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ABSTRACT

Keratinocyte cancer (KC) is the most common cancer worldwide. To our knowledge, no
previous systematic reviews on interventions for their prevention on patients with a
previous history of a KC have been published. We aim to review the existent literature
to assess the efficacy and safety of interventions to prevent KC in patients with a history
of previous KC. We searched clinical trials in which the main outcome was the
prevention of KC in patients with previous history of KC using the strategy published in
the International Prospective Register of Systematic Reviews (PROSPERO registry),
CRD42016045981. We analyzed 18 clinical trials, from which 8 reported a benefit with
their respective intervention, but had methodological flaws and a variable risk of bias.
Two clinical trials (regarding celecoxib and oral supplementation with nicotinamide)
seemed to have the most beneficial results reducing incidence of KC in treated groups.
However, all of the studies are highly heterogeneous, which does not allow a
meta-analysis to be performed. New studies with greater epidemiological value should

be conducted.



INTRODUCTION

Basal cell carcinoma (BCC) and squamous cell carcinoma (SCC), also called squamous
or epidermoid carcinoma, are usually grouped under the term keratinocytic carcinoma
(KC), alluding to the origin of these neoplasms, since both arise from keratinocytes.
Keratinocytic carcinoma represents the most common neoplasm in low phototype
populations, with up to 3 million cases diagnosed each year worldwide, according to the
World Health Organization.”? It has been observed that the incidence of KC has
increased in recent years and it is believed to be associated with increased exposure to
known risk factors, such as ultraviolet radiation (UVR), among others." This type of
neoplasm has an important impact as a burden of disease for both, healthcare systems
and patients, due to the morbidity associated with treatments and the disease itself. The
personal history of a KC is a predictor for the development of a subsequent KC in up to
29%, depending on the type of carcinoma, and this risk increases with each subsequent
KC, reaching up to 93% after the third KC,*>* that is why prevention is essential in this

group of patients.

Many interventions have been described on prevention of KC, including the use of
sunscreen,®®’ DNA repair enzymes®® retinoids,'""non-steroidal anti-inflammatory
drugs (NSAIDs),'>"3'* antioxidants (beta-carotene, selenium, zinc, vitamin C),'>16.17:18
photodynamic therapy (PDT)," endonuclease, 8-oxoguanine glycosylase, and other
dietary compounds such as sulforaphane (SFN), epigallocatechin-3-gallate (EGCG) and
nicotinamide have been studied among with educational and lifestyle modification

measures.?*?!



Despite what was found in the literature review, results of studies are contradictory and
controversial. There is a systematic review that studies the effect of interventions to
prevent skin cancer in high-risk patients,?> but up to date, no systematic review or
meta-analysis has been carried out to determine the most effective intervention for
prevention of KC in patients with a previous history of KC. In this regard, the objective of
this systematic review is to determine the efficacy and safety of interventions to prevent

keratinocytic cancer in patients with a history of previous keratinocytic cancer.

MATERIALS AND METHODS

Search strategy, data extraction, management, and risk of bias

The Cochrane Skin Information Specialist searched the PubMed, OVID, CENTRAL,
Clinical Trials, LILACS, and SciELO databases up to July 7th 2021. The search strategy
and information on data collection and analysis, including details on unpublished ftrials,
citation indexes, dissertations and theses databases, grey literature, adverse effects,
and risk of bias, was made based on the published registry International Prospective

Register of Systematic Reviews (PROSPERO), CRD42016045981.

Selection criteria

We only included randomised controlled trials (RCTs) that aim to prevent keratinocyte
cancer in patients with personal history of a previous KC (participants of any age,
gender, ethnic background, or socioeconomic status). We included studies whose

participants have personal history of a KC confirmed by biopsy. Regarding interventions



and outcomes, we included all topical and oral agents used for preventing keratinocyte
cancer compared with placebo, no treatment, other topical or oral agents, or a different
formulation, concentration, dose, frequency, or duration of the same agent. We also
included educational interventions to promote sun protective behaviours and dietary
modifications. Primary outcome was the incidence of subsequent KCs and time to

subsequent KC.

We excluded quasi-experimental studies, also excluded studies where participants are
receiving immunosuppressive therapy, studies whose participants have cutaneous
squamous cell carcinoma in situ or Bowen's disease, long-standing ulcer or scar,
personal history of long-term psoralen and ultraviolet A (PUVA) treatment, chronic
arsenic exposure, history of radiation therapy, genodermatoses or hereditary cancer
syndromes, like xeroderma pigmentosum, oculocutaneous albinism, epidermolysis
bullosa, epidermodysplasia verruciformis, Fanconi anaemia, dyskeratosis congenita,
Rothmund-Thomson syndrome, Bloom syndrome, Werner syndrome, nevoid basal cell

carcinoma syndrome, Rombo syndrome, or Basex-Dupré-Christol syndrome.

