
marrow supports the paraneoplastic nature of the hypereosinophilia
in this patient. Peripheral blood eosinophilia occurs in several medical
conditions such as allergic disease, parasitic infection, certain forms of
vasculitis, and medications, as well as in leukemia and lymphoma.1-3

However, eosinophilia in solid malignancies is rarely reported.4 It has
been described in many kinds of solid tumors including thyroid,11

genitourinary,12 gastrointestinal,13 hepatocellular,14 breast,15 and lung
carcinoma.2,8 In lung malignancies, it has been described in all types of
cancer including small-cell,1 adenocarcinoma,16 and squamous cell.9

However, it is rarely reported in large-cell carcinoma.4,5,17 The patho-
genesis of this phenomenon is controversial. Numerous explanations
have been postulated. Bone marrow stimulation via circulatory factors
secreted by the tumor itself is the most acknowledged and accepted
theory.4-10 Interleukin-5, GM-CSF, and G-CSF are the most impli-
cated factors studied. Other involved factors are still possible. In our
patient, the hypereosinophilia along with the aggressive course of the
disease might all be related to the increased level of certain immuno-
modulator and growth factor, although these cytokines had never
been measured. Finally, this study as well as previous ones supports
that eosinophilia in the context of malignancy generally reflect its
aggressiveness and very poor prognosis.5,10,18-20 In fact, this patient
already presented with metastatic disease before any treatment.
Despite chemotherapy, his clinical course was marked by rapid
progression and fatal outcome. Rare exceptions to this rule, where
eosinophilia is associated with good prognosis or is not correlated with
the prognosis, are reported in the literature.13,15
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Sirolimus in Metatastic Renal Cell Carcinoma

In October 2005, a 65-year-old man was referred to our clinic
with the finding of a 7 cm right anterior lower-pole renal mass that had
been discovered incidentally during a computed tomography angio-
gram of the abdominal aorta for evaluation of claudication. Com-
puted tomography (CT) scans of the abdomen and chest showed no
definitive evidence of metastatic disease and in November 2005, a
laparoscopic radical nephrectomy was performed. The procedure was
difficult as the tumor appeared to be somewhat adherent to the vena
cava. Pathological analysis revealed a unifocal 6.8 cm renal cell carci-
noma (RCC) invading into the sinus adipose tissue. The RCC was of
the clear-cell type, Fuhrman grade 3, and despite removal of all the
sinus fat, the sinus margin was positive. The patient recovered well
from the surgery, and in February 2006, an enhanced abdominal and
pelvic CT scan as well as plain films of the chest showed no evidence of
tumor. However, by August 2006, bilateral pulmonary nodules and a

2.2 cm liver mass were observed. Past medical history was significant
for cerebrovascular accidents (CVA) in 1999 and 2002 with residual
verbal apraxia, as well as perioral and right hand numbness. The
patient had extensive vascular disease with an occluded right carotid
artery and 50% occlusion of the left carotid artery, and areas of stenosis
in multiple arteries in the pelvis and lower extremities. Other relevant
history included hypertension, hyperlipidemia, a 90 pack-year history
of smoking (quit in 2002), and a history of micturition syncope result-
ing in a subdural hematoma, which was evacuated and left no se-
quelae. The patient presented with liver and lung metastasis nine
months after the resection of a primary RCC. The possibility of con-
ducting a biopsy was discussed, but the patient elected not to, and this
was reasonable, as both the pattern of metastasis as well as the timing
of his characteristics were not unusual for an RCC.1

