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Abstract:   Actinic keratoses are premalignant lesions of the skin caused by excessive sun exposure. Lesions may 
become mainly squamous cell carcinoma. Cryotherapy with liquid nitrogen is one of the main treatments. In 
order to evaluate the response of actinic keratosis to cryotherapy by histopathology, two lesions were selected 
in each of 14 patients with multiple actinic keratoses. In one lesion a biopsy was performed and in the other le-
sion a biopsy was performed after cryotherapy. Subsequently, both biopsies were compared histologically. Of 
the thirteen patients who completed the study, the best results were obtained in lesions undergoing cryotherapy 
concerning the atypia of keratinocytes, epithelial thickness and corneal layer and lymphocytic infi ltrate. Despite 
the small number of patients, it was concluded that, if performed correctly, cryotherapy has high effi cacy in the 
treatment of actinic keratoses.
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 INTRODUCTION
Actinic keratoses are pre-malignant epithelial le-

sions induced by sensitivity to sun exposure associated 
with UVB radiation accumulation in the skin, which 
may cause keratinocyte mutations and progress to such 
lesions.1,2 Distribution depends on variables such as 
age, type of skin, sex, occupation, among others. The 
most affected body regions are related to the sun-ex-
posed areas, such as head, neck and upper limbs.3 It is 
estimated that actinic keratoses represent the third most 
frequent reason for visiting a dermatologist.4

Actinic keratoses present themselves as unique 
or multiple keratotic papules or plaques with desqua-
mation, erythematous or pigmented. Their borders 
may be poorly-defi ned and size may vary from two to 
six millimeters.3

Histologically, actinic keratoses are divided into 
six histological types: hypertrophic, acantholytic, atro-
phic, pigmented, lichenoid and bowenoid. The fun-
damental characteristic of an actinic keratosis is epi-
thelial dysplasia, with atypical keratinocytes.5 There 
is variable loss of normal maturation processes, with 
abnormal keratinization. The epidermis presents areas 
with atrophy and acanthosis, characterized by hyper-
keratosis and parakeratosis columns. In the superfi cial 
adjacent dermis, basophilic degeneration of collagen 
and elastosis is present, the latter being a strong mark-
er of cumulative sun exposure. Almost always, there 
is also a perivascular lymphocitary infl ammatory in-
fi ltrate.6,7
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The meaning of these lesions corresponds to the 
risk of transformation into non-melanoma skin cancer, 
mainly squamous cell carcinoma.8 It is believed that 
there is gradual progression of chronically sun-ex-
posed normal skin to actinic keratosis and afterwards 
to squamous cell carcinoma.2

Even though the diagnosis of actinic keratosis is 
basically clinical, eventually histological confi rmation 
is necessary through analysis of biopsy fragments of 
the cutaneous lesion, as in situations of doubt about 
thickening, infi ltration, bleeding, ulceration and also 
when there is lesion recurrence or persistence even af-
ter treatment.3,9

Although malignancy rates are low, it is recom-
mended that actinic keratosis be treated, due to the 
diffi culty in establishing which lesions will progress 
to squamous cell carcinoma. The treatment options are 
varied. Treatment may be subdivided into two catego-
ries, the isolated lesions and fi eld cancerization. 10 Field 
cancerization treatment importance has increasingly 
been recognized for patients with multiple lesions and 
important photodamage and may be combined with 
the isolated treatment of lesions.10 In the 2010 guidelines 
for managing actinic keratoses, the therapies described 
for isolated and smaller lesions include ablative proce-
dures such as cryotherapy/cryosurgery, curettage, laser 
ablation and surgery.11 Topical treatments, such as pho-
todynamic therapy, 5-fl uorouracil, diclofenac gel and 
imiquimod can be very useful both in treating lesions 
individually and in fi eld cancerization treatment. All 
techniques demonstrate effi cacy and different adverse 
effects, for example, discomfort, slow cicatrization and 
pigmentation changes, and their choice depends on 
duration and course of lesions, site and duration of 
disease, presence of single or multiple lesions, age, co-
morbidities, mental conditions and patient adherence, 
skin cancer history and presence of risk factors, mainly 
immunosuppression.5,10-12

Cryotherapy with liquid nitrogen is one of the 
most used treatments since it is of easy application, 
may be used in the medical offi ce, absence of bleeding, 
possibility of waiving anesthesia and good results. The 
technique consists in spraying nitrogen directly over 
lesions through a cryospray, catheter or with the help 
of a swab. When liquid nitrogen comes in contact with 
the skin through spray or catheter, the temperature of 
the area reaches -196° C. Freezing of skin may reach a 
depth of 10 millimeters, depending on duration and 
distance of application.12,13

