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Abstract
Background: Basal cell carcinoma is the most common form of skin cancer worldwide. It has a 
specialized microvasculature system that can be targeted by the pulsed dye laser using the theory of 
selective photothermolysis.
Objective: To evaluate the efficacy and safety of single session versus two sessions of pulsed dye laser 
in the treatment of basal cell carcinoma.
Methods: A total of 22 patients with basal cell carcinoma were collected in this randomized controlled 
trial. The patients were divided into two groups: Group I – 11 patients were treated by one session of 
pulsed dye laser, and Group II – 11 patients received two sessions of pulsed dye laser 2 weeks apart. The 
patients were assessed clinically and histopathologically after end of the treatment.
Results: There was a significant improvement of basal cell carcinoma clinically and histopathologically. 
Maximal histological clearance rate was achieved in superficial basal cell carcinoma type, small‑sized basal 
cell carcinoma <0.7 cm and in cases with strong inflammatory response after laser treatment. Treatment of 
basal cell carcinoma with two sessions of pulsed dye laser was more effective than one session treatment.
Limitations: The small sample size of patients and the limited location of the lesions on the head 
compared with trunk and extremities. Also, the lack of adequate study power may prevent generalization 
of results.
Conclusion: Pulsed dye laser proved to be a safe, effective and noninvasive modality for the treatment 
of basal cell carcinoma that can be used as a monotherapy in small‑sized lesions. Also, it can be used to 
debulk large‑sized lesions before surgery.
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Introduction
Basal cell carcinoma is a common malignant skin tumor 
in humans, and its incidence is increasing.1,2 In the United 
States, approximately one million new cases are annually 
diagnosed.2 This cutaneous malignancy rarely metastasizes, 

but is locally destructive and invasive.3,4 Exposure to 
ultraviolet radiation is generally accepted as the major cause 
of basal cell carcinoma.5
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To determine the optimal treatment for basal cell carcinoma, 
the location, size, type and number of tumors need to be 
evaluated. There are numerous options available to treat 
basal cell carcinomas, such as ablative procedures that carry 
high rates of efficacy but can be time‑consuming, costly and 
may lead to infections and scarring.6 Nonablative topical 
treatments such as chemotherapy and immunomodulators are 
unreliable when used by the patient at home and are limited by 
their use mainly in smaller superficial basal cell carcinomas 
and higher recurrence rates than surgical therapies.7

Pulsed dye laser is generally used to treat vascular 
skin lesions. Basal cell carcinomas are highly vascular 
tumors with clinically evident telangiectasias. Although 
the exact mechanism of action of pulsed dye laser basal 
cell carcinomas is unclear, the main hypothesis is the 
antiangiogenic effect, via specific targeting of the numerous 
dilated blood vessels found in basal cell carcinomas. 
Pulsed dye laser destroys the tumor’s blood supply, leading 
to eventual clearing of the tumor.8,9

In this study, we evaluated the efficacy and safety of single 
session versus two sessions of pulsed dye laser in the 
treatment of basal cell carcinoma.

Methods
In this randomized controlled trial, 22 newly diagnosed 
patients with different types of basal cell carcinoma 
(20 of them on the face and 2 on the scalp with skin phototype 
III and IV) were collected by care providers between May 
2015 and May 2016 from the outpatient clinic of Dermatology 
Department, Tanta University Hospitals, Egypt. Patients 
were randomized (the method of randomization has not been 
mentioned); 11 patients for treatment with one stacked pulsed 
dye laser session  (Group I) and 11  patients received two 
stacked pulsed dye laser session, 2 weeks apart (Group II).

Patients with history of wound healing abnormalities, other 
dermatological diseases, immunosuppressive diseases, 
currently undergoing chemical peeling, dermabrasion or 
radiotherapy, or with cutaneous bacterial or viral infection in 
the area to be treated were excluded.

The study was approved by the Research Ethics 
Committee  (approval code 2951/12/4) and all participants 
signed an informed consent before participation in the 
study. The patients were simply randomized to each of the 
study groups using a computer‑generated list. Allocation 
concealment was ensured by enclosing assignments in 
sequentially numbered, opaque‑sealed envelopes, which only 
were opened when the study was started.

Therapeutic technique
Pulsed dye laser  (SYNCHRO VASQ, QA3B2501, Italy) of 
595 nm was used with handpiece 8, fluency 7 J/cm2, pulse 
width 20 ms, rate 1 Hz and cooling with 4 mm margins.

Local anesthesia was given for all patients 30 min before 
laser sessions and then the handpiece was held perpendicular 
to the lesion, directing the pulses to the whole lesion and to 
cover 4 mm safety margin all around. The pulses were of 
stack type and were given until bluish discoloration of the 
lesion was observed. A  topical, broad spectrum antibiotic 
was applied 2–3 times daily for 1 week for all patients who 
were advised to avoid sun exposure and traumatizing the 
lesion.

