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Abstract
Dupuytren0s disease (DD) is a common fibroproliferative condition of the hand which tends to cause progressive digital

flexion contracture. Therapeutic strategies to treat the disease include radiotherapy, injections of collagenase clostridium

histolyticum, needle fasciotomy and extended surgical intervention dependent on involvement and duration of the dis-

ease. We have reviewed the literature with the aim to assess the conditions and effects of radiotherapy in DD. In early

stages of the disease, radiotherapy resulted in regression of symptoms/a lack of progression found on average in 40%

(range 10–85%)/81% (range 50–100%) of the patients with recurrence rates of only 12–31% after long-term follow-up

(>4 years). These results proved to be significantly better than in the untreated patients with natural course of the disease

(about 50% progression after a follow-up of 5–6 years). Long-term side-effects (skin dryness) are observed on average

in one quarter of the patients, but are well tolerated. Local occurrence of malignancies has not been reported yet. Due to

severe functional impairment leading to individual suffering and the high economic burden, treatment of DD in early

stages is necessary and radiation therapy represents an effective, safe and economic treatment option.
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Epidemiology
The prevalence of Dupuytren0s disease (DD) varies with age,

populations groups and methods of collection. An overall popu-

lation of 4–6% in the northern Europe are affected by DD1. A

study in the United States yielded a prevalence estimate of 1%

using physician diagnosis and 7% using self-reported features

matching the appearance of DD2. In the UK population, 3–5%
are affected3; incidence was estimated to be 3 per 10 0002. The

incidence increases with age and is 4–6 times more common in

males than females. Furthermore, men are affected about

10 years earlier than women and have a more severe disease4,5.

In a study with over 1000 patients, most commonly, the little

finger was involved (49%) followed by the ring finger (32%).

Sixty per cent showed a single digit involvement, 17% a bilateral

involvement6.

Pathogenesis
A genetic trait is important for development of DD with a

high prevalence in the northern European and Scandinavian

population and is rarely seen in African and Asian popula-

tions7. This benign fibroproliferative disorder of the hand is

characterized by the progressive thickening and shortening of

the palmar fascia resulting in the formation of cords in early

stages and flexion deformities of the digits in later stages8. The

mechanism of disease progression beginning with a nodule

developing to a collagenous disease cord is not well under-

stood. Significant differences in levels of epidermal growth fac-

tor (EGF) concentrations between contractured and normal

fasciae may suggest the participation of this mediator in the

pathogenesis of DD9. Gene alterations as well as mitochondrial

defects have been found to be associated with DD leading to

variations in collagen regulation: It could be shown that a

heteroplasmatic mutation located within the mitochondrial

16s RNA region was evident in 90% of patients and absent

from all control subjects10. A genome-wide association

between DD yielded an association with 11 SNPs from nine

different loci. Six of these loci contain genes (WNT4, SFRP4,

WNT2, RSPO2, SULF1 and WNT7B) which are known to be

involved in the Wnt signalling pathway. It is assumed that

increased activity of these WNT and R-spondins genes or

decreased activity of SFRP could stimulate Wnt signalling and

reduce intracellular b-catenin degradation. This mechanism
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could trigger fibroblasts to proliferate, leading to the develop-

ment of Dupuytren0s disease11.

Clinical grading system
The clinical course can generally be divided into three phases: (i)

a proliferative phase (increased fibroblasts, nodule formation),

(ii) an involutional phase (increased myofibroblasts in fibre bun-

dles) that leads to contracture; and (iii) a residual phase (collage-

nous fibres dominate in the connective tissues).

There are different clinical grading systems, e.g. the grading

system according to Iselin and Dieckmann12 or according to Mill-

esi13, but the one of Tubiana14 with the modified stage N15 is the

most commonly employed system in the recent years (Table 1).

Treatment – overview
There is no curative treatment for DD. Treatments can be

divided into non-invasive and invasive treatments. The most

commonly used non-invasive treatment is radiation therapy.

