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Objective: We conducted a systematic review of the literature and performed a meta-analysis

to determine the risk of developing skin rash and stomatitis among patients receiving temsi-

rolimus.

Methods: Databases from PubMed and Web of Science from January, 1998 until June, 2011 and

abstracts presented at the American Society of Clinical Oncology annual meetings from 2004

through 2011 were searched to identify relevant studies. The incidence and relative risk (RR)

of skin rash and stomatitis were calculated using random-effects or fixed-effects model

depending on the heterogeneity of included studies.

Results: A total of 779 patients from 10 clinical trials were included in this analysis. The over-

all incidence of all-grade rash was 45.8% (95% confidence interval (CI): 35.6–56.3%), with a RR

of 7.6 (95% CI: 4.4–13.3; p < 0.001). The overall incidence of high-grade rash was 3.3% (95% CI:

1.9–5.6%), with a RR of 13.70 (95% CI: 0.82–227.50, p = 0.07). The overall incidence of all-grade

stomatitis was 44.3% (CI: 32.1–57.1%), with a RR of 11.10, 95% CI: 5.60–22.00; p < 0.001). The

overall incidence of high-grade stomatitis was 3.2% (95% CI: 1.9–5.4%), with a RR of 13.2

(95% CI: 0.80–218.50, p = 0.07).

Conclusion: There is a significant risk of developing skin rash and stomatitis in cancer

patients receiving temsirolimus. The risk is independent of underlying tumour. Adequate

monitoring and early intervention are recommended to prevent debilitating toxicity and sub-

optimal dosing.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The mammalian target of rapamycin (mTOR) signalling path-
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pathway in tumour cells is strongly associated with cancer

development and progression of a number of malignancies,

thereby making it an important and confirmed target in the
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treatment of cancer.1 Temsirolimus, a small-molecule mTOR

inhibitor, has been approved in 2007 by the United States Food

and Drug Administration (US FDA) and the European Medicines

Agency for treatment of advanced renal cell carcinoma (RCC).2

Temsirolimus binds to an intracellular protein (FKBP-12), and

the protein–drug complex binds to mTOR to inhibit its kinase

activity.3 Therapy with temsirolimus inhibits the ability of

mTOR in tumour cells to phosphorylate proteins that are

downstream of mTOR in the phosphatidylinositol 3 0 kinase–

AKT signalling pathway. mTOR inhibition reduces levels of hy-

poxia-inducible factor (HIF)-1 and HIF-2a and VEGF in various

in vitro tumour models.4 Inhibition of mTOR kinase results in

cell cycle arrest, antiangiogenesis and apoptosis.5 Antiangio-

genic properties are particularly significant as unregulated

angiogenesis is prominent in RCC.4 However, this drug is asso-

ciated with dermatological adverse events (AE), potentially

affecting aesthetically sensitive areas in treated patients.

Commonly experienced dermatologic AE of temsirolimus

include skin rash, stomatitis, acne, hair changes, pruritus,

xerosis and nail changes, including paronychia.6 Although

this adverse effect profile may be primarily dermatologic,

the recognition and subsequent management of skin toxicity

are critical issues because severe skin toxicity leads to mor-

bidity and compromises the efficacy of treatment due to dose

reductions or even discontinuation. Skin rash and stomatitis

are among the most common AE of temsirolimus.7 However,

the incidences of skin rash and stomatitis have not been sys-

temically investigated and are currently unknown. We con-

ducted a systematic review of the literature to identify

published clinical trials of the mTOR inhibitor temsirolimus

and performed a meta-analysis to determine the overall inci-

dence and risk of developing skin rash and stomatitis.

2. Methods

2.1. Data source

An independent search of citations was conducted using the

PubMed database (January 1998–June 2011) with ‘temsiroli-

mus’ as a keyword. The search was limited to clinical trials.

