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Abstract

Background The risk of cutaneous squamous cell carcinoma (cSCC) is significantly
increased in organ transplant recipients (OTRs). Clearance of actinic keratoses
(AKs) is generally regarded as a surrogate biomarker for cSCC prevention.
OTR-cSCC chemoprevention with topical AK treatments has not been investi-
gated in randomized controlled trials (RCTs), although there is evidence that
5% 5-fluorouracil (5-FU) may be chemoprotective in immunocompetent
patients.
Objectives To assess the feasibility, activity and evaluation outcomes relevant to the
design of a future phase III RCT of topical cSCC chemoprevention in OTRs.
Methods OTRs with 10 or more AKs in predefined areas were randomized 1 : 1
: 1 to topical 5-FU, 5% imiquimod (IMIQ) or sunscreen (sun-protective factor
30+) in a phase II, open-label RCT over 15 months. Feasibility outcomes
included proportions of eligible OTRs randomized, completing treatment and
willing to be re-treated. AK activity [AK clearance, new AK development, patient-
centred outcomes (toxicity, health-related quality of life, HRQoL)] and evaluation
methodology (clinical vs. photographic) were assessed.
Results Forty OTRs with 903 AKs were randomized. All feasibility outcomes
were met (56% of eligible OTRs were randomized; 89% completed treatment;
81% were willing to be re-treated). AK activity analyses found 5-FU and IMIQ
were superior to sunscreen for AK clearance and prevention of new AKs. 5-FU
was more effective than IMIQ in AK clearance and prevention in exploratory
analyses. Although toxicity was greater with 5-FU, HRQoL outcomes were sim-
ilar.
Conclusions Trials of topical AK treatments in OTRs for cSCC chemoprevention are
feasible and AK activity results support further investigation of 5-FU-based treat-
ments in future phase III trials.
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What is already known about this topic?

• Cutaneous squamous cell carcinoma (cSCC) is significantly more common in

immunocompromised individuals including organ transplant recipients (OTRs)

compared with immunocompetent populations.

• cSCC chemoprevention activity of sunscreen and 5-fluorouracil-based (5-FU) actinic

keratosis (AK) treatments has been demonstrated in randomized controlled trials

(RCTs) in immunocompetent populations but not in OTRs.

• AKs are cSCC precursors and their clearance and prevention are generally regarded

as surrogate endpoint biomarkers for potential cSCC chemoprevention activity.

What does this study add?

• SPOT (SCC Prevention in OTRs using Topical treatments) has confirmed that RCTs

of OTR-cSCC chemoprevention with topical AK treatments are feasible.

• It also suggests that topical 5-FU may be superior to 5% imiquimod and sunscreen

in AK clearance and prevention.

• Together with recent evidence from several RCTs in the general population, these

data provide a compelling rationale for further studies of intervention with 5-FU-

based topical chemoprevention approaches in OTR-cSCC prevention.

Cutaneous squamous cell carcinoma (cSCC) is the second most

common skin cancer, with more than 50 000 cases annually

in the UK and a rising incidence.1 Immunosuppressed individ-

uals, including organ transplant recipients (OTRs), have a sig-

nificantly increased cSCC risk, tumour burden and metastatic

risk.2,3

Actinic keratoses (AKs) are intraepidermal cSCC precursors

and harbour many molecular features in common with cSCC.4

An estimated 0�075–0�53% of AKs progress to cSCC each year

and this is accelerated in immunosuppressed individuals.2,5 In

OTRs, AKs frequently colocalize as confluent areas of ‘field

cancerization’ from which cSCCs arise.2,5 Topical field-

directed treatments are therefore a rational approach to cSCC

prevention.6 A randomized controlled trial (RCT) in the

1990s confirmed a modest effect of sunscreen on AK/cSCC

prevention and sunscreen is therefore regarded as the standard

of care.7–9 Evidence for activity of topical field-directed

chemoprevention emerged only in 2017–18 with two 5% 5-

fluorouracil (5-FU)-based interventional studies.10,11 OTRs

were excluded from both these trials and from an RCT

demonstrating superior efficacy of 5-FU vs. 5% imiquimod

cream (IMIQ), methyl aminolevulinate photodynamic therapy

(MAL-PDT) or 0�015% ingenol mebutate gel in AK clear-

ance.12 In OTRs, few RCTs have compared AK clearance and

prevention with topical field therapies and none have con-

firmed cSCC chemoprevention activity,13,14 although AK activ-

ity is commonly regarded as a surrogate biomarker for cSCC

prevention.

SPOT (Squamous cell carcinoma Prevention in Organ trans-

plant recipients with Topical treatments) is a prospective, mul-

ticentre, open-label, phase II RCT comparing AK treatment

with 5-FU and IMIQ vs. sunscreen alone in OTRs. It was

designed as a feasibility study to inform a future phase III

chemoprevention RCT. 5-FU and IMIQ are the two AK topical

treatments used most often in specialist OTR clinics in the UK

and sun-protective factor (SPF) 30+ sunscreen is the standard

of care.

