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Abstract

Introduction/objectives Scleroderma is a rare complication in taxanes therapy. Although individual cases of taxanes-induced
scleroderma have been reported, the clinical manifestation and treatment outcomes were reviewed and summarized rarely.
This study reported a patient who developed diffuse scleroderma and possible scleroderma renal crisis after paclitaxel
therapy for ureter cancer.

Method A PubMed literature review on published cases of taxanes-induced scleroderma up until April 2022 was included
for analysis.

Results The search identified 27 patients with adequate information for analysis. Of the 28 patients, including the one
presented here, 22 were female. Peripheral edema was the most common symptom in all but one patient, and often accom-
panied by erythema in 11. Symptoms usually occurred in half of the patients within the 4™ course of treatment. Skin lesions
gradually progressed to skin fibrosis, and extended proximally. Internal organ involvements were uncommon. Antinuclear
antibody tests were positive occasionally, but anti-Scl70 and anti-centromere usually were negative. Taxanes therapy was
discontinued, continued and unavailable in 21, 3, and 4 patients, respectively. Corticosteroids for skin lesions with or without
immunosuppressive drugs were given to 15 patients. Of 25 patients with available skin outcomes, 19 improved. There was
no significant skin improvement between those who did or did not receive skin treatment (62.5% vs. 75.0%, p=0.37). Skin
usually improved after discontinuing taxanes.

Conclusion Taxanes-induced scleroderma is different from idiopathic scleroderma. Physicians should be aware of this con-
dition in order to provide early diagnosis and apply appropriate management in order to avoid serious complications from
severe skin sclerosis.
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o Scleroderma is a rare but unique and serious complication of
taxanes therapy

o Skin manifestations and distribution are similar to idiopathic
scleroderma, but vascular phenomenon, internal organ involve-
ment and scleroderma-associated auto-antibodies are presented
rarely. Skin improvement usually occurs shortly after discontinuing
taxanes

o The role of immunosuppressive therapy in treating taxanes-induced
scleroderma is not clear

Keywords Chemotherapy-induced scleroderma -
Paclitaxel - Scleroderma - Scleroderma renal crisis -
Taxanes

Introduction

Paclitaxel and docetaxel, or taxanes compounds, are among
the commonly prescribed anti-cancer drugs. Their mecha-
nism enhances polymerization of tubulin to stabilize micro-
tubules, thus preventing microtubules to depolymerize.
Microtubules are cytoskeleton structures that are required
during cell growth. Taxanes block cells at the G2/M phase of
the cell cycle, making them unable to form a normal mitotic
apparatus [1]. It has been used in the treatment of various
types of malignancies including breast, ovarian, non-small
cell lung and gastrointestinal cancer.

The true incidence of cutaneous adverse reaction to taxa-
nes is unknown, but reports have shown between 6 and 81%,
according to the literature [2]. A wide range of cutaneous
adverse reactions has been reported, including alopecia,
onycholysis, mucositis, dysgeusia, peripheral edema, hand-
foot syndrome (scaly erythematous lesions of the hands
and feet), cutaneous rashes (photosensitive, maculopapu-
lar, flexural and intertriginous rashes), subacute cutane-
ous lupus erythematosus and scleroderma-like skin lesion
[2]. Of these, scleroderma-like skin lesion was uncommon.
Although cases of taxanes-induced scleroderma have been
reported, the clinical manifestation and treatment outcomes
were reviewed and summarized rarely [3-27].

This study reported a female patient with cancer of the
ureter, who developed diffuse scleroderma and possible
scleroderma renal crisis (SRC) following paclitaxel treat-
ment. The clinical manifestations and treatment outcomes
of taxanes-induced scleroderma also were reviewed.

Materials and methods
Case report
A 68-year-old Thai female patient was consulted at the rheu-

