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DPDT dosimetry model is verified for accuracy globally.
Accuracy of the model does not depend on location.
Measurement of illuminance is a low-cost easily accessible method for DPDT dosimetry.
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Daylight photodynamic therapy is an effective treatment for actinic keratoses and relies on a minimum
PpIX-effective exposure dose being delivered during treatment. As such, daylight dosimetry is an
important aspect of this treatment. Relatively simple measurements of illuminance may be converted to
PpIX-effective irradiance, and subsequently exposure dose, via a conversion model (the O’Mahoney
model). This model has been verified against spectral irradiance data from the UK, however the accuracy
of the model has not been determined outside the UK. In this work, we test the O’Mahoney model
against spectral irradiance measurements from several global locations to within bounds of a median
deviation of ±10%. The median percentage deviations are shown to be independent of location latitude
and longitude. The model can be used confidently to determine PpIX-effective irradiance from
illuminance measurements irrespective of location and can be widely implemented as an effective and
low-cost means of accurately measuring effective light exposure for this important treatment.
Keywords: dpdt; daylight; Photodynamic therapy; irradiance; actinic keratosis

Main text:

Background:
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Daylight dosimetry in daylight photodynamic therapy (DPDT) has been shown to have an important
impact on treatment outcome – patients must receive a minimum threshold protoporphyrin-IX (PpIX)effective exposure dose of daylight over the exposure duration, typically 1.5 to 2.5 hours [1]. As such,
accurate measurement of daylight, and hence conversion to PpIX-effective exposure dose, is critical to
better understand, evaluate and predict the success of DPDT.
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We previously published a model for converting PpIX-effective exposure dose from relatively simple
measurements of illuminance, using an inexpensive luxmeter for example [2]. This model was verified
against measurement data from the UK and was independently validated by Manley et al. [3]. As the
model has dependencies on latitude and longitude, it is anticipated to be globally relevant; however, the
robustness of this model outside of the UK has not been demonstrated yet.
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In this work we aim to investigate the published DPDT dosimetry model against several global locations
to determine its use world-wide. We check for significance relating to median percentage deviation and
location (latitude and longitude).

Methods:
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Measurements of daylight spectral irradiance are obtained from several locations: Lebanon NH, USA
(43.7°N, 72.40°W); Paris, France (48.86°N, 2.35°E); Nakhon Pathom, Thailand (13.82°N, 100.05°E); and
Ribeirão Preto, Brazil (21.18°S, 47.81°W). These spectral irradiances are converted to illuminance and
PpIX-effective irradiance using the appropriate weighting functions [4,5], and the illuminance is then
converted to PpIX-effective irradiance by use of the O’Mahoney model. The two sets of corresponding
PpIX-effective irradiances (denoted here as ‘actual’ and ‘model’) are compared, and the percentage
deviation of the model PpIX-effective irradiance from the actual measured values is found. Data is
framed in the context of the previous work carried out on verification of UK spectral irradiance [2], from
the locations: Dundee, UK (56.46°N, 2.97°W); Nottingham, UK (52.96°N, 1.15°W); Salisbury, UK (51.07°N,
1.79°W).
Data are measured between 09:00 and 18:00 local time in all weather conditions throughout the year.
Wavelength ranges of the spectral irradiance measurements are at least 380 – 780 nm. Statistical
analyses (simple linear regression) were carried out using GraphPad Prism (Prism 8, GraphPad Software,
USA). Location coordinates are sourced from OpenStreetMap (© OpenStreetMap).

Results:

A map of all the locations studied is shown in Figure 1, and the results of the analysis are presented in
Figure 2. The median percentage deviation of the model from the actual PpIX-effective irradiance is
within ±10% (range –4.36% to 8.30%), with the 95% confidence intervals within a clinically acceptable
±20%, and the standard deviation of the mean ranging from 4.52% to 10.5%. Therefore, the O’Mahoney
model can be used globally to accurately determine the PpIX-effective exposure doses in daylight PDT.
A simple linear regression of the data (within and outwith the UK) indicated no significance of median
percentage deviation of the model from the actual PpIX-effective irradiance against latitude (p=0.19) or
longitude (p=0.28).
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Conclusions:
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The PpIX-irradiance calculated by the O’Mahoney model indicate good agreement with the actual PpIXirradiances. Measurements of daylight through a range of locations, weather conditions, seasons and
times of the day vary greatly, and this model was designed to mitigate these factors as much as possible,
within an acceptable margin of error. In the original work presenting the O’Mahoney model, the model
was shown to have a mean percentage deviation of 0.04% and a standard deviation of 6.8%, and Manley
et al. showed comparable data, with a mean percentage deviation of -0.3% and standard deviation of
±5.5% (up to the 40,000 lux calibration limit of the detector used). The insignificance of latitude and
longitude with median percentage deviation lends further weight that the model is suitable for the
conversion of illuminance measurements to PpIX-effective irradiance irrespective of location.
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The use of illuminance in DPDT dosimetry may assist with verification of other technologies [6]. Spectral
irradiance is, in general, a more expensive and technically challenging quantity to measure compared to
illuminance. With the ability to accurately carry out DPDT dosimetry with illuminance measurements,
verification of dosimetry models becomes much simpler. Whilst newer, more accurate satellite-based
technologies exist for the determination of PpIX-effective exposure doses in daylight PDT [6],
illuminance remains a low-cost easily accessible method.
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Figure captions:

Figure 1: Map showing each location: 1) Lebanon NH, USA, 2) Ribeirão Preto, Brazil, 3) Dundee, Salisbury
and Nottingham, UK, 4) Paris, France, and 5) Nakhon Pathom, Thailand. Horizontal and vertical dashed
lines indicate the Equator and Prime Meridian respectively. Map data © OpenStreetMap.
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Figure 2: Plot of median percentage variation of model PpIX-effective irradiance compared to actual
measured values for each location. Dashed box represents previously published UK data for comparison.
Number of measurements for each location are displayed above the x-axis. Whiskers in the plot
represent 5-95% confidence intervals (outliers are not shown for clarity).
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