Methods

Patient population, eligibility, screening, randomization

and allocation concealment

SPOT was conducted in three UK specialist OTR dermatology

clinics (the SPOT protocol is available in File S1; see Support-

ing Information). Eligibility criteria included those aged

18 years or above; 10 or more AKs in one to two contigu-

ous, predefined treatment zones and matched clinically

equivalent zones (CEZs); stable graft function and immuno-

suppression regimen in the previous 6 months; no topical

AK treatment in the 4 weeks prior to randomization. Acitre-

tin was permitted if the dose was stable for the preceding 6

months.

Ten potential treatment zones were defined as either head

and neck (HN: right/left cheek and nose; right/left fore-

head; scalp; upper chest) or upper limb (UL: right/left

hand; right/left forearm) (Figure S1a; see Supporting Infor-

mation). A 4-mm punch biopsy from a representative AK

was taken for confirmation of clinical diagnosis. Participants

were randomized 1 : 1 : 1 to 5-FU, IMIQ or sunscreen

using a bespoke computer algorithm with a block stratifica-

tion method developed by Cancer Research UK Clinical
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Trials Unit. Randomization was stratified by HN vs. UL

location. This was an open-label trial and neither partici-

pants nor clinicians assessing clinical response were blinded

to treatment allocation. However, all investigators subse-

quently evaluating photographic images were blinded to

treatment allocation.

Treatment protocols

5-FU and IMIQ dosing regimens were those used in routine

clinical practice (see File S1).15 Participants received detailed

advice on application and adverse effects. To maximize the

chances of 100% AK clearance, dose escalation was permitted,

with repeat treatment after 4 weeks (Figure 1). SPF 30+ sun-

screen was applied a minimum of once a day in the sunscreen

arm and discretionary use was recommended for all study

zones (5-FU, IMIQ and CEZ) according to standard clinical

advice (File S1).16 Use of topical corticosteroids and emol-

lients for local skin reactions (LSRs) was recorded (see

Table S1). Cryotherapy was not permitted within study zones.

All patients were followed up for a total of 12 months after

the 3-month treatment period ended.

Actinic Keratosis clinical asessment

Four pretrial consensus exercises were undertaken to optimize

inter- and intra-observer concordance.17 AK area was assessed

by tracing AK margins on 1-cm squared transparent acetate

sheets (Figure S1b); keratosis was assessed by palpation (1,

barely palpable; 2, moderate keratosis; 3, marked keratosis);

erythema was graded as 1, mild or 2, marked. Clinical diagno-

sis of AK required a keratosis score ≥ 1 and erythema

score ≥ 1. The total AK burden was derived as an exploratory

score (product of total AK count, median keratosis grade and

median area). Treatment zones and CEZs were assessed at

baseline and subsequently at 10 and three timepoints, respec-

tively. Dose escalation/reduction was supervised in telephone

interviews at six timepoints and monitored by treatment diary

entries for weeks 1–16 (data not shown).

Local skin reactions, toxicity and safety

Redness, swelling, ulceration and discomfort were assessed

using a four-point scale at five timepoints (see Appendix S2 of

File S1). Adverse events were reported using the Common

Terminology Criteria for Adverse Events (CTCAE, v4�0).18 25-

hydroxyvitamin D3 levels were measured at baseline and

month 15. Renal function was monitored as per transplant

surveillance protocols.

Health-related quality of life

Two validated health-related quality of life (HRQoL) tools

were used: the EuroQolTM 5D-3L questionnaire and the Derma-

tology Life Quality Index.19 When SPOT was designed there

were no validated AK-specific HRQoL tools. The AK Index

questionnaire – an exploratory questionnaire based on the

Skin Cancer Index20 – was piloted. All HRQoL tools were

completed at baseline, weeks 4 and 12, months 5 and 15.

High-resolution digital photography actinic keratosis

assessment

Digital photographs of treatment and CEZs at eight and four

timepoints, respectively, were taken using a standardized pro-

tocol (File S1). Photography and clinical AK assessments were

compared in a three-stage exploratory analysis by two investi-

gators not involved in the RCT. In stage 1, 10 randomly

selected study images were annotated using an electronic

image capture programme (GIMP, v. 2�10�14; https://www.
gimp.org/) and scores compared with clinical assessment

recorded on mapping acetates. This information was used for

consensus modification of scoring criteria. In stage 2, 10 fur-

ther images were then scored by two separate investigators

(C.A.H. and Z.H.) who compared these results with matched

clinical assessments, informing further modification of scoring.

In stage 3, 10 images were scored and concordance between

observers and with clinical assessments were calculated

[Table S2 (see Supporting Information); Figure 2a,b].