Assessment of the efficacy of the therapeutic procedures
•	 Photographs were taken for the lesions at baseline, 

after the session of treatment and after the follow‑up 
period (1 month)

•	 Clinical evaluation of patients was done by three 
physicians who were blinded to the mode of 
therapy, giving the grade of improvement as follows: 
Excellent: >75–100%, moderate: >50–75%, mild: 
>25–50% and no improvement: <25%. Safety and 
tolerability assessment were recorded

•	 Histopathological examination: 2 mm punch biopsy 
specimen was taken from the lesion at baseline to 
confirm the diagnosis of basal cell carcinoma, tumor 
type and inflammatory cells expression. After 1 month 
from the last laser treatment session, all patients were 
subjected to complete surgical excision of the tumor.

All the excisional biopsies were processed, embedded 
in paraffin blocks and cut at 4 µm sections; then stained 
by hematoxylin and eosin stains to be examined for 
pattern and type of growth, the margins, the inflammatory 
response  (subjective measures as if weak+, moderate++, 
strong+++).

Efficacy was categorized into:8

•	 Complete response: if no histological evidence of basal 
cell carcinoma after standard sectioning of the tumor

•	 Incomplete response: if any residual histological 
evidence of basal cell carcinoma in the excised tumor

•	 No response: if the residual tumor was 100%.

Residual tumor =

Surface area of the tumour after

laser treatment max ((length × width)  

Surface area of the tumour before

laser treatment mmax (length × width)

×100%

Histological clearance rate was measured as (100% − Residual 
tumor %).

Comparison between different groups regarding categorical 
variables was tested using 2‑test. When more than 20% 
of the cells have expected count  <5, correction for 2 
was conducted using Fisher’s exact test or Monte‑Carlo 
correction. Mann–Whitney U test was used for intragroup 
analysis. Significance test results are quoted as two‑tailed 
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II, 2  (18.2%) patients showed hyperpigmentation and 
2  (18.2%) patients showed hypopigmented scar. There was 
no recurrence of basal cell carcinoma reported in the studied 
patients during follow‑up period (6 months).

Histopathological results
There were 10  patients with nodular basal cell 
carcinoma  [divided as 5  (45.5%) patients in Group I and 
5  (45.5%) patients in Group II], in which 7  patients had 
rodent ulcers  [divided into 3  (27.2%) patients of keratotic 
basal cell carcinomas in Group I and 4 (36.3%) patients of 
adenocystic basal cell carcinomas in Group II] and 3 patients 
had superficial basal cell carcinomas [divided as 2 (18.2%) 
patients in Group I and 1  (9.1%) patient in Group II] and 
2  patients had pigmented basal cell carcinoma  [1  (9.1%) 
patient in Group I and 1 (9.1%) patient in Group II].

There was statistically significant difference between the two 
groups regarding histopathological evaluation of residual 
tumor cells after treatment (P = 0.005). In Group I, there was an 
incomplete response varied between 16 and 100% with a mean 
of (51.9 ± 22.3) of residual tumor tissue in 10 (90.9%) patients 
while 1 (9.1%) patient showed no response. Whereas in Group 
II, there were 2  (18.2%) patients showed complete response 
and 9  (81.8%) patients showed incomplete response varied 
between 0 and 53% with a mean of (24.1 ± 17.3) [Table 1]. The 
maximal histological clearance rate was achieved in superficial 
basal cell carcinoma type in both groups [Graph 1].

By comparing the inflammatory response between the 
both groups before and after treatment, it was statistically 
significant only in Group II (P = 0.021). In Group I before 
treatment, plasma cells and lymphocytes were occasionally 
seen in the tumor specimen and variably expressed as seven 
patients had weak expression, three patients moderate 
expression and one patient strong expression. After treatment, 
the inflammatory infiltrate expressed by four patients were 
weak, four patients were moderate and three patients were 
strong expression.

In Group II before treatment, plasma cells and lymphocytes 
are occasionally seen in the tumor specimen and variably 
expressed as six patients had weak expression, three 
patients moderate and two patients showed strong 
expression. After treatment, the inflammatory infiltrate 
expressed as one patient was weak expression, two patients 
were moderate expression and eight patients were strong 
expression.

Maximal histological clearance rate was achieved in 
superficial basal cell carcinoma type  [Graph 1]. There was 
a significant negative correlation between the histological 
clearance after laser treatment and duration of the lesion in 
Group I, while there was a significant positive correlation 
between the histological clearance after laser treatment and 
diameter and duration of the lesion in Group II [Table 2].

probabilities. Significance of the obtained results was judged 
at the 5% level.

