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Amifostine administration during radiotherapy for cancer
patients with genetic, autoimmune, metabolic and other
diseases
Michael I. Koukourakisa and Efstratios Maltezosb

Amifostine is a broad-spectrum cytoprotective agent

approved for protection against cisplatin toxicities and

radiation-induced xerostomia; strong clinical evidence

exists that amifostine protects normal mucosa and lung

from radiation damage. Hypotension, nausea/vomiting,

fatigue and fever/rash are the main side-effects associated

with amifostine administration. The present study

summarizes our experience on daily amifostine

administration to cancer patients with various coexisting

medical conditions and diseases. The tolerance and the

eventual interference of amifostine with the course of the

coexisting diseases is reported, providing a core list of

medical conditions met in radiotherapy practice, their

compatibility with amifostine administration and

recommendations on how to deal with these patients.

This list comprises genetic diseases (xeroderma

pigmentosum, glucose-6-phosphate dehydrogenase

deficiency), autoimmune disorders (vitiligo, scleroderma,

thyroiditis, perforating collagenosis), metabolic diseases

(diabetes mellitus), cardiovascular diseases, neuro/

psychiatric diseases and other medical conditions

(hypoglycemia, hepatic cirrhosis, alcoholism). A high

incidence of fever/rash was noted in patients with

autoimmune diseases, while all other conditions did

not alter the patterns of side-effects expected following

amifostine administration. Anti-Cancer Drugs 17:133–138
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Introduction
Amifostine is a broad-spectrum cytoprotective agent

approved for the protection against cisplatin toxicities

and radiation-induced xerostomia [1,2]. A large number

of studies also confirm an important protection against

radiation-induced mucositis, esophagitis, diarrhea and

pneumonitis [3–7]. As a disadvantage, several side-effects

accompany amifostine administration and 15–20% of

patients will have to discontinue amifostine at some

point of their treatment [2,8,9]. Intravenous administra-

tion of the drug is linked with a high incidence of clinical

hypotension and acute emesis, while protracted daily

administration results in fatigue and somnolence [2,8,10].

The switch to the s.c. route results in abolishment of

hypotension and reduction of acute emesis, whereas

protracted nausea and fatigue are not diminished [8,11].

The incidence of ‘fever/rash’, first reported during s.c.

administration [8], ranges between 7 and 10% during

daily administration of 500 mg of amifostine [8,9,12] and

is not increased when the i.v. [10] or s.c. (study

submitted) daily dose is increased to 1000 mg. Recent

studies comparing the s.c. to the i.v. administration route

show a similar incidence for both routes [9,10]. The

report of rare cases with severe skin necrolytic syndromes

led to the establishment of guidelines for the prevention

of amifostine-related skin toxicities [13].

Although the overall tolerance and side-effects of

amifostine are quite well known after 15 years of clinical

research and use, dilemmas often emerge when amifos-

tine support to cancer patients is to be decided in the

context of certain associated diseases. The complex

mechanism of amifostine interference with cellular

metabolism [14] and with the immune system [15,16],

together with its unpredictable tolerance, justifies such

dilemmas. It is also of importance to extract from clinical

experience easily recognizable subgroups of patients with

increased likelihood to exhibit poor tolerance to amifos-

tine, so that such patients either will not receive

amifostine or will be strictly observed for eventual side-

effects.

The present study summarizes our experience on

amifostine administration to cancer patients with various

concurrent diseases. The tolerance of amifostine under

such conditions is reported. A core list of medical

conditions met in radiotherapy practice is provided

together with their compatibility with amifostine
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administration and recommendations on how to deal with

these patients.

