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ABSTRACT 

From a therapeutic point of view, keloids represent a clinical challenge. The high 
recurrence rate of the disease is one of the many obstacles involved. Keloids are 
induced by even the most minor skin trauma, and their etiopathogenesis is still only 
partially understood despite exhaustive studies. Keloid disease mostly affects 
people in their early adulthood. A number of different treatment strategies are 
currently available, which can be very confusing for the treating physician. There is 
also a lack of proper scientific data. To date, there seems to be a consensus that the 
first line of keloid treatment is triamcinolone (TAC) injections, when feasible. 
However, recent evidence and clinical findings suggest that up to half of keloid 
patients are resistant to this treatment. Also, a relatively high number of side 
effects, like skin atrophy and telangiectasias, have been reported after TAC 
treatments. Hence, the use of alternative treatment modalities, such as 5-flurouracil 
(5-FU), have been reported for keloids. In addition, the role of surgical excision 
with post-operative radiotherapy has increased in keloid treatment. 

Keloid patients, who attended Tampere University Hospital in 1996-2018, were 
studied retrospectively and prospectively.  At first, 43 patients with 50 keloids were 
enrolled to a randomized controlled trial comparing the efficacy and biological 
effects of TAC and 5-FU injections. Then, the collected biopsies were analyzed 
obtained from these 43 patients and assessed the histological effects of these 
injection on keloid tissue in vivo. Finally in the results of the keloids treated with 
surgery and radiotherapy in Tampere University hospital were assessed 
retrospectively. 

According this study, local adverse effects (telangiectasis, skinatrophy) seem to 
be more permanent than what has been presented previously.  No significant 
difference was found between the efficacy of TAC and 5-FU in the treatment of 
keloids, and both of these drugs can be used safely. However, according to this 
study, it seems that TAC injections result in greater local side effects, including skin 
atrophy and telangiectasia, than 5-FU. According a histological and 
immunohistological analysis, myofibroblasts play a crucial role in keloid formation, 
especially in keloids which respond to these (TAC, 5-FU) therapies. Finally, it 
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seems that the most effective method of keloid treatment is surgery and adjuvant 
radiotherapy, which may be considered as the first line therapy in adult patients. 
 
Keywords: keloid, triamcinolone, 5-fluorouracil, adverse effects, myofibroblasts, 
postoperative radiotherapy, randomized controlled trial, immunohistochemistry 
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TIIVISTELMÄ 

Keloidien hoito on edelleen haastavaa, vaikka lukuisia hoitomenetelmiä onkin 
esitetty. Keloidiarpi saattaa syntyä jopa minimaalisen ihon trauman seurauksena, 
eikä syytä keloidien esiintymiseen tiedetä. Keloidit voivat aiheuttaa potilaalle sekä 
toiminnallista että kosmeettista haittaa. Yleensä ne oireilevat kutinana ja kipuna. 
Keloidit syntyvät häiriintyneen haavan paranemisketjun seurauksena, mutta 
etiopatogeneesi on edelleen laajalti tuntematon, vaikka aiheesta on huomattavan 
paljon tutkimuksia. Keloidisairaus ilmenee yleensä nuoremmilla aikuisilla, joiden 
iho on vielä säilyttänyt kimmoisuutensa.  

Yleisesti ehkä käytetyin keloidien hoitomenetelmä on triamsinolonipistokset 
(TAC). Nykykäsityksen mukaan huomattava osa keloideista ei kuitenkaan reagoi 
toivotulla tavalla kortisonihoitoon. Näin ollen on tullut tarve harkita muita 
hoitovaihtoja kuten 5-fluorourasiili (5-FU) injektioita. Lisäksi triamsinolonihoidosta 
on raportoitu huomattavasti paikallisia haitta-vaikutuksia.   

Tässä väitöskirjatyössä tutkittiin Tampereen yliopistollisessa sairaalassa vuosina 
1996-2018 hoidettuja keloidipotilaita sekä retrospektiivisesti että prospektiivisesti. 
Ensimmäisessä osassa tehtiin 50 keloidin satunnaiskontrolloitu tutkimus, jonka 
seuranta aika oli 6 kuukautta. Tutkimuksen tarkoitus oli selvittää 5-FU hoidon 
roolia keloidien hoidossa sekä verrata sen tehoa TAC injektioihin. Tutkimuksessa 
käytettiin sekä kliinisiä että histologisia menetelmiä tulosten arvioimiseksi. 
Tutkimuksen toisessa osassa tutkittiin kirurgian ja siihen yhdistetyn sädehoidon 
tuloksia Taysissa retrospektiivisessä seurantatutkimuksessa.  

Tutkimuksessa todettiin, että TAC-hoidossa ilmenee kuitenkin todennäköisesti 
luultua enemmän paikallisia haittavaikutuksia, kuten ihoatrofiaa ja pintaverisuonten 
laajentumista. Lisäksi tutkimuksessa todettiin, että kortisonin aiheuttamat 
haittavaikutukset ovat aikaisemmin raportoitua pysyvämpiä muutoksia, jotka eivät 
todennäköisesti parane itsestään. Väitöstyön tulosten mukaan molemmat hoidot, 
TAC ja 5-FU, ovat yhtä tehokkaita keloidien hoidossa. Immunohistokemiallisissa 
analyyseissä todettiin, että myofibroblastit ovat tärkeässä roolissa keloidisairaudessa 
etenkin niissä keloideissa, jotka reagoivat suotuisasti 5-FU ja TAC-hoitoihin. 
Keloidien kirurginen hoito yhdistettynä toimenpiteen jälkeiseen sädehoitoon 
todettiin analysoidussa aineistossa tehokkaimmaksi hoidoksi, minkä vuoksi tätä 
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hoitomenetelmää tulisikin mahdollisesti harkita ensisijaisena hoitona etenkin 
aikuisilla keloidipotilailla. 
 
Avainsanat: keloidi, triamsinoloni, 5-fluorourasiili, haittavaikutus, myofibroblastit, 
postoperatiivinen sädehoito, satunnaiskontrolloitu tutkimus, immunohistokemia 
 



ix 

CONTENTS 

1 Introduction .......................................................................................................................... 15 
2 Review of the literature ....................................................................................................... 17 

2.1 Keloid definition and clinical characteristics ....................................................... 17 
2.2 Keloid prevalence and incidence .......................................................................... 19 
2.3 Keloid etiology and risk factors ............................................................................ 20 

2.3.1 Genetic hypothesis ............................................................................... 21 
2.3.2 Skin tension hypothesis ........................................................................ 21 
2.3.3 Other hypotheses on keloid formation ............................................. 22 

2.4 Pathophysiology of keloids .................................................................................... 22 
2.4.1 Normal wound healing ........................................................................ 22 
2.4.2 Abnormal wound healing in keloid pathogenesis ............................ 24 

2.5 Histopathology of keloids ...................................................................................... 27 
2.6 Hormone receptors in wound healing and their relation to keloids ............... 29 
2.7 Genes involved in keloid scarring ......................................................................... 32 
2.8 Treatment modalities in keloids ............................................................................ 34 

2.8.1 Triamcinolone (TAC) ........................................................................... 35 
2.8.1.1 Efficacy ................................................................................ 35 
2.8.1.2 Adverse effects ................................................................... 35 
2.8.1.3 Action pathways ................................................................. 36 

2.8.2 5-Fluorouracil (5-FU) ........................................................................... 37 
2.8.2.1 Efficacy ................................................................................ 38 
2.8.2.2 Adverse effects ................................................................... 39 
2.8.2.3 Action pathways ................................................................. 39 

2.8.3 Injection technique ............................................................................... 39 
2.8.4 Surgery and radiotherapy ..................................................................... 40 

2.8.4.1 Risk of carsinogenesis after radiotherapy ....................... 41 
3 Aims of the present study .................................................................................................. 43 
4 Materials and methods ........................................................................................................ 44 

4.1 Patients ...................................................................................................................... 44 
4.2 Patients and methods .............................................................................................. 44 

4.2.1 Clinical assessment ............................................................................... 46 
4.2.2 Demographics and the patients’ family history ................................ 46 
4.2.3 POSAS score ......................................................................................... 46 
4.2.4 Spectrocutometry .................................................................................. 47 
4.2.5 TAC and 5-FU injections .................................................................... 49 
4.2.6 Punch biopsies ...................................................................................... 50 
4.2.7 Pathological examinations ................................................................... 50 



x 

4.2.7.1 Immunohistochemistry ..................................................... 52 
4.2.7.2 Quantitative analysis of immunostaining and 

histochemical staining ....................................................... 53 
4.2.8 Statistical analysis ................................................................................. 54 

5 Results ................................................................................................................................... 55 
5.1 Comparison of TAC and 5-FU injections in keloid treatment 

(Studies I and II) ..................................................................................................... 55 
5.2 Side effects after TAC and 5- FU injections (Study I) ...................................... 58 
5.3 Surgery and radiotherapy (Study III) ................................................................... 58 
5.4 Prognostic factors of remission determined with clinical and 

histological markers (Study II) .............................................................................. 62 
5.5 Histological changes after TAC and 5-FU injection therapy (Studies 

I and II) .................................................................................................................... 67 
5.6 Biological changes in responding keloids with injection therapy in 

the keloid tissue (Study II) .................................................................................... 70 
6 Discussion ............................................................................................................................ 73 

6.1 Clinical outcomes and occurrence of side effects after TAC and 5-
FU injections in keloids ......................................................................................... 74 

6.2 Surgical excision and adjuvant radiotherapy in keloid treatment .................... 76 
6.3 Histopathology and immunohistochemical analysis of keloids 

treated with TAC and 5-FU .................................................................................. 77 
6.4 Strengths, limitations and future perspectives ................................................... 80 

7 Conclusions .......................................................................................................................... 82 
8 Acknowledgements ............................................................................................................. 83 
9 References ............................................................................................................................ 85 
 
 
 
 
 
 
 
 
 
 



xi 

ABBREVIATIONS 

AR  androgen receptor 
EBT                            electron beam radiotherapy 
CA                              clinical assessment 
CD31          cluster of differentiation 31 
CTGF                         connective tissue growth factor 
DHEA  dehydroepiandrosterone 
DHT  dihydrotestosterone 
EBT                            electron beam therapy 
ECM            extracellular matrix 
ER  estrogen receptor 
FGF                            fibroblast growth factor 
HE   hematoxylin & eosin staining 
HRT                            hormone-related therapy 
HTS                            hypertrophic scar 
IGF                             growth factor-I 
IFN                             interferon 
IHC             immunohistochemistry 
IL-6                             interleukin 
Ki-67  antigen Ki-67 
LED                            light emitting diodes 
MIF                             migration inhibitory factor 
NF-kb         nuclear factor-kb 
PDGF                         platelet-derived growth factor 
POSAS                        patient and observer scar assessment scale 
PR  progesterone receptor 
RCT            randomized controlled trial 
ROI                            region of interest 
TAC                           triamcinolone 
TGF                           transforming growth factor 
TMA           tissue microarray 



xii 

TNF                             tumor necrosis factor 
a-SMA   a-smooth muscle actin 
5-FU            5-fluorouracil 
 
 



xiii 

ORIGINAL PUBLICATIONS 

Publication I Hietanen K, Järvinen T, Huhtala H, Tolonen T, Kuokkanen H, 
Kaartinen I. Treatment of keloid scars with intralesional 
triamcinolone and 5-fluorouracil injections – a randomized 
controlled trial. Journal of plastic, reconstructive & aesthetic 
surgery 2019,74:4-11 

Publication II  Hietanen K, Järvinen T, Huhtala H, Tolonen T, Kaartinen I. 
Histopathology and immunohistochemical analysis of 5-
fluorouracil and triamcinolone treated keloids in double-blinded 
randomized controlled trial, Wound repair and regeneration 2020, 
28:385-399 

Publication III  Hietanen K, Wigren T, Kuokkanen H, Kaartinen I. Surgery 
combined with postoperative radiotherapy gives excellent results in 
keloid disease. Scandinavian Journal of Surgery, submitted 

 

 
  
 

 
 
 
  



xiv 

 
 
 
 
 



 

15 

1 INTRODUCTION 

Keloid scars are the result of an impaired wound healing process (A-lAttar et al., 
2006). While keloids are often very difficult to treat, it has been reported that up to 
11 million people are affected by them annually in the developed world alone  
(Shih et al., 2010). The etiopathogenesis of keloids is still poorly understood, even 
though the etiology is becoming clearer (Huang et al., 2019). The treatment of 
pathological scarring and keloid disease is very challenging, despite several available 
treatment modalities. There is currently no universal treatment protocol for keloids 
(Al-Attar et al., 2006). For decades, triamcinolone (TAC) has been the first line 
treatment modality for keloids, and its efficacy has been proven in many trials (Al-
Attar et al., 2006; Hollander, 1961). More recent studies have suggested that not 
every keloid patient benefits from TAC therapy (Ud-Din et al., 2013). Local side 
effects concerning the TAC therapy have been described in the literature (Al-Attar 
et al., 2006). Thus, new therapeutic options like 5-fluorouracil (5-FU) have been 
suggested for keloid treatment. Surgical excision and adjuvant radiotherapy are 
other options reported for keloid treatment (Hsueh et al., 2019). However, the 
individually optimized dosage and frequency of radiotherapy varies among clinics. 
When treating keloid patients with TAC, more skin atrophy, telangiectasia and 
TAC traces may have observed than expected. Additionally, the current literature 
available for keloid treatment may be confusing. For these reasons, this study was 
organized to study keloid treatment in Tampere University Hospital through a 
review of the results of the injection treatment and surgery with post-operative 
radiotherapy. A double-blind controlled trial was conducted to evaluate the efficacy 
and biological sequelae of TAC and 5-FU in keloid treatment. Further, the effects 
of these injectables were analyzed in vitro through histological and 
immunohistochemical tests.  

 
 
 
 
 



 

16 

 



 

17 

2 REVIEW OF THE LITERATURE 

2.1 Keloid definition and clinical characteristics 
 
The first written description of keloid scars is from the age of the pyramids in 
ancient Egypt (Al-Attar et al., 2006; Breasted, 1930). In 1806, Alibert coined the 
term ‘cheloid’ from the Greek word for ‘crab claw’ (Al-Attar et al., 2006; Alibert, 
1806). The first systematic review on the subject was published in 1961 by Cosman 
et al. (Al-Attar et al., 2006; Cosman et al., 1961). They described the keloid 
presentation, characteristics and treatment modalities. Later, Peacock et al. 
described the clinical differences between keloids and hypertrophic scars (Al-Attar 
et al., 2006; Peacock, Madden, Trier, 1970).  

Keloids are benign fibroproliferative tumors originating from even the most 
superficial trauma to the skin (Andrews et al., 2016). The occurrence of keloids  
without any skin trauma has also been reported(Jfri, Alajmi, 2018). Mustoe et al. 
have published a classification (Table 1) of clinical scars in the following categories: 
normal mature scar; immature scar; linear hypertrophic scars (HTS); widespread 
HTS; minor keloid; and major keloid (Mustoe et al., 2002).  
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Table 1.  Scar classification by Mustoe et al. 2002 

 
 
 Usually, major keloids are the most challenging clinical problem, because they 

are often highly resistant to any treatment (Mustoe et al., 2002; Shih et al., 2010). In 
the literature, pathologic scarring is more commonly divided into two separate 
entities: keloids and HTSs (Al-Attar et al., 2006) . Both keloids and HTSs are forms 
of pathological scarring resulting from an abnormal wound healing process (Köse 
et al., 2008).  In clinical work it is important to distinguish between these forms. In 
time, usually within one or two years, hypertrophic scars tend to regress without 
any treatment. In addition, HTSs do not extend beyond the border of the original 
wound site (Al-Attar et al., 2006; Köse et al., 2008). Keloids, on the other hand, do 
not show any tendency to regress without some form of treatment (Köse et al., 
2008). They penetrate through the normal dermis and spread over the original 
wound borders (Al-Attar et al., 2006) . Keloids tend to grow slowly and can occur 
years after the original trauma (Chike-Obi, Cole, Brisset, 2009). It may sometimes 
be difficult to distinguish between the histopathological and clinical features and 
differences between keloids and HTSs. They both exhibit an increased fibroblast 
density, but only keloid tissue presents increased fibroblast proliferation. Also, the 
collagen fibers in keloids are larger and thicker than in HTSs (Al-Attar et al., 2006; 
Nakaoka, Miyauchi, Miki, 1995).   
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Keloids can cause pain and itching, as well as functional and aesthetic problems, 
and in severe cases limited joint mobility (Chike-Obi, Cole, Brisset, 2009). Left 
untreated, they may cause substantial long-term morbidity and emotional distress 
(Davis, Feldman, McMichael, 2013; Nicholas et al., 2012). The size of the keloid 
does not usually correlate with the size of the original trauma, as even a minor 
injury can cause a major keloid (Robles, Berg, 2007). After surgical excision, with 
no adjuvant therapy keloids will most probably recur or grow even larger than the 
original keloid  (Andrews et al., 2016).  

 

 
Figure 1.  Definition of keloids and HTSs 

 
 

2.2 Keloid prevalence and incidence 
 
The precise incidence of keloids across the world is unknown. In 2000, it was 
reported that in the developed world alone, approximately 11 million people 
developed keloids annually. However, this keloid prevalence is only a rough 
estimation  (Shih et al., 2010).  Keloids are unique to humans and do not occur in 
other species  (Andrews et al., 2016). They may occur at any age, but abnormal 
scarring very rarely concerns elderly patients, whose skin usually has very little 
tension due to the loss of skin elasticity  (Al-Attar et al., 2006; Marneros, Norris, 
Watanabe, 2004; Peacock, Madden, Trier, 1970). The incidence of keloids is higher 
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in darker skinned individuals. It has been estimated that keloid incidence is 15-20% 
in African, Hispanic and Asian people, and less common in Caucasians. There are 
no reported cases in patients with albinism (Al-Attar et al., 2006; Andrews et al., 
2016; Gauglitz et al., 2011). It has been stated that keloids are the most common 
skin disease among ethnic Chinese patients in Asia (Halim et al., 2012). According 
to published data, the incidence of keloids after ear piercing has been as high as 
2.5% (Ogawa et al., 2013). There is no significant difference in the incidence 
between genders (Chike-Obi, Cole, Brisset, 2009; Gauglitz et al., 2011). Specific 
data on keloid occurrence in Finland is not known. 

2.3 Keloid etiology and risk factors 
 
Keloids may occur after any trauma to the skin. Besides direct traumatic injuries, 
surgical procedures or burns to the skin can also induce keloid formation. The 
initiating cause can be an underlying skin disease, such as acne or folliculitis  
(Chike-Obi, Cole, Brisset, 2009).  Also very minor trauma, such as insect bites or 
medical injections, have been linked to keloid formation (O´Sullivan, 
O´Shaughnessy, O´Connor, 1996; Shih et al., 2010). Nevertheless, it has been 
stated that trauma to the skin is a necessary factor for the development of keloids  
(Andrews et al., 2016). On the other hand, spontaneous keloid formation has also 
been reported in the literature (Jfri, Alajmi, 2018). These spontaneous keloids are 
usually diagnosed clinically and based on anamnestic information. Thus, they may 
also be triggered by minimal trauma, or inflammation that causes skin trauma (Jfri, 
Alajmi, 2018). A strong genetic relation and a syndromic association are also linked 
to spontaneous keloids, both of which, however, are very rare (Jfri, Alajmi, 2018). 

The etiopathogenesis of keloid scarring has been poorly understood to date. 
There are several different hypotheses about keloid formation. Recent publications 
have suggested that a number of factors are needed for extensive pathological 
scarring. The most important etiopathogenic factors are presented in Figure 2. 
(Shih et al., 2009).  
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Figure 2.  Environmental and genetic factors are related to keloid formation (Shih et al. 2009). 

2.3.1 Genetic hypothesis  
 
It has been suggested that keloids occur only in genetically susceptible individuals  
(Halim et al., 2012). The hypothesis of genetic formation is related to the multiple 
and severe keloid formation in the members of the same family. Although many 
cases occur sporadically, a positive family history is not an uncommon factor 
(Robles, Berg, 2007). More recently, keloid formation has been linked to even 
more multiple epigenetic mechanisms, such as DNA methylation, which alters the 
structure of the DNA and affects the shape cell division and phenotype (He et al., 
2017; Tsai, Ogawa, 2019). Likewise, non-coding RNA, which alters the cell 
phenotype, is presented as a part of keloid formation (Szyf, 2015). These epigenetic 
mechanisms shape the gene expression by means of environmental factors (Tsai, 
Ogawa, 2019). 

2.3.2 Skin tension hypothesis  
 
It is generally reported that keloids form in areas of high skin tension and 
mechanical stress, like chest, shoulders, upper back and neck. It has been stated 
that mechanical tension activates the keloid fibroblast formation and collagen 
synthesis (Al-Attar et al., 2006).  Keloids almost never form in areas where the skin 
has tight attachments to the underlying structures, such as scalp, anterior legs, or 
volar surfaces of the hands and feet (Ogawa, 2010). However, this association with 
skin tension is partially contradictory, as keloids also appear in areas with no 
tension, like earlobes (Halim et al., 2012; Ogawa et al., 2013; Robles, Berg, 2007).  
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Nevertheless, generally the most important risk factor of keloid formation is the 
high mechanical tension in the traumatic site. Thus, it is essential that skin tension 
is taken into consideration when planning surgical procedures. 
   

2.3.3 Other hypotheses on keloid formation 
 
Keloids are also related to wound infections, foreign body reactions and pregnancy  
(Chike-Obi, Cole, Brisset, 2009; Ogawa et al., 2010; Robles, Berg, 2007; Wolfram, 
Tzankov, 2009). The systemic factors of adolescence are also associated with 
keloids (Tsai, Ogawa, 2019). Other factors linked to keloids include delayed wound 
healing and deep wound depth, which can promote skin tension and stretching in 
the traumatic site (Tsai, Ogawa, 2019). Keloid formation may also have some 
relation to immune dysfunction, sebum reaction and endocrine factors (Al-Attar et 
al., 2006; Wolfram, Tzankov, 2009). Sebum reaction is partially related to keloid 
formation because of the common anatomical location in question. It seems that 
keloids and sebaceous glands are presented in the same anatomical locations, such 
as chest and shoulders (Al-Attar et al., 2006). Finally, keloids seem to have some 
association with hypertension (Tsai, Ogawa, 2019). According to one theory, 
hypertension induces straining on the existing and newly forming blood vessels in 
keloids, promoting their vasodilation and exacerbating the chronic inflammation 
(Ogawa, Akaishi, 2016).  

2.4 Pathophysiology of keloids 
 
Regardless of the main trigger of the excessive scarring process, keloid formation is 
the result of an abnormal wound healing process, especially one in which the 
healing process does not stop as normal and the cell proliferation continues 
(Butler, Longaker, Yang, 2008; Shih et al., 2010).  

2.4.1 Normal wound healing 
 
The wound healing process can be divided into three distinct phases: the 
inflammatory, proliferative and the scar maturation phase (Gauglitz et al., 2011; 
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Shih et al., 2010). These three phases include multiple stages of wound healing: 
hemostasis, neovascularization, fibroplasia, contraction and remodeling. The 
inflammatory phase consists of the hemostatic and inflammation processes. 
(Gauglitz et al., 2011).  

