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ABSTRACT

Newer chemotherapeutic agents are associated with a range of cutaneous reactions. Reactions range from common non-specific exanthematous
eruptions to rare but distinctive cutaneous lesions affecting the patient's quality of life. The differential diagnosis of a cutaneous reaction in a cancer
patient receiving antineoplastic therapy includes a broad range of aetiologies. A physician's knowledge and familiarity with the scope and patterns
ofadverse reactions caused due to these various agents is important for an accurate diagnosis. It is important for the physician to be familiar with the
patterns of cutaneous reactions caused due to various chemotherapeutic agents. Accurate diagnosis of the aetiology will pave the way for effective
management of these toxicities. This review will focus on the cutaneous side effects of the newer classes of chemotherapy drugs, including targeted
monoclonal antibody therapy and small molecule inhibitors.
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INTRODUCTION: Cyclophosphamide
Chemotherapy is a crucial component of all cancer management. Over Doxorubicin
the last few decades, novel antineoplastic strategies have been Etoposide
introduced that target the molecular abnormalities in certain types of S-fluorouracil
cancers. New chemotherapeutic agents include drugs and monoclonal Hydroxyurea
antibodies targeting epidermal growth factor receptor (EGFR), other Melphalan
therapeutic monoclonal antibodies, biologically active cytokines and Vinblastine
small molecule tyrosine kinase inhibitors."” 'Though these agents Neutrophilic eccrine | Erythematous, Cytarabine
significantly improve survival rates, toxic effects on the skin are hidradenitis edematous plaques in | Doxorubicin
pronounced.”™ Skin toxicities can reduce quality of life and result in patients with Bleomycin
poor compliance or disruptions to therapy."* Physicians need to be malignancy (with or Lomustine
aware of these adverse effects in order to devise effective management without chemotherapy), | Chlorambucil
strategies. infections, or receiving |Cyclophosphamide

a variety of Mitoxantrone
In this article, we will review the dermatologic toxicities seen with chemotherapeutic
several classes of biologic and molecularly-targeted agents. agents

Eccrine squamous Asymptomatic Busulfan

Cutaneous Reaction Patterns To Chemotherapy

Cutaneous reactions to various chemotherapeutic agents involve the
skin, hair, nails, and mucous membranes. Many of these reactions are
non-specific, such as alopecia, mucositis and onychodystrophy. Some
cutaneous reactions to conventional chemotherapeutic agents have
been noted in the table (Table 1).

syringometaplasia erythematous papules |Carmustine

on trunk/extremities;  |Cytarabine
self-limited; pathology |Cisplatin
demonstrates squamous | Cyclophosphamide
metaplasia of eccrine | Doxorubicin

gland epithelium Etoposide
Table 1. Cutaneous Reaction Patterns to Chemotherapy with i/lgtlil(i)rt(;:)r(z(t:él
Conventional Agents Mitoxantrone
Cutaneous reaction |Definition Causative Drugs Thiotepa
Acral Painful erythematous | Cytarabine Leg ulcers Painful lesions located |Hydroxyurea
erythrodysaesthesia |plaques on the palms  |Doxorubicin on the leg
and 5916& Heals with S—ﬂuorou_racil Sweet's syndrome Or |A skin disease Filgrastim (G-CSF)
prominent Bleomy‘cm acute febrile characterized by the Sargramostrin
desquamation Lomustine neutrophilic sudden onset of fever, [(GM-CSF)
Hydroxyurea dermatosis- an elevated white blood
Methotrexate cell count, and tender,
6-mercaptopur1ne red, well-demarcated
Interleqkm-Z papules and plaques that
Etoposide show dense infiltrates
Photosensitivity An increased sensitivity | Dacarbazine by neutrophil
to ultraviolet (UV) light | 5-fluorouracil granulocytes on
exposure, which can Methotrexate histologic examination
manifest in a number of | Mitomycin C Onychodystrophy/On | Alteration in nail Bleomycin
ways Vinblastine ycholysis morphology which may | Cyclophoshamide
Radiation recall Reactivation of Methotrexate manifest as misshapen, |Doxorubicin
inflammatory dermatitis | Cytarabine damaged, infected or | 5-fluorouracil
at a site of prior Dactinomycin discoloured Hydroxyurea
radiation therapy Bleomycin nails/Inflammation in
months to years later | Lomustine the nail bed, which
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leads to detachment of
the overlying nail
Pigmentary changes |Pigmentary changes Diffuse:
involving the skin, Busulfan
nails, and mucous Cyclophosphamide
membranes; enhanced |Hydroxyurea
pigmentation may be  [Methotrexate
localised or diffuse Flagellate:
Bleomycin
Supravenous
serpentine:
Fotemustine
Vincristine
Nails:
Bleomycin
Cyclophosphamide
Doxorubicin
Hydroxyurea
Teeth:
Cyclophosphamide
Worsening of Increase in psoriasis Interferon
psoriasis symptoms such as Interleukin-2
exfoliative dermatitis on
long-term treatment
with chemotherapeutic
agents