Outcomes

Feasibility outcomes included the proportion of eligible partic-

ipants willing to be randomized, completing 5-FU or IMIQ

treatment (assessed at the end of cycles 1 and 2) and willing

to use the treatment again. Activity outcomes included lesion-

specific clearance of baseline AKs; proportion of patients

achieving either 100% or 75% baseline AK clearance (AK100

and AK75, respectively – the latter exploratory and

unplanned); prevention of new AKs; total number of AKs;

durability of AK clearance (proportion of AKs cleared by

months 4 and 5 that remained clear at month 15); tolerability;

cSCC event rate. Unless specified elsewhere, activity outcomes

were assessed at weeks 4, 8 and 12 (cycles 1 and 2), and

months 4, 5, 7, 9, 12 and 15 post-trial entry. Information on

adverse events and treatment tolerance was assessed at weeks

2, 4, 8 and 12 and month 4. Willingness to use the treatment

again was assessed at the end of the study. Evaluation and

patient-centred outcomes included AK scoring concordance by

clinical assessment and photography and sensitivity of HRQoL

tools, respectively.

Statistical analyses

As a conventional sample size calculation is not applicable to

feasibility, this was based on criteria for AK100, predicted to

be ≥50% for 5-FU and IMIQ and 0% for sunscreen (a factor

of 0�05% was added to facilitate calculation). The study was

powered to compare each treatment with sunscreen, giving

17 patients per arm to detect a difference between 0�05% and

50% with 90% power using a two-sided a of 0�025. The total

sample size was 60 allowing for loss to follow-up of 10%.

� 2022 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.

British Journal of Dermatology (2022)

SPOT: a randomized feasibility study, Z-U. Hasan et al. 3

https://www.gimp.org/
https://www.gimp.org/


76 pa�ents invited to be assessed for eligibility

40 pa�ents randomized 
1 : 1 : 1 

Stra�fied HN vs. UL 

72 pa�ents eligible

2 pa�ents declined 

24 pa�ents excluded 
Declined to par�cipate (n = 10) 
No reason provided (n = 12) 
Required another treatment (n = 2) 

5% 5-Fluorouracil 
N = 13 

5% Imiquimod cream
N = 14 

Sunscreen only 
N = 13

Treatment cycle 1, weeks 1–4 
HN: OD increased to BD a�er 2 w 
UL: BD for 4 w 
During treatment cycle 1: 
11/13 completed treatment 

Treatment cycle 1, weeks 1–4 
HN / UL / CEZ 

Treatment cycle 1, weeks 1–4 
HN: x3 increasing to x5/w a�er 2 w 
UL: x5/w 
During treatment cycle 1: 
13/14 completed treatment 

Follow-up AK assessments 
Months 4, 5, 7, 9, 12, 15 

Treatment cycle 2, weeks 8–12 
As for cycle 1 
During treatment cycle 2: 
10/12 completed treatment 

AK assessment weeks 4 and 8
Proceed to cycle 2 if 100% clearance 
not achieved 
1 pa�ent achieved 100% clearance; 
therefore, 12 pa�ents proceed to 
treatment cycle 2 

AK assessment weeks 4 and 8 
Con�nuous sunscreen use 
13 pa�ents proceed to treatment 
cycle 2 

Treatment cycle 2, weeks 8–12 
As for cycle 1 
During treatment cycle 2: 
13/14 completed treatment 

Baseline AK assessment
Interven�on zone(s), N = 13 
Pa�ents with CEZ, N = 8 

Baseline AK assessment
Interven�on zone(s), N = 14 
Pa�ents with CEZ, N = 8 

Baseline AK assessment
Interven�on zone(s), N = 13 
Pa�ents with CEZ, N = 9 

48 pa�ents enrolled 

8 pa�ents withdrawn
Reason not recorded (n = 3) 
Consent withdrawn (n = 2) 
Required another treatment (n = 1) 
Deteriora�ng renal func�on (n = 1) 
Screening fail (n = 1) 

Treatment cycle 2, weeks 8–12 
As for cycle 1 

74 pa�ents assessed for eligibility 
2 pa�ents ineligible:
Biopsy did not confirm AK (n = 1) 
No reason given (n = 1) 

Follow-up AK assessments 
Months 4, 5, 7, 9, 12, 15 

Follow-up AK assessments 
Months 4, 5, 7, 9, 12, 15 

AK assessment weeks 4 and 8
Proceed to cycle 2 if 100% clearance 
None of the pa�ents achieved 100% 
clearance; therefore, all 14 pa�ents 
proceed to treatment cycle 2 

Figure 1 Trial design and patient flow through the study including feasibility outcomes. Of 72 eligible patients, 48 (67%, 95% CI 55–77%) agreed to

participate and 40 (56%) were randomized, meeting the feasibility criterion of at least 30%. The second feasibility criterion was at least 70% of patients should

complete treatment cycle 1 for the active treatment arms: this was achieved: 5-FU 11 of 13, 85% (95% CI 55–98%); IMIQ 13 of 14, 93% (95% CI 66–100%).