Hemostasis is the first response to tissue injury, which aims to stop any blood 
loss by plugging the wound by means of vasoconstriction and blood clot formation  
(Shih et al., 2010) . Blood clots consist of fibrin and extracellular matrix (ECM) 
proteins, such as fibronectin, vitronectin and thrombospondin. Fibrin further binds 
platelets, collecting them to the subendothelium (Shih et al., 2010). Fibrin is 
likewise associated with integrin CD11b/CD18, which binds monocytes and 
neutrophils during the inflammatory phase and is able to bind the fibroblast 
growth factor-2 (FGF-2) and the vascular endothelial growth factor (VEGF) 
during the process of neovascularization, as well as the insulin-like growth factor-I 
(IGF-I) in the stromal cells (Shih et al., 2010) . After the blood clot formation, the 
elimination of fibrin and the activation of the complement system take place. At 
the same time, chemotactic agents and cytokines are released, which further recruit 
immune cells and initiate the inflammatory phase (Baum, 2005; Shih et al., 2010).  

After the hemostasis, neutrophils appear to eliminate microbes (Shih et al., 
2010) . Monocytes also arrive at the wound bed and induce the activation of 
macrophages during the inflammation phase. These macrophages may act both to 
aid the phagocytosis of the remaining cell debris and new tissue formation. In 
addition, macrophages secrete numerous growth factors and cytokines that 
function upon the fibroblasts, endothelial cells and keratinocytes, including the 
platelet-derived growth factor (PDGF); transforming growth factor (TGF-a); 
TGF-b; FGF-2; VEGF; and IGF-I (Hart, 2002; Shih et al., 2010). These factors 
promote the initiation of the proliferation phase. Thus, the processes of re-
epithelialization, neovascularization and granulation tissue formation may occur in 
the wound bed (Shih et al., 2010).   

The first visible mark of the proliferation phase is re-epithelialization, which is 
characterized by the migration and proliferation of keratinocytes from the 
epidermis at the wound edge. This phenomenon usually occurs 1-2 days after the 
injury (Shih et al., 2010). The proliferation phase is also linked to 
neovascularization, collagen deposition, granulation tissue formation and wound 
contraction (Shih et al., 2010). During this step, the fibroblasts proliferate and form 
a new ECM. The ECM provides structural support for the cells of the connective 
tissue. During the proliferation phase, the fibroblasts in the wound differentiate 
into myofibroblasts, which express a-SMA (Shih et al., 2010).   
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Finally, the maturation phase begins approximately two weeks after the initial 
injury. The maturation of the scars results in the replacement of the disorganized 
type III collagen with type I collagen. This process can take from a few months to 
years (Shih et al., 2010). During the maturation phase, the new matrix is turned 
over by enzymes, such as collagenases and elastases. This process continues until a 
stable state is reached and the dermal defect has been reconstructed. Hence, the 
remodeling of the ECM is the main phase in scar maturation (Shih et al., 2010).  In 
the course of these phenomena, immature type III collagen is replaced by mature 
type I collagen. During the remodeling phase, the predominance of type III 
collagen in the ECM is finally converted into type I collagen, which improves the 
strength of the scar (Shih et al., 2010).  Apoptosis is another essential event during 
the wound healing process. After each event, the cell populations, including 
inflammatory cells, need to be removed from the wound bed. Ultimately, the 
mature scar is relatively acellular and avascular (Greenhalgh, 1998; Shih et al., 
2010).  

 
 

 
Figure 3.  Normal wound healing process 

2.4.2 Abnormal wound healing in keloid pathogenesis 
 

According to the literature, keloid formation is often proposed to be the result 
of a prolonged proliferative and delayed remodeling phase (Al-Attar et al., 2006). It 
has been presented that one of the main reasons for keloid formation is the 
production of an abnormal growth factor (TGF-b, PDGF)  during the proliferative 
phase of the wound healing process. Collagen synthesis is also increased in the 
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keloid tissue. It seems that the keloid fibroblasts are more sensitive to these growth 
factors, which in turn stimulate the cell production (Al-Attar et al., 2006). Growth 
factors affect the ECM formation, and it seems that the keloid ECM is abnormal 
with increased levels of fibronectin, some proteoglycans and hyaluronic acid. There 
are three theories to explain the abnormal growth factor functions: keloid 
keratinocytes induce the keloid phenotype in fibroblasts; the proliferative pathways 
become activated in fetal cells; and keloid tissue hypoxia can stimulate angiogenic 
growth factors (Al-Attar et al., 2006).  

 One theory of keloid formation is that the fibroblasts present an abnormal 
response to the inflammation (Shih et al., 2010). The persistent inflammation in the 
wound leads to chronic fibroblast activity and prevents scar maturation (Tsai, 
Ogawa, 2019). Many growth factors, cytokines and the ECM, which are associated 
with the inflammatory phase, are related to the regulation of cellular proliferation 
and fibrosis. Thus, it has been suggested that a dysregulated inflammatory phase 
may play a crucial role in keloid formation (Elias et al., 1990; Shih et al., 2010).  
Keloids are characterized by an abnormal ECM, and the levels of fibronectin, type 
I collagen and elastin are reported to be elevated in the deep dermis (Shih et al., 
2010). Increased levels of hyaluronic acid have been reported in keloid tissue 
(Alaish et al., 1995; Meyer et al., 2000; Shih et al., 2010). This may be related to the 
higher expression during the initial inflammatory phase of the keloid formation 
process (Shih et al., 2010). Mast cells in the skin secrete many chemokines, which 
respond to the injury during the inflammatory phase (Andrews et al., 2016).  This 
mast cell density is often elevated in the keloid tissue. The degranulation of these 
cells results in a release of histamine and heparin to the vascular endothelial cell 
proliferation. This, in turn, causes pruritus, which is often associated with keloids  
(Andrews et al., 2016; Chen et al., 2009). The high levels of mast cells produce 
chemokine levels that have been found in the keloid tissue. These further promote 
the fibroblast proliferation and collagen synthesis via the TGF-b activation and 
SMAD signaling induction (Andrews et al., 2016; Dong et al., 2014). In addition, 
other authors suggest that the fibroblast-like cells found in keloids may be 
multipotent cells that constantly remain at the proliferative state (Moon et al., 2008; 
Shih et al., 2010). It seems that also keratinocytes are also involved in the keloid 
formation process (Meyer et al., 2000; Shih et al., 2010). Keratinocytes derived 
from the keloid tissue have been shown to induce keloid-like actions in normal 
fibroblasts. Furthermore, co-culturing keratinocytes and fibroblasts seemed to 
increase the proliferation rates in both normal and keloid-derived fibroblasts 
(Andrews et al., 2016; Lim et al., 2001).   
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One of the main events during the proliferation phase is neovascularization, 
which stimulates the formation of granulation tissue as well as the supply of 
oxygen and nutrients to the wound site (Shih et al., 2010). A very active 
neovascularization has been linked to keloid disease. Likewise, the VEGF plays a 
crucial role in neoangiogenesis, and it may be upregulated in keloid scars, 
compared to scars that heal normally  (Gira et al., 2004; Shih et al., 2010). The 
connective tissue growth factor (CTGF) takes part in the proliferation phase. This 
factor is produced by fibroblasts and associated with re-epithelialization, 
granulation tissue formation, ECM production and remodelling (Igarashi et al., 
1993; Shih et al., 2010). Increased levels of CTGF have been reported in the basal 
layer of the keloid epidermis and the keloid tissue extract (Khoo et al., 2006). Gene 
expression levels for CTGF has also been stated to be upregulated in keloid 
fibroblasts (Smith et al., 2008). However, the CTGF seems to modulate the TGF-b 
signaling (Abreu et al., 2002). TGF-b, in turn, is associated with several biological 
actions, such as inhibition of the inflammatory cells in the proteolytic environment; 
induction of keratinocyte migration; inhibition of keratinocyte proliferation; 
angiogenesis; myofibroblast transformation; promotion of collagen production by 
fibroblasts; and the formation of granulation tissue (Faler et al., 2006). It has been 
described that TGF-b is overproduced in the keloid tissue (Fujiwara, Muragaki,  
Ooshima, 2005). Thus, the extra collagen in the keloid tissue may be the result of 
the overexpression of TGF-b, which also decreases collagen degradation (Shih et 
al., 2010).   

Interferon -g (IFN-g) has been associated with the inhibition of the fibroblast 
proliferation and the production of ECM macromolecules during normal wound 
healing (Adelmann-Grill et al., 1987). IFN-g downregulates collagen synthesis by 
reducing the mRNA levels of types I, II and III of procollagen, and thus 
amplifying the collagen synthesis  (Jimenez, Freundlich, Rosenboom, 1984; Shih et 
al., 2010).  It has been reported that the production of IFN-g is remarkably reduced 
in keloid patients. This may explain the reduced ECM degradation in keloid tissue 
(McCauley et al., 1992; Shih et al., 2010). Additionally, keloid fibroblasts appear to 
exhibit a decreased capacity for fibrinolysis (Tuan, 1998). Excessive scar formation 
in keloids may also be a result of reduced apoptosis; further extra fibroblast 
activities may cause an imbalance between the collagen synthesis and degradation 
(Luo et al., 2001) . It has been reported that keloids have lower rates of apoptosis 
(22% decrease) than normal skin. Keloid fibroblasts have also been found to be 
refractory to apoptosis, which may be partially due to the decreased expression of 
the genes associated with apoptosis (Chodon et al., 2000; Messadi et al., 1999; Shih 
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et al., 2010). Some caspases, which are a group of cysteine proteases involved in 
apoptosis, have also been studied in relation with keloid disease (Akasaka et al., 
2000; Shih et al., 2010). Previously, the Bcl-12 family of proteins and p53 tumor 
suppressor gene have been under investigation in keloid formation (Shih et al., 
2010).  

It seems that keloid pathogenesis is still partially unclear, despite recent 
advanced studies. There are several theories regarding keloid pathogenesis. One 
great challenge in keloid research is the lack of animal models in vivo, as human is 
the only mammal related to keloid formation (Andrews et al., 2015). However, it 
seems that there are a number of events, transcripts and proteins, which are 
involved keloid formation. Additionally, recent knowledge of the molecular 
pathophysiology of keloids suggests that several steps in the whole wound healing 
process are replicated in the process of keloid formation. Recent keloid research, 
especially relating to epigenetics, has a strong link to genetic studies. 

 

 
Figure 4.  Excessive scarring in wound healing 

2.5 Histopathology of keloids 
 
The diagnosis of keloid disease is mostly clinical. Sometimes in clinical work, it may 
be reasonable to take a punch biopsy for correct diagnosis. The histopathological 
sampling is usually used to rule out malignant disorders. Keloids are 
microscopically benign hyperproliferative dermal fibroblasts tumors, characterized 
by the excessive deposition of ECM components, including collagen, fibronectin, 
elastin, proteoglycans and growth factors (Halim et al., 2012).  The most common 
histological distinction between keloids and HTS is made based on the differences 
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in the structure of collagen (Table 2). Keloids have multiple thick eosinophilic 
collagen bundles and dermal nodules, whereas HTS have only dermal nodules 
(Tsai, Ogawa, 2019). 

In histological analysis, compared to normal scar tissue, keloids have a similar 
epidermal layer, decreased vasculature, and increased cellular density, which is 
manifested by a thickened dermis and inflammatory cell infiltration (Aitiyeh et al., 
2008; Tanaka, Hatoko, Tada, 2004) . Subepidermal structures, such as the 
sebaceous glands and rete ridges, are sometimes absent in keloids, but also in 
normal scars (Ehrlich et al., 1994; Köse, Waseem, 2008).  Large, thick collagen 
bundles and numerous thin fibrils are side by side, closely under the epidermis of 
the keloid dermis (Ehrlich et al., 1994; Köse, Waseem, 2008). Hence, the keloid 
epidermis is usually thin due to the compaction of collagen bundles.  Otherwise, 
they appear morphologically normal (Ehrlich et al., 1994; Köse, Waseem, 2008). 
Previous studies describe that keloid lesions can be histologically distinguished 
from hypertrophic scars in that only keloids have a minimal amount of 
myofibroblasts (Andrews et al., 2016; Gauglitz et al., 2011; Köse, Waseem, 2008). 
However, recent literature suggests that myofibroblasts play a role in keloid 
pathogenesis (Andrews et al., 2016; Luo et al., 2013). Har-Shai et al. reported the 
presence of cell markers of activated myofibroblast in keloid tissue (Har-Shai et al., 
2011). Other studies have demonstrated the presence of a-smooth muscle actin 
(a-SMA) positive myofibroblasts in keloid tissue (Andrews et al., 2016; Luo et al., 
2013; Nirodi et al., 2000). Hyaluronic acid is mainly found in the thickened 
granular and spinous layers of the epidermis in keloid tissue, which clearly makes it 
a minor component of the papillary dermis of keloids (Bertheim, 1994; Köse, 
Waseem, 2008). Under electron microscopy, the fibroblasts in keloid tissue contain 
collagen, organized into thick fibers that are separated from the surface membrane 
of the cell – structures which are absent in the normal dermis (Ehrlich HP et al., 
1994; Köse, Waseem, 2008). Fibroblasts are responsible for ECM production and 
essential for keloid formation (Köse, Waseem, 2008). The center of keloid tissue 
contains relatively fewer cells than hypertrophic scars or normal skin (Köse, 
Waseem, 2008). However, keloid fibroblasts produce high levels of collagen and 
fibronectin, so their response to metabolic modulation is similar to normal 
fibroblasts in the tissue (Köse, Waseem, 2008; Tuan 1998) . Keloid tissue is mostly 
characterized by disorganized type I and III collagen (Köse, Waseem, 2008). Mast 
cells are also increased in number in fibrotic conditions, like normal wound healing 
and keloid formation (Köse, Waseem, 2008). Therefore, mast cells may play a 
crucial role in the pathologic scarring processes, including keloid formation (Beer, 
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1998; Köse, Waseem, 2008). Elastic fibers are present in large amounts in normal 
skin. There is no difference in the fibrillin-1 volume density measured in the 
superficial and deep dermis of keloids, but the elastin volume density in the 
superficial dermis is usually higher in normal skin than keloids (Amadeu, Braune, 
Porto, 2004). In the deep dermis, elastin volume density is even higher in keloids 
than HTS (Amadeu, Braune, Porto, 2004; Köse, Waseem, 2008).  

 
Table 2.  Molecular differences between HTS and keloids (Köse, Waseem, 2008) 

 
 

 
 

2.6 Hormone receptors in wound healing and their relation to 
keloids 

 
Previous studies suggest that sex steroid hormones have an effect on the wound 
healing process (Gilliver, Ashworth, Ashford, 2007). These hormones are 
synthesized in the suprarenal cortex and released into the bloodstream in large 
quantities in response to the adrenocorticotropic hormone (Arvat, Di Vito, 
Lanfranco, 2000; Gilliver, Ashworth, Ashford, 2007). The sex steroid precursor, 
dehydroepiandrosterone (DHEA), serves as a reservoir for the peripheral 
biosynthesis of androgenic and estrogenic effectors, which include 5a-
dihydrotestosterone (DHT) and 17b-estradiol (Gilliver, Ashworth, Ashford, 2007). 
Studies on age-related impaired wound healing indicate that these sex steroid 
hormones may have an effect on the inflammatory response in vivo (Gilliver, 
Ashworth, Ashford, 2007).   

Estrogen has been described to influence cutaneous wound healing in many 
ways. Firstly, it modulates the inflammatory response; secondly, it influences the 
cytokine expression; and thirdly, it has been related to the matrix deposition  
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(Ashcroft et al., 1997; Ashcroft et al., 1999; Gilliver, Ashworth, Ashford, 2007).  
Estrogen also has an effect on re-epithelialization; angiogenesis stimulation; wound 
contraction; and proteolysis regulation (Ashcroft et al., 1997; Ashcroft et al., 1999; 
Gilliver, Ashworth, Ashford, 2007). Reports of estrogen deprivation in 
ovariectomized female mice demonstrate impaired wound healing associated with 
increased inflammation, delayed re-epithelialization, increased wound sizes and a 
decreased collagen deposition (Ashcroft et al., 1997; Ashcroft et al., 1999; Gilliver, 
Ashworth, Ashford, 2007). It seems that estrogen prevents the local inflammatory 
response by reducing infiltration in inflammatory cells and inhibiting 
proinflammatory cytokine production (Ashcroft et al., 1999; Ashcroft et al., 2003; 
Mills et al., 2005). Additionally, it has been proposed that estrogen downregulates 
the macrophage migration inhibitory factor (MIF) and tumor necrosis a (TNF-a) 
expression in monocytes. This, in turn, reduces inflammation and enhances the 
matrix deposition with interfering wound repair (Ashcroft et al., 2003; Gilliver, 
Ashworth, Ashford, 2007). Previous studies of MIF in the wound healing process 
have found it to be a master regulator of estrogen-modulated inflammatory 
response in vivo (Gilliver, Ashworth, Ashford, 2007; Hardman et al., 2005). Some 
reports also suggest that estrogen has a mitogenetic effect on keratinocytes, which 
in turn increase the rate of re-epithelialization during the wound healing process  
(Ashcroft et al., 1997; Ashcroft, Yang, Glick, 1999). Ashcroft et al. have proposed 
that estrogen increases the secretion of TGF-b1 by dermal fibroblasts (Ashcroft et 
al., 1997). TGF-b1 is commonly related to the wound healing process by, for 
example, inducing and inhibiting the synthesis and degradation of ECM. It also 
stimulates collagen deposition and the formation of the granulation tissue (Beck et 
al., 1993; Gilliver, Ashworth, Ashford, 2007; Grande JP, 1997).  Ashcroft et al. 
published their results on postmenopausal women who had never had hormone-
related therapy (HRT) and reported delayed re-epithelialization compared to 
women who had had HRT (Ashcroft et al., 1997). In older people of both genders, 
the topical application of estrogen significantly reduced the wound size by 
stimulating the wound contraction and increasing the rate of re-epithelialization 
(Ashcroft, Yang, Glick, 1999; Gilliver, Ashworth, Ashford, 2007).    

In addition, the sex steroid precursor DHEA has been associated with acute 
wound healing (Gilliver, Ashworth, Ashford, 2007). In animal models, the 
subcutaneous use of DHEA has been shown to prevent extending postburn 
ischemic tissue (Araneo et al., 1995; Mills et al., 2005). DHEA was reported to 
inhibit the local inflammatory response by decreasing the macrophage and 
neutrophil populations, and reducing the levels of the proinflammatory cytokines 
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TNF-a, interleukin (IL-6), and MIF. DHEA is also related to increased collagen 
deposition (Mills et al., 2005). It has been found, not only in the literature but also 
in clinical work, that acute wound healing is delayed in elderly people. This has 
been suggested to be related to the circulating DHEA levels in the animal and 
human models (Ballas, 2001; Gray et al., 1991; Holt et al., 1992). For example, 
decreased serum DHEA levels may induce venous ulcerations in elderly people 
(Mills et al., 2005).  

 
It has been hypothesized that male sex could be a risk factor causing delayed 

healing in chronic wounds, because androgens may have some inhibitory effect on 
wound healing (Gilliver et al., 2002). The androgen receptor (AR) localizes the 
inflammatory cells, fibroblasts, and epidermal keratinocytes in acute wounds, and 
may also play role in the regulation of the inflammatory processes, fibroblast 
function and re-epithelialization (Ashford, 2002; Gilliver, Ashworth, Ashford, 
2007). Animal models suggest that the AR may prevent acute wound inflammation 
by modulating TNF-a pathway.  In vitro studies have provided further evidence 
that androgens modulate specific inflammatory responses, for example 
testosterone, and increase the expression by murine lipopolysaccharide-activated 
macrophages of TNF-a (Ashcroft, Mills, 2002; Kurokouchi et al., 1998; Yao et al., 
1997). Clinical trials in vivo have also showed that an elevated serum testosterone 
level correlates with delayed wound healing in elderly men (Ashcroft, Mills, 2002). 
In other studies, the AR levels increased in keloid scars, compared with both 
normal scar tissue and uninjured normal skin (Ford, King, Lagasse, 1983; Gilliver, 
Ashworth, Ashford, 2007; Schierle, Scholz, Lemperle, 1997).  

However, as early as in 1935, Geschikter and Lewis suggested a connection 
between the steroid receptor and keloid formation (Geschickter, 1935; Schierle, 
Scholz, Lemperle, 1997).  Some studies have also proposed high 
dihydrotestosterone levels in keloid tissue and further antiandrogens as factors that 
affect keloid growth (Schierle, Scholz, Lemperle, 1997). 

 Additionally, in theory and in clinical practice, keloid incidence or disease 
severity have been reported to increase during pregnancy, in post-puberty and in 
adolescence (Tsai, Ogawa, 2019). Pregnancy aggravates keloids, which may be 
related the vasodilatory effect of estrogen. This may promote the movement of 
immune factors and cells into the wound site, and induce local inflammation 
(Ogawa, Akaishi, 2016; Tsai, Ogawa, 2019). Hence, future research should explore 
the potential roles of hormonal factors in pathological dermal scarring (Brown, 
2009). According to previous studies, sex hormones definitely play a role of 
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regulating the cutaneous wound healing. They may also be used to therapeutic 
interventions in keloid disease (Schierle, Scholz, Lemperle, 1997).   

2.7 Genes involved in keloid scarring 
 
A strong genetic component has been related to keloid disease (Halim et al., 2012). 
Multiple lesions are also commonly found in individuals who have a strong family 
history of keloids (Bayat et al., 2005; Brown, 2009). However, so far no single 
keloid causing gene has been identified (Brown, 2009). Numerous genes have been 
reported, along with the potential linkage to regions in different chromosomes, 
such as 7p11 and 2q23 (Andrews et al., 2016; Shih, Bayat, 2010). However, the 
phenotypic presentations and scar severity vary among families, and it seems that 
keloid disease appears to be a complex oligogenic condition rather than a single 
monogenic Mendelian disorder (Andrews et al., 2016; Brown, 2009). It is critical to 
identify genetically susceptible individuals, because the most important treatment 
modality is prevention; unnecessary surgery must be avoided, especially for these 
people (Brown, 2009). There are some very rare congenital syndromes, including 
Ehler-Danlos syndrome, associated with familial keloids while  spontaneous 
keloids are also related to some syndromic disorders, such as Rubinstein-Taybi 
syndrome (Brown, 2009; Hendrix, 1996; Jfri, Alajmi, 2018).  

There are several linkage analyses of keloid disease published in the literature. 
The aim of these studies is to identify the gene locus of the keloid. Marneros et al. 
studied whole genome-wide scans of an African-American family and a Japanese 
family  (Marneros, Norris, Watanabe, 2004). They reported a linkage to 
chromosome 7p11 with a likelihood ratio (LOD) score of 3.16 in the African-
American families, while the Japanese families were linked to chromosome 2q23 
(LOD score 3.01)  (Marneros, Norris, Watanabe, 2004). However, Chen et al. did 
not find the keloid susceptibility loci of chromosome 7p11 in the Chinese Han 
pedigree, and suggested that the heterogeneity of the keloid disease and the 
different etiologies are likely to be present in different ethnic populations (Chen , 
Gao, Liu, 2006). Yan et al. also studied the Chinese Han population and concluded 
that 18q21.1 might be associated with the keloid susceptibility locus. Furthermore, 
they stated that the SMAD genes, SMAD2, SMAD4, SMAD7, are located in this 
genomic region (Yan et al., 2007).   

Several gene expression studies have been published to examine the patterns of 
keloid tissue and normal tissue-derived fibroblasts. Microarray analyses of gene 
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expression are used to identify the altered regulation of large numbers of genes  
(Brown, 2009). There are several published studies, which compare gene 
expression patterns in cultured fibroblasts in keloids and normal skin (Chen et al, 
2004; Chu et al., 2008; Dasu et al., 2004;  Hu et al., 2006; Luo et al., 2007; Na et al., 
2004; Sadick et al., 2008; Satish et al., 2006). On the other hand, the results are 
contradictory, because all of these studies have proposed different gene 
expressions in the genes involved in fibrosis, when comparing keloid tissue and 
normal skin-derived fibroblasts (Brown, 2009). Overall, many of these studies 
suggest that there are multiple fibrosis-related pathways associated with keloid 
pathogenesis. 

