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A B S T R A C T

Background: Hemoporfin is a porphyrin-based photosensitizer and has been used for photodynamic therapy of
port wine stain birthmarks in China. This study assessed the pharmacokinetics and cutaneous photosensitization
of Hemoporfin in healthy volunteers.
Methods: Sixteen healthy subjects received a single intravenous infusion injection of Hemoporfin (5mg/kg). The
concentrations of Hemoporfin (MHD) and its metabolite Haematoporphyrin (HP) in plasma, urine and faeces
were determined. The pharmacokinetic parameters were calculated. In addition, the cutaneous photo-
sensitization was evaluated under the irradiation of solar simulator, 532 nm laser, and sunlight.
Results: The Cmax of MHD and HP were 46.7 ± 8.41 and 1.04 ± 0.265 μg/ml, respectively. The t1/2 of MHD
and HP were 5.09 ± 0.945 and 5.71 ± 2.65 h, respectively. The AUC0-24h of MHD and HP were 29.8 ± 6.19
and 0.757 ± 0.285 h·μg/ml, respectively. The AUC0–∞ of MHD and HP were 29.8 ± 6.2 and
0.792 ± 0.308 h·μg/ml, respectively. The cumulative fecal excretion rate of MHD and HP were 45.3% and
1.05% at 96 h, respectively. Whereas, the cumulative urinary excretion rate of MHD was only 0.132% at 96 h.
The concentration of HP in urine was less than 10% of MHD. After 52 h of administration, the cutaneous
photosensitization associated with the exposure to various light sources was minimal.
Conclusion: MHD and HP were excreted mainly through the faeces after intravenous infusion. Hemoporfin as-
sociated cutaneous photosensitization was insignificant.

1. Introduction

Photodynamic therapy (PDT) has been proposed as an alternative
for the treatment of hyper vascular dermal lesions in the early 1990’s
[1]. PDT is based on the selective irradiation of the target tissue (ab-
normal dilated vessels) which is sensitized by a photosensitizer. A local
photochemical reaction is induced which results in the production of
oxygen-derived free radicals. These highly reactive singlet oxygen
molecules can cause capillary wall damage and vessel closures [1].
Mounting clinical data show that PDT is effective for blanching the
reddish colour of port wine stain (PWS) birthmarks [2].

Hemoporfin for Injection (Hemoporfin) is a porphyrin-based second
generation photosensitizing drug and recently approved for the treat-
ment of PWS in China. Its photoactive component is a synthesized

mixture of two positional isomers of 7(12)-(1-methoxyethyl)-12(7)-(1-
hydroxyethyl)-3,8,13,17-tetramethyl-21H,23H-porphin-2,18-dipro-
pionic acid (MHD). It was formerly known as hematoporphyrin
monomethyl ether (HMME) [3]. In many ways Hemoporfin
(C35H36N4O6, MW 612.72) appears similar in optical spectral behaviour
to other haematoporphyrins in that there are strong Soret band peaks
with several Q band peaks in the optical window of PDT treatment [4].
Compared to the first-generation hematoporphyrin derivative (HpD),
Hemoporfin has advantages of known structure, rapid metabolism and
moderate photodynamic activity [5].

A Phase I clinical trial conducted in health subjects suggested that
IV infusion of Hemoporfin was well tolerated [6]. In this early trial,
Hemoporfin concentrations in plasma and urine were determined using
high-performance liquid chromatography with fluorescence detection
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(HPLC/FLD). Results suggested that Hemoporfin had a short half-life
(< 2 h) after a single IV infusion but urine excretion was not the major
route of clearance. The current clinical protocol for adult patients in-
cludes the combination of the drug dose of 5mg/kg and the light source
of 532 nm [7]. Available clinical data suggest that Hemoporfin medi-
ated vascular acting PDT is safer and can be repeated in short intervals
[8]. Its adverse effects are generally caused by the phototoxicity which
is mainly attributed to the overestimate of required light dose [9].

Although the metabolism in animals has been studied [5], only the
excretion of Hemoporfin in the urine was measured in a human study.
The amount of urine excretion in the first 12-h was only 0.15%. The
excretion in the faeces might be a major route. The potential photo-
reaction of the human skin after the IV injection of the drug has not
been studied. It is important to know how long the patients need to
avoid the light source after the treatment.

