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Abstract

The histopathologic characteristics of reactions caused by the many novel anticancer agents are 

under-recognized. We report a case of a 67-year-old female with locally advanced metastatic 

breast cancer, who initially presented with an extensive reticulated erythematous patch on the 

trunk caused by intravascular metastases confirmed by a skin biopsy. Due to disease progression, 

she was started on ixabepilone, a mitotic inhibitor. While receiving ixabepilone, another skin 

biopsy was obtained and initially interpreted as extramammary Paget’s disease. However, the 

biopsy showed metaphase arrest of numerous keratinocytes in the basilar and suprabasilar 

epidermis. Atypical epithelial cells were only present in the intravascular spaces similar to the 

initial biopsy. Given the temporal association between the initiation of ixabepilone therapy and the 

epidermal mitotic arrest, a diagnosis of chemotherapy reaction to ixabepilone was rendered. 

Ixabepilone is an analog of epothilone, a microtubule stabilizer causing mitotic arrest of the cell 

cycle approved for the treatment of metastatic and locally advanced treatment-resistant breast 

cancer. The demonstration of epidermal mitotic arrest caused by ixabepilone is without precedent. 

The case emphasizes the importance of considering a chemotherapy reaction in the histologic 

differential diagnosis of epidermal mitotic arrest in a cancer patient receiving chemotherapy.
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Introduction

The rapid expansion of novel anticancer agents has resulted in significant advances in the 

treatment of cancer patients but has also broadened the spectrum of cutaneous adverse 

events. Conventional chemotherapeutic agents are well known to cause cutaneous reactions 

including hand-foot syndrome (palmoplantar erythrodysesthesia) (1–4), neutrophilic eccrine 
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hidradenitis (5), radiation recall dermatitis (6), alopecia (7–9), hyperpigmentation (10, 11), 

urticarial hypersensitivity reaction (12), and sclerotic reactions (13) among many others. 

Although the classic cutaneous reactions associated with chemotherapy agents are well 

known, the histopathologic characteristics of reactions caused by the many novel anticancer 

agents are under-recognized.

In this report, we present the histopathologic features of a chemotherapy reaction secondary 

to ixabepilone, a microtubule stabilizer, approved for the treatment of metastatic and locally 

advanced treatment-resistant breast cancer. (14, 15) We emphasize the importance of 

considering a chemotherapy reaction in the histologic differential when evaluating a skin 

biopsy from a cancer patient receiving chemotherapy.

Report of a case

Clinical and histopathologic findings

Our patient was a 67-year-old female diagnosed with right locally advanced metastatic 

breast cancer in 2008. The breast cancer was human epidermal growth factor receptor 2 

(HER-2) negative and hormone receptor negative. Initially, she received six cycles of 

cyclophosphamide and docetaxel and underwent a mastectomy. Two months after the 

mastectomy, she was found to have recurrence of the tumor and subsequently received six 

cycles of gemcitabine and carboplatin. Two years later, she was found to have tumor 

recurrence of the chest wall and metastasis to the left femur. At this time, she received 

radiation therapy to the left femur, and underwent therapy with denosumab and capecitabine. 

After the patient was found to have tumor progression in the dermal chest wall, her 

chemotherapy regimen was changed to paclitaxel and one year later to eribulin. No rash was 

observed while the patient received paclitaxel.

The patient initially presented to our dermatology clinic in January 2015 while receiving 

eribulin after a four-month history of a new pruritic rash on the lower back and left chest. On 

skin examination, she had extensive reticulated, erythematous to hyperpigmented patches 

and plaques involving most of the back extending to the left chest and left axilla (Figure 1). 

A biopsy was performed of the lower back.

The biopsy specimen of the lower back showed intravascular collections of malignant 

epithelial cells with duct formation, consistent with metastatic breast cancer (Figure 2A). 

The overlying epidermis was unremarkable (Figure 2B).