Also several case-control association studies have been published on the 
subject. TGF-b1, TGF-b2, TGF-b3, TGF -bR, SMAD3, SMAD6 and SMAD7 
genes have been associated with keloid disease (Bayat et al., 2002; Bayat et al., 2003; 
Bayat et al., 2004; Bayat et al., 2005; Brown et al., 2008; Lu et al., 2008). However, 
none of the studies involving the TGF-b and TGF-b receptor gene families have 
demonstrated a statistically significant positive association with keloid disease 
(Brown, 2009). According to the literature, TGF-b is a multifunctional growth 
factor related with the regulation of immune cell function, epithelial cell growth 
and ECM deposition (Brown, 2009). Excessive scarring and fibrosis are also 
strongly associated with the overproduction of TGF-b (Brown, 2009).   

A number of studies have also investigated the immunogenetics of keloid 
disease. Santucci et al. investigated immunophenotypical profiles in keloid disease 
and the presence of immune cell infiltrates in keloid scars and reported elevated 
levels of HLA-DR and CD1a molecules in the keloid tissue compared to normal 
tissue (Brown, 2009; Chin et al., 2006; Santucci et al., 2001).   

More recently, epigenetic factors have also been linked to keloid pathogenesis. 
These epigenetic mechanisms include non-coding RNAs and DNA methylation 
(Tsai, Ogawa, 2019). Non-coding RNA is RNA which is not translated into a 
protein. Non-coding RNAs may participate in keloid formation because keloids 
and keloid fibroblasts express miRNAs and IncRNA at different levels compared 
to tissue fibroblasts (Yu et al., 2015; Tsai, Ogawa, 2019). On the other hand, DNA 
methylation is the most common form of epigenetic relation (Tsai, Ogawa, 2019). 
This increased hypermethylation blocks genes while they are stimulated by 
hypomethylation (Tsai, Ogawa, 2019). It has been proposed that DNA methylation 
may induce fibroblast differentiation and tissue fibrosis (Hinz et al., 2012). An 
epigenetic mechanism may be the reason why gene mutation analyses have not 
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been able to prove the definitive mechanisms that underlie the pathogenesis of 
keloids (Jones et al., 2017; Tsai, Ogawa, 2019). 

Most of the published gene expression studies are based on fibroblast cultures. 
Hence, their results demonstrate the in vitro biological and genetic phenomena 
occurring in the wound. Published data suggest a genetic susceptibility, and the 
ability to assess a potential genetic risk for dermal fibrosis may will reveal more 
personalized management strategies (Brown, 2009). In addition, several genetic 
pathways have been discovered in keloid pathogenesis, so it is likely that different 
keloids have different combinations of genetic variations, such as different 
mutations of the same gene or mutations in different sets of genes (Shih, Bayat, 
2010). In general, genetic relations only partially explain the cellular changes that 
induce keloid formation.    

2.8 Treatment modalities in keloids 
 
Keloid management is difficult and sometimes very frustrating not only to patients 
but clinicians, too. Due to the high recurrence rate of keloids, their treatment 
remains a real challenge (Ud-Din et al., 2013). There are numerous reported 
treatment modalities, including surgical excision; radiation therapy; steroid 
injections; 5-fluorouracil and bleomycin injections; silicone taping; laser; pressure 
therapy; cryotherapy; interferon; retinoids; calcium channel blockers; onion extract; 
etc. (Al-Attar et al., 2006). These treatment strategies can be divided into 
conservative and operative modalities. It seems that no single treatment is 
completely superior to the others in well-documented trials. However, it is a 
common practice to start keloid treatment for most solitary keloids with 
intralesional steroid injections with triamcinolone (TAC) (Al-Attar et al., 2006).  
Surgery alone is not enough, because keloids have a high tendency to reoccur (Al-
Attar et al., 2006; Chike-Obi, Cole, Brisset, 2009). Hence, clinicians usually 
combine radiotherapy or other adjuvant therapy with surgical excision (Wolfram, 
Tzankov, 2009). To date, surgery combined with adjuvant electron beam therapy 
(EBT) is widely used in solitary keloids amenable for direct excision.   

 
 



 

35 

2.8.1 Triamcinolone (TAC) 
 
Intralesional steroid injections, especially with TAC, are commonly used in keloid 
disease. TAC can be considered as the first line therapy for keloids.  

2.8.1.1 Efficacy  
 
The efficacy of TAC has been reported in large trials in the 1960s and 1970s  
(Hollander, 1961; Ketchum, Robinson, Masters, 1971; Murray, 1963). TAC 
injections as a part of keloid treatment were first reported by Hollander in 1961  
(Hollander, 1961). Other steroids are also used in keloid treatment, but TAC is 
considered the most effective (Alhady, 1969; Darzi et al., 1992; Kiil, 1977; Vallis, 
1967). It has been estimated that the efficacy of TAC is as high as 50-100% in 
keloid treatment, but recurrence rates of 9-50% have reported after TAC injections 
(Mustoe, Cooter, Gold, 2002; Ud-Din et al., 2013). Although published reports 
have suggested a success rate of close to 100%, it seems unrealistic in light of 
recent evidence. Regardless, TAC remains the first line therapy for the treatment of 
keloid scars despite the lack of randomized studies (Ud-Din et al., 2013). 
Intralesional corticosteroid injections can soften the keloids and provide some 
symptom relief, but none of the injection treatments can make keloids disappear 
completely (Low, 1992; Ud-Din et al., 2013).  

2.8.1.2 Adverse effects 
 
TAC treatment is associated with many side effects. The most commonly reported 
adverse effects are skin atrophy, telangiectasia and pigmentation changes (Singer, 
1999; Ud-Din et al., 2013). According to the literature, these local side effects occur 
in up to half of the TAC-treated patients, but some authors have suggest that they 
are resolved without any intervention (Al-Attar et al., 2006; Darzi et al., 1992; 
Friedman, Butler, Pittelkow, 1988; Mustoe, Cooter, Gold, 2002; Niessen et al., 
1999; Tang, 1992). Systemic side effects of intralesional triamcinolone treatment 
are very rare and only individual cases of Cushing’s syndrome have been reported 
(Al-Attar et al., 2006; Ritota, Lo, 1996). Nonetheless, some papers still mention 
systemic side effects, including the suppression of adrenal cortical function, 
menstrual dysfunction in women, and the development of cataracts or glaucoma 
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(Ogawa et al., 2010). Many patients feel severe pain during and even after the 
injection (Muneuchi et al., 2006; Ogawa et al., 2010).  

2.8.1.3 Action pathways 
 
Multiple pathways of action have been suggested in TAC treatment. According to 
the literature, the exact mechanism of TAC is still unclear (Butler, Longaker, Yang. 
2008). It has been stated that the action course of TAC and other corticosteroids is 
to inhibit the proliferation of normal and keloid fibroblasts, and to induce scar 
regression (Wu, Wang, Yang, 2006). Furthermore, TAC inhibits collagen synthesis 
and increases collagenase production while also reducing the levels of collagenase 
inhibitors (Al-Attar et al., 2006; Boyadjiev, Popchristova, Mazgalova, 1995; Cruz  
1994; Kauh, Rouda, Mondragon, 1997; Ketchum et al., 1966; McCoy, Diegelmann, 
Cohen, 1980). This affects the fibroblast glucocorticoid receptors and steroids, and 
induces biological changes in the collagen synthesis, which, in turn, enhances the 
organization of collagen bundles (Al-Attar et al., 2006; Kauh, Rouda, Mondragon, 
1997). TAC is also connected to alpha-1 antitrypsin and alpha-2-macroglobulin 
levels,  significantly reducing their levels, which, in keloid tissue, are raised  (Lee et 
al., 2004; Srivastava et al., 2017; Urioste, Arndt, Dover, 1999). They are the natural 
inhibitors of collagenase in human skin (Srivastava et al., 2017). Additionally, it has 
been stated that corticosteroids can cause a decrease in the endothelial buds from 
blood vessels (Leventhal, Furr, Reiter, 2006). Used intralesionally, corticosteroids 
decrease inflammation and increase vasoconstriction (Al-Attar et al., 2006; Butler, 
Longaker, Yang, 2008; Chike-Obi, Cole, Brisset, 2009).  

According to the literature, up to 50% of keloids may be resistant to TAC 
treatment (Ud-Din et al., 2013). Thus, some keloids do not respond to TAC 
injections at all, constituting cases that are considered as ‘steroid resistant’  
(Larrabee, East, Jaffe, 1990; Ud-Din et al., 2013).  There is no consensus or clear 
indicators to detect steroid-sensitive cases (Ud-Din et al., 2013).  In fact, among 
clinicians it seems to be well known that many patients do not benefit from TAC 
injections, despite the fact that several authors have reported excellent or even 
curative results with intralesional TAC treatment (Alhady SMA, 1969; Darzi et al., 
1992; Griffith, 1966; Griffith, Monroe, McKinney, 1970; Hollander, 1961; 
Ketchum et al., 1966; Ketchum et al., 1971; Kiil, 1977; Maguire, 1965; Murray, 
1963; Vallis, 1967). More recently, also Muneuchi et al. studied keloid treatment 
with TAC  (Muneuchi et al., 2006). They treated 94 keloids with 109 intralesional 
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TAC injections; 31 patients gave up the treatment because of the pain and the lack 
of immediate relief of symptoms. The improvement of subjective symptoms was 
seen in 82% of the remaining 63 patients, objective symptoms improved in 63% of 
patients, and good results were seen in only 39% of the patients (Muneuchi et al., 
2006).   

TAC injections can be used as a monotherapy or adjuvant therapy in keloid 
treatment. For example, they can be combined with surgery, other injection 
treatment, lasers or cryotherapy (Ogawa et al., 2010). However, some other studies 
have suggested that TAC treatment is more effective when it is combined with 
other treatment modalities, i.e. 5-fluorourasil, pulsed dye lasers, or cryotherapy 
(Asilian, Darougheh, Shariati, 2006; Boutli-Kasapidou et al., 2005; Manuskiatti, 
Fitzpatrik, Goldman, 2001; Sharma et al., 2007; Yosipovitch et al., 2001). There are 
no universal guidelines or recommendations about the dosages of TAC or the 
number of injection sessions. However, based on clinical experience, more than 
one injection is always needed. The International Panel of Experts reviewed the 
current literature and concluded that corticosteroid doses of 2.5mg to 40mg per 
site should be used (Mustoe, Cooter, Gold, 2002; Ogawa et al., 2010). Nonetheless, 
for example Muneuchi et al. used 1 to 10mg injections, and their treatment method 
required 20-30 injections over a period of three to five years  (Muneuchi et al., 
2006). Due to the conflicting reports, more RCTs are still needed in the future. 

2.8.2 5-Fluorouracil (5-FU) 
 
5-FU is antitumor and immunosuppressive agent 5-fluorouracil, which was 
described in keloid treatment for the first time in the 1990s (Biljard, Steltenpool, 
Niessen, 2015). 5-FU is still an experimental therapy for keloids, but recent trials 
have provided promising results. 5-FU is used in the treatment of multiple 
malignancies, because of its effect on rapidly-proliferating cells (Haurani et al., 
2009). Fluorouracil cream and topical solutions are used to treat actinic or solar 
keratosis. For years, 5-FU has been used in glaucoma surgery because of its 
postoperative anti-scarring effect (Blumenkranz, Ophir, Glaflin, 1982). There is no 
universal consensus to use 5-FU injection treatment for keloids. Depending on the 
source, the recommended injection interval is one injection every 1 to 4 weeks. The 
number of injections given also varies from 3 to 16, depending on the study  
(Biljard, Steltenpool, Niessen, 2015). In these studies, the concentration used has 
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been the manufacturer concentration of 50mg/ml (Biljard, Steltenpool, Niessen, 
2015).   

There are only a few published studies on treating keloids with intralesional 5-
FU as monotherapy, compared with the several reports describing the effects of 
combination therapies. However, according to recent data, there is no universal 
consensus on how 5-FU treatment should be designed for keloid disease. Hence, 
more high-quality research of 5-FU is still needed. Recent evidence is promising 
and several researchers have reported clinical benefits with 5-FU therapy. 

2.8.2.1 Efficacy 
 
In 1999, Fitzpatrick was the first to report that the use of 5-FU intralesionally for 
the treatment of keloid scars was both effective and safe. He based his conclusion 
on his 9 years of experience of treating keloids with intralesional 5-FU without any 
specific scientific setting (Fitzpatrick, 1999). Haurani et al. also reported supporting 
findings about the treatment of keloids with 5-FU. According to their study, the 
recurrence rate of keloids was 19% at the one-year follow-up. In this study, 32 
keloid patients underwent excision followed by a series of treatments with 
intralesional 5-FU. All the treated patients had previously had failed corticosteroid 
therapy, and 71 % of them had undergone previous excision (Haurani et al., 2009). 
According to this study, intralesional 5-FU is a safe and effective method to treat 
problematic scars. The results suggest that 5-FU is also effective for corticosteroid-
resistant patients. In another randomized prospective study, 28 keloid patients were 
treated with doses ranging from 25mg to 100mg of intralesional 5-FU at weekly 
intervals for 12 weeks. The authors reported a response to the therapy in all the 
patients, including eight patients who failed intralesional steroid treatment, and no 
recurrences (Nanda, Reddy, 2004). Gupta et al. studied 24 patients with a similar 
protocol and reported keloid flattening in all patients, with a greater response to 
treatment in keloids that had been present for 5 years or less (Gupta, Kalra, 2002). 
There are also other studies, which have provided promising results in treating 
keloids with 5-FU (Davison et al., 2009; Kontochristopoulos et al., 2005; 
Sadeghinia, Sadeghinia, 2012; Uppal et al., 2001) .  More recently, also Srivastava et 
al. studied keloid treatment with 5-FU and TAC (Srivastava et al., 2017) . Their 
study was a randomized controlled trial composed of 60 keloid patients who were 
randomly treated with TAC or 5-FU alone, or a combination of 5-FU and TAC. 
Based on this study, the 5-FU treatment is safe and the combination treatment 
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seems to be faster and more effective with lesser adverse effects when compared to 
a single-drug treatment (Srivastava et al., 2017).  

5-FU can be used as a monotherapy and adjuvant therapy with TAC or surgery  
(Biljard, Steltenpool, Niessen, 2015) . A recent review by Biljard et al. reported a 
good or excellent outcome in 45-78 % of 5-FU treated keloids, and the 
combination treatment of TAC and 5-FU resulted in 50-59 % of good or excellent 
outcomes (Biljard, Steltenpool, Niessen, 2015).   

2.8.2.2 Adverse effects 
 
Reported adverse effects of 5-FU in intralesional injection therapy are pain, a 
burning sensation, hyperpigmentation, and ulceration at the injection site (Al-Attar 
et al., 2006). However, side effects have been rare and include mostly superficial 
skin irritation without any systemic hematologic changes (Al-Attar et al., 2006).    

2.8.2.3 Action pathways 
 
5-FU is a fluorinated pyrimidine antimetabolite that inhibits fibroblast proliferation 
in a tissue culture (Al-Attar et al., 2006; Apikian, Goodman, 2004; Blumenkranz, 
Ophir, Glaflin A, 1982). It also interferes with both thymidylate and RNA 
syntheses and their function (Haurani et al., 2009). Additionally, it has been 
proposed that 5-FU interferes with TGF-b signaling and decreases type I collagen 
gene expression in keloid fibroblasts in vitro (Chike-Obi, Cole, Brisset, 2009); 
Wendling et al., 2003) . However, recent evidence suggests that 5-FU selectively 
blocks collagen synthesis, which may augment its anti-scarring role (Haurani et al., 
2009).   

2.8.3 Injection technique    
 
Injection technique has an essential role in avoiding different adverse effects. 
Especially local adverse effects can be minimized with the proper injection 
technique (Roques, Teot, 2006). Usually, local anesthesia is recommended, because 
the injection can cause pain.  According to the international recommendations, all 
the injected medications should be injected intralesionally and directly into the 
keloid mass. Care must be taken not to inject too superficially close to epidermis or 



 

40 

under the keloid mass (Figure 5). The injectable should be administered into the 
scar until ‘blanching’ occurs (Figure 5). The injection may be physically challenging 
due the high density of the keloid mass, so a luer lock syringe is recommended. 
There are also some suggestions regarding optimal syringe and needle 
combinations. For example, Vo et al. reported that 1ml polycarbonite syringe with 
25G, 16mm needle may be the combination which requires the lowest injection 
force (Vo, Doumit, Rockwell, 2016).   

 
 

 
Figure 5.  A proper intralesional injection technique with ‘blanching’ effect 

2.8.4 Surgery and radiotherapy 
 
Surgical excision has been used for keloid treatment for over a century. Sequeira 
presented radiotherapy as a part of keloid treatment as early as in 1909 (Sequeira 
JH, 1909).  Around the same time, Freund presented the protocol of surgery and 
radiotherapy in keloid treatment (Ogawa et al., 2009). According to the recent 
literature, surgical excision with adjuvant radiotherapy has been considered the 
most effective therapy modality in keloid treatment (van Leeuwen et al., 2015).  
Besides external radiotherapy, interstitial brachytherapy can also be used (van 
Leeuwen et al., 2015). External radiotherapy can include x-rays (photons) or b-rays 
(electron beams), while b-rays (phosphorus -32 or strontium-90/yttrium-90) and g-
rays (cobalt-60 or iridium-192) are used in brachytherapy (Ogawa et al., 2009). 
Electrons have a shallow dose penetration compared with photons and are optimal 
for treating superficial skin lesions without damaging the deeper tissue (Hogstrom, 
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2006). It has been suggested that radiation affects keloid fibroblasts by decreasing 
their proliferation rate and reducing the collagen synthesis (Doornbos et al., 1990; 
Ogawa et al., 2007). In addition, it has been described that radiotherapy may affect 
the sebaceous glands, thereby decreasing inflammation, which is related to keloid 
formation (Bray, 2016; McQuestion, 2011; Stadelmann, Digenis, Tobin, 1998).  

The relatively new therapeutic dressing (IntegraÒ) has also been proposed for 
surgical keloid treatment. In this method, the dressing is placed on the wound bed 
after surgery but before the adjuvant EBT. This modality is used when the keloid 
lesions are too large for direct wound closing after surgery. For example, Davison 
et al. have reported findings that support this method (Davison, Sobanko, 
Clemens, 2010).   

Although surgical keloid excision combined with postoperative radiotherapy has 
been associated with low recurrence rates, more research – especially randomized 
controlled trials – are still needed in the future. Previous studies report recurrence 
rates between 8-72 % (Van de Kar et al., 2007; Ogawa et al., 2013; Liu et al., 2018; 
Sällström et al., 1989; King, 1970). However, the universal consensus of optimal 
radiotherapy protocols (radiation dosage and fractionation schedule) has still not 
been reached, even though the combination of surgery and postoperative 
radiotherapy is considered the most effective treatment modality in keloids (Liu 
Yan, 2019). A common consensus is that irradiation is best commenced within 24 
hours of the operation. Further, high doses seem to lead to better outcomes than 
low doses. However, to date, some promising results have been shown even with 
single-dose radiotherapy (van Leeuwen et al., 2015).  

 

2.8.4.1 Risk of carsinogenesis after radiotherapy 
 
A concern for safety after postoperative radiotherapy has been expressed. In 
general, radiotherapy could induce carcinogenesis and is, for this reason,  
theoretically associated with side effects, including secondary cancer within the 
irradiated tissues. Ogawa et al. reported that the overall risk of carcinogenesis is 
very low in current keloid treatment protocols; for example, the thyroid and 
mammary glands are protected during radiation (Ogawa et al., 2009). Only five 
cases of malignancies within the irradiated field in keloid patients have been 
reported (fibrosarcoma, basal cell carsinoma, thyroid carcinoma and breast cancer) 
in the literature. However, none of these could be directly linked to keloid radiation 
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alone. Finally, in Ogawa’s study, 80% of oncologists considered radiation to be 
acceptable in the treatment of keloids (Ogawa et al., 2009).  
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3 AIMS OF THE PRESENT STUDY 

1) To compare the efficacy of TAC and 5-FU injections in a randomized 
controlled study setting 

 
2) To assess the side-effects of TAC injections in keloid treatment  

 
3) To analyse the histological changes after TAC and 5-FU injection in keloid 
tissue in vivo  

 
4) To explore the biomarkers to predict the response to keloid treatment using 
TAC and 5-FU  

 
5) To review the long-term outcomes of surgery and EBT in keloids 
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4 MATERIALS AND METHODS 

Studies I and II are prospective double-blind randomized controlled trials.  Study is 
III a retrospective chart review study. 

4.1 Patients 
 
For Studies I and II, the inclusion criteria were as follows: Any patient over 18 
years of age undergoing keloid treatment in Tampere University Hospital. The 
exclusion criteria of this study were as follows: Patients under the age of 18; 
pregnancy or planned pregnancy; lactation; renal failure; liver dysfunction; 
hematological disease or bone marrow suppression; systemic or local infection. 
Any prior treatment was discontinued for all the included patients at least three 
weeks before starting the intralesional injections.  

Initially, 270 invitation letters were sent to patients with diagnoses of keloid 
scars in their medical records; 127 patients visited the outpatient clinic. 105 patients 
were diagnosed of having one or more actual and active keloids. For Studies I and 
II, a total of 43 patients with 50 active and symptomatic keloid scars requiring 
treatment were enrolled and randomized into two groups. In Study III, all the 
patients who had surgery and adjuvant radiotherapy with EBT in the Tampere 
University Hospital between 2010 and 2018 were retrospectively collected. The 
data consisted of 73 keloids on 58 patients. 

4.2 Patients and methods 
 
The ethical permission for this study was granted by the Regional Ethics 
Committee of Tampere University Hospital, ETL-code : R14026M, EudraCT: 
2013-004512-22. Additionally, Studies I and II were registered in the prospective 
clinical studies database: ClinicalTrials.gov (#NCT02155439). Participation was 
voluntary. 
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   Firstly, a keloid was defined clinically as a scar growing outside the boundaries of 
the original wound without signs of resolution over 3 years. During the recruitment 
phase, every patient who participated in the study received written and oral 
information about the study. They also filled a consent form.  

In Study I, 105 patients who had been treated because of keloids in Tampere 
University Hospital between 1996 and 2014 were sent an invitation to participate 
and seen at the outpatient clinic. 43 patients from this group had active keloids and 
they were volunteered for the RCT trial (Figure 6). 43 patients with 50 keloids 
underwent three outpatient clinic sessions, and their keloids were treated with 
either 5-FU or TAC injections. The keloids were photographed with 
spectrocutometry, and assessed using a validated scar rating scale (POSAS) by the 
patients and observers. Study IV was a register-based study with 73 keloids. 

The patients’ randomization during studies I and II was performed as 
permutated-block randomization with closed envelopes. This ensured the equal 
group size, 25 patients in the TAC group and 25 patients in the 5-FU group. 
Additionally, each randomized selection of an envelope was performed in a blinded 
manner by the same person who also administered the injection of the drug, while 
keeping the patient allocation undisclosed. Thus, the patients and the study 
observer did not know the allocation group (TAC or 5-FU) at the time of the 
POSAS valuation. All the histological and IHC analyses were also performed in a 
blinded manner. All the patients were informed of their drug therapy at the end of 
the study. Finally, in Study II, all the patients were divided into responders and 
non-responders based on a clinical assessment.  