matology service for progressive skin thickening on the fore-
arms and legs, which had been developing for 3 months. She
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had presented with suprapubic mass and poorly undifferenti-
ated carcinoma of the distal ureter 2 years previously, and
ovarian metastasis was diagnosed. Distal urethrectomy, hys-
terectomy, and bilateral salpingo-oophorectomy were carried
out, but the post-operative computed tomography (CT) scan
of the abdomen showed some residual lymphadenopathies,
with left common iliac vein invasion. The combination of
carboplatin (AUCS5) and gemcitabine (1000 mg/m?) was
given in 8 cycles. A repeated CT scan of the abdomen, 1
and 6 months after completing a course of chemotherapy,
showed progression of the disease with increased size of
the lymphadenopathies. Left iliac lymph node irradiation
(400 cGray, 5 fractions) was initiated, followed by paclitaxel
at 175 mg/m? every 3 weeks. A repeated CT scan of the
abdomen 2 months after three courses of paclitaxel, showed
some regression in size of the iliac lymph nodes. During this
period, the patient experienced some swelling of both feet,
without pain or tenderness. Later, edema at the dorsum of
both hands occurred. The edema progressed to induration
and thickening of the skin. Rheumatology consultation was
performed for possible connective tissue diseases.

Additional history was significant for gastro-esophageal
reflux disease (GERD) that occurred during the same period
as that for skin thickening. The patient neither drank nor
smoked, and denied the use of herbs. There was no fam-
ily history of malignancies or autoimmune diseases. Her
medical history was significant for hypertension and dyslipi-
demia, and current daily medications were losartan (50 mg)
and simvastatin (20 mg).

Physical examination showed an elderly woman, with
moderate pallor and fatigued appearance. Thickening of the
skin was observed on her face, hands, forearms, left upper
arm, both feet, both legs and both thighs, with a modified
Rodnan’s skin score of 27 (Fig. 1). Some areas of hyper-
pigmentation on the thickened skin also were observed.
Raynaud’s phenomenon was noted. There were no digital
pitting scars, tendon friction rubs, subcutaneous calcifica-
tions, muscle weaknesses or arthritis. Bilateral basal crepita-
tion was audible at both basal lungs. Other physical exami-
nations were unremarkable.

Laboratory investigation showed hemoglobin of 7.3 gm/
dL (presumably due to underproduction or anemia from
chronic disease), white blood counts of 6.1 X 10%/mm?, and
platelet counts of 346 x 10°/mm?. Urine analysis, renal and
liver functions, electrolytes, and thyroid functions were
normal. Hepatitis B and C profiles were all negative. Anti-
nuclear antibody (ANA) was positive at 1:320, speckled
pattern. Anti-dsDNA, anti-Scl70 (anti-topoisomerase-I),
anti-centromere, anti-SSA, anti-SSB, anti-Sm and anti-
RNP antibodies and complements were all normal or nega-
tive. Chest X-ray showed minimal interstitial infiltration at
both basal lungs. High-resolution CT of the chest showed
minimal non-specific interstitial pneumonitis at the base of
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Fig. 1 Thickening of skin. (A)
Both hands, (B) both feet, (C)
both forearms and arms, (D)
both legs and thighs

both lungs. Echocardiography was normal. A skin biopsy
was scheduled, but not performed due to the COVID-19
pandemic situation. The diagnosis of diffuse scleroderma
induced by paclitaxel was made. Treatment was initiated
with daily prednisolone (5 mg), mycophenolate mofetil
(2000 mg), hydroxychloroquine (200 mg), amlodipine
(10 mg), omeprazole (20 mg) and domperidone (30 mg).
Due to the COVID-19 situation, blood transfusion at a local
hospital near to home was advised.

Two weeks after receiving 2 units of blood, the patient
was admitted without fever to a local hospital because of
progressive dyspnea that required intubation. A chest radio-
graph showed bilateral interstitial infiltrations. She was
found to have high blood pressure (158/81 mmHg), pro-
gressive anemia (hemoglobin 5.0 gm/dL) and thrombocy-
topenia (platelet 11.0x 10° cells/mm?). There was no his-
tory of blood losses. Peripheral blood smear showed many
schistocytes, some nucleated red blood cells and very few
platelets, which was consistent with thrombotic microan-
giopathy (TMA). Urine analysis showed proteinuria with
red blood cells. She also had acute renal insufficiency
(creatinine 1.4 mg/dL that progressed to 4.7 mg/dL within
1 week [baseline creatinine before blood transfusion was
0.8-1.0 mg/dL]). As all the clinical features were consistent
with SRC, enalapril was given and mycophenolate mofetil
discontinued. Unfortunately, the condition of the patient
became progressively worse, with multiple site bleeding due
to consumptive coagulopathy. The patient and her family
denied further investigation and management, and she was
discharged in terminal condition and later expired at home.