In this study, the concentrations of Hemoporfin and its metabolite
Haematoporphyrin (HP) in plasma, urine and faeces were determined
in a small group of healthy volunteers after a single IV infusion of
Hemoporfin for Injection at a dose level of 5mg/kg. In addition, the
cutaneous photosensitization was also evaluated under the irradiation
of various light sources. This study confirmed that Hemoporfin had a
short half-life and was mainly excreted in faeces. IV infusion of
Hemoprofin did not cause prolonged severe cutaneous photosensitiza-
tion.

2. Materials and methods

2.1. Study design

This was a single-arm, open-label and single dose pharmacokinetic
study. Inclusion criteria: healthy non-smoker subjects of 18–45 years
old with the body mass index of 19.0–24.0 kg/m2 and without signs of
clinical abnormalities from clinical examinations and laboratory ana-
lyses. Exclusion criteria: history of allergy to any components of
Hemoporfin for Injection, female subjects currently pregnant or lac-
tating, habitual drinking of coffee daily, blood donation of more than
400ml in the past month, history of heart, pulmonary, neurological,
endocrine, metabolic or psychiatric disease, taking any drug in the past
30 days, skin test area (back and abdomen) showed obvious skin dis-
eases or other conditions (such as rash, contact dermatitis, scar, hairy)
that may affect the evaluation, scar constitution or the formation of scar
tendencies, and received extensive sun exposure, existing conditions
that might affect drug absorption, distribution, metabolism or excretion
drug addiction, untreated mental disorders, drug abuse or alcoholism,
hepatitis B/C positive, positive for human immunodeficiency virus, or
being considered unsuitable for the study by an investigator.

This study was approved by the Ethics Committee of Peking
University First Hospital (China). It was conducted in accordance with
the Declaration of Helsinki and GCP. Before participation in the study,
written informed consent was provided by all subjects.

2.2. Drug preparation and IV infusion

Hemoporfin for Injection was obtained from Shanghai Fudan-
Zhangjiang Bio-Pharmaceutical Co., Ltd. (China). The sterile lyophi-
lized powder contained 100mg of Hemoporfin per vial. According to
the body weight of the subject, the required amount of drug (5mg/kg)
was reconstituted in 50ml of normal saline. The prepared solution must
not be exposed to light and used within 4 h after preparation.

Hemoporfin solution was IV infusion via the median vein of the
elbow over a period of 20min using a syringe pump at a constant speed
(2.5 ml/min).Immediately after the completion of drug infusion, 2–4ml
normal saline was injected at the infusion site to prevent the possible
phototoxicity induced by the high Hemoporfin concentration at the
injection site. After receiving Hemoporfin administration, all subjects
were required to stay in the research center for observation for up to 4

days.

2.3. Standard care

The subjects fasted overnight (approximately 10 h) before drug
administration and 4 h after Hemoporfin administration. The subjects
were asked to avoid strong light exposure after drug administration in
order to prevent possible skin phototoxicity that might interfere with
the evaluation of skin photosensitization. The subjects were allowed to
go outside only before sunrise and after sunset. The subjects continued
to avoid sunlight or strong indoor light exposure after discharge and up
to 7 days after drug administration. Standardized meals were served
during the trial. Caffeine-containing drinks such as tea and coffee were
prohibited. Seven days prior to admission and till the end of the follow-
up, high intensity and contact sports should be avoided. During pho-
tosensitivity evaluation if skin reaction to light irradiation was not re-
turn to his or her baseline level the subject would remain hospitalized
for observation. On the 14th day after drug administration, the subjects
were followed up by a telephone interview to confirm whether the
subject's skin returned to normal.

2.4. Sample collection

Venous blood samples (approximately 4ml) were collected in a
vacutainer containing heparin prior to dosing (0 h), 5, 10, and 20min
during dosing, and 5, 10, 20, and 40min, and 1 h, 1.5 h, 2 h, 3 h, 4 h,
6 h, 8 h, 12 h and 24 h post-dosing. Blood samples were centrifuged
immediately at 4 °C at 3000 rpm for 10min. Urine samples (10ml each)
were taken prior to dosing and were also collected and pooled for each
period at 0–6 h, 6–12 h, 12–24 h, 24–48 h, 48–72 h, and 72–96 h post-
dosing, respectively. Faecal samples were collected before dosing and
daily till 96 h post-dosing. The samples were weighed, mixed with H2O
of 2 times the weight, and homogenized under ultrasound for 10min.
Plasma samples, urine samples and faecal homogenate were stored at
−20 °C until analysis. All sample collection and processing steps were
protected from light.