 

 
Figure 6.  Summary of study protocol (CA=POSAS score, spectrocutometry, clinical assessment) 
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4.2.1 Clinical assessment 
 
The keloid was photographed with a spectrocutometer camera during each 
outpatient clinic session, starting from the first visit providing a baseline. In 
addition, the keloid was rated by the researcher (observer) and the patient using the 
POSAS scale. The height of the keloid was measured in millimetres during every 
visit. The protocol was repeated in every 4 weeks until 12 weeks, and the final 
clinical assessment was done at the end of the follow-up period of 6 months. All in 
all, the patients visited the outpatient clinic 5 times. The clinical assessment was 
done first before any new injections or biopsy collections. The keloids were 
assessed by the observer and the patient during every visit in a double-blind setting, 
using the POSAS scale. The patient filled the POSAS score form in Finnish during 
each session just before meeting the physician at the outpatient clinic. The filled-in 
form was returned in a closed envelope to the researcher, who did not administer 
the injections.  

4.2.2 Demographics and the patients’ family history   
 
The family history was determined in all the study (I and II) participants, because 
keloid disease is strongly related to genetic expression. A total of 22 (44%) patients 
had at least one first-degree family member with verified keloid disease. 10 (45%) 
of those patients were clinically classified as non-responders, while 12 (55 %) 
patients with a positive family history were in remission at the end of the 6-month 
follow-up period. The mean duration of the keloid disease history was 3.1 years in 
all the study patients (ranging 1-14 years). The mean duration of the disease history 
was 2.7 years (ranging from 1-7 years) in the responder group, and 3.6 years in the 
non-responder group (ranging from 1-14 years), but the difference between 
remission and non-remission was not statistically significant (p<0.05). The 
demographics of the patients was comparable between the TAC / 5-FU groups 
and the remission and non-remission groups after randomization (p<0.05). 

4.2.3 POSAS score 
 
In Study I, the subjective assessment of keloids was performed using the validated 
scar scale, Patient and Observer Scar Assessment Scale (POSAS), which consists of 
two separate scales for the observer and the patient (Figure 7). Both the patient 
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and the observer filled in the POSAS form during the visits to the outpatient clinic. 
The POSAS scale consists of 6 items for the patient and the observer, with a score 
ranging from 1 to 10, giving an overall score of 6-60. This scar rating scale was 
introduced by Draaijers et al. in 2004 (Draaijers et al., 2004). We decided to use the 
POSAS score as a subjective scar assessment method, as it also records the 
patient's opinion and scar symptoms, and it has been stated to be better than many 
other scar scales. In this study, a single observer assessed all the scars in a blinded 
manner using the POSAS score.  

 
Figure 7.  POSAS observer and patient scales, Copyright Ó p.p.m. van zuijen, beverwijk-nl. 

4.2.4 Spectrocutometry 
 
An objective assessment was performed with a spectrocutometer camera  
(Kaartinen et al., 2011). The spectrocutometry was used in Study I. The 
instrumentation used for spectrocutometry consists of a digital single-lens reflex 
camera, Fuji IS Pro (Fujifilm Corporation, Tokyo, Japan). A computer-controlled 
lighting system was previous built at the University of Vaasa. The instrument was 
used to capture a standardized, calibrated digital image of the keloid. With the help 
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of the spectrocutometry, we performed a calculation of oxyhemoglobin in the 
whole area of the scar. The lighting unit consisted of 120 light emitting diodes 
(LEDs) with measured central wavelengths of 470nm, 520nm and 640nm, and the 
_3dB bandwidths are 19nm, 25nm, 15nm and 50nm, respectively. The imaging 
software program requires colour images using red, green and blue LEDs for 
illumination. The instrument has a chamber at the top of the camera. The LEDs 
are located at the top of the lighting chamber to illuminate the target. The chamber 
ensures the correct and constant distance and the right angle to the target while 
also blocking out external light which could disturb the reflectance measurement. 
The spectrocutometry was used, and the estimated haemoglobin concentration of 
the keloid was calculated, in a manner similar to previous studies (Kaartinen et al., 
2011). Also, the area (mm2) of each keloid was calculated from the 
spectrocutometry photographs. 

 

 
Figure 8.  Photo taken with spectrocutometry 
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4.2.5 TAC and 5-FU injections 
 
The patients were randomly divided into either the TAC or 5-FU treatment group 
and thereafter treated accordingly with intralesional injections of TAC or 5-FU. If 
the patient had several keloids, 1-3 keloids could be chosen for the same treatment 
if the injection treatment was a feasible option for all of the keloids. The dosage for 
5-FU was 50-150mg (50mg/ml) per keloid, and for TAC, 5-20mg (5mg/ml) per 
keloid. The physician in charge of the treatment knew which therapy was used. 
Lidocaine with adrenaline 1% was used as a local anaesthetic in the treated areas. 
Likewise, the TAC was diluted with the same lidocaine solution in a 1:1 ratio. 
Before the injections were given, local anaesthesia with lidocaine was administered. 
The drug was injected intralesionally using a 24-gauge needle (Figure 5) until slight 
‘blanching’ became clinically visible. Possible adverse effect were recorded during 
the study.  

Injections were given as a baseline, during the first outpatient visit and every 4 
weeks for up to 12 weeks. Ultimately there were three injection sessions in most of 
the cases. For the patients, who did not need further injections and were satisfied 
with the result, a follow-up visit at 6 months after the first visit was scheduled even 
if remission was achieved with less than three injections. The series of three 
injections was chosen based on our clinical experience and on previously published 
data. The sample size was calculated based on previously published evidence. 
Additionally, the use of more than one dosage is justified according to published 
data (Haurani et al., 2009). For the patients, who did not show any improvement 
after the injections, the study was discontinued and other options for keloid 
treatment were considered.  

The intralesional injections were continued for patients who showed 
improvement (decrease in keloid size, height and redness, keloid flattening and less 
symptoms, e.g. pruritus) in the keloid, but also needed further therapy. The aim of 
the treatment was to obtain total relief from the symptoms, including itching and 
pain, and to reach significant decrease in the keloid size, height, thickness, stiffness 
or redness, or the total disappearing of keloid. Of course, it has to be 
acknowledged that none of the injection treatments resulted in the total 
disappearance of a keloid or original scar.  The physician responsible for the keloid 
treatment decided whether the injection treatment was continued after three 
injections. The physician made the decision based on the clinical evaluation, which 
was carried out individually with every patient. There were two physicians at the 
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outpatient clinic for every session during which an injection was given. In turn, the 
physician who gave the injection did not participate in the clinical assessment. 

After this study protocol, it was suggested that the patients continue their keloid 
treatment and regular controls in the Tampere University Hospital plastic surgery 
outpatient clinic according to the general guidelines of keloid treatment.  

4.2.6 Punch biopsies 
 
During the first outpatient clinic visit, one 3mm punch biopsy was taken from a 
representative site of the keloid as a baseline sample before the injection. A 3mm 
skin-punch biopsy was taken from the same site of the keloid every 4 weeks until 8 
weeks, in most cases resulting in 3 biopsies.  On the fourth visit, no further 
biopsies were taken. Each biopsy was taken by the same doctor who gave the 5-FU 
/ TAC injections. Biopsies were taken before injections.  The TAC and 5-FU was 
given right after the biopsy collection. In the cases that reached remission before 
three visits, only two biopsies were taken. Additionally, the biopsy collection did 
not result in any new scars to the patient, because the biopsies was taken straight 
from the keloid. Local anesthesia with lidocaine was administered before each 
biopsy collection. 

 

4.2.7 Pathological examinations 
 
The standard methods of histopathology were used. The biopsies were fixed with 
neutral buffered formalin, 4% paraformaldehyde, and processed according to 
routine laboratory practices. A high number of immunohistochemical stainings 
were determined. Thereafter, tissue microarray (TMA) blocks were performed on 
the punch biopsies (Figure 9). In this method, each biopsy was sagittally split 
before the TMA reconstruction. Each histological TMA block contained all the 
biopsies (1 to 3) from 5 patients, resulting in altogether 10 TMA blocks (+ 10 
identical replicas) with 10 to 15 punches. 
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Figure 9.  TMA block 

In addition, a routine haematoxylin-eosin staining was carried out to analyse the 
basic characteristics and adequacy of the specimens and all specimens contained 
keloid collagen (Figure 10).  A pathologist analyzed all the specimens, determined 
the specimen adequacy, and visually estimated the epidermal changes  with respect 
to the initial biopsy before any treatment. The most representative slices of the 
split punch biopsies in the TMA’s were used in the histopathological analysis. The 
epidermal changes were also determined and divided into three descriptive 
categories as categorical variables, because of the topography-dependent 
morphological variation in the skin. The categories were: 1. Remarkable thinning of 
the epidermis with completely flattened rete ridges; 2. moderate thinning of the 
epidermis and shortened rete ridges; 3. normal rete ridges and epidermis. Finally, 
immunohistochemistry was performed as follows: 

 
1) Blood vessel density was analysed by counting positively stained vessels (CD31) 
(%)  
3) Fibroblast proliferation was analysed with (Ki-67) (%).  
4) Myofibroblasts was detected with presence of a-SMA (density) 
5) Hormone receptors were determined: estrogen receptor (ER)(%), androgen 
(AR)(%), and progesterone (PR)(%) expression analysis 

 



 

52 

 
Figure 10.  Keloid collagen 200X magnification with HE staining. 

4.2.7.1 Immunohistochemistry 
 
The biopsy samples of the keloids were collected, fixed with 4% paraformaldehyde, 
and embedded in paraffin according to standard protocols. Hematoxylin/eosin 
staining and 3,3-diaminobenzidine stainings were performed. IHC staining was 
performed on 6µm thick paraffin sections. The formalin-fixed, paraffin-embedded 
tissue sections were deparaffinized, processed with the appropriate antigen retrieval 
solution (10mM Tris-HCL, 1mM EDTA. PH9), incubated with the blocking 
reagent (10% normal goat serum, 5% non-fat milk and 5% BSA), and the 
endogenous peroxidase activity was supressed with hydrogen peroxide. The 
following primary antibodies were used for IHC: M7249 TEC-3 rat anti-Ki67, 1A4 
mouse anti-human horseradish peroxidase-conjugated α-SMA (both 
DakoCytomation, Glostrup, Denmark), 550274 rat anti-CD31 (BD Pharmingen, 
Oxford, UK) followed by the appropriate horseradish peroxidase-conjugated 
secondary antibodies (May et al., 2015). The blocking reagents used for IHC were 
S2O23 REAL and S0809 Antibody Diluent (DakoCytomation). The peroxidase 
reactive chromogen used was diaminobenzidine (K3465, DAKO, Agilent 
Technologies). Immunostainings for ER(clone SPI1), AR(cloneSP107) and PR 
(clone1E2) were all performed using the Ventana Benchmark Ultra 
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immunostaining automate with primary antibodies from Roche Ventana. 
Detections for ER and PR were performing using the UltraView DAB Detection 
Kit and the AR OptiView DAB Detection Kit (Roche Ventana). Each staining 
experiment included sections stained without the primary as negative controls. 

4.2.7.2 Quantitative analysis of immunostaining and histochemical staining 
 
All the slides were scanned using the virtual microscope Aperio ScanScope® CS 
and XT systems (Aperio Technologies Inc., Vista CA, USA) (Järvinen et al., 2010) . 
Slides were viewed and analyzed remotely using desktop personal computers 
employing the web-based ImageScope™ viewer (Figure 11). The Spectrum digital 
pathology system analysis algorithm package and Image Scope analysis software 
(version 9; Aperio Technologies Inc.) were applied to quantify the IHC signal. 
These algorithms calculate the area of positive staining, the average positive 
intensity (optical density), as well as the percentage of weak (1+), medium (2+), 
and strong (3+) positive staining  (Järvinen, Ruoslahti, 2010). The quantified 
histochemical analysis of Ki-67, CD31, AR, PR, ER, a-SMA staining was 
performed according to the protocols used to establish these algorithms for each 
type of stain (Järvinen, Ruoslahti, 2010; May et al., 2015). Approximately 5 000 
cells were counted for each measurement in each sample. All of the examinations 
were blinded, so the examiner did not know to which group the specimens 
belonged, while examining them. 

 
Figure 11.  Analysis with a virtual microscope, the Aperio ScanScopeÒ. 
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4.2.8 Statistical analysis 
 
Before the actual recruitment for the study (Studies I and II) the statistical power 
analysis of the sample size was performed by a biostatistician. Statistical 
significance was considered with p-value under 0.05 and the power is 80% (0.8). 
Based on the observations of previous studies and the data suggesting that 50% of 
keloids are resistant to corticosteroid treatment, our hypothesis was that a sample 
size of 50 patients would produce a statistically significant difference (Ud-Din et 
al., 2013). In addition, this study was considered as pilot study and thus the sample 
size was limited to 50. For Study III, we didn´t perform any statistical power 
analysis. 

The statistical assessment was carried out by a biostatistician. The statistical 
analyses were performed with SPSS version 21.0 software IBM SPSS Statistics for 
Windows, Version 21.0. Armonk, NY: IBM Corp. Pearson’s chi-squared test 
(discrete variables) and the Mann-Whitney U test (continuous variables) were used 
in Studies I and  II, in order to compare patient characteristics between the TAC 
and 5-FU groups. A paired t-test was used for comparisons between the baseline 
and post-treatment values of the POSAS scores, CD31, ki-67, and SMA, in Studies 
I and II. Wilcoxon signed ranked test was used for comparison between the 
baseline and post-treatment values of AR, PR and ER in Study II. A biostatistician 
performed all the statistical tests. A p-value of less than 0.05 was considered 
statistically significant. 
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5 RESULTS 

 

5.1 Comparison of TAC and 5-FU injections in keloid treatment 
(Studies I and II) 

 
A total of 50 keloids were treated in the randomized double-blind controlled trial. 
There was no statistically significant difference between the efficacy of TAC and 5-
FU in keloid injection therapy (Figures 12 and 13). The remission rate at the 6-
month follow-up was 46% in the 5-FU group, and 60% in the TAC group. In turn, 
in Study II it was found that after both injection therapies the remission rate was 
55% (n=27) in the whole keloid group (n=50), at the 6-month time point.  

In the TAC group, a total of 61 injections, mean 2.4 (range 1-3), were given and 
the mean dosage was 8.4 mg (± 5.4mg, range 1-35mg), whereas in the 5-FU group 
a total of 60 injections, mean 2.4 (range 1-3), were given with a mean dosage of 
25mg (±13mg range 7.5-50mg).   

The POSAS score (patient and observer) decreased significantly in both the 5-
FU and in TAC groups during the 6-month follow-up period. The difference in the 
POSAS evaluation (patient and observer) between the baseline and at 6 months 
was statistically significant (p<0.05) in both drug groups, but the difference 
between the TAC and 5-FU groups was not significant (Figures 14 and 15).   
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Figure 12.  The keloid before and after TAC injections. The keloid is considered to be in remission at 

the 6-month time point (Hietanen et al.2019). 

 
Figure 13.  The keloid before and after the 5-FU injections. Results after the 3 and 6-month time 

points. 
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Figure 14.  Observer POSAS during the follow-up period (Hietanen et al., 2019). 

 
Figure 15.  Patient POSAS during the follow-up period (Hietanen et al.2019.) 
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5.2 Side effects after TAC and 5- FU injections (Study I) 
 
The RCT data (Studies I and II ) shows that the occurrence of local adverse effects 
(skin atrophy and telangiectasia) was significantly higher in the TAC group (44% 
and 50%, respectively), than in the 5-FU group (8% and 21%, respectively). All the 
adverse effects were recorded macroscopically by means of clinical assessment, as 
presented in Figure 16. All marked side effects were also distinguishable at the 6-
month time point. 

 
 

 
Figure 16.  Skin atrophy, telangiectasia and TAC traces after 2 TAC injections 

 

5.3 Surgery and radiotherapy (Study III) 
 
In Study III it was reported that the remission rate after surgery and post-operative 
radiotherapy was 91.8% (n=67). There was recurrence in only 8.2% of the cases 
(n=6). The follow-up time in this study was 19.6 months. Besides the surgery and 
adjuvant EBT radiotherapy, 19.2% (n=14) of the cases had been treated with 
additional 5-FU or TAC injections. However, in the responder group of 67 keloids 
16% (n=11) scars had received adjuvant intralesional drug therapy during the 
postoperative period. Figures 17, 18 and 19 show the results of surgery and EBT 
radiotherapy. 
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Figure 17.  Active keloid, in which skin breakdown, telangiectasis, skin atrophy, and TAC traces can 

be seen after 3 TAC injections. 

 
Figure 18.  Same patient as in Figure 17 after surgery and adjuvant EBT radiotherapy, 12 months 

after procedure. 
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Figure 19.  Thoracic keloid before and after surgery and EBT radiotherapy. The result 12 months after 

procedure. 

 
Table 3 shows that most of the keloids benefit from the TAC and 5-FU injections, 
or surgery and radiotherapy treatments, but the used treatment modality is related 
to anatomical location of the keloid. The most used modality for earlobe keloids is 
surgery and adjuvant radio EBT, whereas in the thoracic area it seems to be 
injection therapy. 
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Table 3.  Most keloids benefit from TAC, 5-FU and surgery combined with EBT, but the 
modalities used seem to be related to anatomical location. 

 

 
 
 
 
 
 
 
 
 
 
 

 Remission 
rate (%) 

Sample 
size 
n=keloids 

Mean 
follow-
up time 
(months) 

The most 
common 
anatomical 
location 
(%) 

Mean 
number 
of  drug 
injections 

Study I and II 
keloids 
treated with 
TAC and 5-
FU 

55% 49 6 Thoracic 
region 
(24%) 

2.4 
(range 1-
3) 

Study III 
keloids 
treated with 
surgery and 
EBT 
radiotherapy 

91.8% 73 19.6 Lobulus 
(38%) 

16% of 
patients 
with 
after 
injections  
(range 1-
4)  
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5.4 Prognostic factors of remission determined with clinical and 
histological markers (Study II) 

 
In Study II, it was investigated whether some biological marker will predict the 
remission of a keloid. At first, a normal histological analysis of the morphological 
features of keloid tissue was performed. The keloid tissue was assessed with a 
categorical variable (normal epidermis; shortening of rete ridges/thinning of 
epidermis; flat rete ridges/remarkable atrophy) from the punch biopsies. A 
representative image of short rete ridges after treatments is shown in Figure 20 (B-
D). No statistical difference could be found between the responder and non-
responder groups in any of these morphological parameters studied at the baseline 
(P=0.664). The keloid epidermis was assessed in routine HE staining biopsies 
showing normal histological picture in 92.6% of the responder group (n=25) and 
in 95.5% (n=22) of the non-responder group. Next, the cellular density of the 
keloid tissue before treatments was determined. The epidermis was excluded from 
these quantitative analyses. At the baseline, the cellular density was not significantly 
different between responder and non-responder groups, as the cellular density was 
mean 210.1 (range 73.81-498.21) in the non-responder and 186.58 (59.18-466.46) 
in the responder group (P=0.209). 
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Figure 20.  A-D change of rete ridges before and after the injection treatments. E-H representative 

pictures of the CD31 staining before and after the injection treatments. (Hietanen et al., 
2020). 

 
Then, the different biological variables were analyzed by determining their 

expression levels in pre-treatment biopsies by means of immunohistochemistry. 
Cell proliferation rates were evaluated with proliferation marker Ki-67. A 
representative picture from Ki-67 staining is shown in Figure 21. The baseline cell 
proliferation rates (%) were similar between the responders (mean 10.68(range 
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1.90-25.39)) and non-responders (mean 10.82(3.53-18.35)). The difference between 
groups was not statistically significant.  

Next, the number of myofibroblasts was calculated with SMA IHC staining  
(Rockey, Qinghong, Zengdun, 2019). Representative pictures from a-SMA 
stainings are shown in Figure 22. At the baseline, there were more myofibroblasts 
(density) in the biopsies from the responders (mean 58.68(range45.60-69.70)) than 
from the non-responders (mean 55.50(range 23.89-71.44)), but the difference 
between the groups was not statistically significant (p=0.254).  

Similarly, the vasculature (%), determined by CD31 in the responder (mean 
0.00031(range0.0016-0.00065)) and non-responder (mean0.0003(range 0.00017-
0.00044)) groups, was similar for all the keloids at the baseline. Representative 
images from the CD31 stainings are shown in Figure 20 (E-H). 

 We also explored the expression of different steroid receptors, ER (%), PR (%) 
and AR (%), in the keloids. A similar number of keloid cells expressed these steroid 
receptors in the responders: AR(mean 12(range 0.3-71.08); PR(mean 0.73( range 
0.10-1.9)); and ER(mean 1.46(range 0-4.11)), and non-responders 
AR(mean13.57(range 0.71-67.27)); PR(mean1.13(range0.14-4.40)); and 
ER(mean1.61(range0.26-5.71)) The difference was not statistically significant 
between the baseline values of the responders and non-responders (P=0.127 for 
PR, P=0.637 for AR and P=0.701 for ER). The representative pictures from AR, 
PR and ER stainings are shown in Figures 23, 24 and 25. In combination, our 
results suggest that the studied parameters cannot be used to predict keloid 
remission after injection therapies.  
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Figure 21.  Representative picture of Ki-67 staining before and after the injection treatments (Hietanen 

et al., 2020). 

 
Figure 22.  Representative picture of a-SMA staining before and after the injection treatments 

(Hietanen et al., 2020). 
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Figure 23.  Representative picture of AR staining before and after the injection treatments (Hietanen 

et al, 2020). 

 
Figure 24.  Representative picture of PR staining before and after the injection treatments (Hietanen 

et al., 2020). 
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Figure 25.  Representative picture of ER staining before and after the injection treatments (Hietanen 

et al., 2020) 
 

5.5 Histological changes after TAC and 5-FU injection therapy 
(Studies I and II) 

 
Histological changes in the epidermis, induced by the TAC and 5-FU treatments, 
were analyzed with categorical variables. More histological changes in the 
categorical variables (1. remarkable thinning of the epidermis with completely 
flattened rete ridges; 2. moderate thinning of the epidermis and shortened rete 
ridges; 3. normal rete ridges and epidermis) were seen in the TAC group than in 
the 5-FU group. The difference between the TAC and 5-FU groups was 
statistically significant (p= 0.001).  

Likewise, the number of cells increased after both treatments. In the TAC 
group, the mean number of cells was 145 (ranging 59.2-322) at the baseline and 
185 (ranging 36.4-428) after the treatment. In the 5-FU group the mean number of 
cells was 253 (ranging 79.9-498) at the baseline and 278 (ranging 94.2-565) after the 
treatment. The difference was not statistically significant between the groups (p= 
0.2). In the TAC group the difference in cellularity was statistically significant 
between the baseline and post-treatment time points (p=0.03). 
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Histological changes were assessed with IHC stainings, and the results are 
summarized in Figure 29. The difference in the proliferation (Ki-67(%)) rates 
before and after treatment was statistically significant in both groups, but the cell 
proliferation increased in the 5-FU group and decreased in the TAC group (Figures 
26 and 27). The number of myofibroblasts (a-SMA (density)) decreased in both 
injection groups after the treatment. However, the difference was not statistically 
significant (Figure 27). Also, the vascular density decreased in the entire patient 
group. In the 5-FU group, the change was not statistically significant (Figures 26 
and 27). Ultimately, the CD31 concentration decreased significantly from the 
baseline value only in the TAC group, even though the blood vessel density 
decreased in the entire group of 49 keloids (Figures 26 and 27). The hemoglobin 
concentration, estimated with the spectrocutometry, saw a statistically significant 
decrease during the 6-month follow-up period in the TAC group (0.17-
0.10)(p<0.05), but not in the 5-FU group (0.13-0.10)(p>0.05). The reduction in 
blood vessels supports the results regarding the oxyhemoglobin concentration, 
acquired from the spectrocutometry.  