Genetic diseases
Xeroderma pigmentosum (XP)

XP is a genetic spectrum of diseases associated with

mutations in various genes [XPA, ERCC3 (XPB), XPC,

ERCC2 (XPD), DDB2 (XPE), ERCC4 (XPF), ERCC5

(XPG) and POLH]. The common characteristic is

oversensitivity to sunlight, and 1000-fold increased risk

for cutaneous and ocular neoplasms. Cells from patients

with XP bear a defective nucleotide excision repair and

are hypersensitive to UV radiation. Patients with this

disorder are often admitted to radiotherapy departments

for treatment of multiple skin carcinomas. In a review

from St Bartholomew Hospital, London, UK, over a

period of 20 years, four out of 2000 children treated with

radiotherapy exhibited an extreme radiation hypersensi-

tivity, one of which with XP [17]. Nevertheless, a small

number of case reports in the literature suggest that

radiotherapy can be tolerated by these patients with

acceptable acute effects, although the severity of late

sequels is unknown [18,19]. Cytoprotection with amifos-

tine may prove of benefit for such patients.

A 19-year-old patient with XP was admitted to our

department for re-irradiation of a skin carcinoma of the

nose that recurred after two surgical excisions and one

course of radiotherapy (30 Gy in 10 fractions) delivered 2

years before admission. An additional course of 10

radiotherapy fractions (3 Gy per fraction), using 8-MeV

electrons, was offered, supported with gradually increas-

ing doses of amifostine delivered s.c. (starting from

250 mg and increasing by 250 mg dose increments up to

1000 mg). The patient tolerated well the dose of 1000 mg

without any nausea or fatigue. No skin reaction was noted

at the site of injection. Following the sixth amifostine

injection, he developed fever (391C) and skin rash. The

fever dropped rapidly with paracetamol and the rash

regressed completely within 24 h, after oral administra-

tion of methylprednisolone (16 mg twice a day for 2 days).

Radiotherapy was accomplished as scheduled, without

further administration of amifostine. Of interest, no signs

of acute skin reactions were noted in the radiation field.

This case may indicate that high-dose daily amifostine

could be safely administered s.c. to patients with XP. As

the incidence of fever/rash is 7%, it may be that fever/rash

is a more frequent event in XP patients, but symptoma-

tology regresses rapidly just like in non-XP patients.

Glucose-6-phosphate dehydrogenase (G6PD) deficiency

G6PD deficiency is the most common enzyme defect in

humans associated with hereditary hemolytic anemia.

The functionally decreased G6PD causes increased

susceptibility to oxidative stress, as a result of diminished

ability to generate sufficient NADPH required for

production of reduced glutathione in red cells. Exposure

of G6PD-deficient individuals to oxidizing substances

(phenacetin, sulfonamides and sulfones, nitrofurans,

chloramphenicol, nalidixic acid, quinine, chloroquine,

primaquine, probenecid, vitamin K analogs, dimercaprol,

methylene blue, naphthalene, etc.) results in hemolytic

anemia. Although G6PD deficiency predicts for cellular-

defective response to oxidative stress, it is unclear

whether G6PD-deficient patients are more sensitive to

radiotherapy. Ayene et al. using Chinese hamster ovary

G6PD-null mutant cells showed that exposure to

hydroxyethyldisulfide (a thio-specific oxidant) leads to

enhanced radiosensitivity [20]. No experience has been

reported with amifostine administration in G6PD defi-

cient patients.

A 55-year-old woman with G6PD deficiency was admitted

to our department for treatment of an unknown primary

squamous cell carcinoma of the neck. Standard fractiona-

tion radiotherapy was offered. Amifostine was adminis-

tered s.c. starting at a dose of 250 mg. The day after the

first injection the patient reported sever fatigue, nausea

and vomiting. The next dose of amifostine (250 mg s.c.)

was injected in combination with 8 mg of dexamethasone

i.m., but intolerable symptoms were reported once again.

A third injection of 250 mg resulted to unacceptable

fatigue and vomiting, and amifostine was interrupted.

Hematological and biochemical tests showed no evidence

of hemolysis. Mucositis grade 3 appeared at a total dose of

14 Gy, which is much earlier than the onset expected in

G6PD-normal patients. Long splits were necessary for

the accomplishment of a course of 60 Gy of radiotherapy

that lasted 60 days, suggesting that G6PD-deficient

patients may be hypersensitive to radiation.

It is evident that amifostine is not a hemolysis-inducing

agent in G6PD-deficient patients and this drug should be

of value in avoiding acute toxicity that, at least in this

patient, was more severe than the one expected in

G6PD-normal patients. Whether the poor tolerance of

amifostine noted in this patient is a consequence of

G6PD deficiency or was just a random event is unclear.

