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Abstract
Background: Few studies have reported postoperative relapse of condyloma acumi-
natum (CA) after 5-aminolevulinic acid photodynamic therapy (ALA-PDT) in human 
immunodeficiency virus (HIV) positive patients.
Methods: The clinical data of HIV-positive CA patients treated with ALA-PDT from 
October 2018 to December 2019 were analyzed retrospectively. Univariate and mul-
tivariate Cox regression was used to analyze the variables related to postoperative re-
currence. Pearson correlation test was employed to analyze the correlation between 
CD4+ T cell count and postoperative recurrence rate. Kaplan–Meier method was used 
to compare the CA recurrence after ALA-PDT in low CD4 group and high CD4 group.
Results: A total of 38 HIV-positive patients with CA were included in the study. 
Among them, 26 patients experienced CA recurrence within 6 months, and the re-
currence rate was 68.4%. CD4+ T cell count was 187.0 (79.0–596.0) cells/μl in re-
lapsed patients and 406.0 (89.0–612.0) cells/μl in non-relapsed patients, showing a 
statistically significant difference (p = .005). Pearson correlation coefficient analysis 
revealed a negative correlation between CD4+ T cell count and postoperative recur-
rence rate (p = .005, r = −.443). Univariate regression analysis showed that CD4+ T 
cell count was correlated with postoperative recurrence, hazard ratio (HR) was 0.99 
[95% Confidence interval (CI) = 0.99–1.0, p = .012]. Multivariate Cox regression analy-
sis showed that with the low CD4+ T cell count as the reference, the high CD4+ T cell 
count was negatively correlated with postoperative recurrence (HR = 0.09, 95% CI 
0.01–0.87, p = .038).
Conclusions: Peripheral blood CD4+ T cell count can predict the CA recurrence rate 
after ALA-PDT in HIV-positive patients.
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1  |  INTRODUC TION

Condyloma acuminatum (CA), a most common sexually transmitted 
disease worldwide, is a verrucous hyperplasia of genital and peri-
anal areas caused by human papilloma virus (HPV) infection.1 The 
prevalence of CA in people infected with human immunodeficiency 
virus (HIV) is much higher than that in the general population.2 HIV-
positive patients have a reduced ability to eliminate HPV and the re-
sultant prolonged duration of HPV infection.3,4 Persistent high-risk 
HPV (especially HPV16) infection is also an important risk factor for 
anal cancer.5,6

The traditional physical therapeutic methods of CA include sur-
gical resection, microwave, electrocoagulation, cryotherapy, and 
CO2 laser therapy. The recurrence rate is about 20%–70% within 
6 months after these physical treatments.7,8 Compared with these 
methods, 5-aminolevulinic acid photodynamic therapy (ALA-PDT) 
can effectively reduce the recurrence rate of CA (10.29%), by using 
photosensitizers, light, and oxygen to produce cytotoxic reactive 
oxygen species (ROS) and eliminate the subclinical and latent HPV 
infection.7,9 Xu et al.10 found that the CA recurrence rate in HIV-
positive patients treated with ALA-PDT was approximately 29%. 
Although this rate is lower than that of other physical therapy meth-
ods, it is significantly higher than that of the normal population.11 At 
present, there is no study on the clinical factors predicting the CA 
recurrence after ALA-PDT treatment in HIV-positive patients.

CD4+ T lymphocytes (CD4 cells), the main target cells of HIV 
infection, play a central role in immune responses.12 CD4 cell count 
reflects the host's defense against pathogens, infections, and dis-
eases,13 and therefore has a strong association with HIV progression 
and prognosis.14 Maintaining sufficient CD4 cells helps to reduce 
the risk of comorbidity during HIV infection.13,15 An American study 
shows that the recurrence rate of anal condyloma in HIV-positive 
patients with high preoperative CD4 cells was significantly lower 
than those with low preoperative CD4 count after surgical resection 
of CA lesions.16

The clinical application of ALA-PDT in HIV-positive CA patients is 
rarely reported, and there lacks analysis of clinical factors related to 
the recurrence rate after treatment in this population. In this study, 
we retrospectively analyzed the CA recurrence rate within 6 months 
after ALA-PDT in 38 HIV-positive patients and analyzed the signifi-
cance of preoperative CD4 cell count in predicting the prognosis of 
HIV-positive CA patients treated with photodynamic therapy.