Adapted From: Payne etal, 2006

Abbreviations: G-CSF, granulocyte colony-stimulating factor; GM-
CSF, granulocyte-macrophage colony-stimulating factor.

Some targeted therapies like epidermal growth factor inhibitors,
multikinase inhibitors and proteasome inhibitors cause different types
of skin reactions. A detailed description of the cutaneous reactions
caused by these newer agents is given below.

Taxanes: Docetaxel and Paclitaxel

Docetaxel and Paclitaxel exert their anticancer activity by stabilising
microtubules.” The incidence of cutaneous side effects in patients
treated with these drugs is estimated to be as high as 81%. Nail changes
such as onycholysis, discoloration, subungual hyperkeratosis and
acute exudative paronychia are seen in up to 41% of patients.” Acral
erythrodysaesthesia is a common reaction seen to docetaxel and
paclitaxel. Skin biopsies may show features of syringo-squamous
metaplasia and eccrine neutrophilic hidradenitis suggesting local
toxicity of the drug in eccrine sweat glands. Cases may be mild and
asymptomatic to confluent and even erosive.”

Sometimes lesions exhibiting mixed features of acral
erythrodysaesthesia and fixed drug eruption (FDE) are observed with
taxane therapy. Fixed drug eruption is characterised by the appearance
of a dusky, well demarcated plaque or patch within a few hours after
ingestion of the drug."” A partially reversible scleroderma-like
reaction is also observed with taxane therapy.""’ Docetaxel and
paclitaxel are also associated with the development of subacute
cutaneous lupus erythematosus."” Severe local skin and soft-tissue
necrosis can result due to extravasation injury with taxanes (Fig 1).
Extravasation recall phenomena - painful and inflamed tissues on
repeat treatment at sites of prior paclitaxel extravasation or soft tissue
exposure are known to occur.'”’ A distinctive pattern of
hyperpigmentation called serpentine supravenous hyperpigmentation
has been noted with docetaxel infusion."”

Figure 1: Extravasation injury with docetaxel.

Anthracyclines: Polyethylene Glycol-Coated Liposomal
Doxorubicin

Doxorubicin directly binds to DNA. The antitumor effect of
doxorubicin is likely through direct inhibition of DNA synthesis and/or
induction of DNA mutagenesis and chromosomal aberrations."”!
Historically, doxorubicin has been associated with significant side
effects. The polyethylene glycol-coated liposomal formulation of
doxorubicin however exhibits a lower rate of hematologic and cardiac
side effects than its nonencapsulated form. Dose-limiting
mucocutaneous toxicities can however still occur (Fig 2).”

Acral erythrodysaesthesia is a common dose-limiting side effect that
can occur with liposomal doxorubicin. Reported incidences are
variable with 2% to 50% of treated patients being affected. "“'” Other
cutaneous reaction patterns associated with the drug include
potentially severe and dose-limiting stomatitis, new development of
melanotic macules, mild folliculocentric scaly erythema and
sunburn/radiation recall.”

Figure 2: Hyperpigmentation - SFU and anthracycline toxicity.

Antimetabolites: Gemcitabine, Capecitabine and Pemetrexed
Gemcitabine (a deoxycytidine analogue) and capecitabine [a prodrug
of S-flurouracil (5-FU)] are nucleoside analogues that interfere with
DNA replication, while pemetrexed depletes folate pools and inhibits
de novo purine biosynthesis."”