The third feasibility criterion was that at least 70% of patients requiring treatment should complete cycle 2 for the active treatment arms: this was achieved: [5-FU

10 of 12, 83% (95% CI 52–98%); IMIQ 13 of 14, 93% (95% CI 66–100%)]. AK, actinic keratosis; BD, twice daily; CI, confidence interval; CEZ, clinically equiva-

lent zone; 5- FU, 5% 5-fluorouracil; HN, head and neck; IMIQ, 5% imiquimod; OD, once daily; w, week; UL, upper limbsActinic keratosis clinical assessment
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Risk difference and 95% confidence intervals (CIs) for

activity outcomes in each arm vs. sunscreen were calculated

and compared using Fisher’s exact test. AK clearance, new

AKs and HRQoL were analysed using hierarchical models.

Overall worst LSR was compared using Fisher’s exact test.

cSCC development was reported using the Kaplan–Meier

method. CIs for proportions were calculated using Wilson’s

method. For single timepoint comparisons of both 5-FU

and IMIQ to sunscreen for the persistence outcome Dun-

nett’s test was used. Unplanned sensitivity analyses for activ-

ity AK outcomes are given in Appendix S1 (see Supporting

Information). Statistical analyses used in the photography

assessments are summarized in Table S2 (see Supporting

Information).

Ethical approval

The trial was performed according to the principles of the

Declaration of Helsinki and approved by the London-Chelsea

Research Ethics Committee (REC 13/LO/1579). Informed

written consent was obtained from all participants.

Results

Trial population and centres

Participants were randomized from March 2015 to September

2016, with the last follow-up in January 2018. Seventy-two

OTRs were approached, 48 (67%) agreed to participate and

(a)

(b)

Figure 2 Digital photographs corresponding with clinical actinic keratosis (AK) assessments were taken at all timepoints. An electronic image

capture programme was used by two independent observers (observer 1 and 2) to annotate images. (a) These annotated images were matched

with the original clinical assessment (clinical) by two separate observers. These results were used to calculate the sensitivity and false discovery

rates for photography vs. clinical assessment of individual AKs. (b) The annotated images were also used to derive a Dice coefficient for

interobserver concordance (overlap) in the photographic assessment of AKs annotated by each observer.
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40 were randomized. Recruitment of 20 participants was pre-

vented by the unexpected closure of one planned centre after

trial opening. Thirteen participants were randomized to 5-FU,

14 to IMIQ and 13 to sunscreen (Figure 1). CEZs were moni-

tored in 25 of 40 (62�5%) participants. Stratification was

equivalent for HN and UL sites (Table 1). No participants

were lost to follow-up.

Baseline demographics and actinic keratosis

characteristics

The 40 OTRs randomized had a total of 903 AKs (treatment

zones, n = 570; CEZs, n = 333). Patient demographics were

similar in all three arms including sex (31 of 40, 77�5%
male), age [median 65 (range 45–79) years], transplant type,

immunosuppressive drug regimen, duration of transplantation

[median 26 (range 2–41) years], skin cancer history and AK

treatment history with the exception of previous acitretin use

(Table 2). AK clinical characteristics were also similar

(Table 1).

Feasibility outcomes

Of 72 eligible participants, 40 (56%, 95% CI 43–67%) were ran-
domized, meeting the feasibility criterion of 30% (details are

shown in Figure 1). At least 70% of participants were required to

have completed treatment cycle 1. In total, 89% of patients com-

pleted cycle 1 (11 of 13 and 13 of 14 in the 5-FU and IMIQ,

respectively). One patient on 5-FU stopped treatment in cycle 1

after 3 weeks because of a severe LSR but achieved 100% AK

clearance and did not proceed to treatment cycle 2. All other par-

ticipants required a second cycle and 10 of 12 (83%) and 13 of

14 (93%) in the 5-FU and IMIQ arms, respectively, completed

this. Overall, 89% of patients across the 5-FU and IMIQ arms

Table 2 Baseline characteristics of study participants

Characteristics 5-FU (n = 13) IMIQ (n = 14) SS (n = 13) Total (n = 40)

Sex, n (%)

Male 11 (85) 10 (71) 10 (77) 31 (78)
Female 2 (15) 4 (29) 3 (23) 9 (23)

Median age (range), years 65 (45–77) 66 (51–79) 66 (50–72) 65 (45–79)
Organ transplant type, n (%)

Kidney 12 (92) 14 (100) 13 (100) 39 (98)
Hearta 1 (8) 0 1 (8) 2 (5)

Liverb 0 0 1 (8) 1 (2�5)
Median duration of transplantation (range), years 26 (3–41) 28 (2–37) 22 (2–37) 26 (2–41)
Immunosuppressive drugs, n (%)c,d

Azathioprine 3 (25) 7 (50) 4 (31) 14 (36)

Mycophenolate 3 (25) 5 (36) 3 (23) 11 (28)