2  |  METHODS

2.1  |  Study design and subjects

This study retrospectively analyzed the clinical data of 38 HIV-
positive CA patients treated between October 2018 and December 
2019 in Nantong Third People's Hospital Affiliated to Nantong 
University, a tertiary infectious disease hospital located in the cen-
tral city of eastern China. The Department of Dermatology receives 

about 100 referred CA patients per year. The study was approved 
by the Ethics Committee of Nantong Third People's Hospital 
Affiliated to Nantong University (No. EL2020003). Inclusion crite-
ria: (1) HIV/AIDS confirmed by enzyme-linked immunosorbent assay 
and Western blotting, and CA meeting the diagnostic criteria in the 
clinical guidelines for the diagnosis and treatment of CA17; (2) no 
local and/or systemic treatment within 6 months before surgery. 
Exclusion criteria: (1) skin allergy, porphyria, hypersensitivity to por-
phyrins; (2) pregnancy or lactation; (3) incomplete data; (4) failure 
to complete at least three sessions of ALA-PDT. Peripheral blood 
collection and CD4 cell count detection were also performed in all 
patients before the first ALA-PDT treatment.

2.2  |  Sample collection and laboratory tests

Peripheral venous blood collection: Two tubes of 2 ml fasting morn-
ing EDTA anticoagulant venous blood (one for CD4 cell count and the 
other for blood routine) was collected. The percentage of CD4 cells 
was determined by flow cytometry (FACSCalibur, BD Biosciences) 
within 24 h. Based on the lymphocyte count in blood routine, CD4 
cell count was calculated by multiplying the total lymphocyte count 
by the percentage of CD4 cells.

HPV specimen collection and typing: All wart surfaces of different 
anatomical parts of the patient were brushed to obtain specimens. 
Patients with intraanal warts were asked to lie on the examination 
table in the knee-chest position and specimens were obtained using 
cell brush with the aid of anal dilator. The specimen was placed in the 
elution tube with special cell preservation solution, and then stored 
at 2–8°C in the refrigerator for no more than 48 h. HPV typing was 
performed according to the manufacturer's instructions using the 
human papillomavirus typing test kit (Shanghai Tellgen Life Science 
Co., Ltd.), which can detect 17 high-risk types (HPV16, HPV18, 
HPV26, HPV31, HPV33, HPV35, HPV39, HPV45, HPV51, HPV52, 
HPV53, HPV56, HPV58, HPV59, HPV66, HPV68, HPV82) and 10 
low-risk types (HPV6, HPV11, HPV40, HPV42, HPV43, HPV44, 
HPV55, HPV61, HPV81, HPV83).