According to our experience, 3% of patients receiving

amifostine show poor tolerance to very low amifostine

doses.

Immunity-related diseases
Vitiligo

Vitiligo is a skin disease characterized by depigmented

demarcated, often symmetric, areas caused by lack of

melanocytes. It is a quite frequent disease affecting 1–2%

of the general population, with no particular sex-related

prevalence. Although the disease is not inherited, there is

certainly a family predisposition. The pathogenesis is

unclear, but there is strong evidence that vitiligo should
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be classified as an autoimmune disorder [21]. Increased

HLA-DR4 in blacks and HLA-B13 in Moroccan Jews or

HLA-B35 in Yemenite Jews [22] as an association of

vitiligo with other autoimmune diseases (i.e. thyroid

diseases or diabetes mellitus) has also been reported

[23]. Vitiligo has been also reported to occur after

radiotherapy [24–27], but there are no data regarding

the relative radiosensitivity of patients with vitiligo.

Two patients with vitiligo have been referred for radio-

therapy to our department. The first suffered from a

bladder carcinoma and the second from a non-small cell

lung carcinoma. Both patients were recruited in a

protocol of hypofractionated and accelerated radiotherapy

supported with a high daily dose of amifostine adminis-

tered s.c. The daily dose of 1000 mg was well tolerated by

both patients with only mild nausea, fatigue and minimal

local reaction at the site of the s.c. injection. However,

following 6–8 administration days both patients displayed

fever/rash and amifostine was discontinued.

It is suggested that patients with vitiligo have a high

likelihood of developing fever/rash during amifostine-

supported radiotherapy, which renders the use of amifos-

tine in these patients questionable. However, fever/rash

regressed easily within 2 days following cortisone treat-

ment and none of these patients progressed to a skin

necrolytic syndrome.

Scleroderma

Scleroderma is a disease with a strong autoimmune

background [28]. It has been associated with exposure to

many agents including chemicals (vinyl chloride, silicon

dioxide), chemotherapy (e.g. taxanes) and ionizing

radiation [29–40]. Despite the relatively low number of

reported patients with scleroderma undergoing radio-

therapy, it seems that these patients are more sensitive to

irradiation compared to normal subjects [41]. In a study

by Ross et al., reporting on four cases with scleroderma

undergoing radiotherapy, radiation early and late effects

seemed not to be worse than other patients [42]. In

contrast to this study stands a study by Morris et al. on

patients with connective tissue diseases including 16

patients with scleroderma [43]. The authors noted that,

excluding rheumatoid arthritis, patients had a signifi-

cantly higher incidence of late sequel. In a study by

Phan et al., scleroderma was the only connective tissue

disease associated with severe radiation sequel [44]. This

study is also in full agreement with a study from Yale

University [45]. The guidelines from the Canadian

Association of Radiation Oncology stress that scleroderma

is a relative contraindication for breast-conserving treat-

ment [46]. It seems, therefore, that amifostine could be

of value for scleroderma patients undergoing radiotherapy.

However, the effects of amifostine administration to

patients with autoimmune diseases such as scleroderma

are unknown.

A 65-year-old woman with high-risk breast cancer and

history of scleroderma was referred for radiotherapy of the

thoracic wall and axilla, following modified radical

mastectomy. Large-field electron fields for the thoracic

wall and X-ray irradiation of the axillary supraclavicular

area were scheduled, together with s.c. administration of

amifostine at a dose up to 1000 mg, depending on

tolerance. The patient tolerated well the dose of

1000 mg, with mild nausea and fatigue. No local erythema

was noted at the site of injection. After the fifth injection,

however, she developed fever (391C) without rash, which

rapidly regressed with paracetamol. Amifostine was

immediately discontinued.

This case may indicate that patients with scleroderma can

be treated with amifostine, but should be thoroughly

observed for the development of fever/rash symptomatology.