2.5. Pharmacokinetic analysis

Hemoporfin (MHD) and its metabolite Haematoporphyrin (HP) in
plasma, urine and faecal samples were analysed using a LC–MS/MS
method (Shimadzu LC-20 A HPLC system coupled with TSQ Quantum
Vantage triple quadrupole tandem type mass spectrometer, Thermo
Finnigan American Company, USA). The quantification limits for MHD
were 2.0 ng/ml, 2.0 ng/ml and 1.0 μg/ml for plasma, urine and faeces,
respectively, and that for HP were 2.0 ng/ml and 1.0 μg/ml for plasma
and faeces, respectively. Both inter-day and intra-day precision (RSD)
mean values were less than 13.3%. As the HP concentration in the urine
sample is very low (less than 10% of MHD) [6], thus, HP concentration
in urine was not determined in this study.

2.6. Pharmacokinetic and statistical analysis

The pharmacokinetic parameters of MHD and HP were calculated
by non-compartmental analysis using WinNonlin Version 6.1 (Certara,
USA). The measured maximal concentration (Cmax) and the time to
reach maximal concentration (tmax) were obtained from the observed
values. The elimination rate constant (λZ) was calculated by log-linear
regression of the terminal portion of the concentration-time curve. The
half-life (t1/2) was calculated as t1/2 = ln (2)/λZ. The area under the
curve from time zero to the time of the last quantifiable concentration
(AUC0-t) was calculated by the trapezoidal rule, and the area under the
curve from time zero to infinity (AUC0-∞) was calculated using the
formula AUC0-∞=AUC0-t +Clast/λZ, where Clast is the last measurable
concentration. Apparent clearance (Cl) was calculated by dose/AUC0-∞,
and the apparent volume of distribution (Vz) was calculated by Cl/λZ.
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The cumulative amount of drug excreted into the urine and faeces (Ae)
were calculated using urine volume or the faeces weight and drug
concentration. The fraction of the drug excreted in urine and faeces (Ae
%) was calculated by dividing Ae by the dose. In addition, gender
differences in pharmacokinetics were also analysed using SPSS (version
14.0, SPSS Inc., USA). A value of P<0.05 was considered statistically
significant.

2.7. Safety evaluation

The physical examinations and laboratory measurements (serum
chemistry, haematology, coagulation and urinalysis) were carried out
at the screening stage and 24 h and 96 h after dosing. The ECGs and
vital signs were obtained at the following time points: screening, 0 h
(pre-dosing), 1 h, 2 h, 4 h, 8 h, 12 h, 24 h, 48 h, 72 h and 96 h post-
dosing. The injection site reactions were observed and recorded at 0 h
(pre-dosing), 2 h, 8 h, 24 h, 48 h and 96 h post-dosing. All adverse
events (AEs) were recorded and their severity (mild, moderate or se-
vere) were evaluated.

2.8. Cutaneous photosensitization tests

2.8.1. Using solar simulator
Initially, eight subjects (4 males and 4 females) were randomly se-

lected to receive UVA+UVB light irradiation from a solar simulator
(290–400 nm, GS2006 Solar UV Simulator, Beijing QunliAohua
Technology Development Co., Ltd., China).To determine the baseline
minimal erythema dose (MED) [10,11], before IV injection, six small
areas on the dorsum or abdomen were irradiated by the solar simulator
in a progressive fashion with an incremental increase of light dose of
1.25 times. The skin reactions at the irradiated site were observed 24 h
after irradiation. MED was defined as the minimum light dose that re-
sulted in 1 ° erythema or edema in the irradiated area. The criteria for
visually evaluating the degree of skin reaction after irradiation are
shown in Table 1 [10–12]. At 24 h after dosing, each received light
exposure again from the solar simulator. For safety concern, only ¼
baseline MED was used as the maximal light dose. The light dose for
each area was reduced by a multiplier gradient with no overlap in each
part of the irradiation site. The skin reaction of the irradiated site was
observed 24 h after each irradiation. For those who had more than 1 °
skin reaction would be irradiated with 1 MED again until the reaction
returned to 0 or 1 °.

Subsequently, the baseline MED dose of UVA+UVB light irradia-
tion of other eight subjects (4 males and 4 females) were determined
before drug injection. They received up to 1 full corresponding baseline
MED irradiation at 24 h after dosing. The skin reactions and MEDs were
evaluated 24 h after light irradiation. The test was repeated every 24 h
and stopped when the minimum amount of erythema was restored to
the baseline levels. In addition, these individuals also received con-
trolled light expose to 532 nm laser and daylight - see below.