2.3  |  ALA-PDT treatment

After routine disinfection with 0.5% iodophor in the wart area, 2% 
lidocaine was applied for local infiltration anesthesia. The visible 
warts were removed with CO2 laser apparatus (Jilin keying Laser 
Technology Co. Ltd., jc-100d) with a power of 1–4 w and the normal 
tissue 0.5 cm away from the warts was cauterized to the superficial 
dermis. ALA-PDT was performed immediately after operation. ALA 
powder (Shanghai Fudan Zhangjiang Bio-Pharmaceutical Co., Ltd., 
118 mg/bottle) was allocated to 20% ALA solution or gel by saline 
or gel. For patients with warts in the exposed areas such as peri-
anal and foreskin, ALA solution was adopted. The visible skin lesions 
and the surrounding skin with a radius of 1.0 cm was covered with 
a thin sterile absorbent cotton soaked with 20% ALA solution, and 
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then wrapped with preservative film. For patients with warts in both 
the exposed areas and the anus, ALA gel was employed. The finger 
cuff embolus was made from rubber gloves by filling in cotton balls. 
Then, 20% ALA gel was evenly applied on the finger cuff embolus, 
and then multiple sterile absorbent cottons impregnated with 20% 
ALA gel were attached. Using the anal dilator, the finger cuff embo-
lus was put into the anus and preservative film was used as the cov-
ering. After 3–5 h of packaging, the covering and cotton sheet were 
removed to fully expose the ALA dressing area, which was then ir-
radiated with a red LED lamp therapeutic instrument for 20 min (LED 
PDT instrument, Wuhan Yage Optic and Electronic Technique Co. 
Ltd., 635 nm, 80 mW/cm2), with a total energy density of 96 J/cm2. 
The interval between each treatment was 7–10 days. In each treat-
ment, if there existed warts, CO2 laser cauterization was conducted 
prior to ALA-PDT treatment; if no warts were found, ALA-PDT 
treatment was performed directly. All patients received a minimum 
of three times of photodynamic therapy. If no visible warts were 
found 7–10 days after the end of the three photodynamic therapies, 
the white acetate test was performed again. If the test result was 
positive, photodynamic therapy was continued until it turned nega-
tive 7–10 days after the last treatment. If the result was negative, 
the treatment ended. If visible warts were still found 7–10 days after 
the end of three photodynamic treatments, additional CO2 laser 
and ALA-PDT sessions were performed until there were no visible 
warts 7–10 days after the last treatment, and then acetic acid white 
test was conducted. The treatment end point was determined as 
mentioned above. All patients were followed up for 6 months after 
the treatment, once a week in the first month and once a month 
thereafter. Patients were advised not to have the high-risk sexual 
behavior after diagnosis especially during treatment and follow-up. 
During the follow-up, if no new warts were found in and around the 
original lesion, and the acetic acid white test was negative, the case 
was considered clinically cured; if new warts appeared at or around 
the original lesion area and the acetic acid white test was positive, a 
recurrence was determined.

2.4  |  Data collection

Collected were the general clinical data of patients, including CD4 
cell count, number of photodynamic drugs per course (vial), age, 
marital status, ALA incubation time (h), frequency of sexual inter-
course (less than once a week, once a week, twice a week, thrice a 
week), anal intercourse (no, yes), type of sexual intercourse (same 
sex, opposite sex, bisexual), lesion location (perianal, genital, peri-
anal + genital), affected area (skin, mucosa, skin + mucosa), combined 
underlying diseases (hepatitis, kidney disease, autoimmune diseases, 
hypertension, diabetes), combined use of drugs (topical applica-
tion of antiviral drug: recombinant human interferon-2b gel, Hefei 
Zhaoke Pharmaceutical Co., Ltd; oral immune-boosting drug: thymo-
sin enteric coated tablets, Xi'an Desai Biological Pharmaceutical Co., 
Ltd; topical wart removal lotion: the empirical formula of our hospital 
consisting of 30 g of radix isatidis, kidney bean root, equisetum and 

cyperus, 20 g of raw coix seed, purslane and white fresh skin, 10 g 
of hive, asarum, safflower and angelica dahurica, and 6 g of alum) 
and HPV types (low-risk, low-risk + high-risk), number of CO2 laser 
treatments, times of photodynamic therapies. The recurrence time, 
location, and area of CA were also recorded during follow-up.

2.5  |  Statistical analysis

Data analysis was performed using empower stats (X & Y solutions) 
and R software (version 3.5.2). Categorical variables were presented 
as numbers (%), normally distributed data as mean ± standard de-
viation, and skewed continuous data as median(min–max). Among-
group comparison was performed by χ2 test. Pearson correlation 
analysis was applied to analyze the correlation between peripheral 
blood CD4 cell count and postoperative recurrence rate. ROC curves 
were used to evaluate the efficacy of peripheral blood CD4 cell 
count in predicting recurrence after ALA-PDT, and the area under 
the ROC curve (AUC) was used to determine the discriminating 
ability of CD4 in predicting recurrence. Univariate Cox regression 
analysis was performed to identify variables that might be related 
to postoperative recurrence, and then multivariate Cox regression 
analysis was conducted to further confirm these variables. Based 
on the median CD4 cell count of the enrolled patients, the popu-
lation was divided into “high CD4 group” (CD4 count > 213 cells/μl) 
and “low CD4 group” (CD4 count CD4 ≤ 213 cells/μl). The postopera-
tive recurrence curves of the two groups were drawn using Kaplan–
Meier method, and the recurrences after photodynamic therapy in 
the two groups were compared by the Log-rank test. p < .05 was 
considered statistically significant.