Radiation therapy is performed since more than 90 years and

today, we know that it is very useful in the early stages of the dis-

ease. The procedure of radiotherapy will be presented below.

Collagenase clostridium histolyticum (CCH) has been avail-

able for approximately 5 years and represents a minimally

invasive procedure. It is an injectable enzymatic treatment for

adults with a palpable cord. CCH is injected locally and

reduces the collagen cord by lysis and leads to a spontaneous

cord rupture. Alternatively, cord rupture is induced by a stan-

dardized finger extension. Clinical success (defined as reduc-

tion in contracture to 5° or less) was achieved in up to 77%

of the patients depending on the severity of contracture and

DD joint localization16.

Percutaneous needle aponeurotomy or needle fasciotomy

(PNF) is a minimally invasive technique performed under local

anaesthesia whereby, a small needle is used to weaken and

manipulate the cords. With this technique, the cords can be rup-

tured by means of passive finger extension. Total passive exten-

sion deficit improvement (the primary outcome in a 6-week

study) improved on average by 63% for PNF17.

Surgical intervention is usually considered when the metacar-

pophalangeal (MP) joint contracture is ≥30° or when there is

any degree of proximal interphalangeal (PIP) contracture18,19.

The most widely used surgical procedure is partial, regional or

limited fasciectomy (open, partial fasciectomy, OPF). With this

method, total passive extension deficit (the primary outcome in

a 6-week study) improved on average by 79%19.

The systematic review by Chen et al. reported the rates of

recurrence following OPF, PNF and CCH ranging from 12% to

39% (mean follow-up time of 1.5–7.3 years), 50% to 58% (mean

follow-up time of 3–5 years), and 10% to 31% (mean follow-up

time of 120 days to 4 years) respectively20 (Table 2). Sum-

marizes the treatments according to the severity of the disease.

Radiation therapy

Sources and selection criteria
We used PubMed and Medline search engines as well as guideli-

nes for the radiotherapy of non-malignant disorders21,22, Ger-

man23–25 and international text books26 about radiotherapy of

DD (with cited articles) to identify studies for clarifying the

impact of radiotherapy on early stages of DD.

History
Radiation therapy for DD has been used since 1902, first

reported by Antoine B�ecl�ere (mentioned in ref.27). Also in 1905,

radiotherapy was recommended as one therapeutical option

in DD28. Since 1923, the possibility of Grenz ray therapy,

brachytherapy and therapy with soft X-rays increased the thera-

peutic options in DD. Accumulated data resulted in the concept

from 1949, that radiotherapy is effective in the early stages of

DD29. First publications in Medline appeared in the year 1953

with a radium-mould technique30, but studies using radiother-

apy for DD, mainly by European authors, remained limited.

Treatment results with an improvement of clinical symptoms

in early stages of DD have been described in a German dermatol-

ogy standard textbook about radiotherapy of skin diseases in

1959 by Schirren et al.31 and consequently, this therapy was

especially applied in German speaking countries (Table 3).

Procedure of radiation therapy
Radiation therapy by dermatologists is usually carried out with

soft X-rays (Dermopan II, Siemens, Germany), using 50-kV

photons at 25 mA, a 1-mm aluminium filter and a 2-mm cellon
Table 1 Tubiana grading system, modified by Keilholz et al.14,15

Stage Deformity

0 No lesion

N Palmar nodules or cords without presence of contracture

N/I Beginning of contracture (TFD between 1° and 5°)

I TFD between 6° and 45°

II TFD between 46° and 90°

III TFD between 91° and 135°

IV TFD >135°

TFD, total flexion deformity.

Table 2 Treatments according to the stage of the disease (modi-
fied after ref. 48)

Stage N N/I I II III IV

Radiation therapy x x o

Needle fasciotomy o x x o o

Collagenase injection x x o o

Surgery x x x o

x, well suited, usually used; o, occasionally used.
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filter. Radiation is led through a tube (diameter, 4 cm) at a focus

skin distance of 15 cm. A total dose of 32 Gy is applied, with an

8-week interval between the four courses of two fractions at two

consecutive days with a single dose of 4 Gy32–35.

