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Erlotinib May be More Effective for Central Nervous 
Metastasis of Lung Adenocarcinoma Than Gefi tinib 
Because of the Difference in the Clinical Regimes

Yumiko Imahashia, b, c, Naoko Shinmurab, Daijiro Nabeyab, Kyoko Inuib, Takashi Uejib, 
Mio Hayakawab,  Kenichiro Otanib, Kyoko Yagyub, 

Takao Kamimorib, Hiroshi Fujiwarab

Abstract

A 54-year-old woman with lung adenocarcinoma which has EGFR 
point mutation at exon 21 initially improved by administration of 
gefi tinib. Lung lesions responded to gefi tinib at 250 mg, but cen-
tral nervous system lesions, such as carcinomatous meningitis and 
brain metastasis occurred. The therapy was changed from gefi tinib 
to erlotinib at 150 mg, resulting in remarkable improvement of car-
cinomatous meningitis and brain metastasis improved dramatically. 
We hypothesized that the effective concentration of the clinical 
dose of erlotinib in the CSF is higher than that of gefi tinib.
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Introduction

Carcinomatous meningitis develops in about 5% of patients 
with non-small cell lung cancer [1]. The median expected 
survival time without treatment is reported to be four to six 
weeks [2]. Treatment protocols include: radiation to the area 
containing the site of the tumor or the site of the symptoms; 
and intraventricular administration of chemotherapeutic 
drugs. However, even with treatments, the median expected 
survival time may be as short as two to six months [1]. We 

have encountered a case in which there was development 
of carcinomatous meningitis during gefi tinib treatment, but 
there was improvement in the symptoms and image fi ndings 
after changing the treatment to erlotinib.

Case Report

The patient was a 54-year-old woman with no history of 
smoking. A CT scan showed a nodular shadow 2 cm long 
in the left upper lobe, as well as multiple granular shad-
ows in both lungs. Adenocarcinoma was indicated from a 
bronchoscopic biopsy of the primary tumor and diagnosed 
c-T4N0M1 stage IV was diagnosed. Beginning in mid-
February, a course of cisplatin and gemcytabine was started, 
but was discontinued due to progressive disease. Analysis 
of the EGFR gene revealed an exon 21 L858R point muta-
tion. Therefore, gefi tinib at 250 mg was started orally from 
March, and after one month, resulting in partial response. 
Administration was continued on an outpatient basis, how-
ever, the symptoms of headache and nausea upon rising in 
the morning started in mid-June. The patient was re-admitted 
to our department on July 28th on suspicion of brain metas-
tasis.

The Chest CT scan on re-admission showed that the pri-
mary tumor in the left upper lobe had been signifi cantly di-
minished compared to start of treatment and the diffuse gran-
ular shadows observed in both lungs during treatment with 
gefi tinib (Fig. 1a, b). The contrast-enhanced cranial MRI on 
re-admission detected a small high intensity area in the thala-
mus, a high intensity area around the ventricle and enhanced 
cerebral surface of the occipital lobe. Therefore brain metas-
tasis and carcinomatous meningitis were suspected (Fig. 2a). 
Laboratory fi ndings on re-admission revealed an elevated 
level of CEA (11.6 ng/mL). Cytology of the cerebrospinal 
fl uid revealed a positive result (class V) of adenocarcinoma; 
a diagnosis of carcinomatous meningitis was made and the 
PD was therefore determined.

First, whole-brain irradiation (3 Gy/day 10 days) was 
started for the carcinomatous meningitis, and gefi tinib oral 
administration was continued. After the completion of irra-
diation of only 9 Gy, disorientation, aphasia, and paresis of 
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the right side of the body suddenly developed. A head CT 
and contrast-enhanced MRI showed no hemorrhage or in-
farction; however, cerebral edema was noted. Intracranial 
hypertension associated with radiation as well as carcinoma-
tous meningitis were possible causes and so administration 
of glycerol and steroid was started. The aphasia and right-
sided paralysis improved immediately and the consciousness 
gradually returned to a normal level.  The brain lesions were 
not controlled by the combination of whole-brain irradiation 

and gefi tinib, but gefi tinib remained effective against metas-
tases other than in the brain, therefore, we concluded that 
the tumor was still sensitive to the epidermal growth fac-
tor receptor tyrosine kinase inhibitor (EGFR-TKI), but that 
the concentration had not attained an effective level in the 
brain. We changed the treatment from gefi tinib to erlotinib 
(150 mg/day), another EGFR-TKI with a higher plasma con-
centration. After starting treatment with erlotinib, symptoms 
such as headache and nausea gradually subsided. CSF analy-

Figure 1. Chest CT scans: (a, b) Chest CT scan on re-admission; (c, d) Chest scan after 8 months of erlotinib treatment.