Sirolimus 1 (8) 0 (0) 0 (0) 1 (3)
Ciclosporin 5 (42) 4 (29) 4 (31) 13 (33)

Prednisolone 11 (92) 11 (79) 10 (77) 32 (82)
Tacrolimus 2 (17) 4 (29) 3 (23) 9 (23)

History of skin cancer
Participants, n (%) 8 (62) 7 (50) 9 (69) 24 (60)

Unknown, n (%) 0 1 (7) 0 1 (2�5)
Median (range) per patient 7�5 (1–30) 9 (2–25) 5 (1–18) 7 (1–30)
BCC / (cSCC + CIS) 3 4�5 1�6 2�9

Acitretin use, n (%) 6 (46) 2 (14) 1 (8) 9 (23)

History of AK treatment, n (%)
Yes 12 (92) 12 (86) 11 (85) 35 (88)

Unknown 1 (8) 0 0 1 (2�5)
AK treatments used, n (%)

Surgery 3 (23) 6 (43) 3 (23) 12 (30)
Cryotherapy 11 (85) 9 (64) 9 (69) 29 (73)

5-FU 10 (77) 10 (71) 9 (69) 29 (73)
IMIQ 4 (31) 6 (43) 3 (23) 13 (33)

Diclofenac gel 1 (8) 2 (14) 3 (23) 6 (15)
Ingenol mebutate gel 1 (8) 1 (7) 1 (8) 3 (8)

PDT 1 (8) 1 (7) 0 (0) 2 (5)

aOne patient had dual cardiac and renal transplants; bone renal transplant recipient received a liver transplant during the follow-up period

and ciclosporin was switched to tacrolimus; cin the IMIQ arm, two of 14 participants had a reduction in immunosuppression during the trial

period; done patient from the 5-FU study arm did not have a full immunosuppressive medication history available (for this section, 5-FU,

n = 12; total, n = 39). AK, actinic keratosis; BCC, basal cell carcinoma; CIS, carcinoma in situ; cSCC, cutaneous squamous cell carcinoma; 5-

FU, 5% 5-fluorouracil cream; IMIQ, 5% imiquimod; PDT, photodynamic therapy; SS, sunscreen
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completed their treatment cycles, as per the study protocol. The

feasibility criterion that 70% of participants would be willing to

be re-treated was met for 81% across all arms (data not shown).

Activity outcomes

Lesion-specific actinic keratosis clearance rates

Hierarchical modelling showed that clearance rates were con-

sistently higher for 5-FU: 85%, 60% and 28%, respectively,

for 5-FU, IMIQ and sunscreen at 4 weeks post-treatment

(month 4); 83%, 57% and 19% by 8 weeks post-treatment

(month 5); 73%, 59% and 39% by 12 months post-treatment

(month 15). Clearance was lower on UL vs. HN sites with

IMIQ, but no site-related differences were seen with 5-FU and

sunscreen. Figure 3 shows the output for the model described

in Appendix S2 (see Supporting Information) and considers

all randomized patients for assessment of new AKs. Note, it

shows a smoothed function of how the percentage of AKs

cleared changes with time rather than the observed data.

Actinic keratosis clearance (75% and 100% of baseline)

AK75 and AK100 clearance values are shown in Figure S2

(see Supporting Information). At 4 weeks post-treatment

(month 4) the proportions of participants achieving AK75 for

5-FU, IMIQ and sunscreen were 92%, 43% and 9%, respec-

tively, and at 8 weeks post-treatment (month 5), the propor-

tions were 75%, 43% and 8%. At 12 months post-treatment

(month 15), AK75 was significantly higher for 5-FU com-

pared with sunscreen (58% vs. 15%, P = 0�041), but the dif-

ference for IMIQ compared with sunscreen (29% vs. 15%,

P = 0�648) was nonsignificant. AK100 at 4 weeks post-

treatment (month 4) was achieved in 23%, 14% and 9% and

at 8 weeks post-treatment (month 5) in 42%, 14% and 0%

for 5-FU, IMIQ and sunscreen, respectively, but by 12 months

post-treatment (month 15) neither 5-FU nor IMIQ were sig-

nificantly more effective than sunscreen (17% and 7% for 5-

FU and IMIQ, respectively, vs. 8% for sunscreen, P = 0�593
and P = 1�00).

Persistence of actinic keratosis clearance

The proportion of AKs cleared at weeks 4 and 8 post-

treatment (months 4 and 5, Figure 4) that remained unde-

tectable at 12 months post-treatment was superior with 5-FU

vs. sunscreen (mean values: 4 weeks: 75% vs. 51%, 95% CI –
4 to 52; P = 0�10; 8 weeks: 77% vs. 53%, 95% CI 4–51;
P = 0�10). IMIQ may also be superior to sunscreen (4 weeks:

73% vs. 51%, 95% CI –7 to 50, P = 0�15; 8 weeks: 74% vs.