Several treatment options are available for front-line treatment of
patients with metastatic clear cell RCC,2 including sunitinib and
temsirolimus.3,4 Sunitinib is a small-molecule kinase inhibitor that
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improves progression-free survival, but which is associated with
cardiovascular adverse events.5 During sunitinib clinical development
there were two deaths due to CVA (data on file; Pfizer Inc, New York,
NY), and patients with a history of CVA in the year prior were
excluded from the phase III trial. While the frequency of arterial
thrombotic events with sunitinib is estimated at less than 1%, given
the potentially devastating consequences of an additional CVA, the
benefit did not seem to outweigh the risk. Temsirolimus is a specific
inhibitor of the mammalian target of rapamycin complex 1
(mTORC1; generically referred to as mTOR), which functions as an
atypical serine/threonine protein kinase and is involved in the regula-
tion of many cellular processes including in the regulation of protein
translation.6 However, how inhibition of mTORC1 affects RCC is not
known; some evidence suggests that it might involve the down-
regulation of the hypoxia-inducible factor transcription factor.7 Tem-
sirolimus has been shown to improve patient overall survival, but does
not appear to increase objective response rates compared with
interferon-�.4 Importantly the temsirolimus phase III trial was tar-
geted to patients in a poor prognosis category. Overall, temsirolimus
was well tolerated and there were fewer patients with serious adverse
events in this group than among those treated with interferon-�.4

Importantly for our patient, temsirolimus does not appear to increase
the risk of arterial thrombosis; in fact, mTORC1 inhibitors have been
used to coat endovascular stents and might decrease the risk of stent
occlusion.8 Our patient was in a lower risk category compared with the
patients in the temsirolimus phase III trial (risk factors: disease-free-

interval � 1 year, and multiple sites of metastasis), and while some
evidence suggest that patients with fewer risk factors may benefit less
from temsirolimus,9 temsirolimus seemed the best option. The pa-
tient had a history of hyperlipidemia, which might be exacerbated by
mTORC1 inhibitors, but a lipid panel was normal. At the time of
presentation however, temsirolimus had not been approved by the US
Food and Drug Administration, and it could not be obtained. Repeat
CT scans were conducted in November 2006 and these showed
marked disease progression; the dominant metastasis in the left lobe of
the liver had in 3 months increased from 2.2 cm to 6.3 cm in diameter,
and a new 2 cm lesion in the right hepatic lobe had appeared. While the
patient remained asymptomatic, given the rapid rate of tumor pro-
gression, therapy seemed warranted. Sirolimus, like temsirolimus, is
an inhibitor of mTORC1 (in fact, mTOR derives its name from siroli-
mus, which is also called rapamycin); it had been approved by the US
Food and Drug Administration in 1999 for immunosuppression fol-
lowing renal transplantation and was therefore commercially avail-
able. Of note, temsirolimus is a sirolimus ester (compare chemical
structures in Figs 1A and 1B) that is hydrolyzed to sirolimus in pa-
tients, such that 74% of the circulating drug following weekly tem-
sirolimus is actually sirolimus10,11 (compare Figs 1C and 1D
[Adapted/redrawn with permission from Macmillan Publishers Ltd]).
At trough, circulating sirolimus concentrations exceed those of tem-
sirolimus by approximately a factor of ten (compare drug levels at 168
hours in Figs 1C and 1D).12 Following a discussion of this information
with the patient, it was decided to proceed with sirolimus, and this was

A B

C D E

Te
m

si
ro

lim
us

 C
on

ce
nt

ra
tio

n
(n

g/
m

L)

Time (hours)

1,000

100

10

1

0.1
240 48 72 96 120 144 168

Time (hours)

1,000

100

10

1

0.1
240 48 72 96 120 144 168

Time (days)

1,000

100

10

1

0.1
0 300200100

+
+
+

+
+

+
+
+

+
+
+ ++

+ +
+

Si
ro

lim
us

 C
on

ce
nt

ra
tio

n 
(n

g/
m

L)

+
+

+
+ + +

 S
iro

lim
us

 C
on

ce
nt

ra
tio

n 
(n

g/
m

L)

++++
++

+
+ +

+
+

+

+
+
++
+
+
+

++
+

O

OH

OH

N

CH3 CH3

CH3

CH3

CH3

H3C

H3C

H3C H3C

OHO

O

O
OH

H
O

O

O

OH

CH3

O

O

CH3

O

O

ON

CH3

CH3

CH3

H3C

H3CH3C

H3C

H3C

H3C

OHH
O

O
HO

H

H

O

O

O

OH

O

O

O

O

Temsirolimus Sirolimus
CH3

Fig 1.