The expression of PR and AR decreased after the injections only in the TAC 
group, and the difference was statistically significant in the PR expression (Figure 
27). The level of AR receptors increased in the 5-FU group and the difference was 
statistically significant (Figure 27). The ER expression decreased significantly in the 
TAC group. It also decreased slightly in the 5-FU group, but this change was not 
statistically significant (Figure 27). 
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Figure 26.  Positive endothelial cells in CD31 and Ki-67 stromal cell nuclei are pointed out in the 

picture. The vascular density and proliferation rate decreased after the TAC treatment, 
whereas they both increased after the 5-FU treatment (Hietanen et al., 2019). 
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Figure 27.  All the IHC staining results after the TAC and 5-FU injection treatments, B=before 

treatment, A=after treatment 

 

5.6 Biological changes in responding keloids with injection 
therapy in the keloid tissue (Study II) 

 
Biological changes, taking place in the keloid tissue during the response of the 
keloid before and after the injection therapies, were analysed. The epidermis was 
analyzed again with categorical variables in pre-and post-treatment situations. 
Marginally more histological changes were identified in the responder group, but 
the result was not statistically significant (p=0.76). Shortening rete ridges/thinning 
of the epidermis was recorded in 36.4% of the keloids in the non-responder group 
and 44.4 % of the responder group. This difference was not statistically  significant 
(p= 0.664). Completely flat rete ridges/remarkable thinning of the epidermis was 
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found in 22.7% of the keloids in the non-responder, and in 25.9% in the responder 
group. 

Cellular density was also determined from the keloid tissue pre- and post-
treatment in both groups. The density of the cells increased from mean 210 
(ranging 73.81-498.28) to mean 250 (ranging 36.40-565) in the non-responder 
group, and from mean 187 (ranging 59.18-466) to mean 215 (ranging 52.26-563) in 
the responder group. The difference was not statistically significant (p=0.8).  

During the treatment, the number of proliferating cells slightly decreased in the 
responder group, but not in non-responder group. The change after the treatments 
in Ki-67 values was not statistically significant between the responder and non-
responder keloids (Figures 28 and 29).  

On the other hand, the presence of myofibroblasts decreased in the keloids that 
had responded to the treatment, but not in those that had not (Figure 30). In turn 
the presence of myofibroblasts slightly increased in the non-responder group 
(Figure 28). The change after treatments between the responder and non-
responder groups was statistically significant (P=0.021, Figure29). 

 In addition, the keloids that were in remission had modestly decreased CD31 
expression after the treatments, but the same trend was also seen in the non-
responder group. The post-treatment change in the CD31-values was not 
statistically significant between the keloids in the responder and non-responder 
groups (Figure 30). There was no change in the responders and non-responders 
before or after the treatments (Figure 29).   

The expression levels of the steroid receptors were also analyzed. The post-
treatment value changed slightly in the PR expression, but it was not statistically 
significant between the responder and non-responder keloids (Figure 28). While 
the expression level of AR increased, the post-treatment change of the AR values 
was not statistically significant between the responder and non-responder keloids 
(Figure 28). The expression level of ER decreased both in the responder and non-
responder groups but the change in ER values was not statistically significant 
between the keloids in remission and non-remission (Figures 28 and 29). 
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Figure 28.  The biological changes induced in the TAC and 5-FU treated keloids in the non-responder 

and responder groups, B=before treatment, A=after treatment 

 

 
 

Figure 29.  The change of the pre-and post-treatment values in the biological features after the 5-
FU/TAC injection therapies in the responder and non-responder groups. 



 

73 

6 DISCUSSION 

As demonstrated above, there still is no easy solution for keloids. Most of the 
current treatment options have been around for decades, but remission rates have 
not greatly increased. However, there have been some significant developments in 
our understanding of the underlying causes, such as genetic susceptibility and the 
signal pathways in keloids. Likewise, the mechanisms of different treatments have 
been made studied more. Some interesting findings were also made in this study, 
especially about the cellular response to injection treatments. Furthermore, these 
findings have shown the limits of solitary injection treatment with TAC and 5-FU, 
and demonstrated some excellent long term outcomes of surgery and radiotherapy 
as the first line treatment in resectable keloids.  

The histological characteristics of keloids have been studied more over many 
years. Keloid tissue is characterized by an over-abundant accumulation of ECM 
components, especially collagen, in the dermis that extends over the original 
wound site (Andrews et al., 2016). In this RCT, all the collected specimens could 
be identified as keloid tissue in the microscopic analysis. Additionally, according to 
the clinical assessment, all the studied scars were keloids. It might be generally 
difficult to distinguish keloids from hypertrophic scars. However, the right 
diagnosis is of great importance because the treatment modalities differ 
significantly between hypertrophic scars and keloids. Usually the diagnosis of the 
scar type is made on a clinical basis. Keloid formation is often considered to be the 
result of a prolonged proliferative and delayed remodeling phase of wound healing  
(Funayama et al., 2003; Shih et al., 2010). Hence, this study focused on the 
immunohistochemical analysis related to wound healing. 

However, high quality evidence for the efficacy of different keloid treatments is 
still lacking. There are also differences in the outcome measures used to determine 
the success of the treatment (Ogawa et al., 2010). In this study, the objective 
outcome measures, such as the POSAS scale, tissue biopsies with HE and IHC 
analyses, and spectrocutometry, were used. It has been noted that RCTs have 
improved scar management over the past years, but future research is still 
necessary to better define a personal and universal treatment protocol (Haurani et 
al., 2009; Ogawa et al., 2010). It seems that there are still many questions 
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concerning keloid treatment strategies, and new high-quality studies with objective 
methods to analyse the efficacy of keloid treatments are needed to improve our 
treatment standards. To date, the information on keloid treatment can sometimes 
feel confusing with so many alternative therapeutic methods.  Many of these 
treatments are widely used by professionals even when the level of evidence may 
be weak (O´Brien L, 2006). Standardized methods of outcome analysis and 
objective tools for scar assessment are needed to provide high quality evidence-
based findings. For the aforementioned purposes, this study aimed, firstly, to assess 
the current standard treatment options in a RCT, as well as to investigate the 
outcomes of two common treatment options, TAC injections and surgery with 
postoperative radiotherapy. Secondly, but equally importantly, the biological 
changes associated with the injection treatments using TAC and 5-FU were 
assessed in vivo in RCT.  

6.1 Clinical outcomes and occurrence of side effects after TAC 
and 5-FU injections in keloids 

 
Both TAC and 5-FU injections were demonstrated to be effective in keloid 
treatment. In this study (Study I), the remission rate of keloids was also determined 
as 60% after TAC injections. Kiil et al. likewise investigated 67 keloid patients in 
their prospective trial (Kiil, 1977). 52 patients were treated with monotherapy TAC 
injections, while 15 patients were treated with surgery and TAC injections. They 
concluded that both of these therapy modalities were similarly effective (Kiil, 
1977). To date, the TAC injection is perhaps considered the first line treatment for 
keloids, even though it has been noted that in some patients keloids are resistant to 
cortisone injections (Ud-Din et al., 2013). The RCT data also revealed that after the 
TAC injections, local side effects were possibly more frequent and longstanding 
than previously reported. Skin atrophy, telangiectasia and TAC traces occurred in 
patients even after only 1-3 injections. Additionally, all the recognized adverse 
effects were still seen at the end of the 6-month follow-up period. On the other 
hand, in clinical work it has been observed that maybe there is no effect without 
some side effects in TAC treatment. Based on these findings and clinical 
experience, other treatment options have become increasingly important in our 
unit. 

 One alternative keloid treatment option is 5-FU. Previous studies have also 
reported favorable results from its use (Kontochristopoulos et al., 2005; Nanda, 
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Reddy, 2004). The efficacy of these injection treatment modalities were compared 
in this RCT. The collected data about adverse effects support the claim that 5-FU 
has less adverse effects that TAC. These results partially differ from previous 
papers (Sadeghinia, Sadeghinia, 2012). Sadeghinia et al. reported significantly better 
outcomes from keloids treated with 5-FU than TAC (Sadeghinia, Sadeghinia, 
2012). In this study, there was no statistically significant difference in the remission 
rate between the TAC and 5-FU groups after the 6-month follow-up period. 
Similarly, the POSAS scores (observer and patient) decreased after both 
treatments. Sadeghinia’s study resembled the study described here in terms of the 
sample size, injection rate, drug concentrations employed and the follow up 
questionnaires. However, defining the remission of a keloid may vary between 
different studies, because none of the injection therapies make the scar disappear 
completely. Hence, it can be difficult to compare the results between keloid 
studies. 

The most commonly reported adverse effects are skin atrophy, telangiectasia, 
and pigmentation changes (Singer, 1999; Ud-Din et al., 2013). According to the 
literature, these local side effects occur in up to half of TAC-treated patients, but it 
has been also been observed that they are resolved without intervention (Al-Attar 
et al., 2006; Darzi et al., 1992; Friedman, Butler, Pittelkow, 1988; Mustoe, Cooter, 
Gold, 2002; Niessen et al., 1999; Tang, 1992).  In this study, more side effects (skin 
atrophy and telangiectasia) were found in keloids treated with TAC rather than 5-
FU, whereas Sadeghinia et al. did not report any adverse effects in either of the 
groups. Another recent study suggests that using a combination treatment of TAC 
and 5-FU may be preferable in keloid treatment (Srivastava et al., 2017).  On the 
other hand, Srivastava et al. reported skin ulceration after 5-FU injections in almost 
half of their patients, while in this study, 5-FU side effect were rare. Differences in 
the occurrence of the adverse effects between different studies may be related to 
different injection techniques. The proper injection technique is essential to avoid 
permanent local side effects. Systemic side effects are not related to TAC or 5-FU 
intralesional treatments (Al-Attar et al., 2006). Only individual cases of Cushing´s 
syndrome have been reported after TAC treatment  (Al-Attar et al., 2006; Ritota, 
Lo, 1996).  
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6.2  Surgical excision and adjuvant radiotherapy in keloid 
treatment 

 
According to the literature and clinical experience, the most effective treatment 
modality for keloids is surgery and immediate postoperative radiotherapy (Liu, 
2019). Similarly, in this study the majority of the patients, who did not respond 
preferably to injection treatment after three injection sessions, were referred to 
surgery and radiotherapy. Even though this modality is commonly known as the 
most effective treatment for keloids, there is no universal consensus on the efficacy 
of the radiotherapy protocol. There are no clear guidelines on the irradiation 
dosage and frequency. On the other hand, some clinics prefer brachytherapy, while 
others apply external radiotherapy (van Leeuwen et al., 2015). In Study III, a 
certain keloid population was studied retrospectively. These keloids underwent 
surgical removal and adjuvant radiation. A remission rate of 91.8% after an average 
of 19.6 months follow-up was found. Thus, there was only 9.2% of recurrences in 
this patient group. These results support previous studies  (Liu, 2019; Petrou et al., 
2019). In combination, these findings suggest that surgical excision with adjuvant 
EBT should be considered the first option in keloid treatment whenever excision is 
feasible, even though injection treatments are minimally invasive treatment 
modalities. It is commonly feared that radiation could potentially expose patients to 
severe side effects, such as secondary malignancies (Ogawa et al., 2009). In this 
study, no severe side effects were noted. However, the follow-up time was limited 
to 19.6 months, and secondary cancers tend to appear 20 years post-radiation. 
Additionally, Petrou et al. and Liu et al. did not find any severe side effects, such as 
carcinogenesis, but the follow-up period in their study was too short to evaluate 
the occurrence of carcinogenesis  (Liu, 2019; Petrou et al. 2019). In turn, Ogawa et 
al. reported that most of the radiation dosages employed in keloid treatment are 
safe, and that radiotherapy does not seem induce any carcinogenesis in such low 
doses, especially when the surrounding tissues are adequately protected (Ogawa et 
al., 2009).  The 4 or 6 MeV electron beam radiotherapy used in this study can be 
considered safe, because electrons have shallow dose penetration compared to 
photons, and thus they are ideal for treating superficial skin lesions without causing 
significant damage to the deeper tissues (Hogstrom, 2006). The results of this study 
are in line with previous studies, and it seems that more surgical excision and 
adjuvant radiotherapy should be preferred in keloid treatment. According to recent 
studies, surgery might be considered the first option in adult keloid patients in 
other anatomical locations besides the earlobe area. However, according to the 
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small group of patients in this study, some patients still need additional injection 
therapies (5-FU and TAC) after surgery and adjuvant radiotherapy. After all, it is 
important to take into account that every treatment modality plays a role in keloid 
therapy. 

6.3 Histopathology and immunohistochemical analysis of 
keloids treated with TAC and 5-FU 

 
In total, 127 fresh tissue biopsies were collected from an active keloid border 
before and after TAC and 5-FU injections in Studies I and II. These samples 
showed typical keloid findings, such as keloid collagen, i.e. thick eosinophilic 
collagen bundles, which supported the clinical keloid diagnosis. Furthermore, Ki-
67, CD31, a-SMA, ER, AR and PR IHC stainings were performed. Initially, the 
increased vascularity was associated with both keloids and hypertrophic scars as an 
indicator of metabolic scar activity (Chan, Wong, Ho, 2004; Manuskiatti, 
Fitzpatrick, Goldman, 2001). This was demonstrated as increased estimated 
haemoglobin concentration shown in the spectrocutometry assessment. Further, 
this finding correlated with the actual blood vessel density shown in the CD31 IHC 
staining, supporting the use of spectrocutometry in the treatment validation of 
keloids in the future. Additionally, the spectrocutometry measures the blood vessel 
density in the whole area of the keloid, whereas with invasive biopsies only a small 
area of the keloid can be analyzed. 

Next, the biological changes in the keloid tissue during the keloid injection 
therapy with TAC and 5-FU were assessed, comparing the patients who responded 
to treatment during the trial with those who did not. Knowledge of the biological 
changes created by these injections has previously been limited, especially 
concerning the 5-FU and TAC drug therapy, even though TAC has been 
commonly used for decades. Vascularity (CD31 (%)) decreased significantly after 
the TAC therapy, but not after the 5-FU injections. Similarly, previous studies have 
shown that the TAC treatment may decrease sprouting angiogenesis in the keloid 
tissue (Hochman, Locali, Matsuoka, 2008; Leventhal, Furr, Reiter, 2006). 
Kontochristopoulos et al. reported that vascularity marginally decreased in keloids 
also after 5-FU treatment (Kontochristopoulos et al., 2005). This result was not 
totally comparable with ours, as it was not verified with IHC. It seems that the 
potential effect of the 5-FU injection treatment to microvessel density is still 
unclear.  
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According to previous data, keloids are the result of abnormal proliferation of 
fibroblasts and increased ECM substances (Chike-Obi, Cole, Brisset, 2009; Köse,  
Waseem, 2008). However, there are contradicting results about the effects of TAC 
and 5-FU injections on fibroblast proliferation. In the tests conducted in these 
studies, there was a decrease in Ki-67 after TAC, but a surprising increase after the 
5-FU treatment. Kontochristopoulos et al. studied fibroblast proliferation with Ki-
67 and also reported a decrease of Ki-67 level after the 5-FU injection treatment  
(Kontochristopoulos et al., 2005). On the other hand, Focaccetti et al. stated that 
small concentrations of 5-FU do not cause any changes in the cell proliferation 
rates (Focaccetti et al., 2015). The cellularity in each specimen increased after both 
treatments. This suggests that both injection therapies may decrease the level of 
ECM deposition in the tissue without inducing similar cell death of cell 
populations within the keloid. Another explanation for increased cellularity is that 
the injection trauma can induce inflammatory cell infiltration or a change in cell 
proliferation, both of which could increase cellularity.  

The previous data suggests that sex steroid hormones have a profound effect 
upon the wound healing process, and thus they may be related to keloid scar 
formation. ER and PR IHC analyses were also performed in this study (Gilliver, 
Ashworth, Ashford, 2007). In their double-blinded randomized trial Mousavi et al. 
reported that hypertrophic scar formation, in patients treated with tamoxifen 
immediately after surgery, was significantly lower than in the control group (52% 
vs 92%)  (Mousavi et al, 2010). In Study III, the percentage of ER receptors 
decreased after both the 5-FU and TAC treatments. In the TAC group and the 
responder group, the degree of decrease was statistically significant. Thus it seems 
that at least TAC has some effect on the ER receptors.   

The excessive scarring in keloids is suggested to be caused by increased 
proliferation and an excess collagen deposition by fibroblasts, which in turn 
differentiate into contractile myofibroblasts after the tissue trauma (Hinz, 2016). 
This contributes to tissue repair during the wound healing process. However, this 
process can severely impair tissue function when the contraction and ECM protein 
secretion become excessive, as in keloids (Hinz, 2016). The number of 
myofibroblasts marginally decreased in both injection groups after the treatment, 
but the difference was not statistically significant. As there was no statistically 
significant difference in the remission rate between the TAC and 5-FU treatments, 
after this finding all the patients were combined and analyzed as responders and 
non-responders. This pooling was used to analyze whether biological features of 
keloids (cell density; cell proliferation rate; vascular density; myofibroblast 
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numbers; and steroid hormone receptor expression) could be used to predict the 
response to therapy and define the biological changes that take place in the patients 
who respond to the treatment. The keloids, which responded to therapy, had fewer 
proliferating cells than the keloids that did not respond to injection therapies. 
However, the difference was not statistically significant. In addition,  increasing 
cellularity was noted in both responders and non-responders after injection 
therapy, which may be related an ECM decrease or an inflammatory cell increase 
following the injection trauma. Also, the CD31 difference was not remarkably 
different between the responders and non-responders. Previous reports have only 
studied the direct effects of 5-FU and TAC to keloid tissue  (Kontochristopoulos 
et al., 2005; Srivastava et al., 2017). The keloids that responded to therapy had 
more than twice the number of cells expressing ER, while the AR and PR 
expression levels were lower in these keloids than in the keloids that did not 
respond to the therapy. ER expression is a marker of a good response to different 
forms of cytotoxic chemotherapies  for example  in breast cancers. Whether this 
also applies to keloids is debatable, since a substantially smaller fraction of cells in 
keloids express steroid receptors than the cells in breast cancer. According to 
previous data, the topical application of estrogen significantly reduces wound size 
by stimulating wound contraction and increasing the rate of re-epithelialization in 
elderly patients (Ashcroft et al., 1999; Gilliver, Ashworth, Ashford, 2007). 
However, ER expression was not significantly reduced in the keloids that were in 
remission, compared to active keloid tissue. 

After all, perhaps the most important histological finding of this study was that 
the keloids which responded to injection therapies had slightly more 
myofibroblasts than non-responding keloids. Furthermore, the clinical response 
was obtained in keloids where the number of myofibroblasts (a-SMA + cells) was 
reduced simultaneously with the response to the therapy, while the presence of the 
myofibroblasts actually increased in keloids that did not respond to therapy. Hence, 
this study provides evidence that myofibroblasts do indeed play a crucial role in 
keloid formation. Some previous studies also suggest that there is a relation 
between the myofibroblast and keloid formation (Hinz, 2016; Pakshir, 2018). 
However, neither of the drugs, TAC or 5-FU, directly effects the myofibroblasts. 
These results suggest that the keloids that are active in scar production also 
respond most preferably to injection therapy. 
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6.4 Strengths, limitations and future perspectives 
 
As all scientific studies, this study, too, has its limitations. Firstly, one study (III) 
was retrospective in nature, making the level of evidence inferior to the prospective 
studies (I and II). In retrospective studies, all interesting information cannot 
unfortunately be collected. In addition, their retrospective nature can cause certain 
selection bias or misclassification bias in the study results.   

RCT studies (I and II) also had some weaknesses. First of all, the follow-up 
time was relatively short regarding the keloid treatment and formation. However, 
for ethical reasons it was thought that if a patient did not respond to the injections, 
it was not recommended that they continue with the same line of treatment. 
Hence, some patients went on to have other treatment modalities, and from the 
ethical viewpoint, there was no reason to prolong the trial.  

Also, the number of studied keloids was limited, which may reduce the power 
of this study. However, it seems that few studies have been carried out with larger 
patient groups.  

IHC demonstration also has its limitations, and it is possible that it does not 
measure the actual biological phenomena, such as blood flow in the keloid. 
However, IHC demonstration is considered the best pathological approach to 
define different biological features of biopsies. In addition, the most advanced 
technologies were used in the field, i.e. virtual microscopy and sophisticated image 
analysis software, which enabled a quantitative analysis of the whole biopsy area by 
defining the ROIs specifically. Likewise, the double-blinded RCT study design is an 
important strength of this study. The study carries added clinical significance, as it 
also demonstrates the side effects of the TAC treatment. 

Further studies of the action pathways of these two substances in vivo are 
warranted. Future research is also needed to truly understand the biological 
characteristics of keloids that define their response to therapy. For example, 
inflammatory cell responses in keloid treatment may be a reasonable area of study, 
as well as the efficacy of the TAC and 5-FU combination treatment, as this study 
only examined keloids which receive a monotherapy of either 5-FU or TAC. In 
this study design, the objective was to attribut the outcome to one specific 
intervention. This RCT has now proved to be a good study design which, in the 
future, can be continued with larger a number of keloids and a longer follow–up 
period. Recently, more and more studies have focused on the genetics and 
epigenetic factors of keloids. 
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In future studies, the results of them as well as this study may also contribute 
further to create a better overall understanding of the clinical treatment options for 
keloid disease. 
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7 CONCLUSIONS 

1) Both TAC and 5-FU, injected intralesionally, can be used safely in keloid 
treatment. Additionally, both of these drug therapies showed to be equally effective 
in the treatment of keloids.  

 
2) There are even some permanent side effects related to the use of TAC in keloid 
treatment, and they may be more common than has been presented in previous 
studies. In addition, TAC injections have more local adverse effects, such as skin 
atrophy and telangiectasis, than 5-FU injections. 

 
3) The cellularity in each specimen increased after both treatments. This may 
suggest that both injection therapies decrease the level of ECM deposition in the 
tissue without inducing similar cell death in the cell population of the keloid, even 
though the given treatment or injection itself can also cause inflammatory cell 
infiltration.  

 
4) Keloid remission cannot be predicted by quantitatively determining the studied 
biological variables from the biopsies taken from the keloid. However, this study 
demonstrated that the loss of myofibroblasts takes place in keloids that are in 
remission. This is the direct evidence that the response to therapy is associated 
with a simultaneous reduction in myofibroblasts in the keloid tissue. 