Cutaneous side effects associated with gemcitabine include macular
xanthema seen in about 39% of patients."*" This drug is also
associated with recurring fixed erythrodysaesthesia plaques as seen
with taxane therapy.”**" In addition, pseudolymphomatous reaction of
the skin has been noted.”” Reactions with capecitabine include nail
changes such as onycholysis and onychomadaesis.””

Inflammation and partial clearing of actinic keratosis is also associated
with capecitabine treatment.”” Radiation recall is a notable reaction
with both gemcitabine and capecitabine.”*” Acral erythrodysaesthesia
is more commonly associated with capecitabine than with
gemcitabine. More than 50% of patients receiving capecitabine-
docetaxel combination chemotherapy show this reaction.”” Almost
100% of patients treated with Pemetrexed develop some form of
cutaneous toxicity such as pruritic rash.””

Other cutaneous side effects associated with antimetabolites include
hyperpigmentation (Fig 3a and 3b).
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Figure 3 (a,b): Hyperpigmentation with fluorouracil.

Small Molecule Signal Transduction Inhibitors: Imatinib
Mesylate

Imatinib mesylate is a protein- tyrosine kinase inhibitor that inhibits
the BCR-ABL tyrosine kinase, the receptor tyrosine kinases for
platelet-derived growth factor (PDGF) and c-kit tyrosine kinases.”

Use of imatinib shows a diverse pattern of cutaneous adverse events
with rash being reported in 22% of patients and oedema in up to 60% of
patients in clinical trials (Fig 4).”’ The frequency of rash was dose-
dependent, with the incidence increasing up to 93% at a daily dose of
600 mg or higher.”” Common rash morphology is exanthematous
macular and papular eruption. Acute generalized exanthematous
pustulosis (AGEP), consisting of high fever, leukocytosis, and a sterile
follicular pustular eruption, as well as Sweet's syndrome (acute febrile
neutrophilic dermatosis), classically consisting of fever, leukocytosis,
and an acute onset of erythematous plaques have been described after
imatinib therapy."""" Severe reactions such as Stevens-Johnson
syndrome are associated with higher initial doses of imatinib
therapy."Photosensitivity and pigmentary changes have also been
noted in clinical trials (Fig 3).”*”

Figure 4: Rash with imatinib mesylate in renal cell carcinoma (RCC)

Epidermal Growth Factor Pathway Inhibitors: Monoclonal
antibody and Tyrosine kinase inhibitors

The EGF signalling pathway regulates growth, survival, proliferation
and differentiation in mammalian cells.”” An array of antineoplastic
drugs has been developed that target this pathway. Therapeutic
monoclonal antibodies to the EGF receptor include cetuximab,
panitumumab, necitumumab and nimotuzumab. Orally active small
molecule tyrosine kinase inhibitors include gefitinib, erlotinib,
lapatinib, afatinib, osimertinib and sorafenib.”

A common cutaneous reaction noted with the EGF pathway inhibitors
is diffuse papulopustular (rash) acneiform eruption. It is noted in about
two-thirds of patients receiving these drugs. The reaction is often dose-
dependent and consists of erythematous lesions occurring on the face,
trunk and extremities (Fig 5)."" The reaction may often be
accompanied by pruritus, sometimes severe.””

Skin xerosis (dryness) is present in up to 35% of patients receiving
EGFR pathway inhibitor therapy.””*The reaction is more commonly
seen with gefitinib."” The typical presentation is dry, itchy, scaly skin.
Areas simultaneously or previously affected with papulopustular
eruption are more prone. Xerosis can evolve to chronic eczema, with
erythema and worsening of pruritus.””

About 10%-20% of patients undergoing EGFR inhibitor therapy may
show nail and periungual toxicity weeks to months after therapy. This
may manifest as acute paronychia, oozing, bleeding, and pyogenic
granuloma-like lesions. Nail changes are common and include pitting,
discoloration, and onycholysis. Nail or paronychial toxicities may be
accompanied by follicular eruption (Fig 6).*" Hair impairment is seen
in up to 50% of patients treated with EGFR inhibitors. Patients may
present with either excess growth of facial hair, or curly, wavy, and
brittle texture of hair."”

N

Fig 5. Hand-foot syndrome (acral erythrodysaesthesia) with sorafenib
inrenal cell carcinoma.

—
Figure 6: Hypertrophic nails with erlotinib in pancreatic cancer.