Review of the literature

A review of the English language literature, using the Pub-
Med database up until April 2022, identified 25 publications
with 33 cases of taxanes-induced scleroderma [3-27]. Six
cases were excluded from the analysis. The first one was a

patient who had history of calcinosis, Raynaud’s Phenom-
enon, esophageal dysfunction, sclerodactyly and telangiec-
tasia (CREST) syndrome prior to the onset of morphea after
docetaxel therapy [4]. The second one received multiple
immunosuppressive drugs together with paclitaxel, which
made it difficult to conclude that paclitaxel was causal [10].
The third one developed scleroderma after 2 courses of doc-
etaxel and cyclophosphamide therapy, but several clinical
data suggested that she might have had systemic sclerosis
before developing scleroderma and prior to docetaxel treat-
ment [27]. The other 3 cases were excluded from a series of
5 that received docetaxel or paclitaxel, but with insufficient
information for analysis [11]. Therefore, only 28 cases were
analyzed, including the one from this report.

Results

Characteristics of the patients studied are shown in Table 1
and Supplementary Table 1. Of the 28 cases, 12 (42.7%)
were reported from Japan. Twenty-two female patients
(78.6%) had a mean age of 57.1 +9.0 years, with breast,
ovary and skin malignancies being the 3 most common con-
ditions reported in 13 (46.4%), 4 (14.3%) and 3 (10.7%) of
them, respectively. Twelve patients (42.9%) received taxanes
(docetaxel, paclitaxel or Nab-paclitaxel) monotherapy, and
16 (57.2%) taxanes in combination with other immunosup-
pressive or immunomodulator drugs. Of these, 2 patients
received Nab-paclitaxel and gemcitabine. The onset of
symptoms varied greatly from 10 days to 20 months after
taxanes therapy, but 14 cases (50.0%) had onset within the
4™ course or 4 months of treatment.

Clinical manifestations and laboratory findings of sclero-
derma following taxanes therapy are shown in Table 2 and
Supplementary Table 2. Swelling or edema of the extremities
was the symptom mostly seen in all but one patient (96.4%).
Eleven patients (39.3%) were seen to have erythema of the
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Table 1 Characteristics of the patients with taxanes-induced sclero-
derma

N=28 (%)

Sex, Female, n (%) 22 (78.6)
Age in years, mean+ SD 57.1+9.0
Type of malignancies
Breast, n (%) 13 (46.4)
Ovary, n (%) 4(14.3)
Skin, n (%) 3(10.7)

Cutaneous angiosarcoma, n (%) 2(7.1)

Melanoma, n (%) 1(3.6)
Pancreas, n (%) 2(7.1)
Primary peritoneal tumor, n (%) 2(7.1)
Duodenal leiomyoma, n (%) 1(3.6)
Endometroid adenocarcinoma, n (%) 1(3.6)
Lung, n (%) 1(3.6)
Ureter, n (%) 1(3.6)
Medication
Docetaxel, n (%) 6(21.4)
Docetaxel + other immunosuppressive agents, n (%) 5(17.9)
Paclitaxel/Nab-paclitaxel, n (%) 6(21.4)
Paclitaxel/Nab-paclitaxel + other immunosuppressive 9(32.1)

agents, n (%)

Nab-paclitaxel + gemcitabine, n (%) 2(7.1)
Paclitaxel + gemcitabine, n (%) 1(3.6)
Co-morbidities
Diabetes mellitus, n (%) 1(3.6)
Hypertension and dyslipidemia, n (%) 13.6)
Hypothyroid, n (%) 1(3.6)
Previous treatment
Surgery, n (%) 12 (42.9)
Surgery and radiation therapy, n (%) 2(7.1)
Radiation therapy, n (%) 2(7.1)
Previous chemotherapy, n (%) 9(32.1)

edematous areas, which occasionally mimicked skin infec-
tions. Skin lesions involved the lower and upper extremities
in 85.7% and 82.1% of the patients, respectively, where the
face/neck and truck were involved in 28.6% and 28.6%,
respectively. Raynaud’s Phenomenon and telangiectasia
were observed in 21.4% and 10.7%, respectively. Tendon
friction rubs, cutaneous calcinosis, and digital pitting scars
or ulcers were observed occasionally. One patient also had
digital gangrene. Nailfold capillaroscopy was abnormal
in 3 of the 13 patients (23.1%) determined. Four patients
(14.3%) had musculoskeletal involvement (one each in
arthralgia, arthritis, myalgia and myositis). Three patients
(10.7%) had pulmonary involvement (dyspnea with abnor-
mal carbon monoxide diffusing capacity in 1 and inter-
stitial lung disease (ILD) documented by high resolution
computed scan of the chest in 2). Four patients (14.3%) had
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Table2 Clinical manifestation and serological
patients with taxanes-induced scleroderma

abnormality in

N=28 (%)
Presenting symptoms
Edema of the extremities, n (%) 27 (96.4)
Skin erythema, n (%) 11 (39.3)