 
5) It seems that a significant number of keloid patients does not respond to either 
TAC or 5-FU treatment. Hence, surgery and radiotherapy may be considered more 
often as the first line therapy in adult patients. Overall, more standardized 
treatment protocols are needed in keloid treatment. 
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Summary Keloids have high recurrence rates. Current first-line therapy is triamcinolone (TAC) 
injection, but it has been suggested that approximately 50% of keloids are steroid resistant. 
We compared the efficacy of intralesional 5-fluorouracil (5-FU) and triamcinalone injections 
in a double-blind randomized controlled trial. Forty-three patients with 50 keloid scars were 
treated with either intralesional TAC or 5-FU-injections over 6 months. 
There was no statistically significant difference in the remission rate at 6 months between 
the 5-FU and TAC groups (46% vs 60%, respectively). Local adverse effects were higher in the 
TAC group compared to the 5-FU group. Occurrence of skin atrophy in TAC group was 44% and 
in the 5-FU group 8% (p < 0.05). Also the occurrence of telangiectasia in the TAC group was 
50% and in the 5-FU 21% (p < 0.05). Vascularity of the keloids, assessed by spectral imaging 
and immunohistochemical staining for blood vessels, after treatment decreased in the TAC 
group, but not in the 5-FU group (p < 0.05). Fibroblast proliferation evaluated by Ki-67 staining 
significantly decreased in the TAC group (p < 0.05) but increased in the 5-FU group (p < 0.05). 
TAC and 5-FU injections did not differ in their clinical effectivity in this randomized study, 
but 5-FU injections lead to increased proliferation rate and did not affect vascular density 
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in histological assessment. Due to the greater number of adverse effects observed after TAC 
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troduction 

atment of keloid scars is challenging for clinicians. De- 
te several reported strategies, no standard treatment 
tocol exists. 1,2 Triamcinolone acetate (TAC) injections 
 considered as the first treatment option for keloids. 1 

e efficacy of TAC in keloid treatment has been demon- 
ated in clinical trials already in the 1960s and 1970s. 3 –5 

sed on these earlier trials, it has been estimated that TAC 

ws clinical effect in the majority of treated keloids. 6 

wever, more recent data suggests that up to 50% of 
loids do not respond to steroid injections. 7,8 Furthermore, 
0% of keloids that initially respond to TAC treatment ul- 
ately relapse. 7 In addition to quite high proportions of 
loids either not responding to TAC or developing recur- 
ce, approximately half of the TAC treated keloids are 
o associated with side effects such as subcutaneous at- 
hy and telangiectasia. 1 Thus new therapeutic options, 
ong them antineoplastic agent 5-fluorouracil (5-FU) have 
erged as a potential option to improve treatment effi- 
y without adverse effects. 5-FU is a fluorinated pyrimi- 
e antimetabolite that inhibits fibroblast proliferation. 1,9 

possible mechanism of action of 5-FU is the selective 
ckage of collagen synthesis by keloid fibroblasts. 9,10 

Preliminary studies comparing 5-FU with TAC have been 
ited and failed to provide conclusive evidence of effi- 
y. 11,12 The aim of this study was to compare the efficacy 
d possible side effects of TAC and 5-FU injections for the 
atment of keloids in a double-blind, randomized, con- 
lled trial. 

tients and methods 

e study was approved by the Ethics Committee of 
 Pirkanmaa Health Care District and recorded in the 
spective clinical studies database: ClinicalTrials.gov 
CT02155439). 
Initially, 105 patients with previously treated keloid scars 
re seen at the outpatient clinic. A total of 43 patients 
h 50 active and symptomatic keloid scars requiring treat- 
nt were enrolled and randomized into two groups. All 
tients were counseled about the study design and given 
 option to enroll. After initial screening and a cooling 
period, patients who enrolled provided consent to the 
dy. Some keloids were treated for first time ( Table 1 ). 
eloid was defined as a scar growing outside the bound- 
es of the original wound without signs of resolution over 3 
ars. Inclusion criteria of this study were: any patient over 
 years of age undergoing keloid treatment in Tampere 
iversity Hospital and suitable for treatment with drug in- 
tions (Supplemental Figure Consort 2010 flow diagram). 
e exclusion criteria of this study excluded: patients under 
 age of 18, pregnancy or planned pregnancy, lactation, 
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liver dysfunction, hematological disease or 
uppression, systemic or local infection. The 
atomical sites of the keloids are shown in 

ed-block randomization with closed en- 
ed to ensure equal group sizes, leading to 
with 25 keloid scars. Each randomized selec- 
e was performed blindly by the same plastic 
nior author) who also performed the drug in- 
t revealing the patient allocation (i.e. drug 
e patients). The response to therapy was as- 
dently by another plastic surgeon (the first 
tient and observer were blinded at the time 
as assessed. Follow up was performed at 6 
at time all of the data had been analyzed 
ed fashion. The plastic surgeon performing 
did not perform any analysis of collected 

s were treated with intralesional injections 
r 5-FU. All the patients were reviewed in for 
sment a total of five times (once every 3–4 
ek 12 and at 6 months). 
ns were given during the first three visits by 
r plastic surgeon, who alone knew the re- 
ization. The injections were given according 
d recommendations. Injection technique was 
bed in previous papers, i.e. under local anes- 
AC or 5-FU was injected from several direc- 
nto the keloid with care taken not to inject 
id mass or too close to epidermis to avoid 
cal side effects. The injectable was intro- 
 scar until blanching occurred. For patients 
 well and did not need three injections, 
ere carried out without further injections 

re were no placebo injections, i.e. the pa- 
domized into two groups having either TAC 

ns. 
ctions, Lederspan® (Haupt Pharma Wolfrat- 
, Germany) 20 mg/ml mixed 1:1 with lido- 
l (Orion Pharma, Finland) was used. For 5-FU 

luorouracil Accord® (AccordHealthCare Ltd 
K) was used at a concentration of 50 mg/ml. 
ceived local anesthesia with lidocaine first. 
 mixed with lidocaine, as it is a cytostatic 
n the hospital pharmacy. However, TAC can 
dministered mixed with a local anesthetic, 
 it in this way. 
server (the first author) assessed the keloids 
ed scar scale, the Patient and Observer Scar 
ale (POSAS) and objective assessment was 
 a spectrocutometer camera. 13 Keloids were 
essed and evaluated for evidence of skin 
langiectasia as adverse effects after both 
ch patient filled out the patient component 
Key.com by Elsevier on February 11, 2020.
lsevier Inc. All rights reserved.
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Table 1 Demographics. 

Characteristic TAC (n = 25) 5-FU (n = 25) P 

Age, years ND ∗∗

Median 40 43 
Mean 41 46.96 
Range 18–77 21–81 

Sex, n(%) ND ∗

Male 11 (44%) 15 (60%) 
Female 14 (56%) 10 (40%) 

Anatomic 
Location n (%) ND ∗

Chest 6 (24%) 9 (36%) 
Shoulder 6 (24%) 6 (24%) 
Upper back 10 (40%) 1 (4%) 
Abdomen 3 (12%) 4 (16%) 

Etiology ND ∗

Surgery 13 (52%) 12 (48%) 
Acne 7 (28%) 6 (24%) 
Trauma 2 (8%) 4 (16%) 
Unknown 2 (8%) 1 (4%) 
Vaccination 1 (4%) 0 (0%) 
Burn injury 0 (0%) 1 (4%) 
Piercing 0 (0%) 1 (4%) 

Previous treatments ND ∗

None 8 (32%) 8 (32%) 
TAC 15 (60%) 15 (60%) 
5-FU 1 (4%) 1 (4%) 
Radiation and surgery 1 (4%) 1 (4%) 

Area (mm2) ND ∗∗

Median 978 799 
Mean 1439 1473 
Range 169–6365 144–7043 

ND (No Difference) 
∗ Pearson chi-square-test 
∗∗ Mann-Whitney U test 

Table 2 Results: remission rate, adverse effects and number of given injections. 

TAC n = 25 5-FU n = 24 p ∗

n % n % 

Remission 
15 60 11 46 > 0.05 

Number of injections n (%) > 0.05 
1 2 8 1 4 
2 10 40 10 42 
3 13 52 13 54 

Adverse effects 
Skin atrophy 11 44 2 8 < 0.05 
Telangiectasia 14 50 5 21 < 0.05 

∗ chi-square test 

of the POSAS scale at each visit. With spectrocutometry, 
the estimated hemoglobin concentration of the keloid was 
cal

tai
ica
wa
and

injections at 4 and 8 weeks respectively. Blood vessel den- 
sity was analyzed by counting blood vessels (CD31) and fi- 

rolife
 samp
imary
 mon
 POS
stima
culated as described in previous study. 14 

At the first three visits, a 3 mm punch biopsy was ob- 
ned from the active border of the keloid for histolog- 
l and immunohistochemical analyses. The first biopsy 
s obtained before any treatment was given. The second 
 third biopsies were obtained after the first and second 

broblast p
the biopsy

The pr
keloid at 6
cluded the
density, e
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les. 
 endpoint of the study was remission of the 
ths after treatment; secondary endpoints in- 
AS score, local adverse effects, blood vessel 
ted change in the hemoglobin concentration 
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vier Inc. All rights reserved.
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d fibroblast proliferation. The remission of the keloid was 
fined clinically by the blinded observer as flattening of 
 keloid to the degree where no further injections were 
sible or needed. Same blinded observer did the conclu- 
ns of possible occurred side effects, skin atrophy and 
angiectasia. 

munohistochemical (IHC) staining 

psy samples of keloids were collected and fixed with 
 paraformaldehyde and embedded in paraffin accord- 
 to standard protocols. Hematoxylin/eosin staining and 
munohistochemical staining (IHC) was performed from 

m thick paraffin sections as previously described. 15,16 

efly, Formalin fixed, paraffin-embedded tissue sections 
re deparaffinized, processed with appropriate antigen re- 
eval solution (10 mM Tris-HCL, 1 mM EDTA, pH 9), incu- 
ted with the blocking reagent (10% normal goat serum, 
 non-fat milk and 5% BSA), and endogenous peroxidase 
ivity was suppressed with hydrogen peroxide. Tissue sec- 
ns were incubated with the primary antibody overnight 
4 °C. The rat anti-CD31 (clone 550,274) and rat anti-Ki67 
one M7249 TEC-3) antibodies were used for IHC (both 
 Pharmingen, Oxford, UK) followed by the appropriate 
rseradish peroxidase-conjugated (HRP) secondary anti- 
dies. 15 The blocking reagents used for IHC were S2O23 
AL and S0809 Antibody Diluent (DakoCytomation). The 
roxidase reactive chromogen used was 3.3 diaminobenzi- 
e (DAB; K3465,DAKO, Agilent Technologies). Each stain- 
 experiment included sections stained without primary 
tibody as negative controls. 

antitative analysis of immunostaining and 

stochemical staining 

age analysis as well as the quantification of histological 
d immunohistochemical (IHC) parameters were done 
ng Spectrum digital pathology system (Aperio Technolo- 
s). 15 –17 Briefly, all histological slides were scanned to 
ital microscope using the Aperio ScanScope® CS and XT 
tems (Aperio Technologies Inc., Vusta CA, USA). 17 Slides 
re viewed and analysed remotely using desktop personal 
mputers employing the web-based ImageScope TM viewer. 
e Spectrum digital pathology system analysis algorithm 

ckage and Image Scope analysis software (version 9; 
erio Technologies Inc.) was used to quantify the IHC 

nal. The Aperio-software separates the signal from the 
romogen and hematoxylin/eosin by a color deconvolution 
thod to identify negative and positive cells/areas. Cus- 
 made algorithms were generated for each respective 
ining. The software was used to calculate the area of 
sitive and negative staining, the average positive inten- 
y (optical density), and graded as weak (1 + ), medium 

 ), and strong (3 + ) positive staining. 17 The quantified 
tochemical analysis of CD31- and Ki-67stainings were 
rformed according to the protocols used to establish 
se algorithms for each type of stain. 15,17 At least 5 000 
lls (or entire keloid biopsy for CD31) were counted for 
ch measurement from each sample. All evaluations were 
ssible were performed in an unbiased blinded fashion 
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er did not know which group (TAC/5-FU) the 
nged. 

nalysis 

yses were performed with SPSS version 21.0 
SS Statistics for Windows. (Version 21.0. Ar- 
Corp.) 
ison of patient characteristics between the 
roup, the chi-square (discrete variables) test 
ney U test (continuous variables) were used. 
 of side effects was analyzed with a chi- 
paired t -test was used for comparisons be- 
line and post-treatment values of CD31, Ki- 
 concentration and POSAS scores. A P-value 
as considered statistically significant. 

pped out from the 5-FU group after the first 
he patient decided against keloid treatment. 
nt with two keloids in the 5-FU group dis- 
treatment due to a local allergic reaction to 
U injection, comprising of urticaria and lo- 
hat resolved after a day and required no ad- 
ent. For the final analysis, the 5-FU group 
4 keloids and TAC group comprised of 25 
inical characteristics of the patients in the 
re comparable ( Table 1 ). In the TAC group a 
ctions were given and the mean dosage was 
g, range 1–35 mg) and the mean number of 
 2.4 (range 1–3), whereas in the 5-FU group 
jections were given with a mean dosage of 
 range 7.5–50 mg) and the mean number of 
 2.4 (range 1–3). 
fficacy did not differ significantly between 
. The remission rate at 6 months was 46% in 
compared to 60% in the TAC group (p > 0.05). 
ening and softening of the keloids was no- 
 5-FU and TAC injections in keloids respond- 
tment ( Figure 1 ). Skin atrophy was seen in 
ients in the TAC group and in 8% of the pa- 
FU group ( Table 2 ). The difference was sta- 
cant (p < 0.05). Also telangiectasia was seen 
atients in the TAC group and in 21% of the 
5-FU group (p < 0.05). The evaluation of side 
rformed by unmagnified clinical observation 
iectasia and skin atrophy. The POSAS scores 
Patient) decreased in both the 5-FU and the 
ing the 6 months follow-up ( Figure 2 ). The 
on (observer and patient) between baseline 
as improved (p < 0.05) in both groups, how- 
 no difference seen between the two treat- 
he estimated hemoglobin concentration had 
 months compared to the baseline in the 
7 ± 0.18 and 0.10 ± 0.18, p < 0.05). In the 
e estimated haemoglobin concentration at 
not significantly change from the baseline 
.10 and 0.10 ± 0.09, (p > 0.05) ( Figure 3 ). 
sel density (defined as CD31-positive area) 
Key.com by Elsevier on February 11, 2020.
lsevier Inc. All rights reserved.
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Figure 1 Example of a keloid treated with 5-FU injections be- 
fore (a) and after (b) treatment and another keloid treated with 
TAC injections before (c) and after (d) treatment. Both keloids 
shown here were in remission in the end of the 6 months follow- 
up. The small comedo in A and B is unrelated to treatment. 

decreased in the entire 49- keloid group, but in the 5-FU 

gro
and
can
tio
tha
kel

ret
9.9
aft
life
25.
me

Figure 2 (A) POSAS Observer scores in the 5-FU and TAC 
groups. (B) POSAS Patient scores in the 5-FU and TAC groups. 

Figure 3 Hemoglobin (Hb) concentration at each visit, mea- 
sured from the entire scar area by means of standardized digi- 
tal imaging and spectrocutometry. Hb concentration in the scar 
is shown as blood haemoglobin index. 

statistically significant in both groups, but in the 5-FU group 
on ra
e TAC

on 

eloid
ince 
is stil
d co
tmen
oulos
up, the change was not significant (p > 0.05) ( Figures 4 
 5 ). In the TAC group, the blood vessel density signifi- 
tly decreased from baseline value (p < 0.05). The reduc- 
n in blood vessel density measured supported the findings 
t a reduction of estimated hemoglobin concentration in 
oids analyzed with spectrocutometry ( Figures 3 –5 ). 
Ki-67 values were analyzed from the whole keloid area 
icular dermis excluded. The mean proliferation rate were 
% (range 3.3–16.3) at baseline and 12.1% (range 6.4–21.2) 
er treatment in the 5-FU group whereas the mean pro- 
ration rates in the TAC group were 11.3% (range 1.9–
3) at baseline and 7.9% (range 1.7–24.7) after treat- 
nt. The difference before and after treatment was 

proliferati
and in th
and 6 ). 

Discussi
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te was increased by the treatment (p < 0.05) 
 group it decreased (p < 0.05) ( Figures 5 

s with TAC injections has been common 
the 1970s. 1,3 , 4 Keloid treatment with 5-FU, 
l considered as experimental although few 

ntrolled trials have studied the effects of 
t on keloid scars. Nanda et al. and Kon- 
 et al. published a series of patients treated 
.com by Elsevier on February 11, 2020.
vier Inc. All rights reserved.
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Figure 4 Blood vessel density before and after treatment in 5- 
FU and TAC groups . The keloids were treated with either TAC or 
5-FU injections in a randomized controlled trial. The blood ves- 
sels were determined from the tissue biopsies obtained from 

the keloids before and after the treatment. Tissue sections 
were stained by antibody against endothelial cells (CD31) and 
quantitative digital pathology analysis of scanned slides was 
pe
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Immunohistochemical stainings for CD31 and Ki-67 
ft column) and after (right column) treatment in 5- 
C groups. Positive endothelial cells (CD31) and stro- 
uclei (Ki-67) marked by arrowheads. Vascular density 
by CD31 decreased significantly in the TAC group but 
5-FU group. Proliferation rate measured by Ki-67 de- 
gnificantly in the TAC group and increased in the 5-FU 

e scale bar in the lower right corner measures 200 

Cell proliferation rates at baseline and post- 
. The keloids were treated with either TAC or 5-FU 

in a randomized controlled trial. Skin biopsies were 
rom the edges of keloids before and after the treat- 
psies were fixed and processed for IHC staining of 
ng nuclei by using an antibody against Ki67, a well- 
d proliferation marker. Quantitative digital pathology 
 scanned slides was performed. The results are ex- 
 the percentage of proliferating cells in total keloid 
tion. 
rformed. The results are expressed as the area covered by 
 blood vessels in the total keloid area in the biopsy. 

h 5-FU alone. 18,19 Both of these studies reported favor- 
le outcomes, with a 70 to 95% success rate. Neither of 
se studies, however, was a randomized controlled trial. 
eghinia et al. conducted a randomized controlled trial 
h 44 patients comparing the efficacy of 5-FU and TAC in- 
tions. 11 Their study was similar to ours in terms of sample 
e, injection rate and concentrations and dosages used. 
eghinia et al. graded the overall improvement using a 
oint scale. 11 Both patient reported outcome and assess- 
nt by the observer indicated that 5-FU injections pro- 
ced significantly better results compared to TAC injec- 
ns. We found no significant difference in the efficacy of 
 two treatments in the present study. We observed a pos- 
e response in both the TAC and the 5-FU groups, and the 
provement between the baseline and 6 months that was 
tistically significant in both groups. However, remission 
e after 5-FU treatment was lower than in previous stud- 
 mentioned above and although there was a significant 
ect of 5-FU injections, less than half of the patients in 
s study were in remission after 5-FU treatment. 
In our study permanent local side effects were more 
mmon in the TAC group than in the 5-FU group. The side 
ects of TAC injections have been reported also in pre- 
us trials. Sadeghia et al. reported no side effects in ei- 
r group; Nanda et al. reported ulceration in 21.4% and 
rning sensation in 7.1% at the 5-FU treatment sites. 11,18 

wever, TAC treatment was associated with significant lo- 
 side effects in other reports. 1,2 , 20,21 Fitzpatrick and Hau- 
i et al. reported their experiences with 5-FU injections 
 hypertrophic scarring, and observed no systemic or local 
verse effects. 9,22 On the other hand Kontochristopoulos 
al. reported that all 20 of their patients found the in- 
tions painful and 30% presented with superficial ulcera- 
ns in their keloids after 5–FU injections. 19 The same study 
wed that all 20 patients developed hyperpigmentation 
the treatment sites, but this did not cause any signif- 
nt cosmetic morbidity and gradually subsided. 19 Srivas- 
a et al. studied TAC, 5-FU and their combination in keloid 
atment in a randomized parallel group study with 60 pa- 
nts. 12 They stated that TAC, 5-FU and their combination 
 all effective in keloid treatment, but the combination 
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atment of TAC and 5-FU was superior in efficacy and inci- 
ce of side effects. 12 Srivastava et al. reported skin ulcer- 
on in 9 patients of their 20 patients in the 5-FU group( 12 . 
trary to their findings our side effect profile was low. In 
 study, one patient developed a local allergic reaction 
 skin blistering after the second injection of 5-FU, which 
ulted in discontinuing the treatment. This was the only 
ediate local side effect in this study and it is not clear 

y this occurred and whether it was the cytotoxic effect 
t caused the ulceration. 
Three patients exhibited hyperpigmentation in the 5-FU 

up. The TAC group presented with significantly more per- 
nent local adverse effects 44% with skin atrophy and 50% 

h telangiectasia compared to 8% and 21% in the 5-FU 

up respectively. This observation may support the role of 
U over TAC especially in cosmetically important areas, 
ere local adverse effects may lead to considerable aes- 
tic problems. However clear conclusion cannot be drawn 
m this limited study. A greater number of patients re- 
ited to this study would be needed to provide a more ac- 
ate side effect profile. Another trial comparing TAC and 
 + 5-FU may provide some insight into the added efficacy 
binatorial therapy may offer. 

We have shown that the vascularity of a keloid may be 
uced by TAC injections as shown by decreased blood ves- 
 density and estimated keloid hemoglobin concentrations 
ough spectrocutometry assessment. Increased vascular- 
 is reported in both keloids and hypertrophic scars and 
n indicator of ongoing metabolic scar activity. 23,24 Our 
ing that hemoglobin concentration in keloids defined 
spectrocutometry correlates with actual blood vessel 
sity may further encourage the use of spectrocutometry 
an objective assessment method in scar treatment. In 
 study vascular density in keloids were not significantly 
nged following 5-FU injections. Also Kontochristopoulos 
al. found vascularity to be slightly decreased after 5-FU 

atment. 19 Their finding, however, was not verified with 
. Studies have shown TAC treatment may decrease 
outing angiogenesis. 25,26 Further studies need to be 
formed to validate the sensitivity and specificity of 
se modalities in scar outcomes. 
Kontochristopoulos et al. also studied the proliferation 
e of fibroblasts with Ki-67. 19 They reported a decrease 
5% to 0.5–2%) in Ki-67 in all their 10 cases after 6 5-FU in- 
tions treatment. However, we examined 24 5-FU treated 
oids before and after 1–3 injections treatment and found 
t the level of Ki-67 increased in the 5-FU group, and de- 
ased in the TAC group. This may warrant further investi- 
ion into the action pathways of 5-FU in keloid treatment. 
The weakness of our study is there was a short 6 months 
low-up time, which is not long enough to observe for 
oid recurrence, which can occur as late as 24 months 
more after treatment. More modalities of assessment 
uld have strengthened this study however we do provide 
e preliminary data that suggest the efficacy of TAC and 
U are similar but not dramatically different. One can 
 that these treatments usually show some benefit after 
 injections, however if no response is seen, it is not 
ommended to continue with the same line of treatment. 
ere benefits were not seen, patients from this study 
nt on to have surgery and radiotherapy, and some had 
ther substance injections (TAC, 5-FU or verapamil) as 
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Abstract

Keloids are a major complication related to surgical wound healing and very challeng-

ing condition to treat. Many treatment options are available, but the efficacy of the

treatment is poor in most of cases and some keloids do not respond to the treatment

at all. We compared the efficacy of intralesional 5-fluorouracil (5-FU) and triamcino-

lone (TAC) injections in a double-blind randomized controlled trial (RCT). Forty-three

patients with 50 keloid scars were treated with either intralesional TAC or 5-FU-

injections over 6 months. We wanted to find out whether biological features (cell

density, cell proliferation rate, vascular density, myofibroblast numbers, steroid hor-

mone receptor expression) in keloids could be used to predict the response to ther-

apy and define the biological changes that take place in patients receiving a

response. As there was no statistically significant difference in the remission rate

between TAC and 5-FU treatments, all patients were combined and analyzed as

responders and nonresponders. Although responders have slightly more myo-

fibroblasts than the nonresponders in their keloids in the pretreatment biopsy sam-

ples, we could not identify a single predictive factor that could identify those patients

that respond to drug injections. The good clinical response to therapy is associated

with the simultaneous reduction of myofibroblasts in the keloid. This study demon-

strates that myofibroblasts are reduced in number in those keloids that were respon-

sive to therapy, and that both 5-FU and TAC injections are useful for keloid

treatment.