53%, 95% CI –6 to 49; P = 0�14, respectively). This outcome

was sensitive to timing of the month 15 assessment

(Appendix S1; see Supporting Information).

Prevention of new actinic keratoses

See Appendix S3 and Figure S3 in the Supporting Information

and Figure 5. New AK rates were lower with 5-FU vs.

Treatment
Sunscreen only
5−FU (with discretionary sunscreen)
IMIQ (with discretionary sunscreen)

0

25

50

75

100

0 4 8 12 16
Time since baseline assessment (months)

Pe
rc

en
ta

ge
 A

K
s 

cl
ea

re
d

(a)

(b) Head and neck Upper limb

0 4 8 12 16 0 4 8 12 16
0

25

50

75

100

Time since baseline assessment (months)

Pe
rc

en
ta

ge
 A

K
s 

cl
ea

re
d

Figure 3 Fixed-effects from complete AK clearance model. Points indicate the mean estimate with 95% confidence intervals shown by the shaded

region, shaded according to treatment, in the pooled population (a) and by stratification variables (b). Note: this figure shows the output for the

model described in Appendix S2 and considers all randomized patients for assessment on new AKs. It is a smoothed function of how the percent-

age of AKs cleared changes with time, rather than the observed data. AK, actinic keratosis; 5-FU, 5% 5-fluorouracil; IMIQ, 5% imiquimod.
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sunscreen whereas the rate was comparable for IMIQ and sun-

screen [0�08, 1�36 and 0�73 for 5-FU, IMIQ and sunscreen,

respectively, at 4 weeks post-treatment (month 4); 0�5, 1�14
and 1�0 at 8 weeks post-treatment (month 5); 0�08, 0�5 and

1�0 at 12 months post-treatment (month 15)]. Despite initial

variability in the number of new AKs in the CEZs, by 12

months post-treatment (month 15), the generation of new

AKs compared with the previous visit was similar across all

treatments: at 12 months post-treatment, new AK rates in

treatment vs. CEZ were a mean of 0�14 (SD 0�38) vs. 2�43
(3�04) for the 5-FU arm, 0�88 (1�13) vs. 2�14 (4�06) for

IMIQ and 1�44 (1�74) vs. 1�57 (0�98) for sunscreen.

Total number of actinic keratoses

See Appendix S4, Figure S4 (see Supporting Information) and

Figure 6. Exploratory analysis of mean treatment effect which

combined AK clearance and new AK formation rates con-

firmed the mean number of AKs at each timepoint were low-

est with 5-FU (2, 9 and 12 at 4 weeks post-treatment (month

4); 3, 10 and 13 at 8 weeks post-treatment (month 5); 5, 9

and 11 at 12 months post-treatment (month 15) for 5-FU,

IMIQ and sunscreen, respectively).

Cutaneous squamous cell carcinoma development

Fifty-three cSCCs developed in 17 participants by month 15

and all except one arose outside trial zones. The month-15

(12 months post-treatment) event rate was 47% for 5-FU

(95% CI, 25–77%; 15 cSCCs in six participants), 50% for

IMIQ (CI 28–77%; 23 cSCCs in seven participants) and 31%

for sunscreen (CI 13–63%; 15 cSCCs in four participants). See

Figure S5 in the Supporting Information.

Safety and toxicity

LSRs occurred in 100%, 93% and 8% of participants in 5-FU,

IMIQ and sunscreen arms, respectively (see Tables S1 and S3;

see Supporting Information). LSRs were worse for 5-FU vs.

IMIQ (exploratory analysis P = 0�024) and both were worse
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Figure 4 Boxplots indicating the proportion of AKs cleared at months 4 and 5 which remained clear by the final follow-up appointment (month

15, 12 months post-treatment) by treatment. The horizontal line within each box represents the median, the extremities of the box the 25th and

75th quantiles, the lines then extend to ~1�5*IQR (as a crude measure of where 95% of the data is anticipated to fall), with the remaining points

corresponding to outliers. Due to the small sample size, there may be some discrepancy between the mean (as presented in the text) and the med-

ian (as shown in the boxplots).AK, actinic keratosis; 5-FU, 5% 5-fluorouracil; IMIQ, 5% imiquimod; IQR, interquartile range
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than sunscreen (P < 0�001). LSR intensity was greatest at week

4 (cycle 1) and milder for cycle 2. Adverse events occurred in

62%, 79% and 23% in the 5-FU, IMIQ and sunscreen arms,

respectively, with pruritus and fatigue most common. Serious

adverse events were reported in three participants (5-FU,

n = 1; IMIQ, n = 2) and were unrelated to treatment. Vitamin

D levels were similar across arms for baseline and month 15.

Use of topical corticosteroids or cryotherapy was similar across

arms.

Health-related quality of life outcomes

No significant changes were seen during and after treatment

for any of the treatment arms and there were no significant

HRQoL differences between each of the three HRQoL tools

(Table S4; see Supporting Information).