Results
Clinical results
There was no significant difference between both studied 
groups regarding their demographic data. Concerning the 
morphological types of basal cell carcinoma of the involved 
patients, there were 10 (45.5%) patients with nodular basal cell 
carcinoma, 7 (31.8%) patients with rodent ulcers (rodent ulcer is 
not a histological entity please explain), 3 (13.6%) patients with 
superficial basal cell carcinoma, 1 (4.5%) patient with pigmented 
basal cell carcinoma and 1 (4.5%) patient with cystic basal cell 
carcinoma. Twenty  (90.9%) patients showed affection of the 
face and two (9.1%) patients showed affection of the scalp.

There was statistically significant difference between both 
groups as regards the clinical improvement (P‑value = 0.005). 
In Group I, 1 (9.1%) patient showed excellent improvement, 
2 (18.2%) patients showed moderate improvement, 2 (18.2%) 
patients showed mild improvement and 6  (54.5%) patients 
showed no improvement. In Group II, 7  (63.6%) patients 
showed excellent improvement, 3  (27.3%) patients showed 
moderate improvement and 1  (9.1%) patient showed mild 
improvement [Table 1, Figures 1 and 2].

There was statistically significant decrease in the tumor size 
after laser treatment in both groups  (P‑value = 0.005* and 
0.012*, respectively). In Group I, before treatment, the mean 
surface area was  (1.9  ±  2.9) cm2, although after treatment 
it became  (1.2  ±  2.1) cm2. In Group II, before treatment, 
the mean surface area was  (1.7  ±  1.8) cm2; although after 
treatment there was complete response of three patients, so 
the number of remaining patients became eight. Among the 
remaining patients, the mean surface area was (0.6 ± 0.5) cm2.

There was no statistically significant difference between the 
safety and tolerability of therapy in this study (<0.001). In Group 
I, only 2  (18.2%) patients had pain and ulcer. In Group 

Table 1: Comparison between the two studied groups 
according to the degree of clinical improvement and 

percentage of residual tumor cell (response to treatment) after 
treatment

Group I 
(n=11), n (%)

Group II 
(n=11), n (%)

P

Clinical improvement
Excellent 1 (9.1) 7 (63.6) 0.005*
Moderate 2 (18.2) 3 (27.3)
Mild 2 (18.2) 1 (9.1)
No improvement 6 (54.5) 0 (0.0)

Percentage residual tumor cell
Minimum ‑ maximum 16.0‑100.0 0.0‑53.0 0.005*
Mean±SD 51.9±22.3 24.1±17.3
Median 49.0 25.0

*Statistically significant at P≤0.05. SD: Standard deviation
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Table 2: Correlation between histological clearance after 
treatment and duration and diameter of the tumor in each 

group

Group I Group II

r P r P
Duration −0.689* 0.019* 0.070 0.837
Diameter −0.363 0.272 −0.146 0.669
*Statistically significant at P≤0.05

of tumor vasculature.11 The main hypothesis for the 
mechanism of action of pulsed dye laser is antiangiogenic, 
via specific targeting of the numerous dilated blood vessels 
found in basal cell carcinomas, and pulsed dye laser destroys 
the tumor’s bloods supply, leading to eventual demise of the 
tumor.8,9

The technique was tolerable and safe with minimal side effects 
for the majority of our patients. These results agreed with Tran 
et al. who reported mild scarring, eschar and hypopigmentation 
in their studied cases.13 In addition, Konnikov et al. noted that 
there was hypopigmentation in laser treated areas.9

There was statistically significant better response in Group 
II than Group I regarding histopathological evaluation of 
residual tumor cells after treatment. These results matched 
with other studies, considering that with more sessions 
there will be more clearance and less residual tumor cell 
burden.13‑15

There was statistically significant increase in the inflammatory 
response histopathologically after laser treatment in Group II 

Discussion
In the current study, in Group I, 3 (27.3%) patients showed 
moderate to excellent improvement, whereas 8  (72.7%) 
patients showed mild to no improvement. In Group 
II, 10  (90.9%) patients showed moderate to excellent 
improvement and only 1  (9.1%) patient showed mild 
improvement. According to clinical evaluation on patient’s 
improvement, two sessions of treatment were significantly 
more effective than one session.