Is Nimotuzumab Safer Compared to Cetuximab?

Nimotuzumab is a humanized monoclonal antibody to EGFR. Studies
support the use of nimotuzumab with chemoradiation therapy
(CRT)/radiation therapy (RT) as a viable therapeutic option in patients
with inoperable, locally advanced squamous cell carcinoma of the
head and neck. A striking outcome of these studies is the almost
complete absence of severe adverse events. Unlike most anti-EGFR
drugs, nimotuzumab caused minimal skin rash (Fig 7a and 7b). As per
a S-year randomised, open-label, phase II study in Indian patients
(BEST Trial), concurrent use of nimotuzumab with CRT/RT is safe and
provides survival benefit. No incidences of debilitating skin rashes,
hypomagnesaemia and negligible incidences of classical EGFR
inhibition related toxicities were reported (2 out of 46 patients showed
minimal skin rashes).""*”

Pharmacodynamic studies show that nimotuzumab as a single agent
inhibits EGFR phosphorylation in both skin and tumour cells.
However, EGFR downstream effects were not observed in skin
whereas they were observed in tumour cells.”” This effect of
nimotuzumab can be attributed to the fact that the drug requires
bivalent binding for stable attachment. This leads to increased binding
in cells and tissues which express moderate to high levels of EGFR
such as tumour cells. In normal tissues such as skin, the EGFR density
is low, causing transient monovalent interaction. This leads to sparing
of healthy tissues and avoidance of severe toxicities."*"

In contrast, cetuximab can be added to RT, but cannot be added to
CTRT because of SAEs noted in clinical trials. Cetuximab attaches
with monovalent binding and binds specifically to EGFR on both
normal and tumour cells."”" Skin rash is a result of action on normal
cells (Fig 8).
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Figure 8. Follicular rash with cetuximab.

Skin Toxicity With Other Chemotherapy Agents

Majority of monoclonal antibody therapies such as rituximab and
trastuzumab are well tolerated cutaneously. Adverse reactions reported
include infusion reactions and serum sickness.”

Cutaneous reactions with topoisomerase I inhibitors such as topotecan
and irinotecan are mostly mild to moderate in severity and do not
require specific treatment. Cases of morbilliform rash have been
reported in 6% to 21% of patients on monotherapy with either of the
two drugs, while cellulitis-like fixed drug eruptions have been
associated with topotecan therapy.*”

Thalidomide acts as an anti-inflammatory, immunomodulatory, and
anti-angiogenic agent. Cutaneous toxicity is mostly limited to xerosis
and rash with morbilliform, maculopapular and erythrodermic
morphologies. Additionally cases of exfoliative erythroderma and/or
toxic epidermal necrolysis (TEN) have been associated with the
drug.[%]

The vinca alkaloids such as vinorelbine exhibit local and potentially
severe skin necrosis with extravasation injury. Acral
erythrodysaesthesia has also been noted in some patients.”

The proteasome inhibitor bortezomib acts by inhibiting intracellular
protein degradation pathways. It is currently approved for the
treatment of multiple myeloma. About 8% to 15% of patients suffer
from mild cutaneous adverse effects in clinical trials.™"

Prevention and Management of Dermatologic Toxicities with
Chemotherapeutic Agents

Prevention and management of mucocutaneous toxicities is essential
to maintain the patients' health-related quality of life and dose-
intensity of antineoplastic regimens.

Many chemotherapy induced skin reactions are mild to moderate and
do not require any alteration in protocol.” Some reactions such as
Stevens-Johnson syndrome are dose-limiting and can be effectively
managed with decreased dosing regimens. Others require
preventive/prophylactic or treatment/reactive management.

Due to the high frequency of papulopustular (acneiform) rash in EGFR
inhibitor treated patients, prophylactic management of these patients is
recommended. Based on randomised data, a combination of
sunscreen, moisturizer, hydrocortisone 1% and doxycycline 100 mg
bid for the first 6 weeks is recommended. Prophylactic minocycline
100 mg daily may also be effective in regions with a high UV index.