Reactive perforating collagenosis (RPC)

RPC is a rare skin disorder characterized by umbilicated

papules with a central adherent keratotic plug located

throughout the body, particularly in the upper and lower

limbs [47,48]. It is accompanied by general pruritus and

scratching. This can be either inherited or acquired, and

it is often associated with diabetes mellitus, renal

diseases and malignancy. Histologically, it is characterized

by transepidermal elimination of altered dermal collagen

bundles into a cup-shaped epidermal depression.

Two patients, one male with nasopharyngeal and one

female with vulva carcinoma, were treated with hypo-

fractionated accelerated radiotherapy supported with

1000 mg amifostine injected s.c. before each radiotherapy

fraction. During the second week of therapy (after

amifostine injections 8–10) skin lesions (to hands, feet

and body) suggestive of perforating collagenosis ap-

peared. The diagnosis was histologically confirmed. Both

patients reported that they had repeated incidence of

this skin disease in the past, although they had never

looked for a medical opinion, as lesions were self-

regressing with time. Regarding tolerance of amifostine,

both patients received the prescribed dose, complaining

only of mild nausea. Lesions gradually disappeared within

2–3 weeks after the end of radiotherapy.

These cases demonstrate that it is important to

distinguish between amifostine-related rash and recur-

rent perforating collagenosis, which is accentuated during

amifostine therapy. The disease, however, is probably

naive by its nature and there is no need to interrupt

amifostine therapy.

Autoimmune thyroiditis

Three patients under medication with thyroxin for auto-

immune thyroiditis were treated with radiotherapy sup-

ported with 1000 mg s.c. amifostine. Although tolerance was
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good (lack of nausea or fatigue), two of them developed

fever/rash during injections 9–11. Despite the low number

of cases, it is suggested that patients with autoimmune

thyroid diseases must be carefully observed during treat-

ment with amifostine for the eventual development of

fever/rash.

Drug allergy

Four patients with known history of sever anaphylactic

episodes with shock after exposure to antibiotics, including

cephalosporins and ampicillin, were treated with amifos-

tine administered s.c. without any complications.

Metabolic diseases and other conditions
Diabetes mellitus

A total of 16 patients with diabetes mellitus under

therapy with oral hypoglycemic agents or insulin were

treated with 500–1000 mg daily amifostine s.c. and were

prospectively observed. The tolerance of amifostine

seemed not to differ from that of non-diabetic patients.

Ten of them received the 1000 mg dose level without any

side-effects and one patient developed fever/rash symp-

tomatology.

Hypoglycemia

Subclinical drop of glucose levels about 30 min after i.v.

administration of amifostine is a common finding,

presumably due to a switch of the cellular metabolism

to anaerobic glycolytic pathways [14]. These are normally

restored within 30–60 min.

One woman with a known history of idiopathic hypogly-

cemia was treated with adjuvant radiotherapy for breast

cancer, supported with i.v. administration of 1000 mg of

amifostine. This represents the only patient with con-

firmed clinical hypoglycemia after the administration of

amifostine. The glucose levels dropped from 80 down to

40 mg/dl, the patient exhibiting a full clinical image of

hypoglycemia (loss of contact, sweating, cold skin and

fainting). Symptoms were rapidly restored with hypertonic

glucose solution injection. The patient was recommended

to eat a good portion of Greek sweets half an hour before

amifostine and no signs of hypoglycemia or other toxicity

appeared on the subsequent days of therapy.

It is recommended that any history of hypoglycemia be

recorded in all patients considered for amifostine therapy.

Clinical hypoglycemia can be easily misdiagnosed as

severe nausea or hypotension, leading erroneously to the

diagnosis of poor tolerance. This condition can be easily

prevented by recommending consumption of sweets

before the amifostine injection.

Hepatic cirrhosis

One patient with hepatic cirrhosis (Child–Pugh class B)

and stage III nasopharyngeal cancer was treated with

hypofractionated accelerated radiotherapy supported

with 1000 mg of daily amifostine. The patient showed

an excellent tolerance of amifostine and accomplished his

treatment of 80 Gy biological equivalent dose within 3

weeks with mild radiation mucositis. Hepatic function

was not deranged.