2.8.2. Using 532 nm laser
The forearm flexion skins of eight subjects, approximately 2 cm spot

diameter and no overlap, were irradiated using a 532 nm laser (Wuhan

Huagong Laser Engineering Co., Ltd., China) at 100mW/cm2 for 20min
before and 24 h after the administration of Hemoporfin. The skin re-
action was observed during irradiation, immediately after irradiation,
and 24 h after irradiation. The test was repeated every 24 h and stopped
when the skin reaction was restored to the baseline levels.

2.8.3. Using outdoor sunlight
The forearm flexion skins of eight subjects, approximately 2 cm spot

diameter and no overlap with laser, were exposed to outdoor sunlight
for 20min in the afternoon (12:00-02:00 PM) before and the third day
(52 h) after Hemoporfin injection. Sunlight intensity was measured
using a power meter (LP-3C, Physcience Opto-electronics Co., Ltd.,
Beijing, China). The subjects wore sunglasses, protective clothing and
held umbrella as during the sunlight exposure. The skin and sur-
rounding areas of the irradiated sites were covered. The skin reactions
were observed during the irradiation and 24 h after irradiation. The
skin reactions were evaluated 24 h after light irradiation. The test was
repeated every 24 h and stopped when the skin reaction was restored to
the baseline levels.

3. Results

3.1. Demographic data

A total of forty-two subjects participated in the screening. Sixteen
subjects were qualified and other twenty-six subjects were excluded
mainly because of abnormal laboratory tests. All recruited subjects (8
males and 8 females) were Chinese Han population. Their mean age
was 29.5 years old (20–43 years old), mean body weight 62.1 kg
(50–75 kg), and mean body mass index 22.3 kg/m2 (19.1–23.8 kg/m2).
According to the Fitzpatrick classification, two subjects were skin type
II and rest were skin type III. Except one female subject quitted the trial
56 h after drug administration for personal reason (not related to this
research) and all remaining 15 subjects completed the trial as planned.

3.2. Hemoporfin pharmacokinetics and mass balance

Blood and urine samples were collected from 16 subjects including
the one who quitted later but her urine data were not included. Faecal
samples were randomly collected from 8 subjects (4 males and 4 fe-
males). MHD and HP concentrations were determined by LC–MS/MS
analysis. The pharmacokinetic parameters of MHD and HP were cal-
culated by non-compartmental assay. The mean plasma concentration-
time plots for MHD and HP are presented in Fig. 1. The key pharma-
cokinetic parameters are presented in Tables 2 and 3.

As expected, MHD had the highest plasma concentration (Cmax) at
20min following IV infusion (i.e. at the end of 20min injection). The
average MHD concentration was 46.7 μg/ml. The AUC0-24h value was
29.8 h μg/ml. The plasma elimination half-life (t1/2) was approximately
5 h. The metabolite HP was detected in the plasma and its t1/2 value was
similar to that of MHD. However, its plasma concentration and ex-
posure (AUC) were less than 3% of that of MHD.

In addition to the mean pharmacokinetic parameters of pooled data,
that of male and female groups were also analysed separately. The p
values (> 0.1) indicated that in term of plasma pharmacokinetic
parameters there was no significant difference between male (n=8)
and female (n= 8) for both MHD and HP (see Tables 2 and 3).

Mass balance analysis showed that the excretion of MHD in urine
was only 0.132% (n= 15). The urine concentration of metabolite HP
was 10% of that of MHD. So the quantitative analysis was not carried
out for HP. The total recovery of MHD and HP in faeces was
46.3 ± 10.5% (n=8) at 96 h. The main excretion route of
Hemoporfin was mainly the faecal excretion (45.3 ± 10.4% for MHD
and 1.05 ± 0.278% for HP). This suggested that Hemoporfin was
mainly excreted through faeces in its original form.

Table 1
Criteria for the degree of skin reaction.

Degree Erythema Edema

0 no reaction no reaction
0.5 trace barely perceptible
1 minimal with clearly defined

borders
easily palpable and confined to the
treated area

2 erythema with edema extending beyond the treated area
3 erythema, edema, and

vesiculation
edema and vesiculation
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3.3. Safety

There were no serious adverse events or complains noted in this
study. Laboratory tests showed that 1 case (male) of elevated trigly-
ceride at 96 h after dosing and 3 cases (two females and one male) of
elevated white blood cells in the urine at 24 h after dosing. The AEs
reported in the study were carefully evaluated by the investigators and
considered as being mild in severity. By the end of the study, all AEs
were relieved without medical intervention. No subjects quitted the
trial due to adverse events. Subjects had no clinically significant
changes in vital signs and ECG examinations during the trial. No subject
experienced serious phototoxicity while receiving the skin photo-
sensitization test.