Skin involvement

Lower extremity [feet, leg, thigh], n (%) 24 (85.7) [23

(82.1), 19
(67.9), 13
(46.4)]
Upper extremity [(hands, forearm, arm), n (%) 23 (82.1) [22
(78.6), 20
(71.4), 8
(28.6)]
Face and neck, n (%) 8 (28.6)
Trunk, n (%) 8 (28.6)
Raynaud’s phenomenon, n (%) 6(21.4)
Tendon friction rub, n (%) 1(3.6)
Telangiectasia, n (%) 3(10.7)
Cutaneous calcinosis, n (%) 1(3.6)
Digital pitting scars or ulcers, n (%) 2(7.1)
Nail fold capillary abnormality, n/N (%) 3/13 (23.1)
Other organ involvement
Musculoskeletal, n (%) 4(14.3)
Cardiac, n (%) 0/9
Pulmonary*, n (%) 3(10.7)
Gastrointestinal, n (%) 4(14.3)
Renal, n (%) 1(3.6)
Nervous system**, n (%) 4(14.3)

Abnormal skin biopsy, n/N (%) 23/23 (100.0)

Autoantibodies

Anti-nuclear antibodies (ANA), n/N (%) 7127 (25.9)
Anti-double stranded DNA (dsDNA), n/N (%) 0/7
Anti-SC170, n/N (%) 0/20
Anti-centromere, n/N (%) 1/16 (6.3)
Anti-mitochondria, n/N (%) 1/3 (33.3)
Anti-smooth muscle, n/N (%) 1/3 (33.3)
Anti-phospholipids/anti-cardiolipin, n/N (%) 0/5
Anti-extractable nuclear antigen (ENA), n/N (%) 0/9
Anti-Sjogren’s syndrome antigen A (SSA), n/N (%) 1/7 (14.3)
Anti-Sjogren’s syndrome antigen B (SSB), n/N (%) 0/7
Anti-Smith, n/N (%) 0/5
Anti-Ribonucleoproteins (RNP), n/N (%) 0/11
Anti-RNA polymerase III, n/N (%) 0/3
Anti-Jol, n (%) 0/1
Anti-neutrophilic cytoplasmic (ANCA), n/N (%) 0/2
Rheumatoid factors (RF), n/N (%) 1/13 (7.7)
Anti-cyclic-citrullinated peptides (CCP), n/N (%) 0/1

Low serum complements, n/N (%) 0/7
Abnormal thyroid function tests, n/N% 0/9

n/N=number of positive clinical findings or laboratory tests/number
of clinical evaluations or laboratory tests performed. * =determined
by high resolution computed tomography of the chest in 2, and abnor-
mal carbon monoxide diffusing capacity in 1; ** =dysesthesia
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gastrointestinal involvement (dyspepsia in 2, and GERD in
2). Dysesthesia was noted in 4 patients (14.3%). None had
cardiac involvement. Twenty-three patients (82.1%) had skin
biopsy confirmation for scleroderma, and one also had con-
comitant acanthosis nigricans.

Anti-nuclear antibodies (ANA) were the most common
autoantibodies identified, and observed in 25.9% of the
cases (Table 2). Among the scleroderma autoantibodies,
anti-centromere antibodies were observed in 6.3% of those
patients tested. Anti-Sjogren’s syndrome A antibodies (anti-
SSA) and rheumatoid factor (RF) were positive in 14.3% and
7.7% of cases, respectively, among those tested. Anti-Scl70
or anti-RNA polymerase III (anti-RNAP-III) antibodies,
and other autoimmune antibodies were negative generally
among those tested. It was interesting that anti-mitochondria
and anti-smooth muscle antibodies were positive in 1 of 3
patients tested (33.3%). None of the 6 patients, who had
serum complement level determined, showed low comple-
ment levels. Nine patients who had thyroid function deter-
mined were normal.