Due to disease progression, the patient’s chemotherapy regimen was changed from eribulin 

to ixabepilone. After two cycles of ixabepilone, another skin biopsy was obtained for 

mutation testing. Due to the pathologist’s concern for extramammary Paget’s disease, the 

hematoxylin and eosin (H&E) -stained sections were sent in consultation to our 

Dermatopathology Service. The skin biopsy specimen of the back showed significantly 

increased mitotic activity predominantly in the basilar and suprabasilar layers of the 

epidermis with numerous keratinocytes in metaphase arrest. (Figure 3A, 3B). A few 

dyskeratotic keratinocytes were also present. Atypical epithelial cells were only present in 
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the intravascular spaces similar to the initial biopsy, and this was consistent with persistent 

intravascular metastatic disease (Figure 3C).

Given the temporal association between the initiation of ixabepilone therapy, a microtubule 

stabilizing agent that blocks cell cycle in mitosis, and the histopathologic findings of the 

extensive epidermal mitotic arrest, a diagnosis of chemotherapy reaction to ixabepilone was 

rendered in addition to persistent intravascular metastatic carcinoma.

Ixabepilone was subsequently discontinued after her fourth cycle given the persistence of the 

skin involvement by the metastatic carcinoma and spread to the arms and chest. She was 

subsequently started on liposomal doxorubicin in July 2015, and the cutaneous involvement 

persisted.

Discussion

Significant advances have been made in the treatment of cancer patients with many novel 

anticancer agents. However, cutaneous adverse reactions are not rare. As these medications 

are used increasingly in the population, dermatologists and dermatopathologists should be 

aware of the clinical and histologic patterns, respectively, of the potential cutaneous adverse 

effects related to these medications. (1, 7, 16–18)

Interface dermatitis combined with dysmaturation of keratinocytes are pathognomonic 

features for a chemotherapy reaction. Dysmaturation is characterized by disorganized 

appearing epidermis with enlarged pleomorphic keratinocytes and dyskeratosis. (19) This 

reaction pattern is particularly associated with long-term, high-dose, or multiagent 

chemotherapy, such as with bleomycin, busulfan, or hydroxyurea. Furthermore, 

dysmaturation and vacuolar interface alteration involving the epidermis or adnexal 

epithelium typifies toxic erythema of chemotherapy (TEC), a clinically and histologically 

unifying term for a heterogenous group of disorders including epidermal dysmaturation, 

neutrophilic eccrine hidradenitis, eccrine squamous syringometaplasia, and acral erythema 

(erythrodysesthesia). (20) (21) Traditionally, neutrophilic eccrine hidradenitis is 

characterized by a dense neutrophilic infiltrate surrounding the eccrine coils. (7) This is most 

commonly implicated by cytarabine or bleomycin. Eccrine squamous syringometaplasia 

shows squamous metaplasia with epithelial apoptosis of the upper portion of the eccrine 

duct, typically secondary to doxorubicin and other anthracyclines, cyclophosphamide, 

chlorambucil, and antimetabolites such as methotrexate or fluorouracil. (19) Acral erythema 

is characterized by vacuolar interface alteration, keratinocyte necrosis, and mild spongiosis, 

occasionally with features of syringosquamous metaplasia and eccrine neutrophilic 

hidradenitis.

TEC is a term that encompasses the many clinical presentations and histologic findings of 

the skin, often with overlapping features, associated with the administration of 

chemotherapeutic agents.(20) More common chemotherapeutic agents that are associated 

with TEC include taxanes, cytarabine, anthracyclines, capecitabine, 5-fluorouracil, and 

methotrexate. However, many more chemotherapeutic agents also exhibit similar findings.

(21) Clinically, patients with TEC often present with erythematous patches or edematous 
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plaques, typically on the acral surfaces and intertriginous areas, 2 days to 3 weeks after onset 

of the chemotherapeutic agent; pain, burning, pruritus, and/or paresthesias; petechiae, dusky 

hue, and/or bullae in erythematous areas; desquamation and resolution of rash without 

treatment; and possible recurrence of the rash if the chemotherapeutic agent is delivered 

again.(21) Histologically, common features of TEC include enlarged cells with nuclear 

pleomorphism, mitotic arrest, abnormal mitotic configurations, keratinocyte apoptosis, 

vacuolar degeneration of the basal layer, edema of the dermal layer, loss of polarity of 

epidermal cells, keratinocyte crowding, and/or eccrine squamous syringometaplasia.(21)