3  |  RESULTS

3.1  |  Clinical characteristics of patients

The clinical data of 56 HIV-positive CA patients were analyzed. All 
patients were men. Among them, four patients failed to complete 
all three sessions of ALA-PDT, eight patients had received other 
treatments including CO2 laser treatment in other hospitals within 
6 months before the treatment at our hospital, and six patients pre-
sented with incomplete follow-up clinical data. Finally, 38 patients 
were enrolled in the study. A total of 26 patients recurred within 
6 months after the end of treatment, and the recurrence rate was 
68.4%. Table  1 shows the comparison of clinical characteristics 
between the patients with and without recurrence. There was no 
significant difference between the recurrent and non-recurrent 
patients in baseline clinical characteristics (age, marital status, 
frequency of sexual intercourse, anal intercourse, type of sexual 
intercourse, lesion location, affected area, combined underlying 
diseases, HPV types), photodynamic treatment parameters (num-
ber of photodynamic drugs per course, ALA incubation time, times 
of photodynamic therapies), and synergistic therapy (number of 
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TA B L E  1  Demographic and clinical characteristics of 38 HIV-positive CA patients

Characteristics All (n = 38)
No recurrence 
(n = 12)

Recurrence 
(n = 26)

Standardize 
diff. (95% CI)

p 
Value

CD4 cell count (cells/μl) 213.0 
(79.0–612.0)

406.0 (89.0–612.0) 187.0 
(79.0–596.0)

1.0 (0.3, 1.7) .005

Number of photodynamic drugs per course(vial) 4.0 (1.0–7.0) 4.0 (2.0–7.0) 4.0 (1.0–6.0) 0.3 (−0.4, 1.0) .351

Age (years) 37.5 (18.0–84.0) 42.0 (19.0–84.0) 34.5 (18.0–72.0) 0.1 (−0.6, 0.7) .861

Marital status

Unmarried 16 (42.1%) 4 (33.3%) 12 (46.2%) 0.3 (−0.4, 1.0) .457

Married 22 (57.9%) 8 (66.7%) 14 (53.8%)

ALA incubation time(h)

<4 9 (23.7%) 3 (25.0%) 6 (23.1%) 0.0 (−0.6, 0.7) .897

> = 4 29 (76.3%) 9 (75.0%) 20 (76.9%)

Frequency of sexual intercourse

Less than once a week 12 (31.6%) 4 (33.3%) 8 (30.8%) 0.7 (−0.0, 1.4) .432

Once a week 5 (13.2%) 2 (16.7%) 3 (11.5%)

Twice a week 16 (42.1%) 6 (50.0%) 10 (38.5%)

Thrice a week 5 (13.2%) 0 (0.0%) 5 (19.2%)

Anal intercourse

No 3 (7.9%) 1 (8.3%) 2 (7.7%) 0.0 (−0.7, 0.7) .946

Yes 35 (92.1%) 11 (91.7%) 24 (92.3%)

Type of sexual intercourse

Same sex 15 (39.5%) 4 (33.3%) 11 (42.3%) 0.2 (−0.5, 0.9) .869

Opposite sex 3 (7.9%) 1 (8.3%) 2 (7.7%)

Bisexual 20 (52.6%) 7 (58.3%) 13 (50.0%)

Lesion location

Perianal 24 (63.2%) 7 (58.3%) 17 (65.4%) 0.5 (−0.2, 1.2) .379

Genital 8 (21.1%) 4 (33.3%) 4 (15.4%)

Perianal + genital 6 (15.8%) 1 (8.3%) 5 (19.2%)

Affected area

Skin 9 (23.7%) 2 (16.7%) 7 (26.9%) 0.5 (−0.2, 1.2) .317

Mucosa 5 (13.2%) 3 (25.0%) 2 (7.7%)

Skin + mucosa 24 (63.2%) 7 (58.3%) 17 (65.4%)