Due to quick freezing, there is cell death and tis-
sue necrosis. Collagen fi bers and cartilages are resis-
tant to freezing, which is paramount to cicatrization.14 
Some authors claim that cryotherapy must be used 
from 5 to 10 seconds over and around each lesion, 
with longer times for thicker lesions. However, others 

believe that it is necessary to freeze lesions for a mini-
mum of 10 seconds and a maximum of 15 seconds, to 
avoid undesired secondary effects.1

The indication for cryotherapy treatment con-
siders the size and type of the lesion, its site and 
whether it is recurrent. It is contraindicated for poorly 
delimited and cicatricial lesions and for patients suf-
fering from urticaria and intolerance to cold, such as 
patients with Raynaud’s disease.12,13 Thicker lesions 
and those located on dorsum of hands are prone to be 
more resilient.11

The disadvantages of the procedure are relat-
ed to discomfort, formation of crusts, vesiculae and 
blisters that may remain up to 10 days after the proce-
dure, the inability of treating wide areas and the risk 
of hypopigmentation. Some authors reported that 29% 
of hypopigmentations were directly related to freez-
ing time.12,13,15,16 However, among the advantages of 
cryotherapy is the independence of patient adhesion 
to prolonged use of topical treatments, the agility, cost 
and effi cacy of the procedure, which achieves 75-99% 
when the technique is correctly used.16

The objective of this study was to evaluate 
histopathological changes in actinic keratoses in pa-
tients who underwent cryotherapy and evaluate the 
response to therapies through a comparative study of 
clinical and histopathological data.

MATERIAL AND METHODS
For this study, during the period of August 2012 

to January 2013, 16 patients were selected from the 
dermatology outpatient clinic at the Medical School of 
Jundiaí (Faculdade de Medicina de Jundiaí) Jundiaí, 
São Paulo. Seven were male and nine female, aged be-
tween 43 and 82, who had been clinically diagnosed 
with a minimum of two actinic keratoses on the upper 
limbs, with a history of previous treatments and per-
sistence of lesions, whether considered new or recur-
rent and who agreed to participate in the study. The 
following inclusion criteria were used in the selection: 
patients should be already monitored at the outpa-
tient clinic of the institution, have a clinical diagnosis 
of multiple actinic keratoses (more than two) on up-
per limbs, previous topical or cryotherapic treatment 
with recurrent and/or new lesions, regular use of sun-
screen with SPF 30 or more, acceptance, authorization 
and signature of the informed consent form, return for 
completion of study and performing two biopsies. The 
exclusion criteria were: history of severe comorbidi-
ties, history of vascular and microcirculation disorders 
(diabetes, for example), history of coagulation disor-
ders or use of drugs that alter coagulation, absence of 
signature of the informed consent form, express desire 
of not participating in the study, and no authorization 
for the utilization of the analyzed data. All ethical prin-
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ciples for research involving human beings according 
to the Declaration of Helsinki were followed.

In each of the 16 patients, two similar lesions 
with clinical and dermoscopic diagnosis of actinic 
keratosis were selected, named randomly as lesion (1) 
and (2). Both were recorded photographically follow-
ing standard camera distance, zoom and coordinates 
in centimeters. In lesion (1), a central punch biopsy of 
four millimeters was performed. In lesion (2), cryo-
therapy was applied with liquid nitrogen in cryospray, 
with no previous anesthesia, for ten seconds.

After a period of 30 days, the patients returned 
so that lesion (2), submitted to cryotherapy, could also 
be biopsied and compared to lesion (1), previously bi-
opsied. Only 14 patients returned to the clinic for this 
new biopsy.

Biopsies were sent to the Pathology laboratory 
of the institution, responsible for histological process-
ing. Histological sections of 3 μm were performed on 
tissue immersed in paraffi n and stained by hematoxi-
lin-eosin method. A pathologist physician performed 
the histopathological analysis using an Olympus BX41 
optical microscope and making photographic records 
of the main histological changes found.

The fi ndings of identifi ed changes were quali-
fi ed and quantifi ed according to criteria defi ned by the 
main histological changes described in actinic keratosis, 
which are: keratinocyte atypia, epithelium thickness, 
elastosis thickness, lymphocitary infi ltrate and corneal 
layer thickness. Based on these parameters, a subjective 
method was defi ned to classify fi ndings as marked, 
moderate, slight or absent. This method aimed to eval-
uate and classify lesions (1) and (2) separately and later 
on compare the results obtained, in an attempt to make 

the comparison as objective as possible. Histological 
comparison of alterations was non blind and was done 
by a single experienced pathologist.