Alcoholism

Three patients with alcoholism (one with bladder cancer

and two with lung cancer) were treated with radiotherapy

supported with amifostine. The patients did not inter-

rupt alcohol consumption during therapy. All three

exhibited poor tolerance to higher than 500 mg daily

dose of amifostine. One of them developed fever/rash.

Cardiovascular diseases
Coronary heart disease

Eight patients with coronary disease, three of them with a

‘bypass’ cardiovascular operation and four of them with

established myocardial infarction within the previous 6–

24 months before referral for radiotherapy, were treated

with daily amifostine before every radiotherapy fraction.

Five of them received a daily dose of 750–1000 mg and

three a dose of 500 mg without any side-effects from

amifostine.

Aortic aneurysm

Two patients, one with bladder cancer and aneurysm of

the abdominal aorta and one with lung cancer and

aneurysm of the thoracic aorta, were treated with

radiotherapy supported with 1000 mg of daily amifostine

injected s.c. There were no side-effects from the

amifostine administration.

Arterial hypertension

Twenty-two patients under anti-hypertensive medication

were treated with radiotherapy supported with daily

amifostine. All patients were recommended to continue

their every-morning anti-hypertensive tablets before

amifostine s.c. injection. Thirteen (of 20) patients were

treated at 1000 mg, four at 750 mg and three patients at

500 mg. Two patients developed fever/rash, but no

other side-effects were recorded. Hypotension was not

documented.

Neurological/psychiatric diseases
Stroke

Two patients with recent history of ischemic stroke

(within 12 months before radiotherapy) were treated

with 750 mg daily amifostine delivered s.c., without any

side-effects.

Psychosis

Three patients under medical therapy for psychosis (two

with breast cancer and one with head neck cancer) were

treated with radiotherapy supported with amifostine. All
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patients received 1000 mg daily amifostine (one i.v. and

two s.c.) without any side-effects.

Discussion
The tolerance of amifostine under several medical condi-

tions in patients with cancer is herein reported, providing a

core list of diseases and their compatibility with amifostine

administration, together with recommendations on how to

deal with these patients. Table 1 summarizes the results,

indicates the risk, and provides guidelines for action

regarding amifostine administration and patient surveil-

lance. It is stressed that this table is based on limited

experience for some of the diseases analyzed.

As fever/rash is the most undesirable side-effect of

amifostine, enforcing permanent interruption of the drug

[13], it is notable that several medical conditions

identified herein are presumably linked with a high risk

for development of this symptomatology. It is strongly

recommended that patients with autoimmune diseases,

such as vitiligo, scleroderma and thyroiditis, be closely

observed for the development of amifostine-related fever/

rash. G6PD deficiency, XP, diabetes and hepatic cirrhosis

are compatible with amifostine administration. One

should stress, however, the very poor tolerance of one

patient with G6PD deficiency, due to emesis and fatigue

that was noted at very low dose levels (250 mg). Patients

under anti-hypertensive and anti-diabetic medication can

continue their therapy as amifostine administration is

expected to show the standard patterns of tolerance.

Similarly, it seems that coronary heart disease, recent

stroke and psychosis are not contraindications for the

administration of high-dose s.c. amifostine. Accentuation

of RPC is expected in patients receiving amifostine.

Collection of data is ongoing to expand the list of medical

conditions radiation oncologists often deal with when

treating patients with amifostine. The clinical experience

could therefore be enriched with a larger number of

patients in order to strengthen the evidence herein

provided.

References
1 Kemp G, Rose P, Lurain J, Berman M, Manetta A, Roullet B, et al. Amifostine

pretreatment for protection against cyclophosphamide-induced and
cisplatin-induced toxicities: results of a randomized control trial in patients
with advanced ovarian cancer. J Clin Oncol 1996; 14:2101–2112.

2 Brizel DM, Wasserman TH, Henke M, Strnad V, Rudat V, Monnier A, et al.
Phase III randomized trial of amifostine as a radioprotector in head and neck
cancer. J Clin Oncol 2000; 18:3339–3345.

3 Athanassiou H, Antonadou D, Coliarakis N, Kouveli A, Synodinou M,
Paraskevaidis M, et al. Protective effect of amifostine during fractionated
radiotherapy in patients with pelvic carcinomas: results of a randomized
trial. Int J Radiat Oncol Biol Phys 2003; 56:1154–1160.