RESULTS

A total of 14,222 references were identified through electronic database searches and
were screened by title and abstract. After exclusion of duplicate and irrelevant
references, a total of 223 articles were deemed relevant and were reviewed in full text

and assessed for eligibility based on our inclusion and exclusion criteria. All articles



were screened according to the scheme presented in Fig. 1. A total of 18 studies were
included and analysed, all of them being prospective controlled trials.

Among the 18 studies included in the review, 13 of them exclusively included primary
outcomes about new keratinocyte cancers, and 5 included outcomes about KC and/or

actinic keratoses (AK). Table 1 summarizes the studies included in the analysis.

Risk of bias and methodological quality was assessed using the Cochrane Collaboration
risk of bias tool. Risk of bias graph and summary are shown in Figs. 2 and 3,

respectively.

Retinoids

Five trials studied the effect of retinoids in prevention of new KC, only one of them using
a topical formulation. Weinstock et al."" reported the use of topical retinoid tretinoin 0.1%
for up to 5.5 years, but the tretinoin and control groups did not differ in time to
occurrence of any of the skin cancer end points or in actinic keratosis counts. The
proportion developing either BCC or invasive SCC was 41% and 44% at 2 years and

65% in each group at 5 years, with a non statistically significant p value.

Moon et al.® treated 2297 patients with oral retinol vs. placebo, and 526 subjects had a
new KC. Subjects in the retinol vs placebo group showed a HR for first SCC of 0.74
(95% CI, 0.56-0.99), and HR 1.06 (95% CI, 0.86-1.32) for first BCC, concluding only
slight benefit in prevention of SCC (p=0.04) but not BCC or KC as a whole. Levine et

al.?* studied administration of oral retinol, isotretinoin or placebo during 3 years on 525



patients, using time to occurrence as outcome measure. Of the 125 total SCC
diagnosed during the follow-up period, retinol-treated patients accounted for 32.8%,
isotretinoin 32% and placebo 32.8%. While from the 319 BCC, 33.2% corresponded to
retinol group, 32.2% isotretinoin and 34.4% placebo. No differences were observed
between groups with any of the interventions. Tangrea et al.?® also studied oral
administration of isotretinoin in 981 patients, and no statistically significant difference in
either the cumulative percent of patients with an occurrence of basal cell carcinoma at a
new site or the annual rate of basal cell carcinoma formation existed, but adverse
effects such as hypertriglyceridemia, skeletal and mucocutaneous reactions were
reported with statistical significance in the intervention group. Kadakia et al.?® treated 70
patients with acitretin vs placebo and no statistically significant reduction in new KC was
shown (OR 0.41; 95% CI, 0.15- 1.13; 54% vs 74%), and once again, significantly more

adverse reactions were reported in the intervention group.

Topical therapies

Seven ftrials studied the use of other topical treatments, either alone, combined or in
different intervention arms. Three of them compared different modalities of
photodynamic therapy (Dixon et al., Marcus et al. and Sotiriou et al.),'®?"*® Three
studies included 5-fluorouracil, either alone, combined or vs other intervention or
placebo (Weinstock 2018 et al., Rosenberg et al., and Hantash et al.).?*3°*" And other

agents included calcipotriol, trichloroacetic acid (TCA) and carbon dioxide laser.®3



Dixon et al."”® found that over the 3 year period of their study, 38% of intervention
patients and 38% of the control group developed 30 and 22 new KC, respectively.
Additionally, intervention patients experienced adverse effects such as pain, scars and
blistering, the trial was suspended early. On the other hand Marcus et al.?” compared
chemoprevention with &-Aminolevulinic acid-photodynamic therapy (ALA-PDT) 2 vs 3
sessions vs vehicle-PDT, and found that 3 sessions of ALA-PDT significantly reduced
the occurrence of AK and the rate of KC development over time compared to vehicle
(post hoc analysis, p= 0.0014). Sotiriou et al.?® studied methyl-aminolevulinate-PDT
(MAL-PDT) vs imiquimod 5%, reporting a mean time to occurrence of new lesions was
9.56 (PDT) (95% CI 8.10-11.01) vs. 10.09 months (imiquimod 5%) (95% CI
8.38—-10.36), but in terms of new KC, no statistically significant difference between the

two fields was found, at any time point of follow-up.