High-resolution digital photography

Details are available in Table S2. After modifying scoring in

stage 1 (the training set), 10 images with 93 clinically

identified AKs were assessed in stage 2. Observers scored 223

and 195 AKs, respectively, of which 79 and 72 were correctly

matched with clinical assessment (sensitivity 85% and 77%;

false discovery rates 65% and 63%). Erythema was identified

as the main source of low specificity in consensus discussion

and excluded. In stage 3, 10 images with 98 clinically identi-

fied AKs were assessed: 51 and 74 AKs were scored of which

43 and 48 were correctly matched with clinical assessment

(sensitivity 44% and 49%; false discovery rates 16% and

35%). Intraclass correlation coefficient for total AKs improved

(0�2–0�76 for observer 1; 0�08–0�66 for observer 2) as did

Cohen’s j for interobserver concordance for AKs correctly

matched to clinical assessment (0�34–0�57). DICE coefficient

analysis of interobserver concordance improved from 0�51 to

0�54 overall and from 0�65 to 0�72 for matched AKs. Ken-

dall’s coefficient of concordance for keratosis did not improve.

Discussion

SPOT is the first RCT to compare standard topical AK field

treatments against sunscreen in OTRs. It provides important
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Figure 5 Fixed effects from new AKs in the treatment zone model. Points indicate the mean estimate with 95% confidence intervals indicated by

the shaded region, shaded according to treatment, in the pooled population (a) and by stratification variables (b). Note: this figure shows the

output for the model described in Appendix S3 and considers all randomized patients for assessment of new AKs. It shows a smoothed function

of how the incidence rate of new AKs changes with time rather than the observed data. AK, actinic keratosis; 5-FU, 5% 5-fluorouracil; IMIQ, 5%

imiquimod.
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information on feasibility, activity and evaluation outcomes

for the design of a future phase III OTR-cSCC topical chemo-

prevention trial, with a signal that 5-FU is more effective than

IMIQ or sunscreen in OTR AK treatment and prevention. Key

strengths were the detailed characterization and tracking of

individual AKs at multiple timepoints, inclusion of a sunscreen

arm and matched CEZs, and inclusion of UL sites which have

generally been excluded in previous studies.

In terms of feasibility outcomes, acceptability and tolerabil-

ity of treatment and patient preferences may be barriers to the

use of topical AK treatments in cSCC chemoprevention. How-

ever, SPOT provided encouraging evidence for these out-

comes. In particular, predetermined criteria for recruitment,

adherence to treatment and willingness to be re-treated were

all met across all intervention arms, despite differences in the

intensity of LSRs. We have previously reported data generated

by the SPOT discrete choice experiment on patient AK prefer-

ences.21

In terms of activity outcomes, when SPOT was designed,

head-to-head RCT comparisons of AK field treatments in the

general population were few and conflicting22,23 and informa-

tion in OTRs sparse. Despite the limitations of a feasibility trial

design, there was a signal that 5-FU was superior to sunscreen

in AK clearance, proportion of patients achieving at least 75%

AK clearance and AK prevention, with effects persisting to 12

months post-treatment. Comparisons between IMIQ and sun-

screen showed lower efficacy of IMIQ; this may reflect its

mechanism of action as a toll-like receptor agonist and inher-

ent dependence on an intact immune system. It may also

reflect inclusion of UL sites in which IMIQ appears relatively

less effective, possibly due to its lower solubility in the thicker

stratum corneum on UL skin.24,25 It is notable that approxi-

mately one-third of AKs cleared in the sunscreen arm, under-

scoring the importance of including routine sunscreen in OTR

AK treatment and prevention strategies in clinical practice and

future phase III trials.

In comparison with previous studies of topical AK treat-

ments in OTRs, although since the inception of SPOT there

has been progress in addressing the evidence gap in AK treat-

ment trials in the general population,12,26 data in OTRs

remain limited,14 with only eight, largely low-quality, RCTs

identified in a 2019 systematic review.13 PDT was investigated

in six of eight RCTs, with 5-FU and IMIQ included in only

one of eight and two of eight RCTs, respectively (Table S5;

see Supporting Information). The 5-FU study was an intrapa-

tient comparison of MAL-PDT and 5-FU in eight OTRs: 5-FU

clearance rates at 6 months were similar to those observed in

SPOT, but AK100 rates were lower, possibly reflecting both

the inclusion of Bowen disease and the use of 5-FU as a single

3-week cycle in this trial.27 In the first RCT investigating

IMIQ,15,26 AK clearance rates at 8 weeks when used on HN

sites for 16 weeks were similar to those seen in SPOT.15 A

second RCT that compared IMIQ and MAL-PDT and AK clear-

ance at 3 months with IMIQ was also similar.28 PDT outcomes

are broadly equivalent or inferior to those seen with 5-FU in

SPOT, but superior to IMIQ.13,27 In the general population

superiority and cost-effectiveness of 5-FU has recently been

confirmed in an RCT randomizing 624 non-OTRs to 5-FU,

IMIQ, MAL-PDT or 0�015% ingenol mebutate.12,29 Despite

differences in the treatment regimens and exclusion of UL
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Figure 6 Mean estimates of the total number of AKs with 95% confidence intervals indicated by the shaded region in the pooled population