Treatment of taxanes-induced scleroderma, and skin and
cancer outcomes are shown in Table 3 and Supplementary
Table 3. Taxanes therapy was discontinued, continued, and
not available information in 21 (75.0%), 3 (10.7%) and 4
(14.3%) patients, respectively. Treatment of skin lesion was
available for 15 patients (corticosteroids alone in 3 [20.0%],
corticosteroids in combination with other immunosuppres-
sive therapy in 8 [53.3%], immunosuppressive therapy alone
in 1 [6.7%], and topical corticosteroids in 3 [20.0%]). D-pen-
icillamine, methotrexate, mycophenolate mofetil, hydroxy-
chloroquine, cyclophosphamide, and psoralen and ultraviolet
A [PUVA] were among the immunosuppressive therapies
given. The dosage of corticosteroids ranged from 5 to 60 mg/
day (prednisolone equivalent). Six patients (21.4%) received
vasodilator therapy.

Among the 3 patients who continued taxanes therapy
when scleroderma developed, one and one who received
topical corticosteroids, and corticosteroids and immunosup-
pressive drugs, respectively, showed skin improvement. Of
the 21 patients who discontinued taxanes therapy, 9 (42.9%)
received corticosteroids and/or immunosuppressive drugs,
1 (4.8%) received topical corticosteroids, 1 (4.8%) received
vasodilator therapy, and 10 (47.6%) received no medica-
tion. Of the 9 patients, who received corticosteroids and/or
immunosuppressive drugs, skin edema and thickening were
improved, not available, and not mentioned in 5 (55.6%),
3 (33.3%), and 1 (11.1%), respectively. One patient who
received topical corticosteroids showed no response, but one
who received vasodilator therapy showed improvement in
vascular gangrene. Nine of 10 (90.0%) patients who did not
receive any medication for systemic sclerosis showed skin
improvement. Overall, outcomes of the skin were improved,

not improved and unavailable in 19 (67.9%), 6 (21.4%), and
3 (10.7%) cases, respectively, which did not differ between
those who did and did not receive treatment for skin sclero-
sis regardless of their taxanes therapy status (p =0.37). The
skin improvement usually occurred within 4—-6 months after
taxanes was discontinued.

The outcomes of underlying cancer were available in only
11 patients, whose status of taxanes therapy was discontin-
ued, continued and unavailable in 8 (72.7%), 1 (9.1%), and 2
(18.2%) patients, respectively. Among the 8 patients whose
taxanes therapy was discontinued, 3, 1, and 4 had received
corticosteroids and/or immunosuppressive drugs, vasodilator
therapy and no medication, respectively, and 3 (37.5%) of
them died (2 from cancer and 1 from renal failure). Of the
remaining 5 patients, 2 had tumor progression, and one each
had tumor improvement prior to discontinuation of taxanes,
unchanged tumor status and no tumor recurrence. One who
continued taxanes therapy (by receiving topical corticoster-
oid therapy), showed progressive response of the tumor to
Nab-paclitaxel and gemcitabine. Of the two patients who
had no taxanes therapy status available, one died because
of cancer progression and the other from chronic kidney
disease. Of the 12 patients who received systemic corti-
costeroids and/or immunosuppressive therapy, regardless
of their taxanes therapy status, only 2 had available cancer
outcomes, of which one had no cancer recurrence, and the
other was unable to control cancer with non-taxanes anti-
cancer drugs.

Discussion

The patient in this study experienced developing edema
and thickening of the skin approximately 2 months after
paclitaxel therapy for her ureter cancer. The characteris-
tic and distribution of skin lesions were compatible with
scleroderma. Although the presence of GERD, interstitial
pneumonitis at the base of the lungs, and positive ANA
antibodies might support idiopathic scleroderma (or sys-
temic sclerosis) in this patient; the close temporal relation-
ship between the initiation of paclitaxel and onset of skin
manifestations, rapid progression of skin lesions, absence
of digital pitting scars, digital ulcers, anti-Scl70 and anti-
centromere antibodies, as well as other autoantibodies made
diagnosis of taxanes-induced scleroderma more likely than
idiopathic scleroderma. Unfortunately, the clinical course
of this patient progressed to possible SRC and she ended up
in terminal condition.