3.4. Cutaneous photosensitization

Skin reactions induced by light irradiation before and after
Hemoporfin dosing were evaluated visually. The decrease of MED and/
or the increase in the degree of skin reaction after irradiation in the
same subject suggested Hemoporfin-related cutaneous photosensitiza-
tion.

In subjects (n=8) exposed to UVA+UVB irradiation their baseline
MEDs ranged between 700 and 2135mJ/cm2. At 24 h after Hemoporfin
dosing these subjects were irradiated with UVA+UVB at the dose level
of ¼ of their baseline MED, no obvious erythema/edema was developed
in these subjects. Then, these individuals received a full baseline MED
of irradiation at 48 h after Hemoporfin dosing and the visual evaluation
performed 24 h later showed that the skin reaction to UVA+UVB ir-
radiation at corresponding MEDs were at the same levels as their
baselines (Fig. 2, top panel).

Fig. 1. Mean MHD and HP plasma concentration versus time following single dose injection of Hemoporfin (5mg/kg).

Table 2
Pharmacokinetic parameters of MHD (mean ± SD).

Parameter Total (N=16) Female (N=8) Male (N=8) t p

Tmax
a(h) 0.333(0.333,0.417) 0.417(0.333,0.417) 0.333(0.333,0.333) – –

Cmax(μg/ml) 46.7 ± 8.41 44.5 ± 2.92 48.9 ± 11.5 0.880 0.404
AUC0-t(h·μg/ml) 29.8 ± 6.19 29.7 ± 4.01 29.9 ± 8.13 −0.141 0.890
AUC0–∞(h·μg/ml) 29.8 ± 6.2 29.7 ± 4.02 30.0 ± 8.13 −0.133 0.896
t1/2(h) 5.09 ± 0.945 4.81 ± 0.938 5.36 ± 0.929 1.174 0.260
Cl(L/h/kg) 0.174 ± 0.0344 0.171 ± 0.0236 0.177 ± 0.0443 0.330 0.746
Vz(L/kg) 1.27 ± 0.339 1.16 ± 0.129 1.38 ± 0.450 1.322 0.222
Ae(%)urine(%) 0.132 ± 0.0829b – – – –
Ae(%)faeces(%) 45.3 ± 10.4c – – – –

a Median (range).
b N=15.
c N= 8.

Table 3
Pharmacokinetic parameters of HP (mean ± SD).

Parameter Total (N=16) Female (N=8) Male (N=8) t p

Tmax
a(h) 0.333(0.333,0.500) 0.333(0.333,0.500) 0.333(0.333,0.333) – –

Cmax(μg/ml) 1.04 ± 0.265 1.01 ± 0.202 1.08 ± 0.327 0.284 0.781
AUC0-t(h·μg/ml) 0.757 ± 0.285 0.751 ± 0.179 0.764 ± 0.377 −0.293 0.776
AUC0–∞(h·μg/ml) 0.792 ± 0.308 0.786 ± 0.189 0.798 ± 0.409 −0.350 0.734
t1/2(h) 5.71 ± 2.65 6.46 ± 2.55 4.97 ± 2.70 −0.879 0.394
Ae(%)urine(%) – – – – –
Ae(%)faeces(%) 1.05 ± 0.278b – – – –

a Median (range).
b N=8.
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Subsequently, another 8 subjects (baseline MEDs ranged between
1366 and 2699mJ/cm2) were exposed to the full baseline MED dose of
UVA+UVB irradiation at 24 h after Hemoporfin dosing. Three out of 8
(37.5%) showed that their skin reactions were slightly greater than that
before the drug administration. This caused a slight decrease in their
MEDs. One individual (female, skin type III) changed from 1708mJ/
cm2 to 1366mJ/cm2 and two individuals (one female with skin type II
and one male with skin type III) from 1366mJ/cm2 to 1093mJ/cm2.
These three individual received a full baseline MED irradiation again at
48 h after Hemoporfin dosing and the visual evaluation performed 24 h

later showed that the skin reaction to UVA+UVB irradiation at cor-
responding MEDs were at the same levels as their baselines (Fig. 2,
Bottom panel).