Figure 2. Contrast-enhanced cranial MRI: (a) Contrast-enhanced cranial MRI on re-admission; (b) Contrast-enhanced cranial 
MRI after 8 months of erlotinib treatment.
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sis after 4 month of erlotinib treatment revealed a negative 
result for cancer cells. After 8 month of treatment, contrast-
enhanced cranial MRI showed that the high intensity regions 
around the ventricles had regressed and the brain metastat-
ic lesions had also became obscure (Fig. 2b). A chest CT 
showed that the primary tumor in the left upper lobe was fur-
ther reduced, and the diffuse granular shadows in both lungs 
had almost disappeared after (Fig. 1c, d).

The serum CEA level that had tended to show slight 
increase when carcinomatous meningitis developed during 
oral administration of gefi tinib began to decrease when oral 
erlotinib treatment was started, and decreased to normalized 
(Fig. 3). The patient has no symptoms at present other than 
an occasional headache.

Discussion
  
Carcinomatous meningitis is caused by tumor cells that have 
reached the meninges by, for example, hematogeneous dis-
semination or direct invasion from the tumor. Once the tu-
mor cells reach the subarachnoid space, they spread to the 
meninges via the cerebrospinal fl uid. Then a variety of cen-
tral neurological symptoms such as headache, loss of con-
sciousness, cognitive symptoms, convulsions, and paralysis, 
can occur [2].  The prognosis is poor and there are no estab-
lished treatment protocols at present. In recent years, a few 
reports have appeared stating that brain metastasis and carci-
nomatous meningitis responded to gefi tinib [3, 4], however, 
its effi cacy is still uncertain.

In our case, even though the lung lesions responded to 
gefi tinib, central nervous system lesions such as brain me-
tastasis and carcinomatous meningitis were exacerbated.  
However, when the therapy was changed to erlotinib, a re-

sponse in the central nervous system lesions was noted and 
the effect on the lung lesions continued. The central nervous 
system lesions were exacerbated during gefi tinib treatment 
but treatment with another EGFR-TKI, erlotinib, was effec-
tive. The result could be due to the difference in the clinical 
regimes for erlotinib and gefi tinib.

H.G.Yi.et al [5] reported a case in which a patient with 
brain metastasis from lung adenocarcinoma responded well 
to gefi tinib (250 mg) and intraventricularly administerd 
MTX after whole brain irradiation. Twelve months later, 
carcinomatous meningitis confi rmed by CSF cytology had 
recovered. The symptoms had improved and no cancer cells 
were detected. Jackman DM et al [6] found the 50% inhibi-
tory concentration (IC50) of gefi tinib in a cancer cell line ob-
tained from the pleural effusion of a patient with EGFR gene 
exon 19 deletions who developed brain metastasis during 
oral gefi tinib (250 mg) treatment to be 10-50 nmol/L. Then 
they compared the gefi tinib concentration in the CSF with 
the gefi tinib dosage. During the period of a dosage of 500 
mg, the CSF concentration was 6.2-18 nmol/L, and lower 
than the IC50 value. However, as the dosage was increased to 
750 mg and 1000 mg, the CSF concentration went up to 32 
and 42 nmol/L, respectively. The brain metastasis in this pa-
tient was also reduced with the increased gefi tinib dosages. 
This patient died from the progression of the primary lung 
tumor and liver metastasis. The autopsy detected the expres-
sion of the gefi tinib resistance gene, T790M [7], in the lung 
lesion and liver metastasis but it was not in the cancer cells 
in the CSF. There is another case report in which gefi tinib 
was initially effective but, 14 months later, the brain metas-
tasis was exacerbated, causing symptoms.  When the treat-
ment was changed to erlotinib, the symptoms improved and 
the brain lesions were reduced [8], similar to the coarse of 
events that occurred with our patient. From the above results, 

Figure 3. Clinical course of patient suffered from carcinomatous meningitis.
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we concluded that the reason for the development of cen-
tral nervous system lesions during gefi tinib therapy appears 
to arise from a sub-optimal concentration of gefi tinib in the 
CSF, rather than development of resistance. By increasing 
the gefi tinib dosage, a concentration may be obtained that 
more effectively controls central nervous system lesions. 
Our patient developed central nervous system lesions even 
though gefi tinib was effective against lung lesions and thus 
the patient would not have been considered resistant to gefi -
tinib, even though an analysis has not been done.

The clinical dose of gefi tinib is set at 250 mg, one third 
of the maximum tolerated dose.  However, the clinical dose of 
erlotinib is set at 150 mg, which is the maximum tolerated dose 
[9]. There is no report in the literature comparing the transfer 
of gefi tinib and elotinib into the CSF but dose-dependency has 
been confi rmed for both. Apparently, the clinical dose of erlo-
tinib has a more effective concentration in the CSF.

We encountered a case of lung adenocarcinoma in which 
central nervous system lesions developed even though the 
lung lesions were responding to gefi tinib, and improvement 
was seen by changing to erlotinib, a similar EGFR-TKI 
chemotherapeutic agent. We consider this improvement to 
be due to the fact that a more effective concentration was 
achieved with erlotinib, and note the difference in the clini-
cal regimes of gefi tinib and erlotinib. Effi cacy may be more 
readily attained by selecting erlotinib rather than gefi tinib 
for patients with lung adenocarcinoma complicated by cen-
tral nervous system lesions.
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