Based on in vitro studies, reactive use of medium- to high-potency
topical corticosteroids is also recommended.""Reports suggest that
pyridoxine at a dose of 50 mg three times daily may be effective for
palmar-plantar erythrodysaesthesia due to taxane therapy.™ Localised
treatment such as hypothermia was also found to be successful in some
cases. A trial was conducted using glycerin-containing Elasto-Gel
thermal glove cooled to -25°C and worn on the hands just before,
during and after docetaxel infusion. The incidence of onycholysis,
pigmentation and acral erythrodysaesthesia was found to significantly
decrease with this treatment.”"!

SUMMARY AND DISCUSSION:

Multiple chemotherapy agents may be associated with a given
cutaneous reaction. The advent of multi agent regimens has therefore
made it increasingly difficult to attribute drug reactions to a single
agent. These diagnostic uncertainties can often be clarified by
rechallenge. However, the physicians' knowledge and familiarity with
various drug toxicities is very important for accurate diagnosis.

REFERENCES:

1. Fabbrocini G, Cameli N , Romano MC, Mariano M, Panariello L, Bianca D, et al.
Chemotherapy and skin reactions. J Exp Clin Canc Res 2012;31:50-6.

2. Payne AS, Savarese D. Cutaneous complications of molecularly targeted therapy and
other biologic agents used for cancer therapy. UpToDate.com [Internet] [updated 2016
May 12; cited 2016 Jun 7] Available from: http://www.uptodate.com/contents/
cutaneous-complications- Zof-molecularly-targeted-therapy-and-other-biologic-
agents-used-for-cancer-therapy.

3. Cancer.gov [Internet]. New therapies are changing the outlook for advanced melanoma.
National Cancer Institute. [updated 2014 Dec 23; cited 2016 Jun7]. Available from:
http://www.cancer.gov/types/skin/research/advanced-melanoma-therapies

4. Cancer.gov [Internet]. Progress & trends: decreased mortality, increased survival rates.
National Cancer Institute. [updated 2014 Dec 23; cited 2016 Jun7]. Available from:
http://www.cancer.gov/about-nci/budget/plan/progress

5. Priyadarshini C, Mohapatra J, Sahoo T, Pattnaik S. Chemotherapy induced skin
toxicities and review of literature. JCTI2016;3(3):1-16

6. Wagner LI, Lacouture ME: Dermatologic toxicities associated with EGFR inhibitors:
the clinical psychologist's perspective. Impact on health-related quality of life and
implications for clinical management of psychological sequelae. Oncology (Williston
Park)2007;21:34-6.

7. Payne AS, James WD, Weiss RB. Dermatologic toxicity of chemotherapeutic agents.
Semin Oncol 2006;33:86-97.

8. ten Bokkel Huinink WW, Prove AM, Piccart M, Steward W, Turaz T, Wanders J, etal. A
phase II trial with docetaxel (Taxotere) in second line treatment with chemotherapy for
advanced breast cancer. Ann Oncol 1994;5:527-32.

9. Eich D, Scharffetter-Kochanek K, Eich HT, Tantcheva-Poor I, Krieg T. Acral
erythrodysaesthesia syndrome caused by intravenous infusion of docetaxel in breast
cancer. Am J Clin Oncol 2002;25(6):599-602.

10.  ChuCY, Yang CH, Yang CY, Hsiao GH, Chiu HC. Fixed erythrodysaesthesia plaque due
to intravenous injection of docetaxel. BrJ Dermatol 2000;142:808-11.

11.  Laiichli S, Trieb RM, Fehr M, Hafner J. Scleroderma-like drug reaction to paclitaxel
(Taxol). BrJ Dermatol 2002;147:619-21.

12. Chen M, Crowson AN, Woofter M, Luca MB, Magro CM. Docetaxel (taxotere) induced
subacute cutaneous lupus erythematosus: Report of 4 cases. J Rheumatol 2004;31:818-
20.

13.  Shapiro J, Richardson GE. Paclitaxel-induced “recall” soft tissue injury occurring at the
site of previous extravasation with subsequent intravenous treatment in a different limb.
J Clin Oncol 1994;12:2237-8.

14.  Schrijvers D, van den Brande J, Vermorken JB: Supravenous discoloration of the skin
due to docetaxel treatment. Br J Dermatol 2000;142:1069-70.