Additionally, we searched abstracts containing the term

‘temsirolimus’, that were presented at the American Society

of Clinical Oncology (ASCO) conferences held between 2004

and 2011 to identify relevant clinical trials. The poster presen-

tations of the abstracts were reviewed for complete AE data.

An independent search using the web of Science database (a

product developed by the Institute for Scientific Information,

a citation database) was also conducted to ensure that no

additional relevant studies have been missed. We reviewed

each publication, and only the complete or most recent report

of a clinical trial was included when duplicate publications of

the trial were identified. When data were not clear, efforts

were made to contact the investigators of the trials. We ex-

tracted details on study characteristics, treatment informa-

tion, results and safety profiles from selected trials.

2.2. Study selection

Temsirolimus has been approved by the US FDA and the Euro-

pean Medicines Agency for use at 25 mg infused over a
30–60 min period once a week for advanced RCC.2 To ensure

practical significance, we determined the risk of skin rash

and stomatitis in cancer patients receiving temsirolimus at

this dose level. Thus, phase I clinical trials have been

excluded from analyses due to multiple dose levels. Addition-

ally, as chemotherapy may affect the risk of temsirolimus-

associated skin rash and stomatitis, trials containing chemo-

therapeutic agents in combination with temsirolimus were

excluded. Skin rash in the studies were defined as: ‘rash’,

‘rash/erythema’, ‘rash/dermatitis’, ‘rash/desquamating’, and

‘maculopapular rash’. Stomatitis was defined as ‘stomatitis’

and ‘mucositis’. The term stomatitis is preferred over mucosi-

tis to assist in differentiating mTOR-associated mucosal

ulceration from mucositis seen in cytotoxic chemotherapy

and radiotherapy.8 The trials that met the following criteria

were selected for the final analysis: (1) prospective phase II

and III clinical trials and compassionate use programmes in

cancer patients; (2) assignment of participants to the treat-

ment with temsirolimus as a single agent at the approved

dose; (3) data available regarding the incidence of skin rash

or stomatitis.

2.3. Clinical end-points

Clinical end-points were extracted from a safety profile of

each trial. The included studies reported the incidence of skin

rash and stomatitis as grade 1–5 (all-grade) or grade 3 and

above (high-grade). They were recorded according to versions

II or III of the Common Terminology Criteria for Adverse

Events (CTCAE) of the National Cancer Institute. Both ver-

sions are similar regarding the grading of skin rash. The grad-

ing of skin rash is described below: grade 1, macular or

papular eruption or erythema without associated symptoms;

grade 2, macular or papular eruption or erythema with pruri-

tus or other associated symptoms; localised desquamation or

other lesions covering <50% of the body surface area (BSA);

grade 3, severe generalised erythroderma or macular, papular

or vesicular eruption; desquamation covering P50% BSA;

grade 4, generalised exfoliative, ulcerative, or bullous derma-

titis and grade 5, death. The grading of stomatitis according to

version II is described below: grade 1, painless ulcers, ery-

thema, or mild soreness in the absence of lesions; grade 2,

painful erythema, oedema, or ulcers, but can eat or swallow;

grade 3, painful erythema, oedema, or ulcers requiring IV

hydration; grade 4, severe ulceration or requires parenteral

or enteral nutritional support or prophylactic intubation.

The grading of stomatitis according to version III is described

below: grade 1, erythema of the mucosa; grade 2, patchy

ulcerations or pseudomembranes; grade 3, confluent ulcer-

ations or pseudomembranes, bleeding with minor trauma,

or interfering with activities of daily living (ADL); grade 4, tis-

sue necrosis, significant spontaneous bleeding, or life-threat-

ening consequences; grade 5, death.

2.4. Statistical analysis

All statistical analysis was performed using version 2 of the

Comprehensive MetaAnalysis program (Biostat, Englewood,

New Jersey, United States of America (USA)). The number of

patients with skin rash or stomatitis and the number of those
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patients receiving temsirolimus were extracted from the se-

lected clinical trials. For each study, the proportion of patients

with skin rash or stomatitis was calculated and the 95% exact

confidence interval (CI) was derived. For studies with a control

arm, the relative risk of skin rash or stomatitis among pa-

tients assigned to temsirolimus was also calculated and com-

pared with those assigned to the control treatment.