At 24 h after drug administration, the irradiation of skin with the
532 nm laser at a therapeutic dose level (120 J/cm2) did not cause
conscious symptoms but a warm feeling in the irradiated area during
the irradiation. Four out of 8 subjects (50%) showed 1 ° erythema and 1
of them had 0.5 ° edema at the irradiated area between 4–6 h after ir-
radiation. All these skin reactions completely subsided and skin surface
returned to normal 24 h after irradiation. Those 4 subjects showing 1 °

Fig. 2. Representative photographs of skin re-
actions at 24 h after the subjects receiving
gradient doses of UVA+UVB light irradiation.
Top panel (female subject No. 101, skin type
III): (A) Irradiation at 24 h before Hemoporfin
injection, (B) Irradiation at 24 h after
Hemoporfin injection (maximal ¼ baseline
MED), (C) Irradiation at 48 h after Hemoporfin
injection (maximal 1 baseline MED). The ar-
rows indicate the skin erythematic reaction
corresponding to 1 MED dose of 1708mJ/cm2.
Bottom panel (female subject No. 202, skin
type II): (D) Irradiation at 24 h before
Hemoporfin injection, (E) Irradiation at 24 h
after Hemoporfin injection (maxima 1 baseline
MED), (F) Irradiation at 48 h after Hemoporfin
injection (maxima 1 baseline MED). The ar-
rows indicate the skin erythematic reaction
corresponding to 1 MED dose of 1366mJ/cm2.

Fig. 3. Representative photographs of a female
subject (No. 204, skin type III) showing skin
reactions to 532 nm laser light of 120 J/cm2.
Top panel: Irradiation at 24 h after Hemoporfin
injection (A) before irradiation. (B) 4–6 h after
laser irradiation. (C) 24 h after laser irradia-
tion. Bottom panel: Irradiation at 48 h after
Hemoporfin injection (D) before irradiation.
(E) 4–6 h after laser irradiation. (F) 24 h after
laser irradiation.
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erythema also received another laser irradiation of the same dose at
48 h after drug administration and no obvious response was detected
(Fig. 3).

The individuals received controlled sunlight exposure (20min at
average light intensity of 85mW/cm2) at 52 h after drug administration
did not show any sign of abnormal symptoms nor noticeable skin re-
action at the irradiated areas. The skin reactions to sunlight were

classified as 0 ° for all 8 subjects (Fig. 4).
Table 4 lists the half-life and cutaneous reactions of eight in-

dividuals. Although three individuals with lower MEDs showed the
decrease of MED value after receiving the sensitizer injection, there was
no statistical difference between the average MED before sensitizer
injection and that after injection (p= 0.1235) (Fig. 5a). There was no
strong correlation between the half-life and MED (Fig. 5b).

4. Discussion

In PDT, the drug-to-light interval time can significantly affect the
primary target of PDT treatment. The microvessels in the light irra-
diation site are the primary target when light was delivered in a short
drug-to-light interval, i.e. during or short after drug injection while
sensitizers are mainly retained in the blood vessel compartment [13].
The vascular targeted PDT has been successfully used in the treatment
of various ocular vascular diseases [14,15].

Recent study also suggests that vascular targeted PDT can be a
useful alternative in the treatment of solid tumor such as prostate
cancer [16]. Pharmacokinetic study of photosensitizer used in vascular
PDT mode is critical as the plasma concentration of the photosensitizer
plays an important role in determining the effectiveness of vessel clo-
sure and optimizing the treatment planning.

This study evaluated several key pharmacokinetic parameters that
include the Cmax, AUC0-24h, t1/2 and mass balance of Hemoporfin in
healthy adults at a clinically relevant dose. In addition, the cutaneous
photosensitization after Hemoporfin injection was also examined using
various light sources.

Pharmacokinetic data obtained from healthy volunteers suggested
that Hemoporfin had a fairly short life time after IV injection (i.e.
5.09 ± 0.945 h, see Table 2) and therefore is more suitable for the
treatment of benign vascular diseases than sensitizers with longer half-
life. However, in our early study [6], we reported that after a single
intravenous injection of Hemoporfin at the same dose in the healthy
subjects the t1/2 was much shorter (i.e. 1.31 ± 0.33 h). Compared to
Cmax and AUC reported in the early study, the overall exposure was

Fig. 4. Representative photographs of a female
subject (No. 202, skin type II) taken before and
after sunlight exposure. (A) Before Hemoporfin
injection and before sunlight exposure. (B)
Before Hemoporfin injection and 24 h after
sunlight exposure. (C) After Hemoporfin in-
jection and before sunlight exposure. (D) 24 h
after sunlight exposure. (Exposure at 52 h after
Hemoporfin injection).