Combined underlying diseases

With 2 (5.3%) 1 (8.3%) 1 (3.8%) 0.2 (−0.5, 0.9) .565

Without 36 (94.7%) 11 (91.7%) 25 (96.2%)

Combined use of drugs

Topical wart removal lotion 14 (36.8%) 2 (16.7%) 12 (46.2%) 0.8 (0.1, 1.5) .226

Topical application of antiviral drugs 3 (7.9%) 2 (16.7%) 1 (3.8%)

Oral immune-boosting drugs 9 (23.7%) 4 (33.3%) 5 (19.2%)

No drug combination 12 (31.6%) 4 (33.3%) 8 (30.8%)

HPV types

Low-risk 3 (7.9%) 1 (8.3%) 2 (7.7%) 0.4 (−0.2, 1.1) .728

Low-risk + high-risk 6 (15.8%) 1 (8.3%) 5 (19.2%)

Not detected 28 (73.7%) 10 (83.3%) 18 (69.2%)

Negative 1 (2.6%) 0 (0.0%) 1 (3.8%)
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CO2 laser treatments, combined use of drugs) (p > .05). The mean 
CD4 cell count was 213.0 (79.0–612.0) cells/μl in patients before 
treatment. The CD4 cell count was 406.0 (89.0–612.0) cells/μl in 
patients without recurrence, and 187.0 (79.0–596.0) cells/μl in 
patients with recurrence, presenting statistically significant dif-
ference (p = .005). Only 10 patients were tested for HPV typing, 
and there was no significant difference in HPV types (including 
not detected) between the recurrent and non-recurrent patients 
(p > .05). Among those without recurrence, 16.7% received topical 
recombinant human interferon ɑ-2b gel and 33.3% received oral 
thymosin; among those with recurrence, 3.8% received topical 
recombinant human interferon ɑ-2b gel and 19.2% received oral 
thymosin, showing no statistically significant difference (p > .05). 
(Table 1).

3.2  |  Correlation between CD4 cell count and 
recurrence rate after ALA-PDT

Pearson correlation analysis showed that there was a correlation be-
tween CD4 cell count and postoperative recurrence rate, with a cor-
relation coefficient of −0.443 (p = .005). ROC analysis indicated that 
CD4 cell count (AUC = 0.8, 95% CI: 0.498–0.861) was significant in 
predicting postoperative recurrence (Figure  1). Univariate Cox re-
gression analysis showed that CD4 cell count was significantly corre-
lated with postoperative recurrence (HR = 0.99, 95% CI = 0.99–1.0, 
p = .012, Table 2). With the low CD4 group (CD4 count ≤ 213 cells/μl) 
as the reference, the high CD4 group (CD4 count > 213 cells/μl) was 
negatively correlated with recurrence (HR = 0.11, 95% CI 0.02–0.59, 
p = .011). Univariate analysis also showed that correlation between 

Characteristics All (n = 38)
No recurrence 
(n = 12)

Recurrence 
(n = 26)

Standardize 
diff. (95% CI)

p 
Value

Number of CO2 laser treatments

1 7 (18.4%) 5 (41.7%) 2 (7.7%) 1.3 (0.6, 2.1) .056

2 10 (26.3%) 1 (8.3%) 9 (34.6%)

3 5 (13.2%) 1 (8.3%) 4 (15.4%)

4 5 (13.2%) 3 (25.0%) 2 (7.7%)

5 9 (23.7%) 2 (16.7%) 7 (26.9%)

6 2 (5.3%) 0 (0.0%) 2 (7.7%)

Times of photodynamic therapies

Three times 12 (31.6%) 2 (16.7%) 10 (38.5%) 0.5 (−0.2, 1.2) .179

More than three times 26 (68.4%) 10 (83.3%) 16 (61.5%)

TA B L E  1  (Continued)