SRC is a serious complication in patients with idiopathic
scleroderma. SRC is diagnosed clinically in general by
new onset of hypertension accompanied by the presence
of proteinuria, hematuria, acute renal failure, and presence

@ Springer



Clinical Rheumatology

Table 3 Treatment and outcomes of skin and cancer in patients with taxanes-induced scleroderma

Taxanes treatment status (n=28)
Discontinued, n (%)
Continued, n (%)
Not available, n (%)
Treatment of cutaneous conditions (n=15)
Corticosteroids (prednisolone or dexamethasone), n (%)
Corticosteroids in combination, n (%)
Prednisolone + methotrexate + bee sting, n (%)
Prednisolone + d-penicillamine, n (%)
Prednisolone + mycophenolate mofetil + hydroxychloroquine, n (%)
Prednisolone + cyclophosphamide, n (%)
Prednisolone + PUVA, n (%)
Methotrexate + PUVA, n (%)
Topical corticosteroids, n (%)
Treatment of Raynaud’s phenomenon (n = 6)
Calcium channel blocker, n (%)
Angiotensin converting enzymes inhibitor, n (%)
Prostaglandin E, analog, n (%)
Prostaglandin I, analog, n (%)

Skin and cancer outcomes according to taxanes treatment status

Taxanes treatment status
Continued (n=3)

Discontinued (n=21)

Not available (4)

Skin treatment

Topical corticosteroids

(n=2)

Corticosteroids and IM
drugs after completion of
taxanes therapy (n=1)

NA/none (n=10)

Corticosteroids and/or IM
drugs (n=9)

Topical corticosteroids
(n=1)

Vasodilator (n=1)

NA (n=2)

Corticosteroids and/or IM
drugs (2)

Overall outcomes of skin treatment (n =28)

Improvement
No improvement

Not available

All cases, n (%)

19 (67.9)
6 (21.4)
3(10.7)

Skin outcomes

Improved (n=1), not improved (n=1)

Improved (n=1)

Improved (n=9), not improved (n=1)

Improved (n=35), not improved (n=3), NA (n=1)

Not improved (n=1)

Digital gangrene improved (n=1)

NA (n=2)

Improved (n=2)

No treatment (n 12)

9 (75.0)
18.3)
2(16.7)

With treat-
ment
(n=16)

10 (62.5)
5(31.3)
1(6.3)

21 (75.0)
3(10.7)
4(14.3)

3(20.0)
8(53.3)
1(6.7)
3(20.0)
1(6.7)
1(6.7)
2(13.3)
1(6.7)
3(20.0)

3 (60.0)
1(20.0)
1(20.0)
1(20.0)

Cancer outcomes

NA (n=1), tumor response
to Nab-paclitaxel and
gemcitabine (n=1)

NA (n=1)

NA (n=6), cancer progres-
sion (n=1), cancer
improvement prior to dis-
continuation (n= 1), cancer
status unchanged (n=1),
died from cancer (n=1)

NA (n=6), uncontrolled
cancer (n=1), died from
cancer (n=1), died from
renal failure (n=1)

NA (n=1)

Died from cancer (n=1)

Died from cancer (n=1),
died from renal failure
(n=1)

NA (n=2)

p-value

0.37%

* =Fisher’s exact test, p-value =comparison between no treatment and with treatment groups, /M, immunosuppressive; NA, not available; PUVA,

psoralen and ultraviolet A
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of TMA blood picture in the absence of other explainable
causes [28, 29]. Early diffuse cutaneous involvement with
rapid progression of skin thickening, and the presence of
tendon friction rubs, large joint contracture, arthralgias or
synovitis, as well as anti-RNAP-III together with corticos-
teroids therapy (> 15 mg/day of prednisolone) are among the
risk factors [28, 29]. Although a case of scleroderma with
SRC and TMA following docetaxel therapy was reported
recently [27]; the patient developed severe ILD and mega-
esophagus after 2 courses of docetaxel treatment for car-
cinoma of the breast. She later developed SRC and TMA
together with positive anti-RNAP-III antibody after high-
dose corticosteroids (1 mg/kg/day) for the treatment of ILD,
which was clearly a risk factor for SRC. The presence of
mega-esophagus suggested that she might have had systemic
sclerosis before the onset of taxanes-induced scleroderma, as
the development of mega-esophagus needs time.