Radiologists prefer orthovoltage units (RT 250, Philips Co.,

Hamburg, Germany or Stabilipan, Siemens, Germany) with

120 kV at 20 mA and with 2 mm aluminium (6 9 8 cm/

10 cm 9 12 cm cones) at a source skin distance of 40 cm. Two

different protocols were compared; the established one with 10

fractions of 3 Gy (total dose 30 Gy) in two series of each

5 9 3 Gy in 1 week separated by 6–8 weeks36–38 vs. 7 fractions

of 3 Gy in 1 series (total treatment time, 2 weeks)39.

Table 3 Overview of newer different radiotherapy treatments and their outcomes

Protocol with different
cumulative doses

Location of
radiotherapy

Number of patients
(sites) [total/early
stages N, N/I, I]

Protocol (Gy
per week and
interval)

Follow-up Chronic
side-effects
(dryness/
atrophy)

Results (no
progression/
improvement)

Untreated control

Seegenschmiedt 201241 Hamburg 122/113 Not irradiated >5 years n. p. 48%/n.p.

Use of 20 Gy and 21 Gy

K€ohler 198445 Cottbus 31/31 (3-)5 9 2 Gy,
no interval
(3-)5 9 2 Gy

Up to 2.5 years n. p. 82%/21%

Seegenschmiedt 200139 Essen
Erlangen

66 (103 sites)/
101 sites

7 9 3 Gy within
2 weeks

>1 year 4% 91%/53%

Seegenschmiedt 201242 Hamburg 293/288 7 9 3 Gy within
2 weeks

>5 years 16% 78%/n. p.

Use of 30 to 32 Gy

Lukacs 197832 Munich LMU 36/32 2 9 4 Gy
8 weeks
(repeated 4 x)

Up to 5 years n. p. 100%/81%

Vogt 198033 Munich TU 109/98 2 9 4 Gy
8 weeks
(repeated 4 x)

>3 years n. p. 95%/21%

Herbst 198536 Erlangen 33 (51 sites)/
46 sites)

5 9 3 Gy
6 weeks
5 9 3 Gy

>1,5 years 0% 98%/85%

Weinzierl 199351 Erlangen 34 5 9 3 Gy
6 weeks
5 9 3 Gy

Median 7 years
(6.25–7.5 years)

32%/
n.p.

50%/9%

Keilholz 199737 Erlangen, Essen 96 (142 sites)/
129 sites

5 9 3 Gy
6 weeks
5 9 3 Gy

Median 6 years
(1–12 years)

64%/
13%

94%/n.p.

Seegenschmiedt 200139 Essen, Erlangen 63 (95 sites)/
93 sites

5 9 3 Gy
8 weeks
5 9 3 Gy

>1 year 5% 93%/56%

Adamietz 200146 Erlangen, F€urth 99 (176 sites)/
161 sites

5 9 3 Gy
6–8 weeks
5 9 3 Gy

Median 10 years
(7–18 years)

25%/
8.5%

59%/10%

Betz 201038 Erlangen, Bayreuth 135 (208 sites)/
198 sites

5 9 3 Gy
6–8 weeks
5 9 3 Gy

Median 13 years
(2–25 years)

23%/
7%

69%/10%

Seegenschmiedt 201241 Hamburg 303/299 5 9 3 Gy
10–12 weeks
5 9 3 Gy

>5 years 11.5% 84%/n.p.

Zirbs 201535 Munich TU 206 (297 sites) 2 9 4 Gy
8 weeks
(repeated 4 x)

Median 3.25 years
(0.5 – 9.5 years)

20%/
3%

80%/45%

Use of about 40 Gy

Hesselkamp 198144 Hamburg 46 2 9 4 Gy
3 months
(repeated 3–5 x)

Up to 9 years 63%/
n.p.

93%/52%

n.p., not published.
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Irradiation with high-speed electrons (4–9 MeV) was also

described36,40.