F I G U R E  1  ROC (A) and AUC curve (B) of CD4 cell count predicting CA recurrence after photodynamic therapy in HIV-positive patients
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the number of CO2 laser treatments and recurrence was statistically 
significant (p < .05). As shown in Table 2, after the adjustment of the 
variables including times of photodynamic therapies, number of CO2 
laser treatments, affected area, and combined use of drugs, CD4 
cell count was still significantly correlated with postoperative recur-
rence (HR = 0.09, 95%CI = 0.01–0.87, p =  .038). Multivariate Cox 
regression analysis demonstrated that CD4 cell count was the only 
independent risk factor for recurrence, and other indices had no sig-
nificant relationship with recurrence (p > .05). As shown in Figure 2, 

the relationship between CD4 cell count and postoperative recur-
rence rate was fitted by smooth curve. By adjusting the variables 
including times of photodynamic therapies, number of CO2 laser 
treatments, affected area and combined use of drugs, there existed 
a basically downward and smooth curve between CD4 cell count 
and postoperative recurrence rate, indicating a dominant negative 
effect of preoperative peripheral blood CD4 cell count on postoper-
ative recurrence rate. According to the coefficient of determination 
(R2  =  .257), it means that 25.7% of postoperative recurrence was 

TA B L E  2  Univariate and multivariate Cox regression analysis of factors associated with CA recurrence after photodynamic treatment in 
HIV-positive patients

Univariate analysis Multivariate analysis

Variable HR (95% CI) p Value HR (95% CI) p Value

CD4 cell count 0.99 (0.99, 1.00) .012

CD4 numerical grouping

Low CD4 group 1 1

High CD4 group 0.11 (0.02, 0.59) .011 0.09 (0.01, 0.87) .038

Combined underlying diseases

With 1

Without 2.27 (0.13, 39.73) .574

Affected area

Skin 1 1

Mucosa 0.19 (0.02, 2.06) .172 0.24 (0.00, 13.00) .484

Skin + mucosa 0.69 (0.11, 4.20) .691 0.51 (0.02, 15.35) .699

Lesion location

Perianal 1

Genital 0.41 (0.08, 2.13) .290

Perianal + genital 2.06 (0.20, 20.96) .542

ALA incubation time(h)

<4 1

> = 4 1.11 (0.23, 5.47) .897

Combined use of drugs

Topical wart removal lotion 1 1

Topical application of antiviral drugs 0.08 (0.00, 1.41) .085 0.05 (0.00, 2.21) .123

Oral immune-boosting drugs 0.21 (0.03, 1.53) .123 0.60 (0.03, 12.86) .742

No drug combination 0.25 (0.04, 1.77) .166 0.43 (0.02, 8.30) .576

Number of photodynamic drugs per course(vial) 0.80 (0.51, 1.26) .343

Age (years) 1.00 (0.96, 1.04) .856

Times of photodynamic therapies

Three times 1 1

More than three times 0.32 (0.06, 1.77) .192 0.07 (0.00, 1.57) .095

Marital status

Unmarried 1

Married 0.58 (0.14, 2.43) .459

Number of CO2 laser treatments

<1 1 1

> = 1 8.57 (1.36, 54.15) .022 13.97 (0.40, 486.47) .145
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affected by preoperative CD4 cell count. Figure 3 shows the recur-
rence of patients in the high and low CD4 groups. Compared with 
patients in the “low CD4” group, patients in the “high CD4” group 
had a lower recurrence rate (p = .015, log rank test) (adjusted vari-
ables: times of photodynamic therapies, number of CO2 laser treat-
ments, affected area, and combined use of drugs).

4  |  DISCUSSION

ALA-PDT has been shown to reduce the recurrence of CA in HIV-
positive patients,9,10 but its application in this population is still 
challenging, and there lack research on the prognostic factors. This 
study retrospectively analyzed the clinical data of 38 HIV-positive 
CA patients. The results indicated that CD4 cell count was an impor-
tant clinical predictor of CA recurrence in HIV-positive population 
after ALA-PDT.