There was significant decrease in the tumor size after laser 
treatment in both groups. These results agreed with Shah 
et  al., who reported that multiple treatments of basal cell 
carcinomas with pulsed dye laser resulted in dramatically 
reduced tumor mass.8 Another study by Norman et al. found 
that the treatment reduces the size of the tumors, which was 
helpful for patients, particularly in cosmetically pertinent 
areas.10

The clinical appearance of basal cell carcinoma reflects its 
highly vascularized nature. Erythema and telangiectasias are 
commonly seen clinically in basal cell carcinomas.2 Basal 
cell carcinomas possess a capillary plexus throughout the 
tumor.11 Many of these vessels are abnormally enlarged.12 
Basal cell carcinomas, like many other solid tumors, rely on 
a specialized tumor‑associated microvasculature for growth. 
Because of the interdependence of tumor cells and tumor 
vasculature, prolonged ischemia secondary to selective 
destruction of the tumor’s blood supply could produce 
destruction of the tumor. Vascular targeting is a relatively 
new anticancer strategy which has as its goal the destruction 

Figure 1: (a) Superficial basal cell carcinoma (before treatment), (b) After one session of pulsed dye laser, (c) One month after two sessions with excellent 
improvement

b ca
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only. This result agreed with Tran et al., who reported that by 
examination of the excisional biopsies after 1 month of pulsed 
dye laser session, there was fibrosis, vertically oriented bland 
appearing vessels, mild lymphohistiocytic inflammation and 
dermal edema.13 Another study by Shah et al. revealed that 
the re‑excision specimens that were examined histologically 
showed prominent vascularity and erythrocyte extravasation 
in the reticular dermis, which correlated with known 
laser‑induced dermal changes.8

In our study, the maximal histological clearance rate 
was achieved in superficial basal cell carcinoma type, 
small‑sized basal cell carcinoma <0.7 cm and in cases with 
strong inflammatory response after laser treatment. These 
results agreed with other studies which reported that high 
clearance rate achieved in superficial basal cell carcinoma 
according to the type.14,16‑18 Also other studies recorded that 
smaller basal cell carcinomas had a higher clearance rate 
compared to larger basal cell carcinomas.8,9,15 This could 

be explained by the fact that smaller basal cell carcinomas 
are associated with vasculature may still be in a fragile, 
nascent phase of growth, and thus more susceptible to laser 
treatment.8

In general, various types of lasers are used in oncology to 
debulk tumors, using both selective and ablative methods.19 
Pulsed dye laser has been used to selectively target tumor 
vasculature with success in treating glottal dysplasia and 
squamous cell carcinoma in  situ using 585 nm pulsed dye 
laser.20,21 Depending on fluence, 595 nm pulsed dye laser can 
penetrate skin to thicknesses ranging from 0.8 to 1.3 mm. 
This range of dermal penetration encompasses the depth 
of the vasculature that supports most basal cell carcinoma. 
Ectatic dermal blood vessels treated with 595 nm pulsed dye 
laser can undergo selective photothermolysis with minimal 
damage to the surrounding tissue structures.22 Thus, targeting 
the blood supply of basal cell carcinomas may be effective 
for treating these tumors.8

Ibrahimi et al. conducted a case study on a patient with basal 
cell nevus syndrome and treated multiple superficial and 
nodular basal cell carcinomas with long‑pulsed Alexandrite 
laser that also has vascular selectivity and deeper tissue 
penetration.23 The clearance rate of this study was 83% with 
7 months follow‑up. Moskalik et al. performed treatment of 
facial 27 basal cell carcinomas using pulsed Neodymium 
laser and Nd:Yag laser with 2.2 and 3.1% recurrence rates, 
respectively, with mean follow‑up of 13 months.19 The efficacy 
of Nd:Yag laser was attributed to its deep photo‑destructive 
mechanism of action that leads to thermal destruction and 
coagulation of the tissue. The treatment was performed under 
local anesthesia to minimize discomfort. The majority of the 
patients had good cosmetic results with minimal scarring.

Graph 1: The relation between histological clearance after treatment and the 
type of basal cell carcinoma in both studied groups

cba
Figure 2: (a) Nodular basal cell carcinoma (before treatment), (b) After one session of pulsed dye laser, (c) One month after two sessions with excellent improvement
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It could be concluded that pulsed dye laser therapy was 
proved clinically and histopathologically to be safe, effective 
and noninvasive modality for treatment of basal cell 
carcinoma. The maximal histological clearance rate achieved 
in superficial basal cell carcinoma type, small‑sized basal cell 
carcinoma  <0.7 cm and in cases with strong inflammatory 
response after laser treatment. Treatment of basal cell 
carcinoma with two sessions of pulsed dye laser was more 
effective than one session treatment that can be used as a 
monotherapy in small‑sized lesions. Also, it could be used to 
debulk large‑sized lesions before surgery.

The limitations in our study were small sample size of patients 
and the limited location of the lesions that were on the head 
compared with trunk and extremities. Also, the lack of 
adequate power may prevent generalization of results.
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