Uninvolved areas of the palm were shielded by placing 1–3-
mm lead rubber plates with a margin to the palpable nodules

and cords of 0.5–2 cm.

An overview about radiotherapy protocols is given in the Ger-

man guidelines for radiotherapy of benign diseases, by Seegen-

schmiedt et al. and in Table 3, showing single doses of 2–4 Gy,

cumulative doses of up to 42 Gy and intervals up to 12

weeks41,42.

Mechanism of action
The predominant radiosensitive targets are proliferating fibrob-

lasts and myofibroblasts. Therefore, the radiobiologic potential

of ionizing radiation is limited to early stages of DD. Further-

more, growth factors, PDGF and TGF beta and the activated

monocyte – macrophage system may be influenced by radiother-

apy43. However, experimental analyses on its mode of action in

DD are still warranted.

Outcomes

Radiotherapy vs. wait and see Radiotherapy of DD in early

stages was shown to be significantly (P < 0.001) superior to a

‘wait and see’ strategy42. After a follow-up of at least 5 years

(mean 8.5 years), 78% of the irradiated patients showed a remis-

sion or a stabilization and 22%, a clinical progress (13.5% surgi-

cal intervention) vs. 52% progression (30% surgical

intervention) in the unirradiated group. Another author states a

disease progression of 150 hands in stage N in about 46.5%

without intervention after more than 6 years13, which is higher

than almost all published progression after sufficient irradiation

in early stages (Table 3).

Effects dependent on symptom duration The effect of radio-

therapy (lack of progression or even regression) seems to be lim-

ited to the early stages of DD. This could be convincingly shown

by Betz et al.38 showing a regression in 24%/11%/3%/3%/3% or

a status idem in 74%/70%/56%/53%/41% of the patients irradi-

ated during the first/second/third/fourth/> fourth year after the

beginning of symptoms. Correspondingly progression was seen

in 2%/19%/41%/43%/55% of the patients with a median follow-

up of 13 years. Another study also revealed a significantly higher

improvement in patients with symptom duration of

<20 months35.

As a consequence, irradiation 2 years after symptom appear-

ance in DD is regarded to be less promising.

Choice of cumulative dose Schirren et al.31 never used a total

dose exceeding 32 Gy (within 12 months) and even placed a

warning for higher total doses (up to 70 Gy). Braun-Falco and

Lukacs even recommended a cumulative dose of 24 Gy25. On the

other hand, total doses below 16 Gy failed to show any effects31.

More recent publications using a total dose of 21 Gy found

improvement or stabilization of symptoms in 91% of the

patients vs. 93% in a group of patients irradiated with a total

dose of 30 Gy after a follow-up time of 12 months42. Using total

doses from 30 to 32 Gy for improvement or stabilization of DD

was also confirmed in other studies in 98% (follow-up

>18 months), 95% (follow-up >3 years), 80% (median follow-

up of 4 years and 4 months), 100% (follow-up up to 5 years)

and 94% (follow-up with a median of 6 years)32,33,35–37of the

patients. A study using a cumulative dose of 40 Gy showed an

improvement or stabilization in 93% (follow-up up to 9 years)44

and another with 20 Gy in 82% (follow-up up to 2.5 years)45of

the patients.

In summary, there is a clear trend for better long-term

improvement of DD with higher cumulative doses, but it can be

recommended not to exceed 40 Gy. The most commonly used

cumulative doses are between 30 and 32 Gy (Table 3).

Choice of single dose and intervals Intervals between irradia-

tions are necessary in order to reduce side-effects for the skin.

Some authors performed serial irradiations (2 or 3 Gy as single

doses up to 7 irradiations within 15 days39,42); others used inter-

vals from 4 up to 8 weeks (sometimes 12 weeks) after serial irra-

diations of 3 Gy or after application of 2 9 4 Gy on two

consecutive days32,34,35.

Acute toxicity (redness, dryness or desquamation of the skin

within 6 weeks after radiotherapy) occurred more often and

more intense (32%) in the groups without intervals compared to

a protocol with longer intervals (24%)42 using 3 Gy as a single

dose, but the results were similar to protocols using 4 Gy as sin-

gle dose (32%)35.