15.  Drugbank.ca [Internet]. Doxorubicin. [updated 2016 Apr 15; cited 2016 Jun 7] Available
from: http://www.drugbank.ca/drugs/DB00997

16. O'Brien ME, Wigler N, Inbar M, Rosso R, Grischke E, Santoro A, et al. Reduced
cardiotoxicity and comparable efficacy in a phase III trial of pegylated liposomal
doxorubicin HCl (CAELYX/Doxil) versus conventional doxorubicin for first-line
treatment of metastatic breast cancer. Ann Oncol 2004;15:440-9.

17.  Lotem M, Hubert A, Lyass O, Goldenhersh MA, Ingber A, Peretz T, et al. Skin toxic
effects of polyethylene glycol-coated liposomal doxorubicin. Arch Dermatol
2000;136:1475-80.

18.  Green MR. Gemcitabine safety overview. Semin Oncol 1996;23:32-5.

19.  Anderson H, Lund B, Bach F, Thatcher N, Walling J, Hansen HH. Single-agent activity
of weekly gemcitabine in advanced non-small cell lung cancer: A phase II study. J Clin
Oncol 1994;12:1821-6.

| 62 |—| International Journal of Scientific Research |



Volume - 14 | Issue - 01 | January - 2025 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr
. ________________________________________________________________________________________________________________|
20. Kukul,KayaE, Sevinc A, Aydogdu I. Gemcitabine-induced erysipeloid skin lesions ina

patient with malignant mesothelioma. J Eur Acad Dermatol Venereol 2002;16:271-2.

21. Brandes A, Reichmann U, Plasswilm L, Bamberg M. Time- and dose-limiting
erysipeloid rash confined to areas of lymphedema following treatment with
gemcitabine—A report of three cases. Anticancer Drugs 2000;11:15-7.

22. Marucci G, Sgarbanti E, Maestri A, Calandri C, Collina G. Gemcitabine-associated
CD8' CD30' pseudolymphoma. BrJ Dermatol 2001;145:650-2.

23. Chen GY, Chen YH, Hsu MML, Tsao CJ, Chen WC. Onychomadesis and onycholysis
associated with capecitabine. BrJ Dermatol 2001;145:521.

24. Lewis KG, Lewis MD, Robinson-Bostom L, Pan TD. Inflammation of actinic keratoses
during capecitabine therapy. Arch Dermatol 2004;140:367-8.

25. Burstein HJ: Radiation recall dermatitis from gemcitabine. J Clin Oncol 2000;18:693-4.

26. Aguilar J, Garcia E, Garcia-Garre E. Capecitabine-induced radiation recall
phenomenon: a case report. F1000Research 2013;1:64-70.

27. Park YH, Ryoo BY, Lee HJ, Kim SA, Chung JH. High incidence of severe hand-foot
syndrome during capecitabine-docetaxel combination chemotherapy. Ann Oncol
2003;14:1691-2.

28.  Clarke SJ, Abratt R, Goedhals L, Boyer MJ, Millward MJ, Ackland SP. Phase II trial of
pemetrexed disodium (ALIMTA,LY231514) in chemotherapy-naive patients with
advanced non-small-cell lung cancer. Ann Oncol 2002;13:737-41.

29.  Valeyrie L, Bastuji-Garin S, Revuz J, Bachot N, Wechsler J, Berthaud P, et al. Adverse
cutaneous reactions to imatinib (ST1571) in Philadelphia chromosome-positive
leukemias: A prospective study of 54 patients.  Am Acad Dermatol 2003;48:201-6.

30. Schwarz M, Kreuzer KA, Baskaynak G, Dérken B, le Coutre P. Imatinib-induced acute
generalized exanthematous pustulosis (AGEP) in two patients with chronic myeloid
leukemia. Eur J Haematol 2002;69:254-6.

31.  Ayirookuzhi SJ1, Ma L, Ramshesh P, Mills G. Imatinib-induced Sweet Syndrome in a
patient with chronic myeloid leukemia. Arch Dermatol 2005;141(3):368-70.

32. Hsiao LT, Chung HM, Lin JT, Chiou TJ, Liu JH, Fan FS, et al. Stevens-Johnson
syndrome after treatment with ST1571: A case report. Br J Haematol 2002;117(3):620-
2

33. Rousselot P, Larghero J, Raffoux E, Calvo F, Tulliez M, Giraudier S, et al.
Photosensitization in chronic myelogenous leukaemia patients treated with imatinib
mesylate. BrJ Haematol 2003;120:1089-96.