Sebastian g et al. studied 63 intractable anal CA patients under-
going surgery and found the recurrence rate in the patients with 
normal immune function was 27%, while it was as high as 66% in 
the low immune function population (including HIV seropositive, 
leukemia, idiopathic lymphopenia syndrome or organ transplanta-
tion patients).16 Similarly, our present study showed a postoperative 
recurrence rate of 68.4% in HIV-positive CA patients treated with 
ALA-PDT. The recurrence rate of CA after treatment is proved to 
be strongly correlated with the systemic and local immune function. 
Yet, in Xu et al.’s study reporting 41 cases of HIV-positive homosex-
ual men with anal warts treated with three sessions of ALA-PDT, the 
recurrence rate was 29% after 6 months of follow-up,10 which was 
significantly lower than that in the present study. We believe the 
possible reasons for the relatively high postoperative recurrence rate 
in this study are as follows: First, a large proportion of patients in this 
study were referred from other hospitals, indicating their conditions 
were relatively complex and difficult to treat; Second, in Xu et al.’s 
study, all lesions were located in the mucosa, while in this study, only 
13.2% lesions were in the mucosa, and the proportion of skin and 
mucosal lesions was 63.2%. HPV lesions are commonly classified as 
either skin- or mucosal-type, depending on the tissue origin.18 The 
CA lesions on both the skin and mucosa suggest the infection of 
multiple types of HPV.19 A recent published study showed that the 
infection of multiple HPV types is an important clinical predictor of 
recurrence after photodynamic therapy.11 Third, the preoperative 
mean CD4 cell count of the patients in our study was lower than that 
in Xu et al.’s study. In this study, the median CD4 cell count of HIV-
positive recurrent and non-recurrent patients was 213.0 cells/μl, and 
almost half of the patients had a CD4 count lower than 200 cells/μl. 
In Xu et al.’s study, only 34% of patients with HIV-positive CA had a 
lower-than-200 cells/μl CD4 cell count, and these patients received 
combined antiretroviral therapy (cART) before operation.

HIV-infected people usually have cellular immune dysfunction, 
and the immune function can be evaluated quantitatively by CD4 
cell count.20 The CD4 cell count in healthy adults ranges from 500 
to 1500 cells/μl. A CD4 cell count lower than 200 cells/μl indicates 
severely damaged immune system, poor abilities to clear infection 
in the body, and an increased risk of opportunistic infections and 
cancer in HIV-infected population.21,22 HIV-positive patients are 
more prone to CA recurrence than immunocompetent patients, 
which could be explained by the fact that HIV infection dimin-
ishes the number and function of CD4 cells, and hence reduces 
their ability of spontaneous HPV clearance.23 In addition, our 

F I G U R E  2  The relationship between CD4 cell count and 
postoperative recurrence rate is fitted by smooth curve. The 
adjusted variables are times of photodynamic therapies, number 
of CO2 laser treatments, affected area and combined use of drugs. 
The small red dots represent the median recurrence probability, 
and the blue dots represent the corresponding 95% credibility 
interval.

F I G U R E  3  Kaplan–Meier curve of recurrence rate after 
photodynamic therapies based on high/low CD4 cell count (low 
CD4 group: CD4 cell count ≤ 213 cells/μl; high CD4 group: CD4 cell 
count > 213 cells/μl).
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data showed that CD4 cell count was closely related to the recur-
rence after CA photodynamic surgery, suggesting the important 
role of CD4 cells in photodynamic clearance of HPV infection in 
HIV-positive patients, which is consistent with Mistrangelo's con-
clusion.24 Moreover, some researchers believe that patients with 
CD4 count lower than 200 cells/μl have a higher CA recurrence 
rate after surgical treatment, and cART treatment can help reduce 
postoperative recurrence.25 These results suggest that it is possi-
ble to significantly reduce the CA recurrence rate after ALA-PDT if 
CD4 cell count is regulated before operation or at the initiation of 
the anti-HIV therapy and the patient's systemic immune function 
is improved. Yet, this supposition needs to be confirmed by further 
prospective studies.