Other anticancer therapy reactions include hyperpigmentation, radiation recall (characterized 

by epidermal atrophy, vacuolar interface alteration, and superficial dermal vascular ectasia), 

urticaria, spongiotic dermatitis, interstitial granulomatous reaction, dermal sclerosis, and 

anagen effluvium.(19) The dramatic increase in the use of targeted anticancer agents has 

expanded the cutaneous reaction pattern significantly. Some of the best examples of such 

reactions include suppurative folliculitis caused by epidermal growth factor receptor (EGFR) 

inhibitors (16) and cystic atypical squamous proliferations caused by vemurafenib and other 

BRAF inhibitors (16).

Ixabepilone is a microtubule stabilizing agent, a semisynthetic analog of epothilone B 

approved in 2007 by the Food and Drug Administration for the treatment of metastatic and 

locally advanced breast cancer.(22) It is chemically modified to retain the features of natural 

epothilone B, effective at promoting cell arrest at the G2/M phase to cause apoptosis by 

binding tubulin and stabilizing microtubules. (23, 24) Additionally, it enhances the 

pharmacokinetic profile of the natural epothilone and overcomes tumor resistance in vitro. 

(25) Side effects from ixabepilone use include neutropenia and symptoms of fatigue, 

mucositis, anorexia, neuropathy, gastrointestinal upset, arthralgia, myalgia, and alopecia.(26) 

Clinical trials and few case reports have also identified a rash following use of ixabepilone, 

presenting as erythema and hyperpigmentation in a stocking glove distribution along the 

extremities and an acneiform eruption. (26–28) One case report described onycholysis and 

subungal hemorrhagic bullae in a patient treated with ixabepilone. (29) The histopathologic 

characteristics of these cutaneous adverse events are poorly documented.

In our case, ixabepilone therapy was associated with a striking metaphase arrest of 

keratinocytes in the epidermis. Metaphase arrest as a dominating histologic pattern in the 

skin has been rarely documented in the literature in association with other mitotic inhibitors, 

such as etoposide. (30) In addition to causing dysmaturation, etoposide can cause metaphase 

arrest with characteristic fragmented nuclear chromatin resulting in so-called ‘starburst 

cells’, one of the findings seen in TEC. (30) Our case of the ixabepilone reaction is also 

consistent with TEC and should be included among the chemotherapeutic agents that can 

cause TEC. As demonstrated by our case, the differential diagnosis for this histologic 

reaction pattern includes intraepidermal carcinoma, such as squamous cell carcinoma in situ 

or extramammary Paget’s disease, such as was initially suspected in this case. (31) As 

distinguishing features, squamous cell carcinoma in situ shows full thickness atypia with 

disorderly maturation and dyskeratotic keratinocytes in addition to mitoses at various levels 

in the epidermis. Extramammary Paget’s disease, characterized by singly disposed and 

clusters of large cells with abundant, pale cytoplasm and prominent vesicular nuclei, may 
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occasionally show scattered mitoses.(31) Additionally, the tumor cells in primary 

extramammary Paget’s disease are typically CK7 positive, as well as positive for CEA, 

EMA, and CAM5.2. (32)

Conclusion

The many novel anticancer agents have resulted in tremendous advances in the treatment of 

cancer, but also expanded the variety of cutaneous adverse events. The demonstration of 

epidermal mitotic arrest associated with ixabepilone therapy emphasizes the importance of 

considering a chemotherapy reaction in the histologic differential diagnosis when evaluating 

skin biopsies from cancer patients receiving chemotherapy.
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Figure 1. 
Initial clinical presentation showing erythematous patches and plaques on the back.
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Figure 2. 
Skin biopsy during eribulin therapy. A) Intravascular carcinoma. B) Normal epidermis.
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Figure 3. 
Skin biopsy during ixabepilone therapy. A, B) Epidermis containing numerous keratinocytes 

in metaphase arrest with a few apoptotic cells. Arrows point to arrested mitotic figures. C) 

Intravascular carcinoma.
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