Weinstock 2018 et al.?® studied 5-fluorouracil; during the first year of follow-up, 20
participants of the control group developed a SCC, while only 5 participants of the
intervention group did. However, at the end of the 4 year follow-up period, no reduction
was seen for the development of either SCC nor BCC. Rosenberg et al.*° on the other
hand, reported that 5-fluorouracil in combination with calcipotriol for treatment of AK
might be an effective therapy for prevention of new KC through induction of
tissue-resident memory T cells. Fewer patients in the intervention arm developed SCC
on the treated area within 3 years (2 of 30 vs 11 of 40 on the placebo arm, HR 0.215
95% CI, 0.048-0.972 p=0.032). Resurfacing with different techniques was studied by

Hantash et al’'; 34 patients were initially included, but some of them were finally



excluded because of protocol violations, only including 24 of them on the final analysis.
The rate of new KC in the TCA arm was lower by 3.75 to 5.25 fold vs the other two
arms, but no statistically significant differences were reported between the treatment

groups because of the sample size.

The last topical agent found was studied by Naylor et al.,*> where 50 patients were
randomized to use 29 SPF sunscreen vs placebo, data was reported on AK, but KC

numbers were too small for statistical analysis.

Oral therapies

Among other oral therapies, multiple preparations were studied, with the aim of acting at
different key points along the carcinogenic pathway. Bailey et al.** conducted a clinical
trial using a-difluoro-methylornithine (DFMO) to inhibit the ornithine decarboxylase
(ODC) and therefore, decrease tissue concentrations of polyamines. Even though the
primary endpoint of new KC was not met, and the subanalysis of new BCC and SCC
showed little difference between treatment groups, a significant difference in new BCC
was shown with an event rate of 0.28 BCC per person per year in the DMFO group vs

0.40 in the placebo group, p=0.03.

Chen et al** reported the use of nicotinamide and the study reported a lower rate of
new KC by 23% (95% CI 4 to 38) when compared to placebo, and similar results were
shown when analyzed by groups with new BCC 20% lower rate (95% ClI, -6 to 39), new

SCC by 30% (95% ClI, 0 to 51), and AK with 13% lower rate in the intervention groups.



Worth mentioning that the trend toward effectiveness of nicotinamide was shown among
patients who had had a higher number of KC in the 5 years before baseline, and the
interaction term was significant (P=0.02) when the KC count in the previous 5 years was
treated as a continuous covariate, but not significant (P=0.18) it was treated as a

categorical covariate. Also, no benefit after nicotinamide discontinuation was shown.

Clark et al.* found that after selenium supplementation in patients with KC history, RR
for a new BCC was 1.14 (95% CI, 0.95-1.28) and a new SCC RR was 1.14 (95% ClI,
0.93-1.39), concluding selenium supplementation did not significantly reduced incidence

of new KC.

Greenberg et al.*® studied B-carotene supplementation after a 5-year follow-up period
and found no difference between the groups in the rate of occurrence of new KC (RR
1.05, 95% CI, 0.91-1.22) nor treated vs control groups in the mean number of new KC
per patient-year. Cyclooxygenase 2 (COX-2) inhibition has shown to play an important

role in reducing UV-induced carcinogenesis pathways.

Elmets et al.*” studied celecoxib chemoprevention for AK and KC in 240 subjects. At 11
months after randomization, fewer KC were reported in the intervention group vs
placebo (RR 0.43, 95% CI, 0.24 - 0.75), which persisted after adjusting for factors such

as age, sex, Fitzpatrick skin type, etc.

Diet



Jaax et al.®® evaluated the impact of a low-fat diet in reducing occurrence of skin cancer.
KC occurrence in control group did not change from baseline period, on the other hand,
KC in the intervention group was significantly lower, but only in the last eight-month
period of follow-up compared to baseline; cumulative numbers of KC per patient per
time period was 0.21 (control) vs 0.19 (intervention) during the first 8-month period of

the study, and 0.26 (control) vs 0.02 (intervention) during the last 8 months.

DISCUSSION

All of the studies included in this systematic review show great heterogeneity in terms of
outcomes, time to outcome and units of measurement, as well as duration of the
interventions themselves, which does not allow a meta-analysis to be performed. Also,
there are studies with very small patient samples and a short follow-up period, such as
Hantash et al. with 24 patients or EImets et al.®® which intervention and follow-up period
lasted only 10 months, so the methodology of these studies could improve to have more

consistent and accurate results.