Brugarolas et al

3458 © 2008 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Copyright © 2008 by the American Society of Clinical Oncology. All rights reserved. 
129.112.181.48. 

Information downloaded from jco.ascopubs.org and provided by U T SOUTHWESTERN MED CTR on July 9, 2008 from



started in December 2006. Sirolimus is metabolized through the cyto-
chrome P450, family 3, subfamily A, polypeptide 4 (CYP3A4), which
is involved in the metabolism of a large number of drugs, and while the
patient was taking no CYP3A4 inducers or inhibitors, other drugs
were adjusted to minimize the number of agents metabolized by this
enzyme and diminish the probability of drug-drug interactions. Im-
portantly, while the patient was not on warfarin, warfarin is also a
CYP3A4 substrate and doses might need to be adjusted in patients
taking (tem)sirolimus. Sirolimus was initiated at a dose of 6 mg orally
daily without a loading dose, and sirolimus levels were measured at
trough after a week on treatment (when levels are believed to stabilize).
At this time, sirolimus levels were found to be 8 ng/mL (Fig 1E). This
level was within the range of trough sirolimus levels observed after the
administration of weekly temsirolimus (compare trough sirolimus
levels in the patient at 8 days in Fig 1E with trough sirolimus levels 168
hours after temsirolimus administration in Fig 1D), and the sirolimus
dose was maintained. Throughout the treatment course, sirolimus
trough levels were between 8 and 15.5 ng/mL (Fig 1E), and sirolimus
was well tolerated. CT scans of the abdomen and pelvis in February
2007 showed the hepatic and pulmonary metastasis to remain stable.
Repeat CT scans in April showed a new 0.5 cm right hepatic lesion, but
otherwise stable metastasis in the liver and lungs (Fig 2 and data not
shown) and sirolimus was continued. In June and August 2007, CT
scans of the chest and abdomen showed metastasis to remain stable in
size, and no new lesions were observed (Fig 2 and data not shown).
Thus, the size of the lesions in the liver and lungs did not appear to
substantially change over a period of 8 months, and the patient re-
mained on sirolimus. These results were in stark contrast with pre-
treatment scans, which showed the dominant left hepatic lesion to
have tripled in diameter and interval development of a second 2 cm
left hepatic lesion in the span of 3 months (Fig 2). In contrast to the
effects observed in the liver and lung, disease progression was readily

evident in the brain. A pretreatment magnetic resonance imaging scan
in December 2006 showed a 4 mm occipital metastasis. The lesion was
asymptomatic and without appreciable edema and radiation therapy
was withheld. A repeat magnetic resonance imaging scan in February
2007 showed a doubling in the diameter of the occipital brain metas-
tasis, surrounding edema, and an adjacent new 2 mm metastasis.
Stereotactic radiosurgery was administered with good control. How-
ever, in August 2007, multiple brain metastases were found. In con-
clusion, oral sirolimus can achieve trough levels comparable with
those found following the administration of temsirolimus. In our
patient, compared with a pretreatment analysis, the administration of
sirolimus was associated with a marked decrease in the rate of tumor
progression outside the CNS. While this was not the case for our
patient, one setting in which sirolimus might be more advantageous
than temsirolimus is in patients with renal failure who are on hemo-
dialysis (HD). Temsirolimus has not been studied in HD patients, and
HD might only affect circulating levels of temsirolimus modestly
because of its relatively large molecular weight (1030 Da), its large
volume of distribution, and its being bound to blood-formed ele-
ments. However, because temsirolimus is typically dosed weekly, the
effects of HD on circulating drug levels are likely to be more profound
with temsirolimus than for oral sirolimus, which is administered daily.

James Brugarolas
Department of Internal Medicine (Oncology Division) and Department of
Developmental Biology, Simmons Comprehensive Cancer Center, University
of Texas Southwestern Medical Center, Dallas, TX

Yair Lotan
Department of Urology, University of Texas Southwestern Medical Center,
Dallas, TX

Lori Watumull
Department of Radiology, University of Texas Southwestern Medical Center,
Dallas, TX

Pretreatment

Sirolimus
December 2006 

August 2006 November 2006 April 2007 August 2007

On treatment

Fig 2.