4 Antonadou D, Pepelassi M, Synodinou M, Puglisi M, Throuvalas N.
Prophylactic use of amifostine to prevent radiochemotherapy-induced
mucositis and xerostomia in head-and-neck cancer. Int J Radiat Oncol Biol
Phys 2002; 52:739–747.

5 Komaki R, Lee JS, Milas L, Lee HK, Fossella FV, Herbst RS, et al. Effects of
amifostine on acute toxicity from concurrent chemotherapy and radiotherapy
for inoperable non-small-cell lung cancer: report of a randomized
comparative trial. Int J Radiat Oncol Biol Phys 2004; 58:1369–1377.

6 Vujaskovic Z, Feng QF, Rabbani ZN, Samulski TV, Anscher MS, Brizel DM.
Assessment of the protective effect of amifostine on radiation-induced
pulmonary toxicity. Exp Lung Res 2002; 28:577–590.

7 Koukourakis MI, Romanidis K, Froudarakis M, Kyrgias G, Koukourakis GV,
Retalis G, Bahlitzanakis N. Concurrent administration of Docetaxel and
Stealth liposomal doxorubicin with radiotherapy in non-small cell lung
cancer: excellent tolerance using subcutaneous amifostine for
cytoprotection. Br J Cancer 2002; 87:385–392.

8 Koukourakis MI, Kyrias G, Kakolyris S, Kouroussis C, Frangiadaki C,
Giatromanolaki A, et al. Subcutaneous administration of amifostine during
fractionated radiotherapy: a randomized phase II study. J Clin Oncol 2000;
18:2226–2233.

9 Bardet E, Martin L, Calais G, Tuchais C, Bourhis J, Rhein B, et al. Preliminary
data of the GORTEC 2000-02 phase III trial comparing intravenous and
subcutaneous administration of amifostine for head and neck tumors treated
by external radiotherapy. Semin Oncol 2002; 29:57–60.

Table 1 Medical conditions in cancer patients receiving amifostine, tolerance of amifostine and recommendations

Disease No. patients Amifostine side-effects Risk categorya Action

Genetic
XP 1 fever/rash 1a close observation
G6PD deficiency 1 poor tolerance 2a starting amifostine dose 250 mg

Immunity related
vitiligo 2 fever/rash 1a close observation
scleroderma 1 fever/rash 1a close observation
perforating collagenosis 2 none 0b treat ‘PC’ – continue amifostine
thyroiditis 3 fever/rash 1a close observation
drug allergy 4 none 0a none

Metabolic diseases
diabetes 16 none 0a none
hypoglycemia 1 hypoglycemia 0b consumption of sweets
hepatic cirrhosis 1 none 0a none
alcoholism 3 reduced tolerance 2a starting amifostine dose 250 mg

Cardiovascular diseases
coronary heart disease 8 none 0a none
aortic aneurysm 2 none 0a none
hypertensive medication 22 none 0a continue medication

Neurological/Psychiatric diseases
stroke 2 none 0a none
psychosis 3 none 0a none

aRisk scoring. Amifostine tolerance: 0 = no excess risk for side-effects, 1 = higher risk for fever/rash, 2 = poor tolerance (fatigue, emesis), 3 = life-threatening
complications: (not observed). Course of the disease: a = unaffected, b = aggravated to an acceptable level, c = unacceptable aggravation: (not observed).

Amifostine compatibility with medical conditions Koukourakis and Maltezos 137

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



10 Koukourakis MI, Giatromanolaki A, Kouroussis C, Kakolyris S, Sivridis E,
Frangiadaki C, et al. Hypofractionated and accelerated radiotherapy with
cytoprotection (HypoARC): a short, safe, and effective postoperative
regimen for high-risk breast cancer patients. Int J Radiat Oncol Biol Phys
2002; 52:144–155.

11 Koukourakis MI, Simopoulos C, Minopoulos G, Patlakas G, Polychronidis A,
Limberis V, et al. Amifostine before chemotherapy: improved tolerance
profile of the subcutaneous over the intravenous route. Clin Cancer Res
2003; 9:3288–3293.