Of the 18 studies included in the review, 8 studies report a benefit with their respective
intervention, that is, a decrease in the incidence of a new keratinocytic skin cancer. Of
these studies, 6 of them that evaluated different treatment options, seem promising
interventions (use of oral retinol, photodynamic therapy, DMFO, 5-fluorouracil and
5-fluorouracil with calcipotriol),?27-29303338 however, these are studies that have a high
risk of bias for different reasons, so no decisive recommendation can be made on the

use of the studied treatments.



Regarding the 2 remaining interventions, which are the use of celecoxib and oral
supplementation with nicotinamide, these do seem to have a protective effect that
reduces the incidence of KC. Finding on Elmets et al®” study showed that patients
treated with celecoxib 200mg twice a day for 9 months developed fewer KC than
placebo-treated patients, however, their primary endpoint only considered AK and the
effect on new KC incidence was shown in exploratory analyses, however results were
very promising and authors conclude that other studies on this medication should be
conducted measuring KC as a primary endpoint. It is of interest that results were
significant on new SCC but not AK, which are their precursor lesions, and authors
propose mechanisms that may explain how celecoxib could inhibit the progression of
premalignant keratinocytes to invasive malignancies, including an antiproliferative effect
promoting apoptosis, inhibition of myeloid suppressor cells, and suppression of the

epithelial-mesenchymal transition process.*

Special attention should be paid to the cardiovascular and thrombotic risk concerns on
COX-2 selective NSAIDS. The “Prospective Randomized Evaluation of Celecoxib
Integrated Safety vs Ibuprofen or Naproxen” (PRECISION) Trial was conducted in 2006;
it was a large, randomized, double-blind controlled trial to determine risk of celecoxib
when compared to ibuprofen and naproxen in the treatment of arthritis pain, and
cardiovascular, gastrointestinal and renal safety were also assessed.** Results
demonstrated that celecoxib at the lowest dose of 100mg twice daily did not have worse

cardiovascular outcomes than the other NSAIDS, but too few patients received higher



doses to evaluate such dose-dependent risks.*® Considerations must be taken in this

regard for future studies, as the dose studied by Elmets et al. was 200mg twice a day.

Findings on Chen et al.** study showed that nicotinamide, vitamin B3, at dose of 500mg
twice daily for 12 months have a protective effect on UV damage and reduces new
premalignant and malignant (KC) lesions. Rate of new KC was lower in the intervention
arm by 23% and a similar protective effect on SCC and BCC, with a good safety profile,
since nicotinamide has been used at pharmacologic doses (up to 3g daily) for long
periods of time with minimal side effects. These results shed light on a new form of
chemoprevention using a highly accessible and safe vitamin supplement for high-risk

patients, but it is important to conduct studies with a longer follow-up period.

The main limitation of this review is the heterogeneity of the studies, their methods and
outcomes, which do not allow to perform a meta-analysis. Regarding the characteristics
of the studies, the validity of results of randomized clinical trials depend on the quality of
performance and reporting of the results; this was issued by Morales et al.* in a
systematic review where they aimed to determine the risk of bias and the quality of
published clinical trials on prevention of KC in high risk groups, and found that most of
the clinical trials reported in their study (most of them also included in this review) had a
high risk of bias, mainly because of lack of important methodological aspects such as
performance, attrition and reporting. Therefore, evidence of efficacy and safety of some
interventions is compromised because of their high risk of bias. However, many of the

interventions showed interesting and promising results with theoretical bases that could



be applied to clinical practice, so the interventions that showed no conclusive results

should be retested in studies with greater epidemiological value.

CONCLUSION

In conclusion, the current level of evidence on interventions to prevent new KC on
patients with a previous history of a KC is limited and very heterogeneous. From the
data available, nicotinamide and celecoxib therapy appear to be the most effective
measures, considering some details on dose and time of administration. Taking into
account that the population targeted by these interventions are mostly older adults with
certain comorbidities, nicotinamide appears to be the preferred option because of its
safety profile. Other interventions include oral retinol, photodynamic therapy with
aminolevulinic acid, 5-fluorouracil either alone or combined with calcipotriol,
a-difluoro-methylornithine, and low-fat diet, but more studies with lower risk of bias and
a finer methodological structure with homogeneous outcomes that allow to perform a

meta-analysis are needed to make specific recommendations.
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TABLES AND FIGURES LEGENDS

(in order of appearance in text)

Figure 1. Literature review screening scheme for articles included in the systematic
review of interventions for preventing keratinocytic cancer in patients with history of a
previous keratinocytic carcinoma.

Table 1. General characteristics of the 18 clinical trials included in this review.
Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item
presented as percentages across all included studies.

Figure 3. Risk of bias summary: review authors' judgements about each risk of bias

item for each included study
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