Diagnosis in Oncology

www.jco.org © 2008 by American Society of Clinical Oncology 3459

Copyright © 2008 by the American Society of Clinical Oncology. All rights reserved. 
129.112.181.48. 

Information downloaded from jco.ascopubs.org and provided by U T SOUTHWESTERN MED CTR on July 9, 2008 from



Wareef Kabbani
Department of Pathology, University of Texas Southwestern Medical Center,
Dallas, TX

ACKNOWLEDGMENT
Supported by Physician-Scientist KO8 Award (1K08NS051843) (J.B.);
Clinical Scientist Development Award, Doris Duke Charitable
Foundation (J.B.); and V Scholar Award, V Foundation for Cancer
Research (J.B.). We thank Beni Stewart and Dorothy Smith for
figure editing.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST
The author(s) indicated no potential conflicts of interest.

REFERENCES
1. Lam JS, Shvarts O, Leppert JT, et al: Postoperative surveillance protocol

for patients with localized and locally advanced renal cell carcinoma based on a
validated prognostic nomogram and risk group stratification system. J Urol
174:466-472, 2005

2. Brugarolas J: Renal-cell carcinoma: Molecular pathways and therapies.
N Engl J Med 356:185-187, 2007

3. Motzer RJ, Hutson TE, Tomczak P, et al: Sunitinib versus interferon alfa in
metastatic renal-cell carcinoma. N Engl J Med 356:115-124, 2007

4. Hudes G, Carducci M, Tomczak P, et al: Temsirolimus, interferon alfa, or
both for advanced renal-cell carcinoma. N Engl J Med 356:2271-2281, 2007

5. Chu TF, Rupnick MA, Kerkela R, et al: Cardiotoxicity associated with
tyrosine kinase inhibitor sunitinib. Lancet 370:2011-2019, 2007

6. Wullschleger S, Loewith R, Hall MN: TOR signaling in growth and
metabolism. Cell 124:471-484, 2006

7. Brugarolas J, Vazquez F, Reddy A, et al: TSC2 regulates VEGF through
mTOR-dependent and -independent pathways. Cancer Cell 4:147-158, 2003

8. Serruys PW, Kutryk MJ, Ong AT: Coronary-artery stents. N Engl J Med
354:483-495, 2006

9. Dutcher JP, Szczylik C, Tannir N, et al: Correlation of survival with tumor
histology, age, and prognostic risk group for previously untreated patients with
advanced renal cell carcinoma (adv RCC) receiving temsirolimus (TEMSR) or
interferon-alpha (IFN). J Clin Oncol 26:18s, 2007 (abstr 5033)

10. Atkins MB, Hidalgo M, Stadler WM, et al: Randomized phase II study of
multiple dose levels of CCI-779, a novel mammalian target of rapamycin kinase
inhibitor, in patients with advanced refractory renal cell carcinoma. J Clin Oncol
22:909-918, 2004

11. Raymond E, Alexandre J, Faivre S, et al: Safety and pharmacokinetics of
escalated doses of weekly intravenous infusion of CCI-779, a novel mTOR
inhibitor, in patients with cancer. J Clin Oncol 22:2336-2347, 2004

12. Boni JP, Leister C, Bender G, et al: Population pharmacokinetics of
CCI-779: Correlations to safety and pharmacogenomic responses in patients with
advanced renal cancer. Clin Pharmacol Ther 77:76-89, 2005