For meta-analysis, both fixed-effects model (weighted with

inverse variance) and random-effects model were considered.

For each meta-analysis, the Cochran’s Q statistic was first cal-

culated to assess the heterogeneity among the proportions of

the included trials. For p-value for Cochran’s Q statistic of less

than 0.1, the assumption of homogeneity was deemed inva-

lid, and random-effects model was reported after exploring

the causes of heterogeneity. Otherwise, both the fixed-effects

model and the random-effects model results were reported. A

two-tailed p-value of less than 0.05 was judged as statistically

significant.

3. Results

3.1. Search results

Our literature search yielded a total of 126 potentially relevant

studies of temsirolimus. The search of PubMed identified 43

clinical studies of which 34 were excluded after review

(Fig. 1). Nine original studies, including one randomised con-

trolled Phase III, one compassionate use programme, two ran-

domised Phase II trials of different dose levels and five single

arm Phase II trials were included in a final analysis.9–17 Our

search of ASCO abstracts yielded 83 potentially relevant stud-

ies, of which only one single arm Phase II trial met our inclu-

sion criteria.18 Overall, we have included 10 prospective

clinical trials in our final analysis (Table 1).
Fig. 1 – Selection process for studie
3.2. Patients

A total of 779 patients who met our criteria from 10 clinical tri-

als were available for analysis. A total of 579 patients received

temsirolimus monotherapy at a dose of 25 mg. There was one

randomised trial, in which we used as a control 200 patients

receiving interferon alpha.14 Skin rash or stomatitis were not

listed as a preexisting condition in any of the selected trials.

Underlying malignancies included RCC (three trials),10,13,14

mantle cell lymphoma,9 neuroendocrine carcinoma,11 multi-

ple myeloma,12 soft tissue sarcoma,15 small-cell lung cancer,16

non-mantle cell non-Hodgkin’s17 and endometrial cancer.18
3.3. Incidence of all-grade rash

Data for all-grade rash were available for analysis from a total

of 490 patients. The incidence of all-grade rash ranged be-

tween 12.5% and 72.2% with the highest incidence observed

in a phase II trial in patients with RCC10 and the lowest in

the compassionate use trial in patients with RCC.13 Based

on data from 8 trials with a total of 490 patients, the overall

incidence of all-grade rash was 45.8% (95% CI: 35.6–56.3%),

according to the random-effects model (Fig. 2).
3.4. Incidence of high-grade rash

High-grade skin rash is associated with increased morbidity

and can result in dose-modification or treatment interruption.

The incidence of high-grade rash ranged from 0.6% to 4.4%

with the highest incidence observed in a phase II trial in pa-

tients with small-cell lung cancer16 and the lowest in a phase

II trial in patients with non-mantle cell non-Hodgkin’s lym-

phoma.17 Based on data from seven trials with a total of 454
s included in the meta-analysis.



Table 1 – Characteristics of studies included in the meta-analysis.

Trial Trial
design

Temsirolimus
arm

Control or other
study arms

Sample
size

Underlying
cancer

CTCAE
version

Ansell et al.9 Single arm phase II Single agent n/a 28 Mantle cell
lymphoma

2

Atkins et al.10 Randomised phase II Single agent Temsirolimus: 75 mg;
Temsirolimus: 250 mg

110 RCC 2

Duran et al.11 Single arm phase II Single agent n/a 36 Neuroendocrine
carcinoma

3

Farag et al.12 Single arm phase II Single agent n/a 16 Multiple myeloma 3
Gerullis et al.13 Compassionate

use programme
Single agent n/a 32 RCC 3

Goodwin et al.18 Single arm phase II Single agent n/a 49 Endometrial cancer n/a
Hudes et al.14 Randomised phase III Single agent IFN; IFN + temsirolimus 616 RCC 3
Okuno et al.15 Single arm phase II Single agent n/a 40 Soft tissue sarcoma 3
Pandya et al.16 Randomised phase II Single agent Temsirolimus 250 mg 86 Small-cell lung cancer 2
Smith et al.17 Single arm phase II Single agent n/a 89 Non–mantle cell

non-Hodgkin’s lymphoma
3

CTCAE = Common Terminology Criteria for Adverse Events; RCC = renal cell carcinoma; IFN = interferon.