RESULTS
During the histopathological analysis of lesions 

a squamous cell carcinoma was diagnosed in one of 
the lesions in situ. Since clinically such lesion was sim-
ilar to actinic keratosis, it was included in the study in 
the beginning, but then it was not possible to histolog-
ically analyze the predefi ned criteria due to presence 
of other alterations, so both biopsies were excluded 
from the analyses and thirteen patients remained to 
be analyzed.

From this study it was possible to observe that 
the average age of greatest occurrence of actinic ker-
atoses was 70.3. All patients selected stated they had 
had excessive solar exposure in the past and denied 
using sunscreen regularly. Moreover, in the thirteen 
participating patients, the site of greatest involvement 
of lesions was on upper limbs.

The following changes were found (Table 1 and 2):
•   Atypia of keratinocytes (Figure 1): ten patients 

(76.92%) of thirteen studied showed smaller de-
gree of atypia in lesions with cryotherapy. On 
the other hand, three patients (23.07%) showed 
similar degrees of atypia between treated and 
non-treated lesions.

•  Epithelium thickness: of thirteen patients, nine 
(69.23%) presented a thinner epithelium in the 
treated lesion, whereas four patients (30.76%) 
presented a thinner epithelium in the lesion that 
was not treated.

TABLE 1: Histopathological criteria evaluated in thirteen patients of this study, pre and post cryotherapy

Ptnt Atypia  Epidermis Cornea  Elastosis  Infi ltrate

 Pre Post Pre Post Pre Post Pre Post Pre Post
1 M L 0.13 0.10 0.60 0.05 0.30 0.55 M A
2 A A 0.17 0.10 0.20 0.15 0.30 0.13 M A
3 M L 0.10 0.08 0.10 0.05 0.45 0.40 M M
4 L L 0.06 0.19 0.10 0.20 0.52 0.50 A A
5 M L 0.55 0.08 0.50 0.05 1.00 2.00 M A
6 L L 0.10 0.05 0.05 0.05 0.20 0.25 A A
7 M L 0.15 0.06 0.45 0.15 0.65 0.90 I L
8 M A 0.45 0.20 0.33 0.01 1.10 1.00 L A
9 M M 0.20 0.31 0.25 0.30 1.20 1.00 M M
10 L A 0.12 0.22 0.22 0.25 0.40 0.50 L A
11 I L 0.40 0.21 0.25 0.10 0.00 0.00 M A
12 M A 0.28 0.20 0.23 0.15 0.30 1.50 I A
13 M L 0.35 0.36 0.45 0.35 0.30 0.55 L A

Ptnt: patient. A: absent. L: light. M: moderate. I: intense.
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•  Thickness of the corneal layer: of thirteen pa-
tients, nine (69.23%) presented smaller thick-
ness in lesions treated with cryotherapy. Three 
of them (23.07%) presented smaller thickness in 
lesions that were not treated, whilst one (7.69%) 
presented similar thickness for the two lesions.

•  Thickness of elastosis: only twelve patients had 
actinic elastosis in the dermal layer. Out of these, 
fi ve (41.66%) presented less elastosis in the lesion 
which underwent cryotherapy and seven (58.33%) 
had less elastosis in the non-treated lesion.

•  Lymphocitary infi ltrate: out of thirteen patients, 
two (15.38%) did not have a lymphocitary infi l-
trate. Regarding the eleven patients that had it, 
nine (81.81%) presented a better degree of lym-
phocitary infi ltrate in lesions that were submit-
ted to treatment in comparison to the non-treated 
ones. Two patients (18.18%) presented the same 
degree of infi ltrate in both lesions.

DISCUSSION E CONCLUSION
Actinic keratoses are today one of the main and 

more constant skin lesions seen by dermatologists.4 
Between 40 and 65 years of age, it is the third most 
prevalent dermatologic disease. For those over 65 it is 
the fi rst one. Its prevalence may increase up to 80% 
in people over 70.3 Its onset is related with the sites 
of photoexposure, as its pathogenesis is initiated with 
exposure to UVB rays.1

The presence of multiple keratoses in photo-
exposed areas results in areas prone to formation of 
non-melanoma skin cancers, called fi eld cancerization. 
Thus, the importance of diagnosis and correct man-
agement of actinic keratoses has gained new strength 
and a new point of view.17 Latest research has shown 
the need for treatment of clinical lesions as well as of 
subclinical ones, for areas apparently without lesions 
may contain histopathological and genetic alterations 
that may evolve to malignization.10