Also chronic side-effects (dryness, increased desquamation,

mild skin atrophy, lack of sweating, angiectasia, sensory distur-

bance) showed a similar trend (e.g. serial irradiations: 16%, irra-

diations with intervals: 11.5%) in the same study42. Protocols

using 4 Gy as single dose on two consecutive days usually apply

an interval of at least 8 weeks25,33–35,44. Dryness of skin was seen

in 20% as a chronic side-effect35.

2 Gy as a single dose was only used in one study45, 4 Gy was

never exceeded as a single dose. Thus, 3 Gy or 4 Gy are most

often used as single doses. For higher single doses (4 Gy), longer

intervals (at least 8 weeks) are recommended in order to mini-

mize the side-effects.

Long-term effects Follow-up for a decade or longer (median:

13 years) showed a progression of DD in 22% or 31% of the

patients38,46 respectively; follow-up between 4 and 10 years

showed a progression in 12%42, 23%37 or 20%35, and effects

depended on the disease stage when patients were treated (see

above). In one study, 19% of the patients developed new DD

lesions in non-irradiated areas after a median of 10 years46.
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Disease progression or reoccurrence following longer follow-

up time with 31% recurrence being the highest rate published

after a median follow-up of 13 years38 is much better compared

to surgical treatments with recurrence rates of 39% (OPF) or up

to 58% (PNF) after a follow-up of up to 7 years. Effects of CCH

after 5 years of application with recurrence rates up to 31% are

also less favourable compared to radiotherapy20.

Risk of skin cancer The risk of developing cancer and other

neoplasias is a given fact when applying ionizing radiation to

human cells. It has been shown that a cumulative dose of 30 Gy

does not increase the risk of neoplasias in radiated areas as

shown by Betz et al.38 after 13 years of follow-up. The risk of

developing skin cancer is clearly related to the total dose applied,

showing that cumulative doses up to 30 Gy have a very low risk

for neoplasias47. Cases of skin cancer in the treated area after

radiotherapy of DD have not been published yet, even though

this treatment has been performed since decades. Furthermore,

the ‘Deutsche Dupuytren Gesellschaft’ (German Dupuytren

Society) published cancer risk estimations due to radiotherapy

of DD48. One of these estimation points to a risk dependent on

the patient age and gender at the time of irradiation. With a

median age of patients with DD of about 50 years2, the calcu-

lated risk is 0.04–0.05% which is very small and negligible com-

pared to the natural cancer risk49. Only younger people up to

the age of 30 years may have an increased risk of 0.1–0.2%42.

Cost-effectiveness Vogt et al. calculated that radiotherapy in

DD is also a prophylactic treatment and therefore clearly more

cost-efficient (11-times) than surgical treatments33.

Open questions and outlook
This summary of available data confirms the positive effects of

radiotherapy in early DD on contractures and therefore recom-

mends its application. However, there is a lack of controlled and

international studies with regard to single doses, total doses,

optimal intervals and different and newer sources of radiation.

Furthermore, there are no studies on possible positive effects

(prevention of reoccurrence) of radiotherapy following invasive

treatments (PNF, CCH and OP), which could be expected based

on suspected mechanisms of action. Radiotherapy is often not

applied by surgeons50,51 and arguments brought forward are lack

of efficacy and side-effects in case of later surgical treatments,

which apparently is not true. However, in observed cases, pre-

ceding radiotherapy had no negative effects on complication

rates in surgical treatments of advanced stages of DD42,44. Only

one author claimed, that two out of 42 patients undergoing a

surgical procedure following radiation therapy, showed a

delayed wound healing38. However, a controlled study is still

lacking.

Treatment of DD in early active stages (N and N/I) is very

promising and radiation therapy represents an effective, safe and

economic treatment of DD. This type of treatment is not offered

to many patients with early DD and ‘spreading the words’

among dermatologists is one of the important measures to

improve DD outcome.
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