The presence of acute hypertensive episodes, together with
that of acute renal failure, proteinuria, and TMA blood pictures
gave a diagnostic challenge for SRC in the presented case.
Infection and malignancies are among the common causes of
TMA; however, infection was not identified in this case. While
the possibility that TMA could be from underlying malignancy
in this case, the development of TMA at the time of hyperten-
sion and acute renal failure favored TMA as a picture of SRC
rather than TMA being secondary to underlying malignan-
cies. Unfortunately, renal biopsy was not performed to con-
firm renal pathological diagnosis, and anti-RNAP-III antibody
was not determined due to unavailability at this institution.
Although anti-RNAP-III antibody is a strong risk factor for
SRC, its prevalence of 15-52% in patients with SRC had been
reported [30, 31]. This wide variation in prevalence in SRC
patients might have been related to a wide variation (0-41%) of
the prevalence of anti-RNAP-IIT among various ethnics [32].
It has been noted that among the 28 patients reviewed, anti-
RNAP-III antibody was tested or mentioned in only 3, and
none were positive. A patient in this review (case No. 19) also
had renal failure, and anemia. However, as the cause of anemia
and blood smear pictures were not provided, the renal failure
was suspected to be from pre-renal causes, and the anti-RNAP-
IIT antibody was negative [19]. Therefore, the authors believed
that the presented case had SRC, although it was not confirmed
by renal pathology or anti-RNAP-III antibody.

The pathogenesis of taxanes-induced scleroderma is not
clearly understood, which might be due to the small num-
ber of reported cases. Tsavaris et al. found that an increase
in interleukin (IL) -2, IL-6, granulocyte—macrophage col-
ony-stimulating factor (GM-CSF), and interferon-y (IFNYy)
activity led to enhanced peripheral blood mononuclear cells
(PBMC), natural killer (NK) cells, and lymphokine activated
killer (LAK) cells in breast cancer patients treated with taxa-
nes [33]. Yang et al. also found docetaxel induced skin fibro-
sis through regulation of type I collagen, fibrinonectin and

connective tissue growth factor (CTGF) [26]. In the severe
combined immunodeficient (SCID) mouse model, Liu
et al. found that high-dose paclitaxel was associated with
pro-fibrotic and anti-angiogenetic changes, where low-dose
paclitaxel prevented maintenance of the systemic sclerosis
phenotype [34]. This effect was mediated by paclitaxel sup-
pressed TGFb/Smad activity and led to lessen fibrosis. Fur-
thermore, Okada et al. found intense versican deposits in
the skin of patients with scleroderma following docetaxel
therapy [17]. Versican is a large chondroitin sulfate proteo-
glycan that can hold a large amount of water, which could
explain peripheral edema at the early stage of or prior to
skin thickening in scleroderma following taxanes therapy.
Versican increases inflammation by forming a microcellular
environment and functions as a reservoir of cytokines [17].
Takahashi et al. found that Friend leukemia integration-1
(FLI-1) proteins were abundant in dermal microvascular
endothelial cells, but decreased markedly in dermal fibro-
blasts in patients with taxanes-induced scleroderma [20].
This was in contrast to the decrease in FLI-1 in both dermal
microvascular endothelial and fibroblast cells observed in
patients with systemic sclerosis. These findings indicated
that although skin manifestations and cytokine profiles in
taxanes-induced scleroderma were somewhat similar to
those of idiopathic scleroderma [35, 36], the underlying
pathogenesis of these two conditions clearly might be differ-
ent. Lastly, it is interesting that 12 of the 28 taxanes-induced
scleroderma cases were reported from Japan; therefore, the
ethnic or genetic background might influence the pathogen-
esis of the disease. Searching for genetic risk factors for this
condition would be of interest.

In general, the clinical syndrome of taxanes-induced
scleroderma, particularly the skin thickening and distribu-
tion of skin involvement, resembled that seen in idiopathic
scleroderma. However, when observed carefully, it clearly
had some differences (Table 4). The absence or low preva-
lence of vascular phenomena including Raynaud’s symp-
toms, abnormal nailfold capillaroscopy at disease onset,
absence or low prevalence of digital pitting scars or digi-
tal ulcers, predominant involvement at the lower extremi-
ties in the early stage of disease, low prevalence of facial
involvement, low prevalence of skin telangiectasia, rapid
progression of skin lesions from edematous to sclerotic
phase, and absence or low prevalence of musculoskeletal
and internal organ involvements, as well as the absence of
scleroderma-associated autoantibodies including anti-Scl70,
anti-centromere and anti-RNAP (except ANA occasionally
observed), clearly made taxanes-induced scleroderma differ-
ent from idiopathic scleroderma [36]. In terms of response
to treatment, the edematous and sclerotic skin that usually
resolved shortly after taxanes was discontinued, whether or
not the patients received immunosuppressive drugs, clearly
differed from that observed in idiopathic scleroderma, which
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Table 4 Clinical manifestations among patients with taxanes-induced scleroderma and idiopathic scleroderma