TABLE 2: Percentage of cases for each analyzed criterium 

Criteria Percentage of cases with Percentage of cases with  im 
 provement after cryotherapy absent criterium

Atypia of keratinocytes  76.92  0
Thickness of epithelium  69.23  0
Thickness of cornea  69.23  0
Thickness of elastosis  33.93  7.69
Lymphocitary infi ltrate  69.23  15.38

A

C

B

D

FIGURE 1: 
Levels of atypia of keratinocytes: 
A. No atypia. B. Light atypia. C. 
Moderate atypia. D. Intense atypia
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Diagnosis of keratoses is basically clinical, and 
need for a biopsy is rare.3,9 However, some lesions 
may be very similar to squamous cell carcinomas. In 
a study, the clinical-histopathological correlation of 
lesions was 91%, suggesting that one in 25 lesions clin-
ically diagnosed as actinic keratosis was in fact initial 
SCCs in histological analysis.3 This can be seen in this 
study, since a case of a lesion clinically diagnosed as 
actinic keratosis was found which, in the histopatho-
logical analysis, revealed itself to be a squamous cell 
carcinoma in situ.

A study demonstrated cure of 67% of lesions 
treated with cryotherapy, analyzed three months lat-
er. In another study, freezing time varied between fi ve 
and twenty seconds, which may have infl uenced the 
cure rate of each lesion since with a freezing time of 
fi ve seconds the cure rate was 39%, whereas with a 
freezing time of twenty seconds the rate was 83%.3

In this study we observed that the involve-
ment of actinic keratosis does not predominate in any 
gender, being equally distributed between men and 
women. The age bracket variable presented old age, 
indicating that the disease is directly related to cumu-
lative exposure of skin to UV radiation. The most com-
mon site for lesions in photoexposed regions was in 
agreement with the data in literature. All patients in 
the study reported excessive sun exposure in the past 
without wearing sunscreen.

Clinical improvement of actinic keratoses is 
visible and perceived in routine practice of dermatol-
ogists (Figure 2). Application time of cryotherapy was 
determined based on literature, which indicates fi ve 
to ten seconds spraying is necessary for thin lesions.

This study showed great technical diffi culty 
in evaluating the same lesions before and after cryo-
therapic treatment, which would be ideal. Notwith-
standing, the majority of lesions was small and the 
infl ammation triggered during the cicatrization of an 
incisional biopsy could be a confounding factor in the 
analysis of histopathological symptoms. In addition to 
this diffi culty, there is still the possibility that the le-
sion treated initially, without previous biopsy, would 
present histopathological changes which would be 
characterized as SCC in situ or with signs of microin-
vasion, even presenting itself clinically as pre-malig-
nant. To circumvent this bias, the initial dermoscopic 
and clinical analysis was very thorough, in an attempt 
to choose two lesions as similar as possible. These im-
portant limitations were also partially minimized by 
positive results, for even if lesions were malignant, 
most of them presented regression in biopsy 30 days 
after cryotherapy.

A third bias was the fact that the evaluation and 
comparison of histological changes had been subjec-
tive, not blind and done by a single pathologist.

Of the fi ve established evaluation criteria, only 
one showed worsening in more than 50% of the stud-
ied cases, which was elastosis thickness. This points 
out that probably for this criterium other liquid nitro-
gen or applications with longer durations would be 
necessary. Keratin works as a thermal insulator, which 
may diminish the effect of cryotherapy in thicker le-
sions such as hypertrophic actinic keratoses. Thus, the 
association of cryotherapy with curettage or debride-
ment of lesion may be useful.

Treatment of pre-malignant lesions separately 
and in combination with the cancerization fi eld treat-
ment must be prioritized. Good suggestions of associ-
ation of treatments would be photodynamic therapy 
or 5-fl uorouracil for fi eld cancerization and ablative 
laser or cryotherapy for isolated lesions. For isolat-
ed lesions, cryotherapy is still one of the methods of 
choice due to its ease and wide experience of derma-
tologists with the technique.

Generally, in spite of the small number of pa-
tients, the results of the study were in accordance with 
data in the literature. These results allow us to assume 
that cryotherapy can be applied in isolated regions, clin-
ically diagnosed with actinic keratoses, causing a good 
response confi rmed by histological analysis with im-
provement of analyzed criteria, after one application.❑

FIGURE 2: Pre-treatment (A) and post-treatment (B)  le-
sions: lesion 1 submitted to cryotherapy and lesion 2 
submitted to biopsy

A

B
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