12 Anne PR. Phase II trial of subcutaneous amifostine in patients undergoing
radiation therapy for head and neck cancer. Semin Oncol 2002; 29:
80–83.

13 Boccia R, Anne PR, Bourhis J, Brizel D, Daly C, Holloway N 3rd, et al.
Assessment and management of cutaneous reactions with amifostine
administration: findings of the ethyol (amifostine) cutaneous treatment
advisory panel (ECTAP). Int J Radiat Oncol Biol Phys 2004; 60:302–309.

14 Koukourakis MI, Giatromanolaki A, Chong W, Simopoulos C, Polychronidis
A, Sivridis E, Harris AL. Amifostine induces anaerobic metabolism and
hypoxia-inducible factor 1 alpha. Cancer Chemother Pharmacol 2004;
53:8–14.

15 Koukourakis MI, Ktenidou-Kartali S, Bourikas G, Kartalis G, Tsatalas C.
Amifostine protects lymphocytes during radiotherapy and stimulates
expansion of the CD95/Fas and CD31 expressing T-cells, in breast cancer
patients. Cancer Immunol Immunother 2003; 52:127–131.

16 Mantovani G, Maccio A, Madeddu C, Mura L, Gramignano G, Lusso MR,
et al. Antioxidant agents are effective in inducing lymphocyte progression
through cell cycle in advanced cancer patients: assessment of the most
important laboratory indexes of cachexia and oxidative stress. J Mol Med
2003; 81:664–673.

17 Rogers PB, Plowman PN, Harris SJ, Arlett CF. Four radiation hypersensitivity
cases and their implications for clinical radiotherapy. Radiother Oncol 2000;
57:143–154.

18 DiGiovanna JJ, Patronas N, Katz D, Abangan D, Kraemer KH. Xeroderma
pigmentosum: spinal cord astrocytoma with 9-year survival after radiation
and isotretinoin therapy. J Cutan Med Surg 1998; 2:153–158.

19 Weichselbaum RR. The role of DNA repair processes in the response of
human tumors to fractionated radiotherapy. Int J Radiat Oncol Biol Phys
1984; 10:1127–1134.

20 Ayene IS, Koch CJ, Tuttle SW, Stamato TD, Perez ML, Biaglow JE. Oxidation
of cellular thiols by hydroxyethyldisulphide inhibits DNA double-strand-break
rejoining in G6PD deficient mammalian cells. Int J Radiat Biol 2000;
76:1523–1531.

21 Le Poole IC, Wankowicz-Kalinska A, van den Wijngaard RM, Nickoloff BJ,
Das PK. Autoimmune aspects of depigmentation in vitiligo. J Investig
Dermatol Symp Proc 2004; 9:68–72.

22 Dunston GM, Halder RM. Vitiligo is associated with HLA-DR4 in black
patients. A preliminary report. Arch Dermatol 1990; 126:56–60.

23 Zettinig G, Tanew A, Fischer G, Mayr W, Dudczak R, Weissel M.
Autoimmune diseases in vitiligo: do anti-nuclear antibodies decrease thyroid
volume? Clin Exp Immunol 2003; 13:347–354.

24 Weitzen R, Pfeffer R, Mandel M. Benign lesions in cancer patients: case 3.
Vitiligo after radiotherapy for breast cancer in a woman with depigmentation
disorder. J Clin Oncol 2005; 23:644.

25 Pajonk F, Weissenberger C, Witucki G, Henke M. Vitiligo at the sites of
irradiation in a patient with Hodgkin’s disease. Strahlenther Onkol 2002;
178:159–162.

26 Kim DH, Kim CW, Kim TY. Vitiligo at the site of radiotherapy for malignant
thymoma. Acta Derm Venereol 1999; 79:497.

27 Levine EL, Ribeiro GG. Vitiligo and radiotherapy: the Koebner phenomenon
demonstrated in patients with vitiligo undergoing radiotherapy for carcinoma
of the breast. Clin Oncol (R Coll Radiol) 1994; 6:133–134.

