUROSCAN, a randomized trial of vitamin A and N-acetylcysteine in
patients with head and neck cancer or lung cancer. For the European organization
for research and treatment of cancer head and neck and lung cancer cooperative
groups. J. Natl. Cancer Inst. 92 (12), 977-986. doi:10.1093/jnci/92.12.977

Veronesi, U., Mariani, L., Decensi, A., Formelli, F., Camerini, T., Miceli, R.,
et al. (2006). Fifteen-year results of a randomized phase III trial of fenretinide
to prevent second breast cancer. Ann. Oncol. 17 (7), 1065-1071. doi:10.1093/
annonc/mdl047

Weinstock, M. A., Bingham, S. F., Digiovanna, J. J., Rizzo, A. E., Marcolivio, K., Hall,
R, et al. (2012). Tretinoin and the prevention of keratinocyte carcinoma (basal and
squamous cell carcinoma of the skin): A veterans affairs randomized chemoprevention
trial. J. Investig. Dermatol. 132 (6), 1583-1590. doi:10.1038/jid.2011.483

Weinstock, M. A., Bingham, S. F.,, Lew, R. A, Hall, R,, Eilers, D., Kirsner, R., et al.
(2009). Topical tretinoin therapy and all-cause mortality. Arch. Dermatol. 145 (1),
18-24. doi:10.1001/archdermatol.2008.542

Yu, N,, Su, X., Wang, Z., Dai, B., and Kang, J. (20152072).Association of dietary
vitamin A and B-carotene intake with the risk of lung cancer: A meta-analysis of
19 publications-6643. (Electronic).7. doi:10.3390/nu7115463

Zhang, X,, DaiFau - Zhang, B. B., ZhangFau - Wang, B. Z., and Wang, Z. (2012).
Vitamin A and risk of cervical cancer: A meta-analysis, 1095-6859. Electronic.124,
2. d0i:10.1016/j.ygyno.2011.10.012

frontiersin.org


https://doi.org/10.1158/1940-6207.Capr-09-0124
https://doi.org/10.1093/jnci/93.8.605
https://doi.org/10.1200/JCO.2000.18.16.2972
https://doi.org/10.3389/fonc.2013.00218
https://doi.org/10.1080/10408398.2018.1509201
https://doi.org/10.1080/10408398.2018.1509201
https://doi.org/10.1007/s00535-014-0996-1
https://doi.org/10.1007/s00535-014-0996-1
https://doi.org/10.1007/s00535-014-0956-9
https://doi.org/10.1001/archotol.131.3.198
https://doi.org/10.1001/archotol.131.3.198
https://doi.org/10.1007/s12032-010-9682-1
https://doi.org/10.1007/s12032-010-9682-1
https://doi.org/10.1200/JCO.2004.00.8128
https://doi.org/10.1200/JCO.2004.00.8128
https://doi.org/10.1016/s0029-7844(02)01949-x
https://doi.org/10.1158/1055-9965.2148.13.12
https://doi.org/10.1158/1078-0432.CCR-07-0733
https://doi.org/10.31557/apjcp.2019.20.7.2213
https://doi.org/10.1358/mf.2006.28.2.977843
https://doi.org/10.1358/mf.2006.28.2.977843
https://doi.org/10.1073/pnas.0400053101
https://doi.org/10.1200/JCO.2013.53.3570
https://doi.org/10.1159/000082093
https://doi.org/10.1186/1477-7819-12-130
https://doi.org/10.1146/annurev-pathol-011110-130303
https://doi.org/10.3892/or.11.6.1297
https://doi.org/10.1093/jnci/92.12.977
https://doi.org/10.1093/annonc/mdl047
https://doi.org/10.1093/annonc/mdl047
https://doi.org/10.1038/jid.2011.483
https://doi.org/10.1001/archdermatol.2008.542
https://doi.org/10.3390/nu7115463
https://doi.org/10.1016/j.ygyno.2011.10.012
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.1065320

	Retinoids in cancer chemoprevention and therapy: Meta-analysis of randomized controlled trials
	Introduction
	Materials and methods
	Search strategy and selection criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Studies characteristics
	Primary outcomes
	Secondary outcomes
	Sensitivity analysis
	Subgroup analysis based on cancer type
	Subgroup analysis based on tumor classification
	Publication bias

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