Table 4
Photosensitisation of the skin together with t1/2 of Hemoporfin in 8 healthy
volunteers after Hemoporfin injection.

t1/2 MED0a MED24b MED48c 532nme

Erythema
/Edema

Day lightg

Erythema
/Edema

h mJ/cm2 mJ/cm2 mJ/cm2 4-6hf 24 hf

201 5.04 2135 2135 – 0/0 0/0
202 4.98 1366.4 1093.12 1366.4 0/0 0/0
203 6.44 1708 1366.4 1708 1/0 0/0
204 4.84 1708 1708 – 1/0.5 0/0
205 4.16 1708 1708 – 0/0 0/0
206 5.50 1366.4 1366.4 – 1/0 0/0
207 7.32 2669.24d 2669.24 – 1/0 0/0
208 5.16 1366.4 1093.12 1366.4 0/0 0/0
Mean 5.43 1753.43 1642.41 1480.27
SD 1.00 453.54 542.67 197.22
Min 4.16 1366.40 1093.12 1366.40
Median 5.1 1708.00 1537.20 1366.40
Max 7.32 2669.24 2669.24 1708.00
CV% 18.40 25.87 33.04 13.32

a MED of pre-dose.
b MED of 24 h post-dose.
c MED of 48 h post-dose.
d For subject 207, the area where the illumination energy is 2135mJ/cm2 is

slightly erythema, and the boundary is clear. Therefore, 1.25 times the dose of
this irradiation site is taken as the MED dose.

e Subjects received 532 nm laser irradiation 24 h post-dose.
f Post irradiation time.
g 52 h post-dose.

Fig. 5. Compare of MED before and after Hemoporfin injection and its correlation with the half-life of Hemoporfin in 8 healthy volunteers (201–208).

J. Xu, et al. Photodiagnosis and Photodynamic Therapy 26 (2019) 116–123

121



elevated as the Cmax increased by 31% and AUC by 70%. These dif-
ferences might be caused by individual variance, improved detection
limit and extended blood collection time points. More specifically, the
sensitivity and reliability of the mass spectrometry method were higher
than that of the fluorescence detection method, and the blood collection
time was extended from 8 h in previous study to 24 h in this study.

Compared to other photosensitizers, although longer than
Padeliporfin (1.14–1.24 h) the half-life of Hemoporfin is close to
Verteporfin (4.92–5.79 h) but shorter than Talapofin (8.63 h) and much
shorted than Photofrin (415 h) [17–19]. For sensitizer with the short
half-life the light avoidance period can be shortened after PDT treat-
ment and this can be a significant advantage in vascular PDT of benign
diseases such as PWS.

Pharmacokinetic data obtained from healthy volunteers suggested
that Hemoporfin was mainly excreted from faeces after injection in its
original form. The cumulative fecal excretion rate of MHD and HP were
45.3% and 1.05% at 96 h, respectively. Whereas, the cumulative ur-
inary excretion rate of MHD was only 0.132% at 96 h (see Tables 2 & 3).
This is consistence with the result obtained in early human and animal
study. In the previous human study [6], we reported that the urinary
excretion within 12 h was approximately 0.15 ± 0.03% after a single
intravenous injection of Hemoporfin at the same dose. An animal study
shows that after a single dose of 10mg/kg IV injection of Hemoporfin in
rats [5], the urinary excretion and the faecal excretion within 48 h were
0.19% and 57.5%, respectively. These excretion data indicate that
Hemoporfin is mainly cleared by the liver in its original form rather
than being metabolized. The urinary excretion might not be the major
route for photosensitizers. An early study suggested that prototypes and
metabolites of Verteporfin were not detected in urine after 12 h of ad-
ministration in humans and the cumulative urinary excretion rate was
less than 0.01% within 12 h [17]. An excretion study of Padeliporfin
showed that in rats the urinary excretion after 96 h of administration
was minimal [20].

Early studies show that for commonly used photosensitizers (e.g.
Photofrin and Verteporfin) there is no significant gender difference in
terms of pharmacokinetics [17,19]. However, although no difference
was seen in this study, our early study suggested that there were some
differences in Cmax and AUC0-t values between males and females at the
dose level of 7.5 mg·/kg [6]. Both were higher in females than in males -
67.64 ± 7.97mg/L vs 116.72 ± 20.27mg/L for Cmax,
39.99 ± 4.96mg·h/L vs 88.58 ± 36.00mg·h/L for AUC0-t. The reason
for this gender difference is not clear. We speculate that as Hemoporfin
is mainly cleared by the liver and it may be metabolized by p-glyco-
protein in the liver. The content of p-glycoprotein is higher in males
than females. High concentrations of drugs could saturate the transport
capacity of p-glycoprotein and therefore present a gender-specific dif-
ference [6,21].