DOI: 10.1200/JCO.2008.16.4590

■ ■ ■

Trichomegaly of the Eyelashes After Lung
Cancer Treatment with the Epidermal

Growth Factor Receptor Inhibitor Erlotinib

A 57-year-old white woman who had never smoked pre-
sented with a history of isolated coughing for several months. Com-
puted tomography scans of the chest demonstrated a 2.5 � 4.5-cm
right-middle-lobe tumor, widespread bilateral pulmonary nodules
consistent with metastases, and enlarged lymph nodes in the subcari-
nal, paratracheal, and prevascular regions (Fig 1, yellow arrows). Fine-
needle aspiration biopsy of the lesion revealed bronchogenic
adenocarcinoma. Magnetic resonance imaging of the brain revealed
four subcentimeter metastatic lesions with minimal edema. Polymer-
ase chain reaction-based sequencing of DNA of the epidermal growth
factor receptor (EGFR) gene revealed an 18-base pair deletion in exon
19 of the EGFR gene, which has been previously reported in patients
with lung tumors that responded to erlotinib.1-3 The patient received
whole-brain radiation therapy with a total of 30 Gy in ten fractions.
She then received systemic front-line therapy with single agent erlo-
tinib (standard oral dose, 150 mg). Her disease demonstrated a major
response to erlotinib; the diffuse pulmonary nodules disappeared 6
weeks after she started therapy, while the primary right-middle–lobe
tumor shrank down to 1.0 � 4.0 cm2 2 months later and remained
stable for over 1 year (Fig 1). Thirteen months after the initiation of
systemic therapy, clear progression of disease was noted, with devel-
opment of new pulmonary nodules and an increase in the size of the
right-middle–lobe tumor. Since the addition of bevacizumab did not
provide better tumor control, further treatment was switched to the
chemotherapy doublet of carboplatin and paclitaxel, which reinduced
a durable partial response. During her therapy with erlotinib, the
patient experienced a mild rash on her face, chest, and back, which was
treated with emolients and topical clindamycin. She had mild paro-
nychia, which improved after topical therapy. The patient experienced
alopecia after brain radiotherapy, and it persisted with very slow hair
regrowth while she was receiving erlotinib. She had growth of dark,

thick, coarse hairs on the dorsal aspect of her fingers as well. Three
weeks after starting erlotinib, the patient noticed an accelerated
growth of her eyelashes, which interfered with her wearing glasses
because the lashes pushed against the lenses. She had to trim her
eyelashes with scissors on a weekly basis. Close examination revealed
marked bilateral coarse, thick, elongated irregular growth of the eye-
lashes, with marked darkening and curling of the terminal ends (Fig
2). These changes resolved after erlotinib was discontinued when
disease progressed.

Hypertrichosis of the eyelashes, or eyelash trichomegaly, was
originally described in the setting of rare congenital conditions such as
Oliver-McFarlane syndrome,4 oculocutaneous albinism type I,5 or
familial hypertrichosis.6 Although it may be encountered in the con-
text of generalized acquired hypertrichosis,7 hypertrichosis of the eye-
lashes is more often an isolated finding. It is defined as an increase in
the length, thickness, stiffness, curling, and pigmentation of existing
eyelashes.8 Acquired trichomegaly of the eyelashes has been repeatedly
described in case series of patients infected with HIV type 19 or in
association with uveitis.10 Trichomegaly has been reported in some
patients secondary to therapy with a drug such as the antiretroviral
agent zidovudine (a reverse transcriptase inhibitor),11and is usually
associated with poor tolerance to the drug. Topical ocular hypotensive
(antiglaucoma) agents such as latanoprost12 and bimatoprost13 have
on rare occasions caused trichomegaly of the eyelashes. Other ocular
topical treatments such as cyclosporine14 and systemic therapy with
the anticonvulsant topiramate8 also have been reported to cause
trichomegaly. The condition was noted in some recipients of solid
organ transplants who were given cyclosporine15 or tacrolimus.16

Acquired trichomegaly was reported in isolated cases of patients with
dermatomyositis17 and systemic lupus erythematosus18 (Table 1). In
cancer patients, trichomegaly must be distinguished from a rare para-
neoplastic syndrome, the acquired hypertrichosis lanuginosa, charac-
terized in adults by the abnormal growth of lanugo-type hair, confined
to the face and neck and concomitant with the spread of an internal
malignancy.19,20 Trichomegaly can occur in patients with cancer in the
setting of a paraneoplastic syndrome,21 or secondary to anticancer
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