Fig. 2 – Incidence of all-grade rash to temsirolimus. The summary incidence of all-grade rash is calculated using the random-

effects model. The incidence rate and 95% confidence interval (CI) for each trial and the final combined results are

demonstrated numerically on the left and graphically as a forest plot on the right. For individual trials: filled-in square,

incidence; lines, 95% confidence interval; diamond plot, overall results of the included trials. aPersonal communication with

author, 28th October 2010.
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patients, the overall incidence of high-grade rash was 3.3%

(95% CI: 1.9–5.6%), according to the fixed-effects model.

3.5. Incidence of all-grade stomatitis

Data for all-grade stomatitis were available for analysis from a

total of 579 patients. The incidence of all-grade stomatitis

ranged between 20.2% and 72.2% with the highest incidence

observed in a phase II trial in patients with neuroendocrine

carcinoma11 and the lowest in a phase III trial in patients with

RCC.14 Based on data from 10 trials with a total of 579 patients

the overall incidence of all-grade stomatitis was 44.3% (CI:

32.1–57.1%), according to the random-effects model (Fig. 3).

3.6. Incidence of high-grade stomatitis

High-grade stomatitis is associated with increased morbidity

and can result in dose-modification or treatment interruption.
The incidence of high-grade stomatitis ranged from 1.0% to

7.5% with the highest incidence observed in a phase II trial

in patients with soft tissue sarcoma15; and the lowest in a

phase III trial in patients with RCC.14 Based on data from 9 tri-

als with a total of 543 patients, the overall incidence of high-

grade stomatitis was 3.2% (95% CI: 1.9–5.4%), according to the

fixed-effects model.

3.7. Incidence of all-grade rash and stomatitis in patients
with RCC versus non-RCC solid tumours

In order to explore the heterogeneity of the above studies, we

have further analysed the incidence of rash and stomatitis in

patients with RCC and non-RCC cancers to investigate the po-

tential relationship between tumour type and temsirolimus-

associated AE. Among 276 patients with RCC, the incidence

of all-grade rash and all-grade stomatitis was 42.6% (95% CI:

18.4–70.9%) and 36.5% (95% CI: 14.9–65.4%), respectively, while



Table 2 – Summarised incidences and relative risks of skin
rash and stomatitis with temsirolimus.

Category Incidence (95% CI) Relative Risk (95% CI)

All-grade
Skin rash 45.8% (35.6–56.3%) 7.6 (4.4–13.3)
Stomatitis 44.3% (32.1–57.1%) 11.1(5.6–22.0)

High-grade
Skin rash 3.3% (1.9–5.6%) 13.70 (0.82–227.50)
Stomatitis 3.2% (1.9–5.4%) 13.21 (0.80–218.56)

CI = confidence interval.

Fig. 3 – Incidence of all-grade stomatitis to temsirolimus. The summary incidence of all-grade stomatitis is calculated using

the random-effects model. The incidence rate and 95% confidence interval (CI) for each trial, and the final combined results

are demonstrated numerically on the left and graphically as a forest plot on the right. For individual trials: filled-in square,

incidence; lines, 95% confidence interval; diamond plot, overall results of the included trials. aPersonal communication with

author, 28th October 2010.
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for 303 patients with non-RCC malignancies, the incidence

was 46.4% (95% CI: 36.3–56.9%) for rash and 47.8% (95% CI:

35.8–60.1%) for stomatitis. There was no significant difference

detected between RCC and non-RCC in terms of the incidence

of all-grade temsirolimus-associated skin rash or stomatitis

(p = 0.81 and 0.47, respectively).