Photosensitizer with slow clearance from body and high retention in
the skin tissue can cause prolonged risk of skin phototoxicity and pa-
tients have to avoid light exposure for several weeks after a systemic
administration of such sensitizer. An early study suggests that the skin
phototoxicity associated with Hemoporfin is rare if light avoidance is
strictly followed and the skin phototoxicity is mainly caused by over
treatment [9]. The post PDT cutaneous photosensitization is likely
caused by the presence of photosensitizers in the skin tissue and in the
microvessel system as well. This study did not examine the pharma-
cokinetics of Hemoporfin in the skin tissue due to the difficulties to
perform biopsy but examined the cutaneous photosensitization instead,
which is directly affected by the concentration of Hemoporfin in the
skin tissue. The cutaneous photosensitization at different time points
post Hemoporfin injection was examined under controlled exposure
using various light sources.

When using the solar simulator that emits both UVA and UVB the
decrease of MED values after Hemoporfin injection indicates an ele-
vated cutaneous photosensitization. The tested subjects (n=16) of this
study showed a broad range of the baseline MEDs, i.e. from 700mJ/

cm2 to 2699mJ/cm2, which indicates a good representativeness of skin
photosensitivity. At 24 h after Hemoporfin dosing, no signs of photo-
tosensitization were seen when exposed to ¼ MED but approximately
40% showed signs of mild phototosensitization (e.g. MED decrease and
skin reaction) when exposed to a full MED. These reactions subsided
quickly and another full MED exposure at 48 h after Hemoporfin dosing
did not cause detectable phototosensitization (see Fig. 2).

The combination of Hemoporfin and 532 nm light has become the
standard approach in the treatment of PWS birthmarks in China
[22,23]. Both laser (KTP laser or diode laser) and high power narrow
band green LED panel have been used as light sources in PWS PDT. The
former is delivered to the lesion site in the form of spherical irradiation
spot through optic fiber and the latter in the form of spherical or rec-
tangular irradiation field. To test the possible skin phototoxicity under
the therapeutic dose of 532 nm light, a 532 nm laser was used. At 24 h
after Hemoporfin dosing, 50% subjects showed 1 ° erythema and 12.5%
subjects showed 0.5 ° erythema. But all these reactions completely
subsided within 24 h. Those subjects showing 1 ° erythema also re-
ceived another round of irradiation at 48 h after doing but no one
showed noticeable response (see Fig. 3).

The results of solar simulator and laser exposure suggested that the
IV injection of Hemoporfin did not cause significant and harmful pho-
totoxicity to the normal skin tissue. To further test the potential skin
phototoxicity under natural sunlight exposure, small areas of skin were
irradiated directly by sunlight. Due to the limited number of subjects
and safety concern this experiment was not carried out until 52 h after
dosing. The 20min of exposure to the sunlight of 85mW/cm2 at noon
was equivalent to 102 J/cm2. As expected no subjects showed notice-
able skin reaction (see Fig. 4).

In general, those photosensitizers with longer half-life and high
plasma concentration might pose high risk of prolonged skin photo-
sensitization. As Hemoporfin had relatively short half-life and its
plasma concentration at 24 h after IV injection was already low, these
might explain why Hemoporfin showed desired vascular effect under
light irradiation but did not cause significant cutaneous phototoxicity to
the normal skin under controlled light exposure. Nevertheless, the
possible correlation between the half-life and MED was analyzed. Result
implied that they had no strong correlation (p= 0.2064) (see Fig. 5b).
Likely, the Hemoporfin-related non-vascular skin reactions are de-
termined mainly by the drug concentration and intrinsic light sensi-
tivity of the skin.

In conclusion, this pharmacokinetic study demonstrates that
Hemoporfin is mainly excreted in faeces in its original form. There are
no significant gender difference in terms of Cmax, AUC0-24h, t1/2 and
mass balance after the single dose injection of 5mg/kg. At this dose
level Hemoporfin associated cutaneous photosensitization is insignif-
icant after 52 h postdose. However, it should be pointed out that since
the research population was dominantly healthy adults and the sample
size was small, so for future study larger sample size and younger po-
pulations should be considered to investigate the gender difference and
skin photosensitization to Hemoporfin.
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