Studies have shown that the inhibition of local cellular immune 
function is the main cause of persistent HPV infection and recur-
rence.26,27 HPV infection can directly cause local immunosuppres-
sion by inhibiting the activity of dendritic cells, reducing the number 
or function of T cell subsets, interfering with the expression of im-
mune cytokines such as IFN-α, IFN-b, IFN-γ, IL-2, IL-4, IL-10, and 
IL-12.27–29 The advantage of ALA-PDT in the treatment of CA may 
be related to the activation of local-specific immunity. Giomi et al.30 
have found that local immune responses dominated by CD4 cells and 
dendritic cells play a leading role in the regression of skin lesions 
after 5 weeks of ALA-PDT treatment. Xie et al.26 have found that 
the number of CD4 cells and IFN-γexpression increase in patients 
with CA after a 4-h ALA-PDT treatment, and the numbers of CD3+ T 
lymphocytes and dendritic cells, and the expression levels of IFN-α 
and IFN-ß increase after a 24-h treatment. It further confirms that 
ALA-PDT enhances the antiviral immune response that is mainly me-
diated by CD4 cells in the early stage of treatment. Shi et al.31 have 
first used ALA-PDT to treat Majocchi's granuloma, confirming that 
ALA-PDT exerts an antifungal effect by activating the immune re-
sponse mediated by CD4 cells. In conclusion, ALA-PDT can counter 
CA through activating local immunity, and CD4 cells play a major 
role in this process. Moreover, some studies have shown that pho-
todynamic therapy does not affect peripheral blood T-cell level or 
function in the treatment of multiple actinic keratosis.32 This may 
indicate that ALA-PDT treatment does not affect peripheral blood 
CD4 cells. However, the effect of ALA-PDT treatment on peripheral 
blood T cells of CA has not been reported, and should be analyzed 
in future research.

To reduce the recurrence rate after CA treatment, some clini-
cians give oral immune-boosting drugs and/or topical application 
of antiviral drugs to enhance systemic or local immunity of the 
patients.33 Studies have shown that thymosin can increase the 
level of CD4 cells in HIV-infected patients, thereby to improve 
non-specific immunity, alleviate clinical symptoms, and prevent 
reinfection, which further confirms the association between CD4 
cell count and the prognosis of HIV patients.34 However, our data 
failed to confirm the effect of thymosin on the CA recurrence rate 
of HIV patients after photodynamic therapy, which may be related 
to the small sample size (only 9 patients took oral thymosin). Also, 
these patients began oral thymosin treatment after ALA-PDT. 

Due to the low CD4 level before operation and the late start of 
thymosin treatment, their immune function might not recover to 
a desirable state. Hence, we believe that early preoperative cor-
rection of patients' immune status and improvement of CD4 cell 
count are of significance in preventing CA recurrence in these pa-
tients. Furthermore, the results also showed that postoperative 
combination with topical recombinant human interferon ɑ-2b gel 
had no effect on recurrence. A meta-analysis of 11 clinical studies 
also reached a similar conclusion. For HIV-positive patients with 
anal warts, there was no significant difference in the recurrence 
rate between electrocautery combined with intralesional injec-
tion of interferon and electrocautery alone during the 6-month 
follow-up.35 Consistently, another study also found no clinical 
benefits of topical interferon ointments in the treatment of CA 
in HIV-positive patients.36 The systemic immunosuppression in 
HIV-positive CA patients affects their local immune response.37 
Whether topical recombinant human interferon ɑ-2b gel can co-
operate with ALA-PDT to eliminate HPV virus and further reduce 
the recurrence rate after photodynamic therapy needs further 
investigation.

Our study has several limitations. First, this is a retrospective 
study with a follow-up of merely 6 months and a relatively small sam-
ple size. Second, we did not distinguish and rule out the re-infection 
cases from all recurrent cases. Third, viral load was not detected 
in all the included cases. Fourth, the study cannot completely ex-
clude the overreported or underreported sexual behaviors, which 
may lead to the misclassification of exposure bias in our estimation. 
Fifth, most patients did not undergo HPV typing test before pho-
todynamic therapy. Sixth, no female subjects were included in this 
study, which might bring with selection bias. Seventh, histopatho-
logical examination and immunohistochemical examination were not 
performed to evaluate local cellular immune function. Additionally, 
changes in peripheral blood CD4 after treatment were not detected 
in this study.

In conclusion, CD4 cell count can help to predict CA recurrence 
in HIV-positive patients after photodynamic therapy. Our data sug-
gest that the systemic and local immune status has a significant im-
pact on the treatment outcome of CA.
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