3.8. Relative risk of skin rash and stomatitis

To investigate the specific contribution of temsirolimus to the

development of skin rash and stomatitis and exclude the

influence of confounding factors such as underlying malig-

nancy and history of other therapeutic interventions, we

determined the RR of skin rash and stomatitis to temsiroli-

mus. An analysis of RR for all-grade and high-grade skin rash

and stomatitis associated with temsirolimus was performed

for the RCTwith a control arm, in which the incidence of rash

and stomatitis was reported for 200 patients who received

interferon alpha.14 The RR for all-grade skin rash and all-

grade stomatitis was 7.63 (95% CI: 4.37–13.32; p < 0.001) and

11.08 (95% CI: 5.58–21.97; p < 0.001), respectively. The risk of

high-grade rash and stomatitis was increased (RR = 13.70,
95% CI: 0.82–227.50 and RR = 13.21, 95% CI: 0.80–218.56) but it

did not reach statistical significance (p = 0.07). Thus, temsirol-

imus is associated with an increased risk for all-grade and

with a strong trend towards increased risk for high-grade rash

and stomatitis when compared with controls (Table 2).

4. Discussion

Our meta-analysis has demonstrated a high risk of all-grade

skin rash and stomatitis with single-agent temsirolimus in

patients with a variety of solid tumours. The overall incidence

of all-grade and high-grade (grade P3) skin rash was 45.8%

(95% CI: 35.6–6.3%) and 3.3% (95% CI: 1.9–5.6%), respectively.

The overall incidence of all-grade and high-grade stomatitis

was 44.3% (CI: 32.1–57.1%) and 3.2% (95% CI: 1.9–5.4%). Temsi-

rolimus was associated with significantly increased risk of all-

grade rash and all-grade stomatitis (RR = 7.6, 95% CI: 4.4–13.3;

p < 0.001 and RR = 11.1, 95% CI: 5.6–22.0; p < 0.001). The risk of

high-grade rash and stomatitis was also increased (RR = 13.70,

95% CI: 0.82–227.50 and RR = 13.21, 95% CI: 0.80–218.56) with-

out reaching statistical significance (p = 0.07). No significant

difference in incidence of all-grade rash between RCC and

non-RCC patients was noted (42.6%, 95% CI: 18.4–70.9% versus

46.4%, 95% CI: 36.3–56.9%, respectively, p = 0.81). Similarly, no

difference in all-grade stomatitis between RCC and non-RCC

patients was observed (36.5%, 95% CI: 14.9–65.4% and 47.8%,

95% CI: 35.8–60.1%, respectively, p = 0.47). The high incidence

of skin rash and stomatitis demands appropriate assessment

and management by treating physicians. As temsirolimus is

being increasingly used as a single agent or in combination

with other antitumour agents in the setting of routine cancer

treatment and clinical trials, it is important for physicians

and patients to recognise the risk of these AE associated with

temsirolimus in order to monitor and treat the skin toxicity in

a timely manner (Fig. 4). High-grade AE may affect activities

of daily living and can result in dose reduction or even
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discontinuation of therapy. In one of the reviewed studies,

five patients needed to discontinue treatment due to skin

rash and 16% of patients needed to reduce the dose due

to stomatitis.10 Better management of skin rash and

stomatitis may help to reduce morbidity and therapy

interruptions.

The temsirolimus-induced skin rash usually occurs within

the first couple weeks of treatment.7,19 Erythematous pap-

ules and pustules constitute the main primary lesion mor-

phology. Typically affected areas include those rich in

sebaceous glands, including the upper trunk and the face,

with frequent involvement of extremities, neck and the scalp.