34. Oda K, Matsuoka Y, Funahashi A, Kitano H. A comprehensive pathway map of
epidermal growth factor receptor signalling. Mol Syst Biol 2005;1:1-17.

35. Agero AL, Dusza SW, Andrade CB, Busam KIJ, Myskowski P, Halpern AC.
Dermatologic side effects associated with the epidermal growth factor receptor
inhibitor. J Am Acad Dermatol 2006;55:657-70.

36. Pinto C, Barone CA, Girolomoni G, Russi EG, Merlano MC, Ferrari D. Management of
skin toxicity associated with cetuximab treatment in combination with chemotherapy or
radiotherapy. Oncologist 2011;16:228-38.

37. Segaert S, Van Cutsem E. Clinical signs, pathophysiology and management of skin
toxicity during therapy with epidermal growth factor receptor inhibitors. Ann Oncol
2005;16:1425-33.

38. Kimyai-Asadi A, Jih MH. Follicular toxic effects of chimeric antiepidermal growth
factor receptor antibody cetuximab used to treat human solid tumors. Arch Dermatol
2002;138:129-31.

39. HerbstRS, LoRusso PM, Purdom M, Ward D. Dermatologic side effects associated with
gefitinib therapy: clinical experience and management. Clin Lung Cancer 2003;4:366-9.

40. Fox LP. Nail toxicity associated with epidermal growth factor receptor inhibitor therapy.
JAmAcad Dermatol 2007;56:460-5.

41. Reddy BK, Lokesh V, Vidyasagar MS, Shenoy K, Babu KG, Shenoy A, et al.
Nimotuzumab provides survival benefit to patients with inoperable advanced squamous
cell carcinoma of the head and neck: A randomized, open-label, phase IIb, 5-year study
in Indian patients. Oral Oncol 2014;50(5):498-505.

42. Babu KG, Vishwanath L, Reddy BK, Shenoy K, Shenoy A, et al. An open-label,
randomized, study of h-R3mAb (nimotuzumab) in patients with advanced (stage IIT or
IVa) squamous cell carcinoma of head and neck (SCCHN): Four-year survival results
froma phase IIb study. J Clin Oncol 2010; 28:15s.

43. Rojo F, Gracias E, Villena N, Cruz T, Corominas JM, Corradino I, et al.
Pharmacodynamic trial of nimotuzumab in unresectable squamous cell carcinoma of the
head and neck: a SENDO Foundation study. Clin Cancer Res 2010;16(8):2474-82.

44.  Erbitux [prescribing information]. Indianapolis, IN: Eli Lilly & Co; 2015.

45.  Senturk N, Yanik F, Yildiz L, Aydin F, Canturk T, Turanli A. Topotecan-induced
cellulitis-like fixed drug eruption. J Eur Acad Dermatol Venereol 2002;16:414-16.

46. Hall VC, El-Azhary RA, Bouwhuis S, Rajkumar SV. Dermatologic side effects of
thalidomide in patients with multiple myeloma. ] Am Acad Dermatol 2003; 48:548-52.

47.  Cicchetti S, Jemec B, Gault DT. Two case reports of vinorelbine extravasation:
management and review of the literature. Tumori 2000; 86:289-92.

48.  Aghajanian C, Soignet S, Dizon DS, Pien CS, Adams J, Elliott PJ, etal. A phase I trial of
the novel proteasome inhibitor PS341 in advanced solid tumor malignancies. Clin
Cancer Res 2002; 8:2505-11.

49. Lacouture ME, Anadkat MJ, Bensadoun RJ, Bryce J, Chan A, Epstein JB. Clinical
practice guidelines for the prevention and treatment of EGFR inhibitor-associated
dermatologic toxicities. Support Care Cancer2011;19:1079-95.

50. Vukelja SJ, Baker WIJ, Burris HA, et al: Pyridoxine therapy for palmarplantar
erythrodysaesthesia associated with taxotere. J Natl Cancer Inst 1993; 85:1432-33.

51. Scotté F, Tourani JM, Banu E, et al: Multicenter study of a frozen glove to prevent
docetaxel-induced onycholysis and cutaneous toxicity of the hand. J Clin Oncol 2005;
23:4424-29

I International Journal of Scientific Research |—| 63 |