(a) and by stratification variables (b). AK, actinic keratosis; 5-FU, 5% 5-fluorouracil; IMIQ, 5% imiquimod.
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sites in this study, it is notable that AK75 for both IMIQ and

5-FU in OTRs in SPOT were equivalent at 3 or 4 months

post-treatment, but lower by 12 months post-treatment.

In comparison with previous cSCC prevention studies,

until recently, few AK intervention studies included cSCC

prevention as a primary endpoint. An exception was the

landmark population-based RCT conducted in Nambour,

Australia, which showed significant reduction in AKs and

40% reduction in cSCCs with intensive sunscreen use in

an immunocompetent population.7,30,31 In OTRs, a non-

randomized study in Germany provided a signal of activity

for intensive sunscreen use in cSCC prevention.32 With the

exception of PDT, which has not shown significant OTR-

cSCC prevention activity,33–35 previous RCTs have investi-

gated systemic chemoprevention in OTRs. In particular,

cSCC chemoprevention activity with oral retinoids has

been confirmed in several RCTs.36–40 Modification of

immunosuppression by switching to mTOR inhibitors also

significantly reduced new cSCCs, but only after the first

cSCC.41–43

Since SPOT was initiated, two additional cSCC chemopre-

vention approaches have been evaluated in RCTs in the gen-

eral population.10,11,44 Oral nicotinamide compared with

placebo reduced AKs by 13% and cSCCs by 30% over 12

months in Australian high-risk immunocompetent individu-

als44 and a study in OTRs is ongoing.45 The Veterans Affairs

Keratinocyte Carcinoma Chemoprevention (VAKCC) study

compared 2–4 weeks of 5-FU on HN vs. placebo in 932 non-

OTRs with two or more previous keratinocyte cancers: inci-

dent cSCCs were reduced by 75% in the first year, although

this was nonsignificant by 4 years.10 Similar to SPOT, VAKCC

reported 74% reduction in AKs treated with 5-FU at 6 months

and 50% fewer new AKs at 12 months.46,47 In a separate

RCT, 4 days’ treatment with 5-FU combined with 0�005%
calcipotriol ointment was superior to 5-FU alone in clearing

AKs in 130 non-OTRs and cSCC incidence in a subgroup of

participants was reduced at 3 years, although this was signifi-

cant only for HN sites.48 The mechanism of calcipotriol action

is believed to be through enhancement of T-cell activation,

and whether effectiveness is equivalent in OTRs is currently

uncertain.

In terms of AK evaluation methodology outcomes, an

important consideration for future trials is optimal AK assess-

ment methodology. Before SPOT started, there were few vali-

dated methods for reliable clinical AK assessment.49,50 Most

studies quantify AKs using ‘total count’ and although consen-

sus discussion improves interobserver reliability, this does not

specifically capture new and regressing AKs.49–53 To address

these challenges, SPOT was preceded by a series of consensus

studies to improve inter- and intra-observer AK assessment.17

Subsequently, AKASI (Actinic Keratosis Area and Severity

Index) and photograph-based AK-FAS (AK field assessment

scale) have been reported, but neither accurately tracks indi-

vidual AKs as was required in SPOT.54,55 However, the AK

scoring methodology used in SPOT was time consuming. Pho-

tography is potentially more practical for larger, multicentre

studies, but concordance in SPOT between clinical AK assess-

ment and digital photography was limited. Photography cur-

rently appears to be insufficiently reliable to replace clinical

AK assessment in the context of OTRs who often have a high

burden of AKs and non-AK keratotic lesions. Machine-learning

approaches for analysing photographic images may overcome

these limitations in the future.56,57

There are limitations in our study. Due to the unexpected

closure of one of the trial sites after initiation of the study

we were unable to meet our target sample size. Further-

more, the use of AKs as a surrogate endpoint biomarker for

cSCC development is limited by the low and uncertain pro-

gression rate of AK to cSCC in both the general population

and in OTRs. Nonetheless, in the context of a feasibility

study, it was considered to be a justifiable surrogate out-

come measure.

In conclusion, SPOT has provided information on important

feasibility issues relevant to the development of phase III clini-

cal trials for OTRs with AKs. It also provides a signal in OTRs

that 5-FU is consistently superior to sunscreen with IMIQ

demonstrating some but less consistent superiority to sun-

screen. Combined with recent evidence from the immuno-

competent population, these data provide a compelling

rationale for further investigation of 5-FU-based topical

chemoprevention approaches in OTR-cSCC prevention.
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