Eczematous eruptions on antecubital areas have been ob-

served as well. There is also a tendency for a rash to coalesce

into plaques, particularly on upper extremities. Histological

examination of papular lesions in these patients has revealed

perifollicular suppurative inflammation with a non-specific

accumulation of neutrophils in the dermis and epidermis.19

Careful monitoring and quick intervention with topical mois-

turizers and powders may be effective for low-grade rashes.

Patients should also be instructed to avoid hot water and

harsh soaps that may dry the skin. Antihistamines may pro-

vide benefit for pruritic rashes. Dose interruptions may be re-

quired for severe (grade 3 or higher) rash until the rash

improves.20

The occurrence of stomatitis to temsirolimus appears to

be dose-related and occurs more frequently in earlier cy-

cles, often within the first week.7,21 The stomatitis that is

seen in patients treated with temsirolimus appears differ-

ently than the mucositis that is seen with chemotherapy

or radiation. The pseudomembrane formation that typically

occurs with conventional chemotherapy is not seen with

temsirolimus. Stomatitis seen with temsirolimus patients

presents with discrete aphthous-like ulcerations in contrast

to ulceration associated with radiotherapy and chemother-

apy. Ulceration of mucosal surfaces involved includes non-

keratinised oral tissues such as labial and buccal mucosa

and the ventral surface of the tongue and floor of the

mouth. It is rarely seen on the hard palate.7,8 Although
Fig. 4 – Dermatological adverse events to temsirolimus. Left

panel: temsirolimus-induced erythematous maculopapular

rash with scattered pustules; Right panel: temsirolimus-

induced stomatitis.
chemotherapy- or radiation-induced oral stomatitis often

occurs simultaneous with injury to other areas of the gas-

trointestinal tract, temsirolimus rarely does so.22 Manage-

ment strategies for stomatitis include avoiding spicy food

and harsh agents such as hydrogen peroxide.21 Unless a

fungal infection has been diagnosed, antifungal agents

should also be avoided. Oral care with saline rinses, in

addition to a soft toothbrush and mild toothpaste should

be initiated with temsirolimus therapy. Bioadherent oral

gels with topical corticosteroids (clobetasol or triamcinolone

in Orabase�) applied to the lesions prior to meals may re-

duce discomfort during eating.23 In addition, ice chips and

keratinocyte growth factor (palifermin�) have shown some

benefit in preventing stomatitis to capecitabine and prior

to hematopoietic stem cell transplants, respectively.24

The mechanism of the skin rash and stomatitis associated

with temsirolimus is unknown. However, it can be hypothe-

sised that there is a direct inhibitory effect on signalling path-

ways that regulate cell growth and tissue repair.25–27 One

study showed that mouse keratinocytes that had decreased

Akt/mTOR signalling activity had depressed protein transla-

tion and were smaller in size compared with normal mouse

keratinocytes.28

The present study has several limitations. The findings

described here are affected by the limitations of the individ-

ual clinical trials that are included for analysis. First, the

assessment of rash and stomatitis may vary among investi-

gators and institutions involved in these studies. However,

the non-heterogeneity of included studies for high-grade

AE suggests a relative consistency in detecting and report-

ing of skin toxicity. Second, trials in this study may have

underestimated the incidence of severe skin rashes and sto-

matitis associated with temsirolimus because of the imper-

fection of the CTCAE grading criteria, which may fail to

reflect the clinical situation. Third, meta-analysis is sub-

jected to the inherent methodologic deficiencies of the in-

cluded trials. Finally, the results presented here were

obtained from clinical trials conducted in major centres

and institutes for patients with adequate organ function

and therefore may not apply to a patient population with

organ dysfunction treated in the community.
5. Conclusion

Our study has demonstrated that temsirolimus is associ-

ated with a significant risk of skin rash and stomatitis in

cancer patients. Early detection and effective management

may reduce this risk, which may also be modified by con-

current chemotherapy. Further studies are needed to inves-

tigate risk factors and pathogenesis and to develop

effective measures for the prevention and treatment of

skin toxicity.
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