1 | INTRODUCTION

Keloid formation is a result of an abnormal wound healing process.1

Keloids are benign, locally aggressive dermal fibroproliferative tumors,

which originate from scars and invade into surrounding healthy skin

contrary to other hypertrophic skin scars.2,3 It has been estimated that

11 million people were affected by keloids annually in the developed

world alone.1

The ethiopathogenesis of keloid formation has still remained

poorly understood even though etiology is becoming clearer to date.4

It has been suggested that keloid scarring is caused by an inability to

stop the normal wound healing process.1 The wound healing process

can be divided into three distinct phases: inflammatory, proliferative,

and remodeling phases.1,3,5 Keloid formation is often considered to be

Abbreviations: AR, androgen receptor; CD31, cluster of differentiation 31; DHEA,

dehydroepiandrosterone; DHT, dihydrotestoterone; ECM, extracellular matrix; ER, estrogen

receptor; HE, hematoxylin & eosin staining; IHC, immunohistochemistry; Ki-67, antigen Ki-

67; NF-κβ, nuclear factor-κβ; PR, progesterone receptor; RCT, randomized controlled trial;

ROI, region of interest; TAC, triamcinolone; TGF-β, transforming growth factor-β; TMA,

tissue microarray; α-SMA, α-smooth muscle actin; 5-FU, 5-fluorouracil.
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the result of a prolonged proliferative and delayed remodeling

phases.1,6 The excessive scarring in keloids is stated to be caused by

increased proliferation and an excess collagen deposition by fibro-

blasts.1,7 Thus, keloids are the result of abnormal proliferation of

fibroblasts and excessive extracellular matrix (ECM) deposition.8,9 In

addition to these features, it has been stated that keloids are a rela-

tively hypoxic tissue and that hypoxia may drive the transition of nor-

mal dermal fibroblasts to a myofibroblast-like phenotype.10 In turn,

myofibroblasts are the cells responsible for fibrosis and scar formation

in many fibrotic conditions. Compared with the normal skin, the keloid

dermis shows increased deposition of ECM, an increase in the density

of blood vessels and increased number of nonepithelial cells.9,11 How-

ever, blood vessel density in keloids is complicated topic and experts

are debating whether keloids should core as hypoxic lesions. As large,

thick collagen bundles and numerous thin fibrils are closely packed

together in the dermis of keloid scars, the epidermis is flattened by

compaction from collagen bundles, but otherwise appears morpholog-

ically normal.9,11 On the other hand, Limandjaja et al studied keloid

scar epidermis and they reported increased epidermal thickness and

flattened epidermis compared to normal skin.12 Thus, the role of epi-

dermis in the keloid formation is not completely clear. Previous stud-

ies have also suggested that sex steroid hormones have a profound

effect upon the wound healing process and thus they may be related

to keloid scar formation.13

There are no keloid specific treatment that can make the keloid

to completely disappear from the affected anatomical area. All current

treatment modalities are associated with high recurrence rates.4 The

approaches to keloid treatment involve either ablative surgery with

radiation or injection of different pharmacological substances into the

keloid mass. The aim of every modality is to make keloid mass smaller

and less symptomatic.4 Triamcinolone acetate (TAC) has been the

mostly used substance by far, with proven efficacy in many patients.8

However, it is commonly known that a certain number of keloids do

not respond to corticosteroid injection therapies and are often labeled

as resistant to cortisone.14-16 Thus, other treatment options such as

5-fluorouracil (5-FU), bleomycin, and verapamil have been introduced

in keloid treatment. 5-FU was first proposed for keloid treatment in

the 1990s but there is not a clear universal consensus of 5-FU treat-

ment in keloid disease to date.17 Biljard et al published recent system-

atic review on intralesional 5-FU in keloid disease. They concluded

that 5-FU treatment is effective in 45-96% of keloid patients but only

combination therapy with TAC and 5-FU may be more effective than

TAC alone.17 After the publication of meta-analysis, RCTs addressing

the therapeutic value of TAC and 5-FU injections in keloids have been

published. Khalid et al and Srivastava et al both found that combina-

tion treatment with TAC and 5-FU may be superior to monotherapy

with TAC.18,19 Khalid et al published their study on 108 patients with

22 months follow-up, whereas Srivastava et al published their data on

60 patients with 30 weeks follow-up.18,19 However, neither of these

RCT studies addressed the cellular responses taking place in keloids in

response to these drugs.

To make matters even more complicated, very little is known

about the cellular responses to injection therapies in vivo, where

countless interactions between different cell types in keloids could

play a role and determine the actual clinical response.

According to the literature, corticosteroids reduce excessive scar-

ring by decreasing collagen and proteoglycan synthesis and the expres-

sion of inflammatory mediators.14,20 Generally speaking, the mechanism

of action of corticosteroids is related to the inhibition of nuclear factor-

κβ (NF-κβ), a transcription factor that induces the expression of large

number of pro-inflammatory cytokines and chemokines. On the other

hand, a possible course of action for 5-FU is the selective block of colla-

gen synthesis and inhibition of the fibroblast proliferation.15,21,22 Drug

activity can also be related to administration routes. For example, Liu

et al showed that their designed dermal microneedle technique will

improve the permeability of the studied peptide and improve the inhibi-

tion on the proliferation of keloid fibroblasts.23,24

This study was set out to examine the biological characteristics of

keloids and their responses to TAC or 5-FU injection treatment in

double-blinded randomized controlled trial. We followed keloid scars

by collecting biopsies over a period of 6 months TAC and 5-FU treat-

ment to discover ways to predict the outcome of treatments as well

as to understand the biological processes that define the response to

TAC and 5-FU treatment. Histological samples were obtained before

and after treatment of 50 keloid scars from the double-blinded RCT

for immunohistochemical staining (IHC) of various cell biological fea-

tures such as cell density, cell proliferation rate, vascularity, myo-

fibroblasts, and hormone receptor expression.

2 | MATERIALS AND METHODS

The study was approved by the Ethics Committee of the Pirkanmaa

Health Care District and recorded in the prospective clinical studies

database: ClinicalTrials.gov (#NCT02155439).

Initially, 105 patients with previously treated keloid scars were

seen at the outpatient clinic. A total of 43 patients with 50 active and

symptomatic keloid scars requiring treatment were enrolled and ran-

domized into two groups. First, we divided keloids 5-FU and TAC

treated groups with a permutated-block randomization and at the end

of the 6 months follow-up, we divided the treated groups as

responders and nonresponders. The remission of the keloid was

defined clinically by the experienced plastic surgeon as flattening of

the keloid to the degree where no further treatment or injections

were indicated. All clinical data collection was performed in blinded

fashion, that is, the observing plastic surgeon was not aware of the

treatment group assignment.

A keloid was clinically defined as a tumor like lesion growing outside

the boundaries of the original wound site. We also determined as a

keloid if the scar has not signs of resolution over 3 years. The etiologies

and anatomic locations of the keloids are represented in Table 1.

The patients were treated with intralesional injections of either

TAC or 5-FU with 3 weeks intervals. All the patients visited the outpa-

tient clinic a total of five times (once every 3-4 weeks until week

12 and at 6 months). The injections were given by the same experi-

enced plastic surgeon (I.K) according to the international

386 HIETANEN ET AL.
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recommendations. For patients who did not need three injections,

control visits were carried out without further injections.

For TAC injections, Lederpan (Haupt Pharma Wolfratshausen

GmbH, Germany) 20 mg/mL mixed 1:1 with lidocaine 10 mg/mL

(Orion Pharma, Finland) was used. For 5-FU1 injections, 5-Fluorouracil

Accord (AccordHealthCare Ltd., North Harrow, UK) was used at a

concentration of 50 mg/mL.

During the first three visits, a 3 mm punch biopsy was obtained

from the active border of the keloid for histological analysis and

immunohistochemistry. The first biopsy was obtained before any

treatment. The second and third biopsies were obtained after the first

and second injections at 4 and 8 weeks, respectively. The third biopsy

was not taken if the treatment was not continued because of favor-

able reaction of the keloid.

3 | HISTOPATHOLOGY

Punch biopsies from the keloids were fixed with 4% paraformaldehyde

and processed according to standard methods. Due to relatively high

number of IHC stainings needed, tissue microarray (TMA) technique was

applied to the biopsies. Each punch biopsy was sagittally split before

TMA reconstruction. Each histological TMA block contained all biopsies

(1-3) from five consecutive patients, resulting in 10 TMA blocks (+ 10

identical replicas) with 10 to 15 punches. One routine hematoxylin-eosin

(HE) staining was done to analyze basic characteristics and the adequacy

of the specimens. An experienced pathologist (T.T.) examined all the

specimens, determined specimen adequacy and visually estimated epi-

dermal changes with respect to the initial biopsy before any treatment.

All examinations were performed blinded. The most representative slices

TABLE 1 Demographic data of the keloid patients according to their response to therapy

Demographics Responder (n = 26) Nonresponder (n = 23) P

Age (years) .274a

Median 47.50 38

Mean 45.65 40.83

Range 18-81 20-81

Sex, n (%) .154b

Male 11 (42%) 15 (65%)

Female 15 (58%) 8 (35%)

Anatomic location, n (%) Other 1 (4%) 2 (9%) .375b

Chest 8 (31%) 9 (39%)

Shoulder 9 (35%) 3 (13%)

Upper back 4 (15%) 6 (26%)

Abdomen 4 (15%) 3 (13%)

Etiology, n (n%)

.661b

Surgery 13 (50%) 11 (48%)

Acne 6 (23%) 7 (30%)

Other 5 (22%) 5 (22%)

Given treatment, n (%) .321b

TAC 15 (58%) 10 (43%)

5-FU 11 (42%) 13 (57%)

Previous treatments, n (%) .195b

None 12 (46%) 4 (17%)

TAC 12 (46%) 17 (74%)

5-FU 1 (4%) 1 (4%)

Radiation and surgery 1 (4%) 1 (4%)

Area (mm2) .290a

Median 795 978

Mean 1092 1885

Range 169-3753 144-7043

Abbreviations: 5-FU, 5-fluorouracil; TAC, triamcinolone.
aMann-Whitney U test.
bPearson chi-square test.
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of the split punch biopsies in the TMA's were used in the histopathologi-

cal evaluation. Epidermal changes were divided into three descriptive cat-

egories due to wide topography-dependent morphological variation of

the skin: (a) remarkable thinning of epidermis with completely flattened

rete ridges, (b) moderate thinning of epidermis and shortened rete ridges,

and (3) normal rete ridges and epidermis.

HE staining and 3,3-diaminobenzidine IHC stainings were per-

formed on 6 μm thick paraffin sections as previously described in detail

elsewhere.25-28 Briefly, the following primary antibodies were used for

IHC: 1A4 mouse anti-human horseradish peroxidase-conjugated

α-smooth muscle actin (α-SMA) (both DakoCytomation, Glostrup, Den-

mark) and 550 274 rat anti-human cluster of differentation31 (CD31)

(BD Pharmingen, Oxford, UK) followed by the appropriate horseradish

peroxidase-conjugated secondary antibodies and M7249 TEC-3 rat

anti-human Ki-67.25 The blocking reagents used for IHC were S2O23

REAL and S0809 Antibody Diluent (DakoCytomation). The peroxidase

reactive chromogen used was diaminobenzidine (K3465; DAKO, Agilent

Technologies). Immunostainings for estrogen receptor (ER) (clone SP1),

androgen receptor (AR) (clone SP107), and progesterone receptor

(PR) (clone 1E2) were all performed using Ventana Benchmark Ultra

immunostaining automate with primary antibodies from Roche Ventana.

Detections for ER and PR were performed using the Ultraview DAB

Detection kit, and for the AR Optiview DAB Detection kit (Roche

Ventana).

Cell density was determined from routine HE stained histological

tissue sections. Blood vessel density was analyzed by counting vessels

stained positively with CD31 antibody. α-smooth muscle actin

(α-SMA) staining was performed to identify myofibroblasts in the der-

mal compartment. The fraction of proliferating fibroblasts was evalu-

ated by antigen Ki-67 (Ki-67). The expression of hormone receptors

(ER, PR, AR) was quantified in fibroblasts in keloid tissue.

4 | DIGITAL IMAGE ANALYSIS OF
IMMUNOHISTOCHEMICAL STAININGS

Image analysis as well as the quantification of histological and IHC

parameters were done using Spectrum digital pathology system (Aperio

Technologies, Vista, California) as described previously elsewhere.25-27

All slides were scanned using the Aperio ScanScope CS and XT systems

at 0.5 μm/pixel (Aperio Technologies Inc.).26 Slides were viewed and

analyzed remotely using desktop personal computers employing the

web-based ImageScope viewer. Region-of-interest (ROI) was drawn

manually from each biopsy. The cell density was determined from HE-

stained histological sections as the image analysis system recognizes cell

nuclei. Also, the height of the rete ridges was measured digitally in each

specimen before and after treatment.

The Spectrum digital pathology system analysis algorithm package

and Image Scope analysis software (version 9; Aperio Technologies Inc.)

were applied to quantify the IHC signal. The Aperio-software separates

the signal from the chromogen and hematoxylin/eosin by a color

deconvolution method to identify negative and positive cells/areas.

These algorithms then calculate the areas of negative and positive

stainings and the average positive intensity (optical density). The posi-

tive staining is further quantified as the percentage of weak (1+),

medium (2+), and strong (3+) positive staining.26 The quantified histo-

chemical analysis of Ki-67, CD31 AR, PR, ER, α-SMA staining was per-

formed according to the protocols used to establish these algorithms for

each type of stain.25,26 The image analysis system allows specific identi-

fication of ROI, that is, keloid tissue for analysis by drawing from each

biopsy. Approximately 5000 cells were counted for each measurement

from each sample. All examinations were performed blinded so that, at

the time of the examination, the examiner did not know the group nor

the response to which the specimens belonged/had obtained.

5 | STATISTICAL ANALYSIS

Statistical analyses were performed with IBM SPSS Statistics for Win-

dows (Version 23.0. Armonk, NY: IBM Corp, Released 2013). For com-

parison of patient characteristics between the TAC and 5-FU group,

chi-square or Fisher's exact (discrete variables) test and Mann-

Whitney U test (continuous variables) were used. A paired t test was

used for comparisons between the baseline and post-treatment values

of CD31 and Ki-67, whereas Wilcoxon signed-ranked test was used

for comparison between the baseline and post-treatment values of

ER, AR, PR and α-SMA. Mann-Whitney U test (Ki-67, CD-31, PR, AR,

ER, and T-test (α-SMA)) were also used when the changes induced by

the treatment in biological variables (all continuous/discrete variables)

between pre- and post-treatment biopsies was compared between

responder and nonresponder groups. A P-value less than .05 was con-

sidered statistically significant.

6 | RESULTS

We have previously shown that the treatment efficacy did not differ

significantly between TAC and 5-FU treated groups.27 The remission

F IGURE 1 Histology of keloids. HE staining of typical keloid
shows well formed and strongly eosinophilic thick collagen bundles,
that is, “keloid collagen.” The image is 200× magnification and 200 μm
scale bar is placed within picture [Color figure can be viewed at
wileyonlinelibrary.com]
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rate was 46% in the 5-FU1 group and 60% in the TAC group at

6 months (P = .32).27 So the groups were combined and the patients

were classified either as responder or nonresponder. After the treat-

ment groups were combined, the remission rate was 55% at the

6 months time point. We also collected the family history from partici-

pants. Twenty-two (44%) participants had a positive family history,

that is, at least one first degree family member with verified keloid dis-

ease. Ten (45%) of these participants were clinically classified as a

nonresponder, while 12 (55%) participants with positive family history

were classified as a responder at the end of the follow-up time. The

duration of keloid disease was documented in years. Mean duration

of disease history was 3.1 years in all patients (ranging 1-14 years).

The mean duration of disease history was 2.7 years (ranging

1-7 years) in the responder group and 3.6 years in the nonresponder

group (ranging 1-14 years) (not statistically significant). All previous

treatments given to keloids are presented in Table 1. Sixteen keloids

(32.7%) received treatment for the very first time in the trial, while

rest of the keloids had previous treatments administered at least

1 year before the recruitment to this RCT.

The histologic analyses of keloids were performed from 49 keloid

scars from patients recruited to a double-blinded RCT. One patient

decided against treatment during the study and he/she was with-

drawn from the study. We first determined whether the biopsies were

representative of keloid scar by analyzing their morphological appear-

ance from HE stained sections. Most cases were histologically typical

keloids, demonstrating well-formed and strongly eosinophilic thick

collagen bundles that is, “keloid collagen” (Figure 1). This finding cor-

related with our clinical definition of keloid scar. We focused on ana-

lyzing the keloid tissue by drawing the ROI manually in each biopsy.

Thus, all IHC analyses were determined from keloid tissue and epider-

mis was excluded from the analyses. Thus, all IHC values were ana-

lyzed from whole keloid area by defining keloid mass starts under

reticular dermis (Tables 2–5).

However, epidermis was also included in the study when analyz-

ing the histological changes of epidermis after TAC and 5-FU

treatments.

6.1 | Biological features of pre-operative biopsies
and their predictive value to injection therapy

At first, we determined the morphological features with categorical

variable (normal epidermis, shortening of rete ridges/thinning of epi-

dermis, flat rete ridges/remarkable atrophy) from punch biopsies. We

could not find any statistical difference between responder and non-

responder groups in any of the morphological parameters studied at

baseline (P = .664). In the responder group, one keloid had flat rete

ridges and remarkable atrophy of the epidermis and another keloid

demonstrated shortened rete ridges/thinning of epidermis, whereas

most of keloids 92.6% (n = 25) had normal epidermis. The epidermis

was very similar in nonresponders: one keloid had had shortened rete

ridges and thinning of epidermis, while rest of the keloids 95.5%

(n = 22) had normal epidermis.

Next, we studied cellular density of keloid tissue before treat-

ments. Epidermis was excluded from quantitative analysis. The cellu-

lar density was not significant different between responders and

nonresponders as the cellular density was 210.1 (73.81-498.21)

in nonresponders and 186.58 (59.18-466.46) in responder

group (P = .209).

Then we explored different biological variables by determining

their expression levels in pretreatment biopsies by immunohisto-

chemistry. Cell proliferation rates were evaluated by well-

established proliferation marker Ki-67. Baseline cell proliferation

rates were similar between responder or nonresponder groups

(Tables 2 and 3). Next, we analyzed the number of myofibroblasts

(α-SMA expression, which itself is a reliable marker of fibrosis) at

baseline.29 There were more myofibroblasts in the biopsies from

responders than from the nonresponder group, but the difference

was not statistically significant, (P = .254; Tables 2 and 3). Con-

cerning vasculature in keloids, responder and nonresponder keloids

had similar vascular densities (determined by CD31) in the keloids at

baseline (Tables 2 and 3).

We also explored the expression of different steroid receptors,

ER, PR and AR, in the keloids. Similar number of keloid cells expressed

these steroid receptors in responders and nonresponders (P = .127 for

PR, P = .637 for AR and P = .701 for ER, Tables 2 and 3). Taking

together, our results indicate that there are no statistically significant

differences in morphological and biological parameters determined

from pretreatment biopsies from keloids that either respond or do not

respond to injection therapies.

6.2 | Biological changes taking place during
response to injection therapy keloids

Next, we wanted to address which biological changes took place in

keloids during response to keloid injection therapy. The morphology

of the epidermis was first graded from biopsies obtained from

keloids pre- and post-treatment with categorical variable. Although

we identified marginally more histological changes in the responder

group, the trend was not statistically significant (P = .76). The trend

was the same when the actual height of rete ridges was measured.

Shortening rete ridges/thinning of epidermis were recorded in

36.4% of keloids in nonresponder group, while 44.4% of responder

group showed the same change (no statistical difference).

Completely flat rete ridges/remarkable thinning of epidermis were

recorded in 22.7% of keloids in nonresponder and in 25.9% in

responder group. Shortening of rete ridges after treatments is

shown in Figure 2.

We also determined the cellular density from keloid tissue in the

responders and nonresponders groups. The density of cells increased

from 210 (ranging 73.81-498.28) to 250 (ranging 36.40-565) in the

nonresponder group and from187 (ranging 59.18-466) to 215 (ranging

52.26-563) in the responder group, but the difference was not statis-

tically significant between the groups either at baseline nor after

treatment (P = .8).
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Then we moved to assessing the changes in the expression

of biological variables in keloids during the treatment. The number

of proliferating cells slightly decreased in responder group but

not in nonresponder group during the treatment (Table 2 and

Figure 3). The change after treatments in Ki-67 values was not sta-

tistically significant between responders and nonresponders

(Table 4).

Next, we investigated a correlation between myofibroblasts and

keloid remission (Table 2). The presence of myofibroblasts decreased

in keloids that had obtained remission after treatment, but not in

those that did not respond to therapy (Table 2). As a matter of fact,

the proportion of myofibroblasts actually slightly increased in the

nonresponder group (Table 2) The difference between the responder

and nonresponder groups was statistically significant (Tables 2 and 4,

Figure 4). When we measured the biological changes taking place dur-

ing the treatment, the change induced in α-SMA-values was statisti-

cally significant between responders and nonresponders (P = .021,

Table 4).

Keloid vascularity was determined with CD31 staining. Keloids in

remission had modestly decreased microvessel density after treat-

ments, but the same phenomenon was seen also in the group which

was not in remission after treatments (Table 2, Figure 2). The differ-

ence between the pre- and post-treatment vascular density was sta-

tistically significant only in nonremission group, whereas in a

TABLE 2 The changes induced in biological variables of keloids by the injection therapy according to the clinical response

Responder Baseline Post-treatment P Nonresponder Baseline Post-treatment P

Ki-67 (%) Ki-67 (%)

Median 9.04 8 Median 10.93 10.5

Mean 10.68 9.03 Mean 10.82 10.91

Range 1.90-25.30 1.67-24.69 Range 3.53-18.35 2.36-22.22

.176a .778a

SMA (density) SMA (density)

Median 59.65 53.78 Median 55.74 54.32

Mean 58.76 55.33 Mean 55.50 57.03

Range 45.60-69.70 41.92-76.21 Range 23.89-71.44 38.95-76.67

.032b .332b

CD31 (% area) CD31 (% area)

Median 0.00031 0.00026 Median 0.0003 0.00026

Mean 0.00031 0.00026 Mean 0.0003 0.00027

Range 0.0016-0.00045 0.000092-0.00046 Range 0.00017-0.00044 0.00014-0.00048

.065a .032a

AR (%) AR (%)

Median 5.14 8.96 Median 6.32 7.15

Mean 12 13.72 Mean 13.57 13.91

Range 0.30-71.08 1.36-58.62 Range 0.71-67.27 0.68-69.47

.014b .289b

ER (%) ER (%)

Median 1.25 0.8 Median 1.02 0.53

Mean 1.46 1 Mean 1.61 0.81

Range 0-4.11 0-3.30 Range 0.26-5.71 0-2.53

.171b .073b

PR (%) PR (%)

Median 0.6 0.43 Median 0.74 0.5

Mean 0.73 0.85 Mean 1.13 1.10

Range 0.10-1.90 0-3.0 Range 0.14-4.40 0.14-8.43

.848b .181b

Abbreviations: AR, androgen receptor; CD31, cluster of differentiation 31; ER, estrogen receptor; Ki-67, antigen Ki-67; PR, progesterone receptor; SMA,

smooth muscle actin.
aPaired t test.
bWilcoxon signed-ranks test.
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remission group, it was not (Table 2). The post-treatment change in

CD31-values was not statistically significant between responders and

nonresponders (Table 4).

We also determined the expression levels of steroid receptors.