28 Takehara T, Sato S. Localized scleroderma is an autoimmune disorder.
Rheumatology 2005; 44:274–279.

29 Farrant PB, Mortimer PS, Gore M. Scleroderma and the taxanes. Is there
really a link? Clin Exp Dermatol 2004; 29:360–362.

30 Ardern-Jones MR, Black MM. Widespread morphoea following radiotherapy
for carcinoma of the breast. Clin Exp Dermatol 2003; 28:160–162.

31 Ullen H, Bjorkholm E. Localized scleroderma in a woman irradiated at two
sites for endometrial and breast carcinoma: a case history and a review of
the literature. Int J Gynecol Cancer 2003; 13:77–82.

32 Schaffer JV, Carroll C, Dvoretsky I, Huether MJ, Girardi M. Postirradiation
morphea of the breast presentation of two cases and review of the literature.
Dermatology 2000; 200:67–71.

33 Bleasel NR, Stapleton KM, Commens C, Ahern VA. Radiation-induced
localized scleroderma in breast cancer patients. Aust J Dermatol 1999;
40:99–102.

34 Gollob MH, Dekoven JG, Bell MJ, Assaad D, Rao J. Postradiation morphea.
J Rheumatol 1998; 25: 2267–2269.

35 Smith KJ, Yeager J, Skelton HG. Localized scleroderma in breast cancer
patients treated with supervoltage external beam radiation: radiation port
scleroderma. J Am Acad Dermatol 1997; 37:806–808.

36 Davis DA, Cohen PR, McNeese MD, Duvic M. Localized scleroderma in
breast cancer patients treated with supervoltage external beam radiation:
radiation port scleroderma. J Am Acad Dermatol 1996; 35:923–927.

37 Trattner A, Figer A, David M, Lurie H, Sandbank M. Circumscribed
scleroderma induced by postlumpectomy radiation therapy. Cancer 1991;
68:2131–2133.

38 Verbov J. Post-irradiation morphoea. Br J Dermatol 1989; 121:819–820.
39 Colver GB, Rodger A, Mortimer PS, Savin JA, Neill SM, Hunter JA. Post-

irradiation morphoea. Br J Dermatol 1989; 120:831–835.
40 Socie G, Gluckman E, Cosset JM, Devergie A, Girinski T, Esperou H, Dutreix

J. Unusual localization of cutaneous chronic graft-versus-host disease in the
radiation fields in four cases. Bone Marrow Transplant 1989; 4:133–135.

41 Ransom DT, Cameron FG. Scleroderma – a possible contra-indication to
lumpectomy and radiotherapy in breast carcinoma. Australas Radiol 1987;
31:317–318.

42 Ross JG, Hussey DH, Mayr NA, Davis CS. Acute and late reactions to
radiation therapy in patients with collagen vascular diseases. Cancer 1993;
71:3744–3752.

43 Morris MM, Powell SN. Irradiation in the setting of collagen vascular
disease: acute and late complications. J Clin Oncol 1997; 15:2728–2735.

44 Phan C, Mindrum M, Silverman C, Paris K, Spanos W. Matched-control
retrospective study of the acute and late complications in patients with
collagen vascular diseases treated with radiation therapy. Cancer J 2003;
9:461–466.

45 Chen AM, Obedian E, Haffty BG. Breast-conserving therapy in the setting of
collagen vascular disease. Cancer J 2001; 7:480–491.

46 Canadian Association of Radiation Oncologists. Breast radiotherapy after
breast-conserving surgery. The Steering Committee on Clinical Practice
Guidelines for the Care and Treatment of Breast Cancer. Can Med Ass J
1998; 158 (Suppl 3):S35–S42.

47 Satchell AC, Crotty K, Lee S. Reactive perforating collagenosis: a condition
that may be underdiagnosed. Australas J Dermatol 2001; 42:284–187.

48 Kawakami T, Saito R. Acquired reactive perforating collagenosis associated
with diabetes mellitus: eight cases that meet Faver’s criteria. Br J Dermatol
1999; 140:521–524.

138 Anti-Cancer Drugs 2006, Vol 17 No 2

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