Taxanes-induced scleroderma Idiopathic scleroderma

Location of initial skin involvement

Facial involvement

Rate of progression from skin edema to sclerosis
Vascular phenomenon

Raynaud’s phenomenon

Telangiectasia

Nail fold capillary abnormalities

Digital pitting scars or ulcers

Internal organ involvement, e.g. Interstitial lung disease, gastrointestinal

involvement, cardiac involvement
Musculoskeletal involvement
Autoantibodies
Anti-nuclear antibodies

Scleroderma specific autoantibodies (anti-SC170, anti-centromere, anti-
RNA polymerase III)

Outcome of skin treatment
Taxanes discontinuation

Corticosteroids and/or immunosuppressive drugs

Lower extremities Upper extremities

Uncommon Common

Rapid Gradual or rapid

Uncommon Common

Uncommon Common (limited systemic sclerosis)
Uncommon Common

Rare Common

Uncommon Common

Uncommon Common

Uncommon Common

Usually absent Usually present

Usually improves NA

Unclear Maybe helpful in the early stage

NA, not applicable

usually took a long period of time to respond. That taxanes-
induced scleroderma might be a paraneoplastic syndrome
that occurred while being treated with taxanes also could
be considered. However, as cancer treatment progressed
with tumor response, improvement in clinical scleroderma
symptoms would be expected after taxanes therapy. These
findings made paraneoplastic syndrome less likely.
Whether a patient with taxanes-induced scleroderma
should be treated with corticosteroids or immunosuppres-
sive drugs in a similar way to that for idiopathy sclero-
derma was an interesting issue. Not only the small num-
ber of patients in this review, but also the wide range of
dosages and regimens used (either corticosteroids alone or
in combination with immunosuppressive drugs), made it
difficult to ascertain the treatment results. It was interest-
ing that skin improvement was observed in almost all of
the patients who had taxanes therapy discontinued without
receiving any treatment for skin lesion. Furthermore, there
was no significant difference in improvement of skin lesions
between those who did or did not receive treatment for this
condition. Only 2 cancer outcomes were available among 12
patients who received systemic corticosteroids or immuno-
suppressive drug therapy for skin lesions. Therefore, the role
of corticosteroids and immunosuppressive therapy for skin
lesions in taxanes-induced scleroderma and their effect on
cancer was not clear. In addition, certain immunosuppressive
drugs, e.g. methotrexate and cyclophosphamide, also have
anti-cancer activity. Thus, prescribing them in combination
with taxanes or anti-cancer agents should be cautionary as

@ Springer

they can potentiate side effects, particularly bone marrow
suppression.

Should taxanes therapy be reintroduced and when also are
issues for discussion. Although skin improvement usually
occurs within 4—-6 months after stopping taxanes, one patient
had recurrence of scleroderma after taxanes was reintro-
duced, and skin regression occurred after the second course
was discontinued (case no. 12) [12]. As taxanes-induced
scleroderma is a serious complication, reintroduction of
taxanes-based therapy should be weighted between benefit
(e.g., cancer type and staging and their prior response to
taxanes compounds) and risk (e.g., severity and rapidity of
skin and internal organ involvement in scleroderma). Non-
taxanes-based anti-cancer therapy might be another option.
Such treatment should be discussed thoroughly between
physicians and patients.

Conclusions

Taxanes-induced scleroderma is rare, but a unique and seri-
ous complication of taxanes therapy. Skin lesions usually
start shortly after taxanes treatment, beginning in the lower
extremities with edema evolving into skin thickening and
sclerosis, and progressing proximally. Taxanes-induced
scleroderma differs from idiopathic scleroderma in that it
usually has no vascular phenomenon, absence of internal
organ involvement, and lack of specific scleroderma autoan-
tibodies. The majority of patients showed skin improvement
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after discontinuing taxanes. Physicians should be aware of
this condition in order to provide early diagnosis and apply
appropriate management to avoid serious complication from
severe skin sclerosis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10067-022-06364-z.
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