The level of PR marginally decreased after injections only in non-

remission group, but the difference was not statistically significant

(Table 2 and Figure 5) The post-treatment modestly change in PR

values was not statistically significant between responders and non-

responders (Table 4).

The expression level of AR, in turn, increased, but only in

responder group and the change was statistically significance (Table 2

and Figure 6). On the other hand, the post-treatment change of AR

values was not statistically significant between responders and nonre-

sponders (Table 4).

The expression level of ER appeared to be decreased both in

remission and nonremission groups, but the difference was not signifi-

cant in either group (Table 2 and Figure 7). The modestly change of

ER values was not statistically significant between responders and

nonresponders (Table 4).

6.3 | Biological changes induced by 5-FU and TAC-
treated keloids

We also analyzed the histological changes in the epidermis induced by

TAC and 5-FU treatments, because their mechanism of action is dif-

ferent from each other. More histological changes were found in the

TAC group than in the 5-FU group in the categorical variable

(Figure 8). The difference between TAC and 5-FU groups was statisti-

cally significant (P = .001) (Figure 8).

The number of cells increased after both treatments. In the TAC

group, mean number of cells was 145 (ranging 59.2-322) at the base-

line and after treatment 185 (ranging 36.4-428). In the 5-FU group,

the mean number of cells was 253 (ranging 79.9-498) at the baseline

and after treatment 278 (ranging 94.2-565). The difference was not

statistically significant between the groups (P = .2), but the difference

of cellularity was statistically significant between the baseline and

after treatment time points in TAC group (P = .03).

The difference in proliferation rates before and after treatment

was statistically significant in both groups, but cell proliferation

TABLE 3 Predictive value of the
biological features in pretreatment keloid
biopsies according to the response to
injection therapies

Responder Pre-treatment values Nonresponder Pre-treatment values P

Ki-67 (%) Ki-67 (%)

Median 9.04 Median 10.93

Mean 10.82 Mean 10.68

>.05a

SMA (density) SMA (density)

Median 59.65 Median 55.74

Mean 58.76 Mean 55.50

.254a

CD31 (% area) CD31 (% area)

Median 0.00 Median 0.00

Mean 0.00 Mean 0.00

>.05a

AR (%) AR (%)

Median 5.14 Median 6.32

Mean 12.0 Mean 13.57

.637a

ER (%) ER (%)

Median 1.25 Median 1.02

Mean 1.46 Mean 1.61

.701a

PR (%) PR (%)

Median 0.61 Median 0.74

Mean 0.73 Mean 1.23

.127a

Abbreviations: AR, androgen receptor; CD31, cluster of differentiation 31; ER, estrogen receptor; Ki-67,

antigen Ki-67; PR, progesterone receptor; SMA, smooth muscle actin.
aMann-Whitney U test.
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increased in the 5-FU group, while it was decreased in the TAC group

(Table 5).

The number of myofibroblasts marginally decreased in both injec-

tion groups after treatment, but the difference was not statistically

significant (Table 5).

The vascular density appeared to be decreased in the entire

patient population, but in the 5-FU group, the change was not signifi-

cant (Table 5). The blood vessel density decreased significantly from

baseline value only in the TAC group (Table 5 and Figure 2).

The expression of PR and AR decreased in keloid tissue after

injection treatment only in TAC group and the observed difference

was statistically significant only in PR expression (Table 5). The level

of AR receptors increased in 5-FU group and the difference was sta-

tistically significant (Table 5). ER receptor level decreased statistically

significantly in TAC group although it modestly decreased also in

5-FU group, but the change was not statistically significant (Table 5).

After all, we could determine some unique biological changes in

keloid tissue for both 5-FU and TAC treatments. There was also a

minor differences between drug treatment groups in drug administra-

tion in our study design.

7 | DISCUSSION

Understanding of keloid pathogenesis as well as the effects of differ-

ent therapeutic treatment options remains poorly characterized. This

is especially evident for more experimental methods such as 5-FU

injections. This study was designed to gain knowledge to the cellular

pathways that may define response to TAC and 5-FU injections

in vivo.

We wanted to address two fundamental questions in the patho-

genesis of keloids; whether the response to drug injection therapies

can be predicted by the biological characteristics of the keloid before

any treatment is given and what are the biological phenomena that

take place during the response to therapy in the cells of the keloid.

For these purposes, we collected biopsies at different point along the

RCT; before, during, and after the TAC and 5-FU injections to address

these questions.

According to literature, TAC and other corticosteroids inhibit

the proliferation of fibroblasts and induce scar regression.30 It has

also been stated that corticosteroids can cause a decrease in endo-

thelial buds (angiogenesis) from blood vessels.31 Corticosteroids,

TABLE 4 Changes in biological features caused by injection therapies in keloids

Responder Change (pre- and post-treatment) Nonresponder Change (pre- and post-treatment) P

Ki-67 (%) Ki-67 (%)

Median 9.04 Median 0.08

Mean 10.68 Mean 0.41

.424a

SMA (density) SMA (density)

Median −3.06 Median 1.45

Mean −3.16 Mean 2.00

.021b

CD31 (% area) CD31 (% area)

Median 0.00 Median 0.00

Mean 0.00 Mean 0.00

.941b

AR (%) AR (%)

Median 3.70 Median 1.86

Mean 1.72 Mean 2.20

.486a

ER (%) ER (%)

Median −0.31 Median −0.28

Mean −0.46 Mean −0.78

.701a

PR (%) PR (%)

Median 0.6 Median −0.18

Mean −0.01 Mean 0.03

.240a

Abbreviations: AR, androgen receptor; CD31, cluster of differentiation 31; ER, estrogen receptor; Ki-67, antigen Ki-67; PR, progesterone receptor; SMA,

smooth muscle actin.
aMann-Whitney U test.
bPaired t test.
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when used intralesionally, decrease inflammation and increase vaso-

constriction.8,15,32 TAC is not suitable for every keloid patient,

because of side effects and relatively high number of keloids not

responding to it adequately.14,15 This has directed the quest to iden-

tify other injectable drugs for the treatment of keloids. One of them

is 5-FU, which is a fluorinated pyrimidine antimetabolite that inhibits

fibroblast proliferation.15 It has been proposed that 5-FU interferes

with transforming growth factor-β (TGF-β) signaling and subse-

quently decreases type I collagen gene expression in keloid fibro-

blast in vitro.8,33 However, recent evidence suggests that 5-FU

selectively blocks collagen synthesis, which may augment its anti-

scarring role.21

We show in this study that the keloids that respond to injection

therapies have slightly more myofibroblasts than nonresponding

keloids. Furthermore, we demonstrate that the clinical response is

obtained in those keloids where the number of myofibroblasts

(α-SMA + cells) is reduced simultaneously with the response to ther-

apy, while the proportion of the myofibroblasts actually increases in

keloids that do not respond to therapy. Myofibroblasts are contrac-

tion capable cells transformed from normal fibroblasts and are respon-

sible for scar and fibrosis formation in different diseases.34,35 In the

presence of TGF-β and mechanical loading placed on the tissue, fibro-

blasts transform to myofibroblasts and produce scar/fibrotic tis-

sue.34,35 They have also been implicated in the pathogenesis of

TABLE 5 The changes induced by injections therapies in biological features of keloids in 5-FU and TAC arms

5-FU Baseline Post-treatment P TAC Baseline Post-treatment P

Ki-67 (%) Ki-67 (%)

Median 10.11 12.01 Median 10.41 6.23

Mean 9.93 12.07 Mean 11.32 7.92

Range 3.31-16.32 6.37-21.22 Range 1.90–25.30 1.67-25.00

.039a .018a

SMA (density) SMA (density)

Median 58.77 54.56 Median 56.29 52.45

Mean 58.67 58.06 Mean 56.23 54.16

Range 23.89–71.44 38.95-76.67 Range 38.30-65.82 41.92-68.26

.753b .657b

CD31 (% area) CD31 (% area)

Median 0.0003 0.00028 Median 0.00031 0.00024

Mean 0.0003 0.00028 Mean 0.00032 0.00025

Range 0.00016-0.00045 0.00009-0.000046 Range 0.00019-0.00044 0.00014-0.00048

.387a .002a

AR (%) AR (%)

Median 5.17 11.73 Median 5.19 7.85

Mean 12.88 16.87 Mean 12.54 10.85

Range 0.44-53.61 0.68-58.62 Range 0.30–71.08 1.80-69.47

.004b .657b

ER (%) ER (%)

Median 0.98 0.82 Median 1.32 0.41

Mean 1.42 1.16 Mean 1.62 0.67

Range 0-5.71 0-3.30 Range 0-4.11 0-2.33

.738b .009b

PR (%) PR (%)

Median 0.68 0.54 Median 0.67 0.4

Mean 0.78 0.9 Mean 1.03 1.02

Range 0.10-2.69 0.11-3.75 Range 0.25-4.40 0-8.43

.670b .042b

Abbreviations: AR, androgen receptor; CD31, cluster of differentiation 31; ER, estrogen receptor; Ki-67, antigen Ki-67; PR, progesterone receptor; SMA,

smooth muscle actin; 5-FU, 5-fluorouracil; TAC, triamcinolone.
aPaired sample t test.
bWilcoxon signed-ranks test.
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keloids.34,35 As it was the keloids responding to therapy that showed

the reduction in myofibroblasts during the therapy, our finding pro-

vides evidence that myofibroblasts indeed play a crucial role in the

keloid formation. As neither of the drug, TAC or 5-FU, acts directly on

myofibroblasts, our results indicates that the keloids engaged in active

scar production are the ones that respond to therapy. Limandjaja et al

have recently shown that keloids and hypertrophic scars have imma-

ture scar phenotype characterized by high number of α-SMA + dermal

population, whereas mature normotrophic scars have substantially

lower proportion of α-SMA positive cells.36 Our findings on

myofibroblast are in line with their assessment, that is, it seems that

myofibroblast population needs to be controlled to halt the aberrant

tissue remodeling that leads to active keloid formation if clinical

response is to be obtained. Our findings are also in line with the pre-

liminary observations on myofibroblasts made in the previous

studies,37-39 but it needs to be emphasized that none of the previous

studies have actually determined myofibroblast density quantitatively

as we did. Euler et al., in turn, reported in their recent in vitro study

that only the combination of interferon γ and TAC reduced the

expression of α-SMA in keloid fibroblasts, while TAC alone had no

effect.40 We performed the injections mixed with lidocaine in the

TAC group, but not in the 5-FU. Due to the short-lived nature of lido-

caine's activity, its effects are most likely not an explanation for differ-

ences between 5-FU and TAC groups. Taken together, these results

suggest that combination of TAC and 5-FU might be needed to obtain

substantial reduction in myofibroblasts numbers in the keloids. One

explanation for this is that these drugs have a different molecular

mechanism of action and their combination might yield better clinical

outcome in relation to myofibroblasts than with mono-therapy.

Generally speaking, the metabolic activity of any given tissue is

directly related to its vasculature, that is, vascular density in the tis-

sue.41 Rapid growth such as in tumor formation induces massive

angiogenesis to the tumor tissue in order to supply oxygen and nutri-

ents for the invasive growth.41 Thus, we determined the vascular

F IGURE 2 Epidermis and vascular supply in keloids treated
with injection therapies. HE stained biopsies before (the first
column) and 8 weeks (second column) after TAC, A, B, and 5-FU C,
D treatment show shortening of rete ridges. Vascularity decreased
significantly in the TAC-group, E,F, but did not change in the 5-FU
group, G, H (CD31 staining). The image is 200× magnification and
200 μm scale bar is placed within picture. 5-FU, 5-fluorouracil;
TAC, triamcinolone [Color figure can be viewed at
wileyonlinelibrary.com]

F IGURE 3 Cell proliferation rates in
keloids treated with injection therapies.
Biopsies were collected from the keloids
and cell proliferation rates were
determined by immunohistochemical
staining of proliferation marker Ki-67.
Representative images of Ki-67 staining
in 5-FU and TAC groups before and after
injection treatments are presented. The
image is 20× magnification and 200 μm
scale bar is placed within the picture.
5-FU, 5-fluorouracil; TAC, triamcinolone;
Ki-67, antigen Ki-67 [Color figure can be
viewed at wileyonlinelibrary.com]
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F IGURE 4 Myofibroblasts in keloids.
Myofibroblasts were determined from
keloids by immunohistochemical staining
of α-SMA expression. Representative
images of α-SMA staining in 5-FU and
TAC groups before and after injection
treatments are presented. The image is
20× magnification and 200 μm scale bar
is placed within the picture. 5-FU,

5-fluorouracil; TAC, triamcinolone; Ki-67,
antigen Ki-67; α-SMA; α-smooth muscle
actin [Color figure can be viewed at
wileyonlinelibrary.com]

F IGURE 5 Progesterone receptor
expression in keloids. PR expression was
determined by immunohistochemistry
from biopsies taken from keloids.
Representative images of PR staining in
5-FU and TAC groups before and after
injection treatments are presented. The
image is 20× magnification and 200 μm
scale bar is placed within the picture.
5-FU, 5-fluorouracil; PR, progesterone
receptor; TAC, triamcinolone [Color figure
can be viewed at wileyonlinelibrary.com]

F IGURE 6 Androgen receptor
expression in keloids. AR expression was
determined by immunohistochemistry
from biopsies taken from keloids.
Representative images of AR staining in
5-FU and TAC groups before and after
injection treatments are presented. The
image is 20× magnification and 200 μm
scale bar is placed within the picture. AR,
androgen receptor; 5-FU, 5-fluorouracil;
TAC, triamcinolone [Color figure can be
viewed at wileyonlinelibrary.com]
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density in keloids. In rather striking fashion, we do not see any differ-

ence in the vasculature between the keloids that responded to ther-

apy and the ones that did not. The core of the keloid is considered to

be under hypoxia.10 We obtained biopsies from the active border of

the keloid. Thus, our biopsies and the assessment of blood vessel den-

sity might not be reflective of the potentially hypoxic keloid core. We

could demonstrate statistically significant change in the vascular den-

sity induced by the TAC therapy, but not in 5-FU therapy. Whereas

Kontochristopoulos et al reported decrease of vascularity after 5-FU

injections in keloids, but they did not perform actual IHC analysis of

vascular density from histological samples.37 Also Srivastava et al pub-

lished decrease of vascularity after 5-FU, TAC and their combination

treatment in 60 keloid patients enrolled to their RCT study.18 How-

ever, they assessed vascularity by visual inspection. Thus, they did not

use any IHC techniques for reliable quantification of vascularity. We

also noticed that the blood vessel density decreased in keloids, which

were not in remission at the end of treatments. According to our

study, it seems that the clinical outcome of these injection treatments

cannot be predicted with the assessment of vascular supply. The

potential relation of microvessel density and the response to 5-FU

remains unclear.

We also found that cellularity in each specimen increased after

both treatments. This finding suggests that both injection therapies

may decrease the level of ECM deposition in the tissue without induc-

ing similar cell death in the cell population of the keloid. Thus, this

could be the explanation why the density of cells increased in relation

to analysed area. Neither drug has a direct effect on ECM synthesis

nor degradation (ie, would work as direct inhibitor/enhancer of matrix

metalloproteinases or other enzymes involved with matrix metabo-

lism). On the other hand, the keloid injection per se could provoke an

inflammatory cell infiltration or a change in cell proliferation, both of

which could increase the cellularity.

Aberrant cell proliferation is one of hallmarks of malignant growth

and the tumors with high proliferation rate tend to have lower

response rates to chemotherapy than the tumors with a low prolifera-

tion rate.42,43 Thus, we were interested in cell proliferation in keloids.

Our results demonstrate that the keloids, which respond to therapy,

have less proliferating cells than the keloids not responding to injec-

tion therapies. Kontochristopoulos et al also studied cell proliferation

in fibroblasts with Ki-67 as we did, but they did not specify the ana-

lyzed keloid area, that is, whether the analyzed are was epidermis,

reticular dermis or keloid tissue.37 They found out a substantial

decrease in Ki-67 expression in all 10 cases after 5-FU injection

F IGURE 7 Estrogen receptor
expression in keloids. ER expression was
determined by immunohistochemistry
from biopsies taken from keloids.
Representative images of ER staining in
5-FU and TAC groups before and after
injection treatments are presented. The
image is 20× magnification and 200 μm
scale bar is placed within the picture.

5-FU, 5-fluorouracil; TAC, triamcinolone
[Color figure can be viewed at
wileyonlinelibrary.com]

F IGURE 8 Histological changes in epidermis in relation to
injection therapies to keloids. Categorical histological variable grading
epidermis was assessed from HE stained biopsies before and after
TAC and 5-FU injection treatments. The epidermis was histologically
classified into three descriptive categories before and after 5-FU and
TAC treatments from the biopsies (see Figure 3A,B). All biopsies were
classified normal in the 5-FU group, whereas few TAC cases were
considered moderately to remarkably atrophic before treatment
(no statistical difference). Moderate changes were commonly
detected in both groups after treatment. The changes were more

common in TAC than in 5-FU group (P < .05). Remarkably atrophic
epidermis with completely flat rete ridges was detected in both
groups in approximately 25% of biopsies. There were no statistically
significant differences between the groups. 5-FU, 5-fluorouracil; TAC,
triamcinolone
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treatment. In our study, we had 24 5-FU-treated patients and we

studied their cell proliferation at baseline and post-treatment. The cell

proliferation was increased in the 5-FU group. The different outcomes

in these studies may result from small sample sizes or differences in

the analysis methods. On the other hand, Uppal et al also reported

statistically significant decrease in proliferating cells between controls

and 5-FU treated samples.38 However, they analyzed only 11 patients

and 10 of their patients had previously received intralesional steroid

therapy. Furthermore, they do not provide information on the timing

of previous injections.38 Focaccetti et al, in turn, stated that small con-

centrations of 5-FU do not cause any changes in cell proliferation

rates.44 Our results on the potential action of 5-FU on cell prolifera-

tion in keloid tissue should be considered as preliminary, but one that

warrants future research.

In our study, the level of Ki-67 slightly decreased in responder

group. Huang et al, in turn, demonstrated that even low dose of TAC

(1 mg/mL) induces significant inhibition on cell proliferation but not

immediate cell death of keloid fibroblasts.39 Euler et al studied the

influence of interferon γ-treatment alone or in combination with TAC

on cell proliferation, viability (cell death), collagen type I synthesis and

on cytokine secretion in healthy and keloid fibroblasts invitro.40 They

reported that both therapies, when administered alone, reduced cell

proliferation in healthy and keloid fibroblasts, but their combination

induced a significant additional reduction on cell proliferation selec-

tively in keloid fibroblasts, but not in normal fibroblasts.40

We also studied the expression pattern of different steroid recep-

tors in keloids. The keloids that responded to therapy had more than

twice the number of cells expressing ER, while the AR and PR expres-

sion levels were lower in these keloids than in the keloids that did not

respond to therapy. ER expression is a marker of good response to

different forms of cytotoxic chemotherapies not acting on ER signal-

ing in breast cancers. Whether this also applies in keloids is debatable,

since substantially smaller fraction of cells in keloids express steroid

receptors than the cells in breast cancer. The steroid hormones are

synthesized in the adrenalin cortex and released into the bloodstream

in large quantities in response to adrenocorticotropic hormone.13,45

The sex steroid precursor dehydroepiandrosterone (DHEA) serves as

a reservoir for the peripheral biosynthesis of androgenic and estro-

genic hormones, among them include 5α-dihydrotestosterone (DHT)

and 17β-estradiol.13 Age-related impaired wound healing studies indi-

cate these sex steroid hormones may have a substantial influence on

the inflammatory response in vivo.13 The topical application of estro-

gen significantly reduces wound size by stimulating wound contrac-

tion and increasing the rate of re-epithelialization in elderly

humans.13,46 Mousavi et al reported in double-blinded randomized

trial that hypertrophic scar formation in patients treated with tamoxi-

fen immediately after surgery was significantly lower than in the con-

trol group (52% vs 92%).47 We found that percentage of cells

expressing ER decreased after both 5-FU and TAC treatments in our

study. The decrease was statistically significant in the TAC group.

Thus, our results suggest at least TAC has some influence to ERs.

However it is also worth noting that ER expression was not signifi-

cantly reduced in the keloids, which were in remission compared to

active keloid tissue. AR expression levels decreased in only in TAC

group in our study, while increase was seen in 5-FU group.

It has been stated that a major risk factor for chronic wound

healing may be a male genotype.13,48 The AR is expressed by inflam-

matory cells, fibroblasts, and epidermal keratinocytes during normal

wound healing. Thus, AR may have role in the regulation of inflamma-

tory reaction, fibroblast function and re-epithelization.13,49 AR expres-

sion and androgen binding capacity were shown to be elevated in

keloid scar tissue when compared to both normal scar tissue and

uninjured skin.13,50,51 According to our results, only TAC injections

decrease the AR expression in keloid tissue. Whereas the level of AR

increased in both responder and nonresponder groups, but the differ-

ence was statistically significant only in responder group.

8 | LIMITATIONS OF THE STUDY

The weaknesses of the present study include relatively short

(6 months) follow-up time and limited number of keloid specimen.

However, among the published studies addressing the biological fea-

tures of keloids and their relation to therapy response, our study has

the highest number of patients. Furthermore, the clinical response in

keloids took place rapidly, well within the 6 months follow-up period.

However, 6 months follow-up time is relatively short time considering

the keloid recurrence, which can occur as late as 24 months or more

after treatment. If there is no response to injections, it is not rec-

ommended to continue with the same line of treatment. For this rea-

son, some patients in our study went on to have other treatment, that

is, surgery and radiotherapy. And for this reason, the authors felt that

from the ethical viewpoint, there was no reason to prolong the trial.

One could also argue that the IHC demonstration does not measure

the actual biological phenomenon such as blood flow in the keloid.

However, IHC demonstration is considered the best pathological

approach to define different biological features of biopsies. In addi-

tion, we used the most advanced technologies in the field, that is, vir-

tual microscopy and sophisticated image analysis software, which

enabled a quantitative analysis of whole biopsy area by defining the

ROIs specifically. Despite these, further studies are warranted to truly

understand the biological characteristics of keloids that define the

response to therapy.

9 | CONCLUSIONS

We wanted to address two fundamental questions in the pathogene-

sis of keloids; whether the response to drug injection therapies can be

predicted by the biological characteristics of the keloid before any

treatment is given and what are the biological features that take place

in keloids during the response to therapy.

In every baseline, IHC values were determined in responder and

nonresponder groups, but we could not find statistically significant

difference. However, the biologically most relevant difference was

in myofibroblast baseline values: responder group had more
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myofibroblast at baseline than nonresponders, but the difference was

not statistically significant. Our results indicate that keloid remission

cannot be predicted by quantitatively determining the biological vari-

ables from the biopsies taken from the keloid. However, we show that

the loss of myofibroblasts takes place in responder group, but not in

keloids that do not respond to injection therapies. Myofibroblasts are

cells transformed from fibroblasts that are responsible for scar forma-

tion. They have been implicated in keloid pathogenesis. Now, we pro-

vide direct evidence that the response to therapy is indeed associated

with the simultaneous myofibroblast reduction in the keloids.

Although neither of the drugs used in the study are myofibroblast-

specific or -selective, our results indicate the interference with the

myofibroblasts may be the avenue to obtain substantial clinical bene-

fit in keloids in the future.

In addition to the changes observed in myofibroblast population,

the cellularity in each specimen increased after both treatments,

which may suggest that both injection therapies decrease the level of

ECM deposition in the tissue without inducing similar cell death in the

cell population of the keloid. Also the given treatment or injection

itself can cause inflammatory cell infiltration and thus be another

explanation for increased cell density after both treatments.
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